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Abstract

Background Allergic bronchopulmonary aspergillosis (ABPA) frequently complicates asthma. There is urgent need to
develop evidence-based guidelines for the management of ABPA in children. The Evidence Based Guideline Development
Group (EBGDG) of the Indian Academy of Pediatrics (IAP) National Respiratory Chapter (NRC) addressed this need.
Methods The EBGDG shortlisted clinical questions relevant to the management of ABPA in asthma. For each question,
the EBGDG undertook a systematic, step-wise evidence search for existing guidelines, followed by systematic reviews, fol-
lowed by primary research studies. The evidence was collated, critically appraised, and synthesized. The EBGDG worked
through the Evidence to Decision (EtD) framework, to formulate recommendations, using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach.

Results Seven clinical questions were prioritized, and the following recommendations formulated. (1) Children with poorly
controlled asthma should be investigated for ABPA (conditional recommendation, moderate certainty of evidence). (2) Low
dose steroid therapy regimen (0.5 mg/kg/d for the first 2 wk, followed by a progressive tapering) is preferable to higher
dose regimens (conditional recommendation, very low certainty of evidence). (3) Oral steroid regimens longer than 16 wk
(including tapering), should not be used (conditional recommendation, very low certainty of evidence). (4) Antifungals may
or may not be added to steroid therapy as the evidence was neither in favour nor against (conditional recommendation, low
certainty of evidence). (5) For clinicians using antifungal agents, the EBGDG recommends against using voriconazole instead
of itraconazole (conditional recommendation, very low certainty of evidence). (6) No evidence-based recommendation could
be framed for using pulse steroid therapy in preference to conventional steroid therapy. (7) Immunotherapy with biologicals
including omalizumab or dupilumab is not recommended (conditional recommendation, very low certainty of evidence).
Conclusions This evidence-based guideline can be used by healthcare providers in diverse clinical settings.

Keywords Asthma - Allergic bronchopulmonary aspergillosis (ABPA) - Evidence-based - Guideline

Introduction small subset may demonstrate poor control despite appro-

priate therapy.

Asthma is one of the commonest chronic childhood condi-
tions, and accounts for a significant burden on healthcare
systems [1]. In most children, asthma symptoms are control-
lable with appropriate therapy, and follow-up. However, a
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Allergic bronchopulmonary aspergillosis (ABPA) is often
associated with poor asthma control. It is considered to be an
immunological reaction to antigens of the fungus Aspergillus
fumigatus [2]. The broader term ‘Allergic bronchopulmonary
mycosis’ (ABPM), reflects reaction to other fungi [3]. Patients
with ABPA experience worsening asthma control, wheezing,
production of viscid sputum and sometimes systemic symp-
toms. The diagnosis is based on the typical symptomatology,
radiological changes and serological evidence of hyper-
sensitivity to the fungus [4]. Treatment involves systemic
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corticosteroids with or without additional antifungal agents. It
is well recognized that ABPA often complicates other under-
lying respiratory conditions, notably cystic fibrosis (CF) [5].
The broad principles of diagnosis and management of ABPA
in CF patients, may overlap with asthmatic patients, however
the two underlying conditions may behave differently.

There is growing evidence on ABPA in asthmatic adults,
resulting in refinement of diagnostic criteria and management
strategies [4]. However, there is limited evidence in the pedi-
atric age group, and management is generally extrapolated
from adults. There is urgent need to identify the magnitude
of the problem in children, evolve evidence-based treatment
plans, and explore the long-term consequences of ABPA in
asthmatic children. This will facilitate the development of
evidence-based guidelines for the pediatric age group.

The Evidence Based Guideline Development Group
(EBGDG) of the Indian Academy of Pediatrics (IAP) National
Respiratory Chapter (NRC) undertook the development of
evidence-based guidelines for the management of ABPA in
asthmatic children, using current scientific guideline develop-
ment methodology. The details of the Evidence-based Guide-
line Development Group (EBGDG) composition, declara-
tion and management of conflict of interest, and procedures
adopted by the EBGDG, have been described elsewhere [6].

Scope of the Guideline

This evidence-based guideline focuses on ABPA in children
and adolescents with asthma. The target users of the guide-
line are healthcare professionals managing such children.
The EBGDG expects that patients and their families, health-
care advocacy groups, healthcare systems, and policymak-
ers may also be users of this guideline. Although the authors
primarily considered issues relevant to the Indian context,
the guideline may be used in other settings as well.

Material and Methods
Formulating Clinical Questions

The EBGDG first prepared an extensive list of questions
considered important in the management of ABPA in
asthma. These questions were converted to the PICOTS
format, describing the population (P), intervention (I),
comparison (C), outcomes (O), timeframe for outcomes
(T), and healthcare setting (S). EBGDG members indepen-
dently scored each question on a scale from 1 to 9, based
upon the perceived priority. The average score (and range)
awarded to each question was tabulated, and circulated for
a second round of scoring. This provided an opportunity to
revise scores based on the perceived magnitude of the prob-
lem, variation in management practices, need for guideline
recommendations, and risks of inappropriate management.
Following the second round, the clinical questions with the
highest total scores, and least variation, were shortlisted.

Evidence Retrieval, Evaluation and Synthesis

The EBGDG worked in five teams of 4-5 members; each
team was primarily responsible for evidence synthesis on
one or two clinical questions. Weekly online meetings were
held for teams to present their work to the entire EBGDG.
Decisions were taken by the whole group through consensus.

The team members first independently searched for existing
evidence-based guidelines addressing the clinical question(s)
allocated to them. The objective was to explore the scope of
adoption, adaptation, or adolopment of existing recommen-
dations to the local context. Searching was done through the
websites of trustworthy international guideline agencies, pro-
fessional scientific societies, and through Pubmed (Table 1).
A broad search strategy was used to maximise sensitivity. The
search output of each team member was verified by the entire

Table 1 Search strategy for pre-existing evidence-based guidelines addressing the shortlisted clinical questions

Websites/Databases

Search terms

Guidelines International Network (GIN) library

World Health Organization (WHO)

Global Initiative for Asthma (GINA)

British Thoracic Society (BTS)

Scottish Intercollegiate Guidelines Network (SIGN)
American Thoracic Society (ATS)

European Respiratory Society (ERS)

National Institute for Health & Care Excellence (NICE)
Australian Clinical Practice Guidelines

International Society for Human & Animal Mycology (ISHAM)
Cystic Fibrosis Foundation

Cystic Fibrosis Trust

MEDLINE through Pubmed

ABPA, allergic bronchopulmonary aspergillosis, aspergillosis, asthma, cystic
fibrosis, bronchiectasis

ABPA Allergic bronchopulmonary aspergillosis
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EBGDG, for consistency. Potentially relevant documents were
searched for sections addressing the clinical questions.

If no relevant guideline applicable to the Indian context
was identified, team members independently undertook
searches for existing systematic reviews addressing their
clinical question(s), in MEDLINE and the Cochrane Library.
For this, a common broad search strategy was developed by
the EBGDG. The search output citations were screened by
title, followed by abstract. Citations with potentially relevant
abstracts, and those lacking abstracts, were retrieved in full-text
format. This step-wise screening was performed independently
by each team member, and the results were presented individu-
ally to the entire EBGDG. Differences in search outputs or
perception of relevance were resolved through discussion by
the entire EBGDG, with the Chair guiding the final decision.

If no systematic review addressing the clinical question(s)
was identified, teams conducted de novo systematic reviews
under the supervision of the EBGDG Chair. The search strat-
egy for each systematic review was finalized by the entire
EBGDG. Within each team, members independently con-
ducted searches in MEDLINE and the Cochrane Library,
for primary studies addressing the question. For questions
related to interventions, randomized controlled trials (RCT)
were searched. Observational study designs were searched
for the question related to ABPA prevalence. Search results
from the two databases were pooled after removing duplicate
publications. The citations were screened by title, followed
by abstract. Citations with potentially relevant abstracts, and
those lacking abstracts, were retrieved in full-text format. This
step-wise screening was performed independently by each
team member, and the results were presented individually to
the entire EBGDG. Differences in search outputs or doubts
about eligibility for inclusion were resolved through discus-
sion by the entire EBGDG, with the Chair guiding the final
decision. Eligible RCTs were critically appraised for meth-
odological quality using the Cochrane Risk of Bias Tool [7].

Each team presented the body of evidence addressing their
clinical question(s), to the entire EBGDG. The group discussed
the evidence, quality, and grading. The group then collectively
worked through the Evidence to Decision (EtD) framework,
to formulate recommendations [8, 9]. The evidence for each
clinical question and the strength of the final recommendation
was rated using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach [10].

Results

The seven shortlisted clinical questions based on a priori prior-
ity assignment criteria, are presented in Table 2. The searches
for pre-existing guidelines did not identify relevant evidence-
based guidelines addressing any of the clinical questions,
hence a formal literature search was done for each question.

@ Springer

Clinical Question 1: Should All Children with Poorly
Controlled Asthma be Investigated for ABPA?

Evidence Summary: There was no pre-existing systematic
review addressing the question. Therefore, a fresh systematic
review was conducted to determine the prevalence of ABPA
in the target population. The pooled prevalence of Aspergil-
lus sensitization (AS) and ABPA were calculated through
meta-analysis, with subgroup analysis by age of participants,
and asthma severity. The details of the systematic review are
presented in the online Supplementary File 1, and the results
are summarized in Tables 3 and 4.

Recommendation: Children with poorly controlled asthma
(uncontrolled symptoms despite appropriate therapy with
moderate to high dose of inhaled corticosteroids and long
acting beta agonists, correct diagnosis, adequate adherence,
correct inhalation technique, appropriate management of co-
morbidity and appropriate environmental control) should be
investigated for ABPA (conditional recommendation, mod-
erate certainty of evidence).

Explanation: In this clinical question the EBGDG decided to
compare data on prevalence of ABPA in children with poorly
controlled asthma vs. those with well controlled asthma. The
group decided a priori that if the prevalence was significantly
higher in those with poorly controlled asthma, a recommen-
dation in favor of investigating them would be made. The
EBGDG also decided to examine the prevalence of AS in both
groups as children with AS could later develop ABPA. How-
ever, there were only two studies that reported the prevalence
of AS and ABPA in children with poorly controlled asthma
[11, 12]. Both were conducted in India, but used variable defi-
nitions and methods, making direct comparison challenging.
There were no studies in children comparing the prevalence of
ABPA in poorly controlled asthma vs. well controlled asthma.
There was also very limited data comparing ABPA prevalence
in children with severe asthma vs. those where severity was
not defined. However, the ABPA prevalence in adults was
higher in those with severe asthma compared to those where
severity was not defined (21% vs. 9%). There was only one
study in adults, that reported prevalence by asthma severity
[13]. Furthermore, the prevalence of AS was higher in chil-
dren with severe asthma compared to those where severity
was not defined (41% vs. 10%). While framing the recom-
mendation, the EBGDG also considered that poorly controlled
asthma is a major burden both to parents and healthcare facili-
ties, and ABPA is a treatable condition.

Implementation Considerations: In order to rationalize the
use of investigations and manage resources appropriately,
the EBGDG advises that when children are investigated
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for ABPA, serum total IgE and Aspergillus specific IgE [or
skin prick test (SPT) for Aspergillus] should be performed
first. Other investigations for minor diagnostic criteria of
ABPA (eosinophil count, Aspergillus specific IgG, and CT
chest) should be performed only if both total IgE and Asper-
gillus specific IgE (or SPT for Aspergillus) are suggestive
of ABPA (total IgE >1000 IU/ml and Aspergillus specific
IgE >0.35 mgA/L or positive SPT for Aspergillus).

Setting (S)

Clinical Question 2: Which Steroid Regimen
(Low Dose or High Dose) Should be Used
for the Treatment of ABPA in Children with Asthma?

Evidence Summary: There was no pre-existing systematic
review addressing the question. A fresh systematic review
identified only one single-centre, non-blinded RCT [14].
The details of the systematic review are presented in the
online Supplementary File 1.

3 mo, 6 mo, 12 mo and>12 mo Inpatient
3 mo, 6 mo, 12 mo and>12 mo Inpatient

Timeframe for outcomes (T)

Recommendation: The EBGDG recommends using low
dose steroid therapy regimen (0.5 mg/kg/d for the first 2 wk,
followed by a progressive tapering) for treatment of ABPA
in children with asthma (conditional recommendation, very
low certainty of evidence).

(FEV,, FEV,/FVC, FVC)

e Side effects

e No. of asthma and ABPA
o Cost

exacerbations
(FEV,, FEV,/FVC, FVC)

o Side effects

o Cost
e No. of asthma and ABPA

e ABPA remission rate

e Spirometry parameters

e ABPA remission rate
exacerbations

e Spirometry parameters

Outcome (O)

Explanation: Although there was no direct data addressing the
clinical question, the single RCT (with high risk of bias) in adults,
suggested that low-dose oral steroids could have comparable effi-
cacy, but greater safety, compared to high-dose steroids (0.75 mg/
kg for 6 wk, 0.5 mg/kg for another 6 wk, and then tapering)
for preventing exacerbations and glucocorticoid dependence in
ABPA. The EBGDG recognized that the dosage differences were
also associated with differences in the duration of therapy; the
impact of which could not be ascertained separately.

Conventional steroid therapy
No immunomodulators
(Placebo or nothing)

Comparator (C)

Implementation Considerations: This recommendation is
applicable only to treatment naive patients. The EBGDG
also emphasizes that patients on steroid therapy should be
monitored for adverse events using clinical examination and
biochemical parameters, as per usual practice.

(Omalizumab/ Dupilumab/

pulse dexamethasone
Other)

Clinical Question 3: What is the Optimum Duration
of Oral Steroid Therapy for ABPA in Asthmatic Children?

Pulse methylprednisolone or

Intervention (I)
Immunomodulators

Evidence Summary: There was no pre-existing systematic
review addressing the question. A fresh systematic review
identified only one single-centre, non-blinded RCT [14], which
has been referred to in the preceding clinical question. Therein,
the longer regimen continued for 8 to 10 mo, whereas the
shorter regimen terminated between 3 to 5 mo. The outcomes
reported in the study have been summarized under question 2.
There was no statistically significant difference in any of the

ABPA Allergic bronchopulmonary aspergillosis, AS Aspergillus sensitization, EBGDG Evidence based guideline development group, FEV; Forced expiratory volume in 1 s, FVC Forced vital

capacity, GINA Global initiative for asthma

s

The GINA 2021 guidelines do not have a category of “poorly controlled asthma” but define a group with “severe asthma”

7. What is the role of immunomodulators in children with asthma and ABPA?

Children with asthma and

ABPA

6. Should pulse steroid therapy be used in children with asthma and ABPA?

Children with asthma and

ABPA

Table 2 (continued)
Population (P)

1

Springer
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Table 3 Meta-analysis of

Number of ~ Number of Prevalence Pooled prevalence (%) 1°% (p value)
prevalence of aspergillus studies participants range (%) with 95% CI
sensitization (AS) and ABPA
Aspergillus sensitization by age
Adults 36 8018 5t0 51 26 (21, 30) 95.9 (0.00)
Children 9 3057 2t0 61 27 (18, 37) 98.4 (0.00)
Both 17 5865 4to 87 29 (21,37) 98.8 (0.00)
Overall 62 16940 2to 87 27 (23, 30) 98.0 (0.00)
Aspergillus sensitization by asthma severity
Mild to moderate asthma 0
Severe asthma 17 3742 8to 61 27 (21, 33) 95.2 (0.00)
Severity not defined 45 13198 2 to 87 27 (22, 31) 98.4 (0.00)
ABPA by age
Adults 31 8199 1to 70 119, 14) 96.3 (0.00)
Children 4 334 11to0 33 19 (11, 27) 71.2 (0.02)
Both 10 2142 41021 10 (6, 13) 87.7 (0.00)
Overall 45 10675 1to 70 12 (10, 14) 95.7 (0.00)
ABPA by asthma severity
Mild to moderate asthma 1 70 13 13 (7, 23)
Severe asthma 13 1627 3t070 17 (12, 22) 93.4 (0.00)
Severity not defined 31 8793 1to 33 10 (8, 12) 96.2 (0.00)

ABPA Allergic bronchopulmonary aspergillosis

clinically relevant efficacy outcomes between the two groups.
The response rate and percentage decline in IgE (both at 6 wk)
which were greater with the longer regimen, were attributable
to the higher dose rather than longer duration. Participants
receiving the longer regimen and higher cumulative steroid
dose, had greater prevalence of adverse events also.

Recommendation: The authors recommend against using
oral steroid regimens longer than 16 wk (including tapering),
in children with asthma and ABPA (conditional recommen-
dation, very low certainty of evidence).

Explanation: The cut-off of 16 wk was based on a review
of treatment regimens in ABPA. For children weighing
between 15 to 40 kg, the shorter regimen is completed before
or at 16 wk, whereas the longer regimen continues beyond
16 wk (depending upon the body weight). In the single RCT
in adults, the longer duration of therapy was also associated
with higher initial dosage of steroid. Therefore, the EBGDG
examined only long-term outcomes (at 12 mo and >12 mo),
so that the effect of higher initial dose, would not be con-
fused as the impact of greater duration. Similarly, as the
timing when adverse events developed, was not mentioned

Table 4 Meta-analysis of prevalence of aspergillus sensitization (AS) and ABPA described by age and severity of asthma

Number of Number of Prevalence Pooled prevalence (%) *% (p value)
studies participants range (%) with 95% CI
Aspergillus sensitization
Adults with severe asthma 10 1516 8to 51 23 (16, 30) 92.1 (0.00)
Adults with asthma severity not-defined 26 6352 5to 87 27 (21, 32) 95.9 (0.00)
Children with severe asthma 1308 27 to 61 41 (25, 56) 95.3 (0.00)
Children with asthma severity not-defined 5 1749 2to21 10 (3, 17) 97.4 (0.00)
Adults and children with severe asthma 3 918 9to43 18 (9, 26) Not calculated
Adults and children with asthma severity not-defined 14 5097 41053 31 (20, 41) 99.1 (0.00)
ABPA
Adults with mild to moderate asthma 1 70 13 13 (7, 23)
Adults with severe asthma 9 1083 3t070 21 (13, 28) 95.0 (0.00)
Adults with asthma severity not-defined 21 6861 1to0 28 9(7,12) 95.6 (0.00)
Children with severe asthma 2 206 11to 26 16 (11, 21) Not calculated
Children with asthma severity not-defined 2 128 15to 33 17 (10, 23) Not calculated
Adults and children with severe asthma 2 338 3to7 3(1,5) Not calculated
Adults and children with asthma severity not-defined 8 1804 4to021 11 (8, 14) 78.4 (0.00)

ABPA Allergic bronchopulmonary aspergillosis

@ Springer
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in the study, the EBGDG could not determine if the events
were due to the longer duration, or higher dosage, or both.
However, it is reasonable to assume that a longer steroid
regimen (with greater total dosage) would be associated with
greater frequency of adverse events [15].

Implementation Considerations: This recommendation is
applicable only to treatment naive patients. Children receiving
steroid therapy should be monitored for adverse events using
clinical and biochemical parameters, as per usual practice.

Clinical Question 4: Should Antifungals be Given
to Children with Asthma and ABPA?

Evidence Summary: There was no pre-existing systematic
review addressing the question. A new systematic review
identified five RCTs [16-20]. The details of the systematic
review are presented in the online Supplementary File 1. The
data from the five trials could not be pooled through meta-
analysis, as they compared different interventions.

Recommendation: The authors recommend using either the
intervention (addition of antifungals) or comparison (no
antifungals) in children with asthma and ABPA (conditional
recommendation, low certainty of evidence).

Explanation: The evidence from the five trials described above
[16-20] was judged to be of low, low, very low, very low and
moderate quality respectively. All were conducted in adults;
only one was blinded [19]. In the trial by Agarwal et al., com-
paring oral itraconazole vs. prednisolone [18], 8 participants
in the intervention arm, who failed to respond at 6 wk, were
excluded from further analysis. This created a serious concern
with regard to data reporting of all randomized participants.

Antifungal therapy is expected to be associated with
greater cost (compared to oral steroid therapy), and drug
level monitoring further increases the cost.

Owing to the limited quantity and quality of available
RCT evidence (with the additional concerns highlighted)
in adult patients, the EBGDG was unable to formulate
an evidence based recommendation, either in favour of,
or against, the intervention. Therefore, the EBGDG rec-
ommends that individual clinicians, need not consider a
change in their existing practice, i.e., those using antifun-
gals may continue to do so, and vice versa (until additional
evidence becomes available). For those using antifungals,
no particular agent is recommended based on the current
evidence.

Implementation Considerations: Clinicians using anti-
fungals need to be aware that preparations of antifungal
agents may have variable bioavailability [21]. Hence some
experts advocate measurement of serum levels to confirm

@ Springer

bioavailability. This may not be readily available, hence the
EBGDG does not recommend it for routine practice.

Clinical Question 5: Is Voriconazole More Efficacious
Than Itraconazole in Children with Asthma
and Acute Exacerbation of ABPA?

Evidence Summary: There was no pre-existing systematic
review addressing the question. A new systematic review
did not identify any RCTs in acute exacerbation of ABPA.
Two trials comparing antifungal vs. oral prednisolone mono-
therapy in acute-stage ABPA were considered for indirect
evidence synthesis. The details of the evidence summary are
presented in the online Supplementary File 1.

Recommendation: For clinicians using antifungal agents, the
EBGDG recommends against using voriconazole instead of
itraconazole, in children with asthma and acute exacerbation
of ABPA (conditional recommendation, very low certainty of
evidence).

Explanation: There was no trial comparing voriconazole vs.
itraconazole in children with ABPA exacerbations. The limited
indirect evidence suggested that although voriconazole was not
superior in efficacy to itraconazole, it appeared to be associated
with higher frequency of adverse events (although it is unclear
whether this is statistically or clinically significant). Currently,
voriconazole therapy is more expensive than itraconazole ther-
apy. Based on these considerations, the EBGDG recommended
that for clinicians using antifungal agents, there is no justifica-
tion to shift from using itraconazole to voriconazole.

Clinical Question 6: Should Pulse Steroids be Used
in Children with Asthma and ABPA?

Evidence Summary: There was no pre-existing systematic review
addressing the question. A new systematic review did not identify
any RCTs, although there were 44 studies with other designs.

Recommendation: No recommendation.

Explanation: There are multiple reports describing the use
of high dose intravenous steroids to treat ABPA exacerbations,
especially in patients not responding to conventional treatment
[22-24]. However, in the absence of robust evidence from
formal clinical trials, the EBGDG did not consider it feasible
to develop an evidence-based recommendation.

Clinical Question 7: Should Inmunomodulators be
Used in Children with Asthma and ABPA?

Evidence Summary: The literature search identified two sys-
tematic reviews addressing the question. One of them included
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two very small trials and some case reports [25]. The other sys-
tematic review included a single RCT evaluating omalizumab
[26]. The trial had been terminated prematurely due to inability
to recruit participants [27]. Limited data on adverse events was
available, but were likely due to the underlying disease. Hence,
the EBGDG was unable to use either systematic review.

A fresh systematic review identified two RCTs, one eval-
uating omalizumab [28] and the other examining dupilumab
[29, 30] in ABPA with asthma. The details of the systematic
review are presented in the online Supplementary File 1.

Recommendation: The authors recommend against immu-
notherapy with biologicals including omalizumab or
dupilumab in children with asthma and ABPA (conditional
recommendation, very low certainty of evidence).

Explanation: The limited evidence described above was of very
low quality due to small sample size, indirectness of evidence,
and the fact that the baseline treatment for ABPA was not uni-
form in the intervention and comparison arms. In the trial on
omalizumab, there was no separate reporting of outcomes after
the two treatment phases. Although both RCTs showed some
beneficial effects with omalizumab and dupilumab, with no sig-
nificant adverse event observed in either, in the absence of clarity
regarding whether the patients had received oral steroids and/or
antifungals, it is difficult to ascertain the exact role of these bio-
logicals for ABPA treatment. The cost of therapy is also expected
to be large. Therefore, the EBGDG gave a conditional recom-
mendation against the intervention, until more evidence about
efficacy, and the criteria for using these agents become available.

Discussion

To the best of the authors’ knowledge, this is the first evidence-
based guideline related to ABPA in children with asthma. The
EBGDG followed a robust scientific methodology for the selec-
tion of the topic, development of clinical questions, prioritization
of the questions, and evidence synthesis [6]. They followed the
current scientific methodology for the development of evidence-
based guidelines, making this guideline trustworthy.

The EBGDG encountered several challenges in develop-
ing this guideline. First, there was no robust (direct) evidence
available for six of the seven clinical questions. Even studies
conducted in adults had serious methodological limitations,
resulting in high risk of bias. Therefore, the EBGDG had
to downgrade most of the limited available evidence, mak-
ing it difficult to provide strong recommendations. On the
other hand, there were multiple studies reporting prevalence
of AS or ABPA (mostly in adults), but these had variable
methodological rigour, diverse definitions, and variations in

the procedures applied, making it difficult to compare data
across studies. The EBGDG focused on prevalence in children
with ‘poorly controlled” asthma; however this term itself has
variable definitions [11, 12] with some authors referring to it
as uncontrolled asthma. Further, the term is not synonymous
with severe asthma. Additionally, knowledge on ABPA itself
is evolving; the diagnostic criteria have undergone modifica-
tions from the earliest Rosenberg Patterson criteria [31], to the
current ISHAM criteria [32]. This further challenged com-
parison and collation of data. Last but not the least, the bulk
of currently available RCT data originates from a single centre
in Chandigarh, India. As these studies have serious methodo-
logical limitations, external validation would have helped, but
is unavailable.

Despite these challenges, the EBGDG developed a sci-
entifically robust guideline. Although it would be relatively
easy to avoid providing recommendations on account of the
limitations in evidence quantity and quality, the EBGDG
consciously avoided this, so that guidance could be provided
to the target audience. In fact, the EBGDG was unable to
formulate a recommendation for only one of the clinical
questions.

This guideline has several strengths in addition to methodo-
logical rigour. The EBGDG focused on multiple patient-centric
outcomes, that too at multiple time points. They included cost
considerations also, although there were no supporting data.
During the process of working through the EtD tables, they
considered additional evidence not directly related to the clini-
cal questions. The EBGDG believes that these measures make
this guideline trustworthy, and applicable in diverse clinical
settings.

However, the EBGDG acknowledges some limitations.
The group was unable to include representation of stake-
holders such as patients/families or hospital administrators/
policy makers in the EBGDG. However, they considered
their perspective when working through the EtD framework.
They did not have access to a large team of experts familiar
with guideline methodology; in fact none of the EBGDG
have undergone formal training such as the GIN INGUIDE
programme [33].

The EBGDG intends to update this guideline within two
years of its publication, as (hopefully) more (robust) evi-
dence in children becomes available. Meanwhile, they also
believe that the paucity of evidence identified will stimulate
well-designed research studies in children with ABPA.

Although this evidence-based guideline was developed
keeping the needs of clinicians managing ABPA in mind, it has
several implications for research also. First, it has highlighted
the paucity of high-quality research data for the management of
ABPA, not only in children, but adults as well. Second, issues as
fundamental as determining the burden of AS and ABPA, utiliz-
ing currently accepted diagnostic criteria, need to be urgently
addressed. Even the underlying condition ‘asthma’ requires an
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appropriate definition, in order to compare data across studies.
Third, in children, the paucity of evidence on diverse issues
related to management, call for well-designed clinical trials to
understand which interventions are efficacious as well as safe.
This can pave the way for studies on clinical effectiveness (out-
side research settings), economic analysis (to determine cost-
effectiveness), and health technology assessment (to determine
the real-world issues in implementing the evidence).

Conclusions

This guideline provides evidence-based guidance to health-
care providers working in diverse settings, who manage chil-
dren with asthma having ABPA. The key recommendations
are that children with poorly controlled asthma should be
investigated for ABPA (conditional recommendation, moder-
ate certainty of evidence). Low(er) dose steroid therapy regi-
men (0.5 mg/kg/d for the first 2 wk, followed by a progressive
tapering) is preferable to higher dose regimens (conditional
recommendation, very low certainty of evidence). Oral
steroid regimens longer than 16 wk (including the period
of tapering), should not be used (conditional recommenda-
tion, very low certainty of evidence). Antifungal agents may
or may not be added to steroid therapy as the evidence was
neither in favour nor against (conditional recommendation,
low certainty of evidence). For those clinicians who routinely
use antifungal agents, the EBGDG recommends against using
voriconazole instead of itraconazole. (conditional recommen-
dation, very low certainty of evidence). There is no evidence
to suggest whether pulse steroid therapy may be used in pref-
erence to conventional steroid therapy. At the present time,
immunotherapy with biologicals is not recommended (con-
ditional recommendation, very low certainty of evidence).

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12098-023-04592-y.

Acknowledgements The EBGDG is grateful to Prof. Kamal Singhal,
DM (Pediatric Pulmonology), Lady Hardinge Medical College New
Delhi, for agreeing to be the External Reviewer for this guideline, and
validating its content and presentation.

Authors’ Contributions JLM conceptualized the work, devised the
methodology, reviewed and finalized the manuscript; KK prepared
the draft manuscript. All authors contributed to the development of
the guideline (framing questions, literature review, critical appraisal,
evidence synthesis, translating evidence to decisions, framing recom-
mendations, preparing the manuscript). JLM will act as the guarantor
for this manuscript.

Declarations

Declarations of Interest All EBGDG members submitted written, for-
mal, Declarations of interest (Dol) to the steering group, before under-
taking the guideline development work. The steering group examined
each submission, and judged that there were no conflicts of interest,
precluding the participation of any member in the EBGDG.

@ Springer

Conflict of Interest None.

References

1. Alexander JH. The epidemiology of asthma. In: Wilmott R, Bush
A, Deterdiong R, Ratjen F, Sly P, Zar H, editors. Kendig’s dis-
orders of the respiratory tract in children. 9th ed. Philadelphia:
Elsevier; 2019. p. 640-64.

2. Kanj A, Abdallah N, Soubani AO. The spectrum of pulmonary
aspergillosis. Respir Med. 2018;141:121-31.

3. Chowdhary A, Agarwal K, Kathuria S, Gaur SN, Randhawa HS,
Meis JE. Allergic bronchopulmonary mycosis due to fungi other than
Aspergillus: A global overview. Crit Rev Microbiol. 2014;40:30-48.

4. Agarwal R, Sehgal IS, Dhooria S, Aggarwal AN. Developments in
the diagnosis and treatment of allergic bronchopulmonary asper-
gillosis. Expert Rev Respir Med. 2016;10:1317-34.

5. Bui S, Dournes G, Fayon M, et al. Allergic Broncho-Pulmonary
Aspergillosis (ABPA) in cystic fibrosis: Mechanisms, diagnosis
and therapeutic options. Rev Mal Respir. 2021;38:466-76.

6. Mathew JL. Efficiency, economy and excellence: experimental
exploration of evidence-based guideline development in resource
constrained settings. Indian J Pediatr. 2023. https://doi.org/10.
1007/512098-023-04575-z.

7. Sterne JAC, Savovi¢ J, Page MJ, et al. RoB 2: A revised tool for
assessing risk of bias in randomised trials. BMJ. 2019;366:14898.

8. Alonso-Coello P, Schiinemann HJ, Moberg J, et al. GRADE
Evidence to Decision (EtD) frameworks: A systematic and trans-
parent approach to making well informed healthcare choices. 1:
Introduction. BMJ. 2016;353:i12016.

9. Alonso-Coello P, Oxman AD, Moberg J, et al. GRADE Evidence
to Decision (EtD) frameworks: A systematic and transparent
approach to making well informed healthcare choices. 2: Clinical
practice guidelines. BMJ. 2016;353:12089.

10. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging
consensus on rating quality of evidence and strength of recom-
mendations. BMJ. 2008;336:924—6.

11. Singh M, Das S, Chauhan A, et al. The diagnostic criteria for allergic
bronchopulmonary aspergillosis in children with poorly controlled
asthma need to be re-evaluated. Acta Paediatr. 2015;104:¢206-9.

12. KumariJ, Jat KR, Lodha R, Jana M, Xess I, Kabra SK. Prevalence
and risk factors of allergic bronchopulmonary aspergillosis and
aspergillus sensitization in children with poorly controlled asthma.
J Trop Pediatr. 2020;66:275-83.

13. Zia-ul-Haq, Bashir M, Ullaha M. Frequency of allergic bronchopul-
monary aspergillosis in patients with bronchial asthma and its relation-
ship with severity of disease. Pak ] Med Health Sci. 2020;14:350-3.

14. Agarwal R, Aggarwal AN, Dhooria S, et al. A randomised trial of
glucocorticoids in acute-stage allergic bronchopulmonary asper-
gillosis complicating asthma. Eur Respir J. 2016;47:490-8.

15. Buttgereit F, da Silva JAP, Boers M, et al. Standardised nomen-
clature for glucocorticoid dosages and glucocorticoid treatment
regimens: current questions and tentative answers in rheumatol-
ogy. Ann Rheum Dis. 2002;61:718-22.

16. Ram B, Aggarwal AN, Dhooria S, et al. A pilot randomized trial of
nebulized amphotericin in patients with allergic bronchopulmonary
aspergillosis. J Asthma. 2016;53:517-24.

17. Agarwal R, Dhooria S, Sehgal IS, et al. A randomised trial of vori-
conazole and prednisolone monotherapy in acute-stage allergic
bronchopulmonary aspergillosis complicating asthma. Eur Respir J.
2018;52:1801159.

18. Agarwal R, Dhooria S, Singh Sehgal I, et al. A randomized trial of
itraconazole vs prednisolone in acute-stage allergic bronchopulmo-
nary aspergillosis complicating asthma. Chest. 2018;153:656-64.


https://doi.org/10.1007/s12098-023-04592-y
https://doi.org/10.1007/s12098-023-04575-z
https://doi.org/10.1007/s12098-023-04575-z

Indian Journal of Pediatrics (July 2023) 90(7):708-717

717

19.

20.

21.

22.

23.

24.

25.

26.

27.

Wark PAB, Hensley MJ, Saltos N, et al. Anti-inflammatory effect of
itraconazole in stable allergic bronchopulmonary aspergillosis: A ran-
domized controlled trial. J Allergy Clin Immunol. 2003;111:952-7.
Agarwal R, Muthu V, Sehgal IS, et al. A randomised trial of
prednisolone versus prednisolone and itraconazole in acute-stage
allergic bronchopulmonary aspergillosis complicating asthma. Eur
RespirJ. 2022;59:2101787.

Bellmann R, Smuszkiewicz P. Pharmacokinetics of antifungal
drugs: practical implications for optimized treatment of patients.
Infection. 2017;45:737-79.

Cohen-Cymberknoh M, Blau H, Shoseyov D, et al. Intravenous
monthly pulse methylprednisolone treatment for ABPA in patients
with cystic fibrosis. J Cyst Fibros. 2009;8:253-7.

Singh Sehgal I, Agarwal R. Pulse methylprednisolone in allergic
bronchopulmonary aspergillosis exacerbations. Eur Respir Rev.
2014;23:149-52.

Hamad SG, Abu-Hasan M, AbdulWahab A. Use of intravenous pulse
steroids to treat allergic bronchopulmonary aspergillosis in a non-
compliant asthmatic adolescent. Child Basel Switz. 2022;9:252.
LiJX, Fan LC, Li MH, Cao WJ, Xu JF. Beneficial effects of omali-
zumab therapy in allergic bronchopulmonary aspergillosis: A syn-
thesis review of published literature. Respir Med. 2017;122:33-42.
Jat KR, Walia DK, Khairwa A. Anti-IgE therapy for allergic
bronchopulmonary aspergillosis in people with cystic fibrosis.
Cochrane Database Syst Rev. 2021;9:CD010288.

An exploratory study to assess multiple doses of omalizumab in
patients with cystic fibrosis complicated by acute bronchopulmonary
aspergillosis (ABPA) [Internet]. Available at: https://clinicaltrials.
gov/ct2/show/study/NCT00787917. Accessed on 4 Jan 2023.

Authors and Affiliations

Joseph L. Mathew'

28.

29.

30.

31

32.

33.

Voskamp AL, Gillman A, Symons K, et al. Clinical efficacy and
immunologic effects of omalizumab in allergic bronchopulmonary
aspergillosis. J Allergy Clin Immunol Pract. 2015;3:192-9.
Corren J, Sher L, Zhu X, et al. Dupilumab efficacy in patients with
uncontrolled, moderate-to-severe asthma and serologic evidence
of allergic bronchopulmonary aspergillosis. Ann Allergy Asthma
Immunol. 2019;23:S15.

Castro M, Corren J, Pavord ID, et al. Dupilumab efficacy and
safety in moderate-to-severe uncontrolled asthma. N Engl J Med.
2018;378:2486-96.

Rosenberg M, Patterson R, Mintzer R, Cooper BJ, Roberts M, Harris
KE. Clinical and immunologic criteria for the diagnosis of allergic
bronchopulmonary aspergillosis. Ann Intern Med. 1977;86:405-14.
Agarwal R, Chakrabarti A, Shah A, et al; ABPA complicating
asthma ISHAM working group. Allergic bronchopulmonary
aspergillosis: review of literature and proposal of new diagnostic
and classification criteria. Clin Exp Allergy. 2013;43:850-73.
Guidelines International Network. International guideline devel-
opment credentialing & certification program [Internet]. Available
at: https://inguide.org/. Accessed on 4 Jan 2023.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

- Ketan Kumar' - Sheetal Agrawal?® - Sanjay Bafna® - Sonia Bhatt* - Pallab Chatterjee® -

N. S. Chithambaram® - Rashmi Ranjan Das’ - Hema Gupta? - Sarika Gupta® - Kana Ram Jat® - Pawan Kalyan'® -
Rashmi Kapoor'' - Hardeep Kaur® - Jasmeet Kaur'? - Satnam Kaur'? - Suhas P. Kulkarni'* - Amber Kumar'> -

Sanjiv Singh Rawa

t16

Department of Pediatrics, Advanced Pediatrics Centre,
Postgraduate Institute of Medical Education and Research
(PGIMER), Chandigarh 160012, India

Department of Pediatrics, ABVIMS and Dr. Ram Manohar
Lohia Hospital, New Delhi, India

Department of Pediatrics, Bharati Vidyapeeth Medical
College Hospital & Jehangir Hospital, Pune, India

Department of Pediatrics, F H Medical College, Etmaadpur,
Agra, India

Department of Pediatrics, Apollo Multispeciality Hospital,
Kolkata, India

Department of Pediatrics, Teerthanker Mahaveer Medical
College and Research Centre, Moradabad, Uttar Pradesh, India

Department of Pediatrics, All India Institute of Medical
Sciences, Bhubaneswar, India

Department of Pediatrics, King George’s Medical University,
Lucknow, India

Department of Pediatrics, All India Institute of Medical
Sciences, New Delhi, India

Department of Pediatrics, Dr Pinnamaneni Siddhartha
Institute of Medical Sciences and Research Foundation,
Chinaoutapally, India

20

-Vivek Saxena'” - Anita Singh'® . Somu Sivabalan'® - Shetanshu Srivastava®’ - Anshula Tayal®

Department of Pediatrics, Regency Hospital Ltd., Kanpur,
India

Department of Pediatrics, Sri Balaji Action Medical Institute,
New Delhi, India

Department of Pediatrics, VMMC & Safdarjung Hospital,
New Delhi, India

Department of Pediatrics, D. Y. Patil Medical College,
D. Y, Patil Education Society (Deemed to be University),
Kolhapur, Maharashtra, India

Department of Pediatrics, All India Institute of Medical
Sciences, Bhopal, India

Department of Pediatrics, Child Care Clinic, Indore, India
Department of Pediatrics, Vatsalya Hospital, Kanpur, India

Department of Pediatrics, Sanjay Gandhi Postgraduate
Institute of Medical Sciences (SGPGIMS), Lucknow, India

Department of Pediatrics, Dr Rela Institute & Medical
Centre (RIMC), Chrompet, Chennai; and Sundaram Medical
Foundation (SMF), Chennai, India

Department of Pediatrics, Dr Ram Manohar Lohia Institute
of Medical Sciences, Lucknow, India

@ Springer


https://clinicaltrials.gov/ct2/show/study/NCT00787917
https://clinicaltrials.gov/ct2/show/study/NCT00787917
https://inguide.org/
http://orcid.org/0000-0003-2866-2623

	Evidence-Based Guidelines for the Management of Allergic Bronchopulmonary Aspergillosis (ABPA) in Children and Adolescents with Asthma
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Scope of the Guideline
	Material and Methods
	Formulating Clinical Questions
	Evidence Retrieval, Evaluation and Synthesis

	Results
	Clinical Question 1: Should All Children with Poorly Controlled Asthma be Investigated for ABPA?
	Clinical Question 2: Which Steroid Regimen (Low Dose or High Dose) Should be Used for the Treatment of ABPA in Children with Asthma?
	Clinical Question 3: What is the Optimum Duration of Oral Steroid Therapy for ABPA in Asthmatic Children?
	Clinical Question 4: Should Antifungals be Given to Children with Asthma and ABPA?
	Clinical Question 5: Is Voriconazole More Efficacious Than Itraconazole in Children with Asthma and Acute Exacerbation of ABPA?
	Clinical Question 6: Should Pulse Steroids be Used in Children with Asthma and ABPA?
	Clinical Question 7: Should Immunomodulators be Used in Children with Asthma and ABPA?

	Discussion
	Conclusions
	Anchor 22
	Acknowledgements 
	References


