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ABSTRACT

BACKGROUND: The aim of this study was to examine the
prevalence of Aspergillus sensitivity (AS) and allergic
bronchopulmonary aspergillosis (ABPA) in children with Bronchial
Asthma.

METHODS: The study included 200 children with bronchial
asthma. ABPA was diagnosed using Aspergillus skin testing,
pulmonary function testing, absolute eosinophil count, total serum
IgE, Aspergillus-specific IgE and IgG, chest radiography, and high-
resolution computed tomography. Patients were diagnosed and
classified according to the Rosenberg—Patterson criteria for ABPA.
RESULTS: Of the 200 children with bronchial asthma, 7 patients
were ABPA positive. Among the ABPA-positive cases, 5 (71.4%) had
uncontrolled asthma. The mean absolute eosinophil count (AEC)
was significantly higher in ABPA-positive cases (418.71 £ 90.12
cells/cumm). The mean total serum IgE in positive cases was
1181.00 = 403.42 IU/L. The mean Aspergillus-specific IgE level in
positive cases was 4.74 £ 6.09 kUA/L. In ABPA-positive cases, the
mean Aspergillus-specific IgG level was 26.06 £ 14.93 mgA/L.
CONCLUSION: This study demonstrated an association between
ABPA and bronchial asthma in children. ABPA is a common entity
in bronchial asthma and should be considered as a cause of
uncontrolled asthma when symptoms persist despite the use of
multiple medications.
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INTRODUCTION

Asthma is the most common chronic respiratory disease worldwide,
with an estimated prevalence of 320 million patients (1). According to
the latest GINA guidelines 2024, bronchial asthma is a heterogeneous
disease, usually characterized by chronic airway inflammation. It is
defined by a history of respiratory symptoms such as wheeze,
shortness of breath, chest tightness, and cough that vary over time and
in intensity, together with variable expiratory airflow limitation (2).
The diagnosis of bronchial asthma can be made if two out of the
following three criteria are fulfilled: 1) History of recurrent attacks of
chest tightness, breathlessness, and cough that is worse at night or
early morning 2) Physical examination showing expiratory wheeze
(rthonchi). 3) Spirometry showing airflow limitation or reduced FEV1
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or FEV1: FVC < 0.80, or a bronchodilator response
defined as an improvement in FEV1 of >12%/>200
ml, or exercise challenge showing a worsening in
FEVI1 >15% (3).

Exacerbations, or asthma attacks, are major
contributors to the burden of asthma and, although
they may occur in any patient, are more frequent and
severe in those with severe disease (1). Asthma
exacerbations are episodes of progressive worsening
of shortness of breath, cough, wheezing, or chest
tightness, or a combination of these symptoms,
requiring systemic corticosteroids or emergency
department visits and hospital admission (5).

Asthma exacerbations may be precipitated by a
variety of factors, ranging from allergens and
occupational exposures to environmental and
physiological triggers. Common allergens include
house dust mite, pollens, animal dander, etc (4). A
growing body of evidence from human and animal
studies has demonstrated a link between fungal
exposure, particularly indoor fungal exposure, and
asthma initiation, persistence, and exacerbation (5).
Airborne fungi such as Alternaria, Aspergillus,
Cladosporium, and Penicillium are associated with
asthma and other respiratory disorders. Among
these, Aspergillus fumigatus is the most significant
and is capable of causing a spectrum of conditions
ranging from allergic reactions to chronic airway
inflammation and severe aspergillosis, depending
on host genetics and immune response (6).

This study assessed the prevalence of
Aspergillus ~ Sensitivity (AS) and  Allergic
Bronchopulmonary  Aspergillosis (ABPA) in
children with Bronchial Asthma and categorization
of ABPA into various subgroups among the enrolled
patients.

MATERIAL AND METHODS

This study was conducted on a total of 200 children
aged 1-15 years who were diagnosed with bronchial
asthma. The study population included 136
outpatients and 64 inpatients from the Department
of Paediatrics, Government Medical College and
Rajindra Hospital, Patiala.

Inclusion criteria: Children aged 1-15 years with a
diagnosis of bronchial asthma. The diagnosis of
bronchial asthma was made if two out of the
following three criteria were fulfilled: 1. History of
recurrent attacks of chest tightness, breathlessness,

and cough that is worse at night or early morning 2.
Physical examination showing expiratory wheeze
(rthonchi) 3. Spirometry showing airflow limitation
or reduced FEV1 or FEV1:FVC < 0.80, or
bronchodilator response defined as an improvement
in FEV1 of >12%/>200 ml, or exercise challenge
showing a worsening in FEV1 >15% (3).

Exclusion criteria: The following groups of
children were excluded from the study- Children
with congenital lung malformations, children whose

families did not provide consent,
immunocompromised  children (primary or
secondary), children = with  protein—energy

malnutrition grade 3 or 4, asthmatic children
receiving oral steroids, and children on medications
other than anti-asthmatic drugs, such as those used
for cardiac disease or tuberculosis.

All cases underwent detailed history taking,
clinical examination, and investigations as per the
proforma. Patients were grouped according to age,
gender, residential area, severity, and level of
asthma control. Children were classified as having
mild asthma (intermittent and mild persistent
asthma) or severe asthma (moderate persistent and
severe persistent asthma). Patients already on
treatment were categorized according to asthma
control as controlled (well controlled) or
uncontrolled (not well controlled and very poorly
controlled).

All patients were initially screened using
intradermal skin testing, chest radiography, absolute
eosinophil count, and measurement of total serum
IgE levels, along with detection of Aspergillus
fumigatus-specific IgE and IgG in blood. In patients
diagnosed with ABPA, cystic fibrosis was ruled out
based on family history, clinical features suggestive
of CF, and sweat chloride testing.

For intradermal testing, Aspergillus fumigatus
antigen (1:500 weight/volume concentration) was
obtained from ALCIT India Pvt. Ltd. All
antihistamines and  bronchodilators  were
discontinued 24 hours prior to testing. Buffered
saline was used as the negative control, while
histamine acid phosphate (1:10,000) served as the
positive control. Reactions were read after 20
minutes, and intensity was assessed based on wheal
size and erythema. Reactions above 1+ were
considered positive, with 3+ and 4+ indicating
higher degrees of sensitivity.
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A chest X-ray was considered positive if it
demonstrated radiological abnormalities suggestive
of allergic airway disease, including transient
infiltrates or fleeting opacities, gloved-finger and
tramline appearances, pseudohilar
lymphadenopathy,  hyperinflation, lobar or
segmental collapse, central bronchiectasis, and
parallel-line or ring-shaped shadows.

An absolute eosinophil count greater than 300
cells/ul. was considered significant. Serological
assays for total serum IgE, Aspergillus fumigatus-
specific IgE, and specific IgG were performed in the
Department of Microbiology, Postgraduate Institute
of Medical Education and Research (PGIMER),
Chandigarh, using commercially available
fluorescent enzyme immunoassay kits based on the
Phadia principle (Thermo Fisher Scientific Inc.,
Uppsala, Sweden). The cutoff values were 500 [U/L
for total serum IgE, 0.35 kUA/L for Aspergillus-
specific IgE, and 26.9 mgA/L for Aspergillus-
specific IgG.

Aspergillus sensitivity (AS) was determined

based on intradermal skin test results and
Aspergillus-specific IgE levels.
CT scanning was performed in patients who fulfilled
all other criteria for ABPA according to the
Rosenberg—Patterson  criteria(7), to confirm
parenchymal changes detected on chest X-ray.

Table 1: Demographic data of study population.

Statistical analysis: Descriptive and analytical
statistical analyses were performed using SPSS
software (version 17.0 for Windows; SPSS Inc.,
Chicago, IL, USA). Continuous variables such as
eosinophil counts and IgE levels were expressed as
mean + standard deviation (SD) or median with
interquartile range (IQR), depending on distribution.
Comparisons between groups were performed using
Student’s t-test or analysis of variance (ANOVA)
for normally distributed data and the Mann—
Whitney U test for non-normally distributed data.
Categorical  variables were expressed as
proportions, and differences between groups were
assessed using Fisher’s exact test. A p-value <0.05
was considered statistically significant.

RESULTS

Out of the 200 children with bronchial asthma
included in the study, 36.5% were aged 1-5 years,
29.5% were 6-10 years, and 34% were 11-15 years.
Females and males constituted 56.5% and 43.5% of
the study population, respectively. A total of 61% of
the enrolled children resided in rural areas. Mild
asthma was observed in 81% of cases, while 19%
had severe asthma. Asthma was controlled in 71%
of patients and uncontrolled in 29% (Table 1)

Parameter (n) Controlled Asthma Uncontrolled Asthma p-value
™ ™
Age in years 0-5(73) 55 18 >0.05
6-10 (59) 42 17
11-15 (68) 45 23
Gender Female (113) 91 22 >0.05
Male (87) 51 36
Geographical area Rural (122) 84 38 >0.05
Urban (78) 58 20
Severity Mild (162) 136 26 <0.05
Severe (38) 6 32

In the controlled group, 37.3% had an AEC >300
cells/cumm, compared to 43.1% in the uncontrolled
group. Mean AEC levels were 273.56 + 139.64
cells/cumm and 301.74 + 152.23 cells/cumm in the
controlled and uncontrolled groups, respectively.
This difference was not statistically significant (p >
0.05).

Among cases with total IgE >500 IU/L, 66.7%
were controlled, whereas 75.8% of those with total

IgE <500 IU/L were controlled. Mean total IgE was
significantly higher in the uncontrolled group
compared to the controlled group (p < 0.05).

Aspergillus-specific IgE >0.35 kUA/L was
detected in 4.9% of controlled cases and 17.2% of
uncontrolled cases. Mean levels were significantly
higher in the uncontrolled group (1.79 + 4.91 vs.
0.28 £ 1.06 kKUA/L, p < 0.05).
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Twelve cases were positive for Aspergillus-specific
IgG, of which 42% were controlled and 58% were
uncontrolled. Among the 188 IgG-negative cases,

Table 2: Investigations in the study population.

73% were controlled. Mean IgG levels did not differ
significantly between groups (p > 0.05) (Table 2).

Investigation Controlled Asthma Uncontrolled Asthma p-value
Mean = SD (Range) Mean = SD (Range)

AEC (cells/cumm) 273.56 +£139.64 301.74 £152.23 >0.05
(78-860) (109-770)

Total IgE (IU/L) 584.29 £405.5 788.91 £591.90 <0.05
(67-2670) (134-3358)

Aspergillus specific IgE (kUA/I) 0.28 + 1.06 1.79 £4.91 <0.05
(0.01-9.86) (0.01-23.60)

Aspergillus specific IgG (mgA/L) 9.82+13.02 14.93 +22.03 >0.05
(1.23-138) (1.3-164)

Chest X-ray opacities were observed in 5.6%
(8/142) of the controlled group and 24.1% (14/58)
of the uncontrolled group, with the remaining cases
showing no radiographic abnormalities. This
difference was statistically significant (p < 0.05).
The prevalence of Aspergillus sensitivity (AS)
was 8.5%. The mean age of Aspergillus-sensitive
children was significantly higher than that of

Aspergillus-negative children (11.06 + 3.13 years
vs. 7.77 = 4.27 years, p = 0.001). No significant
association was observed with gender, as positivity
rates were comparable between males (9.4%) and
females (6.8%) (p > 0.05). A significant association
was found with geographical area, with urban
children showing higher AS than rural children
(13.9% vs. 5.0%; p < 0.05). (Figure 1)

Aspergillus Sensitivity Correlated with Demographic Factors

A. Age Distribution

B. Aspergillus Positivity by Gender

C. Aspergillus Positivity by Geographical Area
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Figure 1: Aspergillus sensitivity correlated with demographic factors.

Allergic bronchopulmonary aspergillosis (ABPA)
was diagnosed in 7 children, yielding a prevalence
of 3.5%. The mean age was 9.43 + 2.15 years, with
most cases in the 6-10-year age group. A male
predominance was observed (6 out of 7 cases). Most
ABPA cases (71.4%) were from rural areas. Mild
asthma was present in 5 cases, while 2 had severe
asthma. Asthma control was poor in the majority,
with 5 cases (71.4%) being uncontrolled.

Among ABPA-positive cases, intradermal skin
test reactions were distributed as follows: 14.3%

showed a 1+ reaction, 42.9% a 2+ reaction, 28.6% a
3+ reaction, and 14.3% a 4+ reaction. Differences in
skin test results between ABPA groups were not
statistically significant (p > 0.05).

The mean AEC was significantly higher in
ABPA-positive  cases  (352.38  cells/cumm)
compared to ABPA-negative cases (278.79
cells’'eumm) (p < 0.05), indicating marked
eosinophilia in ABPA (Table 3).
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Table 3: AEC levels in ABPA positive cases.

Group (N) Mean = SD Median (IQR) Range p-value
ABPA present (7) 352.38 £ 68.23 363.5 (333 —395.25) 240 - 431 <0.05
ABPA absent (193) 278.29 £ 145.24 250 (170.5 — 347) 78 — 860

All ABPA-positive cases had total IgE >500 IU/L,
with significantly higher mean levels than ABPA-
negative cases (1229.25 + 358.12 vs. 623.12 =

specific IgE (>0.35 kUA/L). Mean levels were
significantly higher in ABPA-positive cases (5.68 £
5.31 kUA/L) than in negative cases (0.51 £+ 2.53

470.35 IU/L, p < 0.05). (Table 4) Among ABPA- kUA/L) (p <0.05) (Table 5).

positive cases, 85.7% had positive Aspergillus-

Table 4: Total IgE levels in ABPA positive cases.
Group (N) Mean = SD Median (IQR) Range p-value
ABPA present (7) 1229.25 + 358.12 1181 (945.25 -1450.75) 780 — 1924 <0.05
ABPA absent (193) 623.12 +470.25 524.0 (338.75 —781.5) 67— 3358

Table 5: Specific IgE levels in ABPA positive cases.
Group (N) Mean = SD Median (IQR) Range p-value
ABPA present (7) 5.68 +5.31 5.7 (0.96 — 7.09) 0.47-15.9 <0.05
ABPA absent (193) 0.51 +2.53 0.10 (0.06 — 0.19) 0.01 —23.6

Forty-three percent of ABPA-positive cases had
elevated  Aspergillus-specific ~ IgG,  with
significantly higher mean levels than ABPA-

Table 6: Specific IgG levels in ABPA positive cases.

negative cases (p < 0.05) (Table 6). Among 20
probable ABPA cases, HRCT was positive in 40%
(8 cases).

Group (N) Mean = SD Median (IQR) Range p-value
ABPA present (7) 24.55+13.31 23.05 (18.77 — 29.35) 3.6-43.6 <0.05
ABPA absent (193) 10.75 + 16.17 7.2 (3.9 —12.45) 1.23 - 164

DISCUSSION ABPA was more common in rural children, possibly

In the present study, the prevalence of AS and
ABPA among paediatric asthma patients was 8.5%
and 3.5%, respectively. These figures lie at the
lower end of the range reported in previous Indian
and international studies, which have documented
prevalence rates of 15-30% in children with poorly
controlled asthma(8-11). This lower prevalence
may be attributed to differences in study
populations, as our study included all asthmatic
children rather than focusing exclusively on those
with poorly controlled disease. Diagnostic criteria
also play a role; although the Rosenberg—Patterson
criteria remain the historical standard, (7) their
limitations in paediatric populations are recognized,
and modified or ISHAM criteria may be more
sensitive in this age group (17).

No significant association was observed
between AS or ABPA prevalence and age or gender.

reflecting increased exposure to Aspergillus spores
in agrarian regions of northern India. Most patients
were residents of Punjab and surrounding areas,
where environmental and climatic factors may
influence sensitization rates (8).

All ABPA patients demonstrated positive skin
test results. Although intradermal skin testing is not
specific to ABPA, it remains a useful screening tool,
especially in resource-limited settings (16).

Mean AEC and total serum IgE levels were
significantly higher in ABPA-positive patients,
reflecting the underlying Th2-mediated
immunopathogenesis of ABPA (12). Elevated
Aspergillus-specific IgE and IgG further support the
diagnosis and reflect IgE-mediated hypersensitivity
and immune complex-driven inflammation (14).

Chest X-ray abnormalities were present in most
ABPA cases, although HRCT remains superior for
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detecting bronchiectasis and subtle parenchymal
changes.

In summary, ABPA should be suspected in
children with bronchial asthma who have persistent
symptoms despite optimal therapy. Early diagnosis
and appropriate corticosteroid treatment are crucial
to prevent disease progression and long-term
complications.

The study would have been strengthened by a
larger sample size with greater representation of
uncontrolled and severe asthma cases. HRCT was
not performed in all patients due to concerns
regarding radiation exposure and ethical
considerations.
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