Allergic Bronchopulmonary Aspergillosis in Bronchial Asthma Children : A Prevalence Study

ABSTRACT
Aim: The aim of this study was to examine the prevalence of allergic bronchopulmonary aspergillosis (ABPA) in children with bronchial asthma.
Methods: The study included 200 children with bronchial asthma. We diagnosed ABPA using Aspergillus skin test, pulmonary function test, Absolute Eosinophil count, Total Serum IgE, Aspergillus specific IgE and IgG, Chest Radiograph and high resolution computed tomography. Patients were diagnosed and classified according to Rosenberg-Patterson criteria for ABPA. 
Results: Of 200 children with bronchial asthma, 7 patients were ABPA positive. 5 (71.4%) cases had uncontrolled asthma amongst ABPA positive cases. Mean AEC was significantly higher in ABPA positive cases (418.71±90.12 cells/cumm). Mean Total serum IgE in the positive cases was 1181.00±403.42 IU/L. The mean A. specific IgE in the positive cases was 4.74±6.09 kUA/l. In the ABPA positive cases, mean A. specific IgG was 26.06±14.93 mgA/L. 
Conclusion: This study showed 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, where asthma is poorly controlled despite the use of many medications.
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INTRODUCTION
Bronchial asthma is one of the most common chronic diseases worldwide, imposing a substantial burden on both children and adults. According to latest GINA guidelines 2024, bronchial asthma is a heterogenous disease, usually characterized by chronic airway inflammation. It is defined by 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. [1] Diagnosis of bronchial asthma can be made if two out of the three following criteria are fulfilled: 1. History of recurrent attacks of chest tightness, breathlessness and a cough that is worse at night or early morning. 2. Physical examination showing expiratory wheeze (rhonchi). 3. Spirometry showing airflow limitation or low FEV1 or FEV1:FVC < 0.80 or bronchodilator response – improvement in FEV1 of ≥ 12%/ ≥ 200ml or exercise challenge: worsening in FEV1 ≥ 15%. [2] There are various factors that can cause asthma exacerbations including allergens like dust mite, pollen, animal dander, fungi; occupational exposures like grains, flours, cleaning agents, metals, irritants; hormones like in menstrual asthma; drugs like NSAIDs, beta blockers; exercise, stress and air pollutants. Amongst the inhaled allergens, fungi are being recognized as an important cause of these exacerbations. [3] Fungi have many potential roles in paediatric asthma, predominantly by being a source of allergens (severe asthma with fungal sensitization), and also directly damaging the epithelial barrier and underlying tissue by releasing proteolytic enzymes (fungal bronchitis). [4] Many airborne fungi are involved, including species of Alternaria, Aspergillus, Cladosporium and Penicillium, with Aspergillus fumigatus causing a variety of pulmonary diseases depending on individual’s genetic status and immunologic responses to Aspergillus antigens. [5]
AIMS AND OBJECTIVES
To Assess the prevalence of Allergic Bronchopulmonary Aspergillosis (ABPA) in children with Bronchial Asthma.
MATERIAL AND METHODS
This study was conducted on 200 children in the age group of 1-15 years, including outpatients and the patients admitted in the Department of Paediatrics, Government Medical College, Rajindra Hospital, Patiala who were diagnosed to have Bronchial Asthma. 
Inclusion criteria: Children aged 1-15 years with diagnosis of bronchial asthma. . Diagnosis of bronchial asthma was made if two out of the three following criteria were fulfilled: 1. History of recurrent attacks of chest tightness, breathlessness and a cough that is worse at night or early morning. 2. Physical examination showing expiratory wheeze (rhonchi). 3. Spirometry showing airflow limitation or low FEV1 or FEV1:FVC < 0.80 or bronchodilator response – improvement in FEV1 of ≥ 12%/ ≥ 200ml or exercise challenge: worsening in FEV1 ≥ 15%. [2]
Exclusion criteria: 1. Asthmatic children on oral steroids. 2. Immunocompromised children (Primary and Secondary) 3. Children on medication other than anti asthmatic drugs like for previous cardiac disease or Tuberculosis 4. Children with congenital lung malformation 5. Children with protein energy malnutrition grade 3 or 4. 6. Children whose families did not give consent.
All cases were subjected to detailed history, clinical examination and investigations as per the proforma. All patients were first screened by intradermal skin testing, chest X-ray, Absolute Eosinophil cell count and total serum IgE levels and Aspergillus Fumigatus specific IgE and IgG in the blood. 
For intradermal testing, Aspergillus antigen for Fumigatus was taken in 1 in 500 weight/volume concentration from ALCIT India Pvt. Ltd. All the antihistamines and bronchodilators were stopped 24 hours before testing. Buffered saline as negative control and Histamine Acid Phosphate (1:10000) as positive control were used. 
Chest X-ray was considered positive if it showed fleeting shadows, which may be in the form of infiltrate, gloved finger and tramline shadows, pseudohilar lymphadenopathy, hyperinflation, collapse, central bronchiectasis, parallel line and ring shadows. 
Absolute eosinophil cell count more that 300 cells/cumm was considered significant.
Total serum IgE/ specific IgG/ specific IgE was assayed at department of microbiology, Postgraduate Institute of Medical Education and Research, Chandigarh using commercially available kits using fluorescent enzyme immunoassay (Phadia principle, Thermo Fisher Scientific Inc, Uppsala, Sweden). Cut off values used for total serum IgE, specific IgE and specific IgG was 500 IU/L, 0.35 kUA/l and 26.9 mgA/L, respectively)
Statistical analysis: Descriptive statistics and analytic statistics were carried out using the statistical package SPSS (SPSS version 17, for Windows; Chicago, IL, USA). The data were equally distributed, and parametric testing was carried out. The association with ABPA was presented as a percentage. The difference between categorical variables was analysed using Fisher’s exact test, where a p-value of <0.05  was considered statistically significant.   
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RESULTS
Amongst the 200 cases of bronchial asthma included in our study, 73 children belonged to the age group of 1-5 years, 59 children aged 6-10 years and 68 children who were 11-15 years old. There 113 females and 87 males. 122 (61%) of the cases resided in rural areas. 162 (81%) of the cases had mild bronchial asthma and the rest of 38 cases belonged to severe asthma category. 142 (71%) cases had controlled bronchial asthma and 58 (29%) cases had uncontrolled asthma.
Table 1: Details of the cases enrolled in the study
	Parameter
	Number (n)
	Percentage (%)

	Age (years) 
	1-5 
	73
	36.5

	1. 
	6-10 
	59
	29.5

	2. 
	11-15
	68
	34

	Gender
	Male
	87
	43.5

	
	Female
	113
	56.5

	Residence
	Rural
	122
	61

	
	Urban
	78
	39

	Severity of Bronchial Asthma
	Mild
	162
	81

	
	Severe
	38
	19

	Control of Bronchial Asthma 
	Controlled 
	142
	71

	
	Uncontrolled
	58
	29

	History of Atopy 
	Yes
	135
	67.5

	
	No
	65
	32.5



Table 2: Investigations in the cases enrolled in the study
	Parameter
	Number (n)
	Percentage (%)

	Absolute Eosinophil Count (cells/cumm)
	≥300
	78
	39

	
	<300
	122
	61

	Intradermal Skin test
	1+
	32
	16

	
	2+
	77
	38.5

	
	3+
	64
	32

	
	4+
	27
	13.5

	Total Serum IgE (IU/L)
	≥500
	105
	52.5

	
	<500
	95
	47.5

	Aspergillus specific IgE (kUA/l)
	≥0.35
	17
	8.5

	
	<0.35
	183
	91.5

	Aspergillus specific IgG (mgA/L)
	≥26.9
	12
	6

	
	<26.9
	188
	94



In our study, 7 cases were confirmed to have ABPA, hence the prevalence of ABPA was 3.5% in our study. In 1985, children with perennial asthma were screened for ABPA by Chetty et al [7] and the prevalence was reported to be 15%. Similarly, study by Meenu et al [6] and Kumari et al [8] showed prevalence of ABPA to be 26% and 11.3% respectively in children with poorly controlled asthma. Such low prevalence of ABPA in our study in comparison to these other studies may be due to majority of cases included in our study were controlled bronchial asthma. 
Mean age of ABPA cases was 9.43±2.15 years in our study, with majority of the cases belonging to the age group of 6-10 years, which is comparable to study by Singh et al [6]. This could be due to poor adherence to therapy, improper technique of using the spacer and increased chances of Upper respiratory tract infection in these children due to adenoid hypertrophy, which can all collectively lead to increase in bronchial asthma being uncontrolled, and in turn higher prevalence of ABPA.
Out of 7 cases of ABPA, there were 6 males and only 1 affected case was a female. Similar result was found by Meenu et al [6] where male to female ratio was 4:1 amongst the affected cases. In a study by Agarwal R et al [20] showed ABPA exacerbations occurred in a slightly higher proportion of women than men (44.5% vs. 38.2%) but did not reach statistical significance (p = 0.09), concluding that there is no significant sex difference in ABPA in bronchial asthma patients. 
 5 (71.4%) cases of ABPA were residing in rural areas. This could be due to greater exposure to Aspergillus spores in northern India, where agricultural farming is the main occupation. Most of the patients came from the Punjab and the surrounding areas.
Table 3: Clinical profile of ABPA cases
	PARAMETER
	ABPA PRESENT (n = 7)
	ABPA ABSENT (n = 193)
	p value

	Gender
	Male
	6
	121
	0.214

	
	Female
	1
	72
	

	Control
	Controlled 
	2
	140
	0.01

	
	Uncontrolled
	5
	93
	

	Severity
	Mild
	5
	157
	0.511

	
	Severe
	2
	36
	



In our study, 5 cases of ABPA had mild bronchial asthma and only 2 cases belonged to the category of severe asthma. Studies showing similar result could not be traced in literature. The result of our study goes on to show that presence of mild bronchial asthma does not rule out the presence of ABPA in a child. 
5 (71.4%) APBA cases had uncontrolled asthma whereas 2 (28.5%) were controlled bronchial asthma cases. Studies done by Singh et al [6,10,11] showed similar results. This may be attributed to the role of higher airway colonization or infection by Aspergillus Fumigatus and hence higher prevalence of ABPA in uncontrolled asthma. Hence, ABPA should be suspected in asthmatics who had difficult to control asthma despite good compliance to therapy. 
In the present study, mean AEC in ABPA positive cases was 418.71 cells/cumm whereas it was 276.76 cells/cumm in ABPA negative cases. The difference of mean AEC levels between the two groups was statistically significant as p value is <0.05. This shows that cases with bronchial asthma having ABPA have higher level of serum eosinophils as compared to ABPA negative group, hence indicating that eosinophils may play a role in the inflammatory process in ABPA as ABPA is considered to be a hypersensitivity disease. The present study can be compared to studies done by Singh et al [6] and Shah et al [12] where AEC levels were higher in ABPA positive cases as compared to the negative ones. However, there was a difference in mean serum AEC levels in our study and these studies, which could be due to difference in epidemiological characteristics of the study population. Besides, clinical and laboratory parameters depend on the stage of ABPA, like, in remission stage, usually, there is no clinical or laboratory evidence of ABPA. [15]
Table 4: Investigations in ABPA cases
	INVESTIGATION
	ABPA PRESENT
(n = 7)
	ABPA ABSENT
(n = 193)
	p- value

	
	Mean 
	SD
	Mean 
	SD
	

	Absolute eosinophil count (cells/cumm)
	418.71
	90.12
	276.76
	142.86
	0.005

	Total IgE (IU/L)
	1181.00
	403.42
	624.14
	466.64
	0.010

	Aspergillus specific IgE (kUA/l)
	4.74
	6.09
	0.57
	2.59
	0.12

	Aspergillus specific IgG (mgA/L)
	26.06
	14.93
	10.77
	16.09
	0.035



Intradermal skin test was performed on all cases included in the study. However, it’s results in ABPA positive and negative groups was not significant statistically as ABPA negative cases were also found to be hypersensitive in our study. The simple skin-prick test is a useful screening test, as ABPA is very unlikely in patients with a negative reaction. A dual-reaction skin test with an immediate (10– 15 minutes) and a late (4–8 hours) reaction occurs in one third of patients with ABPA, with two third of patients showing no hypersensitivity but still being diagnosed as ABPA. [5] Study done by Kumari J et al [8] showed the presence of Aspergillus hypersensitivity to be 61.3% in poorly controlled asthma. In a meta analysis by Agarwal R. et al [9] showed a pooled prevalence of aspergillus sensitivity and ABPA was 16.1% and 9.9% respectively. This goes on to show that the presence of hypersensitivity may not be a definitive indicator of development of ABPA in asthma patients. Differentiation between asthma hypersensitivity and ABPA in must since treatment of the two is different.
Table 5: Distribution of ABPA Cases According To Intradermal Skin Test 

	Intradermal Skin Test
(N)
	ABPA Present
	ABPA Absent
	p value

	
	N (%age)
	N (%age)
	0.988

	1+ (32)
	1 (14.29%)
	31 (16.06%)
	

	2+ (77)
	3 (42.86%)
	74 (38.34%)
	

	3+ (64)
	2 (28.57%)
	62 (32.12%)
	

	4+ (20)
	1 (14.29%)
	19 (9.85%)
	

	Total (200)
	7 (100%)
	193 (100%)
	



There are no cut-offs for total IgE levels, with many researchers using 1000 IU/mL [15] and others using 1000 ng/mL (equivalent to 417 IU/mL). [17] In our study, mean total serum IgE levels in ABPA positive cases was 1181 IU/L and it was 624.14 IU/L in ABPA negative cases. The difference between the two groups was statistically significant. Our study is comparable to studies by Singh et al. [6,8,12] which showed similar results to our study. However, in our study it was seen that even the ABPA negative group had higher levels of total serum IgE. This could be due to sensitization to other antigens since IgE plays a central role in the initiation and propagation of the inflammatory cascade and thus the allergic response in bronchial asthma. Much of the IgE is not specific to Aspergillus but is the result of polyclonal B-cell activation. The IgE level is a very useful marker of disease activity, and it can be used to follow outpatients for flares. [6] 
Out of 7 positive cases, 6 cases had elevated Aspergillus specific IgE, mean value being 4.74 kUA/l. Studies done by Singh et al [6] and Shah et al [12] showed similar results as it also showed elevated aspergillus specific IgE in 96.2% and 96.7% cases respectively. Higher levels of Aspergillus specific IgE in cases of bronchial asthma that are ABPA positive may be due to response to Aspergillus allergens and IgE interaction which play a major role in pathogenesis of ABPA.
Aspergillus specific IgG was positive in 3 cases of ABPA, the mean levels being 26.06±14.93mgA/L. The difference in the mean aspergillus specific IgG levels between ABPA positive and negative cases was statistically significant as p value was <0.05. However, study by Shah et al[12] revealed higher serum Aspergillus specific IgG in 78.6% cases in their study. This difference can be attributed to the higher prevalence of ABPA in the study as compared to the present study.  In bronchial asthma associated with ABPA, increase in serum aspergillus specific IgG could be attributed to that immune complexes of specific IgG and aspergillus antigens which in turn trigger the generation of pro-inflammatory markers and hence may lead to development of ABPA.
Chest Xray revealed positive findings in 6 (85.7%) cases of ABPA. Only 1 case of ABPA had normal chest Xray. This goes on to show that there is a significant association between the presence of positive opacities and the presence of ABPA. The study done by Shah et al[12] showed that 33.3% had chest X-ray findings of fleeting pulmonary opacities. Study done by Madas S et al [19] showed Chest X-ray findings of parallel opacities, ring opacities, Finger in glove, tramline opacities and fleeting opacities in majority of the cases. However, better differentiation of opacities can be done on HRCT chest only. 
Table 6: Chest X-ray findings in ABPA cases 
	Chest X-Ray
(N)
	ABPA Present
	ABPA Absent
	P value 

	
	N (%)
	N (%)
	<0.001

	Positive-opacities (22)
	6 (85.7%)
	16 (82.9%)
	

	Negative-no opacities (178)
	1 (14.2%)
	177 (91.7%)
	

	Total (200)
	7 (100%)
	193 (100%)
	



CONCLUSION
ABPA is a hypersensitivity lung disease due to bronchial colonization by Aspergillus Fumigatus that occurs in susceptible patients with asthma. ABPA is a common entity in bronchial asthma and should be considered as a cause of uncontrolled asthma, where asthma is poorly controlled despite the use of many medications. The differentiation between ABPA and Aspergillus sensitized asthma is important because patients with ABPA generally require treatment with corticosteroids to control the immune activity while those with Aspergillus sensitization do not. Early recognition and treatment may prevent the progression of ABPA from mild form to moderate and severe forms, and hence prevent morbidity and mortality in these patients.
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