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Abstract

Asthma is a significant health problem worldwide and Allergic Bron-
chopulmonary aspergillosis (ABPA) complicates the course of 1-2% of pa-
tients of asthma. Aspergillus skin hypersensitivity (AH) is the first step
for diagnosis of ABPA. This study was conducted to know the correlation
of AH with severity and duration of asthma. Patients, age >15 years, of
asthma attending this hospital from January 2015 to December 2015
were included. Asthma was diagnosed clinically and confirmed with
spirometry. Of 282 patients 206 patients were AH positive. The AST-pos-
itivity in patients having severe asthma (96.8%) was higher than that in
patients having mild (36.8%) and moderate asthma (80.4%). The median
(IQR) duration of asthma of AH positive patients was 5.0 yrs. This study
emphasized the need of ABPA screening by intradermal skin test espe-
cially in patients having severe asthma and/or those having asthma for
longer duration in order for early diagnosis of ABPA.

Introduction

Asthma is an inflammatory disease of the airways characterised by
airway hyper-responsiveness and airflow limitation [1]. It is a signifi-
cant public health problem with more than 300 million affected individ-
uals worldwide [2]. Aspergillus is a common cause of severe pulmonary
allergic disease [3]. The most common species affecting humans are
Aspergillus fumigatus, Aspergillus flavus, Aspergillus niger and As-
pergillus tamari, of which Aspergillus fumigatus is responsible for about

95% of Aspergillus-related illnesses in humans. These species can cause
a variety of clinical manifestations ranging from hypersensitivity in Al-
lergic Bronchopulmonary Aspergillosis (ABPA) especially in asthmatics,
to an active infection in locally destructive disease, or in the most severe
form as disseminated infection in immune-compromised patients [4].

ABPA is the best recognized manifestation of hypersensitivity to As-
pergillus antigens in patients with long standing atopic asthma. It con-
sists of an immunologically mediated lung damage caused by hyper-
sensitivity to the antigens of the fungus Aspergillus Fumigatus. This
disease is generally believed to complicate the course of 1-2% of pa-
tients with bronchial asthma and between 2% and 15% of patients with
cystic fibrosis [5].

Aspergillus skin hypersensitivity (AH) is defined by the presence of
an immediate-type cutaneous hypersensitivity to A. fumigatus antigens
[6]. It is one of the major criteria described by Rosenberg-Patterson for
the diagnosis of ABPA. This study is aimed to know the prevalence of
AH in patients of bronchial asthma and to correlate AH with the dura-
tion and severity of bronchial asthma. Though the prevalence of AH in
asthma has been studied earlier but as per our knowledge just a few
studies have highlighted the correlation of AH with severity and no
study has evaluated the correlation of AH with duration of asthma. 

Methods

This study was conducted on patients of bronchial asthma presenting
to the Department of Tuberculosis and Chest diseases, Government Med-
ical College, Patiala from January 2015 to December 2015 after obtaining
clearance from the Ethics Committee of our institute. Written informed
consent was obtained from the patients. The patients were subjected to
clinical history, physical examination, spirometry and an intradermal As-
pergillus skin test (AST) with Aspergillus fumigatus antigen.

Patients were included in the study after confirming the diagnosis of
bronchial asthma by identifying respiratory symptoms such as short-
ness of breath, cough, wheezing, or chest tightness, and demonstrating
variable expiratory airflow limitation by performing spirometry [7].
The patients who had age less than 15 years, pregnancy, chronic liver
disease, chronic renal failure, uncontrolled diabetes mellitus, chronic
heart failure and failed to give informed consent were excluded.

Severity of asthma was assessed as per GINA guidelines of 2014 [7].
Mild asthma is one that is well controlled with Step 1 or Step 2 treat-
ment, i.e., with as-needed reliever medication alone, or with low inten-
sity controller treatment such as low dose ICS, leukotriene receptor an-
tagonists or chromones. Moderate asthma is well controlled with Step
3 treatment, e.g. low dose ICS/LABA. Severe asthma is the one that re-
quires Step 4 or Step 5 treatment, e.g. high dose ICS/LABA, to prevent
it from becoming ‘uncontrolled’, or asthma that remains ‘uncontrolled’
despite this treatment.
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Aspergillus skin test was done in all the enrolled asthma patients
using the intradermal technique. Aspergillus antigens belonging to the
species Aspergillus fumigatus were used.

Procedure

All anti-histaminics and corticosteroids were stopped 72 h before
testing. The flexor aspect of forearm was cleaned with soap and water and
was air dried. Taking all aseptic precautions, 0.2 ml of phosphate buffer
saline was injected intradermally using a 26-gauge needle, raising a bleb
of 2 mm. In the same way, 0.2 ml of Aspergillus fumigatus antigen was in-
jected next to it at a distance of 4 cm. After 15 minutes, the site of injec-
tion was evaluated. A wheal of 3 mm or more was considered positive.

Aspergillus hypersensitivity (AH) was defined as the presence of im-
mediate cutaneous hyperreactivity to the Aspergillus antigen. Com-
mercially available standardized antigens supplied by ALCIT (India)
Private Limited were used.

Statistical analysis

Qualitative variables like gender and asthma severity were described
using counts and percentages and compared using Chi Square test or
Fischer Exact Test as applicable. Quantitative variables like age were
described using mean and standard deviation and analysed using un-
paired t test. Duration of asthma in years was described using median
and inter-quartile range and compared using Mann Whiteney U Test.
Diagnostic accuracy indicators like sensitivity, specificity, positive pre-
dictive value and negative predictive value were used to ascertain if se-
vere asthma can by itself help in diagnosing or predicting AST status.
For assessing the benefit of duration of asthma in diagnosing or pre-
dicting AST status, we performed a receiver operator characteristic
(ROC) analysis. Data was entered and analysed using IBM SPSS v.20.

Results

A total of 282 asthma patients presented over the one year period
from January 2015 to December 2015. Mean age was 35.7±14.1 and 147
(52.1%) were females. Of the 282 asthma patients, 82 (29.1%) had
mild, 107 (37.9%) had moderate and 93 (33%) had severe asthma. The
median (IQR) duration of asthma was 4.0(10.5) years. 206 (73.1%) pa-
tients were found to be reactive for Aspergillus skin test (AST) with as-
pergillus fumigatus antigen. 

The 206 AST reactive cases had a similar age (p=0.296) and gender
(p=0.363) distribution as compared to the 76 AST non-reactive pa-
tients. However, AST reactive patients had significantly more cases of

Table 1. Comparison characteristics of AST reactors and non-reactors.

AST Reactive AST Non-reactive
(n=206) (n=76)

p value

Age, mean ± SD 35.1±13.8 37.1±14.9 0.296a

Gender, Female 104 (70.75%) 43 (29.25%) 0.363b

Severity of asthma
Mild 30 (36.60%) 52 (63.40%) <0.001b

Moderate 86 (80.40%) 21 (19.60%)
Severe 90 (96.80%) 03 (03.20%)

Duration of asthma in years, median (IQR) 5.0 (11.5) 2.0 (4.5) <0.001c

AST, Aspergillus fumigatus Skin Test. aIndependent t-test; bChi Square test; cMann-Whitney U Test. Figures in parentheses indicate row-wise percentages.

moderate and severe asthma while AST non-reactive cases tended to
have mild asthma (p<0.001). Similarly, AST reactive patients had a
higher median duration of asthma (p<0.001) as compared to AST non-
reactive cases (Table 1).

Severe asthma (as compared with moderate and mild asthma) had a
low sensitivity (43.7%), high specificity (96.1%), high positive predic-
tive value (96.8%) and low negative predictive value (38.6%) for a pos-
itive AST. ROC curve analysis of duration of asthma revealed an AUC of
0.7 (95% CI 0.63 - 0.77) indicating that duration of asthma is a fairly
good predictor of the outcome of AST [Fig 1]. Optimal duration cut-off
was found to be 2.25 years where highest sensitivity of 76.2% and
specificity 53.9% was observed. At this cut-off, duration has a positive
predictive value of 81.8% and negative predictive value of 45.6%.

There was a significant correlation between severe asthma and dura-
tion of more than 2.25 years (Chi Square = 48.7, df=1, p<0.001). To ac-
count for this, we performed a multivariate logistic regression analysis
which showed that both severe asthma (OR= 14.23, 95%CI: 4.23 - 47.87)
and duration of more than 2.25 years (OR= 1.98, 95%CI: 1.10 - 3.56) were
independent significant risk factors for AST positivity.

Discussion

In patients of bronchial asthma, aspergillus hypersensitivity can be con-
sidered as the first step in the development of ABPA, and ABPA can be con-
ceptualised as an exaggerated form of Aspergillus hypersensitivity [8].
This study was conducted to determine if asthma severity and duration can
affect the occurrence of aspergillus hypersensitivity in these patients. 

In our study, of the 282 patients with bronchial asthma, 206 (73.0%)
showed immediate cutaneous hypersensitivity to aspergillus fumigatus
antigen. The results of studies worldwide in this regard have been vari-
able. The studies of Benatar et al. [9] and Attapattu [10] demonstrated
Aspergillus hypersensitivity in 46% and 37% patients of bronchial asthma
respectively. In a study conducted by Agarwal et al. [11] on 546 patients
of bronchial asthma, AST was positive in 39.5% patients, whereas in an-
other study by Agarwal et al. [12] involving 417 patients of asthma, AST
was positive in 52.5% patients.

As compared to the previous studies the percentage of AH in patients
of bronchial asthma has been found to be markedly higher in our study.
This may be attributed to the fact that ours is a tertiary chest diseases
hospital where most patients come with a higher severity and a longer
duration of asthma. Also majority of the patients were from rural back-
ground, had agriculture as the main occupation, were rearing cattle
and had biomass fuel exposure. Median duration of asthma in our pa-
tients was 4 years with the minimum duration being 0.25 years (3
months), and the maximum being 45 years. Of the total 282 patients,
90 had an asthma duration of 2 years or lesser, of which 49 (54.44%)
were positive for AST. On the other hand, the remaining 192 patients
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had an asthma duration of more than 2 years, of which 157 (81.77%)
were positive for AST. This result was statistically significant, implying
that asthma of a longer duration showed a better correlation with pos-
itive AST as compared to asthma of a relatively shorter duration.

In the present study, asthma severity was assessed as per GINA
guidelines of 2014 [7], and accordingly, the patients were categorised
as having mild, moderate and severe asthma. The proportion of AST-
positivity in patients having severe asthma (96.8%) was higher than
that in patients having mild (36.8%) and moderate asthma (80.4%) and
this result was statistically significant. This implied that patients with
severe asthma are much more likely to have a positive AST than those
having mild or moderate asthma. This result is concurrent with the re-
sults of earlier studies on this subject. The study conducted by Zureik
et al. [13] found that the proportion of patients with sensitisation to
moulds increased with increasing severity. Similarly O’Driscoll et al.
[14] in their study found that positive skin tests to all allergens were
commoner in the group with severe asthma (multiple hospital admis-
sions) than patients with milder asthma. In another study conducted by
Agarwal et al. [5] in North India, the occurrence of Aspergillus hyper-
sensitivity was significantly higher in the acute severe asthma group
than in the outpatient bronchial asthma group.

However, there are certain studies which failed to find this correla-
tion. The study by Siroux et al. [15] found that the type and intensity
of allergic sensitisation to aeroallergens were not associated with any
criteria of asthma severity. Similarly, the study by Agarwal et al. [12]
found that the severity of asthma as per the GINA criteria was similar
in the Aspergillus sensitive and the AST negative groups.

From this discussion, it is clear that in patients of bronchial asthma,
Aspergillus skin hypersensitivity has a positive correlation with the du-
ration and severity of asthma i.e., patients having more severe asthma
and those with a longer duration of the disease are more likely to have
aspergillus skin hypersensitivity, and thus are at an increased risk of
developing ABPA. Early diagnosis of ABPA is important because timely
treatment has been shown to control exacerbations, decrease relapses
and prevent the development of bronchiectasis and pulmonary fibrosis

[16]. Keeping this in mind, we suggest that these patients should be
routinely screened for ABPA using an intradermal AST for timely diag-
nosis and initiation of proper treatment.

Conclusions

AH is an indicator of development of ABPA and according to our
study it has a high rate in patients of bronchial asthma. Also, the rate
of AH is directly proportional to the severity of asthma and its duration.
This emphasizes the need for ABPA screening by an intradermal As-
pergillus skin test, in all patients of asthma in general, and in patients
having severe asthma and those having asthma for a longer duration in
particular, for early diagnosis and treatment of ABPA, in order to pre-
vent irreversible lung damage.
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Figure 1. Receiver operator characteristic curve of duration of asthma
in predicting Aspergillus fumigatus reactors.
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