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Abstract

Background: Two major complications of Aspergillus sensitization in patients with asthma, including severe asthma with fungal
sensitization (SAFS) and asthma associated with fungal sensitization (AAFS), have been recently described.
Objectives: In the present study, we aimed to evaluate the prevalence of SAFS and AAFS in Iranian patients with asthma.
Methods: Two hundred consecutive outpatients aged ≥ 18 years with moderate to severe allergic asthma, referred to a pulmonary
subspecialty hospital (Tehran, Iran) for 25 months, were included in the study. Skin prick test (SPT), total IgE (tIgE), and specific IgE
(sIgEAf ) and IgG against Aspergillus fumigatus (sIgGAf ) were determined for all subjects. Comprehensive criteria were applied for
the diagnosis of SAFS and AAFS.
Results: Of 200 included patients, 103 (51.5%) and 97 (48.5%) were with moderate and severe asthma, respectively. Of these patients,
111 (55.5%) were female. The mean (range) of age was 45.8 (18 - 78) years. Of 200 patients, 27 (13.5%), 22 (11.0%), 114 (57.0%), and 131 (65.5%)
were positive for Aspergillus SPT, sIgEAf, sIgGAf, and tIgE, respectively. The overall prevalence of SAFS in patients with severe asthma
and AASF in patients with moderate asthma were 7.2% (7/97) and 3.9% (4/103), respectively.
Conclusions: According to the findings, the prevalence of SAFS and AAFS in Iranian patients with severe and moderate allergic
asthma was lower than the previously published global data. This low-prevalence reported rate may be due to the fact that we ap-
plied strict criteria in the present study.

Keywords: Asthma, Severe Asthma with Fungal sensitization, Asthma Associated with Fungal Sensitization, Aspergillus
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1. Background

Asthma, as a global public health problem, is a
complex inflammatory and heterogeneous disease with
chronic inflammation in airways and significant morbid-
ity and mortality (1). It is estimated that 1% to 18% of
the general population in different countries suffer from
asthma (1). Exposure to animal dander, house dust mite,

and airborne fungal spores, like environmental factors, re-
sults in the stimulation of host immune responses and
subsequently triggers asthma (2). In severe manifestations
of asthma, fungal exposure, and sensitivity to fungal aller-
gens can also lead to asthma exacerbation (3). There are
several reports on the distribution of fungal allergy in var-
ious studies (4, 5). The prevalence of fungal sensitization
was reported as 5 - 70% in the north and 5 - 65% in central
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and south of Iran (5).
Although various fungal genera may cause sensitiza-

tion in asthmatic patients, Aspergillus species are the most
common agents involved in asthma associated with fun-
gal sensitization (6). Given the fact that sensitivity to As-
pergillus increases the severity of asthma, the evaluation
of sensitivity to Aspergillus allergens is very important in
the management protocol of asthma (7). In 2006, Den-
ning et al. (8) suggested the term “severe asthma with
fungal sensitization” (SAFS) to describe severe asthma in
patients who were sensitive to fungi with lack of diag-
nostic criteria for allergic bronchopulmonary aspergillo-
sis (ABPA), with or without fungal colonization, without
the presence of specific IgG against Aspergillus fumigatus
(sIgGAf) and no response to antifungal therapy. This new
and particular phenotype of severe asthma and another
form of asthma, known as asthma associated with fungal
sensitization (AAFS), may also be seen in patients with mild
to moderate asthma (9). Asthma associated with fungal
sensitization can progress to SAFS and eventually to ABPA.

Proper characterization of fungal sensitization in pa-
tients with severe asthma is critical to the appropriate
management of patients with ABPA or SAFS (10). The di-
agnosis of SAFS, as a new classification of patients with al-
lergic asthma, is increasing (9). It is estimated that about
33% (25 - 50%) of subjects with severe asthma have fungal
allergies and may be eligible for SAFS if they do not label as
ABPA (11). Since fungal allergy makes asthma more severe,
so identifying SAFS, a new phenotype of asthma, appears
to have important therapeutic implications that could be
effective in reducing asthma symptoms (12). Therefore, in
the present study, we aimed to evaluate the burden of As-
pergillus sensitization in Iranian patients with asthma ac-
cording to comprehensive proposed diagnostic criteria.

2. Objectives

In this present study, we aimed to evaluate the preva-
lence of SAFS and AAFS in Iranian patients with asthma.

3. Methods

3.1. Clinical Assessment and Ethics Statement

In a cross-sectional and prospective study, 200 con-
secutive patients aged ≥ 18 years with a diagnosis of
moderate to severe asthma based on the Global Initiative
for Asthma (GINA 2015) (13) guideline referred to Masih
Daneshvari Hospital (the reference center for tuberculosis
and pulmonary diseases of Iran), Tehran, Iran from January
2016 to February 2018 were included in the study. Patients

younger than 18 years, pregnant women, smoking, non-
allergic asthma, other widespread lung diseases such as tu-
berculosis, cystic fibrosis, chronic obstructive pulmonary
disease, mild asthma, and malignancy were excluded. We
collected data on the demographic profile of all the in-
cluded participants. Spirometry was performed according
to the American Thoracic Society/European Respiratory So-
ciety (ATS/ERS) guidelines (14). The included subjects un-
derwent X-Ray or/and computed tomography (CT) scan of
the lung.

3.2. Paraclinical Assessments

All included patients screened for serum specific
IgE against A. fumigatus (sIgEAf ) using HYTEC 288 (HY-
COR Biomedical, Hannover, Germany), serum specific IgG
against A. fumigatus (sIgGAf ) (IBL ELISA Kit, Hamburg, Ger-
many) and total IgE (tIgE) levels (Genesis, Omega Diagnos-
tic Group, UK). Skin prick testing (SPT) with commercialAs-
pergillus allergens (Alk-Abello, Lincoln Diagnostics, Dallas,
Tx, USA) was also performed on all patients.

3.3. Peripheral Blood Eosinophil Counts

The total white cell counts and the percentage of
eosinophils in peripheral blood were determined by an
auto-analyzer (Sysmex XT-1800i, U.S.A). Eosinophil counts
of > 500 cells/µL were considered peripheral eosinophilia.

3.4. Computed Tomography (CT) Scan and/or Chest X-Ray

All enrolled asthmatic patients were evaluated by CT
scan (single slice, Medra, India) and/or chest X-ray for ev-
idence of bronchiectasis, centrilobular nodules/ mucoid
impaction/ hyper-dense mucus.

3.5. The Proposed Criteria for the Diagnosis of SAFS

The applied criteria for the diagnosis of SAFS and AAFS
were bronchial asthma, positive type I SPT to Aspergillus
allergens and/or raised sIgEAf, negative (usually) sIgGAf,
tIgE < 1000 IU/mL (usually less than 500 IU/mL), nor-
mal or central bronchiectasis less than 3 lobes, no cen-
trilobular nodules/mucoid impaction/hyperdense mucus,
eosinophil count generally < 500 cells/µL (Table 1).

3.6. Data Analysis

IBM SPSS version 18.0 was used for data entry and anal-
ysis. The quantitative variables were presented as frequen-
cies and percentages, mean ± standard deviation (± SD),
and mean (range) or median (range).
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Table 1. Essential Proposed Criteria for the Diagnosis of SAFS and AAFS in Asthmatic
Patients (6, 10)a

Underlying Condition Bronchial Asthma

Aspergillus fumigatus skin test Positive type I SPT to A. fumigatus
allergens (positivity 3 mm > negative
control)

sIgEAf > 0.35 KU/L

sIgGAf Negative (usually) or < 12 U/mL

tIgE < 1000 IU/mL (usually less than 500
IU/mL)

CT of the lung Normal or central bronchiectasis less
than three lobes, no nodules/mucoid
impaction/ hyperdense mucus

Blood eosinophil count Generaly < 500 cells/µL

Abbreviations: AAFS, asthma association with fungal sensitization; CT, com-
puted tomography; SAFS, severe asthma with fungal sensitization; sIgEAf, spe-
cific IgE against A. fumigatus; SPT, skin prick test; tIgE, total IgE
aAt least one of two criteria (number 2 or 3) should be positive to continue eval-
uating patients.

4. Results

4.1. Demographic Characteristics

Two hundred patients with a diagnosis of moderate
(51.5%) or severe (48.5%) allergic bronchial asthma were in-
cluded in the study. Of this population, 111 (55.5%) individu-
als were female. The mean (range) age of the patients was
45.8 (18 - 78) years with a mean (± SD) duration of asthma of
10.04 (± 9.94) years. Twenty-seven (13.5%) patients showed
immediate-type hypersensitivity to Aspergillus antigens.
Twenty-two (11.0%) subjects demonstrated the presence of
serum sIgEAf above 0.35 KU/L. The mean± SD of sIgEAf lev-
els were 1.5 ± 6.01 KU/L in the study population. The con-
cordance of positivity and negativity of SPT and sIgEAf tests
were observed in 187 (93.5%) of our asthmatic patients.

The mean ± SD of tIgE and sIgGAf levels in asthmatic
patients were 316.2 ± 305.4 IU/ml and 35.2 ± 42.6 U/mL, re-
spectively. The tIgE levels < 500 IU/mL and > 1000 IU/mL
were observed in 153 (76.5%) and 6 (3.0) of study population.
Of 200 patients with asthma, 114 (57.0%) cases were posi-
tive (> 12 U/mL) for sIgGAf. The rates of sIgGAf positivity in
patients with moderate and severe asthma were 63 (61.2%)
and 51 (52.6%), respectively. Normal to mild eosinophilia (<
500 cell/µL) and moderate to severe eosinophilia (> 500
cell/µL) were reported in 142 (71.0%) and 58 (29.0%) patients,
respectively. Of 200 patients with asthma, 172 (86%) had no
evidence of bronchiectasis in CT scan of whom 11 (6.4%) met
all diagnostic criteria for the diagnosis of SAFS or AAFS.

4.2. The Prevalence of SAFS and AASF

Overall, SAFS was observed in 7/97 (7.2%) and AASF in
4/103 (3.8%) of the included patients. Of 11 patients with

SAFS or AASF, 6 (54.5%) cases showed concordant in the pos-
itivity of SPT and sIgEAf test. All patients with SAFS or AAFS
had tIgE level of < 1000 IU/mL (Table 2).

Table 2. Paraclinical Parameters in Patients with SAFS and AAFS

SAFS (N = 7/97) AAFS (N = 4/103)

SPT 5 (71.4) 3 (75.0)

sIgEAf > 0.35 KU/L 5 (71.4) 4 (100)

Total IgE ≥ 500 - ≤1000 IU/mL, No.
(%)

2 (28.6) 0 (0.0)

Total IgE < 500 IU/mL 5 (71.4) 4 (100.0)

Negative sIgGAf,U/mL 6 (85.7) 2 (50.0)

Normal CT of the lung 7 (100) 4 (100)

Blood eosinophil count < 500
cells/µL

7 (100) 4 (100)

Concordance the positivity of SPT
and sIgEAf

3 (42.9) 3 (75.0)

Abbreviations: AAFS, asthma association with fungal sensitization; CT, com-
puted tomography (normal or central bronchiectasis less than 3 lobes, no
centrilobulars nodules/mucoid impaction/hyperdense mucus); SAFS, severe
asthma with fungal sensitization; sIgEAf, specific IgE against A. fumigatus; SPT,
skin prick test

5. Discussion

Sensitization to Aspergillus, which exacerbates the
symptoms of asthma, is most likely to occur in people
with severe asthma (15). It has been estimated that the
prevalence of SAFS in adult asthma patients is 4% - 8% with
a cumulative total of 6.5 million people worldwide (16).
Hedayati et al. (17) estimated a total burden of 50,907
(63.7/100,000 general population) SAFS in Iran. These es-
timations can show the importance of SAFS as one of the
most complications of sensitization to Aspergillus in pa-
tients with asthma. There are limited reports of SAFS (Table
3) from different countries (3, 8, 18-21). In these reports, var-
ious criteria have been considered for evaluating the SAFS
and/or AAFS prevalence rate. The reported prevalence rates
of SAFS in these studies ranged from 4% to 60% (3, 18-21). Ac-
cording to applied criteria in the present study, the preva-
lence of Aspergillus sensitization and SAFS was 3.9% and 7.2%
in patients with a moderate and severe type of asthma, re-
spectively. In this regard, the rate of SAFS in Moghtaderi
et al. (22) and Agin et al. (21) studies from different geo-
graphic regions of Iran was 8.5% and 18.0% of asthmatic pa-
tients that our results were mostly consistent with Mogh-
taderi et al. reports (22).

In different studies, the positivity rate of SPT with A.
fumigatus allergen in patients with asthma was reported
as 16% (23), 28.7% (24), 39.5% (25) and 17.0% (22). However,
a higher positivity rate was reported by the intradermal
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Table 3. Literature Review of SAFS in Patients with Asthma

Author, Year, (Reference) Country Age Group and Patients (N) Diagnostic Criteria Used for SAFS or
AAFS

Type of Skin Test Prevalence of SAFS

O’Driscoll et al., [2009], (10) UK Adults (100) sIgEAf, prick test and total IgE Prick test 43.0%

Farrant et al., [2016], (20) UK Adult (135) sIgEAf, prick test and total IgE < 1000
IU/mL, exclusion of ABPA

Prick test 60%

Masaki et al., [2017], (19) Japan Adult (124) Serum IgE and fungal specific IgE Not done 26.6%

Woolnough et al., [2017], (3) UK Adult (431) Exclude all ABPA criteria Prick test 22.0%

Nath et al., [2017], (18) India Adult (350) Fungal sensitization, exclusion of
ABPA.

Prick test 4%

Goh et al., [2017], (15) Singapore Adult (206) Prick test and absence of ABPA, sIgEAf
not done

Prick test 11.7%, AAFS

Agin, [2018], (21) Iran Adult (56) sIgEAf, prick test and total IgE <1000
IU/mL, exclusion of ABPA

Prick test 18%

Moghtaderi et al., [2019], (22) Iran Adult (59) patients with severe asthma, ≥ two
exacerbations of respiratory
symptoms in the past year, and total
serum IgE < 417 kU/L, prick test

Prick test 8.5%

Abbreviations: AAFS, asthma association with fungal sensitization; ABPA, allergic bronchopulmonary aspergillosis; SAFS, severe asthma with fungal sensitization; sIgEAf,
specific IgE against A. fumigatus

skin test with Aspergillus allergen in asthmatic patients,
which shows the higher sensitivity of intradermal skin test
in comparison to SPT (7, 26, 27). Based on our findings, 13.5%
of the patients with moderate to severe allergic asthma
have positive SPT to Aspergillus allergens, which indicates
a lower rate of positivity compared to mentioned studies.
Overall, 15.5% of our study population with moderate to se-
vere allergic asthma were sensitive to Aspergillus, accord-
ing to both sIgEAf test and SPT. This proportion was lower
than that reported by O’Driscoll et al. (10) and Black et al.
(28), who reported 66% and 54% of sensitivity rates to As-
pergillus in asthma patients with SPT, respectively. In addi-
tion, Singh et al. (29) have reported a rate of 28.5% for SAFS
in a review paper.

In the present study, the reported rates of synchronic-
ity in positivity and negativity results of Aspergillus SPT and
sIgEAf were higher than those of reported rate (54%) by
O’Driscoll et al. (10) for asthmatic patients. Given that
the different fungal species may make up various allergens
to stimulate IgE response (30). Furthermore, Aspergillus
antigen extracts were prepared from different sources and
companies. These could be considered the important rea-
sons for dissimilarity results in different studies. Our find-
ing also showed that patients with asthma might have
a positive Aspergillus skin test with a negative result for
sIgEAf. On the other hand, it is suggested that the skin test
is more sensitive and less specific than sIgEAf test, which
may be due to the use of crude antigen in skin test (6).
Therefore, the combination of sIgEAf test along with the
Aspergillus skin test is recommended to improve the diag-
nosis of ABPA and SAFS in asthmatic patients (10).

Our results showed a lower mean value of tIgE and
sIgEAf in asthmatic patients in comparison to some pre-
vious studies (7, 18). However, in line with Bowyer et al.
(31) study, our results showed a level of tIgE less than 500
IU/mL in most of the patients with SAFS. The levels of tIgE
are one of the most important characteristics for differen-
tial diagnosis of SAFS from ABPA in patients with asthma
(31). In contrast to ABPA, which generally results from a sig-
nificant increase of Aspergillus species colonization in the
lungs of allergic patients, SAFS is usually relevant to the ex-
posure with temporary or a low-levels of fungal allergens,
especially A. fumigatus (31). All of our patients with SAFS or
AAFS showed negative results for sIgGAf, which was consid-
ered to be one of the main diagnostic criteria for differen-
tiation of ABPA in different previous studies (15, 19, 20). It is
suggested that total IgE levels and eosinophil counts might
be reduced in patients who have recently received corticos-
teroids to control the asthma exacerbation.

The drop in total IgE value (< 1000 IU/mL) and/or
count of eosinophils, with no evidence of bronchiectasis,
might be lead the patient as having SAFS/AAFS (28). On
the other hand, corticosteroid therapies in people with al-
lergic diseases, including SAFS and ABPA can lead to a sig-
nificant increase in fungal burden in the lung, which in-
creases the pulmonary symptoms of affected individuals
(32). Pasqualotto et al. (33) reported that appropriate an-
tifungal therapy could be beneficial to reduce eosinophil
counts, oral corticosteroid dose, and courses of systemic
corticosteroids required in SAFS and ABPA patients. More-
over, Denning et al. (34) showed that oral antifungal ther-
apy in SAFS could lead to significant improvements in the

4 Jundishapur J Microbiol. 2020; 13(3):e99833.

http://jjmicrobiol.com


Mortezaee V et al.

life quality of these patients. Because of significant overlap
with ABPA, especially with seropositive ABPA, and given the
fact that the therapeutic approach for ABPA and SAFS is dif-
ferent, a proper diagnosis and differentiation of this new
phenotype of asthma from ABPA would be critical for the
management of the disease.

5.1. Conclusions

In conclusion, the prevalence of SAFS and AAFS in Ira-
nian patients with severe and moderate allergic asthma
was lower than the previous limited studies worldwide.
This low reported rate may be due to the fact that we con-
sidered all items in the proposed criteria to diagnose SAFS
and AAFS.
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