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Article type: Background and Purpose: Aspergillus fumigatus as a ubiquitous fungus can be found
Original article in the respiratory tract of the asthmatic and healthy people. The inhalation of Aspergillus

spores leads to an immune response in individuals with asthma and results in the
aggravation of the clinical symptoms. The present study aimed to investigate the
prevalence of specific immunoglobulin E and G (IgE and 1gG) against A.fumigatus in
asthmatic patients.
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Introduction

ronchial asthma as a global public health airflow limitation, airway hyper-responsiveness, chest
problem is a complex inflammatory and tightness, recurrent episodes of breathlessness,
heterogeneous disease of chronic inflammation dyspnoea, cough, and wheeze (1-4). Furthermore, 5-
in airways with significant morbidity and 10% of all asthmatic patients suffer from poorly
mortality. Asthma characterized by clinical symptoms, controlled and severe asthma which limits daily
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activities and may result in death (1-3). Environmental
factors, such as animal dander, house dust mite, and
exposure to airborne fungal spores, are heavily
involved in the development of asthma and
deterioration of clinical signs (3, 4).

Moreover, fungal allergens can aggravate asthma due
to atopic condition which is a hallmark of asthma (5).
In severe manifestations of asthma, fungal colonization
and sensitivity to fungal allergens can lead to asthma
exacerbation (4, 6).

Denning et al. proposed the term "severe asthma
with fungal sensitization” (SAFS) to describe the
severe asthma in patients who are sensitive to fungi
without any evidence of allergic bronchopulmonary
aspergillosis (ABPA) diagnosis and lack of response
to antifungal therapy (7). It is estimated that
approximately 20-25% of people with stable severe
asthma are affected by SAFS (6, 8). Sensitization to
different fungal genera is reported in asthmatic
patients; however, Aspergillus sensitivity was more
frequent in SAFS and asthma associated to fungal
sensitization (AAFS) (9).

Aspergillus fumigatus as a ubiquitous fungus can be
found in the respiratory tract of the asthmatic and
healthy people (10, 11). The inhalation of Aspergillus
spores leads to an immune response in individuals.
Moreover, it stimulates inflammatory responses by T
helper 2, whereby IgE and 1gG antibodies act against
A.fumigatus (3). A. fumigatus may sensitize the patients
to asthma, leading to IgE-mediated hypersensitivity
and ABPA with variable prevalence (12). The
evaluation of serum specific IgE and IgG against
A.fumigatus is considered as the main criteria for the
diagnosis of allergic diseases due to Aspergillus.
Therefore, the aim of the present study was to
determine the prevalence of specific IgE and I1gG
against A.fumigatus in patients with moderate and
severe asthma.

Materials and Methods

This study was conducted on a total of 200
consecutive patients referring to Masih Daneshvari
hospital, Tehran, Iran from January 2016 to
February 2018. The subjects with the age range of
18-78 years were diagnosed with moderate to severe
asthma based on the Global Initiative for Asthma
guidelines (2015, https://ginasthma.org). In addition,
all participants were asked to fill demographic
forms.

The exclusion criteria were: 1) pregnancy, 2) other
widespread lung diseases (e.g., tuberculosis), 3) cystic
fibrosis, 4) mild asthma, and 5) malignancy.
Spirometry was performed according to European
Respiratory Society guidelines (13). Furthermore, all
subjects underwent high resolution computed
tomography. The study was approved by the Ethics
Committee of Mazandaran University of Medical
Sciences, Sari, Iran, (IR.MAZUMS.REC.95.2412) and
the written consent was taken from all included
participants.

Aspergillus Skin Prick Test

Skin prick testing was performed in all subjects
with  Aspergillus allergens (Alk-Abello, Lincoln
Diagnostics, Dallas, Tx, USA). Histamine and normal
saline were used as positive and negative controls,
respectively. A positive Aspergillus skin prick test
(AST) reaction in negative control was defined as the
appearance of a wheal greater than 3 mm 15 min after
exposure.

Aspergillus-specific IgE

The level of specific IgE Aspergillus was measured
in all patients using "HYTEC 288 (HYCOR
Biomedical, Hannover, Germany)" according to the
manufacturer’s manual. Aspergillus-specific IgE level
greater than 0.35 (IU/ml) was considered to be
positive.

Total IgE and Aspergillus-specific 1gG

The enzyme-linked immunosorbent assay (ELISA)
method was applied to measure the total IgE (Genesis
ELISA Kit, Omega Diagnostic Group, UK) and
Aspergillus-specific 1gG (IBL ELISA Kit, Hamburg,
Germany). Aspergillus-specific 1gG levels were
recorded for all asthmatic patients. According to
manufacturer’s manual, the total IgE level of > 417
1U/ml and Aspergillus-specific IgG level of > 12 [U/ml
were considered to be positive. Statistical analysis was
performed in SPSS software (version 18).

Results

Table 1 summarizes the baseline demographic
characteristics of 200 patients with moderate (51.5%)
to severe (48.5%) allergic bronchial asthma. Out of all
participants, 111 (55.5%) subjects were female. The
mean age of patients as well as the mean asthma
duration were 45.8 (age range: 18-78) and 10.04+9.94
years, respectively. Furthermore, 100% and 57.5%
(n=115) of asthmatic patients had a family history of
atopy and asthma, respectively.

The mean levels of Aspergillus-specific IgE, 1gG,
and total IgE were 1.5£6.01 (range: 0.1-61.3 1U/ml),
35.2+42.6 (range: 0-184 IU/ml), and 316.3+305.4
(range: 6-1300 I1U/ml), respectively. The ranges of
Aspergillus-specific IgE and 1gG levels in patients with
severe asthma were 0.36-61.3 and 0-180 IU/ml, and in
patients with moderate asthma were 0.42-19.89 and 0-
184 1U/ml, respectively (Table 2).

Table 3 shows that 27 (13.5%) and 22 (11.0%)
patients had positive SPT and Aspergillus- specific
IgE. In addition, Aspergillus-specific IgE and SPT
were positive in 16 (16.5%) and 15 (15.5%) patients
with severe asthma, respectively. Total IgE levels of
> 417 and > 1000 IU/ml were found in 65 (32.5%)
and 6 (3.0%) patients of the study population,
respectively. Furthermore, 86 (43.0%) asthmatic
patients had Aspergillus-specific 1gG level of > 12
IU/ml; however, 46 (47.4%) patients with severe
asthma had Aspergillus-specific 1gG level of > 12
1U/ml.
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Table 1. Demographic information of patients with asthma

Type of asthma Moderate n=103 Severe n=97 Total n=200

Gender Male Female Male Female Male Female Total

Ade Range (20-78) (18-72) (27-67) (18-78) (18-78) (20-78) (18-78)
9 Mean 44 44.9 47.9 46.3 45.8 46.1 455

Duration of asthma Year (MeanzSD) 6.6 85 13.1 12.3 94 10.5 10.04

History of atopy n Yes 51 (100) 52 (100) 38 (100) 59 (100) 89 (100) 111 (100%) 200 (100)

(%) No - - - - - - -

- Yes 21 (41.2) 18 (34.6) 28 (73.7) 46 (78) 49(55.1) 64 (57.6) 113 (56.5)
bepiElEze WD g 30(588)  34(654) 10(263)  13(22) 40(49)  47(423) 87 (435)
History of asthmain ~ Yes 24 (47.1) 28 (53.8) 27(71.1) 36 (61) 51 (57.3) 64 (57.6) 115 (57.5)
family n (%) No 27 (53) 24 (46.1) 11 (29) 23 (40) 38 (42.7) 47 (42.3) 85 (42.5)
Inhaled Yes 50 (98) 50 (96.2) 34 (89.5) 55 (93.2) 84 (94.4) 105 (94.6) 189 (94.5)
corticosteroid n (%) No 1(2) 2(3.8) 4 (10.5) 4 (6.8) 5 (5.6) 6 (5.4) 11 (5.5)
Oral corticosteroid n  Yes 34 (66.7) 29 (55.8) 34 (89.5) 53 (89.8) 68 (76.4) 82 (73.9) 150 (75)
(%) No 17 (33.3) 23(44.2) 4 (10.5) 6(10.2) 21 (23.6) 29 (26.1) 50 (25)

Table 2. The distribution of total IgE, specific IgE and 1gG against A.fumigatus in asthmatic patients

Type of Asthma Moderate Severe Total
Gender Male Female Total Male Female Total Male Female Total

Rang (6-945) (8-1047) (6-1040) (9-1300) (7-1155) (8-1300) (6-1300) (7-1155) (6-1300)
Total IgE (1U/mI) Mean(+SD) 309.1 236.2 212.7 4238 323.7 362.9 358.0 282.7 316.3

= (+288.1) (£275.5) (+282.9) (+367.9) (+293.9) (+326.8) (£327.7) (+287.5) (£307.6)

Aspergillus-specific ~ Rang (042-1.03)  (1.15-19.89)  (0.42-19.89)  (2.18-61.3)  (0.36-31.18)  (0.36-61.3)  (0.42-61.3) (0.36-31.8) (0.1-61.3)
IgE (1U/ml) Mean(zSD)  0.31(x0.14) 1.1(235) 24(282) 4.1 (+11.6) 1.4 (+4.8) 0.7 (22.5) 19 (7.7) 1.2 (+4.2) 15 (26.0)
Aspergillus-specific ~ Rang (0-134) (0-184) (0-184) (0-180) (0-172) (0-180) (0-180) (0-184) (0-184)
19G (1U/ml) Mean(xSD)  34.0(#327)  325(x415) 33.3(x37.2)  49.6(559) 29.2(40.2)  37.2(x47.8)  40.6(x445)  30.8(240.7)  35.2 (+42.6)

Table 3. The frequency of positivity rate of patients with different type of asthma to Aspergillus skin test, total IgE, and specific IgE and 1gG against
Aspergillus fumigatus

Variables Type of asthma Moderate n=103 Severe n=97 Male n=89 Female n=111  Total n=200
spergillus skin prick Positive 11 (10.7%) 16 (16.5%) 9 (10.1%) 18 (16.2%) 27 (13.5%)
Range (6-1040) (8-1300) (6-1300) (7-1155) (6-1300)

Total IgE (Ui} (Meanz SD) 272.7+282.9 362.9+326.8  358.04327.7 282.7+287.5  316.3+307.6
g > 417 n (%) 29 (28.2) 36 (37.1) 32 (36.0) 33(39.7) 65 (32.5)
<1000 n (%) 103 (100%) 91 (93.8%) 85 (95.5%) 109 (98.2%) 194 (97%)

Asperaillus-soecific (Range) (0.42-19.89) (0.36-61.3) (0.42-61.3) (0.36-31.8) (0.1-61.3)
: g (I%/ml) P (Meanz SD) 2.4 (+8.2) 0.7 (+2.5) 1.9 (£7.7) 1.2 (+4.2) 1.5 (¢6.0)
g Positive (>0.351U/ml) 7 (6.8%) 15 (15.5%) 13 (14.6%) 9 (8.1%) 22 (11%)

Aspergillus-specific (Range) (0-184) (0-180) (0-180) (0-184) (0-184)

196 (U/m) (Meanz SD) 33.3 (+37.2) 37.2 (+47.8) 40.6 (+44.5) 30.8 (£40.7)  35.2 (x42.6)

g <12n (%) 40 (38.9%) 46 (47.4%) 32 (36.0%) 54 (48.6%) 86 (43.0%)
Discussion

One of the important complications of fungal
sensitization is the increased severity of asthma and
mortality (13, 15). The prevalence of Aspergillus
sensitization in patients with asthma varied from 15%
to 48%, with a pooled prevalence of 28% (3, 16). It is
estimated that approximately 6.5 million patients
(33%) with severe asthma are affected with Aspergillus
and fungal sensitisation in the world (17, 18).

Unlike asthmatic patients with Aspergillus
sensitization, patients with ABPA require a
corticosteroid to control immune responses. Therefore,
it is significantly important to consider the differences
between these two patient groups (3). The diagnostic
criteria to distinguish ABPA from Aspergillus
sensitization include performing AST and measuring
the levels of total IgE, Aspergillus-specific 1gG and/or
Aspergillus-specific IgE (3, 19). However, it is not
reliable to simply diagnose ABPA or Aspergillus
sensitization in asthmatic patients based on one of the
mentioned parameters.

In the present study, 13.5%, 32.5 %, and 11.0% of
the patients with asthma had positive reaction to
AST, total IgE, and specific IgE against Aspergillus,
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respectively. In a study conducted by Agarwal et al.
(19), it was reported that 82.3% and 70.4% of asthmatic
patients had IgE levels of > 417(1U/ml) and > 1000
(1U/ml), respectively. In addition, 47.3% of asthmatic
patients showed positive reaction to AST (19).

In several studies, the positive reaction rates to AST
were reported as 21.5% (20), 27.6% (21), and 35.1%
(22). Moreover, the levels of total IgE in the current
study were low, compared to the results reported by the
previous studies (19, 22). The obtained differences in
positive rates may be due to varieties in genetic,
nationality, race, and geographical and climatic
conditions.

In a study performed by Maurya et al. (22), 10.4%
of asthmatic patients had positive reaction to
Aspergillus-specific 1gG. However, in the present
study, the level of Aspergillus-specific IgG was 43.0%
in patients with asthma. The determination of
Aspergillus-specific I1gG level can be more helpful for
the diagnosis of ABPA and allergic alveolitis or
aspergilloma (23). However, the results of the present
study on the evaluation of Aspergillus-specific IgE
levels were comparable with those of the previous
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studies (23).

In the current study, the highest levels of total IgE
and Aspergillus-specific 1gG scattering were below 400
(IU/ml) and 60 IU/ml, respectively. Moreover, the
highest concentration of Aspergillus-specific IgE was
observed at levels 0 to 10 IU/ml. These findings are
consistent with the results of studies conducted on
airborne Aspergillus species frequency in Iran (24-26).

According to the results of the present study, the
positive rate of AST, total IgE, specific IgE, and 1gG
against Aspergillus were higher in severe asthma
patients than in patients with moderate asthma. Several
studies reported that patients with severe asthma may
immunologically be more sensitive to one or more
fungi (27, 28). Given the fact that sensitivity to
Aspergillus increases the severity of asthma, the
examination of patients with asthma is very important
for the evaluation of their sensitivity to Aspergillus
allergens.

Denning et al. (27) showed the positive effect of
antifungal therapy on the improvement of respiratory
symptoms in patients with severe asthma who were
sensitive to Aspergillus. Therefore, the exact diagnosis
of fungal sensitization is also important in patients with
severe asthma affected by ABPA (29).

This study is limited due to the lack of information
on healthy controls. Therefore, no comparisons were
made between asthmatic patients and healthy controls
in terms of Aspergillus-specific 1gG and IgE levels. In
addition, the asthmatic patients had no follow-up visits;
consequently, the reduction or increase of Aspergillus-
specific 1gG and IgE levels were not evaluated in the
study group.

Conclusion

In conclusion, the results of the present study are in
line with those of other studies in that the reactivity to
Aspergillus is considered as a remarkable phenomenon
in asthmatic patients. It is also emphasised that the
climatic condition may have an influence on the
positivity rate of hypersensitivity against Aspergillus.

Acknowledgments

The authors would like to thank the Invasive Fungi
Research Centre of Mazandaran University of Medical
Sciences for funding the research (No. 2412). The
authors are also grateful to Milad Medical Laboratory,
Isfahan, Iran, for providing help to measure the specific
IgE against Aspergillus and all participants for their
cooperation in conducting this study.

Author’s contribution

M.T.H. made substantial contributions to conception
and design, gave final approval of the version to be
published and agreed to be accountable for all aspects
of the work related to its accuracy or integrity. S.A.M,
M.S. M, M.H, M. P,JH,A F,G.P,S S, and
M.A. contributed to the acquisition of data, agreed to
be accountable for all aspects of the work related to its
accuracy or integrity, and reviewed the manuscript

critically for important intellectual content. M. V., M.
A., H. A O, and I. H. contributed to the analysis and
interpretation of data and agreed to be accountable for
all aspects of the work related to its accuracy or
integrity. V.M. and N.H. contributed to the acquisition
of data, drafted the article and agreed to be accountable
for all aspects of the work related to its accuracy or
integrity.

Conflicts of interest
The authors declare no conflict of interest.

Financial disclosure
The authors have no financial involvement or
conflict with the subject matter discussed in the study.

References

1. Skloot GS. Asthma phenotypes and endotypes: a
personalized approach to treatment. Curr Opin Pulm
Med. 2016; 22(1):3-9.

2. Qiu R, Xie J, Chung KF, Li N, Yang Z, He M, et al.
Asthma phenotypes defined from parameters obtained
during recovery from a hospital-treated exacerbation. J
Allergy Clin Immunol Pract. 2018; 6(6):1960-7.

3. Agarwal R. Severe asthma with fungal sensitization. Curr
Allergy Asthma Rep. 2011; 11(5):403-13.

4. Zhang Z, Reponen T, Hershey GK. Fungal exposure and
asthma: IgE and non-lgE-mediated mechanisms. Curr
Allergy Asthma Rep. 2016; 16(12):86.

5. Masaki K, Fukunaga K, Matsusaka M, Kabata H,
Tanosaki T, Mochimaru T, et al. Characteristics of severe
asthma with fungal sensitization. Ann Allergy Asthma
Immunol. 2017; 119(3):253-7.

6. Sharpe RA, Bearman N, Thornton CR, Husk K, Osborne
NJ. Indoor fungal diversity and asthma: a meta-analysis
and systematic review of risk factors. J Allergy Clin
Immunol. 2015; 135(1):110-22.

7. Denning DW, O'driscoll BR, Hogaboam CM, Bowyer P,
Niven RM. The link between fungi and severe asthma: a
summary of the evidence, Eur Respir J. 2006; 27(3):615-26.

8. Hogan C, Denning DW. Allergic bronchopulmonary
aspergillosis and related allergic syndromes. Semin
Respir Crit Care Med. 2011; 32(6):682-92.

9. Agarwal R, Gupta D. Severe asthma and fungi: current
evidence. Med Mycol. 2011; 49(Suppl 1):S150-7.

10. Woolnough KF, Richardson M, Newby C, Craner M,
Bourne M, Monteiro W, et al. The relationship between
biomarkers of fungal allergy and lung damage in asthma.
Clin Exp Allergy. 2017; 47(1):48-56.

11. Overton NL, Simpson A, Bowyer P, Denning DW.
Genetic susceptibility to severe asthma with fungal
sensitization. Int J Immunogenet. 2017; 44(3):93-106.

12. Singh M, Paul N, Singh S, Nayak GR. Asthma and
fungus: role in allergic bronchopulmonary Aspergillosis
(ABPA) and other conditions. Indian J Pediatr. 2018;
85(10):899-904.

13. Zureik M, Neukirch C, Leynaert B, Liard R, Bousquet J,
Neukirch F, et al. Sensitisation to airborne moulds and
severity of asthma: cross sectional study from European
Community Respiratory Health Survey. BMJ. 2002;
325(7361):411-4.

14. Kontis KJ, Valcour A, Patel A, Chen A, Wang J, Chow J,
et al. Correlation of the turbo-MP RIA with ImmunoCAP
FEIA for determination of food allergen-specific
immunoglobulin E. Ann Clin Lab Sci. 2006; 36(1):79-87.

Curr Med Mycol, 2018, 4(4): ----


https://www.ncbi.nlm.nih.gov/pubmed/26574717
https://www.ncbi.nlm.nih.gov/pubmed/26574717

Hedayati N et al.

Aspergillus fumigatus IgE and 1gG in asthmatic patients

15.

16.

17.

18.

19.

20.

21.

22.

Black PN, Udy AA, Brodie SM. Sensitivity to fungal
allergens is a risk factor for life-threatening asthma.
Allergy. 2000; 55(5):501-4.

Agarwal R, Aggarwal AN, Gupta D, Jindal SK.
Aspergillus  hypersensitivity and allergic broncho-
pulmonary aspergillosis in patients with bronchial
asthma: systematic review and meta-analysis. Int J
Tubercul Lung Dis. 2009; 13(8):936-44.

Denning DW, Pashley C, Hartl D, Wardlaw A, Godet C,
Del Giacco S, et al. Fungal allergy in Asthma-state of the
art and research needs. Clin Transl Allergy. 2014, 4:14.
Macedo-Vifias M, Denning DW. Estimating the burden
of serious fungal infections in Uruguay. J Fungi. 2018;
4(1):37.

Agarwal R, Maskey D, Aggarwal AN, Saikia B, Garg M,
Gupta D, et al. Diagnostic performance of various tests
and criteria employed in allergic bronchopulmonary
aspergillosis: a latent class analysis. PLoS One. 2013;
8(4):€61105.

Malo JL, Paquin R. Incidence of immediate sensitivity to
Aspergillus fumigatus in a North American asthmatic
population. Clin Allergy. 1979; 9(4):377-84.

Maurya V, Gugnani HC, Sarma PU, Madan T, Shah A.
Sensitization to Aspergillus antigens and occurrence of
allergic bronchopulmonary aspergillosis in patients with
asthma. Chest. 2005; 127(4):1252-9.

Nath A, Khan A, Hashim Z, Patra JK. Prevalence of
Aspergillus hypersensitivity and allergic broncho-
pulmonary aspergillosis in patients with bronchial
asthma at a tertiary care center in North India. Lung

Curr Med Mycol, 2018, 4(4): ------

23.

24.

25.

26.

27.

28.

29.

India. 2017; 34(2):150-4.

van Toorenenbergen AW. Between-laboratory quality
control of automated analysis of 1gG antibodies against
Aspergillus fumigatus. Diagn Microbiol Infect Dis. 2012;
74(3):278-81.

Hedayati MT, Mayahi S, Denning DW. A study on
Aspergillus species in houses of asthmatic patients from
Sari City, Iran and a brief review of the health effects of
exposure to indoor Aspergillus. Environ Monit Assess.
2010; 168(1-4):481-7.

Hedayati MT, Mayahi S, Aghili R, Goharimoghadam K.
Airborne fungi in indoor and outdoor of asthmatic
patients’ home, living in the city of Sari. Iran J Allergy
Asthma Immunol. 2005; 4(4):189-91.

Zaini F, Hedayati MT. Study of airborne fungi in the
wards of 3 Tehran hospitals. J Med Council Islam Repub
Iran. 1995; 13(3):208-15.

Denning DW, O'Driscoll BR, Powell G, Chew F,
Atherton GT, Vyas A, et al. Randomized controlled trial
of oral antifungal treatment for severe asthma with fungal
sensitization: The Fungal Asthma Sensitization Trial
(FAST) study. Am J Respir Crit Care Med. 2009;
179(1):11-8.

Kanj A, Abdallah N, Soubani AO. The spectrum of
pulmonary aspergillosis. Respir Med. 2018; 141:121-31.
O'driscoll BR, Powell G, Chew F, Niven RM, Miles JF,
Vyas A, et al. Comparison of skin prick tests with
specific serum immunoglobulin E in the diagnosis of
fungal sensitization in patients with severe asthma. Clin
Exp Allergy. 2009; 39(11):1677-83.



