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Abstract  
Recently, many researchers are interested in studying asthma COPD overlap (ACO) group features. 
Sensitization to Aspergillus has been linked to increased severity of asthma; however, limited data is 
available about fungal sensitization in ACO group. This study was designed to determine the 
prevalence of Aspergillus fumigatus (A. fumigatus) sensitization among ACO patients in comparison 
to asthma patients. This cross-sectional study included 30 patients with ACO, and compared them to 
30 asthmatic patients, as regards sensitization to A. fumigatus. Sensitization was diagnosed using 
skin prick test and specific IgE. Blood eosinophil count, total IgE and pulmonary functions results 
were also recorded. Thirteen patients with ACO (43.3%) were sensitized to A. fumigatus compared to 
8 asthmatic cases (26.7%), P value 0.17. Blood eosinophil count and total IgE were significantly higher 
among ACO patients compared to asthma group (P values 0.003, 0.007 respectively). Blood 

eosinophil count was significantly higher among A. fumigatus sensitized ACO patients (400 cells/L) 

compared to 320 cells/L in non-sensitized ACO subgroup (P value 0.01). Otherwise, they were 
comparable regarding pulmonary functions and total IgE. In conclusion, Sensitization to A. fumigatus 
is higher among patients with ACO than that in patients with asthma but without a statistical 
significance. Moreover, Sensitized ACO patients showed significantly higher blood eosinophil count 
than non-sensitized ones. 
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Introduction 

Obstructive lung diseases comprise both asthma 
and chronic obstructive pulmonary disease 
(COPD). This group is considered a global health 
problem, which consumes healthcare resources. 
Although both are chronic inflammatory 
diseases, yet they have different underlying 

pathogenesis; hence different response to anti-
inflammatory medications.1 The predominant 
cells in asthma pathway are eosinophils, mast 
cells, and T helper2 cells; whereas those in 
COPD are neutrophils, macrophages, and CD8 + 
T-lymphocytes 2. Variation of symptoms (both in 
intensity and over time) and Variable expiratory 
airflow limitation can distinguish asthma from 
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COPD. COPD is characterized by persistent 
respiratory symptoms and airflow limitation due 
to marked exposure to noxious particles or 
gases.3 

Patients with clinical features of both asthma 
and COPD are often observed in clinical practice. 
This remark has led to the introduction of the 
term "asthma-COPD overlap" (ACO). Although 
many studies were interested in studying ACO in 
the last decade; however so far, no definite 
criteria are widely agreed upon. The main 
proposed criteria for diagnosis include being 
older than 40 years old, persistent airflow 
limitation, and history of asthma or evidence of 
partial bronchodilator reversibility.4,5 

The prevalence of ACO ranges from 0.3% to 
5% in the general population. It represents 3.2% 
to 51.4% among patients with asthma and 
12.6% to 55.7% among those with COPD.1 
Studies revealed that patients with ACO have 
poorer outcomes than those with either asthma 
or COPD only.6 Unfortunately, treatment 
specifically targeted at this phenotype is 
noticeably lacking because patients with ACO 
are often precluded in clinical trials of novel 
medications for asthma and COPD. As a result, 
diagnosis and management of these patients 
poses a problem for most physicians.4 

Another pivotal factor in management of 
asthma patients is sensitization to fungi, which 
was linked to severe asthma.7 Fungal 
sensitization is diagnosed either by skin prick 
test to fungal antigen(s) or an increase in 
specific IgE antibodies.8,9 Aspergillus species, 
especially Aspergillus fumigatus (A. fumigatus), 
are incriminated as one of the strongest fungal 
genera which worsen asthma and COPD control 
and increase risk of bronchiectasis as well.10,11 

In the last decade, there is a growing body of 
literature that recognizes features of ACO; 
nevertheless, there has been limited data about 
fungal sensitization among those patients. This 
study attempts to highlight the prevalence of A. 
fumigatus sensitization among ACO patients 
and compare it to asthmatic patients. 
Identifying the magnitude of fungal sensitization 
among the ACO group may provide new insights 
into the management of those patients.

Patients and Methods 

Study design and participants 

This cross-sectional study encompassed 30 
patients with bronchial asthma (diagnosed 
according to the Global Initiative for Asthma 12 
exceeding 40 years of age, and 30 patients with 
ACO (diagnosed according to criteria suggested 
by Sin et al.)4. Diagnosis of ACO was made when 
the patient fulfilled all the major criteria (post- 
bronchodilator FEV1/FVC ratio less than 0.7 in 
subjects exceeding 40 years of age, tobacco 
smoking at least 10 pack-years or equivalent air 
pollution. Patient should be previously 
diagnosed as asthma or achieving a 
bronchodilator response (BDR) of forced 
expiratory volume in one second (FEV1) more 
than 400 ml. Additionally, at least one minor 
criterion was met (peripheral blood eosinophil 

count more than 300 cells/ L or history of 
atopy, or BDR of FEV1 more than 200ml and 
12% from baseline values). All patients were 
recruited from the allergy and immunology and 
chest outpatient clinics of Ain Shams University 
hospitals, in the period between 2018 and 2019. 
Both groups were comparable regarding age 
and sex. 

After approval of the study protocol by the 
Ethical Committee of the Ain Shams University, 
a written informed consent was obtained from 
each participant. Exclusion criteria of this study 
comprised patients during exacerbation, 
immunocompromised patients and those having 
any other pulmonary comorbidities. Also, 
patients with restrictive pattern at pulmonary 
functions, or on chronic corticosteroid therapy 
were not allowed in this research. 

Demographic characteristics including age, 
gender, smoking status and exposure to 
pollution were collated. Selected patients 
underwent comprehensive clinical history 
taking (including disease duration, drug history 
and the presence of other atopic diseases) and 
thorough physical examination. 

Pulmonary Function Test 

Pulmonary functions were measured Pre and 
Post-bronchodilator (10-15 min after 200-400 
albuterol or equivalent) using a standardized 
equipment (SpiroMaster PC-10. Manufactured 
by: CHEST M.I., INC.), according to the American 
Thoracic Society/European Respiratory Society 
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guidelines. The post-bronchodilator FEV1, forced 
vital capacity (FVC) and the ratio between them 
(post bronchodilator FEV1/FVC ratio) were 
obtained.13 A low ratio indicates an obstructive 
defect.  

Sample collection, preparation, and analytical 
methods 

-Laboratory investigations included the 
following: a) Complete blood count (CBC) and 
absolute eosinophil count. b) Assay of serum 
total IgE c) Assay of specific IgE (sIgE) for A. 
fumigatus.  

-A total volume of 5 mL venous blood sample 
was drawn from all subjects included in the 
study using aseptic venipuncture technique: 
2 mL were collected in vacutainer EDTA tubes 
for CBC and eosinophil count, and 3 mL in plain 
tubes for the determination of serum total IgE 
and sIgE for Aspergillus fumigatus. The serum 
was separated by centrifugation and kept frozen 
at -20c. 

a) The CBC and blood absolute eosinophil 
count were done using a Coulter Counter 
(Beckman Coulter, California 92821, USA). The 
reference range for eosinophils in blood 
(percentage) is 0.0-6.0 %, while the reference 
range for absolute count of blood eosinophils is 

30-350/L.  

b) Total serum IgE was determined using a 
commercially available ELISA kit supplied by 
BIOS Microwell Diagnostic Systems (Beijing, 
China) following the manufacturer’s 
instructions. The absorption value for each 
sample was used to determine the proper IgE 
concentration from a standard curve. According 
to the manufacturer’s directions, total IgE levels 
more than 100 IU/mL were considered 
abnormal.  

c) Assay for serum A. fumigatus,, sIgE was 
performed using a commercial ELISA kit 
provided by RIDASCREEN®,R-Biopharm AG 
(64297 Darmstadt, Germany). The color 
intensity was directly proportional to the level 
of sIgE antibodies of A. Fumigatus present in the 
serum. Photometric measurement was carried 
out and a standard curve was set up and 
patients’ samples were calculated. According to 
manufacturer’s recommendation, the test was 
considered positive at > 0.35kU/L. 

Allergy skin test 

Skin prick test was done for all patients with 
standardized commercial extracts of A. 
fumigatus provided by Omega Laboratory 
(Montreal, Canada). Histamine and saline were 
used as positive and negative controls 
respectively. A skin test was considered valid if 
the difference in mean wheal diameters 
between the positive and negative controls was 
at least 1 mm. A positive response was defined 
as a wheal diameter of 3 mm greater than the 
negative control, 20 minutes after application. 14  

Statistical data analysis: 

Data were analyzed using IBM SPSS software 
package version 20.0. (Armonk, NY: IBM Corp). 
Qualitative data were illustrated in the form of 
number and percentage. Parametric 
quantitative data were described using mean 
and standard deviation (SD), while non-
parametric was in the form of median and 
interquartile range (IQR). A p-value of less than 
0.05 was considered significant. Chi-square test 
was used to compare categorical data, while 
Independent t test and Mann Whitney were 
used to compare continuous data normally and 
non-normally distributed respectively. 

Results 

In this study, 30 patients with ACO were 
compared to 30 patients with asthma. No 
significant difference was evident between both 
groups regarding age, sex and disease duration. 
Median disease duration among patients with 
ACO was 15 versus 10 years among patients 
with asthma (P=0.066). All ACO patients were 
smokers, where 43.3% of them were active 
smokers with median smoking index 25 
packs/year. The rest were passive smokers for 
more than 20 years. Asthmatic group 
encompassed only 2 smokers (1 active and 1 
passive). No significant difference was evident 
between both groups regarding the presence of 
other atopic diseases (associated allergic rhinitis 
and/or urticaria) (P value 0.592). As for 
laboratory investigations, blood eosinophil 
count and total IgE were significantly higher 
among ACO patients compared to asthma group 

(350 vs 170 cells/L, 180 vs 95 IU/ml; P values 
0.003, 0.007 respectively). Concerning 
spirometry results, ACO patients showed 
significantly lower post bronchodilator FEV1% of 
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predicted than that of asthma, where P < 0.001 
(65.20 ± 9.94 compared to 84.28 ± 7.81 
respectively). Likewise, post bronchodilator 
FEV1/FVC% was significantly lower among ACO 

patients compared to patients with asthma 
(61.93 ± 7.59 vs 77.50 ± 9.30, P <0.001). (Table 
1) 

Table 1. Comparison between ACO and asthma patients regarding demographic data, laboratory 
results and pulmonary function tests: 

 
ACO 

n =30 

Asthma 

n=30 
P value 

Sex: 

Male  

female 

 

15 (50%) 

15 (50%) 

 

8(26.7%) 

22 (73.3%) 

 

NS 

Age (years) 48.77 ± 6.58 47.63 ± 7.42 NSb 

Disease duration (years) 15(10 – 20) 10 (6 – 17.75) NSc 

Smoking: 

Active smokers (%)  

Passive smokers (%) 

Nonsmokers (%) 

 

13 (43.3%) 

17 (56.7%) 

0 (0%) 

 

1(3.3%) 

1(3.3%) 

28(93.3%) 

 

<0.001a 

Associated atopic disease: 20 (66.7%) 18 (60%) NSa 

Total IgE (IU/ml) 180 (74.75-349.75) 95 (24 –150.50) 0.007 c 

Blood Eosinophils (cells/L) 350 (300-585) 170 (107.50-392.50) 0.003c 

FEV1 % pred (After BD) 65.20 ± 9.94 84.28 ± 7.81 <0.001b 

FEV1/FVC% (After BD) 61.93 ± 7.59 77.50 ± 9.30 <0.001b 

a: Chi- square test, b: Independent t test, c: Mann Whitney test, categorical data are expressed as n (%) 
numerical, mean ±SD or median (interquartile range), ACO: asthma COPD overlap, BD: bronchodilator, FEV1%: 
forced expiratory volume in first second, FEV1/FVC%: forced expiratory volume in first second: forced vital 
capacity % pred: percentage of predicted. P>0.05 is not significant (NS). 
 

Table 2 illustrates the results of skin prick test 
and specific IgE in both groups. Sensitization to 
A. fumigatus was higher among patients with 
ACO 13 (43.3 %) (by sIgE and/or skin test) 
compared to 8 (26.7%) of asthma patients; 

however, this was not significant statistically (p 
value 0.17). Specific IgE titers were comparable 
in both groups (P value 0.25). Concordance 
between skin test and sIgE test results in both 
groups was 85.7 %. 

Table 2. Comparison between ACO and asthma regarding A. fumigatus sensitization: 

 ACO (n = 30) Asthma (n = 30) P value 

SPT for A. fumigatus 13 (43.3%) 7 (23.3%) NSa 

sIgE for A. fumigatus 12 (40.0%) 7 (23.3%) NSa 

Both SPT and sIgE  12 (40.0%) 6 (20.0%) NSa 

Total positive A. fumigatus  13 (43.3%) 8 (26.7%) NSa 

sIgE titre (median ) 0.23 (0.17- 0.53) 0.23 (0.14 – 0.33) NSb 
a: Chi- square test, b: Mann Whitney test, categorical data are expressed as n (%) numerical, or as median (interquartile 
range), ACO: asthma COPD overlap, A. fumigatus: Aspergillus fumigatus, SPT: skin prick test, sIgE: specific immunoglobulin 
E. P>0.05 is not significant (NS). 

 

Surprisingly, on comparing A. fumigatus 
sensitized with non-sensitized ACO patients in 
different study parameters, only median blood 
eosinophil count was significantly higher among 

sensitized ACO patients (400 vs 320 cells/L, P = 
0.017). Otherwise, they were comparable 
regarding pulmonary functions, total IgE and 
smoking status. On the other hand, sensitized 
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asthmatic patients showed significantly lower 
post bronchodilator FEV1% and FEV1/FVC ratio 
(P = 0.001, 0.002 respectively) compared to 

non-sensitized asthma patients. Otherwise 
other parameters were comparable. (Table 3) 

Table 3. Comparison between sensitized and non-sensitized ACO and asthma patients: 

 

ACO 

P 

Asthma 

P 
value 

Positive A. 
fumigatus 

(n= 13) 

Negative 

A. fumigatus  
(n= 17) 

Positive 

A. fumigatus 

(n=8) 

Negative 

A. fumigatus 

(n-22) 

Smoking  

Active  

Passive  

Non smoker 

 

5 (38.5%) 

8 (61.5%) 

0(0%) 

 

8 (47.1%) 

9 (52.9%) 

0(0%) 

NSa 

 

0 (0%) 

0 (0%) 

8(100%) 

 

1(4.5%) 

1(4.5%) 

20 (90.9%) 

NSa 

Age (years) 46.54 ± 4.67 50.47 ± 7.42 NSb 47.63 ± 5.53 47.64 ± 8.11 NSb 

Disease duration 
(years) 

17(10 – 22.50) 15(11 – 18) NSc 6 (5.25-15.25) 12(8-20.00) NSc 

Total IgE level 
(IU/ml) 

250(92.5 – 1100) 170(62 – 272.5) NSc 101(21 – 716) 
87.5(24 – 
129.75) 

NSc 

Eosinophils 

(cells/L) 
400(350 – 790) 320(220 – 390) 0.017c 

355(166.75 – 
421) 

160 (87.5–332) NSc 

FEV1% pred (after 
BD) 

67.85 ± 6.49 63.18 ± 11.73 NSb 77.19 ± 8.43 86.86 ± 5.87 0.001b 

FEV1/FVC (after 
BD) 

63.91 ± 5.67 60.42 ± 8.65 NSb 69.16 ± 7.39 80.53 ± 8.07 0.002b 

a: Chi- square test, b: Independent t test, c: Mann Whitney test, categorical data are expressed as n (%) numerical, mean 
±SD or median (interquartile range), ACO: asthma COPD overlap, A. fumigatus: Aspergillus fumigatus, BD: bronchodilator, 
FEV1%: forced expiratory volume in first second, FEV1/FVC%: forced expiratory volume in first second: forced vital capacity, 
% pred: percentage of predicted. P>0.05 is not significant (NS). 

 

Table 4 provides a comparison between all A. 
fumigatus sensitized patients in the study 
(n=21) to non- sensitized (n=39). Blood 
eosinophil count was significantly higher among 
sensitized patients (P=0.002). Moreover, post-

bronchodilator FEV1/FVC was significantly lower 
in sensitized patients (P=0.025). Apart from 
that, they were comparable regarding age, 
disease duration, total IgE and FEV1%. 

Table 4. Comparison of clinical and laboratory findings between A. fumigatus sensitized and non- 
sensitized patients. 

 
A. fumigatus sensitized  

(n= 21) 
A. fumigatus Non-sensitized 

(n= 39) 
P value 

Age (years) 46.95 ± 4.90 48.87 ± 7.84 NSa 

ACO (n=30) 13 (62%) 17 (43.5%) NSc 

Disease duration (years) 14 (6– 20) 14(9 – 20) NSb 

Total IgE level (IU/ml) 170(72.5 – 1000) 110(28.9 – 225) NSb 

Eosinophils (cells/L) 400(335 – 665) 250(110 – 350) 0.002*b 

FEV1 % pred (after BD) 71.40 ± 8.47 76.54 ± 14.78 NSa 

FEV1/FVC (after BD) 65.91 ± 6.73 71.77 ± 13.02 0.025*a 
a: Independent t test, b: Mann Whitney test, c: Chi- square, data are represented as mean ±SD or median (interquartile 
range), A. fumigatus: Aspergillus fumigatus, BD: bronchodilator, FEV1%: forced expiratory volume in first second, 
FEV1/FVC%: forced expiratory volume in first second: forced vital capacity, % pred: percentage of predicted value, P>0.05 is 
not significant (NS). 
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Discussion 

This study was conducted on 60 individuals; 30 
were diagnosed as bronchial asthma (according 
to GINA 2018)12, and 30 were diagnosed as ACO 
according to sin et al.4 criteria proposed in 2016.  

All ACO patients encompassed in our study 
were smokers, 13 of them were active smokers 
with median smoking index 25, and the 
remaining were passive smokers for more than 
10 years. This was significantly higher than in 
asthmatic group which comprised only 1 active 
and 1 passive smokers. This finding agrees with 
Park et al.15 and Sevimli et al.16 who found a 
significantly higher percentage of smokers in 
ACO group versus the asthmatic patients. ACO 
criteria mandated being smoker for 10 
pack/year or exposed to equivalent indoor or 
outdoor air pollution. 4  

Both groups were comparable regarding the 
presence of atopy (associated allergic rhinitis 
and \or chronic urticaria). On the contrary, 
Sevimli et al.16 evaluated the presence of allergic 
comorbidity in ACO patients and found that it 
was significantly lower than that in patients 
with asthma (P<0.05). As stated in GINA 20203, 
ACO patient has many phenotypes one of them 
is an adult with long history of asthma whose 
pulmonary functions show persistent airflow 
limitation. So, this may explain why both groups 
were comparable in our study regarding atopic 
status.  

Blood eosinophil count and serum total IgE 
level results showed significantly higher levels 
amongst ACO patients compared to asthma 
patients (P=0.003, 0.007 respectively). Results 
for serum total IgE were in line with that of Papi 
et al.17and Lee et al.18 who found significantly 
higher serum total IgE levels among ACO group 
versus asthma patients. However, unlike our 
study, Lee et al.18 found that blood eosinophil 
count was lower among ACO group compared 
to asthma patients (P=0.02). On the other hand, 
Park et al.15 and Sevimli et al.16 found no 
significant difference in serum levels of total IgE 
or blood eosinophil count between asthmatics 
and ACO patients. This discrepancy could have 
many possible explanations. First, it could be 
due to the high prevalence of associated atopy 
among ACO patients in our study (66.7%). In 

addition, blood eosinophil count above 300/ L 

was a minor criterion for diagnosing ACO 
patients according to Sin et al., 2016. Lastly, all 
ACO patients in our study were either active or 
passive smokers in contrast to the asthma only 
group which included only 2 smokers. Smoking 
is known to cause elevation of eosinophil count 
in blood.19 

Pulmonary function tests were done for both 
groups in our study and was a cornerstone for 
detecting ACO patients. The FEV1/FVC % ratio 
didn’t exceed 70% in ACO patients satisfying 
one of the major criteria for diagnosis. ACO 
group showed lower post BD FEV1 and FEV1/FVC 
% than that of asthma group. These results are 
consistent with previous research.15,20,21 

Many studies stated that the diagnosis of 
fungal sensitization can be made either with by 
skin testing or measuring specific IgE levels.8,22 

Accordingly, we used both methods which 
yielded almost similar results with concordance 
of 85.7% between both techniques. Our results 
showed that IgE sensitization to A. fumigatus 
(by skin test or sIgE) was found in 26.7% of 
asthma patients. This corroborates previous 
results such as 21.5%23, 27.6%24, and 35.1%25. In 
contrast, another study found that only 6.6% of 
asthmatic patients were sensitized to A. 
fumigatus.2 The mean age of asthmatic patients 
included in their study was 16.61 ± 12.31 years 
versus 47.63 ± 7.42 years in our asthma group 
which may explain the discrepancy in results. 
On the other hand, another study reported that 
39.5% of asthmatic patients were Aspergillus 
sensitized.27 This discrepancy could be 
attributed to varieties in genetics, race, 
geographical and climatic conditions. 

Our results revealed that that 43.3% of ACO 
patients were sensitized to A. fumigatus. On the 
contrary, Tanosaki et al.28 mentioned that fungal 
sensitization collectively (Aspergillus, Alternaria, 
cladosporium, Penicillium and Trichophyton) in 
ACO patients was only 29%. Diagnosis was only 
done by detecting serum specific IgE to these 
allergens without performing SPT. This may 
explain the higher prevalence in our study.  

Prevalence of sensitization to A. fumigatus 
was higher in ACO patients (43.3%) compared to 
asthmatic patients (26.7%), but the difference 
between both groups was not significant 
(P=0.17). Prior studies have noted that 
sensitization to A. fumigatus was prevalent 
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among COPD patients 13%11, 18%29. This 
considerable prevalence among pure COPD 
patients may explain why ACO patients show 
slightly higher results than asthma in our study. 

In our study we compared A. fumigatus IgE-
sensitized and non-sensitized asthmatic patients 
as regards the various parameters in our study. 
No significant difference was revealed regarding 
age and disease duration. Concerning 
pulmonary functions, sensitized asthmatic 
patients showed significantly lower post-BD 
FEV1% and FEV1/FVC (P= 0.001 and 0.002 
respectively) compared to non-sensitized 
patients. These results suggest that fungal 
sensitization could be an important risk factor 
for asthma severity. This comes in line with 
previous studies observations, where poorer 
lung functions were noted among Aspergillus 
sensitized patients with asthma compared to 
non-sensitized ones.30,31 Another important 
finding was that higher total IgE and blood 
eosinophil count was observed among 
sensitized group; nevertheless, unlike previous 
studies30, it did not reach statistical significance 
(P value 0.55, 0.07 respectively). This might 
have happened due to the small sample size of 
sensitized asthmatic patients in our study. 

On comparing aspergillus sensitized and non-
sensitized ACO patients, results were 
comparable regarding pulmonary functions, 
total IgE and smoking status. Only blood 
eosinophil count was significantly higher among 
sensitized compared to non-sensitized ACO 
patients (P=0.017). On the contrary, Tanosaki et 
al.28 compared fungal sensitized with non- 
sensitized ACO patients and found that total IgE 
was significantly higher among sensitized 
patients (p=0.003), while there was no 
difference in blood eosinophil counts between 
both groups. In addition, airflow limitation was 
comparable between both groups (P=0.139). 
Tanosaki et al. studied fungal sensitization 
globally, while our study was on A. fumigatus 
only, this may explain inconsistency of results.  

On comparing all study patients A. fumigatus 
sensitized to non-sensitized ones, it was obvious 
that ACO patients constituted higher proportion 
in sensitized group (62%) than in non-sensitized 
group (43.5%), also Blood eosinophil count was 
significantly higher among A. fumigatus 
sensitized patients (P=0.002). This corroborates 
a recent study conducted in 202032. Besides, 

post-BD FEV1/FVC of patients sensitized to 
aspergillus was significantly lower than in non-
sensitized group (P=0.025). Otherwise, no 
significant difference was found as regards age, 
disease duration, total IgE and post-BD FEV1%. 

Our data suggest that sensitization to A. 
fumigatus may play a role in ACO disease 
course. Further studies on ACO patients with 
larger sample size should be conducted to help 
understand the course of the disease and best 
ways for management. Also, screening all ACO 
patients for fungal sensitization might be 
beneficial to ameliorate its lines of 
management.  
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