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Background: The efficacy of antifungal therapy in fungal-associated severe asthma remains 
controversial.
Objective: We aimed to evaluate the differences in the clinical presentation and response to 
antifungal therapy between severe asthmatics with fungal sensitization and positive fungal 
isolates.
Methods: This retrospective study included 73 patients with severe asthma from 
January 2004 to December 2017. We examined the presentation, medication, exacerbations, 
pulmonary function, serum IgE, blood eosinophils, and sputum culture results. Follow-up 
care was provided to each patient for minimum 3 years.
Results: We classified the patients into four groups: group 1, neither fungal sensitization nor 
fungal isolates in the sputum (n=16); group 2, positive fungal sensitization (n=16); group 3, 
positive fungal isolates (n=31); and group 4, concomitant positive fungal sensitization and 
positive fungal isolates (n=10). There were four participants in group 2, 15 in group 3, and 6 
in group 4 had received itraconazole therapy for 3 months. Patients in group 3 presented with 
lower serum IgE level than those in groups 2 and 4. Antifungal therapy significantly 
improved ACT score during the first year in groups 3 (from 18 [15–22] to 24 [23–24], 
p=0.0004) and resulted in a long-lasting ACT improvement till the third year in group 3 
(from 18 [15–22] to 24 [22–24], p=0.0013).
Conclusion: Antifungal therapy could effectively control the symptoms in patients with 
severe asthma with positive fungal isolates, contrary to those with merely fungal sensitiza
tion; therefore, highlighting the need for a more precise treatment strategy in future for 
fungal-associated severe asthma.
Keywords: fungal-associated asthma, severe asthma, fungal sensitization, antifungal 
therapy, itraconazole

Introduction
Severe asthma is prevalent in nearly 3.6% of asthmatics.1 However, the annual healthcare 
cost of each patient with severe asthma in UK is nearly twice of those with mild to 
moderate asthma.2 In Taiwan, the prevalence of severe asthma is around 6% and is also 
a burden in our health insurance care.3 Fungal sensitization is observed in some cases of 
asthma; several evidences have demonstrated the close correlation between fungal 
sensitization and the severity of asthma.4 Furthermore, sensitization to fungal allergens 
would characteristically increase the risk of severe asthma exacerbations, consequently 
requiring multiple hospital admissions and increased medical cost.5,6
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Severe asthma with fungal sensitization (SAFS) was 
first reported in 2006 by Denning et al.7 The definition of 
SAFS includes severe asthma, fungal sensitization demon
strated by a positive skin prick test response or specific 
IgE to at least one of 7 fungi and no evidence of allergic 
bronchopulmonary aspergillosis (ABPA).6 Sensitization to 
fungal allergens was associated with reduced lung 
function,8 frequent exacerbations, greater corticosteroid 
requirement,9 increased risk of life-threatening asthma.4 

Additionally, isolation of filamentous fungi in sputum 
indicated poorer forced expiratory volume in one second 
(FEV1).10 However, the phenotype of fungi associated 
with severe asthma remained unclear.

Antifungal therapy continues to be a controversial ther
apeutic modality in the SAFS patients. Denning et al 
demonstrated that orally administering itraconazole for 
32 weeks improved the quality of life of severe asthmatics 
with fungal sensitization.11 However, Agbetile et al 
reported that administering voriconazole for 3 months 
did not reduce the exacerbation or improve the quality of 
life of the patients; however, it improved the clinical 
response with regard to the positive sputum fungal 
culture.12

This study aimed to evaluate the clinical characteris
tics, inflammatory presentation in severe asthma asso
ciated with fungal sensitization, and attempted to identify 
the individuals who would benefit from antifungal therapy.

Methods
Subjects
This retrospective, observational study was conducted from 
January 2004 to December 2017 at the Linkou Chang Gung 
Memorial Hospital, Taiwan. Asthma diagnosis was consid
ering a clear clinical history of asthma and evidence of 
variable airflow obstruction and its reversibility (>12% 
and 200 mL increase in FEV1) after inhaling bronchodila
tors, or evidence of hyperresponsiveness on methacholine 
challenge with PC20<8 mg/mL, as recommended.13 Patients 
were included if they were ≥18 years of age and were 
receiving step 5 Global Initiative for Asthma (GINA) treat
ment, with high doses of inhaled corticosteroids (>500 μg 
equivalent of fluticasone per day) and long-acting beta 
agonists. Subjects were excluded if they either presented 
with invasive fungal infection, allergic bronchopulmonary 
aspergillosis (ABPA), and cystic fibrosis. We recorded the 
following demographic characteristics: age, gender, smok
ing status and body mass index (BMI), comorbidity, serum 

IgE level, eosinophil counts in exacerbation, eosinophil 
cationic protein (ECP), sputum fungus culture, pulmonary 
function, medication, asthma control test score (ACT) and 
exacerbation. All the patients were followed up for at least 
3 years.

The patients were categorized according to their fungal 
sensitization status and sputum fungal isolate results: group 
1, neither fungal sensitization nor fungal isolates from spu
tum; group 2, positive fungal sensitization; group 3, positive 
fungal isolates; and group 4, concomitant fungal sensitiza
tion and positive fungal isolates. The antifungal prescriptions 
were decided by clinical physicians. The patients in groups 
2, 3, and 4 were further divided into the observe and itraco
nazole group (itraconazole 100 mg twice daily for 3 months). 
Changes in pulmonary function, ACT score, and exacerba
tions after antifungal therapy were subsequently evaluated.

The study was approved by the institutional review 
board of Chang Gung Memorial Hospital (approval no. 
CGMH 101–4591B). Informed consent was waived due to 
the retrospective nature of this study, along with no mod
ifications in patient management. All personal information 
was encrypted in the database, and patient data accessed 
was de-identified. There was no breach of privacy.

Definitions and Classifications
Definition of severe asthma was based on the interna
tional ERS/ATS guidelines11 and the Global Initiative for 
Asthma (GINA) 2019 criteria (www.ginasthma.com). 
Acute exacerbations (AE) was defined as an event that 
was clinically diagnosed by a physician and required 
systemic steroid prescription for acute onset of increas
ing cough, worsening dyspnea, and chest tightness as 
described previously.14 We recorded the AE baseline 
frequency in 3 years before evaluating fungal sensitiza
tion, along with emergency department (ED) visits and 
hospitalization due to asthma AE. Allergen-specific IgE 
levels were determined using a commercial assay for IgE 
(ImmunoCAP; Phadia). SAFS diagnosis was performed 
to evaluate the positive reaction in the specific IgE anti
body test against specific fungi (one or more positive 
results against eight types of fungi), according to the 
diagnostic criteria proposed by Agarwal et al.15

Measurements of Lung Function
Pulmonary function test including forced expiratory 
volume in one second (FEV1), forced vital capacity 
(FVC), and FEV1/FVC ratio was performed with 
a spirometer according to the ATS and the ERS criteria.16
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Fungal Culture and Identification
If the physician suspected the patients were fungal asso
ciated with severe asthma, the sputum plugs were collected 
prior to this study and plated directly onto fungal-specific 
culture media and incubated at 37°C for approximately 7 
days.8 The fungi were classified according to the macro
scopic and microscopic morphology. The fungal species 
were subsequently isolated and confirmed via sequencing 
and using PCR conditions as previously described.10

Statistical Analysis
Categorical variables were described using counts (percen
tages). Parametric data were expressed as means ± 
standard deviation (SD). Among the group comparisons, 
one-way analysis of variance (ANOVA) followed by 
Dunnett’s test, where appropriate, was used to determine 
the statistical significance of the difference between 
means. The follow-up parametric data were compared 
using the paired Student’s t-test. Non-parametric data 
were determined by chi-squared tests. All analyses were 
two-sided, and p<0.05 was considered statistically signifi
cant. Statistical analyses were performed using Prism ver
sion 5 (GraphPad Software Inc., La Jolla, CA, USA).

Results
Patients Baseline Characteristics
Data from all 73 adult patients diagnosed with severe asth
matics were analyzed, of which 16 were in group 1, 16 in 
group 2, 31 in group 3, and 10 in group 4. Table 1 sum
marizes the clinical characteristics of all patients. The four 
groups were not significantly different considering the 
following parameters: age, gender, BMI, smoking status, 
non-fungal sensitization status, ECP level, comorbidities 
(including sinusitis, GERD and bronchiectasis), add-on 
therapies including systemic steroids, anti-IgE therapy of 
omalizumab and long-acting muscarinic antagonist 
(LAMA), ACT scores, and acute exacerbations. In patients 
with fungal sensitization (groups 2 and 4), 100% had sensi
tization to non-fungal allergen and only half of those without 
fungal sensitization (groups 1 and 3) had sensitization to non- 
fungal allergen (p=0.0003). Compared to groups 1, group 4 
had greater eosinophil count in acute exacerbation (178 
[69–303] vs 264 [215–657], p=0.023, Table 1 and Figure 
1A). Compared to group 3, groups 2 and 4 had significantly 
higher IgE levels (82 [22–230] vs 809 [264–1296], 
p<0.0001; 82 [22–230] vs 275 [122–748], p=0.0008, respec
tively; Table 1 and Figure 1B).

Table 1 Clinical Characteristics of the Four Groups of Severe Asthma According to Fungal Sensitization Status and Fungal Isolates 
from Sputum

Characteristics Group 1 n = 16 Group 2 n = 16 Group 3 n = 31 Group 4 n = 10 p value

Age, years 69 (63–82) 66 (53–78) 67 (61–73) 67 (54–76) 0.749

Male, n (%) 9 (56) 8 (50) 17 (55) 8 (80) 0.468

BMI, kg/m2 24 (22–27) 27 (26–31) 24 (22–28) 23 (21–25) 0.200
Smoking status, n (%) 5 (31) 5 (31) 10 (32) 3 (30) 0.999

Sensitized to non-fungal allergen, n (%) 7 (44) 16 (100) 17 (55) 10 (100) 0.0003

ECP, μg/L 8 (4–11) 7 (3–13) 7 (3–25) 9 (7–27) 0.756
EOS in AE, counts/μL 178 (69–303) 272 (149–365) 157 (71–363) 264 (215–657) 0.116

IgE, IU/mL 125 (41–395) 809 (264–1296) 82 (22–230) 275 (122–748) <0.0001

FEV1, L 1.2 (0.8–1.4) 1.3 (1.0–2.1) 1.4 (0.8–1.9) 1.5 (0.8–2.0) 0.554
FVC, L 1.8 (1.4–2.1) 2.2 (1.5–2.6) 2.0 (1.4–2.4) 2.2 (1.3–2.8) 0.805

Sinusitis, n (%) 8 (50) 8 (50) 20 (65) 7 (70) 0.648
GERD, n (%) 7 (44) 9 (56) 10 (32) 5 (50) 0.422

Systemic corticosteroid, n (%) 3 (19) 7 (44) 9 (29) 4 (40) 0.433

Omalizumab, n (%) 6 (38) 6 (38) 10 (32) 3 (30) 0.963
LAMA, n (%) 5 (31) 4 (25) 7 (23) 3 (30) 0.917

ACT 21 (20–23) 22 (21–24) 21 (17–23) 22 (18–23) 0.236

AE, n 3 (1.3–4.5) 2.5 (1.0–4.8) 2 (0–5) 1.5 (0–3.5) 0.811
ED visits, n 0 (0–1) 0 (0–1) 0 (0) 0.5 (0–1) 0.179

Hospitalization, n 0 (0–1) 0 (0–1) 0 (0) 0 (0–1) 0.132

Notes: Group 1, neither fungal sensitization nor fungal isolates from sputum; Group 2, positive fungal sensitization; Group 3, positive fungal isolates; Group 4, concomitant 
fungal sensitization and positive fungal isolates. Data are present as median (IQR). 
Abbreviations: BMI, body mass index; GERD, gastroesophageal reflux disease; ACT, asthma control test; ECP, eosinophil cationic protein; EOS, eosinophil; AE, acute 
exacerbations; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; LAMA, long-acting muscarinic antagonists; ED, emergency department.
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Follow-Up Status
Median follow-up duration was 6.1 years [2.9–7.4]. Four 
patients in group 2, 15 in group 3, and 6 in group 4 had 
received itraconazole 100 mg twice daily for 3 months. 
Baseline FEV1 and FVC values were relatively similar for 
the four groups, following which groups 2–4 were further 
divided into the observe and itraconazole groups (Table 2). 
There was no significant change in the baseline and fol
low-up FEV1 and FVC values in the first year between 
groups 1, 2 and group 4, along with the observe subgroups 
of groups (Table 2 and Figure 2). Patients in group 3 who 
underwent itraconazole therapy showed significantly FVC 
improvement in the first year (from 2.0 [1.2–2.4] to 2.1 
[1.7–2.5], Δ0.37±0.36, p=0.0014, Table 2 and Figure 2). 
The follow-up ACT score in the first year was comparable 
between groups 1, 2 and 4, along with the observe sub
groups of group 3 (Table 2 and Figure 2). Patients in group 
3 who underwent itraconazole therapy demonstrated 
a greater improvement in the ACT scores at the first-year 
follow-up than the baseline ACT (from 18 [15–22] to 24 
[23–24], Δ5.7±4.5, p=0.0004, Table 2 and Figure 2).

The  
FEV1 and FVC follow-up values in the third year were 
similar for all the groups (Table 2 and Figure 3). The 
follow-up ACT score at the third year of itraconazole 
subgroup in the group 3 improved persistently when com
pared to the baseline ACT score (from 18 [15–22] to 24 
[22–24], Δ6.8±5.5, p=0.001, Table 2 and Figure 3). With 
regard to exacerbations, the itraconazole subgroup of 
group 3 also showed significant decline in AE than the 

baseline AE (from 2.0 [0–7.0] to 1.0 [0–2.0], Δ-2.6±3.5, 
p=0.017, Table 2).

Fungal Sensitization Species and Fungal 
Isolated Species
Among the 73 severe asthmatics, 26 presented with fungal 
sensitization, of which had multiple fungal sensitization. 
Penicillium chrysogenum was the most common sensitiza
tion species found (15 of 26, 58%), followed by Aspergillus 
fumigatus (14 of 26, 54%) and Cladosporium herbarum (6 of 
26, 23%, Table 3). Forty-one patients had positive fungal 
isolates from sputa, 29 had multiple fungal isolates, while the 
remaining 12 had a single fungal isolate. Penicillium spp. 
was also the most common identified species (18 of 41, 
44%), followed by Cladosporium spp. (17 of 41, 41%) and 
Aspergillus spp. (13 of 41, 32%, Table 3). Seven patients 
presented with an undifferentiated mold.

Discussion
This is possibly the first study to investigate the effective
ness of antifungal therapy and the inflammatory character
istics in severe asthmatics with fungal sensitivity and fungal 
isolation from sputum. Our study demonstrated that low 
dose of antifungal therapy could effectively improve lung 
function and acute exacerbation in patients with severe 
asthma with positive fungal isolates, contrary to those 
with merely fungal sensitization. Compared to patients 
with fungal sensitization, those presenting with only posi
tive fungal isolates demonstrated relatively lower serum 
IgE levels. Moreover, the ACT score increased significantly 
after antifungal therapy among the severe asthmatic patients 

Figure 1 Comparison of blood eosinophil counts during the exacerbation of the inflammation and serum IgE levels in patients with severe asthmatics in the four groups 
according to the fungal sensitization status and sputum fungal isolate results. 
Notes: Group 1, neither fungal sensitization nor fungal isolates from sputum; Group 2, positive fungal sensitization; Group 3, positive fungal isolates; Group 4, concomitant 
fungal sensitization and positive fungal isolates. (A) blood eosinophil counts in exacerbation; (B) serum IgE levels. 
Abbreviation: EOS, eosinophil counts.
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with positive fungal isolates, but remained constant in those 
with fungal sensitization. Taken together, the stratification 
of fungal colonization or fungal sensitivity is very important 
for a more precise treatment strategy in future for fungus- 
associated severe asthma.

Asthmatics with fungal exposure and sensitization, 
along with the isolation of fungal filaments from the spu
tum typically demonstrated lower post-bronchodilator 
FEV1.8,10,17,18 Patients with fungal sensitization may also 
present with frequent exacerbations, greater corticosteroids 
requirement, need for ICU admission, and mechanical 
ventilation.4,9 However, in our current study, the pulmon
ary functions are comparable in each group. Additionally, 
acute exacerbation events, ED visit, and hospitalization 
were similar in each group.

Fungi are linked to Th2 cell-related airway inflammation 
and may participate in the pathogenesis, with increased 
serum eosinophil counts, IgE and IL-33 levels.4,8,9,19,20 

Fungal colonization is considered an important part of fungal 
sensitization and persistent airway inflammation.7,21 Recent 
study from Saglani group22 demonstrated that pediatric 
SAFS was associated with higher IgE level, maintaining 
oral steroids and higher IL-33 levels. They indicated that 
fungal sensitivity associated with severe asthma may be 
related to IL-33-mediated type 2 inflammation. Thus, the 
fungal sensitization groups presented with relatively higher 
IgE level, compatible with previous study.22 However, no 
study has evaluated the blood eosinophil count and serum 
IgE level in the patients presenting with fungal isolation 
without fungal sensitization. Asthmatics with both fungal 

Table 2 Comparison of Baseline and Follow-Up Pulmonary Function, ACT Scores, Exacerbations in the Four Groups of Severe 
Asthma According to the Fungal Sensitization Status, Fungal Isolates from Sputum and Antifungal Treatment

Group 1 Group 2 Group 3 Group 4 p value

Observe 

n = 16

Observe 

n = 12

Itraconazole 

n = 4

Observe 

n = 16

Itraconazole 

n = 15

Observe 

n = 4

Itraconazole 

n = 6

Baseline FEV1, L 1.2 (0.8–1.4) 1.4 (1.0–2.3) 1.2 (1.0–1.7) 1.5 (1.2–1.9) 1.4 (0.7–1.7) 1.6 (1.1–2.1) 1.3 (0.8–2.0) 0.750

Followed (1Y) FEV1, L, 1.1 (0.7–1.5) 1.5 (1.2–2.1) 1.2 (1.0–1.6) 1.6 (1.3–2.1) 1.5 (0.9–1.8) 1.6 (1.1–1.9) 1.3 (0.8–2.6) 0.671

Difference in (1Y) FEV1, L,# 0.05±0.30 

p=0.497

0.07±0.41 

p=0.555

−0.04±0.06 

p=0.351

0.11±0.28 

p=0.120

0.08±0.20 

p=0.126

−0.08±0.13 

p=0.310

0.36±0.74 

p=0.284

Followed (3Y) FEV1, L 1.0 (0.8–1.2) 1.4 (0.8–2.0) 0.9 (0.9–1.3) 1.3 (0.7–1.5) 1.3 (1.0–1.9) 1.1 (0.6–1.9) 1.9 (1.0–2.3) 0.560

Difference in (3Y) FEV1, L,@ −0.11±0.29 

p=0.135

−0.12±0.28 

p=0.177

−0.07±0.24 

p=0.587

−0.04±0.28 

p=0.643

−0.04±0.34 

p=0.694

0.13±0.35 

p=0.515

−0.14±0.23 

p=0.317

Baseline FVC, L 1.8 (1.4–2.1) 2.2 (1.5–2.7) 1.9 (1.4–2.4) 1.9 (1.4–2.8) 2.0 (1.2–2.4) 1.9 (1.3–2.8) 2.2 (1.7–2.8) 0.890

Followed (1Y) FVC, L, 1.8 (1.2–2.2) 2.2 (1.8–2.5) 2.0 (1.4–2.3) 2.1 (1.7–3.1) 2.1 (1.7–2.5) 2.2 (1.8–2.6) 2.1 (1.5–3.6) 0.892

Difference in (1Y) FVC, L, # 0.02±0.39 

p=0.855

−0.01±0.37 

p=0.946

0±0.09 

p=0.999

0.18±0.36 

p=0.071

0.37±0.36 

p=0.0014

−0.02±0.18 

p=0.838

0.54±0.89 

p=0.200

Followed (3Y) FVC, L, 1.7 (1.3–2.0) 2.1 (1.4–2.5) 1.9 (1.4–2.4) 1.9 (1.6–2.8) 1.9 (1.6–2.4) 2.0 (1.2–2.6) 2.3 (1.4–2.8) 0.987

Difference in (3Y) FVC, L, @ −0.06±0.37 

p=0.533

−0.13±0.42 

p=0.310

−0.002±0.37 

p=0.990

0.13±0.40 

p=0.216

0.18±0.42 

p=0.123

−0.06±0.59 

p=0.852

−0.08±0.32 

p=0.652

Baseline ACT 21 (20–23) 22 (21–24) 22 (17–24) 23 (20–24) 18 (15–22) 22 (16–24) 22 (18–23) 0.043

Followed (1Y) ACT 22 (21–23) 22 (19–24) 22 (17–24) 23 (21–24) 24 (23–24) 23 (21–23) 24 (23–24) 0.334

Difference in (1Y) ACT, # 0.6±2.6 

p=0.389

0±1.8 

p=0.999

0±6.5 

p=0.999

0.7±2.6 

p=0.355

5.7±4.5 

p=0.0004

1.8±4.6 

p=0.499

2.7±2.7 

p=0.057

Followed (3Y) ACT, 22 (17–23) 24 (23–24) 24(21–24) 23 (21–24) 24 (22–24) 24 (20–24) 20 (19–23) 0.169

Difference in (3Y) ACT, @ −1.3±5.3 

p=0.447

1.3±2.6 

p=0.146

2.3±4.8 

p=0.417

1.1±2.6 

p=0.192

6.8±5.5 

p=0.0013

2.3±2.1 

p=0.117

0.0±2.0 

p=0.999

Baseline AE, 3.0 (1.3–4.5) 1.0 (0.3–3.8) 5.0 (3–8.5) 1.0 (0–4.0) 2.0 (0–7.0) 2.5 (0–5.8) 1.5 (0–2.3) 0.086

Followed (3Y) AE, 2.0 (1.3–4.0) 3.5 (0.3–8.3) 4.5 (4.0–5.8) 0 (0–1.0) 1.0 (0–2.0) 3.5 (0.8–5.5) 1.5 (0–2.5) 0.0008

Difference in (3Y) AE@ −0.3±1.5 

p=0.416

1.5±3.0 

p=0.391

−0.8±3.9 

p=0.724

−0.5±0.8 

p=0.053

−2.6±3.5 

p=0.017

0.5±1.7 

p=0.604

0.2±2.1 

p=0.856

Notes: Group 1, neither fungal sensitization nor fungal isolates from sputum; Group 2, positive fungal sensitization; Group 3, positive fungal isolates; Group 4, concomitant 
fungal sensitization and positive fungal isolates. Data are present as median (IQR). Difference are present as mean ± standard deviation. #Difference in first year compared 
with baseline data. @Difference in 3rd year compared with baseline data. 
Abbreviations: Y, year; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ACT, asthma control test; AE, acute exacerbations.
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sensitization and fungal isolates showed the highest eosino
phil counts at exacerbations. However, to our surprise, severe 
asthmatics with positive fungal isolates and without fungal 
sensitization demonstrated relatively low serum IgE levels. 
This finding implicated that fungal sensitization and coloni
zation may be involved in different inflammatory processes.

There were two large, randomized control trials focus
ing on antifungal therapy for asthmatics with fungal sen
sitization. Denning et al enrolled 58 asthmatics who were 
being treated with the British Thoracic Society (BTS) step 
4 treatment and demonstrated that 200 mg of itraconazole, 
twice daily, for 32 weeks improves the quality of life and 
decreases serum IgE level.11 Alternatively, 3 months ther
apy with 200 mg of voriconazole twice daily failed to 
improve the exacerbations and quality of life for 59 mod
erate-to-severe asthmatics.12 However, with regard to spu
tum culture in the same study, there was a significantly 
greater number of responders in the voriconazole group 
than in the placebo group, despite the incomplete sputum 
clearance. It is challenging to deduce a meaningful com
parison due to the small number of subjects with definitive 
sputum data.12 Here, we evaluated the treatment response 
in severe asthmatics who were considered as uncontrolled 

under the GINA step 5 therapy and classified according to 
the fungal sensitization status and fungal isolates from 
sputum. Antifungal therapy most significantly improved 
ACT in those with positive fungal isolates, but had no 
remarkable benefits in those with simply fungal sensitiza
tion. In patients with fungal sensitization without fungal 
isolation, antifungal therapy alone may not be able to 
eliminate the stimulation from environment fungi. 
Unavoidable environmental exposure may also explain 
the modest response of the antifungal therapy during the 
first year in patients with both fungal sensitization and 
positive fungal isolates. Systemic steroid administration 
may produce desirable outcomes for asthmatics with fun
gal sensitization with a predominant Th2 inflammation 
presenting as high IgE level. Nevertheless, long-term ster
oid exposure had several complications and increased 
medical costs.2,23 Moreover, Fraczek et al demonstrated 
that patients receiving steroid therapy had significantly 
higher levels of fungus load in their bronchoalveolar 
lavage, independent of the antifungal therapy.24 Increased 
fungal load deteriorated the airway inflammation, subse
quently resulting in a vicious cycle. Considering the 
numerous inflammatory processes between fungal 

Figure 2 Comparison of the changes in the FEV1, FVC, and ACT scores during the first year, among severe asthmatics in the four groups according to the fungal 
sensitization status and sputum fungal isolate results. 
Notes: Group 1, neither fungal sensitization nor fungal isolates from sputum; Group 2, positive fungal sensitization; Group 3, positive fungal isolates; Group 4, concomitant 
fungal sensitization and positive fungal isolates. *Statistical significance. 
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ACT, asthma control test.
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sensitization, fungal colonization status, and persistent sti
mulation from environmental fungi, a combination of anti
fungal treatment and antibody therapies targeting the Th2 
inflammation pathway, such as the anti-IgE or anti-IL5 
antibodies, may improve fungal sensitization in patients.

Alternaria alternata is associated with SAFS22 that we 
observed in fungal sensitized people; however, this was 
not observed in fungal colonized people. The possibility is 
that Alternaria species are mesophilic, growing at an opti
mum temperature of 18°C to 22°C. They are not thermo
tolerant fungi and may be unable to grow in body 

temperature. They rarely cause infection but can be 
encountered as allergens.21

Our study had several inherent limitations. First, this 
was a retrospective study and we only included severe 
asthmatics who were categorized as uncontrolled under 
the GINA step 5 therapy, which may have resulted in 
selection biases and diminished generalizability. 
Nevertheless, these patients may have the highest medical 
costs and require a more precise treatment strategy. 
Second, the dose of itraconazole, 100mg twice daily, is 
relatively low dose and we did not measure the serum drug 

Figure 3 Comparison of changes in the FEV1, FVC, and ACT scores during the third follow-up year among severe asthmatics in the four groups according to the fungal 
sensitization status and sputum fungal isolate results. 
Notes: Group 1, neither fungal sensitization nor fungal isolates from sputum; Group 2, positive fungal sensitization; Group 3, positive fungal isolates; Group 4, concomitant 
fungal sensitization and positive fungal isolates. *Statistical significance. 
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ACT, asthma control test.

Table 3 Fungal Sensitization Species and Fungal Isolated Species in Severe Asthmatics

Fungal Sensitization 
Species

Group 2 n = 16 
n (%)

Group 4 n = 10 
n (%)

Fungal Isolated 
Species

Group 3 n = 31 
n (%)

Group 4 n = 10 
n (%)

Penicillium chrysogenum 11 (69) 4 (40) Penicillium spp. 13 (42) 5 (50)

Aspergillus fumigatus 8 (50) 6 (60) Cladosporium spp. 13 (42) 4 (40)

Cladosporium herbarum 4 (25) 2 (20) Aspergillus spp. 9 (29) 4 (40)

Alternaria alternata 3 (19) 1 (10) Chrysonilia 7 (23) 3 (30)

Undifferentiated mold 5 (16) 2 (20)
Paecilomyces 2 (6) 1 (10)

Fusarium 2 (6) 0 (0)
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levels. We choose this dose because Asian people usually 
had relatively smaller body size and we used itraconazole 
in managing fungal-associated asthma by reducing fungal 
load and not for invasive fungal infection. Most of our 
patients did not sequentially follow the sputum fungal 
culture, which led to the loss of the status of fungal 
colonization after antifungal therapy. There were no 
adverse effects recorded in our observation. The appropri
ate itraconazole dose, serum drug level and adverse effects 
need further investigation. Finally, pulmonary functions in 
the third year had no significant difference between 
groups. This may attribute to the fact that the follow-up 
duration was not long enough, although our study had the 
longest follow-up duration than the other studies on the 
subject. Owing to the retrospective nature of our data, our 
sample size was limited. Further larger prospective studies 
are warranted to validate our results.

Conclusion
Fungal isolates from the sputum in severe asthmatics may 
present different inflammatory processes to those with 
fungal sensitization. Antifungal therapy could effectively 
control the symptoms in severe asthmatics with positive 
fungal isolates, but not in those with fungal sensitization. 
There is a need to device a more precise treatment strategy 
to treat fungus-associated asthma.

Abbreviations
SAFS, Severe asthma with fungal sensitization; FEV1, 
forced expiratory volume in one second; GINA, Global 
Initiative for Asthma; ABPA, allergic bronchopulmonary 
aspergillosis; BMI, body mass index; ECP, eosinophil 
cationic protein; ACT, asthma control test; AE, acute 
exacerbations; ED, emergency department; FVC, forced 
vital capacity; SD, standard deviation; LAMA, long- 
acting muscarinic antagonist.
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