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ABSTRACT

Purpose: Severe asthma with fungal sensitization (SAFS) is associated with life-threatening
exacerbation and severe airflow limitation. We aimed to investigate the prevalence of fungal
sensitization in asthma and clinical characteristics of SAFS.

Methods: This study analyzed data from the Cohort for Reality and Evolution of Adult
Asthma in Korea and the Korean Severe Asthma Registry cohorts. Study subjects were

447

ssaidjunuiy Aq pajessusn


http://crossmark.crossref.org/dialog/?doi=10.4168/aair.2025.17.4.447&domain=pdf&date_stamp=2025-06-04
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-0905-4649
https://orcid.org/0000-0003-0905-4649
https://orcid.org/0000-0003-0905-4649
https://orcid.org/0000-0001-5663-0640
https://orcid.org/0000-0002-4205-1434
https://orcid.org/0000-0003-1639-3606
https://orcid.org/0000-0003-4065-2962
https://orcid.org/0000-0001-7418-0049
https://orcid.org/0000-0001-8759-2982
https://orcid.org/0000-0002-1572-5149
https://orcid.org/0000-0002-9414-5934
https://orcid.org/0000-0002-4645-4863
https://orcid.org/0000-0002-9855-3185
https://orcid.org/0000-0002-3411-735X
https://orcid.org/0000-0002-9224-0866
https://orcid.org/0000-0003-3157-0447
https://orcid.org/0000-0002-7644-6469
https://orcid.org/0000-0002-4266-7722
https://orcid.org/0000-0001-6940-0836
https://orcid.org/0000-0002-1582-2256
https://orcid.org/0000-0003-2888-420X
https://orcid.org/0000-0002-5224-3077
https://orcid.org/0000-0001-8407-8080
https://orcid.org/0000-0001-5147-6306
https://orcid.org/0000-0001-8918-9353
https://orcid.org/0000-0002-4630-9922
https://orcid.org/0000-0001-8398-4444
https://orcid.org/0000-0003-0113-8354

Severe Asthma With Fungal Sensitization in Korea

Allergy, Asthma &
Immunology Research

Tae-Bum Kim
https://orcid.org/0000-0001-5663-0640
Sun-Young Yoon
https://orcid.org/0000-0002-4205-1434
Jae-Woo Kwon
https://orcid.org/0000-0003-1639-3606
Hye-Kyung Park
https://orcid.org/0000-0003-4065-2962
Sung-Ryeol Kim
https://orcid.org/0000-0001-7418-0049
Young-Hee Nam
https://orcid.org/0000-0001-8759-2982
Joo-Hee Kim
https://orcid.org/0000-0002-1572-5149
Young-Joo Cho
https://orcid.org/0000-0002-9414-5934
Ho Joo Yoon
https://orcid.org/0000-0002-4645-4863
Yoo Seob Shin
https://orcid.org/0000-0002-9855-3185
Jae-Woo Jung
https://orcid.org/0000-0002-3411-735X
Taehoon Lee
https://orcid.org/0000-0002-9224-0866
Yoon-Seok Chang
https://orcid.org/0000-0003-3157-0447
Sang-Heon Cho
https://orcid.org/0000-0002-7644-6469
Seung-Eun Lee
https://orcid.org/0000-0002-4266-7722
Byung-Jae Lee
https://orcid.org/0000-0001-6940-0836
Hwa Young Lee
https://orcid.org/0000-0002-1582-2256
Hyun Jung Jin
https://orcid.org/0000-0003-2888-420X
So-Young Park
https://orcid.org/0000-0002-5224-3077
Kyoung-Hee Sohn
https://orcid.org/0000-0001-8407-8080
Byung Keun Kim
https://orcid.org/0000-0001-5147-6306
Youngsoo Lee
https://orcid.org/0000-0001-8918-9353
Wo0-Jung Song
https://orcid.org/0000-0002-4630-9922
Sang-Heon Kim
https://orcid.org/0000-0001-8398-4444
Chan Sun Park
https://orcid.org/0000-0003-0113-8354

Disclosure
There are no financial or other issues that
might lead to conflict of interest.

https://e-aair.org

classified based on fungal sensitization and asthma severity. Clinical characteristics of
patients with severe asthma were compared according to fungal sensitization status.
Results: The rate of skin test positivity to fungi was 14.1% and 7.1% in severe asthma (n = 270)
and non-severe asthma (n = 2,605). Patients with SAFS were diagnosed with asthma earlier
than those with severe asthma without fungal sensitization (SANFS) (P=0.019), and had a
lower body mass index compared to the SANFS group (P = 0.044). Factional exhaled nitric
oxide levels and sputum eosinophilia/neutrophilia showed significant differences between
the SAFS and SANFS groups (all P < 0.05). Patients with SAFS were more frequently treated
with biologics (36.8% vs. 24.6%, P= 0.116) than those with SANFS. Multivariate analysis
revealed that early diagnosed asthma was significantly associated with SAFS.

Conclusions: The prevalence of fungal sensitization in severe asthma is approximately twice
as high as in non-severe asthma. Early diagnosed asthma may be a risk factor for SAFS, and
patients with SAFS face a greater burden of additional treatment compared to those with
SANFS. SAFS has a distinct airway inflammation profile that differentiates it from SANFS.

Keywords: Asthma; fungi; immunologic sensitization; eosinophils; neutrophils; biologics

INTRODUCTION

Asthma is a chronic inflammatory airway disease that affects approximately 300 million
people worldwide. It is characterized by episodic symptoms, including cough, wheezing,
and shortness of breath, variable airway obstruction and airway hyper-responsiveness.!
The heterogeneous nature of asthma poses significant challenges for accurate diagnosis
and treatment, particularly in patients with severe asthma.>? Patients with severe asthma
account for approximately 5% to 10% of the asthma population and are significantly
associated with increased morbidity, mortality, and socioeconomic burdens.* The costs
associated with severe asthma exceed 60% of the total costs for asthma management,’
and ongoing efforts are focused on understanding the heterogeneous characteristics and
mechanisms of severe asthma as well as identifying treatable traits to mitigate its impact.

In recent decades, the interplay between microbiome and asthma has been a topic of
investigation aimed at unraveling the pathophysiologic mechanisms underlying asthma.
Most previous studies on the respiratory microbiome have concentrated on bacterial
communities, with comparatively little attention given to fungi.® However, airborne fungi
are ubiquitous in the global environment and can contribute to respiratory diseases,
allergies, and other health issues, despite the highly effective host defense mechanisms
against them.”® Notably, Aspergillus fumigatus, Alternaria alternata, and Cladosporium herbarum are
recognized as important triggers in fungal allergy, although there are more than 2 million
species of fungi globally. Fungal sensitization has been shown to correlate with asthma
control and severity, with a higher prevalence of fungal sensitization observed in severe
asthma compared to non-severe asthma.’ Approximately 30% to 70% of patients with severe
asthma are sensitized to fungi, which is referred to as severe asthma with fungal sensitization
(SAFS), a newly identified phenotype.’®" SAFS is associated with reduced lung function,
frequent exacerbations, and increased risk of asthma-related mortality. However, clinical
characteristics, pathogenesis, and optimized treatment strategies for SAFS remain unclear,
and to date, only limited research has been conducted on this topic worldwide. Therefore,
this study aimed to investigate the prevalence of fungal sensitization in asthma according to
the disease severity and explore the clinical characteristics of SAFS in Korea.
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MATERIALS AND METHODS

Study population

The Cohort for Reality and Evolution of Adult Asthma in Korea (COREA) is a multicenter
asthma cohort established in 2005, comprising 21 university hospitals. These patients were
diagnosed with asthma by allergists and pulmonologists and exhibited symptoms such as
dyspnea, cough, sputum or wheezing for more than 3 months. All subjects demonstrated
significant airway hyper-responsiveness (the provocative concentration of methacholine
that results in a 20% fall in forced expiratory volume in one second [FEV1] < 16 mg/mL) or
positive bronchodilator responsiveness (improvement of FEV1 > 12% after inhalation of
180 ug of salbutamol) and were in stable condition with regular medications at the time of
enrollment.?

The Korean Severe Asthma Registry (KoSAR) cohort serves as a representative severe
asthma registry established in 2010 by the Working Group on Severe Asthma, the Korean
Academy of Asthma, Allergy, and Clinical Immunology, which includes adults with severe
asthma (> 18 years). This cohort is a multicenter study of severe and non-severe asthmatics
recruited from 39 university hospitals in Korea. All subjects had been treated by asthma
specialists for at least 1 year (https://www.severeasthmawg.com/html/).?

This retrospective cross-sectional study enrolled a total of 2,874 asthmatics from the COREA
and the KoSAR cohorts, all of whom underwent allergen skin prick testing (SPT). If any of

the subjects were enrolled in both cohorts, their data were combined into a single entry, and
patients with allergic bronchopulmonary aspergillosis (ABPA) were excluded from the study.

This study was approved by the Institutional Review Boards (IRBs) of Haeundae Paik Hospital
(IRB number: HPIRB 2024-06-002), and the requirement for informed consent was waived
due to the retrospective nature of the study.

Defining severe asthma and fungal sensitization

Severe asthma was defined as follows: patients with asthma who were not well-controlled
despite receiving treatment at the Global Initiative of Asthma step 4 of 5; patients with
asthma who were well-controlled but experienced more than one urgent care visit per year,
received burst steroid treatment more than 3 times a year, had exacerbations following a
reduction of 25% in oral or inhaled corticosteroids, or had ever experienced a near-fatal
asthma exacerbation.

Patients who underwent allergen SPT were included in the present study, and the
aeroallergens used in the SPT comprised a panel of 10 aeroallergens: Dermatophagoides
pteronyssinus, Dermatophagoides farina, tree mix, birch, oak, grass mix, ragweed, mugwort,
Japanese hop, A. alternata, A. fumigatus, cockroach, cat dander, dog hair. Fungal sensitization
was defined as a positive SPT response to A. alternata and/or A. fumigatus. The results of the
SPT were interpreted as positive if the mean diameter of the wheal was greater than or equal
to 3 mm, or greater than or equal to the response to histamine.

Data collection

Baseline data from the COREA and KoSAR cohorts were retrospectively reviewed to obtain
the following information: demographic information (sex, age, body mass index [BMI],
smoking status, and pets); comorbidities (allergic rhinitis, chronic rhinosinusitis, nasal

https://e-aair.org https://doi.org/10.4168/aair.2025.17.4.447 449


https://www.severeasthmawg.com/html/

Allergy, Asthma & AA] R
Severe Asthma With Fungal Sensitization in Korea Immunology Research

polyp, atopic dermatitis, diabetes mellitus, hypertension); Asthma Control Test (ACT) scores;
asthma exacerbation history (including emergency department [ED] visits, hospitalizations
and admissions of intensive care unit [ICU], either ever or within the past year); medical
treatment details (maintenance dose of inhaled corticosteroids [ICS]-expressed as the
budesonide-equivalent dose in mcg/day; use of systemic corticosteroids, including

maintenance systemic corticosteroids and total cumulative dosage over the last 6 months-
expressed as the prednisolone-equivalent dose in mg; use of biologics; and use of leukotriene
modifiers); lung function measurements (FEV1, FEV1/forced vital capacity [FVC], forced mid-
expiratory flow (FEF,s7s0,), and AFEV1% of the initial FEV1); and laboratory test results (white
blood cells [WBCs], blood eosinophil count [BEC], fractional exhaled nitric oxide [FeNO],
sputum eosinophils, and sputum neutrophils). Participants enrolled in the study received
standard medical care and pharmacological treatment, and data were collected at the time of
enrollment regarding patient characteristics, medication use, and disease status.

Sputum eosinophilia and neutrophilia were defined as sputum eosinophil percentages of >
3% and sputum neutrophil percentages of > 70%, respectively.

Statistical analysis

Statistical analyses were conducted using SPSS version 22.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were presented as mean + standard deviation, and categorical variables
were reported as absolute numbers and percentages. The t-test was employed to compare
continuous variables, while the y? test was used to compare categorical variables between
groups. Univariate and multivariate logistic regression were performed to assess the potential
risk factors for SAFS, with variables achieving a Pvalue of less than 0.05 in the univariate
analysis being included in the multivariate analysis. Pearson correlation analysis or Point-
Biserial correlation analysis were applied to evaluate the associations between inflammatory
biomarkers (FeNO and sputum eosinophils/neutrophils) and medication use (daily budesonide
dosage, total cumulative systemic corticosteroids dosage over last 6 months, biologic
treatments, and leukotriene modifiers). A P < 0.05 was considered statistically significant, and
significant Pvalues were adjusted for multiple comparisons using the Bonferroni correction.

RESULTS

Prevalence of fungal sensitization in patients with non-severe and severe
asthma

A total of 2,874 patients with asthma were enrolled in the present study (Fig. 1).

The participants were categorized in 2 steps. First, they were divided into two groups based
on asthma severity: 270 patients with severe asthma and 2,605 with non-severe asthma.
Subsequently, they were further stratified based on the presence or absence of fungal
sensitization: 38 patients of SAFS and 232 severe asthmatics without fungal sensitization
(SANES); 185 non-severe asthmatics with fungal sensitization and 2,420 non-severe
asthmatics without fungal sensitization. The prevalence of fungal sensitization was 14.1% in
severe asthma and 7.1% in non-severe asthma.

Demographic and clinical characteristics of patients with severe asthma
according to fungal sensitization

A total of 270 patients with severe asthma were included in the comparison, and
demographic and clinical characteristics of the SAFS (n = 38) and SANFS (n = 232) groups
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A total of 2,874 patients who were
conducted allergen skin prick test

Does a patient have
a severe asthma?

A,
270 patients with severe asthma who 2,605 patients with non-severe asthma who
conducted allergen skin prick test conducted allergen skin prick test

Is a patient
sensitized to fungi?

Is a patient
sensitized to fungi?

Yes No Yes No

38 of SAFS 232 of SANFS ‘ ’ 185 of non-SAFS 2,420 of non-SANFS

Fig. 1. A study flow diagram describing the selection of subjects.
SAFS, severe asthma with fungal sensitization; SANFS, severe asthma without fungal sensitization.

are presented in Tables 1and 2. Among 38 patients with SAFS, four were sensitized to fungi
alone, while the majority, 34 patients, were sensitized to other inhalant allergens in addition
to fungi.

There were no significant differences in age or sex between the 2 groups (Table 1). Patients
were diagnosed with asthma at a younger age in the SAFS group than in the SANFS group
(38.5+15.2 vs. 44.9 + 15.3 years, P=0.019). The BMI was significantly lower in the SAFS
group than in the SANFS group (23.6 + 4.2 vs. 25.1 + 4.0 kg/m?, P=0.044).

There were no significant differences in ACT score, lung function, or bronchial
responsiveness between the 2 groups. However, the ACT score, pre-FEV1/FVC, and pre-

FEF,s7s0, were lower in the SAFS group than in the SANFS group (Table 2).

In terms of inflammatory biomarkers, FeNO levels (50.3 + 56.9 vs. 75.0 + 51.9 ppb, P=0.036)
and proportion of sputum eosinophilia (50.0% vs. 85.7%, P =0.002) were significantly higher

Table 1. Comparison of demographic characteristics between patients with SAFS and SANFS

Characteristics SAFS (n = 38) SANFS (n = 232) P value
Sex, male 14 (36.8) 112 (48.3) 0.221
Age (yr) 52.2+13.8 53.5+14.8 0.595
Age at asthma diagnosis (yr) (n = 262) 38.5+15.2 44.9+15.3 0.019
Body mass index (kg/m?) 23.6 = 4.2 25.1+4.0 0.044
Never smoker 15 (39.5) 105 (45.3) 0.506
Pet owner (current) 9(23.7) 55(23.8) 0.987
Comorbidities
Allergic rhinitis 29/37 (78.4) 153/195 (78.5) 0.991
Chronic rhinosinusitis 17/35 (48.6) 73/170 (42.9) 0.578
Nasal polyp 9/34 (26.5) 30/172 (17.4) 0.234
Atopic dermatitis 4/34 (11.8) 14/179 (7.8) 0.499
Diabetes mellitus 4/35 (11.4) 20/172 (11.6) 0.973
Hypertension 7/34 (20.6) 46/171 (26.9) 0.443

Data are presented as mean = standard deviation or number (%).
SAFS, severe asthma with fungal sensitization; SANFS, severe asthma without fungal sensitization.
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Table 2. Comparison of clinical characteristics and laboratory findings between patients with SAFS and SANFS

Characteristics SAFS (n = 38) SANFS (n = 232) Pvalue
Asthma Control Test 17.5+ 5.5 18.8+ 4.6 0.098
Lung function
Pre-FEV1 (%) (n = 258) 71.2+18.6 68.1+ 18.9 0.368
Pre-FEV1/FVC (n = 267) 62.6+17.8 67.0+ 13.5 0.079
Pre-FEFs.750, (L/s) (n = 261) 1.3+1.0 1.6+1.1 0.223
AFEV1 % of the initial FEV1 (n = 83) 6.8+ 11.8 7.4 +10.8 0.812
Inflammatory biomarker
Total IgE (IU/mL) (n = 218) 578.3 + 720.0 483.3+716.4 0.468
WBC (*10° cells/uL) (n = 249) 8.1+92.3 8.0+2.9 0.748
BEC (cells/uL) (n = 239) 538.1+531.4 525.8 + 810.9 0.911
Sputum eosinophils > 3% 7/14 (50.0) 60/70 (85.7) 0.002
Sputum neutrophils > 70% 10/14 (71.4) 21/63 (33.3) 0.009
FeNO (ppb) (n = 160) 50.3 + 56.9 75.0+51.9 0.036
Treatments
ICS* (n = 237) 716.5 + 446.2 736.5+511.7 0.828
SCS use (last 6 months) 22/37 (59.5) 109/223 (48.9) 0.287
Maintenance of OCS (last 6 months) 4/37 (10.8) 29/194 (14.9) 0.616
Total dosage of SCS (last 6 months)™ (n = 120) 357.4+416.4 341.9 + 443.2 0.877
Biologics 14/38 (36.8) 57/232 (24.6) 0.116
Leukotriene modifiers 34/37 (91.9) 171/225 (76.0) 0.031
Asthma exacerbation related event
ED visit (ever) 20/35 (57.1) 89/196 (45.4) 0.270
ED visit (a previous year) 8/34(23.5) 33/183(18.0) 0.476
Hospitalization (ever) 17/36 (47.2) 83/195 (42.6) 0.715
Hospitalization (a previous year) 5/34(14.7) 31/184 (16.8) 0.810
ICU care (ever) 2/31 (6.5) 5/114 (4.4) 0.642
ICU care (a previous year) 1/31(3.2) 1/113(0.9) 0.385

Data are presented as mean = standard deviation or number (%).

SAFS, severe asthma with fungal sensitization; SANFS, severe asthma without fungal sensitization; FEV1,

forced expiratory volume in one second; FVC, forced vital capacity; FEFss.s, forced mid-expiratory flow; IgE,
immunoglobulin E; WBC, white blood cell; BEC, blood eosinophil count; FeNO, fractional exhaled nitric oxide;
ICS, inhaled corticosteroid; SCS, systemic corticosteroid; OCS, oral corticosteroid; ED, emergency department;
ICU, intensive care unit.

*Equivalent dose of budesonide, mcg/day; TEquivalent dose of prednisolone, mg.

in the SANFS group, whereas the SAFS group demonstrated a significantly higher proportion
of sputum neutrophilia (71.4% vs. 33.3%, P=0.009) (Table 2, Fig. 2).

No significant differences were observed between the two groups regarding the use of
inhaled and systemic corticosteroids. However, patients with SAFS were more frequently
treated with biologics (36.8% vs. 24.6%, P=0.116) and leukotriene modifiers (91.9%

vs. 76.0%, P=0.031) compared to those with SANFS, with the latter difference reaching
statistical significance. In both groups, the use of anti-immunoglobulin E (IgE) (SAFS, 3
[7.9%]; SANFS, 16 [6.9%]), anti-interleukin (IL)-5/5R (SAFS, 4 [10.6%]; SANES, 17 [7.3%)]),
anti-IL-4R/IL-13 (SAFS, 5 [13.2%]; SANFS, 17 [7.3%]), and anti-TSLP (SANFS, 1 [0.4%])
was similar, with no statistically significant differences between the groups (P=0.734)
(Supplementary Table S1).

The history of ED visits (ever, 57.1% vs. 45.4%, P= 0.270; a previous year, 23.5% vs. 18.0%,
P=0.476) and ICU admissions (ever, 6.5% vs. 4.4%, P = 0.642; a previous year, 3.2% vs. 0.9%,
P=0.385) due to asthma exacerbation appeared to be more frequent in the SAFS group than in
the SANFS group, although these differences were not statistically significant (Table 2).
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Fig. 2. Comparison of the inflammatory biomarkers between the SAFS and SANFS groups. Levels of (A) FeNO, (B) sputum eosinophils, and (C) sputum
neutrophils between the SAFS and the SANFS groups were compared. The dotted lines represent the threshold that differentiates sputum eosinophilia in graph
(B) and sputum neutrophilia in graph (C), respectively.

SAFS, severe asthma with fungal sensitization; SANFS, severe asthma without fungal sensitization; FeNO, fractional exhaled nitric oxide.

Demographic and clinical characteristics between patients with SAFS and
SANFS according to atopic status

Most patients (89.5%, n = 34) in the SAFS group were also sensitized to allergens other than
fungi. Therefore, they exhibited characteristics of allergic asthma as well. To account for this,
the SANFS group was further stratified into 2 subgroups based on the presence or absence
of sensitization to aeroallergens, excluding fungi, for comparison with the SAFS group. The
subgroups included 73 patients with non-atopic severe asthma (non-atopic SANFS) and 159
with atopic severe asthma without fungal sensitization (atopic SANFS). Consequently, we
compared the demographic and clinical characteristics of the SAFS group with both the non-
atopic SANFS and atopic SANFS groups (Supplementary Tables S2 and S3).

The age at asthma diagnosis was significantly lower in the SAFS group than in the non-atopic
SANFES group (38.5 *14.3 vs. 48.5 + 14.8 years, P= 0.001), though not significantly different
when compared with the atopic SANFS group (43.3 +15.2 years, P=0.088). BMI of the SAFS
group was also lower compared with both the non-atopic SANFS (23.6 + 4.2 vs. 25.4 + 3.9 kg/m?,
P=0.032) and atopic SANFS (25.0 + 4.0 kg/m?, P=0.072) (Supplementary Table $2).

The ACT score was lower in the SAFS group than in the atopic SANFS group (17.5 £ 5.5 vs.
19.2 + 4.6, P=0.048), although there was no statistical significance when compared to the
non-atopic SANFS (17.5 +5.5vs. 18.1 + 4.5, P=0.524) (Supplementary Table S3).

No significant differences were observed in spirometry and bronchodilator test results
between the SAFS and non-atopic SANFS groups (pre-FEV1, 71.2% + 18.6% vs. 67.2% * 19.5%,
P=0.309; pre-FEV1/FVC, 62.6% + 17.8% vs. 64.0% * 13.4%, P = 0.642; pre-FEFs s, 1.3+ 1.0
vs. 1.3 +£1.0 L/s, P=0.740; AFEV1% of the initial FEV1, 6.8% + 11.8% vs. 4.5% + 4.2%, P=0.587)
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(Supplementary Table S3). On the contrary, the SAFS group demonstrated more severe airway
obstruction compared to the atopic SANFS group (pre-FEV1, 68.6% * 18.6%, P= 0.455;
pre-FEV1/FVC, 68.3% +13.4%, P= 0.027; pre-FEFys50,, 1.7 + 1.2 L/s, P=0.067).

FeNO levels trended lower in the SAFS group than in the non-atopic SANFS (50.3 + 56.9 vs.
81.1 £55.0 ppb, P=0.044) and also lower compared with atopic SANFS (73.0 + 51.0 ppb,
P=0.056) (Supplementary Table S$3). Additionally, significant differences in inflammatory
sputum cell analysis were observed: the SAFS group exhibited a lower proportion of sputum
eosinophilia and a higher proportion of sputum neutrophilia compared with the non-atopic
SANFS (sputum eosinophilia, 50.0% vs. 94.1%, P = 0.011; sputum neutrophilia, 71.4% vs.
21.4%, P=0.021) and the atopic SANFS groups (sputum eosinophilia, 83.0%, P =0.016;
sputum neutrophilia, 36.7%, P=0.032).

There were no significant differences in corticosteroid treatment (inhaled or systemic)
among the SAFS group and the other 2 groups (Table S3). However, biologic treatment and
leukotriene modifiers were more frequently prescribed in the SAFS group than in the non-
atopic SANFS (biologics, 36.8% vs. 16.4%, P = 0.020; leukotriene modifiers, 91.9% vs. 75.7%,
P=0.033) and atopic SANFS groups (biologics, 28.3%, P= 0.327; leukotriene modifiers,
76.1%, P=0.034).

The frequency of asthma exacerbation-related events (ED visit/hospitalization/ICU care)
among the SAFS and the other 2 groups did not show a significant difference.

Correlation analysis between airway inflammation parameters and
treatments

A correlation analysis was performed to assess whether therapeutic agents such as
corticosteroids, biologics, and leukotriene modifiers influenced the levels of inflammatory
biomarkers. In the SANFS group, blood eosinophils and FeNO were not significantly
correlated with the daily dosage of ICS, the total systemic corticosteroid dosage over the past
6 months, or treatment with biologics and leukotriene modifiers (Table 3). Sputum eosinophils
showed a positive correlation with the daily ICS dosage (7= 0.424, P < 0.05). In contrast,
sputum neutrophils were negatively correlated with the daily ICS dosage (r=-0.304, P < 0.05)
and biologic treatments (r=-0.303, P < 0.05). There was no significant correlation between
inflammatory biomarkers and treatments in the SAFS group.

Table 3. Correlation analysis between inflammatory biomarkers and treatments in the SANFS and SAFS groups

Variables ICS* Total systemic corticosteroids Biologics Leukotriene
in last 6 months' modifiers
Blood eosinophils (cells/uL) r=0.088 r=-0.128 r=0.002 r=0.041
r'=-0.098 r'=-0.037 r'=0.170 r'=-0.238
FeNO (ppb) r=0.129 r=-0.032 r=0.091 r=0.031
r'=-0.051 r'=0.078 r'=0.250 r'=-0.210
Sputum eosinophils (%) r=0.4241 r=-0.042 r=0.190 r=-0.073
r'=0.207 r'=0.523 r'=0.173 r'=-0.211
Sputum neutrophils (%) r=-0.304* r=-0.086 r=-0.303% r=0.137
r'=-0.177 r'=-0.223 r'=-0.146 r'=0.273

rand r' values represent Pearson correlation coefficient in the SANFS and SAFS groups, respectively.

SANFS, severe asthma without fungal sensitization; SAFS, severe asthma with fungal sensitization; ICS, inhaled
corticosteroids; FeNO, fractional exhaled nitric oxide.

*Equivalent dose of budesonide, mcg/day; TEquivalent dose of prednisolone, mg.

P < 0.05.
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Table 4. Potential associated factors for fungal sensitization in severe asthma

Variables Univariate Multivariate

OR (95% CI) Pvalue OR (95% CI) Pvalue
Age at asthma diagnosis 0.972 (0.950-0.996) 0.021 0.933 (0.871-0.999) 0.048
Body mass index 0.897 (0.811-0.991) 0.033 0.779 (0.606-1.002) 0.052
FeNO 0.986 (0.974-0.999) 0.036 1.004 (0.990-1.019) 0.576
Sputum eosinophilia 0.167 (0.048-0.578) 0.005 0.244 (0.037-1.607) 0.142
Sputum neutrophilia 5.000 (1.401-17.846) 0.013 3.667 (0.613-21.938) 0.154

OR, odds ratio; Cl, confidential interval; FeNO, fractional exhaled nitric oxide.

Analysis of factors associated with SAFS in severe asthma

In the univariate analysis, several factors were significantly associated with fungal
sensitization in patients with severe asthma, including age at asthma diagnosis (odds ratio
[OR], 0.972; 95% confidence interval [CI], 0.950-0.996; P= 0.021), BMI (OR, 0.897; 95%

CI, 0.811-0.991; P=0.033), FeNO (OR, 0.9806; 95% CI, 0.974-0.999; P=0.0306), sputum
eosinophilia (OR, 0.167; 95% CI, 0.048-0.578; P=0.005), and sputum neutrophilia (OR,
5.000; 95% CI, 1.401-17.846; P = 0.013) (Table 4). However, in the multivariate analysis, age at
asthma diagnosis emerged as the only significant factor associated with fungal sensitization
in patients with severe asthma (OR, 0.933; 95% CI, 0.871-0.999; P= 0.048).

DISCUSSION

We identified the prevalence of fungal sensitization in severe and non-severe asthma
from representative nationwide asthma cohorts in Korea and significant distinguishing
inflammatory profiles as well as early diagnosed asthma as a potential risk factor of SAFS
compared to severe asthma without fungal sensitization.

Fungal sensitization is associated with asthma severity and is more prevalent in severe

asthma than in non-severe asthma. The prevalence of fungal sensitization varies based on
environmental factors, including climate conditions and fungal exposure, ranging from

5% to 10% in the general population and up to 80% among asthmatics.* Additionally, the
high variability and poor quality of fungal extracts used as diagnostic solutions contribute to
inaccuracies in diagnosing fungal allergies. In severe asthma, over 70% of patients exhibit skin
reactivity to at least one fungus (e.g., A. fumigatus, Penicillium notatum, C. herbarum, A. alternata, or
Candida albicans), while only 16%-19% of those with moderate or mild asthma in the UK show
skin reactivity to molds.® A retrospective study in Korea revealed that 67 out of 551 children
with asthma (12.2%) were sensitized to fungi (A. fumigatus, A. alternata)®; however, there is a
lack of studies evaluating the prevalence of fungal sensitization in adults with asthma. In the
present study, we confirmed skin test positivity to A. fumigatus and A. alternata in adults with
asthma. Compared to previous results,” the rate of fungal sensitization is lower in adults than
in children with asthma, which aligns with earlier studies evaluating the prevalence of fungal
sensitization across age groups.'®” Additionally, the rate of fungal sensitization in severe
asthma was approximately twice as high as in non-severe asthma.

We compared demographic characteristics between the SAFS and SANFS groups, revealing that
patients with SAFS were diagnosed with asthma at a significantly younger age and had a lower
BMI than those with SANFS. Notably, most patients with SAFS exhibited polysensitization to
other aeroallergens in addition to fungi, rather than sensitization to fungi alone. Considering
the impact of sensitization to other aeroallergens, we further divided the non-SAFS group into

https://e-aair.org https://doi.org/10.4168/aair.2025.17.4.447 455



Allergy, Asthma & AA] R
Severe Asthma With Fungal Sensitization in Korea Immunology Research

those who were non-sensitized and those sensitized to any allergens other than fungi. Age at
asthma diagnosis was significantly younger in the SAFS group than in the non-atopic SANFS
group, while there was no significant difference between the SAFS and atopic SANFS groups.
This suggests that an early diagnosis of asthma is more characteristic of atopic asthma rather
than SAFS. However, the SAFS group exhibited the lowest age at asthma diagnosis, which

was identified as a significant factor for SAFS development in the multivariate analysis. The
prevalence of fungal sensitization is known to be highest during the teenage years and gradually
decreases thereafter.’® Additionally, fungal sensitization is associated with developing asthma in
children.” It is also well established that asthma with coexisting fungal sensitization is related
to severe asthma.?® Taken together, a high prevalence of fungal sensitization in adolescents

or young adults may be associated with a higher risk of development of SAFS. Conversely,
the use of inhaled corticosteroids affects the airway microbiome in patients with asthma.?*
The potential for long-term use of inhaled corticosteroids to induce fungal colonization or
sensitization exists, and further studies are needed.

Fungal sensitization is associated with a higher risk of life-threatening asthma exacerbation
requiring ICU care, mortality, and severe airway obstruction compared to asthma sensitized
to other aeroallergens or non-sensitized asthma.?* In the present study, no significant
differences were observed in lung function, asthma exacerbation-related outcomes, or ACT
scores between the SAFS and SANFS groups. However, when comparing patients with SAFS
to those with atopic SANFS, SAFS patients demonstrated more severe airway obstruction and
lower ACT scores. Fungi have particularly a small size and distinct surface properties, such
as fungal pattern recognition molecules, so they can mediate the activation of the respiratory
barrier as a trigger for asthma.” The exposure concentration of fungal conidia is more than
1,000 times higher than that of grass and pollens.”® Fungi also exhibit diverse antigenic
signatures depending on different life cycle stages.? Taken together, fungal sensitization,
unlike other inhalant allergens, may play a significant role in poor asthma control and

severe airflow limitation. Notably, the SAFS group exhibited a higher frequency of biologic
treatment and leukotriene modifier use than the other control groups, highlighting the
substantial treatment burden associated with SAFS. Furthermore, although not statistically
significant, asthma exacerbation-related events occurred more frequently in the SAFS group
than in the SANFS group. Further research is warranted to assess the overall socioeconomic
impact of SAFS and to explore optimized treatment strategies.

Asthmatics with fungal sensitization represent a subtype of atopic asthma, which is
characterized by eosinophilic and type 2 inflammatory phenotypes.” A previous study involving
551 asthmatics indicated significantly higher levels of blood eosinophils, eosinophil cationic
protein, and FeNO in groups sensitized to fungi and other aeroallergens compared to the non-
sensitized group, although no significant differences were noted between the 2 atopic groups.”
Twenty-eight patients with SAFS exhibited higher blood eosinophil counts and total IgE levels
compared to 28 matched non-sensitized asthmatics.? The type 2/eosinophilic inflammation
phenotype is a typical characteristic of SAFS, and clinical data have been accumulated that
biologic agents such as anti-IgE, anti-IL-5, and anti-IL-4/13 showed a positive effect in SAFS.”
Our results indicate that all three groups (non-atopic SANFS, atopic SANFS, and SAFS) displayed
prominent eosinophilic inflammatory profiles (high BEC, sputum eosinophilia, elevated

FeNO), reinforcing the notion of an eosinophilic/type 2 phenotype in severe asthmatics, despite
variations in allergen sensitization. Interestingly, patients with SAFS exhibited significantly lower
FeNO levels and a higher sputum neutrophil ratio compared to the other 2 groups, suggesting
that in addition to eosinophilic inflammation, neutrophilic inflammation is also predominant
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in SAFS compared to SANFS. We considered the possibility that treatment effects may influence
inflammatory biomarkers and conducted correlation analyses. A positive correlation was found
between sputum eosinophils and biologics treatment, while a negative correlation was noted
between sputum neutrophils and biologic treatments (most commonly applied in the SAFS
group). These findings suggest that the differences in inflammatory biomarkers between the

SAFS group and the other control groups reflect the unique inflammatory profiles of SAFS.
Previous data indicated that more sputum neutrophils were found in patients sensitized to

A. fumigatus compared to non-sensitized patients in a cohort where approximately 90% were
classified as severe asthma.” Moreover, A. fumigatus-sensitized asthmatics exhibited significantly
higher positive culture rates of A. fumigatus in sputum, indicating fungal colonization. Indeed,
fungal infections or exposures have been shown to induce T helper (Th)1- and Th17-type adaptive
immunity in various animal models,** and interaction between Candida albicans and dendritic
cells in mouse models have been shown to induce both Thl- and Th2-type responses.* Both
Th1/Th17 and Th2 immune responses may be elicited following exposure to fungi,®* and the
neutrophil/eosinophil bi-dominant inflammation observed in this study may support these
findings, highlighting the need for further research to elucidate the underlying inflammatory
mechanism in SAFS. Reducing the burden of fungal exposure in the airways can be a treatment
strategy for SAFS. Although antifungal treatment was not administered to patients with SAFS in
this study, it may offer effectiveness. Antifungal treatment reduced the burden of fungi, showing
effectiveness in controlled trials in ABPA,** and a prior controlled trials noted significant
improvements in SAFS patients following 8 months of oral itraconazole treatment.* Collectively,
these findings suggest that fungal colonization and ongoing exposure may play a role in SAFS,
inducing both neutrophilic and eosinophilic/type 2 inflammation, leading to more complex
inflammatory profiles.

The present study has several limitations. First, it is a retrospective cross-sectional study based
on cohort data, which may limit the information available regarding asthma outcomes and
changes in inflammatory biomarkers after treatments due to varying follow-up duration among
individual subjects. However, this study includes the largest number of patients with SAFS
reported to date and is significant as it relies on nationwide cohort data. Second, environmental
factors such as living conditions and occupational exposures were not sufficiently considered.
Third, there were many missing values in FeNO and sputum analyses, which could lower the
statistical power. Nevertheless, our findings revealed statistically significant differences in
inflammatory biomarkers, and further investigation is needed in the future.

In conclusion, the prevalence of fungal sensitization in severe asthma is approximately
twice that observed in non-severe asthma. Early diagnosis of asthma with concurrent
fungal sensitization may confer a higher risk for SAFS, necessitating long-term monitoring
and proactive asthma management. Additionally, both neutrophilic and eosinophilic
inflammation may serve as crucial mechanisms in SAFS, warranting the consideration of
treatment strategies aimed at reducing this complex airway inflammation.
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