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Abstract

Objective: Subphenotypes of asthma may be determined by age onset and atopic status. We
sought to characterize early or late onset atopic asthma with fungal or non-fungal sensitization
(AAFS or AANFS) and non-atopic asthma (NAA) in children and adults in the Severe Asthma
Research Program (SARP). SARP is an ongoing project involving well-phenotyped patients with
mild to severe asthma.

Methods: Phenotypic comparisons were performed using Kruskal-Wallis or chi-square test.
Genetic association analyses were performed using logistic or linear regression.

Results: Airway hyper-responsiveness, total serum IgE levels, and T2 biomarkers showed an
increasing trend from NAA to AANFS and then to AAFS. Children and adults with early onset
asthma had greater % of AAFS than adults with late onset asthma (46% and 40% vs. 32%; P<
0.00001). In children, AAFS and AANFS had lower % predicted FEV; (86% and 91% vs. 97%)
and greater % of patients with severe asthma than NAA (61% and 59% vs. 43%). In adults with
early or late onset asthma, NAA had greater % of patients with severe asthma than AANFS and
AAFS (61% vs. 40% and 37% or 56% vs. 44% and 49%). The G allele of rs2872507 in GSDMB
had higher frequency in AAFS than AANFS and NAA (0.63 vs. 0.55 and 0.55), and associated
with earlier age onset and asthma severity.

Conclusions: Early or late onset AAFS, AANFS, and NAA have shared and distinct phenotypic
characteristics in children and adults. AAFS is a complex disorder involving genetic susceptibility
and environmental factors.

Keywords

Age of asthma onset; asthma subphenotypes; atopic asthma with fungal sensitization; GSDMB;
non-atopic asthma; severe asthma

J Asthma. Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lietal.

Page 3

Introduction

Methods

Asthma is a heterogeneous respiratory complex disease. Subphenotypes of asthma can be
determined by age of asthma onset [1-5]. Early onset asthma tends to be more atopic with
family history of atopy or asthma; late onset asthma is more likely to be non-atopic, female,
and smokers [1-5]. Asthma can also be classified by atopic status, such as atopic asthma
with fungal sensitization (AAFS), atopic asthma with non-fungal sensitization (AANFS),
and non-atopic asthma (NAA). AAFS (vs. AANFS) has been associated with asthma
severity [6-8], respiratory arrest [9], admission to intensive care unit [10-11], emergency
department visits [12-13], hospitalizations [14-15], frequent asthma exacerbations [16],
and asthma-related mortality [17]. However, clinical manifestations of AAFS, AANFS, and
NAA and how they are associated with asthma severity may be inconsistent in children

and adults [18-20]. Importantly, the overlaps between early onset and atopic asthma or
between late onset and non-atopic asthma are not completely congruent; combinatory effects
of age of asthma onset and atopic status have not been investigated. In this study, we
comprehensively investigated and compared phenotypic characteristics of early or late onset
AAFS, AANFS, and NAA in children and adults in the well-characterized SARP cohort.

Genome-wide association studies (GWASSs) have indicated that early onset asthma may
have a greater genetic component and reduced environmental component than late onset
asthma [21-23]. GWASs further confirmed that single nucleotide polymorphisms (SNPs) in
chrl7g12-21 region is associated with early onset but not late onset asthma [21-23]. Fungal
sensitization is mediated by Th2-driven adaptive immune response and group 2 innate
lymphoid cells (ILC2)-driven innate immune response [24-26]. Th1l and Th17 responses are
also involved in severe asthma with fungal sensitization (SAFS) [24-25,27]. Up to now, no
GWAS has been performed to investigate SNPs associated with AAFS, AANFS, and NAA,
mainly due to limited sample size [28-29]. In this study, we performed genetic association
analyses of fungal sensitivity, asthma severity, and age of asthma onset with six most
consistently replicated SNPs/genes (GSDMB, HLA-DRA, IL13, ILIRL1, /L33 and TSLP)
identified through GWASSs of asthma [28,30]. We hypothesize that genetic predisposition
and environmental exposure are essential for AAFS development and progression. Shared
and distinct phenotypic characteristics of early or late onset AAFS, AANFS, and NAA in
children and adults will be revealed using the comprehensively phenotyped SARP cohort.

Study participants

SARP is a currently active NHLBI-sponsored program involving patients with mild to severe
asthma and a subset of controls. For the SARP longitudinal cohort and cross-sectional
cohort, non-smokers with asthma based on the ATS-ERS criteria [31] were recruited
[32-36]. Participants in SARP were comprehensively phenotyped [2, 32-41]. SARP was
approved by the appropriate institutional review board including informed consent

Early or late onset asthma (age of asthma onset < 12 years or = 12 years) with atopic
status in children (6 < age < 18 years) and adults (age = 18 years) were included in
this study. asthma were not included due to very small sample size (n = 5). Skin prick
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test (SPT) was available in the cross-sectional cohort (n = 1,042 asthmatics and 255

adult controls), including 12 allergens (Aspergillus fumigatus, Cladosporium herbarum,
Alternaria alternate, Dermatophagoides farinae, Dermatophagoides pteronyssinus, eastern
tree mix, southern grass mix, ragweed short AgE, weed mix, cockroach mix, cat hair, and
dog epithelia/mixed breeds). Serum specific IgE (sIgE) was measured in the longitudinal
cohort (n = 702 asthmatics), including 15 allergens (Aspergillus fumigatus, Cladosporium
herbarum, Alternaria alternate, Dermatophagoides farinae, Dermatophagoides pteronyssinus,
tree mix Tx4, tree mix Tx6, grass mix Gx2, ragweed, weed mix Wx1, cockroach, cat dander,
dog dander, mouse urine proteins, and rat urine proteins). A positive response was defined
as a wheal = 3 mm diameter after subtraction of the negative diluent control for SPT or

as slgE levels = 0.35 kU/L. AAFS was defined as positive response to at least one fungal
allergen (Aspergillus fumigatus, Cladosporium herbarum, and Alternaria alternate) who may
be also sensitive to non-fungal allergens; AANFS was defined as positive response to at
least one non-fungal allergen but not to any fungal allergen; NAA was defined as negative
response to all allergens being tested. SARP cross-sectional and longitudinal cohorts are
two independent studies recruited at different time periods; 71 asthmatics (68 adults and 3
children) were included in both cohorts and removed from the cross-sectional cohort in the
final merged dataset (1,673 asthmatics and 255 controls).

Statistical analyses

Results

Clinical characteristics were presented as means with standard deviations for normally
distributed continuous variables, medians with the first and third quartiles for non-normally
distributed continuous variables, and counts with percentages for categorical variables.
Phenotypic comparisons were performed for continuous and categorical variables using
Kruskal-Wallis test and chi-square test, respectively. Analyses of clinical variables were
performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC), and hominal
p-value of 0.05 was considered as significant.

Genetic association analyses of six asthma candidate SNPs (rs2872507, rs2395185, rs20541,
rs13431828, rs3939286, and rs1837253) extracted from TOPMed whole-genome sequencing
(dbGaP accession: phs001446) were performed using PLINK [42]. Logistic or linear
regression, assuming a genetic additive model, was used for association analyses of fungal
sensitivity (AAFS [n = 233] vs. AANFS [n = 385], AAFS vs. NAA [n = 169], and AANFS
vs. NAA), asthma severity (345 severe vs. 442 non-severe asthma), and age of asthma

onset (n = 787) in SARP non-Hispanic White adults, adjusted for age, sex, and the first

five principal components as described [34]. Nominal p-value of 0.05 was considered as
significant.

Participant demographics and asthma susceptibility

Adults with early onset (n = 683) or late onset (n = 670) asthma, children with early

onset asthma (n = 320), and healthy controls of adults (n = 255) stratified by atopic status
as AAFS (atopic fungal (+) asthma), AANFS (atopic fungal (=) asthma), and NAA were
presented as Venn diagram (Fig. S1) and in Table 1. Adults with early or late onset asthma
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and children with early onset asthma all showed significant higher % of atopic fungal

(+) and atopic fungal (=) but lower % of non-atopic than healthy controls (P < 0.00001),
indicating that atopy is a key risk factor for asthma susceptibility. Adults with early onset
asthma showed significant higher % of AAFS (40% vs. 24%) but lower % of NAA (9% vs.
24%) than adults with late onset asthma (< 0.00001), indicating that early and late onset
asthma might represent two asthma subphenotypes. Adults with early onset asthma showed
significant (P=0.017) but relatively similar % of AAFS (40% vs. 46%), AANFS (51% vs.
41%), and NAA (9% vs. 13%) compared with children, indicating that a large proportion
of children with early onset AAFS, AANFS, and NAA might transit into adults with early
onset AAFS, AANFS, and NAA, respectively.

Demographics of SARP participants stratified by age of asthma onset and atopic status

in children and adults were presented in Table S1. Age of asthma onset was significantly
earlier in AAFS than AANFS and NAA in adults with early onset asthma (4.1 vs. 4.7

and 4.8 years) and significantly later in NAA than AANFS and AAFS (33 vs. 27 and 25
years) in adults with late onset asthma. Age of asthma onset was also earlier in AAFS than
AANFS and NAA in children (2.2 vs. 2.6 and 2.6 years), though not statistically significant.
More females were presented in adults with asthma, especially with late onset asthma, than
children with early onset asthma.

Pulmonary function and asthma severity

Pulmonary function and asthma severity were presented as Figure 1 and in Table 2. Airway
hyper-responsiveness (AHR; measured by PCyq in a subset of SARP participants) showed an
increasing trend from NAA to AANFS then to AAFS in children (4.5 to 1.3 to 0.6), adults
with early onset asthma (2.6 to 1.1 to 0.9), and adults with late onset asthma (2.5 to 1.6 to
1.1), indicating that patients with AAFS tend to have greater AHR. In children, AAFS and
AANFS had lower baseline pre-bronchodilator (pre-BD) % predicted FEV; (86% and 91%
vs. 97%) and greater % of patients with severe asthma than NAA (61% and 59% vs. 43%).
In adults with early or late onset asthma, NAA had greater % of patients with severe asthma
than AANFS and AAFS (61% vs. 40% and 37% or 56% vs. 44% and 49%) and greater

% of patients with exacerbations in the last 12 months (45% vs. 24% and 22% or 35% vs.
26% and 23%), however, baseline % predicted FEV; was similar between NAA, AANFS,
and AAFS. In children and adults with early onset asthma, NAA had higher FEV1/FVC
and lower FEV reversibility than AANFS and AAFS. In summary, AAFS, AANFS, and
NAA showed distinct patterns for pulmonary function and asthma severity in children and
adults, i.e., increased asthma severity was associated with atopy in children but associated
with non-atopy in adults.

Corticosteroids use, health care utilization, and comorbidities

In adults with early or late onset asthma, NAA had significant higher % use of high-dose
inhaled corticosteroids (ICS), oral CS (OCS), and injectable CS than AANFS and AAFS
(Table S2); in children, NAA had lower % use of OCS than AANFS and AAFS, which
further indicated that increased asthma severity was associated with atopic and non-atopic
status in children and adults, respectively.
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In adults with early or late onset asthma, NAA showed significant higher % health care
utilization (HCU) than AANFS and AAFS, such as = 1 urgent visit/year, emergency
department (ED) visit for breathing problem, = 3 OCS burst/year, and hospitalizations (Table
S3). In children, HCU was similar between NAA, AANFS, and AAFS.

In adults with early or late onset asthma, NAA showed significant higher % comorbidities
than AANFS and AAFS, including pneumonia, bronchitis, sinusitis, nasal polyps, and
gastroesophageal reflux (Table S4). In children, NAA showed higher % of pneumonia and
gastroesophageal reflux than AANFS and AAFS.

T2 and non-T2 biomarkers

Total serum IgE levels showed an increasing trend from NAA to AANFS and then to AAFS
in early and late onset asthma in children and adults (Table S5). Blood eosinophils and
FeNO levels showed an increasing trend from NAA to AANFS and to AAFS in children
and adults with early onset asthma. In children, sputum % eosinophils was significantly
higher in AAFS than AANFS and NAA (3.0% vs. 0.6% and 0.6%). In adults with early
onset asthma, blood neutrophils showed a decreasing trend from NAA to AANFS and then
to AAFS (4,542 vs. 4,000 vs. 3,600 cells/uL) and NAA had higher IL-6 levels than AANFS
and AAFS (2.6 vs. 1.6 and 1.4 pg/mL). In adults with late onset asthma, NAA had lower
FeNO levels than AANFS and AAFS (21 vs. 26 and 24 ppb).

Combinations of T2 and non-T2 biomarkers may reveal asthma subphenotypes and
underlying biological mechanisms [37,41]. In adults with early onset asthma, a combination
of FeNO (cutoff = 25 ppb) and 1L-6 (cutoff = 3.1 pg/mL) or blood eosinophils (cutoff = 300
cells/uL) and blood neutrophils (cutoff = 4,000 cells/uL) distinguished AAFS, AANFS, and
NAA (Table S6 and Fig. S2). In children with early onset asthma, a combination of blood
eosinophils and blood neutrophils distinguished AAFS, AANFS, and NAA.

Genetic association analyses of six candidate SNPs/genes

For six candidate SNPs tested in this study, rs2395185 in HLA-DRA and rs2872507 in
GSDMB were significantly associated with fungal sensitivity (Table 3). The T allele of
rs2395185 in HLA-DRA had higher frequency in AAFS than AANFS and NAA (0.39 vs.
0.34 and 0.31), indicating that T allele was the minor risk allele for AAFS. The G allele of
rs2872507 in GSDMB had higher frequency in AAFS than AANFS and NAA (0.63 vs. 0.55
and 0.55), indicating that G allele was the major risk allele for AAFS.

In a logistic regression model (Table S7), the G allele of rs2872507 in GSDMB (OR = 1.25;
P=0.036) and non-atopy (OR = 1.23; P=0.038) were associated with asthma severity. In
a linear regression model, the G allele of rs2872507 in GSDMB (p = —1.71; P=0.027)

and fungal sensitization (p = —5.68; £< 0.0001) were associated with earlier age of asthma
onset. In summary, a combination of GG genotype of rs2872507 and fungal sensitization
were associated with earliest age of asthma onset; a combination of GG genotype of
rs2872507 and non-atopy were associated with highest % of patients with severe asthma
(64%) (Fig. S3).
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Discussion

Our findings on demographics, pulmonary function, corticosteroids use, health care
utilization, comorbidities, T2/non-T2 biomarkers, genetics, asthma susceptibility and asthma
severity in SARP indicated that children/adults with early onset or adults with late onset
AAFS, AANFS, and NAA might represent six asthma subphenotypes (Fig. S4). Within each
asthma subphenotypes, asthmatics with non-severe asthma may further progress into severe
asthma. For example, severe asthma with fungal sensitization (SAFS), a previously reported
asthma subphenotype, is an extreme subset of AAFS [43].

Children and adults with early onset asthma shared some key clinical characteristics,
including similar distribution of atopic status (NAA, AANFS, and AAFS) (Table 1 and

Fig. S1) and increasing trend of T2 biomarkers (total serum IgE levels, blood eosinophils,
and FeNO levels) from NAA to AANFS and then to AAFS (Table S5). However, children
and adults with early onset asthma also showed some distinct difference, such as % of
females or males (Table S1) and % of severe asthma in NAA, AANFS, and AAFS (Table 2
and Fig. 1). Theoretically, adults with early onset asthma may be the grown-up (persistence)
or relapse from children with early onset asthma; however, a large proportion of children
with asthma may lose asthma symptoms during development (remission) [4,44—-45]. In this
study, males were predominant (59%) in children and female were predominant (61%) in
adults with early onset asthma (Table S8), which agrees with previous findings. This gender
difference in asthma may be due to remission of asthma in more boys and new onset of
asthma in more girls during school age or adolescence [5,46]. In this study, increased asthma
severity was associated with AAFS and AANFS in children but associated with NAA in
adults with early onset asthma (Table 2. Since children and adults with early onset asthma
were cross-sectional in SARP, the mechanism of this asthma severity transition can only be
answered by future large longitudinal epidemiology studies. Some probable reasons are: 1)
more children with non-severe NAA progress into adults with severe early onset NAA; 2)
more children with severe AAFS or AANFS remit or transit into adults with early onset
atopic asthma but symptoms become milder; 3) definition of asthma and/or severe asthma
are different between children and adults.

Adults with early or late onset asthma also shared some clinical characteristics. For example,
NAA had higher % of corticosteroids use (Table S2), HCU (Table S3), comorbidities (Table
S4), and severe asthma (Table 2) than AANFS and AAFS, which may be due to consistent
definition of asthma and severe asthma in adults and shared mechanisms of atopy. In
addition to different age of asthma onset, adults with early or late onset asthma showed
distinct difference in distribution of atopic status (NAA, AANFS, and AAFS) and genetics.
Similar to previous findings, adults with late onset asthma had higher % of NAA (24%

vs. 9%) and lower % of AAFS (24% vs. 40%) than adults with early onset asthma (Table

1 and Fig. S1). Adults with early onset asthma had greater burden of genetic factors than
adults with late onset asthma (Table 3, Table S7, and Fig. S3). For example, The G allele

of rs2872507 in GSDMB was risk allele for AAFS, early onset asthma, and asthma severity
in this study, which has been also associated with asthma susceptibility in previous genetic
studies [28,30].
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One of the great advantages of this study is the utilization of extremely well-characterized
SARP cohorts. By using SARP cohorts, we have the opportunity for the first time to
categorize patients with asthma into nine groups based on age of asthma onset and atopic
status. Only through this approach, clinical characteristics of six asthma subphenotypes (Fig.
S4) can be comprehensively investigated and compared in children and adults. If either

age of asthma onset (early vs. late onset) or atopic status (AAFS vs. AANFS vs. NAA)

were used individually for asthma categorization as some previous studies did [2,47], then
only one facet of asthma subphenotypes with limited or even biased information could be
generated. For example, clinical characteristics stratified only by age of asthma onset (with
different atopic status mixed) (Table S8) or only by atopic status (with different age of
asthma onset in children and adults mixed) in healthy controls (Table S9) and in asthmatics
(Table S10) were presented for convenience. In addition to age of asthma onset and atopic
status, further categorization by gender (male or female) was presented in Table S11. In
adults with late onset NAA, males showed later age of asthma onset (39 vs. 31 years), lower
BMI (29 vs. 33), higher T2 biomarkers (total serum IgE levels (34 vs. 21 IU/mL), FeNO (30
vs. 18 ppb), and blood eosinophils (300 vs. 186 cells/uL)), higher % of high-dose ICS (76%
vs. 52%), lower baseline pre-BD % predicted FEV (64% vs. 76%) and greater % of patients
with severe asthma (70% vs. 52%) than females. Lower baseline pre-BD % predicted FEV,
in males was also shown in adults with early or late onset AANFS and AAFS.

There are some shortcomings or unanswered questions in this study. SPT and sIgE were
used to define atopy in the cross-sectional cohort and the longitudinal cohort, respectively.
Similar to previous reports, consistency of atopy defined by SPT and sIgE (measured in

68 adults in SARP) was not perfect with % of agreement ranging from 63% (dog dander)

to 88% (grass mix) (Table S12). To enlarge sample size for the investigations of asthma
subphenotypes, the cross-sectional and longitudinal cohorts were merged. It is very difficult
or almost impossible to dissect the effect of single allergen in human studies because most
of the studied participants are allergic to more than one allergen. Association analysis of
single allergen and asthma severity was performed by comparing participants with positive
or negative (including positive response to other allergens and NAA) response to a specific
allergen (Table S13). In adults with early onset asthma, positive responses to Aspergillus
fumigatus and dog dander were associated with higher % of severe asthma; positive
responses to ragweed, weed mix, grass mix, and house dust mite (Dermatophagoides farina
and Dermatophagoides pteronyssinus) were associated with lower % of severe asthma. In
adults with late onset asthma, positive responses to ragweed, weed mix, grass mix, tree mix,
and house dust mite were associated with lower % of severe asthma. In this study, AAFS
was defined as positive response to at least one fungal allergen, same as previous studies
(most were also allergic to non-fungal allergens; Fig. S1). AAFS was further divided into
participants allergic only to fungal allergens (2%) and allergic to both fungal and non-fungal
allergens (Table S14). In adults with late onset asthma, patients allergic only to fungal
allergens showed significant higher % severe asthma than patients allergic to both fungal
and non-fungal allergens, AANFS, and NAA (85% vs. 46%, 44%, and 56%), indicating that
positive fungal sensitivity is a risk factor for asthma severity. In children and adults with
early onset asthma, patients allergic only to fungal allergens also showed higher % severe
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asthma than patients allergic to both fungal and non-fungal allergens, though not statistically
significant due to small sample size.

In summary, total serum IgE levels and AHR showed a consistent increasing trend from
NAA to AANFS then to AAFS in early or late onset asthma in children and adults (Table

2 and Table S5). A genetic variant in GSDMB and fungal sensitivity were associated with
earlier age of asthma onset and the same genetic variant in GSDMB and non-atopy were
associated with asthma severity in adults (Fig. S3 and Table S7). In a previous GWAS, we
have shown that genes associated with airway structure/remodeling and Th1 pathway were
associated with lower lung function and asthma severity [48]. In a candidate gene study,

we have shown that SNPs in GSDMB were associated with asthma severity and asthma
exacerbations probably through antiviral pathways [34]. On the basis of these findings, we
suggest a two-step gene-environment interaction fungal asthma progression model (Fig. S5).
In the first step, genetic variants (such as GSDMB) associated with atopy, Th2 pathway,

and lung function, interacting with environmental factors (fungi and other allergens), induce
Th2-dominant atopic response, which leads to childhood onset fungal asthma. In the second
step, genetic variants (such as GSDMB) associated with Th2 pathway, Thl pathway, and
lung function, interacting with environmental factors (fungi and virus) lead to severe
asthma with fungal sensitization in children and adults. In the future, personalized treatment
approaches may be investigated and pursued in these asthma subphenotypes.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Pulmonary function and asthma severity of participants stratified by age of asthma onset

and atopic status in children and adults. *Baseline % predicted FEV1 or % patients with
severe asthma for the specific group was significantly different from other groups in the
same panel.
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Table 1.

Age of asthma onset and atopic status in children and adults.
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Non-Atopic | Atopic Fungal (—) | Atopic Fungal (+) P value
Healthy Controls (Adults; n=255) 152 (59.6%) 75 (29.4) 28 (11.0%)
Late Onset Asthma (Adults; n=670) 163 (24.3%) 347 (51.8%) 160 (23.9%) <0.000017
Early Onset Asthma (Adults; n=683) 62 (9.1%) 345 (50.5%) 276 (40.4%) <0.000017%
Early Onset Asthma (Children; n=320) | 40 (12.5%) 132 (41.3%) 148 (46.3%) 0.0178

Note: number and % of participants were shown.

f2><3 chi-square test of Healthy Controls (Adults; n=255) vs. Late Onset Asthma (Adults; n=670).

¢2><3 chi-square test of Late Onset Asthma (Adults; n=670) vs. Early Onset Asthma (Adults; n=683).

§2><3 chi-square test of Early Onset Asthma (Adults; n=683) vs. Early Onset Asthma (Children; n=320).
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Table 2.
Pulmonary function and asthma severity stratified by age of asthma onset and atopic status in children and
adults.
NAA AANFS AAFS P value
Children, Early Onset
(n=320) AAFSvs. | AAFSvs. AANFS
N Mean + SD N Mean + SD N Mean + SD AANFS NAA vs. NAA
i 0,
Baseline FEVy % 40 97+12 | 132 | 91%17 148 | 86+19 0.014 0.0002 0.047
predicted
Baseline FVC %
oredicted 40 103+12 | 132 102 + 14 148 100 + 17 0.15 0.18 0.87
Baseline FEV,/FVC 40 | 082+007 | 132 | 078+0.10 | 148 | 0.74%0.10 0.0013 <0.0001 0.02
Maximal FEV1 %
predicted 39 107+12 | 132 105 + 15 148 102 17 0.14 0.038 0.28
Maximal FVC %
redicted 39 108+13 | 130 110 + 15 148 109 + 17 0.72 061 0.37
Maximal Reversibility 39 13+ 10 132 18 +19 148 21+17 0.01 0.0035 0.33
;(g:ﬁ?n Tethac"o"”e' 19 | 451,95 | 70 | 1306 40) | 61 | 06(03,20) 0.014 0.001 0.028
ﬂ%ERS severe asthma, | 4, 17@3) |12 7869 | 148 | 91(61) 0.71 0.047 0.072
Exacerbations in the last
12 months, n (%) 40 22 (55) 130 70 (54) 148 84 (57) 0.63 0.86 1
ACQ-6 13 | 131+111 | 71 | 123+116 | 92 | 1.32+1.37 0.95 0.75 0.68
NAA AANFS AAFS P value
Adults, Early Onset
(n=683) AAFS vs. AAFSvs. | AANFSvs.
N Mean £ SD N Mean = SD N Mean + SD AANFS NAA NAA
i 0,
Baseline FEV; % 62 74+24 |3a5| 75+21 276 | 75:21 0.65 0.86 0.69
predicted
Baseline FVC %
predicted 60 82+19 344 88+ 19 274 89+ 18 0.69 0.017 0.026
Baseline FEV,/FVC 60 | 072+014 | 344 | 0.70+0.111 | 275 | 0.69+0.12 0.33 0.017 0.059
Maximal FEV1 %
redicted 61 84 +22 343 88+ 19 272 87 +19 0.67 0.45 0.31
Maximal FVC %
redicted 59 90 + 16 342 97 £17 272 97 +16 0.64 0.0013 0.0038
Maximal Reversibility 61 16 + 19 343 19+20 272 18+18 0.69 0.02 0.012
;Z;gn Teth“h""”‘*' 29 | 26(06,49) | 196 | 1.1(0.4,3.4) | 167 | 09(0.3 27 0.16 0.02 0.09
ﬂ;")ERS severe asthma, | ¢, 8@l | 345 | 137040) |[276 | 103(37) 0.56 0.0009 0.002
Exacerbations in the last
12 months, n (%) 62 28 (45) 343 81 (24) 276 62 (22) 0.77 0.0004 0.0009
ACQ-6 27 | 174+129 | 122 | 155+137 | 97 | 120+1.14 0.06 0.038 0.34
NAA AANFS AAFS P value
Adults, Late Onset
(n=670) AAFS vs. AAFSvs. | AANFS vs.
N Mean + SD N Mean + SD N Mean + SD AANFS NAA NAA
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NAA AANFS AAFS P value

Children, Early Onset
(n=320) N | MeanzsD | N | MeanxsD | N [ Meanxsp [ AAFSNS [ AAESVS | AANES

i 0,
Baseline FEVy % 163 | 73+23 | 347 | 74220 160 | 73:21 0.61 0.73 043
predicted
Baseline FVC %
oiotod 163 | 82+19 | 347 | sax17 | 150 | 5418 0.67 0.093 0.13
Baseline FEV,/FVC 163 | 070+012 | 347 | 070+012 | 150 | 0.69+0.12 0.16 0.26 0.95
Maximal FEV1 %
bredioted 163 83+21 | 346 | 8sx19 [150| 86x20 0.89 0.13 0.085
Maximal FVC %
Dresioted 163 | 89+17 |346| 93+16 | 159 | 95415 0.09 0.0006 0.02
Maximal Reversibility 163 17 +18 346 17 +17 159 18 +16 0.33 0.29 0.85
;zfgn ”CethaCho"”e' 71 | 2508,58) | 181 | 16(05,48) | 85 | 1.1(04,37) 031 0.016 0.08
ﬂ;")ERS severeasthma, | 163 [ gy (56) | 347 | 15144) | 160 [ 78 (49) 0.29 0.18 0.0077
Exacerbations in the last
onths. 1 %) 13| 5735 | 346 91 (26) 160 [ 37(23) 051 0.02 0.047
ACQ-6 84 | 143+143 [ 135 | 116+120 | 55 | 1272110 0.34 0.87 0.27
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NAA: non-atopic asthma; AANFS: atopic asthma with non-fungal sensitization; AAFS: atopic asthma with fungal sensitization.
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Genetic association of six candidate SNPs with fungal sensitivity.

Table 3.

Page 17

P value (Odds Ratio)

SNP Gene | Chr | Location | Allele! MAFF AAFS vs. AAFS vs. AANFS vs.
AANFS NAA NAA

rs13431828 | ILIRLI | 2 5 UTR o | 013010012013 | 042117 0.27 (0.78) 0.15 (0.75)
151837253 TSLP 5 | Flankings | o [ 0.22/0.22/0.21/026 | 0.64 (0.94) 0.60 (0.90) 0.97 (0.99)
rs20541 IL13 5 | Missense | G/A | 0.18/0.19/021/0.18 |  0.44 (1.12) 0.25 (1.26) 0.67 (1.08)
152395185 | HLA-DRA | 6 | Flanking3 [ & | 031/0.340.390.33 |  0.062 (1.26) 0.017 (1.47) 0.22 (1.20)
rs3939286 IL33 9 | Flankings | o [ 0.2000.28/0.31/026 | 0.35 (1.13) 0.43 (1.14) 0.95 (1.01)
152872507 | GsomB | 17 | Flanking3 | G/A | 0.45/0.45/0.37/0.45 | 0.0009 (0.73) | 0.010 (0.66) 0.80 (0.97)

NAA: non-atopic asthma; AANFS: atopic asthma with non-fungal sensitization; AAFS: atopic asthma with fungal sensitization.

TAIIeIe: Major/Minor allele

t

MAF: minor allele frequency in 169 NAA, 385 AANFS, 233 AAFS, and ~4,300 general North-Western Europeans from gnomAD V2.1.1
(https://gnomad.broadinstitute.org/).
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