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Abstract

Fungal sensitization is associated with poor asthma control. We aimed to determine the prevalence and
factors associated with fungal asthma among Ugandan adults. Individuals aged >18 years with a new
diagnosis of asthma in the last 12 months participating in the African Severe Asthma Program consti-
tuted the study population. Skin prick test results, clinical and demographic data were retrieved from the
database, and serum Aspergillus fumigatus specific antibodies and total IgE were measured in stored
blood. We enrolled 374 patients, median (IQR) age 34 (25-45) years, 286 (76.5%) females and 286 (76.5%)
with severe asthma. Prevalence of Aspergillus fumigatus sensitization was 42.0% (95% Cl: 37.1-47.0%),
allergic bronchopulmonary aspergillosis (ABPA) 3.2% (1.8-5.5%), severe asthma with fungal sensitization
(SAFS) 16% (12.7-20.1%) and allergic bronchopulmonary mycosis (ABPM) 2.9% (1.7-5.2%). Older age (55—
64 years) (crude odds ratio (cOR) = 2.6), sensitization to at least one allergen (cOR = 9.38) and hypertension
(cOR = 1.99) were significantly associated with Aspergillus sensitization, whereas tertiary education level
(cOR = 0.29), severe depression (cOR = 0.15) and strong emotions (cOR = 0.47) were not. High occupational
exposure to Aspergillus (cOR = 4.26) and contact with moulds (cOR = 14.28) were significantly associated
with ABPA. Palpitations (cOR = 5.54), uncontrolled asthma (cOR = 3.54), eczema/dermatitis (cOR = 3.07),
poor lung function (cOR = 2.11) and frequent exacerbations (cOR = 1.01) were significantly associated with
SAFS. Eczema/dermatitis (cOR = 1.565) was significantly associated with ABPM, but cold weather trigger
(cOR = 0.24) was not. Fungal asthma is a significant problem among Ugandans with asthma and should be
particularly considered in individuals who remain uncontrolled despite optimal standard of care for asthma,
as it is responsive to available and affordable oral antifungal therapy.

Lay Summary

This study showed that fungal asthma is a significant problem among Ugandans with asthma with a high
prevalence. Fungal asthma should be considered in patients with uncontrolled asthma despite receiving
optimal standard of care. This is the first modern attempt to define these endotypes of asthma in Africa.
Key words: asthma, Aspergillus sensitization, allergic bronchopulmonary aspergillosis, allergic bronchopulmonary mycosis,
severe asthma with fungal sensitization.
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Introduction

Asthma is one of the commonest non-communicable diseases
with an estimated global prevalence of over 300 million peo-
ple."2 It is among the top 20 chronic diseases for global ranking
of disability adjusted life years in children.” In Africa, asthma
carries a high burden and is considered a neglected disease.> Na-
tional estimates range from 2 to 53% among individuals aged 2
to 64 years.*'! In Uganda, asthma is also common (prevalence,
~11%) and is associated with other allergic diseases, smoking,
urbanization and biomass smoke exposure.'?

Fungal sensitization, mainly due to Aspergillus fumigatus is
associated with poor asthma control by causing exacerbations'3
and bronchiectasis.'*'¢ Allergic bronchopulmonary aspergillo-
sis (ABPA) and severe asthma with fungal sensitization (SAFS)
are the usual clinical phenotypes of asthma linked to A. fumi-
gatus sensitization.'* Both these distinctive patterns of asthma
are responsive to antifungal therapy, which is available and af-
fordable in Africa, for many at least, unlike the new biolog-
ics which are not.!” However, patients may also suffer from al-
lergic bronchopulmonary mycosis (ABPM), due to sensitization
to non-fumigatus Aspergillus species and other molds.'$-1° The
term ‘fungal asthma’ encompasses a spectrum of closely related
and often overlapping clinical syndromes ranging from fungal-
IgE sensitized asthma, SAFS, serological ABPA and ABPA with
bronchiectasis.?’ Fungal asthma is a common problem in pa-
tients with severe asthma or those with poorly controlled disease
using conventional pharmacological approaches.'*

Fungal asthma is estimated to complicate more than 10 mil-
lion cases of adult asthmatics globally.?! However, there is a
paucity of published data on this problematic disease entity in
sub-Saharan Africa. A systematic review and meta-analysis? at-
tempted to estimate the burden of fungal asthma in Africa. In
this review, approximately 4074000 (23.3%) adult asthmatics
had fungal sensitization, 437 000 (2.5%) were estimated to have
ABPA and 577000 (3.3%) SAFS in Africa, based on outdated
or data outside Africa. Data were lacking on ABPM and factors
associated to fungal asthma. Therefore, fungal asthma is a sig-
nificant and yet an under-recognized problem in Africa.

It is important that country-level epidemiology and associated
complications of fungal asthma is described across the continent.
The last survey of ABPA prevalence in Africa was published in
1980 and no surveys of SAFS or ABPM have been done.?? In
the current study, we therefore aimed to determine the preva-
lence and factors associated with fungal asthma among Ugandan
adults.

Materials and methods

Study design and population

This was a cross-sectional study, with the aim of investigating the
prevalence of Aspergillus sensitization, ABPA, SAFS and ABPM
among Ugandan asthmatics, while detailing factors associated

with fungal asthma in this population. This study was nested
under the African Severe Asthma Program (ASAP) clinical study
(ClinicalTrials.gov Identifier: NCT03065920)?*2¢ at the Mak-
erere University Lung Institute. ASAP is a clinical study whose
primary objective is to identify and characterize severe asthma
in Uganda, Kenya and Ethiopia in order to understand its de-
terminants.>>>2® Between November 2015 and May 2018, ASAP
prospectively recruited 821 participants regardless of severity
status for the Ugandan site alone. Of these, 50% (412/821) were
adults (>18 years) and were eligible for inclusion in this fungal
asthma study.

Informed consent for the ASAP study was inclusive enough
to cover the current study. All participants in the current study
were adults (>18years) enrolled in ASAP at the Ugandan site
having a ‘current/previous doctor diagnosis of asthma or clin-
ical/treated asthma or wheezing/whistling breath in the last
12 months’. Participants were included in this study regardless of
severity status at baseline. Patients with an alternative lung dis-
ease likely to confound assessment of asthma, patients unable to
perform study tests and procedures and pregnant women were
excluded. Each patient was followed up for 12 months.

Sample size calculation

With actual prevalence of Aspergillus sensitization among
adult asthmatics in different African countries not exceeding
41.8%,23273* we used the Leslie Kish formula®® to estimate
sample size with a precision/absolute error of 5% and ata 95%
confidence level to obtain a sample size of 374.

Study samples and assays

Samples used for this study were stored baseline serum samples
from the ASAP study population at the Ugandan site (stored
at —80°C). Simple random sampling using computer generated
numbers was used to select 374 of the 412 stored baseline
samples of those ASAP participants eligible for this study (i.e.,
>18 years) regardless of severity status. Their respective clini-
cal and demographic data were also retrieved from the ASAP
database.

Samples were shipped to the Mycology Reference Centre
Manchester, UK and testing performed via InmunoCAP® (Ther-
moFisher, previously Phadia) for levels of Aspergillus fumigatus
-specific IgG (Asp 1gG), Aspergillus fumigtus-specific IgE (Asp
IgE) and total serum IgE (TIgE) antibodies.

Assay cut-offs

We used cut-offs of 40 mg/l for the InmunoCAP Aspergillus-
specific IgG and 0.35 kUA/I for Aspergillus-specific IgE as rec-
ommended by the manufacturer. We used a cut-off of 113.9 kU/I
for total IgE as recommended by the manufacturer and a cut-off
of 1000 kU/I as a screen for ABPA.3® A cut-off of 500 cells/ul for
eosinophil was used to screen for ABPA.37
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Table 1. Case definition for fungal asthma.

Aspergillus sensitization

Positive AF SPT or AF IgE

ABPA

SAFS

ABPM

Positive TIgE > 1000 [U/ml and

Positive AF SPT or Asp IgE and

AEC > 500 cells/pl

Severe asthma and

Fungal sensitization (Positive Asp SPT or Asp IgE) and
Positive TIgE < 1000

Severe asthma and

Negative Asp IgE and Asp SPT and

Positive TIgE < 1000

Positive MM SPT

Data presented are case definitions for fungal asthma. ABPA = Allergic bronchopulmonary aspergillosis, SAFS = Severe asthma with fungal sensitization, ABPM = Allergic

bronchopulmonary mycosis, AF = Aspergilllus fumigatus, SPT = skin prick test, Asp = Aspergillus, [gG = Immunoglobulin G, IgE = Immunoglobulin E, TIgE = total

Immunoglobulin E, AEC = absolute eosinophil count, MM = Mold mix.

Skin prick test procedures

Skin prick testing (SPT) (Immunospec (Pty) Ltd, Johannesburg,
Gauteng, South Africa) was performed at baseline for all en-
rolled patients in the ASAP study, and the tests were performed
and interpreted according to international guidelines.’® We used
a panel of 12 allergens that included only two fungal allergens
(Aspergillus fumigatus and Mould mix IV [Penicillium brevicom-
pactum, Penicillium expansum, Penicillium notatum]). Normal
saline served as a negative control while histamine was the posi-
tive control, with a mean wheal diameter of at least 3 mm being
positive, read after 15 min of allergen application. A comprehen-
sive clinical history was obtained to ensure that the patients had
not been taking oral steroids or anti-histamines in the last 7 days
prior to the SPT. A second reader was called upon for reactions
that were not clear.

Case definitions

Asthma severity was assessed using the severity grading based
on the National Asthma Education and Prevention Pro-
gram/National Heart, Lung and Blood Institute Expert Panel
Report (EPR 3) guideline.?® We defined non-severe asthma as
(intermittent or mild) and severe asthma as (moderate persistent
or severe persistent). Level of asthma control was assessed using
the asthma control questionnaire (ACQ)*® with ACQ cut off
of 1.5. A variable named ‘occupational risk’ was generated by
categorizing patients’ occupations according to their risk of
exposure to Aspergillus spores into low, moderate and high
risk. For this study, the term fungal asthma was used to refer to
ABPA, SAFS and ABPM and included Aspergillus sensitization.?>
Aspergillus sensitization was defined as ‘a positive SPT (mean
wheal diameter > 3 mm) against Aspergillus fumigatus antigen’
or ‘an elevated Aspergillus fumigatus specific IgE antibody level
greater than 0.35 kKUA/I’. In the current study, we adopted and
used the case definition for SAFS, ABPA and ABPM as proposed
by Agarwal et al. for the ABPA complicating asthma ISHAM

working group.>” Table 1 summarizes the criteria used for the
case definition of fungal asthma.

Data analysis

Data were analyzed using STATA version 16 (StataCop LLC,
College Station, TX, USA). All analyzed data were collected
at baseline visit. Descriptive statistics were used to summa-
rize baseline characteristics of participants; categorical variables
as frequencies (percentages) and numerical variables as me-
dian (interquartile range). To compare the differences in asthma
severity and baseline demographics, chi-square or Fisher’s ex-
act (n < 35) tests were performed for categorical variables and
Mann-Whitney U tests for continuous variables. To compare
Aspergillus-specific antibody titers and baseline demographics,
Mann-Whitney U (for variables with 2 categories) or Kruskal-
Wallis (for variables with 3 or more categories) tests were per-
formed. Our primary data analysis aimed at establishing the
prevalence or proportions of asthmatics with fungal asthma (As-
pergillus sensitization, ABPA, SAFS and ABPM) and the factors
associated with fungal asthma. The prevalence estimates were
calculated as proportion of patients with Aspergillus sensitiza-
tion, ABPA, SAFS and ABPM and presented as percentages at
95% confidence interval. The number of cases was obtained by
extrapolating prevalence to total estimated numbers in Uganda.
A binary logistic regression was performed to assess the asso-
ciation between fungal asthma and baseline demographics. At
all levels of hypothesis testing, a p-value < 0.05 was considered
statistically significant.

Ethical statement

Participants provided written informed consent to participate in
the ASAP study (MHREC 875). Ethics approval for this sub-
study was received from the School of Biomedical Sciences re-
search and ethics committee (SBS 598), the Uganda National
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Table 2. Baseline characteristics of the study population.

Overall (N = 374)

Moderate persistent
and severe persistent
asthma (N = 286)

Intermittent and mild
asthma (N = 88)

1 (%) or median

1 (%) or median 7 (%) or median

Characteristic N (IQR) N (IQR) N (IQR) P-value
Current age in years 369 34 (25-45) 88 29 (23-41) 281 35 (26-46) 0.013
Age when first diagnosed with asthma 372 25 (15-36) 87 23 (15-33) 285 25 (15-36) 0.650
Male gender 374 88 (23.5) 88 20 (22.7) 286 68 (23.8) 0.839
Overall BMI 374 24.8 (21.6-29.5) 88 23.7 (20.9-28.9) 286 25.7 (21.6-29.7) 0.104
Marital status 374 88 286
Single 131 (33) 35(39.8) 96 (33.6) 0.031
Married 188 (50.3) 44 (50) 144 (50.3)
Separated 27 (7.2) 8(9.1) 19 (6.6)
Mean ACQ 372
Well controlled 94 (25.3) 88 46 (52.3) 284 48 (16.8) 0.000
Not well controlled 278 (74.7) 42 (47.7) 236 (82.5)
Pre-measurements 88 286
FVC 374 2.9 (2.2-3.4) 3.3(2.9-3.6) 2.7 (2.1-3.2) 0.000
FVC% 374 100 (83-112) 110 (103-120) 95.5 (78-109) 0.000
FEV1 374 2.1 (1.6-2.7) 2.6 (2.3-3.0) 1.97 (1.4-2.5) 0.000
FEV1% 374 88 (65-105) 103 79 (60-100) 0.000
(91.5-115.5)
FEV1/FVC ratio 374 0.76 (0.66-0.84) 0.82 (0.74-0.88) 0.73 (0.63-0.83) 0.000
Post-measurement 9 117
FVC 126 2.6 (2.2-3.4) 3.1(2.8-3.6) 2.62 (2.2-3.4) 0.050
FVC % 126 99.5 (80-112) 117 (111-120) 97 (80-111) 0.002
FEV1 126 1.8 (1.3-2.3) 2.3 (2.1-2.5) 1.73 (1.29-2.2) 0.010
FEV1% 126 73.5 (56-89) 98 (92-103) 71 (56-87) 0.000
FEV1/FVC ratio 126 0.65 (0.56-0.71) 0.74 (0.7-0.76) 0.64 (0.56-0.71) 0.006
Skin prick, at least one allergen positive 331 71 260 (0)
Yes 310 (93.7) 67 (94.4) 243 (93.5) 1.000
No 21 (6.3) 4(5.6) 17 (6.5)
Eosinophil count 374 210 (110-390) 200 (110-410) 215 (100-390) 0.984
Patient uses ICS 370 34 (9.2) 87 3(3.4) 283 31 (11) 0.034
History of smoking 374 88 286
Current smoker 1(0.3) 0 (0) 1(0.3) 0.569
Former smoker 22 (5.9) 7 (8) 15(5.2)
Never 351 (93.9) 81(92) 270 (94.4)
Patient uses inhaler medication 370 108 (29.2) 87 13 (14.9) 283 95 (33.6) 0.001

Data presented are percentages (%), medians and interquartile ranges (IQR). The P-values compare severe vs non-severe in a given variable using Mann-Whitney U test for

continuous variables, chi-square or Fisher’s for categorical variables.

FVC = Forced vital capacity, FEV = Forced Expiratory Volume ICS = Inhaled Corticosteroids, PHQ = Patient Health Questionnaire.

Council for Science and Technology (HS 2532) and the Uganda
National Drug Authority (9464).

Results

Study population characteristics

Of the 374 asthma patients included in the study, 286
(76.5%) were females, and the median age was 34 years
(IQR = 25-45; n = 369). Overall, 74.7% of the partici-
pants had poorly controlled asthma, 286 (76.5%) of whom
were in the severe asthma group. Cough (45.5%), wheezing

(40.6%), chest pain (31.8%) and shortness of breath (28.1%)
were the commonest symptoms. Rhinosinusitis (30.7%) and
gastroesophageal reflux disease (24.1%) were the common-
est co-morbidities reported in this population (Table 2 and
Supporting Information 1). Family history of asthma was re-
ported in 222/372 (59.7%) participants. HIV prevalence was
7.5%.

S1.pdf: Extended baseline characteristics of the study popu-
lation.

Using skin prick test, 310 (93.7%) participants had reac-
tion to at least one allergen. The median eosinophil count was
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Table 3. Summary of Aspergillus fumigatus-specific antibody titers and total serum IgE.
Moderate persistent and

Overall Intermittent and mild asthma severe persistent asthma
Characteristic N n (%) or median (IQR) N n (%) or median (IQR) N n (%) or median (IQR) P-value
Asp IgG 356 9.46 (5.4-17.3) 86 10.35 (6.38-18) 270 9.14 (5.19-17.2) 0.104
Asp IgE 374 0.03 (0.01-0.08) 88 0.03 (0.01-0.09) 286 0.03 (0.01-0.08) 0.911
Total IgE 374 385.2 (107.5-1013.3) 88 283.1 (91.5-899.0) 286 388.1(107.9-1021.7) 0.513
Pos Asp-SPT 374 143 (38.2) 88 33 (37.5) 286 110 (38.5) 0.871
Pos Asp-SPT and Asp-IgE 374 13 (3.5) 88 3(3.41) 286 10 (3.5) 1.000

Data presented are percentages (%), medians and interquartile ranges (IQR). The P-values compare severe vs non-severe in a given variable using Mann-Whitney U test for

continuous variables, chi-square or Fisher’s for categorical variables.

Asp = Aspergillus, IgG+ = Immunoglobulin G, IgE = Immunoglobulin E, Pos = positive, SPT = skin prick test.

210 cells/ul (IQR = 110 — 390). Only 9.2% (34/370) were using
inhaled corticosteroids (ICS) at baseline.

Antibody levels

The median Aspergillus-specific IgG (Asp-IgG) antibody level
was 9.46 mg/l (IQR = 5.4-17.3; n = 356) and 16/374
(4.3%) participants had elevated Asp-IgG levels. The median
Aspergillus-specific IgE (Asp-IgE) antibody level was 0.03 kUA/I
(IQR = 0.01-0.08; n = 374) and 27/374 (7.2%) participants
had elevated Asp-IgE levels. The median total IgE (T-IgE) anti-
body level was 385.2 kU/l (IQR = 107.5-1013.3; n = 374) and
275/374 (73.5%) participants had elevated T-IgE levels. 95/374
(25.4%) participants had T-IgE levels greater than 1000 kU/L, yet
stool microscopy for helminths using formol-ether concentration
method was negative for all patients. There was no significant
difference in antibody levels between the severe and non-severe
asthmatics (Table 3).

When examining the differences between Aspergillus-specific
antibody titers and baseline demographics, we found gender,
chest pain, level of asthma control, lung function and eosinophil
count significantly associated with Aspergillus-specific IgE titers;
while age, level of asthma control, HIV status and use of ICS
were significantly associated with Aspergillus-specific IgG titers

(Table 4).

Prevalence and factors associated with Aspergillus
sensitization

The prevalence of Aspergillus sensitization in this population
was 41.9% (157/374, 95% CI: 37.1-47.0%). Using the Global
Health Data Exchange tool (GHDx) (http://ghdx.healthdata.
org/gbd-results-tool) and ‘asthma’ as the cause, we took the ‘15-
49 years’ group to represent the population of adult asthmatics in
Uganda. If there were 691442 cases of adult asthma in the year
2019, with a prevalence of Aspergillus sensitization of 41.9%,
we estimated that approximately 289714 adult asthmatics had
Aspergillus sensitization in Uganda in the same year. Patients

aged 55-64 years (crude odds ratio (cOR): 2.60, P = 0.018),
at least one allergen positive on SPT (cOR:9.38, P = 0.003) and
hypertension (cOR:1.99, P = 0.037) were more likely to have
Aspergillus sensitization. However, patients with secondary edu-
cation (cOR:0.23, P = 0.019), tertiary education (cOR = 0.29,
P = 0.048), severe depression (cOR:0.15, P = 0.043) and those
triggered by strong emotions (cOR:0.47, P < 0.001) were less
likely to have Aspergillus sensitization (Table 5 and Supporting
Information 2).
S2.pdf: Extended factors associated with fungal asthma.

Prevalence and factors associated with ABPA

The prevalence of ABPA in this population was 3.2% (12/374,
95% CI: 1.8-5.5%). Similarly using the GHDx, with a preva-
lence of ABPA of 3.2%, we estimated that approximately 22 126
adult asthmatics had ABPA in Uganda in 2019. Patients with
high occupational risk (cOR:4.26, P = 0.046) and those in con-
tact with molds (cOR:14.28, P = 0.003) were more likely to have
ABPA (Table 5 and Supporting Information 2).

Prevalence and factors associated with SAFS

The prevalence of SAFS in this population was 16.0% (60/374,
CI: 12.7-20.1%). Similarly using the GHDx, with a prevalence
of SAFS of 16 %, we estimated that approximately 110630 adult
asthmatics had SAFS in Uganda in 2019. Patients with palpita-
tions (cOR:5.54, P = 0.018), uncontrolled asthma (cOR:3.54,
P = 0.005), eczema/dermatitis (cOR:3.07, P = 0.015), poor
lung function (cOR:2.11, P: 0.010) and frequent exacerbations
(cOR:1.01, P = 0.043) were more likely to have SAFS (Table 5
and Supporting Information 2).

Prevalence and factors associated with ABPM

The prevalence of ABPM due to Penicillium species in this
population was 2.9% (11/374, CI: 1.7- 5.2%). Similarly us-
ing the GHDx, with a prevalence of ABPM of 2.9%, we esti-
mated that approximately 20051 adult asthmatics had ABPM
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Table 4. Differences in Aspergillus-specific antibody titers and selected baseline demographics.

Asp IgE Asp IgG
Characteristic N Median (IQR) P Median (IQR) P
Gender
Male 88 0.05 (0.03-0.13) 0.000 8.12 (5.19-13.15) 0.193
Female 286 0.02 (0.01-0.07) 9.09 (5.03-17.80)
BMI
Underweight 22 0.04 (0.01-0.14) 0.073 6.00 (4.3-12.6) 0.218
Normal 168 0.04 (0.01-0.09) 8.3 (4.92-15.25)
Overweight 103 0.02 (0.01-0.07) 10.7 (5.18-17.8)
Obese 81 0.02 (0.01-0.06) 11.0 (5.35-18)
Occupational exposure to Asp
Low 200 0.03 (0.01-0.08) 0.302 8.4 (5.0-15.7) 0.175
Moderate 123 0.03 (0.01-0.08) 10.4 (5.4-20.9)
High 50 0.04 (0.02-0.09) 7.6 (4.8-14.0)
Cough
Yes 170 0.03 (0.01-0.08) 0.778 8.03 (4.8-16.1) 0.176
No 204 0.03 (0.01-0.09) 9.36 (5.34-16.90)
Wheezing
Yes 152 0.03 (0.01-0.08) 0.910 7.87 (4.8-16.1) 0.161
No 222 0.03 (0.01-0.09) 9.36 (5.18-10.9)
Shortness of breath
Yes 105 0.02 (0.01-0.07) 0.079 7.63 (4.8-14.6) 0.142
No 269 0.03 (0.01-0.09) 9.66 (5.17-16.9)
Chest pain
Yes 119 0.02 (0.01-0.07) 0.050 7.97 (4.39-17.8) 0.393
No 255 0.03 (0.01-0.09) 9.12 (5.17-16.3)
Level of asthma control
Well controlled 94 0.02 (0.01-0.07) 0.039 11.15 (5.71-20.70) 0.032
Not well controlled 278 0.03 (0.01-0.09) 8.40 (4.92-15.40)
Contact with molds
Yes 7 0.02 (0.01-0.05) 0.647 12.00 (3.24-35.60) 0.397
No 367 0.03 (0.01-0.08) 8.69 (5.05-16.50)
Rhinosinusitis
Yes 115 0.04 (0.01-0.10) 0.148 8.87 (5.35-14.50) 0.822
No 259 0.03 (0.01-0.08) 8.55 (4.88-17.30)
HIV
Yes 28 0.04 (0.02-0.09) 0.570 4.72 (3.25-7.99) 0.0003
No 346 0.03 (0.01-0.08) 9.36 (5.31-17.20)
Eczema/dermatitis
Yes 23 0.05 (0.02-0.11) 0.180 7.90 (3.79-14.00) 0.293
No 351 0.03 (0.01-0.08) 8.75 (5.08-16.90)
Lung function
Normal 201 0.02 (0.01-0.07) 0.001 9.27 (5.25-17.2) 0.273
Poor 173 0.04 (0.02-0.09) 8.24 (4.92-16.30)
Methacholine challenge test
Positive 23 0.03 (0.02-0.09) 0.359 10.30 (6.49-15.20) 0.533
Negative 338 0.03 (0.01-0.08) 8.64 (4.99-16.90)
At least one allergen positive
Yes 310 0.03 (0.01-0.09) 0.653 8.45 (5.03-16.20) 0.313
No 21 0.02 (0.01-0.07) 13.00 (4.49-22.30)
Eosinophilic count
AEC < 500 310 0.02 (0.01-0.08) 0.004 8.56 (4.97-16.90) 0.995
AEC> =500 64 0.05 (0.02-0.12) 10.25 (5.28-15.45)
Patient uses ICS:
Yes 34 0.02 (0.01-0.05) 0.103 6.38 (4.62-10.80) 0.036
No 336 0.03 (0.01-0.09) 9.36 (5.11-17.25)

Data presented are medians and interquartile ranges (IQR). The P-values compare categories in a given variable using Mann-Whitney U (for variables with 2 categories) or
Kruskall Walis (3 categories and above).

BMI = body mass index, HIV = human immunodeficiency virus, AEC = absolute eosinophil count, ICS = Inhaled Corticosteroids.
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in Uganda in 2019. Patients with eczema/dermatitis (cOR:1.585,
P = 0.683) were more likely to have ABPM. Asthma triggered
by cold weather appeared to be protective for ABPM (cOR:0.24,
P = 0.043) (Table 5 and Supporting Information 2).

Discussion

Asthma is a common chronic respiratory disorder in Africa.*
However, currently, there is a paucity of population-based epi-
demiological data on the burden of fungal asthma and its as-
sociated complications among Africans living with asthma.?? In
the present study, the prevalence of Aspergillus sensitization was
41.9% (~289000 cases), SAFS 16% (~110000 cases), ABPA
3.2% (~22000 cases) and ABPM 2.9% (~20000 cases). These
findings are in keeping with a recent systematic review which
showed that about 3-52% of Africans with asthma have fungal
sensitization.?? We also previously demonstrated a 32% preva-
lence of Aspergillus sensitization in the same Ugandan popula-
tion.*! We also observed a large discordance between the pro-
portion of patients reported to be Aspergillus sensitized by SPT
(42%) and the proportion with a raised IgE to Aspergillus (7%).
More studies are needed to investigate this discordance. Fungal
sensitization is associated with worse asthma control, leading to
asthma attacks,'® additional need for corticosteroids, hospital-
ization*? and increased rates of bronchiectasis (especially due to
A. fumigatus).'*1% However, other studies have similarly demon-
strated a weak association between Aspergillus sensitization and
asthma severity.*> SAFS in our study was significantly associ-
ated with un-controlled asthma, poor lung function and frequent
episodes of exacerbations, unlike ABPA and ABPM.

Compared to previously published studies from African coun-
tries, the prevalence of fungal sensitization ranged from 2.9 to
51.9%.23:27,29-31,33,34.44-47 Three studies from Egypt reported
a prevalence of 2.9,%7 38.4% and 51.9%.%” Comparatively, the
prevalence of fungal sensitization among South Africans with
asthma ranged between 4.8 and 26.7%.232%-31 Oluwole and col-
leagues reported a prevalence of fungal sensitization of 10.9%
among Nigerians.* A study from Sudan reported a much higher
prevalence at 40.0%.** Compared to the above studies, we re-
port a much higher prevalence of fungal sensitization (42%)
among the Ugandan cohorts.

The high prevalence of SAFS in our cohort could be related
to the very high prevalence of severe asthma (76.5%) among our
participants. This is partly because we used data of patients from
the ASAP study, which mainly had patients with severe asthma,
and thus may not truly reflect the prevalence of the disease
among the general population of individuals with asthma in
Uganda. Besides, we defined severe asthma using the severity
grading based on EPR3%’ j.e., non-severe asthma = (intermittent
or mild) while severe asthma = (moderate persistent or severe
persistent). This could have overestimated the prevalence of

severe asthma in this population. Our estimate of the prevalence
of SAFS in Uganda may be too high for this reason.

Consistently, the global burden of ABPA is estimated to range
between 0.7 and 3.5%,* and in this study was 3.2%. The only
other estimate from Africa is from 1980 in South Africa and was
2.5%.2% The prevalence of ABPA varies with the diagnostic cri-
teria or case definition used. A recent study revealed that the new
diagnostic criteria, compared with existing criteria, showed bet-
ter sensitivity and specificity for diagnosing ABPA/ABPM.!” We
likely overdiagnosed some patients as ABPA since we used only
a single criterion.

Our study reports for the first time the prevalence of
ABPM due to Penicillium species in Africa. Patients with
eczema/dermatitis were three times more likely to have ABPM
while those whose asthma is triggered by cold weather were 76 %
less likely to have ABPM. Studies have shown fungal sensitiza-
tion in severe asthma to be associated with the isolation of As-
pergillus fumigatus in sputum.* However, in our study, we did
not culture sputum because other previous studies showed that it
is not a reliable test in this population, and hence not included in
most case definitions.*” Besides, good quality sputum is difficult
to obtain. However, sputum culture might be useful in patients
with ABPM, given the range of fungi linked with ABPM.

Fungal asthma has a complex clinical presentation, diagnosis
is challenging, treatment is poorly defined and long-term compli-
cations such as chronic pulmonary aspergillosis (CPA) compli-
cates prognosis.?’ CPA is a well-known complication of ABPA
and SAFS; the burden of this debilitating disease among Ugan-
dans with fungal asthma remains unknown and is a subject for
future research. ABPA, ABPM and SAFS do not respond clini-
cally to conventional asthma therapy.®*! Antifungal therapy, typ-
ically oral itraconazole may be considered in patients with SAFS
or ABPA.’2 An open-label randomized trial showed that pred-
nisolone was superior (100%) to itraconazole (88%) in terms of
reducing the number of asthma exacerbations and % decline in
IgE after treatment, but with more adverse events.*> There are no
data on fungal asthma treatment and treatment outcomes among
Africans.

However, the strength of our study lies in its inclusion of
a large sample size and a diverse population of patients with
asthma in Uganda. We robustly evaluated fungal allergy through
skin prick and serological tests. Therefore, we likely captured all
cases of fungal sensitization. Also, we were able to assess the im-
pact of fungal sensitization on lung function of the affected par-
ticipants. Our study provides baseline data for future epidemi-
ologic studies on fungal asthma in Uganda. Importantly, future
studies evaluating chest CT findings, particularly among patients
suspected of ABPA may be more informative. Of equal impor-
tance are studies on the efficacy and safety of antifungal therapy
among Ugandans with SAFS and ABPA.

In other limitations of the study; we are not certain of the ac-
curacy of the figures in the GHDx. However, from a public health

120Z Aey 01 uo sasn joodiani Jo Ausiaaiun Aq 2694929/SZ0geAw/AWww/S60L°0 L /10p/ao1le-0ueApe/AWiw/woo dno olwapese//:sdiy Woll papeojumoc]



10

Medical Mycology, 2021, Vol. 00, No. 00

perspective, we only used it to extrapolate and estimate the num-
ber of individuals who could be suffering from fungal asthma
cross-sectionally. Formol-ether concentration used to detect stool
helminths has a sensitivity that ranges from 53 to 81%.%* The
25% participants that had T-IgE levels greater than 1000 kU/I,
could be entirely due to fungal allergy rather than false negative
stool microscopy or reduced sensitivity of the method used for
stool analysis. We lacked radiological studies for our patients,
s0 a direct comparison to determine the presence of infiltrates or
bronchiectasis is not possible and needs to be done in a follow up
study. In most developing countries, computed tomography (CT)
scans are costly. In the current study, we did not perform chest CT
scans, which are a key investigative tool specially to demonstrate
bronchiectasis and hyper-attenuated mucous plugging, which are
of diagnostic and prognostic significance in ABPA. Besides, ASAP
study excluded patients with known bronchiectasis. The skin
prick test panel used did not include other relevant fungal aller-
gens such as Alternaria and Cladosporium species. The mould
mix too was composed of three Penicillium species only (P. bre-
vicompactum, P. expansum, P. notatum). This could have under-
estimated the prevalence of ABPM.

In conclusion, the prevalence of fungal asthma among Ugan-
dans, most of whom had severe asthma was high. Fungal asthma
is a neglected, yet significant clinical problem among Ugandans
with asthma and should be considered in individuals with un-
controlled asthma despite optimized standard asthma care. Di-
agnosis of fungal asthma provides a therapeutic option for these
patients (oral antifungal therapy) which can be life changing.
There is also need to advocate for translational research into
developing more fungal diagnostics to address the local disease
burden.>

Supplementary material

Supplementary data are available at MMYCOL online.
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S1: Extended baseline characteristics of the study population

Characteristic N

Current age in years, median 369
Age when first diagnosed with asthma 372
Categories of current age in years 367
18-24

25-34

35-44

45-54

55 - 64

65+

Male Gender 374
Overall BMI 374
Underweight

Normal

Overweight

Obese

Marital Status 374
Single

Married

Separated

Widowed

Highest level of education 374
None

Primary

Secondary

Tertiary

Occupational risk 373

Overall

(N=374)

n (%) or median
(IQR)
34 (25 - 45)

25 (15 - 36)

86 (23.4)
102 (27.8)

82 (22.3)

49 (13.4)

37 (10.1)

11 (3)

88 (23.5)

24.8 (21.6 - 29.5)
22 (5.9)

168 (44.9)

103 (27.5)

81 (21.7)

131 (35)
188 (50.3)
27(7.2)

28 (7.5)

14(3.7)
118 (31.6)
133 (35.6)

109 (29.1)

N

88

87

87

88

88

88

88

88

Intermittent & mild

asthma

(N=88)

n (%) or median
(IQR)
29 (23 - 41)

23 (15 - 33)

24 (27.6)
31(35.6)
15 (17.2)
8(9.2)
7(8)
2(2.3)
20 (22.7)
23.7(20.9 - 28.9)
5(5.7)
50 (56.8)
15 (17)

18 (20.5)

35 (39.8)
44 (50)
8(9.1)

1(1.1)

2(2.3)
16 (18.2)
46 (52.3)

24 (27.3)

moderate persistent &

N

281

285

280

286

286

286

286

285

severe persistent

asthma
(N=286)
n (%) or median
(IQR)
35 (26 - 46)

25 (15 - 36)

62 (22.1)
71 (25.4)

67 (23.9)

41 (14.6)
30(10.7)

9(32)

68 (23.8)

25.7 (21.6 - 29.7)
17 (5.9)

118 (41.3)

88 (30.8)

63 (22)

96 (33.6)
144 (50.3)
19 (6.6)

27 (9.4)

12 (4.2)
102 (35.7)
87 (30.4)

85(29.7)

P-value

0.013

0.650

0.234

0.839

0.104

0.040

0.031

0.001



Low

Moderate

High

Cough

Duration in days
Wheezing

Duration in days

Chest Pain

Duration in days
Shortness of breath
Duration in days
Blocked Nose

Duration in days
Running nose

Duration in days
Sputum production
Duration in days

Sore throat

Duration in days

Level of asthma control
Well controlled

Not well controlled
Currently comorbidities
Rhino sinusitis
Gastroesophageal reflux disease
Hypertension

HIV
Eczema/dermatitis

Obstructive sleep apnea

Depression or other psychiatry illness

Heart failure
Nasal polyps
COPD

None of the above

374

170

374

152

374

118

374

105

374

32

374

22

374

21

374

372

374

200 (53.6)
123 (33.0)
50 (13.4)
170 (45.5)
7 (5-30)
152 (40.6)
7(5-255)
119 (31.8)
7(7-14)
105 (28.1)
7(3-14)
32 (8.6)
8.5 (5 - 30)
22 (5.9)

12 (7 - 30)
22 (5.9)

7 (41760)
4(11)

5(2.5 - 18.5)

94 (25.3)

278 (74.7)

115 (30.7)
90 (24.1)
42 (11.2)
28 (7.5)
23 (6.1)
10 (2.7)
3(0.8)
1(0.3)
0(0)
0(0)

171 (45.7)

88

31

88

24

88

18

88

14

88

88

88

88

88

88

45 (51.1)

34 (38.6)
9(10.2)
31(35.2)
7(7-30)
24 (27.3)
10.5 (7 - 22)
18 (20.5)
10.5 (7 - 16)
14 (15.9)

14 (7 - 30)
6 (6.8)

105 (5 - 30)
8(9.1)
7(7-30)
3(34)

7 (11140)

0(0)

46 (52.3)

42 (47.7)

33 (37.5)
15 (17)
7(8)
3(3.4)
3(3.4)
1(1.1)
0(0)
0(0)
0(0)
0(0)

42 (47.7)

286

139

286

128

286

100

286

91

286

26

286

14

286

18

286

284

286

155 (54.4)
89 (31.2)
41 (14.4)
139 (48.6)
7(5-30)
128 (44.8)
7(4-255)
101 (35.3)
7(3-14)
91 (31.8)
7(3-14)
26 (9.1)
8.5 (5-30)
14 (4.9)

14 (7 - 30)
19 (6.6)

7 (41760)
4 (1.4)

5(2.5- 18.5)

48 (16.8)

236 (82.5)

82 (28.7)
75 (26.2)
35 (12.2)
25 (8.7)
20 (7)
9(3.1)
3(1)
1(0.3)
0(0)
0(0)

147 (51.4)

0.347

0.028

0.716

0.004

0.267

0.009

0.157

0.004

0.081

0.505

0.942

0.144

0.422

0.312

0.627

0.577

NA

0.000

0.117

0.078

0.266

0.109

0.311

0.463

1.000

1.000

NA

NA

0.385



Pre-measurements
FvC

FVC%

FEV1

FEV1%
FEV1/FVC ratio
Lung function
Normal

Poor
Post-measurement
FvC

FVC %

FEV1

FEV1%
FEV1/FVC ratio
Methacholine challenge test
Positive

Negative

Skin prick, at least one allergen positive

Yes

No

Eosinophilic count
AEC<500
AEC>=500
Eosinophil count
Total BHQ score
Patient uses ICS
History of smoking
Current smoker
Former smoker
Never

Secondary smoker
Relatives who have asthma

Yes

374

374

374

374

374

374

126

126

126

126

126

361

331

374

374

374

370

374

374

372

29(22-3.4)
100 (83 - 112)
21(16-27)
88 (65 - 105)

0.76 (0.66 - 0.84)

201 (53.7)

173 (46.3)

26(22-34)
99.5 (80 - 112)
1.8(13-23)
73.5 (56 - 89)

0.65 (0.56 - 0.71)

23 (6.4)

338 (93.4)

310 (93.7)

21(6.3)

310 (82.9)

64 (17.1)

210 (110 - 390)
72 (49 - 98)

34(9.2)

1(0.3)
22 (5.9)
351 (93.9)

20 (5.3)

222 (59.7)

88

85

71

88

87

88

88

87

3.3(2.9-36)
110 (103 - 120)
2.6 (2.3-3.0)
103 (91.5 - 115.5)

0.82 (0.74 - 0.88)

76 (86.4)

12 (13.6)

3.1(2.8-36)
117 (111 - 120)
23(2.1-25)
98 (92 - 103)

0.74 (0.7 - 0.76)

2(2.4)

83 (97.6)

67 (94.4)

4(5.6)

72 (81.8)

16 (18.2)

200 (110 - 410)
61.5 (32.5 - 78.5)

3(3.4)

0(0)
7(8)
81 (92)

4(45)

50 (57.5)

286

117

277

260

286

283

286

286

285

27(21-32)
95.5 (78 - 109)
1.97 (1.4 - 2.5)
79 (60 - 100)

0.73 (0.63 - 0.83)

125 (43.7)

161 (56.3)

2.62 (2.2 -3.4)
97 (80 - 111)
1.73(1.29-2.2)
71 (56 - 87)

0.64 (0.56 - 0.71)

21 (7.6)
255 (92.1)
)

243 (93.5)

17 (6.5)

238 (83.2)

48 (16.8)

215 (100 - 390)
775 (53 - 102)

31 (11)

1(0.3)
15 (5.2)
270 (94.4)

16 (5.6)

172 (60.4)

0.000

0.000

0.000

0.000

0.000

0.000

0.050

0.002

0.010

0.000

0.006

0.190

1.000

0.761

0.984

0.000

0.034

0.569

1.000

0.149



No

Don’t know

Exposed to firewood/ charcoal smoke 374
Use of kerosene for lighting or cooking 374
Depression status according to total @374
PHQ-9 score

No depression

Minimal depression

Mild depression

Moderate depression

Moderately severe depression

Severe depression

Patient uses inhaler medication 370
Asthma triggers 374
Upper respiratory infection

Exposure to household pets such as cats,

dogs or poultry

Smoking or exposure to tobacco smoke

Strong emotions such as anger,
excitement, anxiety

Cold weather

Drugs such those treating high blood
pressure and pain Killers like aspirin

Exercise

Dust

Strong smells or perfumes

Exposure at work

Other

None of the above

89 (23.9)
61 (16.4)
344 (92)

374 (100)

15 (4)

96 (25.7)
113 (30.2)
92 (24.6)
47 (12.6)
11(2.9)

108 (29.2)

371(99.2)

13 (3.5)

356 (95.2)

223 (59.6)

341 (91.2)

1(0.3)

116 (31)
359 (96)
315 (84.2)
13 (35)
5(1.3)

0(0)

88

88

88

87

88

27 (31)
10 (11.5)
76 (86.4)

12 (13.6)

9(10.2)
27 (30.7)
32 (36.4)
11 (12.5)
9.(10.2)
0(0)

13 (14.9)

87 (98.9)

4 (45)

81 (92)

45 (51.1)

82 (93.2)

21(23.9)
83 (94.3)
74 (84.1)
2(23)
2(23)

0(0)

286

286

286

283

286

62 (21.8)
51 (17.9)
268 (93.7)

37 (12.9)

6(2.1)
69 (24.1)
81 (28.3)
81(28.3)
38 (13.3)
11(3.8)

95 (33.6)

284 (99.3)

9(3.1)

275 (96.2)

178 (62.2)

259 (90.6)

1(0.3)

95 (33.2)
276 (96.5)
241 (84.3)
11 (3.8)
3(1)

0(0)

0.027

0.865

0.000

0.001

0.514

0.514

0.115

0.063

0.448

1.000

0.097

0.361

0.969

0.741

0.336

NA



S2: Extended factors associated with fungal asthma

Variables
N

Overall prevalence 374
current age in years 155
18 -24

25-34

35-44

45 -54

55 - 64

65+

Gender 157
Male

Female

BMI 157
Underweight

Normal

Overweight

Obese

Marital Status 157
Single

Married

Separated

Widowed

Aspergillus Sensitisation

n (%) COR (95% Cl)
157 (58.0)

31 (20) 1.00

40 (25.8) 1.14 (0.63 - 2.07)
34 (21.9) 1.26 (0.67 - 2.34)
23 (14.8) 157 (0.77 - 3.20)
22(142)  2.60(1.18-5.73)
5(3.2) 1.48 (0.42 - 5.24)
40 (25.5) 1.00

117 (745) | 0.83 (0.51-1.34)
7 (4.5) 0.69 (0.27 - 1.77)
68 (43.3) 1.00

42 (26.8) 1.01 (0.61 - 1.67)
40 (25.5) 1.43 (0.84 - 2.45)
48 (30.6) 1.00

80 (51) 1.28 (0.81 - 2.03)
12 (7.6) 1.38 (0.60 - 3.20)

17 (10.8) 2.67 (1.16 - 6.18)

P

0.655

0.471

0.215

0.018

0.545

0.450

0.437

0.961

0.185

0.290

0.448

0.021

374

11

12

12

12

n (%)

12(32)

3(27.3)
4 (36.4)
2 (18.2)
0(0)

2 (18.2)

0(0)

5(41.7)

7 (58.3)

0(0)
5(41.7)
6 (50)

1(8.3)

4(33.3)
6 (50)
0(0)

2 (16.7)

ABPA

COR (95% Cl)

1.00
1.13 (0.25 - 5.19)
0.69 (0.11 - 4.25)
NA

1.58 (0.25 - 9.88)

NA

1.00

0.42 (0.13 - 1.35)

NA
1.00
2.02 (0.60 - 6.78)

0.41 (0.05 - 3.55)

1.00
1.05 (0.29 - 3.78)
NA

2.44 (0.43-14.04)

P

0.876

0.691

0.624

0.143

0.257

0.416

0.945

0.317

374

59

60

60

60

n (%)

60 (16.0)

9 (15.3)
18 (30.5)
14 (23.7)
7(11.9)
9 (15.3)

2 (3.4)

14 (23.3)

46 (76.7)

4(6.7)
21 (35)
19 (31.7)

16 (26.7)

15 (25)
31 (51.7)
7(11.7)

7 (11.7)

SAFS

COR (95% CI)

1.00
1.83 (0.78 - 4.32)
1.76 (0.72 - 4.33)
1.43 (0.5 - 4.1)

2.75 (0.99 - 7.63)

1.9 (0.35 - 10.21)

1.00

1.01 (0.53 - 1.95)

1.56 (0.48 - 5.04)
1.00
1.58 (0.81 - 3.11)

1.72 (0.84 - 3.51)

1.00
153 (0.79 - 2.96)
2.71(0.98 - 7.47)

2.58 (0.94 - 7.08)

P

0.166

0.217

0.511

0.052

0.454

0.969

0.461

0.183

0.135

0.210

0.054

0.066

374

11

11

11

11

n (%)

11(2.9)

1(9.1)
2(18.2)
4 (36.4)
2 (18.2)
2(18.2)

0(0)

3(27.3)

8 (72.7)

0(0)
5 (45.5)
4 (36.4)

2(18.2)

2(18.2)
6 (54.5)
1(9.1)

2(18.2)

ABPM

COR (95% CI)

1.00
1.7 (0.15 - 19.08)

4.36 (0.48 - 39.84)
3.62 (0.32 - 40.95)
4.86 (0.43 - 55.31)

NA

1.00

0.82 (0.21 - 3.14)

NA
1.00
1.32 (0.35 - 5.02)

0.83 (0.16 - 4.35)

1.00
2.13(0.42 - 10.7)
2.48 (0.22 - 28.38)

4.96 (0.67 - 36.84)

0.667

0.192

0.299

0.203

0.767

0.687

0.821

0.360

0.465

0.117



S2: Extended factors associated with fungal asthma

Highest education 157
None

Primary

Secondary

Tertiary

Occupational risk 157
Low
Moderate

High

10 (6.4)
52 (33.1)
49 (31.2)

46 (29.3)

84 (53.5)
51 (32.5)

22 (14.0)

1.00
0.32 (0.09 - 1.06)
0.23 (0.07 - 0.78)

0.29 (0.09 - 0.99)

1.00
0.98 (0.62 - 1.54)

1.09 (0.58 - 2.03)

0.063

0.019

0.048

0.924

0.798

12

12

0 (0)
5(41.7)
5(41.7)

2(16.7)

4(33.3)
4(33.3)

4(33.3)

NA
2.37 (0.45 - 12.46)
2.09 (0.40 - 10.99)

NA

1.00
1.65 (0.40 - 6.71)

4.26 (1.03 - 17.67)

0.309

0.384

0.486

0.046

60

60

2(3.3)
27 (45)
14 (23.3)

17 (28.3)

35 (58.3)
15 (25.0)

10 (16.7)

1.00
1.78 (0.38 - 8.45)
0.71 (0.14 - 3.48)

1.11 (0.23 - 5.4)

1.00
0.65 (0.34 - 1.26)

1.18 (0.54 - 2.58)

0.468

0.669

0.898

0.203

0.681

11

11

0 (0)
6 (54.5)
3(27.3)

2(18.2)

6 (54.6)
3(27.3)

2(18.2)

NA
2.87 (0.57 - 14.51)
1.23 (0.2 - 7.52)

1.00

1.00
0.81 (0.20 - 3.29)

1.35 (0.26 - 6.88)

0.203

0.819

0.767

0.720



S2: Extended factors associated with fungal asthma

Symptoms 157 12 60 11

Cough 64 (40.8) 0.72(0.48-1.09)  0.122 5(41.7) 0.85(0.27-2.74)  0.789 28 (46.7) 1.06(0.61-1.84) = 0.837 6(54.5) 1.46(0.44-4.86) 0541
Sputum production 9(5.7) 0.95(0.40-2.29)  0.917 0(0) NA 4(6.7) 1.17 (0.38 - 3.6) 0.778 0(0) NA

Wheezing 65 (41.4) 1.06 (0.70-1.60) = 0.799 2(16.7)  05(0.11-2.33) 0.380 28(46.7) 1.34(0.77-2.34) | 0.301 6(545)  1.78(0.53-595)  0.347
Shortness of breath 47 (29.9) 1.17 (0.74-1.85)  0.496 2(16.7)  0.5(0.11-2.33) 0.380 19(31.7)  1.23(0.68-2.23)  0.500 3(27.3) 0.96(0.25-3.69)  0.952
Chest Pain 45 (28.7) 0.78 (0.50-1.21)  0.266 2(16.7)  0.42(0.09-1.94)  0.266 19(31.7) = 0.99 (0.55-1.8) 0.978 3(27.3) 0.8(0.21-3.07) 0.743
Palpitations 5(3.2) 2.35(0.55-9.97)  0.248 0(0) NA 4(6.7) 5.54 (1.35-22.78) = 0.018 0(0) NA

Body swelling 1(0.6) 1.38(0.09 - 22.31) 0.818 0(0) NA 1(1.7) 5.31(0.33 - 86) 0.240 0(0) NA

Reduced urine output 1(0.6) NA 0(0) NA 1(1.7) NA 0(0) NA

Running nose 8 (5.1) 0.78 (0.32 - 1.90) 0.583 1(8.3) 1.48(0.18-11.98) 0.715 3(5) 0.82 (0.23 - 2.85) 0.752 1(9.1) 1.63 (0.2 - 13.33) 0.649
Vomiting 0(0) NA 0(0) NA 0 (0) NA 0(0) NA

Abdominal pain 1(0.6) 0.23(0.03-1.89)  0.170 0(0) NA 0(0) NA 0(0) NA

Yellow body/ eyes 0 (0) NA 0 (0) NA 0(0) NA 0 (0) NA

Seizures 1(0.6) NA 0(0) NA 1(1.7) NA 0(0) NA

Limb weakness 1 (0.6) 0.69 (0.06 - 7.67)  0.762 0(0) NA 1(17) 2.64(0.24 -29.63) 0.430 0 (0) NA

Headaches 4 (2.5) 0.68(0.20-2.31)  0.540 0(0) NA 3(5) 1.78 (0.47 -6.79)  0.396 0(0) NA

Memory problems 0(0) NA 0(0) NA 0 (0) NA 0 (0) NA

Skin rashes 0(0) NA 0(0) NA 0 (0) NA 0 (0) NA

Sore throat 3(1.9) 4.21(0.43-40.83) 0.215 0(0) NA 2(3.3) 5.38 (0.74 - 38.96)  0.096 0(0) NA

Joint swellings 2(1.3) 1.38 (0.09 - 22.31) 0.818 0(0) NA 1(17) 5.31(0.33 - 86) 0.240 0 (0) NA

Blocked Nose 2(1.3) 0.60 (0.28-1.31)  0.202 2(16.7) 221 1.766 2(3.3) 0.33(0.08 - 1.4) 0.133 1(9.1) 1.07 (0.13-8.64)  0.949

Facial pain 0 (0) NA 0 (0) NA 0 (0) NA 0 (0) NA



S2: Extended factors associated with fungal asthma

asthma control 157
Well controlled

Not well controlled

Asthma severity 157
Severe

Non-severe

Environmental 157
contact
Dust
Cockroaches
Chicken or other
birds

Car fumes regularly
Pollen

Cats

Dogs

Chemicals

Molds

38 (24.2)

119 (75.8)

167 (0)

50 (0)

154 (98.1)
121 (77.1)
78 (49.7)
42 (26.8)
44.(28)
40 (25.5)
33 (21)
13(8.3)

4(25)

1.00

1.10 (0.69 - 1.77)

0.94 (0.58 - 1.52)

1.00

1.21(0.29 - 5.14)
1.38 (0.86 - 2.21)
1.34 (0.89 - 2.03)
0.72 (0.46 - 1.13)
1.07 (0.67 - 1.69)
1.38 (0.85 - 2.26)
1.25(0.75 - 2.11)
1.22 (0.56 - 2.63)

1.86 (0.41 - 8.45)

0.686

0.794

0.796

0.188

0.163

0.155

0.781

0.194

0.394

0.620

0.419

12

12

12

3(25)

9 (75)

11 (91.7)

1(83)

11(91.7)
10 (83.3)
6 (50)
1(8.3)
4(333)
5 (41.7)
2 (16.7)
2 (16.7)

2 (16.7)

1.00

1.01 (0.27 - 3.83)

3.48 (0.4 - 27.34)

1.00

0.22 (0.02 - 1.92)
1.83(0.39 - 8.5)
1.21(0.38 - 3.81)
0.2 (0.03 - 1.55)
1.35 (0.4 - 4.57)
2.6(0.8-8.42)
0.85 (0.18 - 3.96)
2.58 (0.54 - 12.42)

14.28 (2.47 - 82.7)

0.983

0.236

0.169

0.441

0.748

0.123

0.633

0.111

0.835

0.236

0.003

60

60

60

6 (10)

54 (90)

60 (100)

0(0)

59 (98.3)
47 (78.3)
29 (48.3)
20 (33.3)
15 (25)
15 (25)
15 (25)
4(6.7)

2(3.3)

1.00

3.54 (1.47 - 8.51)

NA

1.35(0.16 - 11.14)
1.36 (0.7 - 2.64)
1.15 (0.66 - 2)
1.15 (0.64 - 2.08)
0.87 (0.46 - 1.64)
1.21(0.63 - 2.29)
1.54 (0.8 - 2.95)
0.86 (0.29 - 2.58)

2.13 (0.4 - 11.25)

0.005

0.783

0.359

0.625

0.636

0.666

0.568

0.197

0.792

0.373

10

11

11

3(30)

7 (70)

11 (0)

0(0)

11 (100)
9(81.8)
4 (36.4)
4(36.4)
3(27.3)
4 (36.4)
2 (18.2)
0(0)

0(0)

1.00

0.78 (0.2 - 3.09)

NA

1.35(0.16 - 11.14)
1.36 (0.7 - 2.64)
115 (0.66 - 2)
1.15 (0.64 - 2.08)
0.87 (0.46 - 1.64)
1.21 (0.63 - 2.29)
1.54 (0.8 - 2.95)
0.86 (0.29 - 2.58)

2.13 (0.4 - 11.25)

0.728

0.783

0.359

0.625

0.636

0.666

0.568

0.197

0.792

0.373



S2: Extended factors associated with fungal asthma

Current 12 60 11

comorbidities 41 (26.1) 0.68 (0.43-1.07)  0.099 2(16.7)  0.44(0.1-2.04) 0.295 15 (25) 0.71(0.38-1.34)  0.294 4(36.4) 0.71(0.38-1.34) 0.294
Rhino sinusitis 35(22.3) 0.85(0.52-1.37)  0.49 5(41.7)  233(0.72-7.52)  0.158 9 (15) 0.51(0.24-1.08)  0.077 4(36.4) 051(024-1.08) 0.077
GERD 24 (15.3) 1.99 (1.04-3.82)  0.037 1(8.3) 0.71 (0.09 -5.66)  0.748 10 (16.7) 1.76 (0.82-3.81)  0.150 1(9.1) 1.76 (0.82-3.81)  0.150
Hypertension 12 (7.6) 1.04 (048-2.26)  0.922 1(8.3) 1.13(0.14-9.07)  0.910 5(8.3) 1.15(042-3.16)  0.786 1(9.1) 1.15(042-3.16) 0.786
HIV 13 (8.3) 1.87(0.80-4.38)  0.150 1(8.3) 14(0.17-11.38)  0.750 8(13.3)  3.07(1.24-7.6) 0.015 1(9.1) 3.07 (1.24 - 7.6) 0.015
Eczema/dermatitis 9 (5.7) 1.04 (0.43-253)  0.933 0(0) NA 3(5) 0.87 (0.25-3.04)  0.821 1(9.1) 0.87 (0.25-3.04)  0.821
Other diseases 5(3.2) 1.39(0.40-4.90) 0.604 0(0) NA 3(5) 2.31(0.58-9.19)  0.235 0(0) NA

Obstructive sleep 2(1.3) 2.79(0.25-31.01) 0.404 0(0) NA 1(1.7) 2.64 (0.24 -29.63) 0.430 0(0) NA

apnea 1(0.6) NA 0 (0) NA 0(0) NA 0 (0) NA
Depression/psychiatry 0(0) NA 0(0) NA 0 (0) NA 0(0) NA

illness 0(0) NA 0(0) NA 0(0) NA 0(0) NA

Heart failure 63 (40.1) 1.00 (0.66 - 1.52) 0.995 4(33.3) 0.74 (0.22 - 2.5) 0.628 21(35) 0.77 (0.43 - 1.37) 0.379 4 (36.4) 0.77 (0.43 - 1.37) 0.379
Nasal polyps

COPD

None of the above

Lung function 157 12 60 11

Normal 82 (52.2) 1.00 5(41.7) | 1.00 23(38.3)  1.00 7(63.6) | 1.00

Poor 75 (47.8) 1.11 (0.74 - 1.68) 0.617 7 (58.3) 1.65 (0.52 - 5.31) 0.398 37(61.7) 211(1.2-3.71) 0.010 4 (36.4) 0.66 (0.19 - 2.28) 0.507
Methacholine 151 12 58 11

challenge test 9 (6) 1.00 2 (16.7) 1.00 3(5.2) 1.00 0 (0) NA

Positive 142 (94) 1.13(0.47-2.68)  0.786 10(83.3) 0.32(0.07-1.56)  0.158 55(94.8) 1.3(0.37 -4.51) 0.684 11 (100)

Negative



S2: Extended factors associated with fungal asthma

at least one allergen
positive

Yes

No

Eosinophilic count
AEC<500

AEC>500

Patient uses ICS:

Yes

No

History of smoking
Current smoker
Former smoker

Never

Secondary smoker
Yes

No

Relatives who have
asthma

Yes

No

Don’t know

156

157

154

157

157

156

154 (98.7)

2(1.3)

133 (84.7)

24 (15.3)

14 (9.1)

140 (90.9)

1(0.6)
10 (6.4)

146 (93)

8(5.1)

149 (94.9)

89 (57.1)
41 (26.3)

26 (16.7)

9.38 (2.15 - 40.95)

1.00

1.00

0.80 (0.46 - 1.39)

0.98 (0.48 - 2.01)

1.00

1.00
1.17 (0.49 - 2.78)

NA

0.92 (0.37 - 2.3)

1.00

1.00
1.28 (0.78 - 2.1)

1.11 (0.63 - 1.97)

0.003

0.426

0.956

0.722

0.854

0.335

0.721

12

12

12

12

12

12

12 (100)

0(0)

0(0)

12 (100)

0(0)

12 (100)

0(0)
1(8.3)

11 (91.7)

1(8.3)

11 (91.7)

7 (58.3)
2 (16.7)

3(25)

NA

NA

NA

1.00
1.47 (0.18 - 11.95)

NA

1.64 (0.2 - 13.38)

1.00

1.00
0.71 (0.14 - 3.47)

1.59 (0.4 - 6.34)

0.718

0.644

0.668

0.512

60

60

59

60

60

60

60 (100)

0(0)

52 (86.7)

8(13.3)

6(10.2)

53 (89.8)

0 (0)
3(5)

57 (95)

3(5)

57 (95)

33 (55)
14 (23.3)

13 (21.7)

NA

1.00

0.71 (0.32 - 1.58)

1.14(0.45 - 2.9)

1.00

1.00
0.81(0.23 - 2.84)

NA

0.92 (0.26 - 3.24)

1.00

1.00
1.07 (0.54 - 2.11)

1.55 (0.76 - 3.17)

0.398

0.776

0.748

0.896

0.847

0.229

11

11

11

11

11

11

11 (100)

0(0)

11 (100)

0(0)

2(18.2)

9 (81.8)

0(0)
0(0)

11 (100)

1(9.1)

10 (90.9)

7 (63.6)
1(9.1)

3(27.3)

NA

NA

2.27 (0.47 - 10.97)

1.00

NA

1.81(0.22 - 14.89)

1.00

1.00
0.35(0.04 - 2.88)

1.59 (0.4 - 6.34)

0.307

0.581

0.328

0.512



S2: Extended factors associated with fungal asthma

Exposed to firewood
smoke

Yes

No

Use of kerosene

Yes

No

Depression status

No depression
Minimal depression
Mild depression
Moderate depression
Moderately severe
depression

Severe depression

Use of inhaler
medication
Yes

No

157

157

157

145 (92.4)

12 (7.6)

17 (10.8)

140 (89.2)

9(5.7)
42 (26.8)
41 (26.1)
44 (28)
19 (12.1)

2(1.3)

47 (30.5)

107 (69.5)

1.09 (0.51 - 2.34)

1.00

0.7 (0.37 - 1.32)

1.00

1.00

052 (0.17 - 1.57)
0.38(0.13 - 1.14)
0.61 (0.2 - 1.86)
0.45 (0.14 - 1.48)

0.15 (0.02 - 0.94)

112 (0.71 - 1.76)

1.00

0.819

0.269

0.246

0.085

0.385

0.190

0.043

0.635

12

12

12

12

12 (100)

0(0)

1(83)

11 (91.7)

0(0)
4(33.3)
1(8.3)
6 (50)
1(8.3)

0(9)

1(8.3)

11 (91.7)

NA

0.59 (0.08 - 4.71)

1.00

1.00
2(0.22 - 18.41)
0.41 (0.03 - 6.71)
3.21(0.37 - 27.47)
NA

NA

0.21 (0.03 - 1.67)

1.00

0.623

0.541

0.532

0.287

0.141

60

60

60

59

58 (96.7)

2(3.3)

5(8.3)

55 (91.7)

1(17)
18 (30)
14 (23.3)
19 (31.7)
7(11.7)

1(.7)

22 (37.3)

37 (62.7)

2.84 (0.66 - 12.25)

1.00

056 (0.21 - 1.47)

1.00

1.00
3.23 (0.4 - 26.19)

1.98 (0.24 - 16.24)
3.64 (0.45 - 29.48)
2.45 (0.28 - 21.71)

1.4 (0.08 - 25.14)

1.56 (0.87 - 2.79)

1.00

0.162

0.238

0.272

0.525

0.225

0.421

0.819

0.138

11

11

11

11

10 (90.9)

1(9.1)

2(18.2)

9 (81.8)

0(0)
4(36.4)
4(36.4)
1(9.1)

2(18.2)

0(0)

3(27.3)

8 (72.7)

0.87 (0.11 - 7.02)

1.00

1.49 (0.31 - 7.13)

1.00

1.00
0.98 (0.17 - 5.54)
0.83 (0.15 - 4.67)
0.25 (0.02 - 2.8)

1.00

0.91 (0.24 - 3.49)

1.00

0.895

0.615

0.980

0.828

0.259

0.887



S2: Extended factors associated with fungal asthma

Asthma triggers

Upper respiratory
infection
Exposure to

household pets
Smoking/exposure to
tobacco

Strong emotions

Cold weather

BP drugs & pain
killers
Exercise
Dust
Strong smells or
perfumes

Exposure at work

Other

None of the above

157

154 (98.1)
6 (3.8)
149 (94.9)
77 (49)
138 (87.9)
1(0.6)
55 (35)
149 (94.9)
132 (84.1)
4(2.5)
2 (13)

0(0)

NA
1.19 (0.39 - 3.62)
0.9 (0.35 - 2.33)
0.47 (0.31 - 0.71)
05(0.24 - 1.03)
NA

1.38 (0.89 - 2.14)
0.62 (0.22 - 1.75)
0.98 (0.56 - 1.72)
0.6 (0.18 - 2)
0.92 (0.15 - 5.57)

NA

0.756

0.828

0.000

0.061

0.154

0.367

0.947

0.409

0.928

12

12 (100)
0(0)

12 (100)
6 (50)
10 (83.3)
0(0)
3(25)
11 (91.7)
11 (91.7)
0(0)
0(0)

0(0)

NA
NA

NA

0.67 (0.21 - 2.11)
0.47 (0.1 - 2.23)
NA

0.73 (0.2 - 2.76)
0.44 (0.05 - 3.67)
2.1(0.27 - 16.57)
NA

NA

NA

0.492

0.341

0.648

0.450

0.482

60

60 (100)
2(33)
59 (98.3)
33 (55)
53 (88.3)
0(0)

21 (35)
59 (98.3)
47 (78.3)
1(L7)
1(L7)

0(0)

NA
0.95 (0.21 - 4.4)
3.38 (0.44 - 25.87)
0.8 (0.46 - 1.39)
0.68 (0.28 - 1.66)
NA

1.24 (0.69 - 2.22)
2.75 (0.36 - 21.34)
0.62 (0.31 - 1.24)
2.42 (0.72 - 8.13)
1.31(0.14 - 11.96)

NA

0.948

0.241

0.426

0.399

0.467

0.332

0.175

0.153

0.809

11

11 (100)
0(0)

11 (100)
9 (81.8)
8 (72.7)
0(0)
4(36.4)
11 (100)
10 (90.9)
1(9.2)
0(0)

0(0)

NA
NA

NA

3.13(0.67 - 14.71)
0.24 (0.06 - 0.95)
NA

1.28 (0.37 - 4.46)
NA

1.9 (0.24 - 15.14)
2.93 (0.35 - 24.73)
NA

NA

0.148

0.043

0.698

0.544

0.324



S2: Extended factors associated with fungal asthma

Current/ recent 157
medication

Aspirin

NSAIDs

ACE inhibitors

Beta blockers

Estrogens

Herbs

Supplements

Others

None of the above

Episodes of 157
exacerbations;

median (IQR)

Asthma quality of life = 157

score; median (IQR)

2(13)
0(0)
3(L9)
3(L9)
2(13)
9(5.7)
0(0)
31(19.7)

114 (72.6)

8 (3 - 20)

128 (111 -

153)

0.69 (0.12 - 3.8)
NA

2.09 (0.35 - 12.68)
NA

1.39 (0.19 - 9.95)
0.95 (0.4 - 2.29)
NA

1.06 (0.63 - 1.78)

0.94 (0.59 - 1.5)

1.00 (1.00 - 1.01)

1.00 (0.99 - 1.01)

0.667

0.421

0.745

0.917

0.837

0.809

0.295

0.957

12

12

12

0(0)
0(0)
1(8.3)
0(0)
0(0)
0(0)
0(0)
2(16.7)

10 (83.3)

8 (45 -

20)

125
(1165 -

149.5)

NA

NA

8.14 (0.84 - 78.91)
NA

NA

NA

NA

0.83 (0.18 - 3.89)

1.86 (0.4 - 8.62)

1.00 (0.98 - 1.02)

1.00 (0.98 - 1.02)

0.071

0.818

0.430

0.971

0.987

60

60

60

1(L7)
0(0)
1(1.7)
1(L7)
0(0)
5 (8.3)
0(0)
12 (20)

43 (71.7)

10 3 -

20)

126
(1075 -

147.0)

1.05 (0.12 - 9.13)
NA

1.31(0.14 - 11.96)
2.64 (0.24 - 29.63)
NA

1.59 (0.56 - 4.48)
NA

1.06 (0.53 - 2.11)

0.91 (0.49 - 1.68)

1.01 (1.00 - 1.02)

1.00 (0.99 - 1.00)

0.967

0.809

0.430

0.382

0.872

0.761

0.043

0.263

11

11

11

0(0)
0(0)
0(0)
0(0)
0(0)
2(18.2)
0(0)
3(27.3)

6 (54.5)

5 (3 - 20)

127 (112

- 155)

NA

NA

NA

NA

NA

3.81(0.77 - 18.82)
NA

1.6 (0.41 - 6.18)

0.43 (0.13 - 1.43)

1.00 (0.98 - 1.02)

1.00 (0.9 - 1.02)

0.101

0.497

0.166

0.935

0.877
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