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Background: Mold sensitivity in asthmatic patients has recently attracted clinical interest; however the
links between mold sensitivity and asthma severity in the Chinese population have been poorly characterized.
In this study, we assess the relationship between asthma severity and airborne mold sensitivity in a cohort of
northern Chinese patients.

Methods: Ninety-three non-smoking adult outpatients with asthma completed a questionnaire and
underwent skin prick testing with five aeroallergens. For all patients, eosinophil cell counts, total serum
IgE (sIgE) levels, and pulmonary function were measured. An asthma severity score was calculated based on
the patient’s forced expiratory volume in one second (FEV)), number of asthma attacks, number of hospital
admissions, and use of inhaled or oral corticosteroids in the past year.

Results: Ninety-three patients were divided into three groups based on the results of their allergy tests:
negative results for all tested allergens (group A, n=32); positive reactions to aeroallergens including mold
antigens (group B, n=41); and positive reactions to aeroallergens other than molds (group C, n=20). Patients in
group B had a lower FEV, (74.46%x23.09% predicted) compared with group A (85.52%=x19.53%, P=0.023).
Patients in both group B and C had elevated absolute eosinophil count (AEC) (group A: 3.12%=+2.71%,
group B: 5.41%+2.85%, group C: 6.1%+4.49%; group A vs. group B, P=0.008; group A vs. group C,
P=0.002), and total sIgE values (group A: 117.36£144.90 IU/mL, group B: 195.86+155.87 IU/mL, group C:
253.31£152.41 TU/mL; group A vs. group B, P=0.031; group A vs. group C, P=0.002) compared with patients
in group A. Asthma severity scores were higher in patients in group B compared to patients in group C
(7 vs. 5.5, P<0.05). Patients allergic to molds were more likely to have severe asthma [odds ratio 3.636, 95%
confidence interval (CI): 1.394 to 9.484; for severe versus mild asthma, P<0.05]. There was no association
between asthma severity and sensitisation to house mites or weeds.

Conclusions: Mold sensitivity is positively correlated with asthma severity in our cohort of northern

Chinese patients.
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Introduction

Bronchial asthma is a chronic inflammatory disorder of the
airways whose prevalence has increased considerably over
the past 20 years (1,2). While most cases of asthma can
be controlled with anti-inflammatory and bronchodilator
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therapy, a minority of patients suffer from severe airway
inflammation and airflow obstruction; a condition that leads
to recurring exacerbations and multiple hospital admissions
(3,4). To date, the factors that contribute to more severe

cases of asthma are not fully understood.

www.jthoracdis.com F Thorac Dis 2015;7(4):585-590



586

Recent evidence indicates that sensitivity to mold
allergens is related to asthma severity (5,6). A European
community respiratory health survey of 1,132 adults with
asthma found that sensitivity to the airborne molds alternaria
alternata and Cladosporium herbarum are significant risk
factors for severe asthma (7). Several small case control
studies have suggested links between mold sensitivity
and acute asthma attacks requiring hospitalization (8,9),
admission to intensive care for asthma (10), reduced
forced expiratory volume in one second (FEV)) (11) and
asthma mortality (12). However, the relationship between
mold sensitivity and asthma severity has been poorly
characterized in Chinese adult populations. Here, we
describe a cross sectional investigation of the relationship
between asthma severity and airborne mold sensitivity in a
cohort of northern Chinese patients.

Methods
Subjects and selection criteria

Ninety-three consecutive outpatients with asthma from
a teaching hospital of Peking University were enrolled
between March, 2010 and September, 2011. The inclusion
criteria for enrollment included a minimum age of 18 years,
nonsmoking status, and a history of asthma as confirmed
by bronchodilator reversibility or bronchial hyper-
responsiveness [following Chinese diagnostic criteria (13)].
Pregnant and lactating women, patients with history
of allergic shock and patients diagnosed as allergic
bronchopulmonary aspergillosis (ABPA) were excluded from
this study. All procedures were approved by the committee
on human research at Peking University People’s Hospital.
All patients provided written informed consent.

Skin prick allergy tests

Skin prick tests were performed in all patients with
five aeroallergens (Allergopharma, Reinbek, Germany)
including house dust mites, powder dust mites, weeds,
polyvalent molds (Alternaria tenuis, Botrytis cinerea,
Cladosporium berbarum, Curvularia lunata, Neurospora
sitophila, Helminthosporium halodes), and Aspergillus fumigatus.
No exacerbations or respiratory infection were reported for
four weeks prior to the skin tests, and neither antihistamines
nor systemic corticosteroids were used for two weeks prior
to undergoing the skin tests. Skin prick test was performed
with 0.01 mL of the indicated allergens (1:500 weight:
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volume) along with negative control (0.9% sodium chloride
solution) and positive control (histamine dihydrochloride,
1 mg/mL) solutions. Skin test results were analyzed
according to previously described methods (14).

Assessment of clinical features

All patients were asked to respond to an asthma questionnaire
that included general medical history, the number of acute
attacks and hospitalizations, and oral corticosteroid use.
The questionnaire also included the asthma control test
(ACT) (http://www.asthmacontrol.com) to assess clinical
control of asthma. Each participant underwent clinical
examination with special attention to the respiratory system.
Blood was drawn for measurements of absolute eosinophil
count (AEC) and serum IgE (sIgE) levels. The total sIgE
levels were detected using the ImmunoCAP testing system
(Phadia, Uppsala, Sweden).

FEV, and forced vital capacity (FVC) were measured using
a Jaeger spirometer (Carefusion, Hochberg, Germany). A
bronchodilator test was performed to assess FEV, and FVC
values after inhalation of two puffs of Salbutamol sulfate 200 pg
Ventolin HFA, GlaxoSmithKline, Middlesex, England).

Definitions of asthma severity

An asthma severity score was used to classify the patients’
asthma as mild, moderate, or severe based on the criteria of
Zureik er al. (7) and Ronchetti e a/. (15). Briefly, scores took
into account the patient’s FEV, values (mild: >80%, moderate:
70-80%, or severe: <70% predicted), the number of asthma
attacks in the past year (2, 3-6, or >6), the number of hospital
admissions for respiratory problems in the past year (0, 1-2,
or >2), and whether inhaled or oral corticosteroids were
taken in the past year. Each criterion was scored as 1, 2, or
3 based on increasing severity and with the exception of
corticosteroid use, which was scored as either 1 or 2 (Table 1).
Scores for all four criteria were combined to produce a
severity score ranging from 4 to 11, with severity levels being
mild (score 4 or 5), moderate [6], or severe (>7).

Statistical analysis

The statistical analysis was performed using SPSS, version
20.0 (SPSS, Chicago, IL, United States). Parametric
data was expressed as mean = standard deviation (SD)
and significance between groups was determined using
a one-way ANOVA (least significant difference test)
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Table 1 Asthma severity scoring system

Score levels*®

Variables

1 2 3
FEV; (% predicted) >80 70-80 <70
Asthma attacks in 2 3-6 >6
the preceding year
Hospitalizations in 0 1-2 >2
the preceding year
Inhaled or oral Inhaled Oral -

corticosteroids taken corticosteroids corticosteroids
in the preceding year

*Each criterion was scored as 1, 2, or 3 with the exception of
corticosteroid use, with a cumulative asthma severity score
ranging from 4-11. Severity levels were defined as mild (score
4-5), moderate [6], or severe (>7). FEV,, forced expiratory
volume in one second.

test. Nonparametric data were expressed as medians
with interquartile ranges and compared using Kruskal-
Wallis test to determine statistical significance. When the
result of nonparametric test was statistically significant,
further comparisons between two groups were done with
Bonferroni corrected test (P<0.017). The associations
between sensitisation to different aeroallergens and severity
of asthma (mild, moderate, severe) were tested using logistic
regression. Unless otherwise noted, statistical significance
was defined as P<0.05.

Results

Ninety-three patients who met the inclusion criteria
were divided into three groups according to the result of
a skin prick allergy test. Group A included 32 asthmatic
subjects with negative skin test results; group B included
41 asthmatic subjects with positive skin test results for
polyvalent molds or Aspergillus fumigatus, group C included
20 asthmatic subjects with positive skin test results for
aeroallergens, but negative for molds.

Clinical features of the three groups are shown in
Table 2. Patients in group B were younger (43.05£15.39)
than patients in group A (55.88+15.81, P<0.001) and
group C (55.80£12.37, P=0.002), and had a lower FEV,
(74.46%+23.09% predicted) compared with patients in
group A (85.52£19.53%, P=0.023). Patients in both group
B and C had elevated AEC (group A: 3.12%=2.71%,
group B: 5.41%+2.85%, group C: 6.1%=+4.49%; group A
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vs. group B, P=0.008; group A vs. group C, P=0.002), and
total sIgE values (group A: 117.36+144.90 IU/mL, group
B: 195.86£155.87 IU/mL, group C: 253.31+152.41 IU/mL;
group A vs. group B, P=0.031; group A vs. group C,
P=0.002) compared with patients in group A .

"To directly assess the relationship between mold sensitivity
and asthma severity, we compared asthma severity scores
between the three groups. Patients in group B had higher
asthma severity scores (median score: 7) than patients
in groups C (median score: 5.5). However, there was no
significantly different between patients in group A and group
B (Table 2). Of the 93 patients enrolled in this study, 35
(37.6%) had mild asthma, 18 (19.4%) had moderate asthma,
and 40 (43%) had severe asthma. Among the three groups,
patients in group B had the highest proportion of patients
with severe asthma (25 cases, 61%, Figure ).

As shown in Table 3, sensitisation to a single allergen
alone was rare. In patients with positive skin test results
for aeroallergens, over 83% (n=51) of participants were
sensitive to two or more allergens. We analyzed the
relationship between sensitization to different allergens
(house mites, weeds and molds) and asthma severity
independently (7able 4). Patients allergic to molds were
more likely to have severe asthma, the odds ratio was 3.636
for severe versus mild asthma (P<0.05). No association
between asthma severity and allergic to mites or weeds was
found in our patient cohort.

Discussion

To date, the relationship between the increases in mold
sensitivity and allergy severity have not been adequately
investigated (16,17). In the present study, we have identified
a positive link between mold sensitivity and asthma severity
in a cohort of adult patients in northern China. Patients
with severe asthma were more common in patients allergic
to molds. Furthermore, asthmatic subjects with mold
allergies had a lower FEV| compared to asthmatic subjects
without allergies, suggesting more compromised pulmonary
function in mold-sensitive patients.

Our study has significant implications for the
management of asthmatic patients, given the mold allergy
prevalence in China. Cross-sectional surveys performed
in allergic patients (including those with asthma and/or
rhinitis) showed the overall prevalence of mold sensitivity
was between 4.4-19.8% (18,19). In our previous study of
200 asthmatic outpatients, 31 patients (16.5%) had positive
skin reactivity to mixed mold, and 11 patients (5.5%) had
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Variables Group A (n=32) Group B (n=41) Group C (n=20)

Age, yr
Range 22-84 18-68 26-73
Mean (SD) 55.87 (15.81)" 43.05 (15.39) 55.80 (12.37)"

AE in the last year, number
Range 0-30 0-40 0-20
Median (interquartile range) 3 [4] 2 [4] 2 [1]

AEC (%)*
Range 0-11.31 1.3-12.51 0.09-21.01
Mean (SD) 3.12 2.71)* 5.41 (2.85) 6.13 (4.49)

Total IgE, IU/mL
Range
Mean (SD)

1.86-505.70
117.36 (144.90)“*

23.11-836.00
195.86 (155.87)

61.4-680.90
253.31 (152.74)

Mild asthma (%) 14 (43.8) 11 (26.8) 10 (50.0)

Severe asthma (%)

10 (31.2)*

25 (61.0) 5 (25.0)"

positive reactivity to Aspergillus fumigatus (20).

The relationship between mold sensitivity and the
asthma severity has recently received increased attention
in Mainland China. A retrospective study reported three
cases of severe asthma with fungal sensitization (SAFS)
in 2010 (21). A comparison of sIgE titers against five
mold and seven non-mold allergens in 100 patients with
asthma, showed that Aspergillus-sIgE, Penicillium-sIgE
and Candida-sIgE titers were higher in the patients with
severe asthma compared to those of patients with moderate
and mild asthma (P<0.001 and P<0.05, respectively), and
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higher in the patients with moderate asthma than patients
with mild asthma (P<0.05) (22). Taken together with
our findings, these studies suggest that mold sensitivity
contributes to asthma severity. Further understanding of
the relationship between fungal concentrations of indoor,
outdoor environments with asthma exacerbations would

contribute to the control of asthma.

House dust mites were the most prevalent allergens in
our cohort, as well as in other studies in China (18,19).
In a China Alliance of Research on Respiratory Allergic
Disease (CARRAD) survey, moderate-severe asthma was
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associated with increasing wheal size and sIgE response to
Dermatophagoides pteronyssinus and Dermatophagoides farinae
in China (23). Zureik et al. found that both sensitivity to
mold and dust mites were related to asthma severity (7). In
contrast, our data indicated that only mold sensitivity was

30
o5 | 25
20+
1 = Mild
157 ® Moderate
11 Severe
10- . 10 10
51 5 5 5
Group A Group B Group C

Figure 1 Distribution of asthma severity among the three patient
groups. Group A: patients with negative skin test results; group B:
mold-sensitive patients; group C: patients with non-mold allergies.
Values indicate the total number of cases of mild, moderate, and
severe asthma in each group (group A: n=32; group B: n=41; group
C: n=20), *, P<0.05.

Table 3 Number of participants with sensitivity to aeroallergens

Group Al Dust mites®  Weeds Molds"
A 32 0 0 0
B 41 22 30 41
C 20 14 12 0
Total 93 36 42 41

) patients allergic to house dust mites and powder dust mite
were merged into one group; *, patients allergic to polyvalent
molds and Aspergillus fumigatus were merged into one group.

589

positively correlated with asthma severity. This discrepancy
may be due to differences in allergens, age, or other region-
specific characteristics of the patient populations studied
as well as the different measurements of clinical disease
severity.

However, this study also has limitations. Firstly, it was a
small cross sectional study in a specialized clinic; our results
may not accurately represent the general northern Chinese
population. Secondly, skin prick tests to individual molds
instead of “polyvalent molds” would have provided more
convincing and precise information when correlating with
severity of asthma. New diagnostic approaches, such as
fungal enzyme microarrays, would have provided a better
and enhanced insight regarding sensitization to molds.

Conclusions

In conclusion, we identified a link between mold sensitization
and asthma severity in a cohort of patients in northern China,
and this link was not found in other two common allergens,
house mites and weeds. It may be possible to reduce asthma
morbidity through reduced exposure to mold of other
interventions that affect mold sensitivity. Furthermore, an
understanding of how mold allergies contribute to asthmatic
disease could lead to novel treatment and management
options for patients with severe asthma.
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