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Summary The aim of the present study was to investigate the epidemiological and fungal
environmental profile in asthmatic patients. We conducted a prospective study involving 49
patients with allergic asthma. One hundred and forty-five clinical samples and 289 environmen-
tal samples were performed. Only 30 patients accepted to participate to the environmental
study at their home. For specific IgE antibodies, ELISA assay was conducted for 21 patients.
Molecular ITS sequencing was performed for 37 isolates. The frequency of attacks was signifi-
cantly associated with the seasonality, which was closely related to climate (P = 0.024),
exposure to animals (cats, P = 0.025), plants (olive, P = 0.018), physical effort (P = 0.04) and
the number of permanent occupants in house (> 6) (P = 0.026). Fungal contaminants were
detected from 78.6% of biological samples and 97.8% of environmental samples. Antibodies
corresponding to the studied allergens were detected in 10 patients (10/21). PCR sequencing
allowed as rectified morphological identification for 27.02% (10/37) strains of Aspergillus. The
allergy in molds is an indisputable reality that is necessary to look for in front of any severe
asthma. So, it is important to establish clearly a relationship between exposure to fungi and
health disorders in order to set up specific and effective preventive measures.
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Introduction

Asthma is a clinical syndrome characterized by episodic
reversible airway obstruction, increased bronchial reacti-
vity, and airway inflammation. Asthma results from complex
interactions among inflammatory cells, their mediators,
airway epithelium and smooth muscle, and the nervous
system.

It is a major public health problem, affecting more than
20% of the pediatric population and 5—10% of adults [1,2]. It
is also the most common chronic childhood disease in deve-
loped nations [2,3]. The increasing prevalence of respiratory
allergic diseases noted in recent years in industrialized
countries raised questions about environmental changes that
could be responsible [1,3].

Causes or triggers of asthma can be divided into allergic
and non-allergic etiologies. Aeroallergens can include sea-
sonal pollen, mold spores, dust mites, animal allergens, and
food (especially in children) [4,5]. Indoor asthmatics envi-
ronment play a major role in modulating asthma severity.
Therefore, many surveys opted to study risk factors for
asthma including a questionnaire about housing characteris-
tics [1,6].

There is consistent evidence that environmental factors
acting during early childhood play a key role in the patho-
genesis of atopic disease [7]. Because of the clinical, social
and economic importance of asthma and other atopic
disease, environmental factors must be sought in order to
take the necessary preventives measures.

Mold is one of the many triggers of asthma exacerbations
in some individuals with atopic asthma, although no asthma
exacerbation threshold for mold exposure is known to exist.
However, it seems likely that all molds are not equally
relevant to the disease.

Studies in different countries showed that occupants of
damp or moldy buildings are at increased risk of respiratory
symptoms, respiratory infections and exacerbation of
asthma [8,9]. However, associations between symptoms
and concentrations of fungi seem to be dependent on dis-
tinctive genera or species [10,11].

Identifying specific molds that are potentially associated
with asthma could narrow down our search for the most
important molds.

In present study, we conducted an epidemiological and
environmental survey for fungal flora in asthmatic patients.

Materials and methods

Patients study

We released a prospective study (February 2014—October
2014) involving 49 patients with allergic asthma hospitalized
in Pneumology department (University Hospital Hedi Chaker
Sfax, Tunisia). The stages of asthma of patients were clas-
sified according to the Global Initiative for Asthma (GINA)
2008 [12].

Only 30 patients accepted to participate in the environ-
mental study at their home. The demographic data included:
sex, date of birth, gender, underlying diseases. The additio-
nal data collected regarding housing were: type of home,
building material, floor construction, age of home, number
Please cite this article in press as: Trablesi H, et al. Environmental and
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of bedrooms, number of people usually living in the home,
and type of floor covering in each room of the house. Anti-
biotic and antifungal therapy history was also noted for each
patient.

In total, 145 biological samples: nasal samples (75) by
swab and sputum (70) in sterile jars were taken for all
patients. For environmental study, we performed 289 sam-
ples: by swabbing (n = 135) (bed, table, rug, carpet, floor,
wall, covering, headset), and by using contact Petri (n = 154)
on doors, sheets and walls. For air sampling (n = 75), we used
a bioimpactor (180 liters of air/minute) (SAS super 180). A
total of 509 samples were then collected from patients and
their environment. Culture plates in Sabouraud dextrose
agar were incubated at 25 8C for 4 to 15 days.

The number of colonies per plate of each fungal genus/
species was counted. The results were expressed as number
of colony forming units per cubic meter (CFU/m3) in air
samples.

For the morphological identification of different fungi, we
used the Biforma manual (cahier de formation Bioforma:
Molds of medical interest).

For measurement of fungal specific IgE antibodies, we
used ELISA assay combining enzyme-labelled conjugates and
chromogenic substances (Kit EUROIMMUN «Antibodies of class
IgE against inhalation allergens»: EUROLINE Inhalation 2).

Mold sensibilization study was released for 21 patients by
dosage of specific IgE of the following allergens: Penicillium
notatum, Cladosporium herbarum, Aspergillus fumigatus,
Alternaria alternata.

Molecular study

Identification of Aspergillus isolates and DNA isolation
Fungi strains were identified on the basis of macroscopic and
microscopic morphological characteristics.

The morphological identification of 37 Aspergillus isolates
was confirmed by the rRNA ITS1—5.8S—ITS2 region sequence
analysis, as previously described by De Hoog et al. [13]. DNA
was extracted by using a QIAmp kit (QIAGEN), following the
manufacturer’s instructions, and eluted with 50 mL sterile
water.

Statistical analyses

Statistical analyses were carried out using IBM SPSS software
version 20. Bivariate analysis was performed using Chi2 tests
in the case of pairs of categorical variables or two tailed
t-tests in the case of a categorical and a continuous variable.
We studied the frequency of attacks according to the diffe-
rent risk factors and triggering factors (physical effort, dust,
smoking, pollen, strong odors, perfumes, detergents, feli-
nes, olive, cold, heat, and climate change, exposure mold),
sex, age, symptoms, seasonality characteristic of the home,
improvement in case of change of habitat and humidity.

Results

Patients study

There were 13 men and 36 women (sex-ratio = 0.36). The
average age was 50 years (extremes: 28—91 years).
 molecular study of fungal flora in asthmatic patients. Journal De
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Table 1 Frequency of fungal flora in environmental and
clinical samples collected from the 49 asthmatic patients.

Clinical
samples (%)

Environmental
samples (%)

Aspergillus
A. flavus 58 32.60
A. fumigatus 26 24.90
A. niger 5 21.30
A. parasiticus 4 4.50
A. nidulans 1 4.10
A. candidus 2.30
A. versicolor 0.49
A. terreus 0.33
A. oryzea 0.33
A. section flavi 1 3.74
A. section fumigati 1 1.15
A. section nigri

Aspergillus sp 4 3.11
Total 89 67
Penicillium 5 9
Alternaria 4 8
Chrysosporium 1
Aureobasidium 1
Cladosporium 5
Fusarium 3
Rhizopus 3
Bipolaris 2
Others 3

Fungal flora in asthmatic patients 3
All our patients were classified as uncontrolled asthma.
Triggering factors were: dust (86.6%), physical effort (16.6%),
humidity (23.3%), cold (23.3%) and irritant exposure (20%).

A significant association was found between the fre-
quency of attacks and the seasonality, which was closely
related to climate (P = 0.024), exposure to animals (cats,
P = 0.025) and plants (olive, P = 0.018), physical effort
(P = 0.04) and the number of permanent occupants in house
(> 6) (P = 0.026). For associated symptoms, we observed a
correlation between rhinitis and type of house (urban or rural
house) (P = 0.045).

We noted a significant correlation between the frequency
of attacks and Alternaria concentration in the air (r = 0.456,
P-value = 0.011).

Antibodies corresponding to the studied allergens were
detected in 10 (10/21) patients. The specifics IgE anti-
Aspergillus were present in 28.6% of patients, those anti-
Altenaria in 23.8%, those anti-Cladosporium in 19%, and
those anti-Penicillium in 9.5%.

The IgE concentration ranged between 0.35 and 0.7 kU/L.
These values were small quantity of antibody and corres-
ponded to sensitization often without clinical symptoms.

Fungal study

Different fungal contaminants were detected from 78.6% and
97.8% of the biological samples and environmental samples
respectively. Aspergillus was the most dominant genus.
A. flavus was the most dominant species of Aspergillus in
clinical (58%) and environmental samples (32.60%) (Table 1).
The frequency of fungal flora is detailed in Table 1.

The average concentration of total fungi was 26.33 CFU/m3

(6—163) in environmental samples. The highest average con-
centration was noted for A. flavus (48.3 CFU/m3) followed
by Penicillium (42.8 CFU/m3) and A. fumigatus  (35.6 CFU/m3).

Molecular study

The alignment of the 37 Aspergillus sequences with sequen-
ces deposited in the database (GenBank) was realized by the
Blastn program. PCR sequencing rectified mycological iden-
tification of species for 27.02% (10/37) strains of Aspergillus.
In 27 cases, the molecular study gave the exact identification
of Aspergillus species (Table 2).

Three patients (patient 3, patient 4 and patient 36) were
hosted by the same species collected from the environment
and clinical samples.

Discussion

Exacerbation of asthma can be triggered by a number of
weather and environmental factors. Viewing the important
role of environmental factors in the worsening of asthma,
several studies have focused on the study of asthmatic
environment in different regions by looking for the impact
of climate, humidity, life style, exposure to allergens, mold
and animals on the status of the disease [1,14,15]. Air borne
fungal spores have been implicated as causative factor in
respiratory allergies particularly asthma.

In our study, women were more affected by asthma.
These results were confirmed by Johnston et al. [16].
Please cite this article in press as: Trablesi H, et al. Environmental and
Mycologie Médicale (2017), http://dx.doi.org/10.1016/j.mycmed.201
However, Palmer et al. noted that the male was still
associated with an increased risk of asthma [17].

In this study, we found that the severity of asthma was
related to physical effort. This can be explained by the effect
of physical activity on airway obstruction. Driessen et al.
showed that physical exercise in 72 asthmatic children cau-
sed a limitation of inspired airflow, which leads to an aggra-
vation of asthma [18].

Our study found a relationship between asthma frequency
and exposure to animals (cats) and plants (olive). Others
authors have shown that exposure to ornamental plants
amplifies the worsening of asthma [19]. Several epidemio-
logical studies suggest a link between exposure to allergens
of cats and dogs and exacerbation of asthma [20,21]. Indeed,
Matsui et al. have demonstrated an increased risk of asthma
in patients who are in direct contact with cats [14].

In the present study, a significant correlation between the
frequency of attacks and the number of permanent occu-
pants (> 6) (P = 0.026) was noted. However, Kuehni et al.
found that the aggravation of all forms of asthma in children
does not depend on the size of the family [22].

For associated symptoms of asthma, a correlation bet-
ween rhinitis and type of habitat (P = 0.045) was found.
Rhinitis was also observed among patient’s residents in urban
areas. This can be explained by the high pollution rate in
these regions.

There was a correlation between the sensitivity against
Aspergillus and the severity of asthma [23,24]. However, no
significant differences were observed with Alternaria [24]. In
fact, the effect fungi colonization of sputum in asthma
 molecular study of fungal flora in asthmatic patients. Journal De
7.09.001
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Table 2 Comparison of mycological and molecular study and specific Ig E isolated in asthmatic patients.

ID patient Sequence_ID Isolation
source

Culture ITS sequencing Accession
number

Penicillium
notatum

Cladosporium
herbarum

Aspergillus
fumigatus

Alternaria
alternata

Patient 1 TN-5 Air A. versicolor A. unguis KX610751
TN-42 Air Aspergillus sp A. sepultus KX610733
TN-44 Environmental A. section flavi A. ochraceus KX610749 Neg Neg Pos Pos
TN-10 Air A. section flavi A. pallidofulvus KX610754
TN-107 Nasal A. flavus A. flavus KX610723

Patient 2 TN-7 Environmental Aspergillus sp A. tamarii KX610719
TN-33 Environmental A. flavus A. flavus KX610724 Pos Pos Pos Neg
TN-49 Air Aspergillus sp A. chevalieri KX610737
TN-1 Environmental A. candidus A. candidus KX610753

Patient 3 TN-3 Nasal A. fumigatus A. fumigatus KX610739 Neg Neg Neg Neg
TN-121 Environmental A. fumigatus A. fumigatus KX610740

Patient 4 TN-68 Nasal A. flavus A. flavus KX610725
TN-27 Air A. flavus A. flavus KX610722 Neg Pos Pos Pos
TN-30 Environmental A. flavus A. flavus KX610732

Patient 5 TN-57 Air A. flavus A. flavus KX610728 Neg Neg Pos Pos
Patient 6 TN-69 Air A. nidulans A. nidulans KX610744

TN-80 Environmental Aspergillus sp A. quadrilineatus KX610735 Neg Neg Neg Pos
TN-85 Environmental A. nidulans A. nidulans KX610745

Patient 7 TN-203 Environmental A. flavus A. flavus KX610729 Neg Pos Neg Neg
TN-205 Environmental Aspergillus sp A. quadrilineatus KX610736

Patient 8 TN-24 Air A. versicolor A. unguis KX610752 Neg Neg Neg Neg
TN-25 Air A. oryzae A. sepultus KX610734
TN-26 Air A. section flavi A. ochraceus KX610750

Patient 9 TN-43 Suptum Aspergillus sp A. quadrilineatus KX610755 Neg Neg Neg Neg
Patient 10 TN-100 Nasal A. fumigatus A. fumigatus KX610741 Neg Neg Neg Neg
Patient 11 TN-136 Environmental A. nidulans A. nidulans KX610748 Neg Neg Neg Neg

TN-139 Air A. nidulans A. nidulans KX610747
TN-144 Environmental A. nidulans A. nidulans KX610746

Patient 12 TN-281 Nasal A. fumigatus A. fumigatus KX610742 Neg Neg Neg Neg
TN-263 Air A. section flavi A. tamarii KX610720
TN-275 Environmental A. section flavi A. tamarii KX610721

Patient 13 TN-225 Suptum A. flavus A. flavus KX610726
TN-230 Environmental A. flavus A. flavus KX610730
TN-236 Environmental A. flavus A. flavus KX610731 Neg Neg Pos Pos
TN-235 Environmental A. flavus A. flavus KX610727

Patient 14 TN-301 Nasal Aspergillus sp A. chevalieri KX610738 Neg Neg Pos Neg
TN-306 Environmental A. nidulans A. nidulans KX610743

Neg: negative; Pos: positive.
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remains not clear [25]. Recently, Zubairi et al. found an
association of higher concentration of indoor Aspergillus
spp. with asthma exacerbation in adults [26].

Moreover, the internal fungal profile is governed by the
outside dispersion of the sources of fungi [27]. This profile
varies according to the media and sampling method used, the
geographical location, the season, the temperature, the
humidity, the ventilation and the behavior of the occupant
[28].

In our study, molds were detected in 97.8% of the envi-
ronmental samples with the predominance of Aspergillus
genus. The average concentration of total fungi was
26.33 CFU/m3 (6—163). Studies performed in different coun-
tries provide variable results. In Eastern France, higher
indoor molds concentrations of Aspergillus, Penicillium
and Cladosporium were found and exceeding the values of
1000 CFU/mm3 [29]. Shelton et al. recorded the concentra-
tion of 500 CFU/m3 in the United States [30]. Takahashi
observed a concentration range of 13—2750 CFU/m3 in Japan
[31] whereas, De Ana et al. isolated 11 843 fungal colonies in
different homes of allergic patients in Spain [32].

Allergen sensitization is associated with asthma morbi-
dity. A better understanding of allergen sensitization pat-
terns among asthmatic children could help clinicians for
more effective health care. The IgE assay realized for 21
patients showed that approximately the half of these
patients was sensitized to one or several allergens. The
frequencies published in different studies varied between
16% and 38% [33,34]. Recently, Beck et al. showed that more
than 50% of included patients were sensitized to Alternaria
and Aspergillus [35].

Arroyave et al. demonstrated that sensitization to parti-
cular indoor environmental allergens (Aspergillus and Alter-
naria) was found to be a risk factor for asthma emergency
department visits. These outcomes increased as the concen-
tration of IgE to these allergens increased [36].

Moreover, Vojdai et al. have demonstrated that most
patients with high levels of antibodies against various mold
antigens also exhibited elevated antibodies against purified
mycotoxins, indicating that the patients had been exposed to
mold spores and mycotoxins [37].

Our molecular study allowed us to identify a rare
Aspergillus species, such as A. unguis, A. sepultus and
A. pallidofulvus, which are new Aspergillus species. We
isolated A. tamari frequently confused with A. flavus.
Recently, this species was isolated in a patient with Asper-
gillus infection and in patient with cutaneous aspergillosis
[38,39].

We also isolated Bipolaris from the bedroom of five
patients. In fact, this species was isolated from lung biopsy
of a patient with asthma [40].

These results confirmed the usefulness of molecular tech-
niques for accurate identification of strains. The sequencing
of ITS regions has proved effective in the precise identifica-
tion of Aspergillus species [41,42].

In others studies, specifics qPCR were used to analyze the
microorganisms composition of indoor dust dwelling and to
evaluate fungi exposure and risks of developing asthma
[43,44].

Our study allowed us to evaluate the risk of fungal conta-
mination in asthmatic population and this can be useful to
prevent the exacerbation of asthma in our population. We
Please cite this article in press as: Trablesi H, et al. Environmental and
Mycologie Médicale (2017), http://dx.doi.org/10.1016/j.mycmed.201
then advice to use the personal protection with masks, to
assure the humidity control and if necessary changing the
habitat.

In conclusion, the allergy in molds is an indisputable
reality that is necessary to look for in front of any severe
asthma. However, the exposure level to fungal allergens is
difficult to evaluate and the knowledge on the risks associa-
ted with indoor molds are still limited. So, it is important to
establish clearly a relationship between exposure to fungi
and health disorders in order to set up specific and effective
preventive measures.
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