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ABSTRACT
Despite the recent increases in fungi-induced allergic diseases,
there is no report yet in the region of the Persian Gulf on
concentration levels of fungi in relationship with health state.
Therefore, our aim was to measure fungi prevalence as well as
to evaluate the relationships between air- and dust-borne fungal
genera and allergic diseases. A matched case-control study was
carried out including 45 allergic cases and 45 age- and gender-
matched controls for each individual. Indoor and outdoor dust
and indoor air samples were collected from participant homes
during May to October 2015. A Quick Take 30 Pump and sterile
wet swab were used to determine fungal types and their
amounts in the air (CFU/m3) and dust (CFU/100 cm2) samples,
respectively. A significant reverse association was found between
indoor dust-borne Alternaria and asthma (Odds ratio (OR) = 0.14,
95% CI = 0.02–0.86). Contrarily, increased levels of indoor air-
borne Aspegillus fumigatus (OR = 2.00, 95% CI = 0.37–10.55)
and Alternaria (OR = 3.00, 95% CI = 0.34–25.83) were correlated
with asthma development. Also, correlation analysis showed a
significant relation between indoor air-borne Penicillium levels
and reactivity to skin prick test in asthmatic patients (p = 0.04).
Our findings support the notion that fungal exposures can either
cause or prevent the development of allergic diseases.
Accordingly, appropriate measures should be taken for a better
management of fungi-induced allergic diseases.
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Introduction

Allergic diseases include life-threatening anaphylaxis, certain forms of asthma, food
allergies, rhinitis, angioedema, conjunctivitis, urticaria, and eczema due to increased
prevalence, as well as the morbidity and mortality have come to be recognized as a
main worldwide public health problem (Hong et al., 2008; Pawankar et al., 2011; Khora,
2016). Allergic diseases affect different organs including upper and lower respiratory tract,
eyes, skin, etc. (Crameri et al., 2014) through changing activity levels of the immune
system (Mosca et al., 2015). The prevalence of these diseases has increased in the recent
decades (Sánchez-Lerma et al., 2009). Exposure to indoor and outdoor allergens plays an
important role in the development of such diseases (Bush et al., 2006; Sharma et al., 2011).
Fungi are considered as major allergens with notable contribution to the etiology of
allergic diseases. In this regard, indoor fungi have recently received more emphasis as
most people spend more than 50% of their time at home and breathe about 10 m3 of
indoor air daily (Adhikari et al., 2004; Sen & Asan, 2009; Sharma et al., 2012). Some
allergic diseases such as asthma, atopic dermatitis and allergic rhinitis are more linked
with fungi (Sharma et al., 2012; Crameri et al., 2014). Hence, the quality of the inhaled
indoor air in relation to the presence of fungal species is a crucial factor in the occurrence
and progression of the mentioned diseases.

Some studies have been conducted to determine fungal prevalence in different areas;
recent studies in the United States’ revealed that predominant air-borne fungi in homes
were Cladosporium, Penicillium, Aspergillus, Alternaria (Shelton et al., 2002; O’Connor
et al., 2004; Crawford et al., 2015). In another study in Turkey, it was found that
Penicillium (28.61%), Cladosporium (16.08%) and Alternaria (15.98%) were the most
prevalent air-borne fungi (Sen & Asan, 2009). Moreover, an Iranian study reported
Penicillium (39.5%), Cladosporium (17.7%), Yeast (18.7%), and Aspergillus (13%) as the
most abundant air-borne fungi (Chadeganipour et al., 2010).

The amount of fungi in living environment depends on different factors including
relative humidity, temperature and concentration level of outdoor fungi species (Bush &
Portnoy, 2001; Tang, 2009; Al-Barakah et al., 2014). Environmental and geographical
characteristics of the living area such as direction and speed of winds are the other
important factors that affect the amounts of fungi. In this respect, dust storms in some
regions are considered effective in determining indoor and outdoor fungal levels. They are
able to carry biological entities such as fungal spores up to several miles away from the
original place (Kellogg & Griffin, 2006; Chao et al., 2012). Since the last decade dusty
storms have extensively emerged in the western and southwestern parts of Iran which
affect many environmental and ecobiological habitats (Assarehzadegan et al., 2013;
Akhzari et al., 2014; Amanollahi et al., 2015). Accordingly, it was reported that the
prevalence of fungi increased during dust storm days in the mentioned regions with
Cladosporium, Alternaria, Aspergillus, Penicillium and Rhizopus as the five dominant
fungi genera (Soleimani et al., 2013). Bushehr Port is located in the southwestern Iran
and northern part of the Persian Gulf with an area of 984.50 km2 and 195222 inhabitants.
Bushehr has repeatedly encountered dusty storms in the recent years. It should be noted
that the climate in Bushehr is hot and humid due to proximity to the Persian Gulf. Hence,
this area potentially has the predisposing environmental conditions for the occurrence of
allergic manifestations associated with air- and dust-borne fungal species. This hypothesis
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is supported by a recent study that showed a significant rise in the incidence of allergic
diseases in Bushehr Port (Farrokhi et al., 2014; Gheybi et al., 2014).

To the best of our knowledge, there is no report yet in the region of Persian Gulf
(which countries are located with large areas of desert) on concentration levels of fungi
relationship with health state. Therefore, the objectives of the present study are (i) to
determine the prevalence of different indoor and outdoor fungal genera present in the
dust as well as indoor air samples and (ii) to evaluate the relationship between the
concentration levels of different fungi and the health state (either healthy or atopic) of
the participants. This study also evaluates the association, in terms of odds ratio, of the
allergic diseases such as asthma, atopic dermatitis and allergic rhinitis with fungi concen-
tration levels in the air and dust of participants’ houses, as a first matched case-control
study on mentioned topic in the region of the Persian Gulf. Findings of the present study
would provide insights into preventative measures to control allergic diseases associated
with fungal allergens.

Method

Study design

Skin prick test (SPT) was performed to determine the sensitivity of each individual to
fungal allergen extracts. Fifteen patients with positive SPT reactions to extract of at least
one fungal species (Aspergillus fumigatus, Penicillium nonatume and Alternaria alternate)
were finally included in the study for each of the mentioned allergic subsets. The inclusion
criteria were as follows: patients of >1 year age residing in Bushehr, Iran (at least for 1 last
year), and with allergic symptoms at the time of sampling. The clinical classification/
diagnosis was performed in agreement to established definitions. AS was diagnosed
according to the criteria of the global initiative for asthma (GINA) (http://ginasthma.
org. Accessed 2017), AR following the recommendations of the Allergic Rhinitis and its
Impact on Asthma (ARIA) consortium (http://www.whiar.org. Accessed 2017) and AD by
the criteria defined in Guidelines of Care for the Management of Atopic Dermatitis
(Eichenfield et al., 2014). For each individual patient, a best friend control with the
same age (±3 years) and gender was selected. For each allergic patient younger than 12,
the appropriate control individual with similar age and lifestyle was selected. Location of
the homes sampled in city is shown in Figure 1. All the patients and their respective
matched controls participated in the study voluntarily after obtaining a verbal consent. All
participants were treated in accordance with the guidelines of the Ethics Committee of
Bushehr University of Medical Sciences.

Skin prick test

As mentioned above SPT was carried out on allergic patients with antigen extracts from
fungal species including Aspergillus fumigatus, Penicillium nonatume and Alternaria alter-
nate. SPT was performed in accordance with a standard method (Dreborg, 1989). Briefly, it
was done as a single test on two forearms with lancets and standardized allergens. The
patients were advised not to take antihistamines (for 72 h) and other sympathomimetic drugs
(for 8–12 h) before the test. A wheal diameter of ≥3 mm was considered as a positive
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reaction. Histamine hydrochloride (10 mg/ml) and glycerin saline were used as positive and
negative controls, respectively. SPT was reported for each patient either as mild (wheal
diameter = 3–5 mm) or moderate to severe (wheal diameter ≥5 mm) following skin pricking
of each of the following fungal extracts: Aspergillus, Alternaria and Penicillium.

Sampling and laboratory methods

Indoor and outdoor dust and indoor air sampling for both the case and control groups were
done duringMay toOctober 2015. To determine fungal types and their amounts in the indoor
air, the air of threemain spaces includingmaster bedroom, kitchen and living roomwhich had
the highest traffic of the habitants were sampled by using a portable Quick Take 30 Sample
Pump (USA, SKC Corporation) with a single biostage. The biostage consisted of a plate
containing Sabouraud 4% Dextrose Agar media. Sampling was performed from the center
part of the aforementioned spaces at a height of 1.5 m off the floor (i.e. in the breathing height
of the residents) with a flow rate of 28.3 L/min for 10 minutes. Prior to each sampling,
isopropanol was used to disinfect the biostage of the pump. The results are presented as colony
forming units per cubic meters (CFU/m3). These values were calculated as follows:

CFU=m3¼Number of fungal colonies CFUð Þ
Timed sampled minð Þ � 1minute

Sampling rate Lð Þ�
1000 L
1m3

Dust samples were collected from the horizontal surfaces of the aforementioned places
and also outside the door where most commonly used to enter the building. For this
purpose, a sterile swab wetted with normal saline was used in an area of 100 cm2.
Immediately, samples were cultured in the Sabouraud 4% Dextrose Agar media under a
sterile condition. The results are presented as CFU/100 cm2.

Figure 1. Map of Bushehr showing location of the homes sampled (star, homes of the patients; and
circle, homes of the controls). (*) Direction of dusty storms that usually pass the intended area
throughout the year.
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The media plates were incubated at 27°C for 5–8 days and fungal colonies on each plate
were identified and counted on a daily base. Identification of fungi was done mainly at the
level of genera using either slide culture technique or high power microscopy.

Several other variables such as age, gender, temperature, relative humidity, wind velocity
and sunny hours of day were also recorded. Relative humidity and temperature of sampled
homes were measured (by using PHB-318, Lotrun, Taiwan) during the sampling time.

Statistical analysis

Demographic and environmental variables were described using frequencies and per-
centages for categorical variables and mean and standard deviation for continuous
variables among cases and controls. Frequencies and percentages of various fungi in
indoor and outdoor dust as well as indoor air were compared between cases and
control. Odds ratio and its respective 95% confidence interval was calculated using
McNemar test for matched case-control studies to evaluate the association of fungal
genera in indoor/outdoor samples and atopies (Asthma, Atopic Dermatitis and
Allergic Rhinitis).

Results

Forty five patients with the diagnosis of asthma (AS) (N = 15), atopic dermatitis (AD)
(N = 15) and allergic rhinitis (AR) (N = 15) who referred to the allergy clinic of teaching
hospital of Bushehr, Iran, were enrolled in the study through a convenience sampling.
Patients with asthma, atopic dermatitis and allergic rhinitis (N = 45) were individually
matched with healthy controls without any allergic symptoms (N = 45) and similar
lifestyles as well as conditions in order to compensate for the unknown confounding
factors. The mean values of age and gender percentiles of cases and controls are shown in
Table 1. With respect to age, a range of 2–64-year-old subjects participated in the study
with statistical analysis revealing no significant difference between cases and their matched
controls (P > 0.05). A total of 64 female and 26 male subjects participated in the study.
Also, the environmental and weather conditions of sampling places are presented in
Table 1. The indoor and outdoor temperatures were found to vary from 25.7 to 27.2°C
and 27.95 to 28.9°C, respectively. The indoor and outdoor relative humidity ranged from
47.57 to 52.06% and from 59.77 to 78.94%, respectively. The maximum and minimum
velocities of wind on the sampling days showed a difference of 10.2%. Also, the sunny
hours per day ranged between 9.31 to 10.22 hours during the study period. It should be
noted that statistical analysis of the above mentioned parameters did not show any
significant differences between case and control groups (data not shown) A total of 18
different fungal genera and six Aspergillus species were recognized in the present study
(Table 2). The most prevalent fungal genera cultured from indoor dust were Yeast
(86.6%), Aspergillus (A. niger 9% and A. flavus 1.48%), and Alternaria (1.07%). Outdoor
dust samples consisted of Yeast (60%), Alternaria (26%), and Aspergillus (A. niger 8.4%
and A. flavus 2.9%) as the most prevalent genera. Yeast (46.38%), A. niger (25.21%),
Penicillium (6.8%), and A. flavus (5.25%) were found to be predominant genera in the
indoor air samples. Generally, cultured fungi showed similar diversities among indoor air,
indoor, and outdoor dust samples. However, some genera were found only in one specific
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Table 2. The most abundant fungi types (%) in indoor/outdoor dust and air samples.
Indoor dust Outdoor dust Indoor air

Fungi Prevalence (%) Fungi Prevalence (%) Fungi Prevalence (%)

Yeast* (86.619) Yeast* (60) Yeast* (46.38)
Aspergillus niger (9) Alternaria (26) Aspergillus niger (25.21)
Aspergillus flavus (1.48) Aspergillus niger (8.4) Penicillium (6.801)
Alternaria (1.07) Aspergillus flavus (2.9) Aspergillus flavus (5.258)
Rhizopus (0.65) Penicillium (0.94) Alternaria (4.842)
Penicillium (0.41) Rhizopus (0.91) Aspergillus terreus (3.115)
Cladosporium (0.2) Mucor (0.5) Mucor (2.72)
Mucor (0.17) Aspergillus fumigatus (0.2) Cladosporium (1.682)
Fusarium (0.12) Aspergillus Sp. (0.2) Rhizopus (1.626)
Aspergillus terreus (0.06) Cladosporium (0.09) Aspergillus fumigatus (0.726)
Aspergillus fumigatus (0.05) Fusarium (0.087) Crisosporium (0.591)
Bipolaris (0.047) Aspergillus terreus (0.074) Aspergillus restrictus (0.346)
Phoma (0.033) Aspergillus nidulance (0.07) Acromonium (0.298)
Paecilomyses (0.023) Bipolaris (0.05) Aspergillus Sp. (0.122)
Sansefalestrum (0.021) Phialophora (0.03) Fusarium (0.071)
Aspergillus nidulance (0.013) Paecilomyses (0.02) Scopolariupsis (0.063)
Acromonium (0.009) Acromonium (0.01) Paecilomyses (0.047)
Aspergillus Sp. (0.007) Bipolaris (0.038)
Aspergillus restrictus (0.006) Phialophora (0.028)
Phialophora (0.002) Aspergillus nidulance (0.021)
Crisosporium (0.002) Sansefalestrum (0.01)
Drechserella (0.00079) Stymphilium (0.004)
Curvularia (0.00079) Drechserella (0.004)

*Yeast refers to all types of yeast species isolated in this study.

Table 3. Percentage of homes (%) that were contaminated with different fungi in case and control
groups.

Homes (%) with indoor dust-
borne fungus

Homes (%) with outdoor dust-
borne fungus

Homes (%) with indoor air-
borne fungus

Fungi Case Control Case Control Case Control

Yeast 100 100 93.3 97.8 97.8 100.0
Aspergillus niger 100 93.0 88.9 82.2 97.8 100.0
Aspergillus flavus 86.7 64.4 71.1 55.6 88.9 82.2
Alternaria 71.1 55.6 48.9 48.9 80.0 80.0
Rhizopus 57.8 68.9 31.1 33.3 46.7 57.8
Penicillium 40 35.6 26.7 35.6 55.6 57.8
Cladosporium 28.9 22.2 8.9 11.1 33.3 33.3
Mucor 20 11.1 11.1 8.9 8.9 13.3
Aspergillus fumigatus 11.1 15.6 2.2 11.1 20.0 28.9
Aspergillus terreus 11.1 11.1 11.1 2.2 24.4 11.1
Fusarium 8.9 8.9 4.4 6.7 4.4 8.9
Aspergillus Sp. 8.9 2.2 6.7 6.7 17.8 11.1
Bipolaris 6.7 4.4 2.2 0.0 11.1 2.2
Aspergillus restrictus 4.4 2.2 0.0 0.0 2.2 6.7
Aspergillus nidulance 4.4 2.2 2.2 0.0 2.2 2.2
Paecilomyses 2.2 6.7 2.2 2.2 6.7 4.4
Phialophora 0.0 4.4 0.0 2.2 2.2 2.2
Stymphilium 0.0 0.0 0.0 0.0 2.2 0.0
Acromonium 2.2 2.2 2.2 0.0 0.0 4.4
Crisosporium 0.0 4.4 0.0 0.0 0.0 8.9
Drechserella 2.2 0.0 0.0 0.0 2.2 0.0
Scopolariupsis 0.0 0.0 0.0 0.0 0.0 2.2
Sansefalestrum 2.2 0.0 0.0 0.0 2.2 0.0
Curvularia 2.2 0.0 0.0 0.0 0.0 0.0
Phoma 0.0 2.2 0.0 0.0 0.0 0.0
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sample category mentioned above. For example, Phoma genus was found only in indoor
dust samples while Stymphilium and Scopolariupsis genera were specific to indoor air
samples. Furthermore, Crisosporium and Sansefalestrum were present only in indoor air
and dust samples. Totally, the most and least prevalence among all fungal genera belonged
to Yeast (65.5%) and Curvularia (0.0008%), respectively.

Distribution of case and control homes in terms of presence/absence of different air- and
dust-borne fungi is shown in Table 3. Higher percentages of homes (either case or controls)
were contaminated with yeast, Aspergillus niger, Aspergillus flavus, Alternaria, Rhizopus,
Penicillium and Mocur.

Association between fungal genera and three cited allergic groups (asthma, atopic derma-
titis, and allergic rhinitis) are shown in Table 4 in terms of odds ratios. A significant reverse
association was found between indoor dust-borne Alternaria and asthma (OR = 0.14, 95% CI
= 0.02–0.86). On the contrary, increased levels of indoor air-borne Aspegillus fumigatus
(OR = 2.00, 95% CI = 0.37–10.55) as well as indoor air-borne Alternaria (OR = 3.00, 95%
CI = 0.34–25.83) were found to be suggestive risk factors for asthma development. Data
analysis also revealed the positive associative trend between outdoor dust-borne Penicillium
(OR = 2.00, 95% CI = 0.37–10.55) and development of atopic dermatitis. Moreover, indoor
air-borne Aspegillus flavus (OR = 2.00, 95% CI = 0.19–21.03), outdoor dust-borne Alternaria
(OR = 2.00, 95% CI = 0.37–10.55), indoor dust-borne Cladosporium (OR = 2.00, 95%
CI = 0.37–10.55) and indoor air-borne Cladosporium (OR = 3.00, 95% CI = 0.34–25.83) all
showed high odds ratios for the occurrence of allergic rhinitis.

Table 4. Association of fungal genera in indoor/outdoor samples with atopies (asthma, atopic derma-
titis, and allergic rhinitis).

Asthma Atopic dermatitis Allergic rhinitis

Fungal genera OR (95% CI) OR (95% CI) OR (95% CI)

Aspergillus flavus
Indoor dust1 0.33 (0.07–1.52) 0.25 (0.03–1.89) 0.00 (0.00)
Outdoor dust1 0.33 (0.03–2.87) 0.00 (0.00) 0.66 (0.11–3.94)
Indoor air2 0.00 (0.00) 0.50 (0.04–5.25) 2.00 (0.19–21.03)
Aspergillus terreus
Indoor dust 1.00 (-) 1.50 (0.25–8.86) 0.00 (0.00)
Outdoor dust 0.00 (0) 0.50 (0.04–5.25) 0.00 (0.00)
Indoor air 0.25 (0.03–1.89) 0.25 (0.03–1.89) 1.00 (-)
Aspergillus fumigatus
Indoor dust 1.00 (-) -(-) 0.50 (0.04–5.25)
Outdoor dust 0.00 (0) -(-) 0.00 (-)
Indoor air 2.00 (0.37–10.55) 0.66 (0.11–3.94) 0.00 (-)
Alternaria
Indoor dust 0.14 (0.02–0.86)* 0.66 (0.11–3.94) 1.00 (-)
Outdoor dust 0.75 (0.16–3.33) 0.50 (0.04–5.25) 2.00 (0.37–10.55)
Indoor air 3.00 (0.34–25.83) 0.00 (0.00) 1.00 (-)
Cladosporium
Indoor dust 0.25 (0.03–1.89) 0.33 (0.03–2.87) 2.00 (0.37–10.55)
Outdoor dust -(-) -(-) 0.33 (0.03–2.87)
Indoor air 0.75 (0.16–3.33) 0.00 (0.00) 3.00 (0.34–25.83)
Penicillium
Indoor dust 0.66 (0.11–3.94) 0.66 (0.11–3.94) 1.00 (-)
Outdoor dust 1.50 (0.25–8.86) 2.00 (0.37–10.55) -(-)
Indoor air -(-) 0.66 (0.11–3.94) 0.00 (0.00)

OR, Odds ratio; CI, confidence interval. Note. –, result not shown.
*P = 0.07 which can be considered as borderline in comparison to the statistical significance level (p < 0.05).
1In-CFU/100cm2; 2In-CFU/m3.
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Distribution of atopic patients according to their SPT reactivity and exposure to indoor
and outdoor fungi are presented in Table 5. Correlation analysis showed a significant
relation between indoor air Penicillium levels in houses of asthmatic patients and SPT
reactivity (p = 0.04). Also, correlation between presence of Aspergillus fumigatus in indoor
air and SPT reactivity was borderline (p = 0.07). However, no significant relation was
found between both indoor or outdoor dust fungi and SPT reactivity in any of the three
atopic categories. Correlation analysis between presence of fungi and SPT reactivity in
atopic patients as total (irrespective of atopic type) was also performed; the results showed
a significant relationship between Aspergillus fumigatus present in indoor dust and SPT
reactivity (p = 0.05). No other fungi in indoor air or outdoor dust were significantly
correlated to SPT reactivity.

Discussion

The recent increase in respiratory and dermal allergy diseases has evoked concerns in
public as well as scientific communities worldwide. Associations between air- and dust-
borne fungi and development of allergy diseases have been reported in several studies
(Downs et al., 2001; Gent et al., 2002; Stark et al., 2003, 2005; Rosenbaum et al., 2010;
Tischer et al., 2011).

Out of 18 fungal genera found in the present matched case-control study, a similar
fungal diversity was observed among the three sampled types (i.e. indoor dust, outdoor
dust and indoor air) in all the sampled houses (N = 90). However, some differences were
also observed; the most prevalent fungi were Yeast, Aspergillus, Alternaria and Penicillium.
Other fungal genera, e.g., Rhizopus, Mocur, Fuzarium, etc. were of lower prevalence.
Previous reports from different countries have also demonstrated that Alternaria,
Cladosporium, Penicillium and Aspergillus were the most prevalent fungi in indoor and
outdoor air. For example, Sun et al. reported that the most frequent fungal genera in

Table 5. Distribution of atopic patients with asthma, atopic dermatitis, or rhinitis according to Skin Prick
Test reactivity and exposure to fungal genera.
Sampling places

Indoor dust Outdoor dust Indoor air

Case
groups

Fungal
type Mild*

Moderate to
severe **

p-
value# Mild*

Moderate to
severe **

p-
value# Mild*

Moderate to
severe **

p-
value#

Asp1 0 (0.0) 3 (33.3) 0.23 0 (0.0) 1(11.1) 1.00 1 (16.7) 2 (22.2) 1.00
Pen2 5 (62.5) 2 (28.6) 0.31 4 (50) 1 (14.3) 0.28 6 (75.0) 1 (14.3) 0.04
Alt3 3 (75) 10 (90.9) 0.47 1 (25) 5 (45.5) 0.60 3 (75.0) 6 (54.5) 0.48

Atopic
dermatitis Asp1 0 (0.0) 0 (0.0) - 0 (0.0) 0 (0.0) - 1 (10.0) 3 (60.0) 0.07

Pen2 5 (45.5) 3 (75) 0.56 3 (27.3) 2 (50) 0.56 9 (81.8) 3 (75.0) 1.00
Alt3 7 (77.8) 4 (66.7) 1.00 6 (66.7) 4 (66.7) - 9 (100) 6 (100) -

Allergic
rhinitis

Asp1 0 (0.0) 2 (20) 0.52 0 (0.0) 0 (0.0) - 0 (0.0) 2 (20.0) 0.52

Pen2 1 (50) 2 (15.4) 0.37 0 (0.0) 2 (15.4) 1.00 0 (0.0) 6 (46.2) 0.48
Alt3 3 (60) 5 (50) 1.00 2 (40) 4 (40) 1.00 4 (80.0) 8 (80.0) 1.00

1Aspergillus; 2Penicillium; 3Alternar.
*Number (%) of patients exposed to fungal type with mild SPT reactivity.
**Number (%) of patients exposed to fungal type with moderate to severe SPT reactivity.
#P-values are based on Fisher exact test.
Note. –, result not shown.
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different residential houses of Tekirdag city (Turkey) were Penicillium, Cladosporium and
Alternaria (Sen & Asan, 2009). Also, the most commonly encountered fungi in homes of
atopic children in Delhi, India, were Aspergillus, Cladosporium, Alternaria and Penicillium
(Sharma et al., 2012). Moreover, recent studies of O’Connor et al. (2004), Crawford et al.
(2015) and Shelton et al. (2002) in United States’ homes revealed that predominant air-
borne fungi were Cladosporium, Penicillium, Aspergillus, Alternaria.

Among different species of the Aspergillus genus found in our study, six species with
the higher prevalence were named while other species were referred to simply as
Aspergillus sp. Of note, A. niger and A. flavus constituted the majority among all the
found species of this genus. This is in agreement with the observation of Awad et al. that
found Aspergillus flavus and Aspergillus niger as the dominant Aspergillus species in urban
and rural homes in Egypt (Awad et al., 2013). Similarly, Durugbo et al. reported that A.
niger was one of the most frequently occurring fungi in air samples from different sites of
Redemption City, Nigeria (Durugbo et al., 2013). All in all, our data confirm the ubiqui-
tous nature of the aforementioned genera of fungi in outdoor and indoor samples.

Interestingly, increased indoor dust-borne Alternaria levels were significantly asso-
ciated with lower prevalence of asthma. This inverse association has also been reported
for another fungus where the odds of wheeze were reduced with elevated indoor dust-
borne yeast levels (Behbod et al., 2013). In contrast, elevated indoor air-borne levels of
fungal genera known to be associated with reduced asthma control (Tischer et al., 2011)
(i.e. Aspergillus fumigatus and Alternaria), were also risk factors for asthma development
in our study. Increased outdoor dust-borne Penicillium was a predictor of atopic derma-
titis. Moreover, higher levels of indoor air-borne Aspergillus flavus and Cladosporium,
outdoor dust-borne Alternaria and indoor dust-borne Cladosporium were suggestive risk
factors for allergic rhinitis. These findings support the hypothesis that fungal exposure can
affect the development of allergic diseases (Denning et al., 2006).

There are some studies that reported associations between total fungal levels or measures of
total fungi (e.g., dampness, mold, odor, etc.) and allergic diseases (Nafstad et al., 1998; Emenius
et al., 2004; Pekkanen et al., 2007). These studies suffer from lack of measures of specific genera-
level fungal concentration levels and hence cannot differentiate allergy-inducing fungal types
from those with potentially protective activity. In contrast to the above studies, our study
focused on individual fungal genera with objective measures i.e. CFU/m3 or CFU/100 cm2.

To explain why indoor dust-borne Alternaria showed an inverse association with asthma, it
should be noted that environmental exposures may have contrasting effects on allergic or
asthmatic responses, depending on the compartment exposed, the fungal load encountered,
and duration of exposure or susceptibility of the subject (Behbod et al., 2015). Exposures to dust-
borne Alternaria are not exception. Indoor dust-borne Alternaria may have been ingested as
well as inhaled by the subjects. Immune responses in the gastrointestinal system play important
role in the development of immune tolerance (Noverr & Huffnagle, 2004). Therefore, patients
with asthma in our study may have developed immune responses to the dust-borne Alternaria
following ingestion of high load of this fungus in the dust. Since air-borne Alternaria was
associated with increased asthma occurrence, it is possible that it may reflect a compartment-
specific irritant activity rather than an allergic response in the airways; Correlation analysis
between SPT and Alternaria in asthmatic patients with insignificant results (Table 5) also tends
to support this explanation. In addition, as there are many species within Alternaria genus,
diversity in allergenic components of these fungi may differently stimulate innate responses
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(Kaisho &Akira, 2006). Taken this into account, it is also possible that air-borne and dust-borne
Alternaria species differed structurally or functionally in our study and therefore they may have
inserted different immunological effects. Future molecular evidences may discover specific
components of fungal stimulants that lead to opposing effects on allergic disease development.

Skin testing is an important diagnostic means for allergy and the wheal and flare reactions to
a fungal extract tested is also a measure of the immunological mediation of the reaction
(Yunginger, 1991). Hence, positive SPT to at least one of the extracts of three distinct fungal
species (Aspergillus fumigatus, Penicillium nonatume and Alternaria alternate) was a require-
ment for all the atopic patients to enter our study. However, correlation analysis between SPT
reactivity (mild or moderate-severe) and fungal exposure (separately or in total) did not
generally reveal significant relationships. At first glance, this dataset favors not to confirm the
immunological basis for the observed associations between fungal exposure and allergy diseases.
However, the lack of association between fungal exposure and sensitization test could possibly
arise from the number of allergens tested, batch-to-batch variations in the properties of allergen
extracts, etc.

Conclusion

Our study results demonstrated that while outdoor dust-borne Penicillium, indoor air-borne
Aspergillus flavus and Cladosporium, outdoor dust-borne Alternaria and indoor dust-borne
Cladosporium were suggestive risk factors for allergic diseases, indoor dust-borne Alternaria
had a significant inverse association with asthma prevalence. These findings support the
notion that fungal exposures may play role in either increasing or decreasing the develop-
ment of allergic diseases. Further studies by using molecular techniques are highly recom-
mended for a better evaluation of the allergenic roles of all living and non-living allergenic
fungal moieties. Beside this fungal concentration levels evaluation at the species rather than
the genera level can improve the specificity of the results.
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