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Abstract The airborne spores of some saprophytic and
allergenic fungi such as Aspergillus, Alternaria, and
Cladosporium are found throughout the world and ex-
posure to these agents may result in various types of
allergic diseases. The aim of this study, therefore, was to
investigate the frequency of different saprophytic,
allergenic, and pathogenic fungi in indoor and
outdoor environments. During a 6-month period, 780
samples were obtained from a number of houses,
mosques, parks, public restrooms, grocery stores, labo-
ratories, and hospitals. An open-plate method was
applied for air sampling by exposing 90-mm plates
containing chloramphenicol/potato dextrose agar
and malt extract agar were exposed to air for
30 min. Alternatively, the sampling from surfaces was
performed using sterile wet swab and tape-stripe meth-
od. All samples were then inoculated in media and
incubated at 28 °C for 2-3 weeks. The isolated fungi
were purified in order to detect the genus, and if possi-
ble, species level of the targeted fungi based on
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morphological and microscopic features using standard
methods. The findings revealed that the dominant in-
door and outdoor fungal species were Aspergillus, Pen-
icillium, and Cladosporium whose frequency values
were 16.42%, 16.17%, and 14.92% respectively. The
lowest frequency was related to Acrophialophora and
Madurella (0.25%). More notably, the results for air and
surface were similar. It was also found out that the three
dominant genera were Aspergillus (16.53%), Penicilli-
um (15.50%), and Cladosporium (11.93%), with
Basidiobolus and Acrophialophora having the lowest
frequency. It was observed that different environ-
mental spaces have a great bearing on the spread-
ing of such allergic agents, especially in subtropical
humid climates.

Keywords Allergenic fungi - Airborne fungi - Indoor
and outdoor air - Saprophytic fungi

Introduction

Molds are found in both outdoor and indoor environ-
ments (Dassonville et al. 2008) and are widely distrib-
uted in air, soil, water, decaying vegetation (Hageskal
et al. 2009; Shams-Ghahfarokhi et al. 2014), and all
building materials with enough moisture (Dassonville
et al. 2008). They can live under extreme conditions in
almost all regions and all climates (Kalyoncu 2010).
Atmospheric air—both indoor and outdoor—
contains certain varieties of fungal elements and
some fungal spores, but the concentration of fungal
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elements differs according to location, altitude, time of
day, season, and climate conditions (Chadeganipour
et al. 2010).

The abundance of fungi in different environments,
combined with the small size and easy dispersion of
their propagules, favors high concentrations of fungal
spores in the air in both indoor and outdoor environ-
ments (Sen and Asan 2009). Indoor and outdoor fungal
exposure levels are associated with the development of
allergic respiratory diseases (Arikoglu et al. 2016).

Airborne fungi are emanated from biological and
non-biological sources and can transfer to the respirato-
ry tract of humans directly or indirectly (Picco and
Rodolfi 2000; Kuhn et al. 2005; Basilico et al. 2007).
The effect of fungal particles on human health is asso-
ciated with their size and physical properties (Kim et al.
2009). Microbial contaminants in indoor environments
are most often present in suspended dust and may cause
immunological reactions in susceptible individuals
(Sousa et al. 2014).

Many fungal species have been described as the
cause of allergic disease and their concentration is
species-specific (Fukutomi and Taniguchi 2015). Asper-
gillus, Alternaria, and Cladosporium are among the
most common allergens; in susceptible people or those
exposed to extremely high inocula, invasive mycoses
may follow exposure to fungi (Hedayati et al. 2011;
Foladi et al. 2013).

Allergenic fungi secrete certain allergen enzymes
into their surroundings (Levetin et al. 2016) and can
cause some effects such as IgE-mediated allergy, non-
IgE-mediated hypersensitivity, allergic rhinitis, and
asthma (Wu et al. 2000; Soeria-Atmadja et al. 2010;
Meheust et al. 2014; Fukutomi and Taniguchi 2015;
Arikoglu et al. 2016).

Although susceptible people may be infected at
different places, it should be noted that different environ-
mental spaces have their importance roles in contributing
to the spread of these agents, especially in subtropical
humid climates (Rafiei and Amirrajab 2010).

Further, it has long been recognized that the qualita-
tive determination of the fungi recovered from environ-
mental samples is more useful than determining the
concentrations of fungi (Horner et al. 2004).

For this reason, concerns about health effects of
airborne fungi in different environments have been in-
creasing for some years. This study aims to evaluate the
distribution of airborne fungi in different indoor and
outdoor environments in Isfahan, Iran.
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Materials and methods

This study was carried out for a 6-month period from 21
March to 22 September 2014. A total of 780 samples
were collected from the indoor and outdoor air (n =316)
and the surfaces (n = 464) of different sites including ten
houses, ten mosques,ten greengroceries and butcheries,
six parks, ten public restrooms, six laboratories, and two
hospitals (Table 1). The interval between sampling of
each site was about 2-3 weeks.

Air sampling

Air samples were collected from the indoor and outdoor
air of each site. The sampling time was always the same:
between 08:00 and 10:00 AM.

Airborne fungi were sampled using an open-plate
method; 90-mm diameter Petri dishes containing potato
dextrose agar (PDA) and malt extract agar (MEA) (Merck,
Germany) supplemented with chloramphenicol were
placed with lids open in sampling locations at a height of
about 1.5 m above the floor (Chadeganipour et al. 2010;
Kalyoncu 2010; Rostami et al. 2017) for 30 min, and after
which, the plates were transferred to the laboratory as soon
as possible. The total number of air samples and conse-
quently the number of Petri dishes were given in Table 1.
Of the 316 air samples, half belonged to the indoor sam-
ples and other half belonged to the outdoor samples.

Surface sampling

Surface sampling was done after the completion of air
sampling to mitigate the possibility of artificial spore
aerosolization. Surface samples were obtained from
wall surfaces with or without visible fungal growth.
The surface samples were collected using a combination
of the swab sampling and tape-lift sampling methods
(Kuhn et al. 2005).

Sterile wet swabs were used to remove the visible or
invisible fungal particles from surfaces. For the tape-
strip technique, a 3-cm piece of adhesive tape was
placed on the surface and then removed. The tape was
then cut into 1-cm pieces. Each piece was placed on the
medium with the adhesive side facing down. Ten sam-
ples were taken from moldy fruits which was done using
a sterile teasing needle. The samples were then imme-
diately cultured on media under sterile conditions. All
samples were cultured on PDA and MEA supplemented
with chloramphenicol.
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Table 1 The sites, locations, and number of samples

Sites Locations of sampling Number of samples Total
Air Surface

Houses Living room, bed room, kitchen, bath room, balcony, and warehouse. 120 240 360
Mosques Washstand and praying room 40 40 80
Hospitals Operation room, recovery room, reception, and emergency ward 16 16 32
Food stores Indoor and outdoor 40 60 100
Public restrooms Indoor and outdoor 40 60 100
Parks Three separate locations of park 36 - 36
Laboratories Two separate locations of laboratory 24 48 72
Total 316 464 780
Identification of fungi Aspergillus niger was the most prevalent isolate

All cultured samples were incubated at 28 °C and were
checked daily in terms of fungal colony growth.
The identification of fungi was carried out based
on the morphological features of colonies and mi-
croscopic examination. Definite identification of
fungi was done using various mycological refer-
ences (Fisher and Cook 1998; Ellis et al. 2007).
Fungi were identified at the genus and, if possible,
species levels.

Results
Air samples

A total of 402 colonies were isolated on 316 Petri
dishes from indoor and outdoor air samples,
which represented 16 genera (Table 2). The dis-
tribution of fungi varied in indoor and outdoor
environments.

The frequency rate of isolated fungi in indoor sam-
ples was higher than that in outdoor samples. The four
most predominant indoor and outdoor fungal species
were found to be Aspergillus spp. (16.42%), Penicillium
sp. (16.17%), Cladosporium sp. (14.92%), and Mucor
spp. (12.69%).

The lowest frequency rate was observed for
Acrophialophora (0.25%) and Madurella (0.25%).

Aspergillus (22.10%) and Alternaria (18.95%) were
the most frequent genera in outdoor air, while Penicilli-
um (21.23%) and Cladosporium (15.09%) were the
dominant isolated species in indoor air (Table 2).

among all species of Aspergillus. The frequency rates
of Aspergillus species were A. niger (42.42%), A. flavus
(24.24%), A. fumigatus (12.12%), A. clavatus (3.03%),
A. glaucus (3.03%), A. terreus (1.52%), and unidentified
species (13.64%) (Table 3).

Madurella grisea was isolated from a hospital recov-
ery room and was distinguished from M. mycetomatis
by its inability to growth at 37 °C and its ability to
assimilate sucrose (Ellis et al. 2007).

Total concentration of indoor and outdoor fungi
was found to be significantly higher in greengro-
ceries and butcheries, while the lowest rate was
found in samples from hospital operation and recovery
rooms (Table 4).

Surface samples

A total of 587pure colonies were isolated in the
culture media. The most prevalent fungal isolates
were obtained from greengroceries and butcheries,
houses, public restrooms, and laboratories with the
frequency rates of 28.11%, 24.87%, 21.29% and
15.33% respectively. Aspergillus was the most
common isolate, with a frequency of 16.53%,
followed by Penicillium 15.50% and Cladosporium
11.93% (Table 5).

In conclusion, 989 fungal colonies were isolated and
purified from indoor, outdoor, and surface samples. A
total of 20 fungal genera were identified, of which
Aspergillus sp. (16.48%), Penicillium sp. (15.77%),
and Cladosporium (13.14%) were the dominant genera
(Table 6). Figures 1 and 2 show the distribution status of
fungi in different environments.
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Table 2 Distribution of isolated airborne fungi genera according to indoor and outdoor environments

Genus Number of colonies % X Sig.
Indoor Outdoor Total
Absidia 4 - 4 1 - -
Acrophialophora 1 - 1 0.25 - -
Alternaria 10 36 46 11.44 14.696 <0.001*
Aspergillus 24 42 66 16.42 4.909 0.027*
Aureobasidium 9 - 9 2.24 - -
Cladosporium 32 28 60 14.92 0.267 0.606
Epicoccum - 2 0.5 - -
Fusarium 15 18 448 8.000 0.005*
Madurella 1 - 1 0.25 - -
Mucor 30 21 51 12.69 1.588 0.208
Paecilomyces 5 6 11 2.73 0.091 0.763
Penicillium 45 20 65 16.17 9.615 0.002*
Rhizopus 20 16 36 8.95 0.444 0.505
Scopulariopsis 12 7 19 4.73 1.316 0.251
Stemphylium 2 3 5 1.24 - 1.000*
Ulocladium 2 6 8 1.99 - 0.289 *
Total (%) 212 (52.74) 190 (47.26) 402 (100) 100 1.204 0.273

# Exact sig. *Significant at 0.05 level

Discussion

Airborne fungal spores are among the most common
organisms in nature (Soeria-Atmadja et al. 2010). Fun-
gal spores can be dispersed through atmospheric air and
can exist as saprophytes or as parasites of animals
and plants. Fungi are ubiquitous airborne allergens
and are the leading cause of various human diseases
(Menezes et al. 2004).

Table 3 Distribution of identified Aspergillus species in air
samples

Aspergilus species Number of isolates Percent
A. niger 28 42.42
A. flavous 16 24.24
A. fumigatus 8 12.12
A. clavatus 2 3.03

A. glaucus 2 3.03

A. terreus 1 1.52
Unidentified species 9 13.64
Total 66 100

@ Springer

Monitoring of the spore distribution of fungi in dif-
ferent places would provide valuable data to evaluate
human health risk; therefore, identification and detec-
tion of airborne fungi in densely populated areas are
necessary.

In the present study, the distribution of airborne fungi
was investigated in different indoor and outdoor envi-
ronments; it was found that the dispersion rate of fungal
spores in indoor environments was higher than that in
outdoor environments.

According to available reports, Aspergillus and Pen-
icillium species are present in outdoor and indoor air
throughout the year (Knutsen et al. 2012). In our study,
outdoor and indoor air samples analysis show that
Penicillium and Aspergillus were respectively the
most dominant isolated genera (Table 2). Accord-
ing to the obtained results given in Table 2 and
based on the data by chi-square, while the number
of Aspergillus and Alternaria was significantly higher in
outdoor samples, the number of Penicillin and Fusari-
um was meaningfully higher in indoor samples
(p <0.05). However, no significant difference was ob-
served among the isolated fungi in indoor or outdoor
samples (Xz(l) =1.204, p=0.273).
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Table 6 Distribution of isolated fungi genera from air and surface

Genus Number of colonies % X Sig.
Air Surface Total
Absidia 4 12 16 1.62 4.000 0.046"
Acrophialophora 1 2 0.20 - 1.000
Alternaria 46 60 106 10.72 1.849 0.174
Aspergillus 66 97 163 16.48 5.896 0.015"
Aureobasidium 9 15 24 2.43 1.500 0.221
Basidibolus - 1 0.10 - -
Chrysosporium - 5 5 0.50 - -
Cladosporium 60 70 130 13.14 0.769 0.380
Curvularia - 8 8 0.80 - -
Drechslera - 12 12 1.21 -
Epicoccum 2 7 9 0.91 - 0.180
Fusarium 18 38 56 5.66 7.143 0.008"
Madurella 1 - 1 0.10 - -
Mucor 51 62 113 11.42 1.071 0.301
Paecilomyces 11 22 33 3.33 3.667 0.056
Penicillium 65 91 156 15.77 4333 0.037"
Rhizopus 36 39 75 7.58 0.120 0.729
Scopulariopsis 19 22 41 4.14 0.220 0.639
Stemphylium 5 14 19 1.92 4.263 0.039"
Ulocladium 8 11 19 1.92 0.474 0.491
Total (%) 402 (40.65) 587 (59.35) 989 (100) 100 34.606 <0.001

*Exact sig. *Significant at 0.05 level
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A relatively strong correlation was detected between
indoor and outdoor fungal levels of Cladosporium. In a
study done in the homes of asthmatic participants,
Cladosporium, Alternaria, Aspergillus, and Penicillium
were predominant indoor fungal species (Sharpe et al.
2015), while Cladosporium, Penicillium, Aspergillus,
and Alternaria were found to be predominant in another
such study (Arikoglu et al. 2016). Although Aspergillus,
Cladosporium, and Penicillium were encountered in
most previous studies, various species of fungi have
been reported as the dominant species by different re-
searchers (Basilico et al. 2007; Sen and Asan 2009;
Chadeganipour et al. 2010; Hedayati et al. 2011).
The distribution of airborne fungi in subway sta-
tions was investigated and it turned out that Penicilli-
um and Alternaria were the two dominants genera
(Hossieni et al. 2013). The distribution of fungal ele-
ments in indoor and outdoor environments depends on
numerous physical and biological factors (Mirhoseini
et al. 2016; Rostami et al. 2017). Indoor fungi
originate from outdoor environments or moist surfaces
(Knutsen et al. 2012).

Our study was done in two seasons, spring and
summer. The seasonal variation can affect the fungi
population in the environment. There may be a direct
relationship between the fungal population and the inci-
dence of allergic diseases. Common allergenic molds
have dry spores and can disperse easily in dry and windy
weather (Soeria-Atmadja et al. 2010). Isfahan is a dry
city with low rainfall, which probably affects the distri-
bution status of fungal spores.

@ Springer

Various reports have shown that Alternaria,
Cladosporium, Aspergillus, and Penicillium are among
the most common fungi that cause asthma (Zubairi et al.
2014).

Some studies have shown that the majority of fungi
in outdoor air belonged to the phyla Ascomycota and
Basidiomycota (Knutsen et al. 2012), but in our study,
the most common fungal species belonged to Ascomy-
cota and Zygomycota. In our study, members of Mucor
were among the most common fungi isolated from
indoor and outdoor samples. However, these were not
found to be predominant species in other studies.

Aspergillus spp. are widely distributed in different
environments and can cause various respiratory in-
fections in immunocompromised patients (Ajodanifar
et al. 2011). Specifically, four species of Aspergillus
fumigatus, A. terreus, A. nidulans, and A. niger are
common agents of human and animal diseases
(Levetin et al. 2016). In our study, the genus Asper-
gillus was the most frequently isolated genus from
outdoor samples, mostly represented by A.niger,
A. flavus, A. fumigatus, A. clavatus, A. glaucus, and
A. terreus (Table 3).

The second and third most predominant genera iso-
lated from outdoor samples were Alternaria and
Cladosporium (Table 2). Cladosporium and Alternaria
spores are dispersed by wind and are found abun-
dantly in indoor and outdoor environments. Some
species are known to be the major agents of aller-
gic diseases in sensitized people (Levetin et al. 2016;
Skjoth et al. 2016).
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In our study, Penicillium was the most commonly
isolated species in indoor samples. Penicillium species
are common wherever organic material is available
and some can even grow under conditions with
very little water Penicillium is one of the most
common airborne allergenic fungi, along with
Cladosporium and Alternaria. In addition, Penicil-
lium exposure in damp homes is a risk factor for
asthma (Levetin et al. 2016).

The results of the present study are not consis-
tent with some related research works. For in-
stance, in a study, Epicoccum was found to be
one of the three predominant genera (Basilico
et al. 2007); however, in our study, Epicoccum
was isolated from outdoor samples at a frequency
rate of 1%. These differences may indicate diverse
geographical and climate conditions.

The highest frequency rate of fungus isolation from
air samples was found in greengroceries and butcheries,
followed by houses, public restrooms, laboratories,
parks, hospitals, and mosques. The distribution pattern
of airborne fungi is given in Table 4. In all,
22.88% of isolated airborne fungi were found in
greengroceries and butcheries, possibly due to the
presence of humidity, organic matter, and nutrients
in these places. According to some reports, mois-
ture or high relative humidity is a predisposing
factor for the growth of fungal spores (Basilico
et al. 2007). The genus Mucor was the fungus
most frequently isolated from grocery stores, with
a frequency of 17% of all fungi isolated from there.
Most species in the Mucoromycotina are saprobes, com-
monly found in soil, compost, stored grain, fruit, vege-
tables, and dung (Levetin et al. 2016).

The second and third most frequently isolated fungi
are Penicillium and Cladosporium, with frequency rates
of 15% and 14% respectively.

In all, 21% of airborne fungi were isolated from
houses. The frequency of isolated fungi from wall sur-
faces is summarized in Table 4. The presence of fungi on
different surfaces in homes can increase the risk of
exposure to fungal elements (Sharpe et al. 2016)
and can subsequently cause some adverse respira-
tory symptoms (Zock et al. 2002). Human occu-
pants are an important source of microbes in in-
door environments. Occupied rooms have a higher
level of fungal spores than unoccupied rooms.
Floor dust is the main source of fungi and the

amount of isolated fungi in outdoor and indoor
samples is usually the same (Adams et al. 2015).
Outdoor fungal spores mainly originate from fungi
growing on trees, plants, and grass, whereas fungal
indoor spores originate from the persistent damp in
household structures and may also be outdoor
spores that have entered through doors and windows
(Tham et al. 2017).

The microbiology laboratories of the university were
selected for sampling. The isolation rate of fungi from
laboratories was 16.67% of all isolated fungi. However,
fungal conidia were found to be present in indoor envi-
ronment of the laboratory or surfaces and may have
contaminated the cultures media, thus increasing the
risk of dispersion of conidia in the laboratory (Sautour
etal. 2012).

In one case, Madurella grisea was isolated from a
hospital’s recovery room. Aspergillus and Penicillium,
with a frequency of 26.32% (n=15), were the most
frequently isolated species from different sections of
hospitals, followed by Cladosporium {21.06% (n=
4)}, Fusarium, Alternaria, Mucor, Rhizopus, and
Madurella {5.26% (n=1)} (Table 4).

Some hospital infections are caused by fungi,
such as some species of Aspergillus, Fusarium, or
Mucorales. Indeed, fungi present in hospital rooms
may grow on the organic matter of building mate-
rials and develop microcolonies. The spores ema-
nating from these colonies could be inhaled by
immunosuppressed patients and cause local infec-
tions prior to possible dissemination (Sautour et al.
2009). Hospitalized patients particularly those who
are immunocompromised are at a high risk of
morbidity due to fungal opportunistic infections
(Hedayati et al. 2011).

Based on the results given in Table 5 and by doing a
chi-square test, a significant difference was observed
between air and surface samples in case of Absidia,
Aspergillus, Fusarium, Penicillium, and Stemphylium
(p <0.05), and the number of these fungi at the surface
samples was significantly higher than air samples
(x*(1) = 34.606, p < 0.001).

In general, 989 fungal colonies were studied. The
most commonly isolated colony was related to the genus
Aspergillus (16.48%), followed by Penicillium
(15.77%) and Cladosporium (13.14%).

In conclusion, considering that people spend most of
their time in indoor environments, and distribution of
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indoor fungi are largely affected by the outdoor envi-
ronment, the distribution of fungal spores needs to be
assessed. Increasing the awareness of patients with re-
spiratory and skin allergies is necessary for preventing
their exposure to fungi.
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