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Abstract: In this study, the density of fungal spores belonging to 10 specific taxa with
allergenic effects and their relationship with meteorological factors in the atmosphere of 1gdir,
Turkiye was investigated. Hirst trap device was used for atmospheric spore sampling during the
study. As a result of the study, fungal spores were found more or less in the atmosphere in all
months. A total of 156702 spores/m?® were detected in the atmosphere of Igdir during the study.
The densities of the 10 taxa detected in the atmosphere of I§gdir were recorded as Cladosporium
(85.00%), Alternaria (6.16%), Aspergillus/Penicillium (5.91%), Fusarium (1.30%), Epicoccum
(0.61%), Chaetomium (0.26%), Drechslera (0.24%), Stemphylium/ Ulocladium (0.21%),
Pithomyces (0.19%) and Curvularia (0.11%), respectively. It was determined that the density of
fungal spores was at a high level between August and October and that this period posed a risk
for individuals with an allergic tendency to fungal spores.

Keywords: Aerobiology, Atmospheric fungal spores, Volumetric method, Igdir, Turkiye

Igdir Atmosferindeki Bazi Mantar Sporlarinin Belirlenmesi ve Meteorolojik
Faktorlerle Karsilagtiriimasi

Oz: Bu calismada alerjik etkiye sahip genis yayilisi bulunan belirli 10 adet taksona ait
mantar sporlarinin 1gdir, Turkiye atmosferindeki yogunlugu ve meteorolojik faktorlerle iligkisi
arastirildi. Calisma siresince atmosferik spor orneklemeleri igin Hirst tip 6érnekleme cihazi
kullanildi. Calisma sonucunda tim aylarda atmosferde az ya da ¢ok mantar sporuna rastlandi.
Calisma siresince 1§dir atmosferinde toplam 156702 spor/m?® tespit edildi. 1gdir atmosferinde
tespit edilen 10 taksonun yogunluklari sirasiyla Cladosporium (%85.00), Alternaria (%6.16),
Aspergillus/Penicillium (%65.91), Fusarium (%21.30), Epicoccum (%0.61), Chaetomium (%60.26),
Drechslera (%0.24), Stemphylium/Ulocladium (%0.21), Pithomyces (%0.19) ve Curvularia
(%0.11) olarak tespit edildi. Agustos — Ekim aylari arasinda mantar spor yogunlugunun yuksek
seviyede oldugu ve bu ddnem mantar sporlarina alerjik yatkinligi olan bireyler igin risk olusturdugu
tespit edildi.

Anahtar kelimeler: Aerobiyoloji, Atmosferik mantar sporlari, Volimetrik yontem, Igdir,
Tarkiye.
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Introduction

Among the particles carried by wind in the air,
fungal spores are the most common. Fungal taxa are
heterotrophic (cannot produce their own food) organisms
in the living world and are widely distributed in the
biosphere. Fungal particles are eukaryotic organisms that
are either single or multicellular, have a haploid genome,
have cell walls made of chitin and glucan, and produce
spores (Naranjo-Ortiz and Gabaldon, 2019). The density
of fungal spores dispersed from spore sacs during
reproduction can vary due to various factors, such as
geographical location, human activities, vegetation, air
pollution and weather conditions (Grinn-Gofron, 2015). In
the respiratory system, large-sized fungal spores can
reach the nasal cavities, medium-sized ones can reach
the bronchi and bronchioles and small-sized ones can
reach the alveoli (Deacon, 2006). The reason why fungal
organisms are cosmopolitan is that they can germinate
easily. Since they form a large number of spores with
different morphological structures in their spore sacs
during the reproduction period, they can be found in every
condition and environment. They can be easily carried to
various environments by winds. The density of fungal
spores in the atmosphere is easily affected by
meteorological factors, such as wind, temperature,
humidity and precipitation, and the spore concentration
changes. Therefore, determining the spore concentration
of each region and preparing change graphs with
meteorological factors are of great importance in the
diagnosis and treatment of individuals with spore allergy.

Fungal spore causes various disorders, such as
asthma in sensitive individuals and those with allergenic
sensitivity to fungal spores (Bush and Portnoy, 2001).
Some of these are respiratory allergies, such as asthma,
allergic rhinitis, allergic sinusitis, allergic conjunctivitis and
meningitis in infected individuals. These spores also
cause an increase in IgA and IgE antibodies (Abbas et al.,
2012; D'Amato et al., 1997; Kurup and Kumar, 1991;
Khosravi et al., 2012; Dixit et al., 1992; Dixit et al., 1992;
Bisht et al., 2004; Fuste et al., 1973; Rolston et al., 1985).
Among the fungal spores that cause allergic diseases,
there is a cosmopolitan genus, Cladosporium. This genus
causes asthma in infected individuals (Bensch et al.,
2012; Dugan et al., 2004). The optimum temperature
conditions for the development of species belonging to
this genus are between 20°C and 40°C (Gravesen, 1979).
Studies have shown that Cladosporium species are
among the most common causes of respiratory diseases,
asthma and rhinitis, for example (Bouziane et al., 2005).
It has even been reported that severe asthma attacks due
to Cladosporium cause death (Abbas et al., 2012). It is a
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respiratory tract allergen of the genus Alternaria that
causes allergic symptoms in the nasal and bronchial
regions of the infected individual and causes the release
of IgE antibodies (D'Amato et al., 1997; Filali et al., 2015;
Fernandez-Rodriguez et al., 2015). The other fungal
genus that causes asthma, allergic rhinitis and allergic
sinusitis in humans and animals is Aspergillus (Kurup and
Kumar, 1991). Penicillium species secrete a fungal toxin
called patulin, which has carcinogenic effects on the
brain, liver and lung organs (Gravesen, 1979). The
International Penicillium and Aspergillus Commission,
which convened in Utrecht, Netherlands on April 14,
2012, brought these two genera together and evaluated
them as a single taxon (Aspergillus/Penicillium)
(Houbraken et al., 2014).

Fusarium is a fungal genus that increases IgE
secretion in humans (Khosravi et al., 2012). Epicoccum is
a fungal genus that increases allergen sensitization (Dixit
et al., 1992) as well as IgE and IgG antibody secretions
(Bisht et al., 2004). Chaetomium, a cosmopolitan genus
with more than 80 species (Von Arx, 1986; Abdel-Azeem,
2020), has been shown to respond better to antibodies
than other fungal species in cross-reactivity allergy tests
(Provost, 2010).

Another fungal genus that increases IgE secretion
is Drechslera (Menezes et al., 1995). It has been reported
that the mycelium of Drechslera hawaiiensis belonging to
this genus is seen in the brain region of patients and
causes fatal meningitis (Fuste et al., 1973). It has also
been reported to cause infections, such as corneal
inflammation, skin lesions, peritonitis and inflammation of
the facial sinuses (Rolston et al., 1985). In vivo and in vitro
studies with extracts obtained from Stemphylium/
Ulocladium have found that this taxon to be allergenic
(Agarwal et al., 1982). In a study conducted in homes
where children with asthma symptoms, high
concentrations of Pithomyces were found (Meng et al.,
2012). In addition, this taxon was defined as a moderate
allergen in a study (Asci et al., 2010). In a study
conducted on Curvularia lunata, it was stated that this
species is allergenic and causes sinusitis (Bartynski et al.,
1990). In light of all these, it is thought that the 10 fungal
species given above are very important allergens
because they cause many allergic diseases in humans,
such as respiratory tract allergy, asthma, allergic rhinitis,
allergic sinusitis, allergic conjunctivitis and meningitis.

In this study, the densities of the 10 fungal genus
mentioned above in the Igdir atmosphere and their
relationship  with  meteorological factors  were
investigated. It is thought that the obtained results will be
useful in the fields of medicine, pharmacy and agriculture.
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Material and Metod

Study Area

Igdir, which was separated from Kars in 1992, is a
province located in the Eastern Anatolia Region of
Tarkiye with its geographical location. 1gdir, which is the
15" smallest province of Turkiye in terms of surface area,
has an altitude of 876 m above from sea level (Kaya,
2015). Neighbour city Agr is located in the south and
southwest, and Kars is positioned in the northwest. The
border of Igdir province consist of Nakhchivan, which is
affiliated with Armenia, Iran and Azerbaijan (Tan and
Temel, 2017). As a continuation of the Karasu-Aras
Mountains in the south of 1§dir province, there are Pamuk
Mountain (2639 m), Durak Mountain (2811 m), Zor
Mountain (3234 m), Bayuk Agri (5137 m) and Kigik Agri
Mountains (3896 m) (Goéner, 1995; Simsek and Alim,
2009). There are three border gates in total: the Dilucu
Border Gate to Nakhchivan, the Boralan Border Gate to
Iran and the Alican Border Gate to Armenia (Yulu, 2014)
(Figure 1).

Igdir province is located in the Eastern Anatolia
Region of Turkiye and has remarkable characteristics in
terms of its climate and vegetation. Igdir province is
geographically isolated as it is surrounded by Mount
Ararat. This situation creates climate types in I13dir
province that can be categorized as semiarid, arid and
very arid (Karaoglu, 2023; Kogak et al., 2022). Igdir's
annual average temperature can be up to twice that of
other provinces (Karaoglu, 2014). Although these high
temperatures provide a suitable environment for
agricultural activities, they also make it difficult to manage
water resources (Kaltakkiran, 2023). In addition, the
annual average rainfall in the region is around 300-400
mm, which is a critical factor for agricultural production.
The seasonal distribution of rainfall is low in the summer
and more in the winter (Karaoglu, 2014).

The vegetation in the region varies depending on
the climatic conditions. 1gdir is an area where agricultural
activities are intense and is known as a place where all
types of agriculture can be done (Karaoglu, 2014).
Moreover, Puccinellia distans (Jacq.) Parl. and Aeluropus
littoralis (Gouan) Parsl. species are commonly found in
salty and alkaline pastures (Temel, 2018).

Analysis of Preparations under Microscope

Spore samples were collected with the help of
volumetric pollen collection device. Microscopic slides
were prepared by Wodehouse method, and spore slide
examination was performed under a Leica brand DM500
model light microscope at 400 magnification.

For the identification and counting of fungal spores,
the examination was carried out on microscopic slides
along 4 horizontal lines with 2 mm intervals from the
starting point. The results obtained were calculated and

(2024)15(2)110/123

converted into fungal spore concentrations in one m?® air
(Soldevilla et al. 2007).

Evaluation of Results

Daily and monthly figures as well as monthly charts
were created from the data obtained from the spore count
results of the atmosphere of 13dir province.
Meteorological parameters and spores data were
correlated with Spearman Correlation analysis (Table 4).

Meteorological Data

According to the meteorological data of Igdir
province, the lowest monthly average temperature (-0.34
°C) was measured in December, and the highest average
temperature was measured in July (28.41 °C). The lowest
average humidity rate was measured in June (41.33%),
while the highest average humidity rate was measured in
December (69.92%). The total precipitation amount in Igir
province in 2015 was determined as 209.6 mm. The
lowest monthly total rainfall was determined in July (0.0
mm), while the highest was recorded in April (40.8 mm).
The month with the lowest monthly total rainfall was
determined in July (0.0 mm), while the month with the
highest was determined in April (40.8 mm). Average
temperature, humidity and precipitation values are given
in Table 3 and Figure 3.

Results

In this study, the density of fungal spores belonging
to 10 specific taxa was investigated. As a result of the
study, a total of 156702 spores belonging to Alternaria,
Aspergillus/Penicillium,  Chaetomium, Cladosporium,
Curvularia, Drechslera, Epicoccum, Fusarium,
Pithomyces, Stemphylium/ Ulocladium taxa were
detected.

The atmospheric concentrations of the 10 fungal
spore taxa planned to be investigated in this study were
determined as follows, respectively. These taxa were
identified as Cladosporium (85.00%-133190 spore/m),
Alternaria (6.16%-9654 spore/m?), Aspergillus/ Penicillium
(5.91%-9260  spore/m®),  Fusarium  (1.30%-2040
spore/m?d), Epicoccum (0.61%-959 spore/md),
Chaetomium (0.26%-404 spore/m?®), Drechslera (0.24%-
376 spore/m®), Stemphylium/Ulocladium (0.21%-335
spore/m®), Pithomyces (0.19%-304 spore/m®) and
Curvularia (0.11%-180 spore/m®) (Table 1 and Table 2).

Based on the data obtained in this study, the most
detected fungal spores by month are; August 28.41%
(44524), October 18.96% (29711), September 15.33%
(24028), July 8.10% (12699), June %6.44 (10099),
November 6.32% (9901), May 6.02% (9426), January
3.17% (4966), December 2.92% (4573), in April, 1.81%
(2842), in March 1.71% (2672) and at least 0.80% (1261
spores/m3) in February. (Table 1 and Table 2).
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Figure 1. Location of Igdir in Turkiye and districts of I§dir province

Monthly Fungal Spor Distribution

Fungal spore distribution showed remarkable
seasonal variation throughout the year. The number of
fungal spores detected in January constituted 3.17% of the
annual total, with Cladosporium (1.82%), Aspergillus/
Penicillium (0.77%) and Epicoccum (0.26%) being the
most common species. In February, the number of spores
decreased significantly, accounting for 0.80% of the
annual total, but Cladosporium (0.41%) and
Aspergillus/Penicillium (0.28%) were still dominant. A
gradual increase in spore numbers was observed in March
and April, with 1.71% of the annual total detected in March,
and 1.81% in April. Cladosporium was also found to be at
the highest rates compared to other species during this
period. A significant increase in spore numbers occurred
in May, with 6.02% of the annual total detected. During
May, Cladosporium (4.79%) species were seen at higher
rates, especially compared to other months, and species,
such as Alternaria and Fusarium also showed a significant
increase (Table 1 and Table 2).

In June, the number of spores increased slightly,
accounting for 6.44% of the annual total. Cladosporium
(5.15%) and Alternaria (0.65%) were among the most
common species in this month. In the middle of the
summer season, a more significant increase was recorded
in the number of spores, especially in July. Spores were
detected in this month accounting for 8.10% of the annual
total. In July, Cladosporium (7.10%) was again dominant
compared to other species (Table 1 and Table 2).

In August, the peak of the annual spore distribution
was experienced, with 28.41% of the spores detected.
During August, Cladosporium reached the highest rate of
the entire year, accounting for 26.02% of the annual total.
Alternaria (1.49%) and Aspergillus/Penicillium (0.50%)
species were also detected at higher rates in this month
(Table 1 and Table 2).

As for the autumn months, the number of spores
continued to remain at high levels in September and
October. While 15.33% of the annual total was detected in
September, this rate increased to 18.96% in October.
During this period, Cladosporium was detected at very
high rates, especially in October (17.58%), and Alternaria
and Aspergillus/Penicillium species also showed a distinct
presence (Table 1 and Table 2).

In November and December, a decrease in the
number of spores was observed with the onset of winter.
6.32% of the annual total was detected in November and
2.92% in December. During this period, Cladosporium
(4.80%) and Aspergillus/Penicillium (1.04%) species were
found to be more common than other species, especially
in November (Table 1 and Table 2).

As a result, fungal spore distribution showed
significant seasonal changes throughout the year, with
significant increases in spore numbers especially in
summer and autumn. Cladosporium species was the
dominant species throughout most of the year, but other
species also showed seasonal densities depending on
seasonal conditions. These findings revealed how fungal
spore distribution changed depending on environmental
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factors and seasons, and provide important data to was the most abundant day with 6040 spores/m3. The
determine in which periods spore densities were higher second highest fungal spore density was detected on 28™
(Table 1 and Table 2). August with 5219 spores/m?® and the third highest fungal

When total fungal spores were evaluated daily spore density was detected on 13" October with 4792
according to months, it was determined that August 27 spores/m? (Figure 5).

Distribution of Annual Spore Concentraion (%)

= Cladosporium “ Alternaria m Aspergillus/Penicillium
" Fusarium ® Epicoccum " Chaetomium

" Drechslera 1 Stemphylium/Ulocladium M Pithomyces

M Curvularia

Figure 2. Annual spore concentration in the atmosphere of 1gdir (%)

Table 1. Monthly fungal spore distribution in Igdir atmosphere (spore/mq)

[0} o by
> 2 - Q = o o
a S = _ 2 g 3 g IS
2 5 % = > e > > ° o > S Total
TAXA s & s & s 353 3 2 2§ & 2 4 |sporeimd
Cladosporium 2855 638 1620 1924 7499 8076 11126 40776 20844 27555 7514 2763 133190
Alternaria 200 41 40 172 869 1018 973 2337 2131 1131 591 151 9654
Aspergillus/Penicillium 1208 446 932 642 247 211 384 776 640 556 1628 1590 9260
Fusarium 17 2 14 45 709 574 57 246 75 283 18 0 2040
Epicoccum 407 38 11 19 14 33 60 68 109 105 68 27 959
Chaetomium 73 15 6 13 8 130 42 42 31 9 17 18 404
Drechslera 21 13 14 7 9 17 36 77 104 32 33 13 376
Stemphillium/Ulocladium 33 5 6 2 8 10 1 156 62 31 19 2 335
Pithomyces 75 54 25 15 28 18 10 35 22 6 10 6 304
Curvularia 77 9 4 3 35 12 10 11 10 3 3 3 180
Total 4966 1261 2672 2842 9426 10099 12699 44524 24028 29711 9901 4573 156702
Table 2. Monthly percentage of fungal spore distribution in I§gdir atmosphere (%)
(<5} e —_
- > _ 2 . a 3
T S 5 _ 0 2 8§ £ § 5
P 8 = = > c > =) o 2 2 Q Total %
TAXA S & = £ 5 32 3 2 § S 2 & |sporem?
Cladosporium 1,82 0,41 1,03 123 479 515 7,10 26,02 13,30 17,58 4,80 1,76 85,00
Alternaria 013 003 003 011 055 065 062 149 136 0,72 0,38 0,10 6,16
Aspergillus/Penicillium 0,77 028 059 04 0,16 0,13 0,25 050 041 035 1,04 1,01 5,91
Fusarium 0,01 0,001 0,010 003 045 037 004 0,6 0,05 0,48 0,01 0,00 1,30
Epicoccum 0,26 0,02 0,010 0,01 0,010 002 0,04 0,04 0,07 0,07 0,04 0,02 0,61
Chaetomium 0,06 0,00 0,00 0,01 0,01 0,08 0,03 003 002 00 0,0 0,01 0,26
Drechslera 0,010 0,00 0,010 0,004 0,01 0,01 0,02 0,05 0,07 002 0,02 0,01 0,24
Stemphillium/Ulocladium | 0,02 0,003 0,004 0,001 0,01 0,01 0,001 0,0 0,04 0,02 0,01 0,001 0,21
Pithomyces 0,06 0,03 0,02 0,01 0,02 0,01 0,01 0,02 0,01 0004 0,01 0,004 0,19
Curvularia 0,05 0,00 0,003 0,002 002 0,01 00 0,010 0,01 0,002 0,002 0,002 0,11
Total 317 080 1,717 181 6,02 644 810 2841 1533 1896 6,32 292 100,00
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Table 3. Monthly average temperature (°C), humidity (%) and total precipitation (mm) of Igdir atmosphere

& 5 .
> a (D) (O]
> - - = Ko o
s S = _ s § 2 £ E
2 5 % = > Q > o =1 S > o
Meteorological Data 3 @ s g s 3 3 Z 3 S 3 S
Temperature (°C) 0.98 4.27 840 13.81 1845 2500 28.41 26.90 2341 1450 6.45 -0.34
Humidity (%) 64.62 60.13 50.54 47.41 52.24 41.33 35.28 41.99 43.81 7211 67.06 69.82
Total Precipitation (mm) 24 A4 46 408 80 254 00 154 10 878 42 156
Monthly Temperature Distribution (°C)
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Figure 3. Meteorological data distribution in 1gdir atmosphere
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Monthly Variation of Fungal Spores in Igdir Atmospher (%)

30,00

25,00

20,00

15,00

10,00
5,00

0,00

January
February
March
April
May

Jun

July
Augsut
September
October
November
December

Figure 4. Monthly variation of fungal spores in I1gdir atmosphere (%)

Daily Variation of Fungal Spores in Igir Atmosphere
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Figure 5. Daily variation of fungal spores in Igdir atmosphere

Statistical Analysis

In this study, Spearman correlation analyses were
performed on fungal spore data belonging to 10 taxa and
meteorological  parameters, such as average
temperature, total precipitation, average humidity and
average wind speed using the SPSS 20 software. The
statistical analysis results were as follows.

In terms of average temperature, Alternaria,
Cladosporium, Drechslera and Stemphylium /Ulocladium
showed a significant positive relationship at the level of
0.01, while Aspergillus/Penicillium and Pithomyces
showed a significant negative relationship at the level of
0.01 (p<0.01) (Table 4).

In terms of average humidity, Curvularia and
Pithomyces showed a significant positive relationship at
the level of 0.05 (p<0.05). In  addition,

Aspergillus/Penicillium, Epicoccum and Fusarium
showed a significant positive relationship at the level of
0.01 (p<0.01), while Alternaria and Cladosporium showed
a significant negative relationship at the level of 0.01
(p<0.01) (Table 4).

In terms of average wind, Fusarium showed a
significant positive relationship at the 0.05 level (p<0.05).
In addition, Alternaria showed a significant positive
relationship at the 0.01 Ilevel (p<0.01), while
Aspergillus/Penicillium and Epicoccum showed a
significant negative relationship at the 0.01 level (p<0.01)
(Table 4).

As a result of the statistical analysis, no significant
relationship was observed between total precipitation and
fungal spore taxa (Table 4).
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Table 4. Spearman Correlation analysis

Daily
Average Total Average Average Wind
TAXA Temperature Precipitation Humidity Speed
Alternaria 0.632" 0.154 -0.223" 0.125
Aspergillus/ Penicillium -0.419" -0.179 0.275" -0.305™
Chaetomium 0.003 -0.222 0.02 -0.039
Cladosporium 0.601" 0.136 -0.201™ 0.063
Curvularia -0.178 -0.248 0.206" 0.038
Drechslera 0.226™ 0.234 -0.017 -0.032
Epicoccum -0.098 0.12 0.252™ -0.198"
Fusarium 0.023 0.264 0.223" 0.203"
Stemphylium/Ulocladium 0.289" -0.098 -0.085 0.038
Pithomyces -0.201" -0.009 0.152 -0.122

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Table 5. Data on the 10 dominant fungal spore taxa in similar studies in Turki

e and abroad

E ~
g < g 1S S g © S £ o ©
a < =3 E 3 £ g 2 g E
@ < o= 2 o ) 2] ST £ =
S = o L @ S Q S £5 o .
I 9 Qo %) 2 © @ 53 < s
Locations o = 28 z S S 5 735 T 3 References
Igdir 85.00 6.16 5.91 130 061 026 024 021 0.19 0.11
Adana 73.00 27.00 (Ylkselen et al., 2013)
o Ankara 75.50 6.10 1.30 (Ceter and Pinar, 2009)
-E‘ Bursa 88.11 499 4.65 084 062 0.13 0.24 0.14 0.15 0.13 (Ataygil et al., 2007)
5 Elazi§ 342 243 11.60 334 376 1282 044 081 211 (Kilic et al., 2020)
= Gaziantep 56.01 582 0.58 0.04 043 0.15 0.22 0.23 0.01 0.05 (Akgul et al., 2016)
Nigde 69.46 721 142 0.13 0.86 0.30 0.74 0.68 0.46 0.29 (Ceter et al., 2020)
Yalova 55.36 7.59 0.25 0.86 0.88 0.03 0.20 0.27 0.05 (Yiimazkaya et al., 2019)
Bangkok, Thailand 49.37 1.66 7.90 7.89 1.04 2.14 (Songnuan et al., 2018)
Caxias do Sul, Brazil 32.86 0.74 533 0.54 (De Antoni Zoppas et al., 2006)
Kolkata, India 32.94 258 6.51 2.33 2.97 1.45 1.24 (Chakrabarti et al., 2012)
Madeira, Portugal 78.00 5.40 470 0.70 1.30 0.07 0.60 (Sousa et al., 2016)
] Madrid, Spain 4313 092 248 002 0.09 010 030 0.04 0.003 0.02 (Herrero et al., 2006)
2 | Saclay, France 3528 1.28 0.01 0.28 0.01 001 0.11 (Sarda-Estéve et al., 2019)
ff: Stockholm, Swedish 41.52 0.30 (Hjelmroos, 1993)
Szczecin, Poland 66.00 1.67 0.14 0.01 0.26 0.02 0.14 0.01 0.003 | (Bednarz and Pawlowska, 2016)
Szczecin, Polonya 73.35 2.48 (Grinn-Gofron and Mika, 2008)
Worcester, England 64.10 0.75 1.10 0.37 0.38 0.03 0.03 (Sadys et al., 2015)
Zarga, Jordan 49.39 770 1.84 074 071 127 1.47 (Abu-Dieyeh and Barham, 2014)
Discussions development of this mesophilic genus are between 20°C
In this study, Cladosporium, Alternaria, Aspergillus/ and 40°C (Gravesen, 1979). Cladosporium species are
Penicillium,  Fusarium,  Epicoccum, Chaetomium known to be the most common cause of respiratory

Drechslera, Stemphylium/Ulocladium, Pithomyces and
Curvularia fungal spores per cubic were detected by
using the volumetric method to determine their density in
the air.

A total of 156702 spores/m? fungal spores were
determined (Table 1). The most common fungal spore
was Cladosporium, and the least common fungal spore
was Curvularia (Table 1 and Table 2). While the highest
density of fungal spores was determined in August, the
lowest month was February (Table 1 and Table 2).

Cladosporium

Cladosporium, a cosmopolitan genus, is the largest
and most heterogeneous taxon among the 772 living
groups, known as molds (Bensch et al., 2012; Dugan et
al., 2004). The optimum temperature conditions for the

diseases, such as asthma and rhinitis (Bouziane et al.,
2005). Studies conducted on Cladosporium in Islamabad,
the capital of Pakistan, revealed that these spores cause
severe asthma attacks and even death (Abbas et al.,
2012).

In this study conducted in the atmosphere of 1gdir
in 2015, the density of Cladosporium was determined as
85.00% (Table 2). In studies conducted in Turkiye,
Cladosporium taxon are seen as the most abundant
taxon. It is thought that the main reason for this situation
is the optimum temperature conditions required for the
development of Cladosporium (Gravesen, 1979). Apart
from this, it has been determined that Bursa (Ataygul et
al., 2007) is among the provinces where it is detected
between 80% and 90%. It has been observed that the
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provinces where this taxon is detected between 70% and
80% are Ankara (Ceter and Pinar, 2009) and Adana
(YUkselen et al., 2013). It has also been reported that the
provinces where this taxon is detected between 50% and
70% are Nigde (Ceter et al., 2020), Gaziantep (Akgul et
al., 2016) and Yalova (Yilmazkaya et al., 2019) (Table 5).
In similar studies conducted abroad, it has been observed
that among the places where this taxon is detected at a
rate of more than 50% are Madeira/Portugal (Sousa et al.,
2016), Szczecin-Poland (Grinn-Gofron and Mika, 2008;
Bednarz and Pawlowska, 2016) and Worcester-England
(Sadys et al., 2015). Cladosporium is detected at a rate
of 41.52% in Stockholm-Swedish (Hjelmroos, 1993),
which is less than 50%. (Table 5).

Alternaria

Alternaria species, which are found in various plant
parts, animals and the atmosphere, are observed as
epiphytic, saprophytic and parasitic (Woudenberg et al.,
2013). Alternaria species accumulate especially in the
respiratory tract and cause allergic effects (Filali et al.,
2015). These saprophytic spores infect the fruits and
leaves of apple trees and cause economic losses
(Rotondo et al., 2012). Alternaria spores, known as post-
harvest pathogens, can also be found in lemons,
tomatoes, cauliflower, broccoli, carrots and potatoes
(Thomma, 2003). It is stated that allergenic species are
among the most dangerous species in Europe, especially
in respiratory tract allergies (Fernandez-Rodriguez et al.,
2015). In patients showing allergy symptoms in the nose
(nasal) and bronchial regions, the presence of IgE
antibodies is detected in skin prick tests performed with
suspicion of Alternaria and Cladosporium spores
(D'Amato et al., 1997).

In this study, it was observed that Alternaria
constituted 6.16% of the total spores (Table 2). In similar
studies conducted in Turkiye, this taxon is determined as
the second most dense taxon. In the studies conducted,
it has been reported that Adana (Yikselen et al., 2013)
provinces are among the provinces where this taxon is
20% and above. It has been determined that the
provinces where this taxon is detected between 10% and
20% is Konya (Kizilpinar Temizer, 2011). This taxon is
recorded as 6.10% in Ankara (Ceter and Pinar 2009)
(Table 5). In similar studies conducted abroad, some of
the places where this taxon is detected between 1% and
10% are in Madeira-Portugal (Sousa et al.,, 2016),
Szczecin-Poland (Grinn-Gofron and Mika, 2008; Bednarz
and Pawlowska, 2016), Worcester-England (Sadys et al.,
2015) and Stockholm-Swedish (Hjelmroos, 1993) (Table
5).

Aspergillus/Penicillium Type Spores

The International Commission on Penicillium and
Aspergillus, which met in Utrecht, the Netherlands, on
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April 14, 2012, decided to bring these two genera together
and evaluated them as a single taxon (Houbraken et al.,
2014). The genus Penicillium, which spreads more rapidly
in temperate soils, also acts as a putrefactive agent in
stale bread, citrus products and apples, and some
Penicillium species secrete a fungal toxin, called patulin,
which has carcinogenic effects on the brain, liver and lung
organs (Gravesen, 1979). The genus Aspergillus can be
an allergen, infectious agent and saprophyte and can
exhibit both or all of these properties together
(Pennington, 1980). The Aspergillus genus, which is a
disease agent in humans and animals, causes allergic
asthma, allergic rhinitis and allergic sinusitis in humans,
and some species can cause infection in people with
chronic diseases (e.g. diabetes, cancer, alcohol
addiction, etc.) (Kurup and Kumar, 1991).

In this study, it was determined that Aspergillus/
Penicillium constituted 5.91% of the total spores (Table
2). Similar studies has determined this taxon as the third
most dense taxon in Tirkiye. In the studies conducted, it
has been observed that the provinces where the density
is determined to be more than 1% are Bursa (Ataygll et
al., 2007) and Nigde (Ceter et al., 2020) (Table 5). In
similar studies conducted abroad, this taxon is detected
between 0.5% and 5.5% in Madeira-Portugal (Sousa et
al.,, 2016), Szczecin-Poland (Bednarz and Pawlowska,
2016) and Worcester-England (Sadys et al., 2015) (Table
5).

Fusarium

Cosmopolitan and pathogenic Fusarium species
naturally spread and cause diseases in gardens, fields
and forests (Ma et al., 2013). A study conducted on some
members of this genus has revealed that they are
resistant to 5 out of 6 different fungicidal drugs (Alastruey-
Izquierdo et al., 2008). In a study, a list of pathogenic
fungal species has been created and two species of the
Fusarium genus are nominated for this list of 10 species
(Dean et al., 2012). As a result of the test conducted in
Iran, the presence of IgE due to Fusarium solani is
detected in all patients (Khosravi et al., 2012) (Table 5).

In this study, Fusarium was found to constitute
1.30% of the total taxa detected (Table 2). In similar
studies conducted in Turkiye, it is detected as more than
1% in Elazig (Kili¢ et al., 2020). Apart from this, it has
been observed that the places detected as less than 1%
are Yalova (Yilmazkaya et al., 2019), Bursa (Ataygul et
al., 2007), Nigde (Ceter et al., 2020) and Gaziantep
(Akgul et al., 2016). In similar studies conducted abroad,
it has been observed at a rate of 7.89% in Bangkok-
Thailand (Songnuan, 2018) and 4.70% in Madeira-
Portugal (Sousa et al., 2016) (Table 5).
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Epicoccum

In a study conducted with Epicoccum
purpurascens, it has been reported that the spores and
mycelium extracts of this species reacts to IgE and IgG
antibodies in skin tests. (Bisht et al., 2004). In a study
conducted on Epicoccum nigrum spores and extracts in
two different regions in Texas, allergen sensitivity is
recorded in skin tests (Dixit et al., 1992).

In this study, it was determined that Epicoccum
taxon constituted 0.61% of total spores (Table 2). In
similar studies conducted in Turkiye, the province with a
density of more than 1% is determined in Elazig (Kilig et
al., 2020). Epicoccum spore densities of less than 1% in
Yalova (Yilmazkaya et al., 2019), Bursa (Ataygul et al.,
2007), Nigde (Ceter et al., 2020) and Gaziantep (Akgul et
al., 2016) are given in Table 5. In similar studies
conducted abroad, Epicoccum taxon is detected at a rate
of 0.71% in Zarka/Jordan (Abu-Dieyeh and Barham,
2014), 0.70% in Madeira-Portugal (Sousa et al., 2016),
0.54% in Caxias do Sul-Brazil (De Antoni Zoppas et al.,
2006), 0.37% in Worcester-England (Sadys et al., 2015)
and 0.28% in Andrzej-Sorbon (Sorbonne et al., 2015). in
Saclay-France (Sarda-Estéve et al., 2019), 0.26% in
Szczecin-Poland (Bednarz and Pawlowska, 2016) and
0.09% in Madrid-Spain (Herrero et al., 2006) (Table 5).

Chaetomium

Chaetomium is a cosmopolitan genus,
comprising more than 80 species (Von Arx, 1986;
Abdel-Azeem, 2020). Most are saprophytic and
cellulolytic, and some species have been isolated from
human skin lesions and some produce toxins
(Udagawa, 1984; Webster and Weger, 2007). A cross-
reaction allergy test conducted on several fungal with
Chaetomium globosum has revealed that this species
responds better to antibodies than other fungal
species (Provost, 2010).

In this study, it has been observed that
Chaetomium taxon constitutes 0.26% of the total
spores (Table 2). In similar studies conducted in
Tirkiye, Chaetomium taxon is detected in Elazi§y at
more than 1% (Kilig et al., 2020). Apart from this, the
density is detected as less than 1% in Nigde (Ceter et
al., 2020), Gaziantep (Akgul et al., 2016), Bursa
(Ataygul et al., 2007) and Yalova (Yilmazkaya et al.,
2019) (Table 5). In similar studies conducted abroad,
it has been detected as 2.33% in Kolkata, India
(Chakrabarti et al., 2012), 1.27% in Zarka, Jordan
(Abu-Dieyeh and Barham, 2014), 0.10% in Madrid,
Spain (Herrero et al., 2006), 0.018% in Szczecin,
Poland (Bednarz and Pawlowska, 2016) and 0.01% in
Saclay, France (Sarda-Estéve et al., 2019) (Table 5).
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Drechslera

A study conducted on mice has showed that
Drechslera ronoceras is a better IgE inducer than
Cladosporium cladosporioides under the same
conditions (Menezes et al., 1995). Another study has
reported that the mycelium of the Drechslera
hawaiiensis species is seen in the brain region of
patients and caused fatal meningitis (Fuste et al.,
1973). It also causes infections, such as corneal
inflammation, skin lesions, peritonitis and inflammation
of the facial sinuses (Rolston et al., 1985).

In this study, it was determined that the density
of Drechslera constituted 0.24% of the total spores
(Table 2). In similar studies conducted in Tdurkiye, it
has been determined to be 12.82%, higher than 1%, in
Elazig (Kili¢ et al., 2020) and Ankara (Ceter and Pinar,
2009). Apart from this, its density is detected as less
than 1% in Kirsehir (Bulbil et al., 2011), Nigde (Ceter
et al., 2020), Bursa (Ataygul et al., 2007), Gaziantep
(Akgul et al., 2016) and Yalova (Yilmazkaya et al.,
2019) (Table 5).

In similar studies conducted abroad, the density
of Drechslera is detected as higher than 1% in Zarka-
Jordan (Abu-Dieyeh and Barham, 2014), Kolkata-India
(Chakrabarti et al., 2012), Madeira-Portugal (Sousa et
al., 2016), Worcester-England (Sadys et al., 2015),
Madrid/Spain  (Herrero et al., 2006) and
Szczecin/Poland (Bednarz and Pawlowska, 2016)
(Table 5).

Stemphylium/Ulocladium

In in-vivo and in-vitro studies using Stemphylium/
Ulocladium extract, this taxon is found to be allergenic
(Agarwal et al., 1982). In this study, it was determined that
Stemphylium/Ulocladium taxon constituted 0.21% of the
total fungal spores (Table 2).

In similar studies conducted in Turkiye, the
densities of this taxon are determined to be less than 1%
in the provinces of Elazig (Kili¢ et al., 2020), Yalova
(Yiimazkaya et al., 2019), Bursa (Ataygul et al., 2007),
Nigde (Ceter et al., 2020) and Gaziantep (Akgul et al.,
2016) (Table 5). In similar studies conducted abroad, it
has been observed as 1.47% in Zarka-Jordan (Abu-
Dieyeh and Barham, 2014), 0.04% in Madrid-Spain
(Herrero et al., 2006), 0.03% in Worcester-England
(Sadys et al., 2015), 0.01% in Szczecin-Poland (Bednarz
and Pawlowska, 2016) and 0.01% in Saclay-France
(Sarda-Estéve et al., 2019).

Pithomyces

A study conducted on various taxa, including the
genus Pithomyces, in homes where children with asthma
symptoms, and in homes where healthy individuals
served as controls, have been found that the air in homes
where healthy individuals live have slightly higher
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concentrations of Pithomyces than in homes where
children with asthma symptoms live (Meng et al., 2012).
Pithomyces has been reported as a moderate allergen
(Ascli et al., 2010).

In this study, Pithomyces was detected at 0.19%
(Table 2, Table 5). In similar studies conducted in TUrkiye,
the densities of this taxon has been found to be less than
1% in Elazig (Kili¢ et al., 2020), Bursa (Ataygul et al.,
2007), Nigde (Ceter et al., 2020) and Gaziantep (Akgul et
al., 2016) (Table 5). In similar studies conducted abroad,
it has been detected at rates of 1.45% in Kolkata, India
(Chakrabarti et al., 2012), 1.04% in Bangkok/Thailand
(Songnuan, 2018), 0.11% in Saclay, France (Sarda-
Estéve et al., 2019), 0.03% in Worcester, England (Sady$
et al., 2015) and 0.003% in Madrid/Spain (Herrero et al.,
2006) (Table 5).

Curvularia

A study conducted on Curvularia lunata, one of the
Curvularia spores has stated that this species is
allergenic and causes sinusitis (Bartynski et al., 1990).

In this study, it was determined that Curvularia
taxon constituted 0.11% of the total fungal spores (Table
2). In similar studies conducted in Turkiye, it is detected
at a rate of more than 1% in Elazi§ (Kili¢ et al., 2020).
This taxon is detected at lower densities than 1% in the
provinces of Nigde (Ceter et al., 2020), Bursa (Ataygul et
al., 2007), Yalova (Yilmazkaya et al., 2019) and
Gaziantep (Akgul et al., 2016) (Table 5). In similar studies
conducted abroad, it is detected at rates of 2.14% in
Bangkok-Thailand (Songnuan, 2018), 1.24% in Kolkata-
India (Chakrabarti et al., 2012), 0.6% in Madeira-Portugal
(Sousa et al., 2016), 0.02% in Madrid-Spain (Herrero et
al., 2006) and 0.003% in Szczecin-Poland (Bednarz and
Pawlowska, 2016) (Table 5).

In a study conducted in Szczecin, Poland, it has
been determined that Cladosporium taxa show a positive
relationship with temperature and a negative relationship
with humidity. In addition, it has been reported that
Alternaria taxa show a positive relationship with
temperature and a negative relationship with humidity
(Grinn-Gofron and Mika, 2008). In a study conducted in
Barrackpore, India, Aspergillus/Penicillium have been
found to have a negative significant relationship with daily
mean temperature and wind speed (Roy and Gupta
Bhattacharya, 2020). Another study conducted in
Szczecin, Poland, it has been found to have a positive
relationship with daily mean humidity (Grinn-Gofron,
2011). In a study conducted in the Central and Eastern
Black Sea region, Fusarium taxon is found to have a
positive significant relationship with humidity and wind
speed (Grinn-Gofron et al., 2020). A negative relationship
has been found between Epicoccum taxon and wind
speed (Grinn-Gofron et al., 2020). In addition, this taxon
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has been found to have a positive significant relationship
with humidity in another study (Oliveira et al., 2010) A
study conducted in Madeira, Portugal has found a positive
significant relationship between Drechslera taxon and
temperature (Sousaa et al., 2016). A positive significant
relationship has been found between Stemphylium taxon
and temperature (Grinn-Gofronh et al., 2020). A negative
significant relationship has been reported between
Pithomyces taxon and temperature (Chakrabarti et al.,
2012). A positive significant relationship has been found
between Curvularia taxon and humidity (Grinn-Gofron et
al., 2020).

Conclusion

In this study, the density of some allergenic fungal
taxa in the 1§dir atmosphere were investigated. No data
was detected that Pithomyces is definitively an allergen.
The remaining 9 taxa appeared to be allergenic and some
of them had pathogenic and saprophytic effects. It is
thought that the findings obtained would be useful to
allergists in the diagnosis and treatment of individuals
with allergic predisposition. It is also thought that it would
be a helpful knowledge in many fields, such as medicine,
pharmacy, agriculture, meteorology and veterinary
medicine.
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