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Abstract
Background Since fungi spores have high concentrations in the atmosphere duringmost of the year, they have an important place
in respiratory allergies. In this regard, the preparation of calendars showing fungi spore loads for residential areas has much
importance in the treatment of the patients. The first aim of this study was to present the airborne fungal spore research results
from Eastern Anatolia in Turkey. Then, the mold spores’ relationships with the meteorological parameters and skin prick test
results were also evaluated. The presence of fungal spores was investigated using a volumetric spore trap in 2018 year.
Methods In this study, fungal spores within the atmosphere of the Elazığ city of Turkey was measured through the volumetric
method, using a Lanzoni VPPS 2000 device (VPPS 2000 Lanzoni, Bologna, Italy), in 2018 year. Annual data of temperature,
humidity, precipitation and wind speed were used for comparing meteorological data with airborne fungal spore counts. In
addition, 637 children who were admitted to a pediatric allergy clinic with allergic complaints were enrolled in the study.
Results A total of 145,099 spores/m3 and 20 fungal taxa belonging to the molds were recorded. Ustilago was the predominant
genus (18.10%), followed by Oidium (18.01%), Drechslera (12.82%), and Fusarium (11.60%), which were the most common
fungal spores found in Elazig’s atmosphere. The total mold spores in the atmosphere reached the highest level, with 28,153
spores/m3, in July (mid-summer). Moreover, we found a positive correlation between the mold spores and the temperature, but
negative correlations with the humidity and wind speed. In the skin prick tests in the children with allergic complaints, we
detected sensitization to Alternaria alternata in 4.4%, Cladosporium herbarum in 3.0%, Penicillium notatum in 1.4%, and
Aspergillus fumigatus in 1.1%. Additionally, there was no correlation between fungal spore concentration in the atmosphere with
fungal spores sensitization in the skin prick test.
Conclusions This study was the first aerofungal survey of the Eastern Anatolia region in Turkey; therefore, new information has
been introduced in the field of aerobiology in Turkey.
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Background

It has been estimated that approximately 1.5 million fungal
species are present all over the world, and approximately 110
of them have been found to cause respiratory allergies. The
fungi are separated into two groups, molds and yeasts, based
to their morphological structures. Both molds and yeast spores
are found in the atmosphere, and both can cause allergic dis-
eases [1, 2]. Inhaled fungal allergens are also separated into two
groups: indoor and outdoor fungi. However, when one con-
siders the fact that the atmospheric air is circulating both out-
doors and inside the house, fungal spores can be found in both
the outer and inner environments. Many fungal species that are
usually present outside can be transported to the insides of
buildings, including those from the following genera:
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Penicillium, Cladosporium, Aspergillus, Ulocladium,
Aureobasidium, Alternaria, Phoma, Nigrospora, Rhizopus,
Mucor, Epicoccum, Stemphylium, Curvularia, Fusarium,
Scopulariopsis, Cephalosporium, Trichoderma, Chaetomium,
Streptomyces,Candida,Cryptococcus, and Rhodotorula [3–5].
Fungal spore sizes can vary from 1 to 30 μm. Because fungal
spores are smaller in diameter than pollens (approximately
1/1000), they can stay in the atmosphere for longer periods of
time, and they can be carried farther distances by the wind [1, 2,
6]. All of the fungi that cause allergic diseases are saprophytic,
and most of these fungi belong to the classes Ascomycetes and
Deuteromycetes [2]. Since fungal spores are small in diameter,
they can reach the lower airways and cause both allergic rhinitis
and allergic asthma [3–5].

The number and types of fungi in a region can vary de-
pending on the geographic location, climate, and season.
Moreover, fungal spores in the air can be affected by many
factors, such as the wind, temperature, humidity, season, and
rainfall. Although outdoor fungal spores are present in the
atmosphere year-round, they increase in the atmosphere dur-
ing certain periods like pollens [1, 2, 6–9].

In our study, we aimed to investigate the relationships be-
tween the numbers and seasonal distributions of the fungal
spores seen frequently in the atmosphere around Elazig, as
well as the meteorological parameters. In addition, we planned
to evaluate the relationships between the fungal spores in the
atmosphere and the fungal antigens detected in the skin prick
tests of children with allergic complaints.

Materials and methods

Study area, flora, climate, and meteorological data

This study was conducted in the city of Elazig, which is located
in the Eastern Anatolia region. The city lies between east lon-
gitudes 40° 21′ and 38° 30′ and north latitudes 38° 17′ and 39°
11′ (Fig. 1). Elazig has a surface area of 9.281 km2 and an
altitude of 1.067 m. The total surface area of the city is com-
posed of 8.332 km2 of land, 826 km2 of dams and natural lakes,
and 123 km2 of forests. This area is located in the transition
zone between the Mediterranean, Euro-Siberian, and Irano-
Turanian phytogeographical regions. Elazig has a continental
climate in which the winters are cold and rainy and the sum-
mers are hot and dry. The temperatures range between −15 °C
and + 42 °C, and the average annual rainfall is 433 mm. The
maximum rainfall is observed during the spring. Recently,
lakes that have been created as a result of the construction of
new dams have caused partial deviations in the climate. The
most marked change is that the winters, which were very cold
and snowy in the past, are now relatively mild [10].
Meteorological data from the Elazığ city in 2018 year were
obtained from the General Directorate of Meteorology [11].

Airborne fungi sampling

In this study, fungal spores within the atmosphere of the
Elazığ city of Turkey was measured through the volumetric
method, using a Lanzoni VPPS 2000 device (VPPS 2000
Lanzoni, Bologna, Italy), in 2018 year. Lanzoni VPPS 2000
device was placed on the roof of a 15 m height building above
ground level. This building was chosen for the following rea-
sons: The build was located at a place representing the features
of the city. There is no other building in all directions about
100 m away from the building where the device is placed on
the roof. Thereby, air flow is not interrupted by the surround-
ing buildings.The device was placed on a tripod foot of ap-
proximately 1 m on roof. Thus, position of the sampler
allowed air movement from all four sides. The tape which is
coated with silicone oil was placed in the sampler. The adhe-
sive tape rolled on the drum in the fungal trap which com-
pletes its full rotation in a week was regularly changed weekly
for one year. The adhesive tape from the device were sent to
the Aerobiology Laboratory of the Department of Biology of
Kafkas University’s Faculty of Science and Literature for
analysis.

Isolation and identification of airborne fungi

VPPS 2000 Lanzoni device operated continuously and was
calibrated to aspirate 10 L/m3/min air. There is an aluminum
disc inside the device to which the tape used in 7-day sam-
pling is mounted. The disc mounted on the device rotates
2 mm per hour, traveling 48 mm in 24 h and 336 mm in a
week. Liquid silicone solution is applied with a brush to ad-
here fungi with vacuum effect on the tape. The adhesive tape
was cut into seven equal pieces of 48 mm in length,
representing 1 day. Reference preparations were prepared for
daily microscopic examination using the “woodhouse” meth-
od [12]. The tape fragments were mounted to slides and cov-
ered with glycerin jelly mixed with basic fuchsine. After this
step, basic fuchsin glycerin is stained with gelatin dye and
made into daily preparations. The slides were examined with
an Olympus light microscopy at ×400 magnification. The
fungal counts converted into the concentration of airborne
fungal spores per cubic meter. Atmospheric sampling and
analysis were performed according to the European
Aerobiology Network recommendations [13].

Skin prick test analyses

In addition, 637 children who were admitted to a pediatric
allergy clinic with allergic complaints were enrolled in the
study in 2018 year. The patients, allergic to at least one
inhalant allergen as detected by a skin prick test, who
were born in the city of Elazığ and who continuous resi-
dence there were included in the study. Standard skin
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prick tests were performed using antigens derived from
the following mixtures: a grasses/cereals mixture, a weed
mixture, tree mixtures I and II, Dermatophagoides
farinae, Dermatophagoides pteronyssinus, mold mixtures
I and II, Blattella germanica, cat epithelia, and dog epi-
thelia. Mold mixture I included the following antigens:
Alternaria alternata, Cladosporium herbarum, Botrytis
cinerea, Curvularia lunata, Fusarium moniliforme, and
Helminthosporium halodes. Mold mixture II included
the following antigens: Aspergillus fumigatus, Mucor
mucedo, Penicillium notatum, Pullularia pullulans,
Rhizopus nigricans, and Sepula lacrymans. Additionally,
skin prick tests were performed with Alternaria alternata,
Cladosporium herbarum, Aspergillus fumigatus, and
Penicillium notatum in those patients who had positive
results from the skin prick test for mold mixtures I and
II. For the skin prick test, standard allergen extracts from
the firm Allergopharma (Allergopharma GmbH & Co.
KG, Reinbek, Germany) were used. Histamine 10 mg/ml
and diluent (0.9% sodium chloride) were used as positive
and negative controls, respectively. Allergens and
positive-negative controls were applied to volar surface
of arm epidermally. Skin prick test were evaluated
15 min after application. A positive test was defined a
reaction with as a mean wheal diameter of ≥3 mm greater
than the negative control [14]. Our university’s clinical
research ethics committee approved this study, and writ-
ten informed consent was obtained from all of the subjects
and/or their parents.

Statistical analyses

All of the statistical analyses were performed using IBMSPSS
Statistics for Windows version 21.0 (IBM Corp., Armonk,
NY, USA). The descriptive statistics were expressed as the
mean ± standard deviation, median, and range. The relation-
ships between the mold spore counts and the selected meteo-
rological parameters (annual data: temperature, humidity,
rainfall, and wind speed) were evaluated using Spearman’s
rank correlation coefficient. A p value of <0.05 was consid-
ered to be statistically significant.

Results

Using the volumetric method, we determined that during the
study period there was a total of 145,099 fungal spores/m3 for
the 20 taxa in Elazig’s atmosphere. The genera of the most
commonly found fungal spores were Ustilago (18.10%),
Oidium (18.01%), Drechslera (12.82%), Fusarium
(11.60%), Pteridophyta (5.25%), Boletus (5.18%),
Chaetomium (3.76%), Puccinia (3.62%), Cladosporium
(3.42%), Epicoccum (3.34%), Periconium (2.86%),
Melanomma (2.66%), and Alternaria (2.43%) (Table 1).
When the monthly distribution of the total fungal spores in
the atmosphere was examined, the spores reached the highest
concentration in July (mid-summer), with 28,153 spores/m3

(19.40%), followed by a high concentration in August (late-
summer), with 24,158 spores/m3 (16.65%), and in September

Fig. 1 Map is showing the location the city of Elazığ in Turkey
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(early autumn), with 19,754 spores/m3 (13.61%). In contrast,
the lowest fungal spore concentrations occurred during
January and February (winter) and March (early spring)
(Fig. 2). When the monthly distribution of the fungal genera
was analyzed, we found thatUstilago reached its highest con-
centration in August, with 8400 spores/m3 (31.98%), followed
byOidium in July, with 9154 spores/m3 (35.01%),Drechslera
in May, with 9260 spores/m3 (49.77%), Fusarium in July,
with 7421 spores/m3 (44.06%), Pteridophyta in August, with
3136 spores/m3 (41.12%), and Boletus in October, with 3421
spores/m3 (45.44%). We found that Cladosporium and
Alternaria, which were the most frequently recorded species
in many of the aerofungal studies conducted in Turkey,
reached their highest concentrations in June, with 2071
spores/m3 (41.64%), and July, with 1521 spores/m3

(43.10%), respectively. Oidium spores were the only fungal
genus found in the atmosphere throughout the year (Table 1).

When the relationship between the fungal spores and the
meteorological parameters was evaluated, we found a signif-
icant positive correlation between the monthly average spore
levels of Ustilago, Oidium, Fusarium, Drechslera,
Pteridophyta, Cladosporium, Periconium, Alternaria,
Torula, Stemphylium, and Bipolaris and the maximum-
minimum air temperatures. However, there was a negative

correlation between the spore levels of Ustilago, Fusarium,
Drechslera, Oidium , Pteridophyta , Cladosporium ,
Periconium, Alternaria, Torula, Stemphylum, and Bipolaris
and the monthly average relative humidity. In addition, we
found a negative correlation between the Boletus,
Stemphylium, and Puccinia spore levels and the monthly av-
erage wind speed. There was also a negative correlation be-
tween the Bipolaris spore levels and the monthly total rainfall
(Table 2). The meteorological parameter data collected during
the aerofungal study is shown in Table 3.

Of the 637 children, 58.2% (n = 371) were males, 41.8%
(n = 266) were females, and their ages ranged from 2 to
18 years old. The patients were diagnosed as follows: rhi-
nitis in 41% (n = 261), rhinitis and asthma in 26.4% (n =
168), and asthma in 32.6% (n = 208). There was a single
allergen sensitivity in 47% (n = 316), with multiple aller-
gens in 53% (n = 358) of the patients. The most common
sensitization in the skin prick test was to the grasses-
ce rea l s mix tu re (51 .5%, n = 328) , fo l lowed by
Derma tophago ide s f a r i na i n 22 . 9% (n = 146 ) ,
Dermatophagoides pteronyssinus in 21.6% (n = 138), the
weed mixture in 19.9% (n = 108), mold mixture I in 11.6%
(n = 74), tree mixture I in 10.5% (n = 67), tree mixture II in
7.3% (n = 47), and mold mixture II in 3.3% (n = 21).

Table 1 Monthly distribution of fungal spores in the atmosphere of Elazığ in 2018 year (spore/m3)

Fungi January February March April May June July August September October November December Annual total
(spor/m3)

Ustilago 105 – 12 133 285 1154 3217 8400 5353 6197 952 455 26,263

Oidium 7 19 74 157 1222 4395 9156 3961 5956 1012 75 112 26,146

Drechslera – 75 49 7487 9260 461 370 289 470 66 76 – 18,603

Fusarium – – – 278 1152 1343 7421 2650 1964 1573 408 53 16,842

Pteridopyhta – – – 663 986 293 1066 3136 712 593 177 – 7626

Boletus 264 19 – – 368 57 63 164 1105 3421 1353 713 7527

Chaetomium – – – 17 36 2194 2077 31 23 908 183 – 5469

Puccinia 222 184 – – 331 238 118 96 805 1785 1071 405 5255

Cladosporium – – 177 231 546 2071 916 630 352 9 41 – 4973

Epicoccum 321 216 – – 95 182 524 – – 30 714 2770 4852

Periconium – – 9 17 12 942 1341 1820 9 – – – 4150

Melanomma – – – 3 108 5 19 – – 1401 2233 98 3867

Alternaria – – 47 29 65 765 1521 952 145 5 – – 3529

Curvularia – 14 103 320 56 13 23 1540 518 487 – – 3074

Torula – – 1 640 960 391 170 32 196 11 23 – 2424

Exosporium – – – – – – – 244 789 256 – 54 1343

Dictyosporium 10 32 – – 112 – – 74 889 210 3 – 1330

Pithomyces 3 – 91 – 33 22 4 94 468 423 43 4 1185

Stemphylium – – – 69 52 112 147 45 – 204 12 – 641

Bipolaris – – – – – 23 18 1 – – – – 42

Monthly total
(spor/mm3)

932 559 563 10,044 15,679 14,638 28,153 24,158 19,754 18,591 7364 4664 145,099

*The values in bold indicate that the fungal species spores have reached the highest concentration levels throughout one year
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Additionally, the most common sensitization in the skin
prick test with the single commercial fungal extracts was
to Alternaria alternata (4.4%, n = 28), followed by
Cladosporium herbarum in 3.0% (n = 19), Penicillium
notatum in 1.4% (n = 9), and Aspergillus fumigatus in
1.1% (n = 7) (Table 4). In our study, there was no correla-
tion between fungal spore concentration in the atmosphere

with fungal spores sensitization in the skin prick test. We
determined Cladosporium (2.49%) in ninth lines and
Alternaria (1.52%) in thirteenth lines in the atmosphere
fungal concentration. However, in our skin prick test re-
sults, we found the outdoor fungal mixture, which includes
Alternaria and Cladosporium, in the first lines in individ-
uals with fungal sensitivity.

Table 2 Spearman’s rank correlation coefficients between fungal spores and meteorological parameters

Fungi Average
monthly
temperature
(°C)

Monthly average
maximum
temperature (°C)

Monthly average
minimum
temperature (°C)

Average monthly
relative humidity
(%)

Average
monthly wind
speed (m/s)

Average monthly
strong wind speed
(m/s)

Total monthly
precipitation
(mm)

Ustilago 0.648
0.02

0.699
0.01

0.664
0.01

−0.704
0.01

−0.142
0.6

−0.250
0.4

−0.550
0.06

Oidium 0.893
0.0001

0.874
0.0001

0.895
0.0001

−0.886
0.0001

0.177
0.6

−0.272
0.4

−0.459
0.1

Drechslera 0.723
0.008

0.655
0.02

0.732
0.007

−0.886
0.0001

0.242
0.4

−0.452
0.1

0.112
0.7

Fusarium 0.868
0.0001

0.873
0.0001

0.880
0.0001

−0.878
0.0001

0.107
0.7

0.309
0.3

−0.540
0.07

Pteridopyhta 0.890
0.0001

0.879
0.0001

0.897
0.0001

−0.838
0.002

−0.242
0.4

−0.391
0.2

−0.346
0.3

Boletus −0.114
0.4

−0.067
0.8

−0.081
0.8

0.074
0.8

−0.600
0.04

0.265
0.4

−0.175
0.6

Puccinia −0.191
0.4

−0.158
0.6

−0.158
0.6

0.123
0.7

−0.572
0.05

0.318
0.3

0.042
0.9

Cladosporium 0.942
0.0001

0.916
0.0001

0.937
0.0001

−0.836
0.001

0.336
0.3

−0.593
0.04

−0.314
0.3

Periconium 0.882
0.0001

0.857
0.0001

0.868
0.0001

−0.793
0.002

0.442
0.1

−0.561
0.6

−0.338
0.3

Alternaria 0.947
0.0001

0.947
0.0001

0.929
0.0001

−0.899
0.0001

0.394
0.2

−0.451
0.1

−0.456
0.1

Torula 0.755
0.005

0.697
0.01

0.761
0.004

−0.610
0.03

0.286
0.3

−0.480
0.1

−0.095
0.7

Stemphylium 0.628
0.03

0.609
0.03

0.638
0.02

−0.632
0.03

−0.588
0.04

−0.179
0.6

−0.123
0.7

Bipolaris 0.736
0.006

0.725
0.008

0.734
0.007

−0.731
0.007

0.270
0.4

−0.366
0.2

−0.667
0.001

Significance level: p < 0.05 (values in bold)
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30000Fig. 2 Monthly variation in total
number of fungal spores in the
atmosphere of Elazığ in 2018 year
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Discussion

In the present study, a total of 145,099 spores/m3 belong-
ing to 20 fungal taxa were found in the atmosphere
around Elazig in 2018 year. The first aerofungal research
study in Turkey was conducted by Özkaragöz et al. in the
atmosphere around Ankara, in which 13 fungal taxa were
detected using the culture medium opening method [15].
Over the next few years, many aerofungal studies were
conducted using the same method, and the dominant fun-
gal spores identified were in the following genera:
Alternaria, Cladosporium, Aspergillus, Penicillium,
Fusarium, and Monilia [7, 16–20]. In the following years,
the gravitational method (Durham sampler) was used in
the aerofungal investigations, and it was reported that the
dominant fungal spores detected in the atmosphere were
from the genera Cladosporium, Alternaria, and Ustilago
[21, 22]. In Turkey, the first study to use the volumetric
method was performed in 1990. After that, Çeter and
Pınar investigated the daily, monthly, and annual concen-
trations of the spores belonging to 35 different fungal taxa
in the atmosphere around Ankara in 2003. Then, they
prepared an annual spore calendar for the city of
Ankara. The major fungal spore genera detected in that
study were Cladosporium (75.5%), Alternaria (6.1%),
Leptosphaeria (2.2%), Ustilago (2.2%), Exosporium
(2%), Pleospora (1.6%), and Drechslera (1.3%) [23]. In
a study conducted in Bursa, the most commonly detected
fungal spores were from the genera Cladosporium,
Alternaria, Aspergillus, Penicillium, Fusarium, and
Epicoccum [24]. Ceter et al. reported that the fungal

Table 3 Meteorological data of the city of Elazığ in 2018 year

Months Average
monthly
temperature
(°C)

Monthly average
maximum
temperature (°C)

Monthly average
minimum
temperature (°C)

Average monthly
relative humidity
(%)

Average
monthly wind
speed (m/s)

Average monthly
strong wind speed
(m/s)

Total monthly
precipitation
(mm)

January 2,3 7.4 −1.9 73.8 2.1 13.8 40.7

February 4.3 11.2 −1.2 56.7 2.4 13.1 31.5

March 9.1 15.3 4.2 58.0 2.7 12.6 36.1

April 14.7 20.1 7.9 52.4 2.8 12.6 64.8

May 19.0 26.2 11.5 44.6 2.4 13.0 31.6

June 24.4 31.7 15.1 30.2 2.4 12.6 5.1

July 27.7 34.7 18.8 23.4 3.4 12.9 0.0

August 27.3 35.1 18.1 23.4 2.3 11.5 0.0

September 20.6 29.2 13.2 33.9 2.0 12.8 7.9

October 13.2 21.6 6.4 41.4 2.5 13.6 17.9

November 9.1 14.7 4.8 67.0 2.0 11.5 32.1

December −1.2 2.2 −4.3 72.6 2.0 15.9 12.6

Table 4 Distribution of the rates of sensitization for each allergen in
637 children with allergic complaints

Allergens n (%)

Grasses-cereals mixture 328 (51.5)

House dust mite

Dermatophagoides farinae 146(22.9)

Dermatophagoides pteronyssinus 138 (21.6)

Weed mixture 108 (19.9)

Trees mixture I 67 (10.5)

Trees mixture II 47 (7.3)

Mould mixture I 74 (11.6)

Mould mixture II 21 (3.3)

Cladosporium herbarum 19 (3.0)

Alternaria alternata 28 (4.4)

Aspergillus fumigatus 7 (1,1)

Penicillium notatum 9 (1.4)

Animal dander

Cat 61 (9.5)

Dog 38 (6.0)

Cockroach (Blattella germanica) 25 (3.9)

Tree mixture I: Alnus glutinosa, Corylus avellana Populus alba, Salix
caprea, Ulmus scabra,

Tree mixture II: Betula alba, Quercus robur, Platanus orientalis, Fagus
sylvatica,

Grasses-cereals mixture: Holcus lanatus, Dactylis glomerata, Festuca
pratensis, Lolium perenne, Poa pratensis, Phleum pratense, Secale
cereale, Triticum sativum, Avenaa fatua and Hordeum vulgare

Weed mixture: Artemisia vulgaris, Urtica dioica, Taraxacum vulgare,
Plantago lanceolata ve Parietaria officinalis
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spores found most frequently in the atmosphere in the
Mediterranean region of Turkey were from the genera
Cladosporium, Alternaria, Epicoccum, Exosporium,
Drechslera, and Periconia [25]. Akgül et al. measured a
total of 21,1521 spores/m3 from 47 fungal taxa in the
atmosphere around the city of Gaziantep, which is in the
South Anatolian Region [26]. In that study, Cladosporium
spores were detected most frequently (56.48%) in the at-
mosphere. The other taxa included hyphal particles
(14.94%), Ustilago (13.96%), and Alternaria (5.79%).
Çeter et al. identified Cladosporium , Alternaria ,
Leptosphaeria, Periconia, and Ustilago as the major fun-
gal spores in the atmosphere around the black sea region
of Turkey [27]. In addition, in a study conducted by using
the Merck MAS 100 air sampler in the city of Manisa,
Turkey. Cladosporium that was found as the predominant
genus followed by Penicill ium , Aspergil lus , and
Alternaria [28].

Mezzari et al. investigated the fungal spores in the at-
mosphere around the city of Porto Alegre, Brazil. In that
study, the most commonly found fungal spore genera
were Cladosporium (17.86%), Aspergillus/Penicillium
(15.03%), Helminthosporium (2.49%), Botrytis (1.22%),
Alternaria (1.19%), Culcuvaria (0.87%), Nigrospora
(0.61%), and Fusarium (0.08%) [29]. Hasnain et al. in-
vestigated the fungal spores in the atmosphere around the
city of Karachi by volumetric spore trap. In that study,
Cladosporium spp. (44.8%), Alternaria spp. (15.5%),
Periconia spp. (6.1%), Curvularia spp. (2.1%),
Stemphylium spp. (1.3%) and Aspergillus/Penicillium type
(1%) emerged to be major components constituting more
than 70% of the airborne fungal flora [30]. In a study
investigating fungal spore levels in Havana/Cuba, a total
of 27 fungal spore types were identified using the stan-
dard methodology recommended by the Spanish
Aerobiology Network. The total spore count was
200,451. Cladosporium was the most abundant, followed
by Leptosphaeria, Coprinus and Aspergillus/Penicillium
[31]. Kasprzyk et al. studied the fungal spores in the at-
mosphere around the city of Rzeszow in Poland. In that
study, the most frequently detected fungal spores were
Alternaria , Botrytis , Cladosporium , Drechslera ,
Epicoccum, Ganoderma, Pithomyces, Polythrincium,
Stemphylium, and Torula. Additionally, although the fun-
gal spores were present in the atmosphere throughout the
whole year, they reached peak levels in July and August
[32].

Our research was the first study to investigate the 20 fungal
taxa in the atmosphere using the volumetric method in the
Eastern Anatolia Region of Turkey. The fungal spores most
commonly found in the present study were from the following

genera: Ustilago (18.10%), Oidium (18.01%), Drechslera
(12.82%), Fusarium (11.60%), Pteridophyta (5.25%),
Boletus (5.18%), Chaetomium (3.76%), Puccinia (3.62%),
Cladosporium (3.42%), Epicoccum (3.34%), Periconium
(2.86%), Melanomma (2.66%), and Alternaria (2.43%). Our
results differ from the data from the other aerofungal studies
performed using the volumetric method in our country. The
dominant fungal spores in the other aerofungal studies con-
ducted in Turkey were Cladosporium , Alternaria,
Aspergillus, and Penicillium [21–27]. However, in the present
study, Cladosporium (3.42%) was in the ninth line and
Alternaria (2.43%) was in the thirteenth line. We observed
that the fungal spores that often cause diseases in agricultural
plants were in the first line in the atmosphere around Elazig.
These fungal spores were from the genera Ustilago,
Drechslera, Fusarium, and Oidium. Moreover, the previous
aerofungal studies conducted in Turkey have reported that the
peak concentration of fungal spores occurs from July–
September [21–27]. In our study, we found that the fungal
spores in the atmosphere increased between July and
August, and that they reached the highest level, with 28,153
spores/m3 (19.40%), in July. We believe that this condition
was due to the different climate conditions, geographic char-
acteristics, and agricultural activities in Elazig. Because, agri-
culture is an important source of income for the people of the
Elazığ city. Agricultural products grown in our region include
the cereals (wheat, barley, oats, rye, maize), vegetables and
grapes. However, the pollination season for the pollen and
fungal spores in a region may vary from year to year [33].
Therefore, the fact that our research duration was only one
year may have been one factor limiting our results.

The amount, distribution, and diversity of the fungal spores
in the atmosphere vary depending on the geographic location,
climatic conditions, and season. The climate and other mete-
orological conditions have a significant influence on the
amount and diversity of the fungal spores in the atmosphere.
Although the spores from the genera Aureobasidium,
Didymella, Ganoderma, Fusarium, Leptosphaeria, Phoma,
Pleospora, Sporormiella, Trichoderma, Basidiospore, and
Ascospora increased in the humid weather, the spores from
the genera Cladosporium, Alternaria, Penicillium,
Aspergillus , Epicoccum , Drechslera , Pithomyces ,
Helminthosporium, and Curvularia were found in high
amounts during the dry and windy weather. The temperature
was reported to have a positive effect on the release of fungal
spores, thus increasing the concentration [34]. Akgul et al.
reported a positive correlation between the temperature and
the atmospheric spore levels of Ascomycota, Basidiomycota,
Epicoccum, Cladosporium, Alternaria, and Drechslera [26].
Stepalska and Wolek studied the changes in the fungal spores
according to the meteorological parameters, and they found a
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positive correlation between the spore concentrations and the
minimum and maximum temperatures and sunlight [35]. Our
results showed a positive correlation between the spore levels
of Ustilago, Oidium, Drechslera, Fusarium, Pteridophyta,
Cladosporium , Periconium , Alternar ia , Torula ,
Stemphylium, and Bipolaris and the average monthly temper-
ature and maximum and minimum temperatures. Oliveira
et al. demonstrated a negative correlation between the fungal
spore concentrations and the wind speed, but positive correla-
tions between the fungal spore concentrations and the relative
humidity and the temperature [36]. Çelenk et al. reported a
positive correlation between the atmospheric fungal spore
concentrations and the air temperature, but a negative correla-
tion between the atmospheric fungal spore concentrations and
the rainfall, relative humidity, and wind speed [37]. Calderon
et al. found positive correlations between the atmospheric
fungal spore concentrations and low relative humidity, a high
wind speed, and a high air temperature, and negative correla-
tions between the fungal spore concentrations and rainy
weather and a high relative humidity [38] . In our study, there
were negative correlations between the spore levels of
Ustilago, Oidium, Drechslera, Fusarium, Pteridophyt,
Cladosporium , Periconium , Alternar ia , Torula ,
Stemphylium, and Bipolaris and the monthly average relative
humidity. In addition, we found statistically negative correla-
tions between the spore levels of Boletus, Stemphylium,
Puccinia and the monthly wind speed.

When compared to pollen grains, fungal spores are released
in greater quantities into the atmosphere. There are approxi-
mately 1000 fungal spores per each pollen grain in one m3 of
air in the atmosphere [1, 2, 6]. Although fungal spores are very
intensive in the atmosphere, it is known that fungal suscepti-
bility in allergic patients is not as common as mite or pollen
susceptibility. Previously, it has been reported that this is pos-
sibly due to the lower allergenicity of fungal spores or due to a
problem in the standardization of the allergen extracts used in
skin prick tests [6]. In one multicenter study conducted in
Europe, a sensitivity to Alternaria and/or Cladosporium was
demonstrated in 9.46% of the patients with rhinitis and asthma
symptoms. The highest susceptibility was observed in Spain,
with a rate of 20%, and the lowest susceptibility was found in
Portugal, with a rate of 3%. The very different results from
these two countries with the same climatic and geographic
features is believed to be due to the use of two different com-
mercial allergen solutions [6]. This suggests that there is still a
problem in the standardization of fungal allergen extracts.
According to the skin prick test results of the allergy patients,
there is a fungal sensitivity in 3–10% of people worldwide [1,
2]. It has been reported that the most common allergic disease
causing fungal allergens are Cladosporium, Alternaria,
Penicil lium , Aspergillus , Rhizopus , Chaetomium ,
Curvularia, Fusarium, Helminthosporium, Phoma,
Rhodotorula, Aureobasidium, and Trichoderma [1, 2, 6]. In

Europe, the fungal spore sensitization frequency in allergy
cases has been reported to vary at rates ranging from 5% to
38.5%. In a study conducted in Hungary, the sensitivities to
Alternaria and Cladosporiumwere 18.6% and 12.8%, respec-
tively [39]. In the United States, the fungal spore sensitization
frequency in allergic subjects has been reported at rates rang-
ing from 6% to 80% [40]. The fungal sensitization in the skin
tests of allergic Turkish children determined rates ranging
from 5% to 32.3% [41–44]. In our study, sensitivity rates of
11.6% to a mixture of outdoor fungi and 3.3% to mixture of
indoor fungi were found in the skin prick tests of children with
allergic complaints. We also found sensitivity rates of 4.4% to
Alternaria alternata, 3.0% to Cladosporium herbarum, 1.4%
to Penicillium notatum, and 1.1% to Aspergillus fumigatus in
the skin prick tests. In the literature, susceptibilities to
Alternaria, Cladosporium, and Aspergillus fumigatus have
been reported as 10.4%, 12.8%, and 26%, respectively [39,
41, 45]. We used the standard skin prick test that did not
contain Ustilago, Pteridophyta, Drechslera, Oidium, and
Boletus allergens because these fungal allergens are not com-
mercially present in our country. Therefore, detailed informa-
tion about the sensitization to each of these fungal spores
could not be obtained. However, In our study, there was no
correlation between fungal spore concentration in the atmo-
sphere with fungal spores sensitization in the skin prick test.
We determined Cladosporium (2.49%) in ninth lines and
Alternaria (1.52%) in thirteenth lines in the atmosphere fungal
concentration. However, in our skin prick test results, we
found the outdoor fungal mixture, which includes Alternaria
and Cladosporium, in the first lines in individuals with fungal
sensitivity.

Conclusion

This research was the first study that evaluated the fungal
spores in the atmosphere in the Eastern Anatolia Region of
Turkey using the volumetric method. A total of 145,099
spores/m3 belonging to 20 taxa was demonstrated in the at-
mosphere around Elazig during a one-year period.
Additionally, a one-year fungal spore calendar was prepared.
The fungal spores most commonly detected were Ustilago,
Pteridophyta, Drechslera, Fusarium, and Oidium. We found
that the total fungal spores in the atmosphere reached the
highest level in July, with 28,153 spores/m3. Additionally, a
positive correlation was found between the fungal spores in
the atmosphere and the temperature, while negative correla-
tions were found between the fungal spores in the atmosphere
and the humidity and wind speed. Additionally, in our study,
there was no correlation between fungal spore concentration
in the atmosphere with fungal spores sensitization in the skin
prick test. Overall, the results of this study can provide new
information in the fields of aerobiology and allergy.
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