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allergic disease; Introduction and objectives: Pollen calendars have been proved clinically important in allergic
Mediterranean; disease management, as differences in airborne allergens exist not only between different
pollen calendar; countries but also between regions of the same country as well. This study aims to provide
pollens and fungi; new data regarding the atmospheric pollen and fungi content of a Mediterranean region
seasonal trends (Western Thrace/North-East Greece) and discuss seasonal trends, differences in pollen grains

and fungi spores’ circulation over the years, and correlations with climate parameters.
Material and methods: A 7-day continuously running volumetric trap was used to collect cir-
culating pollen grains and fungi spores. Pollen taxa and fungi were characterized by stan-
dard protocols and counted as grains /m?® and average total grains and spores. The primary
allergenic pollen season was discovered, and their 10-day averages were measured over time.
Correlations with temperature, rain, and humidity were assessed by single linear regression
analysis.

Results: Pollen grains from nine pollen families were identified, including five arboreal, two
nonarboreal taxa, and spores from two fungi species. The three most prevalent taxa were
Oleaceae, Poaceae, Pinaceae, and Cladosporium in the fungi. Peak pollen concentrations were
detected during April and May, with daily averages exceeding 170 grains/m3. Poaceae pre-
sented the longest pollen season of 342 days and Oleaceae the shortest, extending to only
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110 days, during the 3years. Cladosporium was the fungus with the highest spore concentra-
tion (180,129.9 spores) compared with Alternaria (28,026.1 spores). Correlations with mete-
orological parameters showed variable associations among different taxa, with rainfall and

relative humidity being the most significant determinants.

Conclusion: In this study, the pollenic and fungal spectrum of a Mediterranean region and
information that can be proved clinically significant for the appropriate diagnostic and thera-

peutic approach of allergic patients was presented.
© 2022 Codon Publications. Published by Codon Publications.

Introduction

Pollen allergy represents a hypersensitivity reaction of the
respiratory system.' An allergic reaction occurs when sensi-
tized individuals inhale airborne allergens, such as typically
tree, grass, weed pollens, and some fungi.?* Recent stud-
ies show that the severity of allergic symptoms depends
on the density of aeroallergen circulation and the dura-
tion of exposure.*” Accordingly, accurate descriptions of
pollination and fungi start and end periods are critical for
both patients and doctors.8'° Since the number of people
affected by pollen allergy in Europe has been increasing
steadily in the last decades® and taking into account that
allergic rhinitis (AR) has a considerable socioeconomic
cost,"* this information can lower the overall financial
and social burden of this disease. Pollen and fungal allergy
is a regionally variable disease driven by numerous envi-
ronmental factors, including local flora, weather, climate,
and air pollution.™" As a result, the allergenic content of
the atmosphere varies not only among countries but even
in the same country, depending on the climate (tempera-
ture, winds, rains, and humidity), geography, vegetation,
and cultural factors.®'®" Pollen calendars have been con-
structed in many countries to keep track of the pollen vari-
ety and concentration of airborne pollens. Thus, the need
to forecast and define future and current pollen seasons in
a pollen calendar form for every region is pivotal to aller-
gic disease epidemiology and early diagnosis and appro-
priate management of allergic diseases. More specifically,
pollen maps can help allergic patients and doctors identify
potential triggers, decide appropriate diagnostic testing,
and apply for precision medicine.!"” They can also help the
public health system to develop early warning systems,
improve guidance to limit exposure, and promote therapy
in advance of high pollen season loads.'

Although previous reported data for various areas in
Greece showed interesting variability, there is no recent
data.?° This is the first study to describe the atmospheric
pollen and fungi content of a Mediterranean region during
a 3-year (2015-2017) period from the only pollen station in
Greece. Moreover, this study follows our original research
of 2013 conducted in the same area of Western Thrace/
NE Greece;?'%?* and discusses the differences in pollen and
fungi circulation over the years. Hence, this study can add
to the understanding of the overall development of the
pollinic spectrum of the region, compiling all data col-
lected since 2013.

Methods

The study was conducted in Alexandroupolis, a city
located in North-Eastern Greece, at 40.51" N 25.52" E.
Alexandroupolis has a typical Mediterranean climate (warm
and temperate), with an average annual temperature of
15.0°C, relative humidity of 67.4%, and annual precipita-
tion of 695mm. It is situated near the delta of the Evros
river, 750km North-East of Athens (Figure 1). Local vegeta-
tion includes evergreen, deciduous fruit trees (e.g., pines,
cypresses, oaks, and olives), and a variety of other shrubs,
grasses, and herbs (e.g., mugwort, laurel, mint, and thyme)
that create a diverse palynological environment. For pol-
len capturing, a 7-day recording volumetric spore sampler
(Burkard Scientific, Ltd., England, UK) was placed 21 m
above the ground, on the roof of the University Hospital of
Alexandroupolis, 6 km West of the city of Alexandroupolis,
according to instructions provided by the manufacturer.
The unit was operating continuously for 3 years (January
2015-December 2017), collecting 10 liters of air per minute.
A strip of silicone-coated Melinex tape was exposed to the
air for trapping the spores, was cut into 48 mm segments
representing 24 hours periods, and was changed once a
week. These segments were mounted on microscopic slides
using Gelvatol mixed with a stain (acid fuchsin) to enable
visualization under a high-resolution light microscope (400x
maghnification; Olympus BX40, Olympus, Tokyo, Japan).
Pollen grains and fungi spores were identified following
standard manuals,? counted according to the guidelines of
the British Aerobiology Federation,?® and were expressed
as number of grains and spores per cubic meter of air and
total grains and spores. The seasonal distribution of pollen
counts was presented as 10-day-running average. The main
pollen season (MPS) was characterized as 90% of the sea-
sonal pollen count, starting on the day when 5% of the total
pollen had been detected, and ending on the day 95% of
the total pollen had been measured. Aeroallergens counted
are the most frequently implicated in AR, not only in the
Mediterranean and European context,®®23273!" but also
worldwide.?*3* They include grasses (family [f.] Poaceae/
Gramineae), trees (f. Oleaceae/olive, f. Cupressaceae/
cypress, f. Pinaceael/pine, f. Betulaceae/beech, oak, and
f. Platanaceae/plane), and weeds (f. Chenopodiaceae/che-
nopodium). The pollen graph was constructed using a spe-
cific scale, each level corresponding to a particular amount
of pollen grains. The levels included a total sum of pol-
len grains/spores per 10 days as follows: 1st level: 1-2; 2nd
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Figure 1 Map of the study region.

level: 3-5; 3rd level: 6-11; 4th level: 12-24; 5th level: 25-49;
6th level: 50-99; 7th level: 100-199; 8th level: 200-399; 9th
level: 400-799; 10th level: 800-1599; and 11th level: a sum
of more than 1600 pollen grains/fungi spores per 10 days.”
This way, all interactions between external factors and
pollen and fungi concentrations were significantly reduced,
enabling the comparison of different concentrations of pol-
len and fungi species throughout the calendar year.*!

Meteorological data were obtained from the regional
station of the Hellenic National Meteorological Service
situated close to the sampling site (http://www.hnms.gr).
Climate parameters such as daily mean temperature (°C),
relative humidity (%), and rainfall (mm) were recorded. The
correlation between individual meteorological parameters
and pollen and fungi counts were assessed by regression
analysis, using SPSS 15.0® software package (SPSS, Inc.,
Release Version 15.0, Chicago IL, USA). P < 0.05 was consid-
ered to be statistically significant.

Results

Airborne pollen grains belonging to nine families were
counted, including a total of nine allergens. Briefly, this
study included five arboreal taxa (Cupressaceae, Pinaceae,
Platanaceae, Betulaceae, and Olaceaceae), two non-
arboreal taxa (Poaceae and Chenopodiaceae) and two fun-
gal spores (Alternaria and Cladosporium). Running means
or moving averages for 10 days were used for smoothing
the values to make the trend of seasonal variation more
easily observed.

The start and the end date of the pollen grains count
is demonstrated in Table 1, with the number of the polli-
nation days and the peak days of each taxa. Pollen taxa
were detected throughout the calendar year and peaked
mainly during the spring months (March to May) with their
average numbers for the 2015-2017 period (ranging from

366.8 to 9897.1 total grains) as depicted in Table 2. The
predominant pollen type in the airborne spectrum was
Oleaceae, with a total pollen number of 16033.7 grains/m?
during 2015-2017. The highest concentration of Oleaceae
pollen was noticed from mid-April to the end of May, with
the peak date observed in May 2015-2016 and in April for
2017. Remarkably, the pollen season of Oleaceae was the
shortest, with a total of 35 days. Oleaceae was followed
by herbaceous plants (Poaceae) that represented the sec-
ond category detected on high percentage with a total
pollen number of 9445.1 grains/m? in the 3 years studied.
Meanwhile, in Poaceae with the longest pollination period
(125 days). The highest concentration was observed from
early April to mid-July (the peak in April), except for 2015
wherein the pollination period was the longest with the
peak at the beginning of July. For the rest of the arbo-
real species (Cupressaceae, Pinaceae, Plataneceae or
Betulaceae), the pollination time was divided into three
main periods: February-May (Cupressaceae and Betulaceae),
February-June (Pinaceae), and March-June (Plataneceae).
Pinaceae was the third most frequent species detected
with a total number of grains/m? at 7334.8, showing the
longest pollination period (109 days) after Poaceae. The
peak concentration was observed from the end of February
to mid-June, with the highest in March-April. We counted a
total number of 2188.6 grains/m?* for Chenopodiaceae, pre-
senting the longest pollination period (129 days) among all
pollens studied. The highest concentration was observed
during summer, with the peak in mid-August. All data
recorded for all the above species are depicted in Table 1.
Furthermore, fungal spores were recorded during all the
months of the calendar years. Alternaria and Cladosporium
outdoor molds were monitored throughout the calendar
year (January to December), with their average numbers
for the 2015-2017 period ranging from 27.3 to 41388.3
spores per month. The main spore season (MSS) for fun-
gal circulation in the atmosphere of Western Thrace was
observed from May to November. The highest concentra-
tion of Alternaria spp and Cladosporium spp was noticed
in summer, with its peak in June for Alternaria spp., and in
July for Cladosporium spp, with a second smaller peak con-
centration in the period of August-November for the latter.
The highest average total amount of fungal spores for the
whole 3-year period was observed for Cladosporium, with
180,129.9 spores (total spores), and the sum for Alternaria
was 28,061.1 total spores. The data of Alternaria and
Cladosporium airborne distribution are presented in detail
in Table 2. A graphical presentation of the concentrations
of all pollens and fungi is depicted in Figure 2.

Among pollens, the major pollen producers were arbo-
real plants, namely Oleaceae (35.7%), Pinaceae (16.3%),
Cupressaceae (14.5%), Platanaceae (6.2%), and Betulaceae
(1.3%), which accounted for 74.1% of the total pollen grains
(Table 2). The family Oleaceae was dominated by Olea euro-
paea (olives), followed by Fraxinus and Ligustrum species.
Cupressaceae were associated with Cupressus or Juniperus
spp., Whereas Pinaceae included a mixture of Pinus, Abies,
or Cedrus taxa. Among nonarboreal plants, pollen grains
belonging to Poaceae (21%) and Chenopodiaceae (4.9%)
dominated the atmosphere during the study period. Table 2
presents the monthly average distributions of all taxa. The
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Table 1 Characteristics of the main pollen seasons (2015-2017).
Start date End date Season Peak concentration  Total pollen
Pollen type (5%) (95%) duration (days)  Peak date (Grains/md) (Grains/m?3)
Pollen season (2015)
Cupressaceae February 03 May 16 103 March 07 126.9 1569.8
Pinaceae February 26 June 12 107 April 25 12341 2027.2
Platanaceae March 29 June 21 85 May 08 38.9 713.3
Betulaceae February 09 May 19 100 February 21 9.7 142.0
Oleaceae April 27 May 31 35 May 30 486 5277.4
Poaceae April 17 July 19 125 July 01 97.2 2219.9
Chenopodiaceae June 10 October 16 129 August 13 20.0 697.7
Pollen season (2016)
Cupressaceae February 07 May 18 102 March 06 69.1 2191.9
Pinaceae February 28 June 08 103 March 04 133.9 2593.6
Platanaceae March 12 June 09 90 May 18 121.5 1084.9
Betulaceae February 16 May 31 106 March 01 18.9 217.6
Oleaceae April 23 May 29 37 May 08 502.2 4664.0
Poaceae April 04 July 16 104 April 23 237.6 3578.0
Chenopodiaceae June 12 September 19 100 August 12 20.0 702.0
Pollen season (2017)
Cupressaceae February 10 May 19 99 March 06 77.8 2770.7
Pinaceae February 28 June 16 109 April 25 110.2 2714.0
Platanaceae March 15 June 14 92 May 08 77.8 999.5
Betulaceae February 15 May 19 94 March 08 20.5 235.4
Oleaceae April 24 May 31 38 April 08 405.0 6092.3
Poaceae April 03 July 25 113 April 22 334.8 3647.2
Chenopodiaceae June 14 September 09 88 August 16 24.3 788.9

Table 2 Total pollens averages (2015-2017), expressed in total pollen grains and fungi spores.

Averages  Cupressaceae Pinaceae Platanaceae Betulaceae Oleaceae Poaceae Chenopodiaceae Alternaria Cladosporium
January 154.3 0 0 1.3 0 1.6 0 27.3 1045.3
February 369.6 273 44 125 50 50 0 244.3 582.6
March 1660 1103.6 130.3 168.3 283.3 104 0 247 1714.3
April 994 1274.3 378 19.6 278.6  2126.3 2 446.3 5376.3
May 832.3 1471.6 1003.3 52 8978.3  1906.3 40 3934 12,051.6
June 19.3 388.6 169 0 225 908.6 136.3 8964.3 39,905.6
July 0 2 1 0 33.6 543.3 334.6 5088 41,388.3
August 0 0 0 0 2 181.6 635 4177 33,428.6
September 0.3 0 0 0 0 0 142 2104 20,542
October 0 0 0 0 0 0.6 60.3 1093.3 12,445
November 2.3 14.3 1.6 0.6 46.3 7.6 0.3 938.3 7643.3
December 0.3 0 0 0 0 0 0 762.3 4007
Total 4032.4 4527.4 1727.2 366.8 9897.1  5829.9 1350.5 28026.1 1,80129.9

highest concentrations of pollens were observed during
spring with an average of 3449.5, 5072.8, and 14283.8 pol-
len grains per month respectively for March, April, and
May, respectively. The highest concentrations of pollen
counts (14283.8 grains) were counted in May and the lowest
(<1 grain) in December. Notably, Oleaceae had the shortest
pollen season of just 35 days in 2015, although they pre-
sented the maximum pollen load in the atmosphere (9897.1
grain) during their seasonal circle in the 3 years (Table 2).
In the present study, the relationship of daily pollen-
and spore concentrations with three climatic parame-
ters, namely the average daily temperature (°C), relative

humidity (%), and rainfall (mm), were examined (Table
3). Most correlations were very strong. The association
between individual meteorological parameters and pol-
len and fungi concentration was assessed by single linear
regression analysis. The results of significant associations
(P<0.05) are given in Table 3. Among arboreal taxa,
Cupressaceae were associated with rainfall (P<0.001), and
Betulaceae with rainfall (P=0.005) and relative humidity
(P=0.03). Among nonarboreal taxa, Chenopodiaceae was
associated with temperature (P<0.001), relative humidity
(P<0.001), and rainfall (P=0.023), whereas Poaceae did not
show any association. Regarding the correlation of fungal
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(A) Pollen and fungi concentrations (grains-spores/m?) as 10-day running averages (2015 year), (B) Pollen and fungi

concentrations (grains-spores/m?) as 10-day running averages (2016 year), and (C) Pollen and fungi concentrations (grains-spores/
m?) as 10-day running averages (2017 year).
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Table 3 Impact of climatic factors on atmospheric
concentration of pollen and fungi.?
Spearman

Pollen and correlation

fungi type Climatic factor coefficient P value

Cupressaceae  Rainy days 0.808 0.001**

Betulaceae Relative humidity 0.623 0.03*
Rainy days 0.750 0.005**

Chenopodiaceae Mean temperature 0.968 <0.001**
Rainy days —-0.648 0.023*
Relative humidity -0.872 <0.001**

Alternaria Mean temperature 0.909 <0.001**
Relative humidity —-0.818  <0.001**

Cladosporium  Mean temperature 0.930 <0.001**
Relative humidity —-0.867 <0.001**
Rainy days —-0.622 0.031

aResults from single linear regression analysis; only significant
associations are shown.

*P<0.05.

**P<0.001.

spore counts and meteorological parameters, regression
analysis revealed a statistically significant positive cor-
relation (P<0.001) of Alternaria with mean daily tempera-
ture. On the contrary, the correlation of Alternaria with
relative humidity was negative (P<0.001). Similar results
were obtained for Cladosporium; a positive correlation
(P<0.001) was observed with mean daily temperature and
a negative correlation (P<0.001) with relative humidity and
rainy days (P=0.031).

Discussion

We first observed that the studied area has an aerobiolog-
ical composition that included taxa such as Cupressaceae,
Pinaceae, Platanaceae, Betulaceae, Oleaceae, and Poaceae
and fungi, such as Alternaria and Cladosporium. Because
of the geo-climatic conditions that favor the adaption and
flowering of several native plants throughout the years, it
comes as no surprise that Oleaceae and Poaceae were the
most dominant pollens. The typical airborne spectrum in
the Mediterranean zone contains Oleaceae, Cupressaceae,
Compositae, Poaceae, and Urticaceae.®'*° Similarly to the
2013 pollen map,"'® the pollen of Oleacea was the most
abundant species amongst the other allergens. We found
that the MPS was observed in April-May, with the peak
concentrations measured in May. Compared with 2013
data, the pollen season was longer, however, character-
ized by fewer grains/m?3, with possible clinical significance.
Allergen maps conducted in other Mediterranean countries
(Spain, Italy, Portugal, and Turkey) confirm the impor-
tance of the olive as a highly allergenic factor presenting
a similar period of distribution and peak concentration as
in our study.® Olea europeae pollen is characterized by
high allergenicity,®* and its presence is very important for
allergy. In our study, its concentration was the highest, far
more than the other pollens, because of abundant olive
trees in Greece.

Herbaceous plants (Poaceae) are also known to have
high allergenic potential as Oleaceae.** Poaceae was the
second highly concentrated taxa in the atmosphere during
the observation period, with an increased total number of
grains (9445.1 grains/m®) and a shorter pollen season com-
pared with previous years. Our results agree with several
studies’ findings for allergens in Spain that showed that
Poaceae is the primary cause of pollinosis in central Spain
and Europe in general.?3' The highest peaks were observed
from April to mid-July in Alexandroupolis, and for central
Spain, the highest pollen season was in May-June because
of different climatic conditions. Remarkably, Poaceae was
found to have the longest pollination period both in our
region and in other Mediterranean countries, as well.

Cupressaceae, a common ornamental tree found widely
during the winter season, constitutes a less allergenic pol-
len.3¢ Accordingly, in our study, the count of the highest
taxa was observed during February-May, with the peak
point in March and increased spore concentrations than
previous years.

Betulaceae was monitored from February to late May,
with peak concentrations in March. We observed a longer
pollination period and a significant decrease in the num-
ber of pollen grains. Pinaceae, another pollen with high
allergenicity,3¢ presented a longer duration and higher con-
centrations than 2013, whose peak was observed during
April. Platanus, a widely known ornamental tree in the
Mediterranean basin, was considered the third most com-
mon allergen in Spain, with over 30% of allergy sufferers.?”
The circulation of this pollen in the studied area showed an
allocation of the calendar time with the start date in March
and end date in June.

The pollen taxa in this study were detected in the
atmosphere of North-Eastern Greece for 255 days (February
9 to October 16), corresponding to approximately 70% of
the calendar year. Pollen circulation was generally low
in autumn and the beginning of winter. On the contrary,
March to May were the months that posed the highest risk
for pollen-induced allergies. Compared with our previous
study,? we conclude that pollen maps even in the same
area present differences from year to year based on the
start of the pollination day, the duration, the peak date,
and the total pollen grains in each pollen species. The dif-
ferences may be because of changes in climate factors or
other human forces, such as urban or industrial pollution.
These findings emphasize the importance of the pollen cal-
endars for AR control.

Two highly allergenic fungal spores (Cladosporium and
Alternaria) were observed throughout the year and in all
seasons. Cladosporium was the fungus with the highest
spore concentration (180,129.9 average spores/per year)
than Alternaria (28,026.1 average spores/per year), as it
can release billions of spores per day.*® Cladosporium was
marked in higher concentrations during the 2015-2017
period than in 2013. The highest concentrations were noted
from May to September, and two high peaks were observed
(one in July and a smaller one in August-November). The
dominance of Cladosporium has also been observed in
many countries including Australia, Portugal, Spain, Turkey,
the United States, and Greece.?*3% However, there were
differences in total counts.*’ In some European countries,
Cladosporium may reach values of 700,000 spores/m? per
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year, and Alternaria varies between 20,000 and 30,000
spores/m? per year.’® The annual presence of both types
varied from 70,000 to more than 200,000 spores/m? per
year in the Iberian Peninsula,” with Cladosporium exceed-
ing in some areas with a level of 300,000 spores/m* per
year. Higher spore concentrations for Cladosporium can be
attributed to region-specific climate conditions and ecol-
ogy. In our study, both fungi spores were present through-
out the year, with Cladosporium being the dominant type.
No fungal spore free season was detected.” Alternaria
peaked in June and the highest season was recorded during
summer (May-August). For Alternaria we found a smaller
pollination period and lower concentrations compared with
2013.

Finally, we observed that climate and weather play a
dominant role in the seasonal temporal variability of pol-
len production and spatial distribution and, as a result,
contribute to the formation of an atmospheric pattern of
pollen dispersal.”®" In the present study, we evaluated the
association of pollen grains and fungi spores counts with
meteorological parameters and found that rainfall was the
most significant parameter for pollen taxa. The analysis of
fungal spores revealed a statistically significant positive
correlation of both fungi spores with mean daily tempera-
ture and a negative correlation with relative humidity. Our
results correlated with the outcomes of previous studies
from the Mediterranean region. But several differences
regarding the duration and the peak of the pollination
period may be observed because of climatic factors or
environmental pollution.

Conclusion

In this study, we developed a 3-year pollen map of an area
characterized by typical Mediterranean climate and dis-
cussed changes in seasonal patterns through the years. It
has been shown that continuous pollen monitoring could
protect allergic patients from exposure and prophylactic
medication, thus reducing the referral to medical centers
by 50%.% Accordingly, evidence on seasonal aeroallergen
levels can help generate an alarm system for sensitized
individuals and doctors.
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