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Abstract
Olive pollen is one of the main causes of allergic disease in the Mediterranean area. Ten different proteins with allergenic activity
have been described in olive pollen, with major allergen Ole e 1. Olea europaea L. may cause allergenic effects of different
severity depending on the Ole e 1 content of cultivars. In this paper, we aimed to assess the heterogeneity of two olive cultivars
concerning concentrations of the major allergen Ole e 1 during a period of 2 years. Pollens from two most common olive
cultivars, known as “Gemlik” and “Celebi,” were analyzed on regular basis. Ole e 1 amounts were measured by double-
sandwich enzyme-linked immunosorbent assay (ELISA). The results were expressed as μg of Ole e 1 per μg of total freeze-
dried extract. Comparisons of Ole e 1 levels were made both between individual trees and between cultivars. It was analyzed the
influence of some meteorological parameters on pollen counts/allergenic content on a local scale, for 2 years. Pollen sampling
was carried out continuously for 2 years, using a Hirst-type volumetric trap. “Gemlik” had the higher value (mean ± standard
deviation) of Ole e 1 content (2.44 ±0.70 and 1.87 ±1.03 μg/μg, respectively) when compared to “Celebi” (2.16 ±0.86 and 0.20
±0.30 μg/μg, respectively) in the years 2013 and 2015. In our research, daily variations were observed in pollen samples of two
olive cultivars and even different trees of the same cultivar. Furthermore, during certain sampling days, discrepancies between
airborne pollen counts and Ole e 1 concentrations were detected for both cultivars. It was found that meteorological changes,
especially temperature and precipitation fluctuations, could affect airborne pollen and Ole e 1 allergen levels in the atmosphere.
Therefore, pollen samples of different O. europaea cultivars demonstrated great differences in Ole e 1 content. We believe that
these findings were a result of alternate bearing behavior modulated by meteorological factors.
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Introduction

Respiratory allergic diseases (rhinoconjunctivitis and/or
bronchial asthma) caused by pollen allergens are becoming
increasingly common in recent years, especially due to in-
creased air pollution and subsequent interaction of pollen
allergens with atmospheric chemical particles (Devalia
et al. 1998; Fleming and Crombie 1987; Knox 1993;
Turkeltaub and Gergen 1991; Wüthrich 1989). Olea

europaea L. (olive plant, Oleaceae family) is one of the eco-
nomically important plants, broadly spreads in countries lo-
cated in the Mediterranean Basin (Carnés Sánchez et al.
2002). The olive plant began to be cultured a few thousand
years ago, and nowadays there are various and numerous
cultivars of the plant (Zohary and Hopf 1994; Zohary and
Spiegel-Roy 1975). It has been estimated that around 120
local olive cultivars exist only in Turkey alone (Efe et al.
2013) and “Gemlik” and “Celebi” cultivars selected for anal-
ysis are the most common olive cultivars in the southern
Marmara region (Barut et al. 2009; Dıraman 2010). More
extensive cultivation of the plant is still in high demand to
produce olives and olive oil in Turkey due to very favorable
ecological conditions for olive farming. However, the pol-
lens produced by O. europaea are responsible for seasonal
allergic diseases in Mediterranean countries (D'Amato 1998;
D'Amato and Liccardi 1994; Kirmaz et al. 2005), especially
during May–June.
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Until today, it has been determined that there are 10 differ-
ent allergens (Ole e 1–Ole e 10) in the O. europaea pollens
(Barral et al. 2004; Rodríguez et al. 2002). The kind, expres-
sion levels, and allergic effects of these allergenic proteins in
the pollens of olive plant show significant differences accord-
ing to the origin of the cultivars (Alché et al. 2007; Castro et al.
2003). It is estimated that allergen protein differences among
cultivars may be an adaptive feature that plants have devel-
oped in ecotype against different environmental conditions
(Alché et al. 2007). The major allergen present in olive tree
pollens, identified as Ole e 1, is a glycoprotein of 18–22 kDa
consisting of 145-amino acid polypeptide and denominates
“pollen proteins of the Ole e 1 family” (Accession PF01190)
within the Pfam protein families database (Batanero et al.
1994; Bateman et al. 2004; Rodríguez et al. 2002, 2007;
Villalba et al. 1990). It has been suggested that the Ole e 1
allergen protein participates in important biological events
such as hydration, germination, and/or pollen tube develop-
ment observed during pollen formation (Alché et al. 1999,
2004; Stratford et al. 2001).

The Ole e 1 allergen leads to IgE (immunoglobulin E)-
mediated allergic response in the majority of people with al-
lergic sensitization to olive pollen (Fernandez-Gonzalez et al.
2020, Soleimani et al. 2013). According to the origin of the
olive cultivars, the IgE response to this aeroallergen varies,
determining the severity of the allergic reactions (Carnés
Sánchez et al. 2002; Castro et al. 2003; Conde-Hernández
et al. 2002; Waisel et al. 1996). Cultivars with higher Ole e
1 content may increase allergic symptoms and/or severity of
these symptoms. Ole e 1 allergen levels varying depending on
the cultivar origin are clinically important. Analysis of Ole e 1
allergen levels from different varieties may contribute to the
development of different allergen extracts and testing of aller-
gic patients with these extracts. In this way, it can be aimed to
decrease the sensitivity in the population (Castro et al. 2003).

A number of studies have been conducted to determine the
amount of Ole e 1 allergen in total protein extracts prepared
from pollens belonging to different olive cultivars. In these
studies, it has been determined that the major allergen Ole
e1 amount in the olive pollens shows an inter-cultivar varia-
tion (Barber et al. 1990; Carnés Sánchez et al. 2002; Castro
et al. 2003; Conde-Hernández et al. 2002; Fernández-Caldas
et al. 2007; Lauzurica et al. 1988a, b; Lombardero et al. 1992;
Obispo et al. 1993; Villalba et al. 1990). Ole e 1 allergens,
which differ in concentrations according to the cultivar origin,
have been reported to cause different severity of reactivity in
allergic patients through the skin prick test (Castro et al.
2003).

The widespread use of commercially available
O. europaea pollen extracts, composed of a pollen mixture
of unknown origin of cultivars or from different sources, in
clinical and biological studies limits diagnosis and immuno-
therapy of allergic reactions in patients besides leading to

different results at a noticeable level. Therefore, clinical use
of pure Ole e 1 allergens belonging to olive cultivars in the
area where the patients live and are exposed may contribute to
more effective diagnoses (Alché et al. 2007; Castro et al.
2003).

This study aimed to determine Ole e 1 concentrations of
two different Olea europaea cultivars, “Gemlik” and
“Celebi,” widely distributed in Turkey as well as to identify
whether there are distinctive characteristics about Ole e 1 con-
tent between two cultivars. For this purpose, a double-
sandwich enzyme-linked immunosorbent assay (ELISA)
was utilized to determine in vitro Ole e 1 content of cultivars.

Materials and methods

Study area

The current study, which measured airborneO. europaea pol-
len counts and levels of Ole e 1 allergens in pollen, was con-
ducted in Bursa (41° 11′ N, 29° 04′ E) during 2013 and 2015.
The city of Bursa is located in the northwest of Turkey, at a
height of 106 m above sea level, with a transitional climate
type between the Mediterranean climate and the Black Sea
climate. Furthermore, the elevations of Uludağ Mountain
strongly affect the climate, keeping the annual mean temper-
ature at 14.6 °C and annual average rainfall at 707.6 mm (90-
year averages, 1928–2018, supplied by Turkish State
Meteorological Service). The study was conducted in Bursa,
which is an important place for olive production in Turkey.

Sampling and analysis of pollen grains

O. europaea pollen sampling was carried out continuously
during 2013 and 2015, using a Hirst-type volumetric trap
(Hirst 1952). The trap was placed at 40° 22′ 33″ N and 28°
86′ 42″ E approximately 12 m above the ground level and 106
m above the sea level. Pollen grains were collected from the
air continuously during May and June in 2013 and 2015,
captured using a Melinex tape, which was coated with an
adhesive silicone solution. The captured pollen samples were
placed on glass slides coated with glycerogelatine-basic fuch-
sine. The pollen grains were executed under the light micro-
scope with a magnification of ×40. Sampling and data analysis
were conducted by the protocol drawn up by the Spanish
Aerobiology Network (REA) and the minimum recommenda-
tions of the European Aeroallergen Network (Galán et al.
2014). Pollen slides were evaluated from 12:00 h to 12:00 h
in each sampling period, and these values were stated as daily
average pollen grains per cubic meter of air (Galán et al.
2014).
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Collection of pollen samples for allergen
quantification

O. europaea pollen samples were obtained during May of
2013 and May–June of 2015 from five trees selected from
each of the two olive cultivars, Gemlik and Celebi. Those
were collected by expert personnel trained in the identification
of olive tree cultivars and the collection of pollen. The samples
were collected from the flowering shoots of the selected trees
and brought to the laboratory environment inside paper bags.
Unknown materials were eliminated from the pollen samples
using a sieve with 150 μm mesh. Light microscopy was used
to determine the proportion of foreign-species pollen in the
obtained pollen sample. All pollen samples had a purity great-
er than 90%. Both of the cultivars were planted in the same
locations and close to each other in İznik, Bursa. All of the
trees were lined south in the planting area.

Preparation of crude protein extracts

Crude protein extractions were performed following the meth-
odology described by Carnés Sánchez et al. (2002). Briefly,
crude protein extracts were obtained by stirring 6 g of each
pollen sample in 30 ml of phosphate-buffered saline (PBS)
0.01 M (pH 7.4) for 4 h at 4°C. The sample was centrifuged
at 16,266g at 4°C for 30 min, so that the unwanted particles
were deposited on the bottom. After centrifugation, the super-
natant was collected, and the pellet was resuspended in 30 ml
of PBS (0.01 M, pH 7.4), extracted overnight at 4°C with a
constant magnetic stirring. Afterward, the extract was centri-
fuged at 16,266g, and the supernatant was collected. The
whole extract was then filtered through a 0.22 μm filter to
sterilize the sample, frozen, lyophilized, and stored at −80°C
until further analysis.

Ole e 1 quantification by double-sandwich enzyme-
linked immunosorbent assay

Ole e 1 allergen concentrations in the pollen extracts of two
cultivars were determined by double-sandwich ELISA
method, which quantify antigens between two layers of
antibodies. Double-sandwich ELISA method was carried
out by following the methodology performed by Arilla
et al. (2002), Arilla et al. (2005), Arilla et al. (2006),
Moreno-Grau et al. (2006), and Rodríguez Rajo et al.
(2011). The mouse anti-Ole e 1 monoclonal antibody
5A3 (Bial Industrial Pharmaceutical, Spain at 0.55 mg/ml)
was diluted in coating buffer, containing Na2CO3,
NaHCO3, and distilled H2O, at a concentration of 5
μg/ml. Afterward, 96-well microplate (Greiner Bio-One,
Germany) was coated with 100 μl of corresponding mono-
clonal antibody 5A3, and this mixture was incubated over-
night at +4°C to allow complete binding. The next day, the

plate was emptied and all of wells were washed three times
with 200 μl PBS-T buffer (PBS + 0.05% Tween 20). After
the washing step, the plate was blocked with 200 μl/well of
PBS-T-B (PBS + 0.05% Tween 20 and 1% bovine serum
albumin, BSA; Sigma-Aldrich, USA) and incubated for 1 h
at 37°C to block any non-specific binding sites on the plate
surface. Afterward, a 100 μl/well of the standard curve
(Bial Industrial Pharmaceutical, Spain at 2.5 μg/ml), 10
ng/ml positive control A, and 1 ng/ml positive control B
(Bial Industrial Pharmaceutical, Spain) solutions, together
with antigen-containing sample extracts, diluted with PBS-
T-B buffer according to daily pollen amounts, were added
and incubated for 1 h at 37 °C. After 1-h incubation, the
plate was washed three times with 200 μl PBS-T buffer, in
order to remove the unbound antigen. The 100 μl/well of
biotinylated rabbit anti-Ole e 1 polyclonal antibody (Bial
Industrial Pharmaceutical, Spain at 0.65 mg/ml) was dilut-
ed in PBS at a concentration of 0.25 μg/ml, added to the
plate wells, and incubated for 1 h at 37 °C. The plate was
then washed with 200 μl PBS-T buffer, followed by 100
μl/well of peroxidase-conjugated streptavidin (Sigma-
Aldrich, USA) and 250 ng/ml concentration of PBS-T-B
buffer, which was then applied to the plate wells and incu-
bated for 1 h at 37 °C. Lastly, the sample was washed three
times with 200 μl PBS-T buffer to remove the unbound
antibody-enzyme conjugates, and the plate wells were in-
cubated for 10 min with 100 μ l TMB (3,3 ′ ,5,5 ′-
tetramethylbenzidine; Sigma-Aldrich, USA) solution.
This reaction was stopped by adding 100 μl/well of 3M
H2SO4 stop solution. Absorbance was measured with a
microplate reader (ELx808, BioTek, USA) at 450 nm.

The standard curve was drawn from a sequential dilu-
tion (0.10 to 50 ng/ml) of purified standard allergens Ole e
1 at concentrations of 0.97 to 50 ng/ml distributed regular-
ly throughout the columns of the microplates. The stan-
dards and samples were analyzed as duplicates. The final
standard curve was represented by the average of the two
absorbance values, in order to minimize potential error.
The results expressed in μg of Ole e 1 per μg of total
freeze-dried extract.

Weather data

In order to determine the relationship of airborneO. europaea
pollen and Ole e 1 allergen content with weather conditions,
the meteorological analysis was performed during the period
of sampling of pollen and allergens. The meteorological pa-
rameters used in the analysis were maximum, minimum, and
average daily temperature (°C); relative humidity (%); and
total precipitation amount (mm) with the maximum and the
average daily wind speed (m/s). This data was provided by the
Turkish State Meteorological Service at a weather station lo-
cated near the studying area.
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Statistical analysis

Pollen and allergen concentrations on the sampling days were
compared with the daily meteorological data on the same
days. Spearman’s rank correlation test was performed for data
analysis. Statistical analysis was performed using the SPSS
version 23 software package for Windows.

Results

Pollen concentration

O. europaea flowering continued during May and June in
Bursa, Turkey. Pollen analysis of O. europaea during the
flowering period May–June showed significant differences
in pollen index and pollen season length between 2013 and
2015. In 2013, the length of the pollen season was 44 days,
and it covered the period from May 15 to June 27. The total
number of pollen sampled for this period was 1500 grains/m3,
and daily pollen peak was recorded on May 21 with 401
pollen/m3. The length of the pollen season in 2015 was shorter
than 2013, covering the 36-day period from May 15 to
June 19. Unlike 2013, a remarkable increase in total number
of pollen grains was determined in 2015, reaching 6186
grains/m3 for this period. The maximum daily pollen peak
was 1717 pollen/m3 on June 02 (Table 1).

Differences in Ole e 1 allergen concentrations of Olea
europaea cultivars

Ole e 1 concentrations were compared in pollen samples of
Gemlik and Celebi cultivars, which are two different
O. europaea cultivars. Pollen samples were collected from
five trees, which were selected from each of the two olive
cultivars. Pollen sampling days are May 21, 23, and 25,
2013, and May 27, 30, and 31 and June 01, 02, and 05, 2015.

Allergen-specific double-sandwich ELISA method was
used to measure Ole e 1 concentrations of a certain amount
of pollen grains. The results expressed in μg of Ole e 1 per μg
of total freeze-dried extract. Ole e 1 concentrations in pollen
samples collected from a total of ten olive trees for the two

olive cultivars according to the sampling dates are shown in
Fig. 1.

According to the double-sandwich ELISA data, on
May 21, 2013, there were similar values between the
Gemlik and Celebi cultivars in terms of Ole e 1 concentration.
However, Ole e 1 contents of Gemlik 3 (0.04 μg/μg) and
Celebi 3 (0.56 μg/μg) cultivars was quite low. On May 23,
2013, Ole e 1 concentrations differed among samples of
Celebi cultivars, although they were similar between samples
fromGemlik cultivars. Ole e 1 concentration of Celebi 4 (0.83
μg/μg) cultivar was lower than from other samples of the
Celebi cultivar. On May 25, 2013, sampling day, the Ole e 1
allergen was detected only for Gemlik 1, Celebi 1, and Celebi
3 cultivars. However, the concentration of Ole e 1 in the
Celebi 3 sample (0.05 μg/μg) was significantly lower com-
pared to Gemlik 1 and Celebi 1 (1.41 μg/μg and 1.42 μg/μg,
respectively). Interestingly, on May 27, 2015, Ole e 1 aller-
gens were detected only in pollen samples of Celebi 1 (2.79
μg/μg) among all cultivars. On May 30, 2015, Ole e 1 con-
centrations of all Gemlik cultivars except Gemlik 4 (0.75 μg/
μg) were high and close to each other. However, only Celebi 1
(1.24 μg/μg) was calculated for Ole e 1 among the Celebi
samples at this date. On May 31, 2015, it was seen that the
Ole e 1 allergen level of Gemlik 4 (0.14 μg/μg) was very low
compared to other Gemlik samples. On this date, the Ole e 1
allergen level was very low in the samples of the Celebi cul-
tivar. On June 1, 2015, Ole e 1 allergen was detected in the
samples Gemlik 2 (3.38 μg/μg), Gemlik 3 (2.60 μg/μg), and
Gemlik 5 (1.41 μg/μg) for the Gemlik cultivars, and in the
Celebi 1 sample (1.52 μg/μg) alone for the Celebi cultivars.
The Ole e 1 allergen concentrations in Gemlik 3 (0.88 μg/μg)
and Gemlik 4 (0.59 μg/μg) samples on June 2, 2015, were
much lower compared to other samples. On the same date, the
concentrations of Ole e 1 allergens in Celebi cultivars, com-
pared to Gemlik cultivars, were quite poor. On June 4, 2015,
no allergen was determined in samples of both Gemlik and
Celebi cultivars, whereas on June 5, 2015, Ole e 1 allergen
was measured for only Celebi 1 sample (1.24 μg/μg) (Fig. 1).

The average of Ole e 1 concentrations on the sampling days
of Gemlik and Celebi cultivars was given in Table 2 for both
years. According to double-sandwich ELISA results, the av-
erage Ole e 1 contents of Gemlik and Celebi cultivars repre-
sented considerable differences between 2013 and 2015. Ole e
1 concentrations of both Gemlik and Celebi cultivars were
lower in 2015 compared to 2013 data. In particular, the de-
crease in Ole e 1 content of Celebi cultivars was noteworthy.
In 2013, the Ole e 1 content of the Gemlik cultivar (mean ±
standard deviation; 2.44 ±0.70 μg/μg) was found to be higher
than that of the Celebi cultivar (mean ± standard deviation;
2.16 ±0.86 μg/μg). Similar results were also obtained in 2015.
In 2015, Ole e 1 amount of Gemlik cultivar was measured as
1.87 ±1.03 μg/μg (mean ± standard deviation), while Ole e 1
of Celebi cultivar was determined as 0.20 ±0.30 μg/μg (mean

Table 1 Characteristics of theOlea sp. pollen seasons in 2013 and 2015

Olea europaea pollen 2013 2015

Peak value (pollen/m3) 401 1717

Peak day 21 May 02 June

Pollen index (total pollen/season) 1500 6186

Pollen season (date) 15/05 to 27/06 15/05 to 19/06

Season length (days) 44 36
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± standard deviation). During the studying period, Ole e 1
content was highest in the Gemlik 2. On the other hand, the
yearly average Ole e 1 contents were lowest in Gemlik 4.
Among Celebi cultivars, Ole e 1 concentration was the highest
in Celebi 1, while the cultivar with the lowest Ole e 1 concen-
tration was Celebi 4 on a yearly average. In summary, the
amount of Ole e 1 of Gemlik cultivars was higher than in
Celebi cultivars in both years (Table 2).

Relationship between pollen counts and Ole e 1
allergen concentrations of Olea europaea cultivars

In this study, variations in both O. europaea pollen amounts
and Ole e 1 allergen concentrations by years and days were
investigated. Discordance between pollen counts and Ole e 1
allergen concentrations were recorded at different sampling

periods of Gemlik and Celebi cultivars (Fig. 2). In sampling
days of 2013, there was an inverse relationship between total
pollen values and Ole e 1 concentrations for Gemlik and
Celebi cultivars. For these cultivars, both low pollen amounts
and high allergen concentrations were detected on May 23,
2013. On May 21 and 25, 2013, there was a positive relation-
ship between the total pollen values and Ole e 1 concentra-
tions of Gemlik and Celebi cultivars. On May 21, 2013, both
high pollen concentration and high Ole e 1 content were de-
tected, while on May 25, 2013, both of these values were low
(Fig. 2a and c). The negative relationship in Gemlik cultivars
was also available in 2015 year. Although the pollen counts in
the atmosphere were negligible onMay 30, 2015, the presence
of allergen was observed in the pollen samples belonging to
Gemlik cultivar. The most striking result for the Gemlik cul-
tivar was obtained onMay 31, 2015. Although the atmospher-
ic pollen amount was very low at this date, the highest Ole e 1
concentration was detected (Fig. 2b). In 2015 year, daily var-
iations between pollen and allergen amounts were also record-
ed in Celebi cultivars. On May 27 and June 02, 2015, the
discrepancy between the allergen concentrations and the
amount of pollen in this cultivar was remarkable. On
May 27, 2015, although the airborne pollen amount was
low, the highest concentration of Ole e 1 allergen was reached
in pollen samples. Similar results were found on May 30,
2015. On the other hand, quite the opposite was observed on
June 02, 2015, where a high atmospheric pollen level and low
Ole e 1 concentration was detected for Celebi cultivars (Fig.
2d).

Relationship between meteorological parameters,
pollen, and Ole e 1 allergen contents of Olea
europaea cultivars

To investigate the relationshipO. europaea pollen counts and
Ole e 1 concentrations with atmospheric changes, weather
data analysis was performed simultaneously with pollen
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Fig. 1 Ole e 1 contents of both
Gemlik and Celebi cultivars
according to the pollen sampling
dates

Table 2 Average Ole e 1 concentrations of the Gemlik and Celebi
cultivars of O. europaea according to years

Olea europaea Cv. The average of Ole e 1 concentrations*

2013 year 2015 year

Gemlik 1 2.71 ± 0.81 1.38 ±0.91

Gemlik 2 3.17 ±1.41 3.06 ±1.23

Gemlik 3 1.44 ±1.97 2.37 ±1.52

Gemlik 4 2.05 ±0.59 0.37 ±0.36

Gemlik 5 2.85 ±0.28 2.17 ±1.11

Average of Gemlik cultivars 2.44 ±0.70 1.87 ±1.03

Celebi 1 3.42 ±3.23 0.74 ±0.75

Celebi 2 1.61 ±0.21 0.07 ±0.03

Celebi 3 1.60 ±1.46 0.07 ±0.04

Celebi 4 1.49 ±0.93 0.05 ±0.06

Celebi 5 2.70 ±1.00 0.07 ±0.02

Average of Celebi cultivars 2.16 ±0.86 0.20 ±0.30

*Ole e 1 μg/μg total freeze-dried extract
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counts and double-sandwich ELISA test. The values of mete-
orological parameters, such as maximum, minimum, and av-
erage daily temperature (°C); relative humidity (%); and total
precipitation amount (mm) together with maximum and aver-
age wind speed (m/s), are given in Table 3. In 2013 and 2015,
meteorological data were similar, except for relative humidity
and total precipitation. The year 2013 was a more rainy year

than 2015, with a total rainfall of 1267mm. On the other hand,
2015was a more humid year than the other year with a relative
humidity of 73.7%. The pollen season of the year 2013 was
less intense corresponding with lower humidity and a higher
total rainfall value. In contrast, the pollen season of 2015 was
more intense, corresponding to higher humidity and lower
total rainfall.

Fig. 2 Relationship between
O. europaea pollen amounts and
Ole e 1 allergen concentrations
for Gemlik (a, b) and Celebi
cultivars (c, d) in the years 2013
and 2015

Table 3 Meteorological data on the study area in 2013 and 2015

Average
temperature (°C)

Maximum
temperature (°C)

Minimum
temperature (°C)

Relative
humidity (%)

Total
precipitation
(mm)

Average wind
speed (m/s)

Maximum wind
speed (m/s)

2013
(mean)

15.3 21.1 10.0 66.3 1267.0 2.3 8.9

Pollen
season

22.2 28.8 15.5 58.6 78.4 2.5 9.7

Sampling days

21 May 21.9 30.3 13.7 58.3 0.0 1.5 6.2

23 May 26.3 35.4 18.1 44.9 0.0 3.9 17.5

25 May 22.7 28.6 14.6 44.0 0.0 3.2 9.3

2015
(mean)

15.4 21.0 10.3 73.7 660.9 2.4 8.7

Pollen
season

20.9 26.5 16.7 73.2 64.2 2.1 7.9

Sampling days

27 May 19.4 21.7 15.8 75.3 0.0 1.3 6.7

30 May 16.7 21.3 12.1 68.9 0.0 2.0 6.2

31 May 17.9 24.6 10.3 69.0 0.0 1.8 8.2

01 June 19.5 26.3 11.7 68.4 0.0 2.3 9.3

02 June 20.8 27.8 13.5 69.0 0.0 2.9 11.8

04 June 20.5 26.1 16.5 78.1 8.2 2.2 7.7

05 June 19.2 22.7 14.9 83.0 0.0 1.1 6.2

The maximum-minimum temperature (°C) and the maximum wind speed (m/s) values in 2013 and 2015 were expressed as average value
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During the study period, although the annual mean aver-
age, annual mean maximum, and annual mean minimum tem-
perature values were similar, it was determined that the daily
temperature values were higher, especially on the sampling
days of 2013 (Table 3). On the sampling days of 2013, when
the temperature values were high, low pollen numbers and
high Ole e 1 concentrations were obtained, while on the sam-
pling days of 2015 when the temperature values were low, the
opposite results were recorded (Figs. 3a and 4a). In addition,
low pollen concentrations were found in the atmosphere dur-
ing the sampling days in 2013 when the humidity levels were
low. For the year 2015, the average relative humidity was
higher, and the total number of pollen was also higher
(Fig.3b). These results showed that relative humidity can have
a significant effect on the concentrations of O. europaea pol-
lens. In contrast, it was observed that relative humidity did not
have a remarkable effect on Ole e 1 concentrations (Fig. 4b).
The pollen season for O. europaea in 2013 was slightly more
rainy than in 2015, even though the weather was dry and rain-
free during the days when the pollen was exemplified.
Furthermore, short-term rains were observed before the pollen
sampling dates in 2013. These data showed that the total rain-
fall rates for both years may have increased the average Ole e
1 concentrations of Gemlik and Celebi cultivars (Fig. 4c).

Discussion

Olea europaea L. (olive tree, Oleaceae family) is an allergic
pollen-producing plant in Mediterranean countries and is the

most important cause of seasonal allergic respiratory diseases
(D'Amato et al. 2007a; Ribeiro et al. 2013). In most of these
countries, many olive tree varieties/cultivars are cultivated for
their fruits commercially and as ornamental plants in parks
and gardens (D'Amato et al. 2007a; Fernández-Caldas et al.
2007; Machia et al. 1991). O. europaea is a natural plant
species in Turkey. It is also frequently cultured because of
its economic importance. In particular, O. europaea trees are
intensely spread in Western Turkey, including the city of
Bursa, where the effects of a transitional climate type between
the Mediterranean climate and the Black Sea climate can be
observed. Therefore,O. europaea pollen, which triggers aller-
gic symptoms, is highly detected in the air of this region
(Akkaya et al. 2018).

Investigating and detecting the concentrations of proteins
involved in pollen development is of great importance in de-
termining the degree of allergic effect. The variations of Ole e
1 concentrations, the main allergen in olive pollen, between
cultivar species were stated in previous studies (Lauzurica
et al. 1988a; Lombardero et al. 1992; Villalba et al. 1993).
Many authors reported that the allergen proteins in olive pol-
len can be polymorphic according to the origin of the cultivars
and that the allergenic content of these proteins can vary be-
tween cultivars (Alché et al. 2007; Castro 2001; Castro et al.
2003; Carnés Sánchez et al. 2002; Conde-Hernández et al.
2002; Fernández-Caldas et al. 2007; Geller-Bernstein et al.
1996; Hamman-Khalifa 2005; Hamman-Khalifa et al. 2003;
Napoli et al. 2006; Waisel and Geller-Bernstein 1996).
Therefore, identifying the allergic potentials of olive cultivars
can be clinically valuable.

Fig. 3 Relationship between meteorological parameters; average temperature (a), relative humidity (b), and total precipitation (c) together with average
wind speed (d) and pollen amounts for Gemlik and Celebi cultivars on the sampling days
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The present study aimed to determine whether the Ole e 1
concentrations of two different O. europaea cultivars, called
“Gemlik” and “Celebi,” differ from each other. Also, the re-
lationship between the concentrations of O. europaea pollen
and the allergen concentrations of the two cultivars in the air
was also analyzed during the study period. In addition, the
weather conditions were evaluated to understand whether
these two cultivars had any effect on allergen productions.

In our study, the aerobiological monitoring of olive pollen
showed that during the pollen season, high pollen levels were
determined for both years. However, the number of olive pol-
len in 2015 was on average 4 times higher than in 2013. For a
plant species, the atmospheric pollen concentrations may vary
from year to year in the same region. The olive pollen profile
in the air may change due to meteorological factors (D'Amato
et al. 2007a).

In order to determine the Ole e 1 concentrations in 2013
and 2015 pollen samples of Gemlik and Celebi cultivars, a
double-sandwich ELISA test was conducted in vitro. The re-
sults indicated that there were major differences in the Ole e 1
allergen concentrations of pollens collected from two different
olive cultivars. It was noticeable that the Ole e 1 content of
Gemlik cultivars was higher than the Celebi cultivars in both
years. Based on this data, it can be said that Celebi cultivars
are less allergenic than Gemlik cultivars. In the literature, there
are several studies that support our results (Carnés Sánchez
et al. 2002; Fernández-Caldas et al. 2007; Jaradat et al. 2012).
It has been confirmed previously that such differences be-
tween varieties are observed due to genetic alterations and
climatic factors (Fernández-Caldas et al. 2007). In this study,

it was surprising that the pollen samples obtained from differ-
ent trees of the same cultivar were found to have variations in
the content of Ole e 1. This result can be explained by the fact
that pollen samples exhibit batch to batch variability in terms
of allergen compositions, according to Alche et al. (2007) and
Carnés Sánchez et al. (2002). Furthermore, the presence of
Ole e 1 protein in several tree samples of both cultivars was
never detected. This can be attributed to changing environ-
mental conditions (Jaradat et al. 2012).

In our study, daily and yearly variations were recorded in
both pollen counts and Ole e 1 allergen concentrations. During
the study period, discrepancies between airborne pollen
amounts and allergen levels were detected on certain sampling
days. Several studies reported a high amount of pollen and
low allergen content or vice versa (Buters et al. 2012; Galán
et al. 2013; Moreno-Grau et al. 2016; Plaza et al. 2016). As
stated in previous studies (Galan et al. 2013; Vara et al. 2016a,
2016b), the amount of olive pollen in the atmosphere is not an
indication of the degree of exposure to its primary allergenOle
e 1. In this study, although pollen counts were very low on
certain sampling days, Ole e 1 allergen concentrations were
found to be quite high. Moreover, not only pollen grains but
also other plant parts such as leaves, roots, and orbicles con-
tain these allergen proteins, which can increase the allergen
load in the air (Brito et al. 2011; Knox 1993). However, in this
study, only the flowering shoots of the plant Ole e 1 quantifi-
cation was performed. In our study, high Ole e1 concentra-
tions may be due to an adaptation to increase Ole e 1 allergen
synthesis in days and/or years when the plant produces low
pollen, to ensure the chance of fertilization. The Ole e1,

Fig. 4 Relationship between meteorological parameters; average temperature (a), relative humidity (b), and total precipitation (c) together with average
wind speed (d) and Ole e 1 allergen concentrations for Gemlik and Celebi cultivars on the sampling days
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containing the major allergen protein of olive pollen, plays an
important role in pollen tube germination (Alché et al. 2004;
Moreno-Grau et al. 2016). Obtaining low Ole e 1 allergen
concentrations on some sampling days with high pollen
values was recorded as the opposite of previous data in this
study. Moreover, this outcome was more notable in Celebi
cultivars than in Gemlik cultivars. O. europaea varieties
showing differences in Ole e 1 allergen protein production
have been previously reported in the literature (Fernández-
Caldas et al. 2007). It has been reported in a prior study that
detection of high pollen levels did not always cause an in-
crease in allergen concentrations (Plaza et al. 2016). Large-
scale pollen transport from external sources may also be re-
sponsible for recording high amounts of pollen (Moreno-Grau
et al. 2016). This negative relationship between daily and/or
annual pollen and allergen levels may also be caused by
changes in environmental/weather conditions (Moreno-Grau
et al. 2016). In addition, as reported by Fernández-González
et al. (2020), Moreno-Grau et al. (2016), and Erel et al. (2013),
an alternate bearing behavior pattern may develop in
O. europaea trees, characterized by a change in pollen
concentration/allergen level relationship from year to year.
Therefore, when comparing atmospheric pollen counts and
Ole e 1 allergen contents, all variables should be considered
and evaluated as a whole.

Many changes in weather conditions can affect the produc-
tion of pollen and aeroallergens in the atmosphere. During the
study period, a meteorological analysis was carried out on
based on parameters such as maximum/minimum and average
daily temperature (°C), relative humidity (%), and total pre-
cipitation (mm) together with maximum and average wind
speed (m/s), in order to reveal the relationship between air
changes and the concentrations of airborne pollen/allergens.
In this study, since pollen sampling was done directly from
selected trees instead of the atmosphere, it was determined
that meteorological changes had an effect on the behavior
model of olive trees and, consequently, on the pollen numbers
and Ole e 1 allergen content of the cultivars. In our study, it
was determined that the pollen counts were low and the Ole e
1 allergen concentrations were high in the 2013 pollen season
when the temperature values were high. An opposite result
was recorded in 2015. Due to the low temperature values in
the sample days of 2015, a significant decrease in Ole e 1
concentrations of Gemlik and especially Celebi cultivars was
determined. Our analysis results showed that the temperature
can have an effect on Ole e 1 allergen concentrations than the
number of pollen grains in the air. Several studies have report-
ed that allergens are sensitive to temperature and are affected
by temperature changes (Brito et al. 2011; Galán et al. 2013).
According to the data obtained from this study, it was con-
cluded that a more comprehensive and long-term study is
required to evaluate the effect of temperature on Ole e 1 aller-
gen concentration. Many studies have reported that

atmospheric moisture induces osmatic rupture in pollen
grains, causing the release of aeroallergens, thereby increasing
the concentration of aeroallergens in the atmosphere (Buters
et al. 2012, 2015; Fernández-González et al. 2010; Singer
et al. 2005; Solomon et al. 1983; Suárez-Cervera and
Seoane-Camba 2005; Suárez-Cervera et al. 2008). However,
in this study, it was found that relative humidity did not have
such effect on Ole e 1 concentrations. Here, relative humidity
does not have a significant effect on the Ole e 1 allergen,
probably due to climatic reasons, as Plaza et al. (2016) report-
ed. The release of Ole e 1 allergens from pollen grains into the
air maybe triggered by different parameters other than mois-
ture. Other meteorological factors that determine the distribu-
tion and intensity of allergens in the atmosphere are wind
intensity and precipitation. Especially, short-term precipita-
tion before the sampling period for 2013 was followed by an
increase in Ole e 1 allergen content. It is reported that pollen
grains that come into contact with water after short periods of
precipitation accumulate allergenic proteins on the surface and
release them into the atmosphere when dry (Moreno-Grau
et al. 2006). Many studies have suggested that precipitation
can affect aeroallergen distributions (D'Amato et al. 2007b;
Fernández-González et al. 2011; Grote et al. 2003; Knox
1993). In our research, the phenomena mentioned in these
studies might have been experienced and might have caused
the current result. In addition, the decrease in airborne pollen
level in 2013, which was the year of abundant rainfall was
observed in our research, may be due to the removal of pollen
from the air by precipitation (Peternel et al. 2004).

Overall, the relationship between weather conditions and
atmospheric pollen/allergen concentrations is complex and
difficult to analyze. Atmospheric pollen amount and the
amount of pollen grains of a plant are directly related to plant
phenology (Plaza et al. 2016). Therefore, investigating the
effect of weather changes on flowering phenology may pro-
vide more accurate results.

Conclusions

In this study, we aimed to compare the allergenic effects of
two different cultivars of Olea europaea L. in Bursa, Turkey,
according to Ole e 1 protein concentrations. Our analysis re-
sults demonstrated that Ole e 1 concentration of Gemlik cul-
tivar was higher than that of Celebi cultivar. Based on this
data, it can be said that the Gemlik cultivar is more allergenic
than the Celebi cultivar. However, large-scale and long-term
advanced investigations supported by clinical studies are re-
quired to confirm this data. Therefore, in order to provide
more accurate and reliable data to allergy sufferers, it is im-
portant to consider pollen and allergen quantifications alto-
gether with pollen symptoms data.
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In summary, amount of allergens released into the atmo-
sphere may vary in the olive pollen from different cultivars.
Therefore, we think that cultivar origins should be taken into
consideration when evaluating allergy risk for olive pollen.
Finally, in the light of our findings, we recommend that
Celebi cultivars be preferred over Gemlik cultivars for olive
tree planting in densely populated areas. Thus, we believe that
more valuable information can be obtained to help people who
are sensitive to O. europaea pollen.
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