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In temperate zones of North-Central Europe the sensitization to ash pollen is a recognized problem, also
extended to the Northern areas of the Mediterranean basin. Some observations in Switzerland suggest
that ash pollen season could be as important as birch pollen period. The allergenic significance of this
pollen has been poorly studied in Southern Europe as the amounts of ash pollen are low. Due to the high
degree of family relationship with the olive pollen major allergen (backed by a sequence identity of 88%),
the Fraxinus pollen could be a significant cause of early respiratory allergy in sensitized people to olive
pollen as consequence of cross-reactivity processes. Ash tree flowers in the Northwestern Spain during
the winter months. The atmospheric presence of Ole e 1-like proteins (which could be related with the
Fra a 1 presence) can be accurately detected using Ole e 1 antibodies. The correlation analysis showed
high Spearman correlation coefficients between pollen content and rainfall (R>= —0.333, p <0.01) or
allergen concentration and maximum temperature (R2=—0.271, p <0.01). In addiction CCA analysis
showed not significant differences (p < 0.05) between the component 1 and 2 variables. PCFA analysis
plots showed that the allergen concentrations are related to the presence of the Fraxinus pollen in the air,
facilitating the wind speed its submicronic allergen proteins dispersion. In order to forecast the Fraxinus
allergy risk periods, two regression equations were developed with Adjusted R? values around 0.48-0.49.
The t-test for dependent samples shows no significant differences between the observed data and the
estimated by the equations. The combination of the airborne pollen content and the allergen quantifi-
cation must be assessed in the epidemiologic study of allergic respiratory diseases.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

The pollen of Fraxinus represents about the 2% of the annual
total airborne pollen in Ourense. In the Northern Europe areas, the

Fraxinus is a deciduous wind-pollinated tree of the Oleaceae
family widely extended in temperate zones of the North and
Central Europe. In general, ash trees are one of the most frequent
natural species of riversides forests (Costa et al., 1998) nonetheless,
they are also commonly used as ornamental plants in parks and
gardens of urban areas (Candau et al., 1994). In Ourense (North-
western Spain), the presence of three ash species is recorded.
Fraxinus angustifolia Vahl is part of forest or moisture areas and the
three rivers crossing the city favours its predominance. The
abundance of E excelsior L. and E pennsylvanica L. is lower as they
are used as ornamentals plants in parks and gardens. E angustifolia
blooms from late December to February while the pollen period of
E excelsior and F. pennsylvanica takes place from late February to
the end of March (Guerra et al., 1995; Jato et al., 2004).
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sensitization to ash pollen denote a recognized problem (Hein-
zerling et al., 2009; Smith et al., 2014). Some studies conducted in
Switzerland suggest that ash pollen season could be as important
as birch pollen period in some regions (Schmid-Grendelmeier
et al.,, 1994). An 18-34% of allergies sensitization rates can be at-
tributed to the ash tree in France and South Austria (Poncet et al.,
2010; Hemmer et al., 2000). Its allergenic significance has been
poorly studied in the Southern European areas since the ash pollen
amounts in the atmosphere are low (Barderas et al., 2005).
Nonetheless, due to the high degree of family relationship with the
olive pollen major allergen (backed by a sequence identity of 88%)
ash pollen becomes a significant cause of early respiratory allergy
diseases in the Southern Europe as consequence of cross-reactivity
processes in olive pollen sensitized people (Barderas et al., 2005).
Some studies have demonstrated the presence of cross-reactivity
between different species of the Oleaceae family (Kerneman et al.,
1992; Obispo et al., 1993; Baldo et al., 1992; Vara et al., 2016).
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Recent findings revealed the presence of Ole e 1 homologs in
pollen extracts of ash and privet at concentrations in the range
detected in olive pollen extracts (Lombardero et al., 2002; Gon-
zalez et al,, 2000). In the Northern areas of the Mediterranean
basin, the diagnosis of ash pollen allergy is made difficult due to
the non-inclusion in current diagnostic assays and some cross-
reactivity with minor allergens from Betulaceae (Hrabina et al.,
2007).

Fraxinus pollen contains five principal allergens: Frae 1, Frae 2,
Fra e 3 and Fra e 9 (Barderas et al., 2005; Palomares et al., 2005).
Fra e 1 with a PM of 18-21 kDa is the major allergen of ash pollen-
sensitized patients. Belongs to the olive tree Ole e 1-like protein
family and shows a high degree of homology with proteins from
other Oleaceae members (Barderas et al., 2006). Approximately
about 70-80% of ash pollen-sensitized individuals has Fra e
1-specific IgE antibodies (Barderas et al., 2005). Fra e 2 is a pro-
filing of 13-16 kDa to which 50% of the ash-allergic patients have
shown to be sensitized (Niederberger et al.,, 2002). Fra e 3 is a
calcium-binding protein of 10 kDa (Niederberger et al., 2002). Frae
9 is a 1,3-beta-glucanase, enzyme type widely distributed in
higher plants and considered to be an important allergen (Palo-
mares et al., 2005).

Previous studies conducted by means a combination of TEM
and immunocytochemical techniques with anthers of Fraxinus
angustifolia at different developmental stages and Ole e 1 anti-
bodies (Rodriguez-Rajo et al., 2010) detected the presence of Ole e
1-like proteins in all microsporogenesis stages of the pollen
grains. These identified proteins could be related with the Fra
e 1 presence. The aim of the paper was to complement the study
and to assess the presence of the Fraxinus pollen and its aero-
allergens in the atmosphere as well as to evaluate its relationship
with the main meteorological parameters. This information could
help us to improve the prevention of clinical symptoms in polli-
nosis patients.

2. Materials and methods

The study was conducted in Ourense (42°0’'N 7°5'W), located in
Northwestern Spain at the bioclimatic Mediterranean region. The
area has an annual mean temperature of 14 °C and 772 mm of
annual total precipitation (Martinez-Cortizas and Pérez-Alberti,
1999). The Fraxinus pollen and its allergenic proteins in the at-
mosphere of this city were analysed during the 2009-2013 period.

Pollen sampling was carry out by using a Hirst type LANZONI
VPPS 2000 volumetric sampler (Hirst, 1952) working continuously
with a suction flow rate of 10 L/min in order to simulate the hu-
man breath. The sampler was located on the roof of the Science
Faculty building of Ourense, approximately 15 m above the ground
level. Pollen grains were captured using a Melinex tape coated
with an adhesive solution. The samples were mounted in glass
slides with glycerogelatine-basic fuchsine. The counting and
identification of the pollen grains methods were performed using
an optical microscope with a magnification of 40 x , following the
method of the Spanish Aerobiology Network (Galan et al., 2007).
The pollen counts were expressed as grains per cubic meter of air.
The atmospheric pollen season (APS) is considered as the period
during which the 95% of the annual total accumulated sum of
pollen is recorded. APS start when the accumulated sum of pollen
reaches the 2.5% of the annual total and finish the day when the
97.5% of the annual total is reached. To calculate the risk of pollen
allergy, the Spanish Aerobiology Network established the risk
threshold in four groups, depending of the taxa (Galan et al,
2007). Fraxinus belongs to the group 3 which include three cate-
gories: Low (1-30 grains/m>), Moderate (31-50 grains/m®) and
High ( > 50 grains/m?).

For the aeroallergen quantification of the atmospheric aerosol,
a Multi-Vial Cyclone Sampler (Burkard Manufacturing Co Ltd.
Hertfordshire, UK) was used. The sampler was also located on the
roof of the Science Faculty building of Ourense 2 m. next to the
pollen trap. The sampler is a continuously wind-oriented device
which uses a single reverse-flow miniature cyclone with an air
flow rate of 16 L/min. The air samples were collected directly into a
1.5 mL Eppendorf vials during the Fraxinus pollen period, from
December to April. Daily dry samples were stored at —20 °C. Air-
borne samples collected in 1.5 mL Eppendorf vials were analysed
following the method described for Takahashi et al. (2001) with
some modifications (Moreno-Grau et al., 2006). After centrifuga-
tion at 13,400 rpm for 3 minutes, dry samples were extracted with
120 uL of phosphate buffer (50 mM/L pH 7.0) that contained
150 mM/L NaCl, 125 mM/L ammonium bicarbonate, 3 mM/L EDTA
and 0.005% Tween 20. The mixture was stirred continuously for
2 h at room temperature. The extract was separated for the par-
ticulate matter by centrifugation at 4000 rpm for 10 min and
stored at —20 °C.

The Fra e 1 content in aerosol samples was quantified using
specific 2-site ELISA and Ole e 1 antibodies, due to the high
homology between Olea and Fraxinus proteins. Microtiter plates
(Deltalab S.L., Barcelona, Spain) were coated with 100 pL of the
mouse anti-Ole e 1 monoclonal antibody 5A3 L-121 at 0.55 mg/ml
(Bial Industrial Farmacéutica, Spain) in phosphate-buffered saline
(PBS) and incubated overnight at room temperature in a moist
chamber. The wells were blocked (200 pL/well) with PBS-BSA-T
(contained PBS with 1% bovine serum albumine and 0.05% Tween
20) and incubated for 1 h at 37 °C. Afterward, the plates were in-
cubated for 1h at 37 °C with 100 uL/well of purified Ole e 1,
starting from a 2,5 ug/mL stock of natural Ole e 1, tenfold serial
dilutions were performed in PBS-BSA-T, containing 50-0 ng/mL. At
the same time we added 100 pL/well of the extracted airborne
sample. After three washes with 200 pL/well PBS-T the plates were
incubated for 1h at 37 °C with 100 pL/well of the biotinylated
rabbit anti-Ole e 1 polyclonal antibody L-091 at 0.72 pg/uL (Bial
Industrial Farmacettica, Spain). After three washes with 200 pL/
well PBS-T the plates were incubated for 1 h at 37 °C with 100 pL/
well of streptavidin-conjugated peroxidase (0.25 pg/mL) (Sigma
S-5512) in PBS-BSA-T. Finally, plates were incubated with 200 pL/
well of o-phenylenediamine (Sigma-Fast TM o-phenylenediamine
dihydrochloride tablet set Sigma p-9187) for 30 min at room
temperature in the dark. This step serves to determine the enzyme
activity of the monoclonal antibody conjugate. The reaction was
stopped by adding 50 pL/well 3 M H,SO,4 and the absorbance was
then measured at 492 nm. Ole e 1, used as reference material, was
purified from Olea europaea pollen by standard chromatographic
methods (Arilla et al.,, 2002). The standard curve was constructed
from ten points using a four-parameter logistic curve fit. Results
are expressed in nanograms per millilitre, referring to the protein
content of the standard preparation. Later, the data were trans-
formed to nanograms per cubic meter in order to be compared
with the pollen data.

Weather data were supplied by the Agencia Estatal de Me-
teorologia (AEMET). The meteorological station was located in the
Science Faculty building of Ourense next to the Hirst type volu-
metric sampler and the Burkard Cyclone sampler. Temperature
(°C), relative humidity (%), rainfall (mm), dew point (°C), and wind
speed (km/h) were the parameters considered.

Statistical analysis was performed by means a non-parametric
Spearman's correlation test in order to analyse the correlations
between the meteorological factors and daily pollen or allergens
concentrations. Multidimensional methods such us Canonical
Correlation Analysis (CCA) and Principal Components Factor Ana-
lysis (PCFA), were performed with the aim to detect any structure
in the relationships between variables, as well as to categorize the
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variables according to their influence on the dependent variables’
variation (Tipping and Bishop, 1999). The advantage of this non-
parametric and multidimensional analysis is its hardiness when
the number of variables is high but there are a scarce number of
observations (Sabatier et al., 1989). Considering the results ob-
tained by the correlation, CCA and PCFA analysis, a linear regres-
sion equation was developed in order to construct a model to
predict the Fraxinus pollen and aeroallergen concentrations in the
atmosphere of Ourense. The package STATISTICA 5.1 was used for
the statistical analysis.

3. Results

Ash trees flowers during the winter months in the North-
western Spain area. The atmospheric pollen season (APS) is long
with an average duration of 79 days. The APS lasted from January
7th to March 14th as average, although the start of the pollen
season could be advanced to the month of December. During the
year 2010 the APS was delayed from January 22th to April 13th,
whereas in 2013 the earliest pollen season occurs from December
26th to April 23th (Table 1). The Seasonal Pollen Index-SPI (cal-
culated as the daily mean concentrations sums during the APS)
amounted to an average of 882 pollen grains and 0.517 nanograms
of allergen during the study years. The maximum total annual
pollen concentrations were registered during the year 2012 with
1523 pollen grains whereas the maximum allergenic load was
registered in 2010 with 0.983 nanograms. The maximum pollen
and allergen daily peaks were registered the 2010 January 24th
with 174 pollen/m® and 0.136 ng/m> (Table 1). The daily mean
pollen concentration threshold with high allergenic risks was
reached as average during 3 days, rising to 5 during the year 2012.
The characteristics of the pollen and aeroallergen curves, rainfall
and average temperatures are shown in Fig. 1. In general allergen
values fitted airborne pollen concentrations. Likewise, important
atmospheric washes induced by the rainfall were observed as
precipitations were followed by reduced levels of pollen and al-
lergens (Fig. 1).

The correlation analysis between the Fraxinus pollen or the
allergen concentrations and the main meteorological variables
(temperature, humidity, dew point, wind speed and rainfall) tak-
ing into account the whole data set period showed the higher
significative degree of association between the pollen and the
rainfall or humidity, whereas for the allergens with the maximum,
mean temperatures and rainfall (Table 2). The sign of the corre-
lations was negative in both cases. Otherwise, there is a high

Table 1

positive degree of association between the daily Fraxinus pollen
counts and the allergen levels (Fig. 2). As consequence of the
strong variation of the correlation analysis along the years of the
study, a principal components analysis (PCFA) was performed in
order to a better comprehension of the meteorological influence in
the pollen and allergen airborne concentrations. PCFA is a classi-
ficatory method which considers the influence of all weather
variables in conjunction. The purpose of the analysis is to obtain a
small number of linear combinations of the 9 variables which
account for most of the variability in the data. In our study
4 components have been extracted, since they had eigenvalues
greater than or equal to 1.0 and they account for together around
the 88.7% of the variability in the original data (Table 3). This fact
suggests that four hypothetical (background) variables explained
the majority of total variance with an 11.3% loss of information.
Most of variables have significative positive loadings in the first
two Principal Components (PCs). In general the four PCs were
correlated as follows: Component 1 average/minimum tempera-
tures and dew point, Component 2 maximum temperature and
relative humidity, Component 3 pollen and allergen values Com-
ponent 4 wind speed and rainfall. In order to better see the re-
lationship between pollen/allergens and meteorological para-
meters a plot of PC1 vs PC3 was conducted (as Fraxinus pollen and
allergens load significantly at PC3). The results of the PCFA show a
high positive degree of association between the daily Fraxinus
pollen counts and the allergen levels (Fig. 3). A Canonical Corre-
lation Analysis (CCA) was performed with the aim that the cano-
nical variables maximized the correlation between two groups of
variables: the first group in which pollen and allergen variables
were included and other group with the whole meteorological
variables. The CCA analysis showed a highest correlation between
the two set of variables with high statistically significant correla-
tions as the p-values obtained are lower than 0.05 (Table 4).

In order to predict the pollen and allergen concentrations two
lineal regression models were performed (Table 5). The model to
forecast the pollen content in the air, considered as estimators the
allergen concentration and the rainfall, explains the 48.4% of the
variability of the pollen concentrations. The model to predict the
aeroallergen concentrations in the air, included as independent
variables the pollen counts and the maximum temperature. The
model explains the 49.4% of the aeroallergen concentrations
variability. The accuracy of the equations was verified by the
comparison between the observed and predicted data in the Fig. 4.
The real values fitted the estimated data by the models. Moreover,
the good forecast behaviour of the model is also statistically de-
monstrated by means a t-test of dependent samples. There are not

Start date, end date and length of the atmospheric pollen season (APS). total Fraxinus pollen (pollen), pollen peak (pollen/m?), pollen peak date. Total allergen (ng), allergen
peak (ng/m?), allergen peak date. Number of days with average daily concentrations upper than 31-50 pollen/m* and > 50 pollen/m?.

2009 2010 201 2012 2013 Average

APS Start 6-Jan 22-Jan 7-Jan 6-Jan 26-Dec 7-Jan

End 30-Mar 13-Apr 22-Mar 31-Mar 6-Mar 14-Mar

Length 83 82 75 86 71 79
Total pollen 851 796 616 1523 625 882
Pollen peak day 111 174 89 100 106 116
Date peak day 17-Mar 24-Jan 20-Jan 7-Feb 2-Jan 01-Feb
Total allergen 0.286 0.983 0.487 0.630 0.198 0.517
Allergen peak day 0.041 0.136 0.068 0.088 0.030 0.073
Date peak day 19-Mar 24-Jan 12-Jan 8-Feb 2-Jan 31-Jan
Days 31-50 pollen/m> 1 3 3 10 1 4
Days > 50 pollen/m> 3 3 2 3 3
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Fig. 1. Pollen grains/10 (grey area), Allergen concentration (black line), Maximum Temperature (black points) and Rainfall (bars) during the study period.
Table 2

Spearman correlations between Fraxinus pollen or allergen and the meteorological parametres during the APS.

2009 2010 2011 2012 2013 2009-13
Pollen
Mean temperature 0417~ —0.258" 0.298 -0352" 0.317° —0.065
Maximun temperature 0.656 " —-0.264 0.279 —-0.245 0423" 0.016
Minimun temperature —0.096 —0.170 0.215 —0510" 0.224 —0.187"
Humidity —0.547" -0.178 -0.197 0.016 -0433" —0.195"
Dew point —0.109 —0.182 0.257 —~0368" 0.146 —0173"
Wind speed —0.326° —0.223 0.238 0.033 0.024 —0.181"
Rainfall —0428" —0.242° —0.237 —0.243 —-0.383" —-0.333"
Allergen
Mean temperature 0.584" —~0.336 0.154 —~0.390" —0.114 —0.194"
Maximun temperature 0.652" —0454" 0.142 —0475" 0.027 —0271"
Minimun temperature —0.093 -0.173 0.138 —-0.174 —0.083 —0.104
Humidity —0.608"" —0.009 —-0.327 0.364 " 0.002 0.086
Dew point —0.020 —-0.207" 0.042 —0.031 —0.065 —0.066
Wind speed 0.054 —0112 0316 —0.029 —0.079 —0.059
Rainfall —0.406" —0.268 —0.379 —0.006 —0.296 —0.152"
" p<0.05.

" p<0.01
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Allergen (ng/m®) = 0,0033+0,0005* Fraxinus (pollen/m?)
R*=0,479 p=0,000 0,95Conf. Int.
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Fig. 2. Fraxinus pollen concentration (pollen/m?®) versus allergen values (ng/m>).

Table 3
Principal components loadings (in bold p < 0.05).

Components 1 2 3 4
Eigenvalue 2944 2.169 1.639 1.232
Percent of variance 32.711 24.103 18.208 13.689
Cumulative percentage 32.711 56.814 75.022 88.711
Allergen —0.017 —0.084 0.923 0.029
Pollen —0.069 0.056 0.910 —0.066
Average temperature 0.727 0.675 —0.046 0.061
Maximum temperature 0.292 0.900 —0.051 —0.086
Minimum temperature 0.930 0.119 —0.052 0.112
Relative humidity 0.348 -0.903 —0.027 -0.102
Dew point 0.970 —0.142 —0.035 —0.019
Wind speed —0.069 0.157 0.053 0.920
Rainfall 0.406 -0.327 —0.180 0.632
11 F i -
Dew Point
0,9 [Minimum |
0.7 |_Average i
S
5 051 =
2 0 )
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& tive Humidity
0,3 —M _
01~ f
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Fig. 3. Plot of principal components and factor analysis (PCFA). Factor loadings
Factor 1 vs. Factor 3. Rotation varimax. Extraction Principal Components.

significant differences between predicted and observed pollen and
allergen data (Pollen p-value 0.999, Allergen p-value 0.942).

4. Discussion

In the Northwestern Spain areas the ash pollen period takes
place from late December to the months of March or April. The
Fraxinus atmospheric pollen season is long due to the asynchro-
nous pollen season of different ash species: F. angustifolia blooms
from December to February and then takes place the pollen season
of Fexcelsior and Epennsylvanica during the months of March and
April (Guerra et al., 1995). Our study showed the higher amounts
of ash pollen were registered from last December to early February

Table 4
Canonical correlation analysis (p < 0.05).

Set of variables 1 2
Eigenvalue 0.066 0.053
Canonical correlation 0.258 0.2303
p-value 0.001 0.016
Coefficients for canonical variables for Set 2

Allergen 1.381

Pollen —0.872

Coefficients for canonical variables for Set 1

Average temperature —1.036
Maximum temperature —0.794
Minimum temperature 0.316
Relative humidity -0.867
Dew point 1.248
Wind speed 0.475
Rainfall —0.490

as consequence of the F. angustifolia pollen emission (Jato et al.,
2004). The maximum daily mean pollen an allergen peaks were
delayed to the month of March due to the rainy days registered at
the end of January and the beginning of February. The high hu-
midity degree registered during winter in the Northwestern Spain
and the existence of three rivers crossing the city, create the ac-
curate conditions for the F. angustifolia growth. In contrast the high
airborne pollen amounts are attributable in the Southern Spain
areas to E excelsior, as consequence of the low E pennsylvanica
representativeness and the gradual disappearance of the F. angu-
stifolia wet distribution areas (Guerra et al.,, 1995). Furthermore,
our study showed important atmospheric quantitative ash pollen
values with regard to the Northern Europe areas (Barderas et al.,
2005; Weryszko-Chmielewska et al., 2006; Smith et al., 2014).

Our finding shows that the atmospheric presence of Ole
e 1-like proteins (which could be related with the Fra e 1 pre-
sence) can be also accurately detected using Ole e 1 antibodies.
This fact recognized the major antigen of olive pollen (Olee 1) as a
main cause of cross-reactivity between Oleaceae pollens (Car-
iflanos et al., 2002; Niederberger et al., 2002; Obispo et al., 1993;
Vara et al,, 2016). The presence of Ole e 1-like proteins in all mi-
crosporogenesis stages of the F. angustifolia pollen grains ontogeny
has been previously detected by means Ole e 1 antibodies
(Rodriguez-Rajo et al., 2010). The localization of the Ole e 1-like
protein in the tapetum cells as well as the important transfer of
these proteins from the tapetum cells to microspores proves that
this pollen protein is common in both gametophytic and spor-
ophytic tissues (Rodriguez-Rajo et al., 2010).

Therefore, the sensitized people to the olive pollen grains could
also suffer allergenic symptoms during the months of January-
February as consequence of the Fraxinus pollen season. In general,
the term ‘cross-reactivity’ should be used to describe clinical fea-
tures showing the reactivity to a source without previous exposure
(Ferreira et al., 2004). Some researches conducted in Northern
Spain areas, where ash trees are common and olive trees are not
represented, highlighted that olive pollen sensitized patients re-
ported allergic symptoms during early spring coinciding with the
ash pollen period (Gastaminza et al., 2005). In these areas,
monosensitized patients to ash pollen allergens were also diag-
nosed (Garcia et al., 2011). Therefore, Ole e 1 could be used as a
biomarker allergen for the diagnosis of Olea and Fraxinus pollen
allergy (Palomares et al., 2006).

Fraxinus flowering strongly depends on meteorological factors,
mainly maximum temperature and rainfall (Jato et al., 2004). The
ash pollen season should start at the end of December, when the
temperature is elevate, but it may be delayed until the end of
January if minimum temperatures below zero are recorded in



246 A. Vara et al. / Environmental Research 147 (2016) 241-248

Table 5

Equations of the Fraxinus pollen (pollen grains/m®) and allergen (ng/m?) concentrations prediction. The Beta is the standardized regression coefficient, S.E. Beta is its
standard error, B is the unstandardized regression coefficient and S.E. B is its standard error.

Pollen forecasting equation

R R? Adjusted R? F D.F p-level S.E.
0.698 0.488 0.484 13712 2.288 <0.000 15.401
Fraxinus pollen (pollen grains/m>)=4.245 +(966.072*Allergen)+( —0.395*Rainfall)
Beta S.E. Beta B SE.B t(288) p-level
Intercepted 4.245 1.158 3.667 0.000
Allergen 0.681 0.043 966.072 60.387 15.998 0.000
Rainfall —0.090 0.043 -0.395 0.186 —-2.120 0.035
Allergen forecasting equation
R R? Adjusted R? F D.F p-level S.E.
0.705 0.498 0.494 1424 2.288 <0.000 0.011
Allergen (ng/m>)=0.0095 + (Fraxinus pollen*0.0005)+ (Maximum Temperature*0.0004)
Beta S.E. Beta B SE. B t(288) p-level
Intercepted 0.009 0.002 4.614 0.000
Pollen 0.694 0.042 0.0005 0.000 16.617 0.000
Max. temp. —0.134 0.042 —0.0004 0.000 —~3.200 0.002
015 related with the presence of the Fraxinus pollen in the air. Studies
0125 == Allergen (ng/m3) across EuFope showed the birch pollen is the main source of its
—— Estimated allergens in the atmosphere as they are only detected in the same
0.1 fraction of the cascade samplers than pollen grains (Buters et al.,
. 2012). Besides, the PCAs plot shows a relationship between pollen
?ED 0.075 and allergens with the wind. Some studies conducted in the
< Southern part of the Iberian Peninsula highlights the role of the
0.05 wind facilitating its dispersion (Silva Palacios et al., 2000). High-
0.025 potency olive pollen was transported over 400 km to areas with
low-potency pollen, where results in > 40% of the yearly exposure
0 Al (Galan et al., 2013).
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Fig. 4. Fraxinus pollen and allergen (in areas) and predicted values by the models
(in lines).

December and/or early January (Jato et al., 2004). The correlation
analysis between the Fraxinus pollen or the allergen concentra-
tions and the main meteorological parameters varied along the
years of the study as consequence of the strong meteorological
inter annual differences observed during the winter period. Con-
sidering the complete data set, the correlation analysis showed
high negative Spearman correlation coefficient between pollen
content or allergen concentration and maximum temperature or
rainfall. The unusual amount of total annual pollen grains ob-
served in 2012 was consequence of the practically absence of rain
registered during the APS, whereas the lower total amount of
pollen observed in 2011 was produced by the high rainfall and
lower temperatures registered during the Fraxinus APS. Similar
results using Principal Component analysis have been reported by
Garcia-Mozo et al. (2008) for Olea europea and Gonzalez-Parrado
et al. (2009) for Alnus, noting that temperature and rainfall were
the parameters that best explained the distribution of pollen. The
PCAs plot indicated that allergen concentrations are strongly

In order to forecast the Fraxinus allergy risk periods, two re-
gression equations were developed. The adjusted R? values ranged
around 0.48-0.49. The observed data fitted the graphical re-
presentation of the predicted values by the equations. The t-test
for dependent samples shows no significant differences between
estimated and observed data at the 95% level.

The Spanish Aerobiology Network established the Fraxinus
pollen threshold of allergenic risks in three categories (Galan et al.,
2007): Low (1-30 grains/m3), Moderate (31-50 grains/m3) and
High (> 50 grains/m>). The use of the regression equations al-
lowed us to calculate the corresponding aeroallergen allergy risk
threshold concentrations: Low (0.000-0.024 ng/m>), Moderate
(0.025-0.034 ng/m?), High ( > 0.034 ng/m3). Both results help us
to know the real number of risk days for the sensitized people as
during the last years some authors (D’Amato, 2007) have observed
the time of pollen exposure and the time when symptoms exist
often do not coincide. Most recent studies have noted some dis-
cordances between the date of pollen and aeroallergen appearance
in the atmosphere (D’Amato et al.,, 2008; Rodriguez-Rajo et al.,
2011). In general, the aeroallergen peaks could be observed before
the presence of pollen in the atmosphere (Cabrera et al., 2002). In
our study the appearance of a first moderate aeroallergen risk
event was detected five days before the first pollen peak in 2010.
During this year 6 days with pollen allergy risk events has been
found, nevertheless 18 days with aeroallergens allergy risk were
detected (mainly twelve consecutive days from 22 of January to
2 of February). Studies conducted in Southern Spain also revealed
yearly allergen exposure 3 times higher than pollen exposure; this
effect would go unnoticed if only pollen was counted (Galan et al.,
2013). In addition, some studies suggested that rainy episodes
during the previous days of the atmospheric pollen peak con-
centrations could produce an increase of the aeroallergen
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concentrations (D’Amato et al., 2007; Grote et al., 2003; Knox,
1993). The 2013 maximum daily aeroallergen peak was registered
after previous rainfall episodes occurred two days before. More-
over, after short episodes of rain, pollen grains are deposited in
different surfaces, and under these wet conditions, suffered a hy-
dration that releases the allergenic proteins to the atmosphere
(Moreno-Grau et al., 2006). When the 2011 Fraxinus APS was al-
most finishing under low pollen values, an aeroallergen peak with
moderate risk of allergy was observed after four little rainfall
episodes. Solomon et al. (1983) describe the violent expulsion of
proteins resulting from the osmotic pressure and strong environ-
mental evaporation during the following hours leads to rapid at-
mospheric dispersion of submicronic particles. These results show
us the importance of the combination of pollen counts and aero-
allergen quantification to investigate allergic respiratory diseases.

From a practical point of view, we consider that it is necessary
to include a pollen extract of the Oleaceae family in the routine
analytical prick-tests for the diagnosis of patients with sensitiza-
tion to Oleaceae in areas where there is no olive pollen influence
(Hrabina et al., 2007). There is evidence for high sensitization rates
to ash in the Mediterranean-temperate borderlines (Guerra at al.,
1995), possibly reflecting cross-reactivity in primary allergy to
olive pollen (Hemmer et al., 2000). The combination of the pollen
and allergen quantification must be assessed to reliably estimate
the exposure of allergic people to allergens.
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