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• Amaranthaceae is a specially adapted
taxon to arid climates.

• Amaranthaceae pollen is the second
cause of respiratory allergy in arid SE
Spain.

• In summer/autumn the pollen counts of
Amaranthaceae are important in arid SE
Spain.

• New climate scenarios lead to the wide-
spread of Amaranthaceae in arid zones.
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Species of theAmaranthaceae family are abundant in the Southeast of Spain, one of the driest areas in Europe. The
Amaranthaceae include species of interest from the point of view of allergic diseases.With the expansion of arid-
ity, many species belonging to this family will be favoured. The objectives of this study were: first, to define the
prevalence of sensitization to Amaranthaceae pollen in allergic patients in the Southeast of Spain; second, to pres-
ent the aerobiological features of this taxon; and, finally, to demarcate those periods of increased risk of suffering
allergic symptoms with the aim of improving the diagnosis and prevention of hay fever. Skin prick tests with ex-
tracts of pollenwere performedonpatientswith symptoms of respiratory allergy referred for consultation for the
first time in Almería and Murcia. Samples of the atmospheric bioaerosol were taken using a Lanzoni VPPS 2000
volumetric sampler, samples treatment and subsequent counts being carried out according to the methodology
approved by the Spanish Aerobiological Network. The statistical significance of the correlation between aerobio-
logical andmeteorological data from this arid region in 2010–2014was determined. The aerobiological study re-
vealed the presence of two distinct peaks responsible for pollen symptoms. The flowering of this taxon is
especially noteworthy in the city of Cartagena, where it supposes 94% of the total pollen collected in these
periods. This situation converts Amaranthaceae pollen in the second leading cause of hay fever in the Southeast
of Spain. With the expansion of aridity, an increase in the presence of these species is expected. Bearing in
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mind their prevalence in the spring and summer/autumn periods and their extensive presence in the
bioaerosol, this makes data from Southeastern Spanish a benchmark with respect to the aerobiology of this
type of pollen.

© 2017 Published by Elsevier B.V.
1. Introduction

Hay fever or pollinosis is a disease with an environmental aetiology
whose impact is related to well documented symptoms for the respira-
tory system. Although this disease was clinically and aetiologically de-
scribed in the 19th century, there is abundant information on its
occurrence since the Middle Ages (Pelta Fernández, 2005). The preva-
lence of seasonal allergic rhinitis is estimated to reach between 10%
and 25% among the general population, with an increasing trend in re-
cent decades (Navarro et al., 2009). The diagnosis of hay fever usually
entails the following sequence: a detailed clinical history of the patient
and the corresponding physical examination; the suspicion of a causal
relationship between symptoms and exposure to allergens; and, finally,
confirmation of the clinical suspicion by means of prick tests (Sánchez-
Borges et al., 2011).

Inhalingpollen of the taxonAmaranthaceae is amajor cause of respi-
ratory allergy in the Midwest and Western United States, North Africa,
the Mediterranean area (Villalba et al., 2014) and some Arabian coun-
tries (Al-Dowaisan et al., 2004; Assarehzadegan et al., 2009). The first
case of a patient sensitized to Amaranthaceae was reported in Arizona
in 1993 (Carnés et al., 2003). In Spain, these plants are widely found
in the Southeast (Ferrer et al., 2010) and the Ebro Valley (Colás et al.,
2005; Ferrer et al., 2012).

According to the Cronquist system (Cronquist, 1981),
Chenopodiaceae and Amaranthaceae were considered two separate
families. However, based on phylogenetic studies of molecular charac-
teristics, taxonomists nowadays classify what was termed
Chenopodiaceae as a subfamily of Amaranthaceae. Hence, the correct
name of the family from the botanical point of view is Amaranthaceae
(Bremer et al., 2009; Pérez-Badia, 2015). Nonetheless, some botanists
believe that the merging of these two families is unclear (Kadereit and
Freitagt, 2011; Pérez-Badia, 2015).

The family Amaranthaceae includes N2000 species (Stevens, 2001).
Overall, it comprises annual or perennial grasses that are well repre-
sented in the Southeast of Spain due to the optimumconditions they en-
counter in arid and semiarid climate zones. They are also found in
special habitats such as halophyte areas, salt marshes, gypsum forma-
tions, and the like.

In the Region ofMurcia, 19 genera (58 species) can be found to occur
naturally, while 17 genera (43 species) can be found in Almería (Anthos,
2016). Among these, the following may be highlighted (Castroviejo,
1986–2012) for their botanical (Pérez-Badia, 2015) and clinical
(Huertas, 2013) importance:

Genus Salsola: S. opossitifolia Desf., S. genistoides Juss. ex Poir., S. kali
L., and S. soda L., which abound in scrubland on loamy, alkaline or
subsaline soils, halophyte plants called almarjo or barrilla that at one
time served as raw material for the production of carbonates and soda.

Genus Chenopodium: Ch.murale L. and Ch. album L., typically found in
ruderalized areas, roadsides, abandoned fields and walls.

Genus Atriplex: A. halimus L. and A. glauca L., found in sandy and clay
soils with salinity.

Genus Salicornia: S. ramosissima Woods, typically found in coastal
waterlogged salt marshes and salt flats and inland brackish or saline
lagoons.

Genus Halimione: H. portulacoides (L.) Aellen, found in marshes and
flooded coastal land.

Genus Amaranthus: A. muricatus (Moq.) Hieron. and A. viridis L.,
which are found in nitrophilous, roadside, ruderal and cropland
communities.
B., et al., Aerobiological impor
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There are also genera that are grown for their agronomic (Beta,
Spinacia, etc.) or ornamental (Amaranthus, Celosia, etc.) value
(Cariñanos et al., 2014).

All species of Amaranthaceae share the same pollen type. They are
pantoporate, with N20 pores, which are non-polar, radially symmetri-
cal, spherical and small to medium in size (20–29 μm in diameter)
(Galán Soldevilla et al., 2008; Pérez-Badia, 2015). The number of pores
distributed over the surface can vary from 30 to 60, presenting a diam-
eter of 2 to 3 μm. The apertural membrane is covered with numerous
granules and spikes. The exine is 2 to 3 μmthick, with a rugulate-scabrid
or echinulate surface. They present a complete tectum and columellar
infratectum (Candau, 1987).

The biogeographical delimitation of the area of Almería and Murcia
(Alcaraz et al., 1991; Rivas-Martínez, 1987) to the subsector level corre-
sponds to the following hierarchy: Boreal Kingdom;Mediterranean Re-
gion; Western Mediterranean Subregion; Mediterranean-Ibero-
Levantine Superprovince; Murcian-Almerian Province.

Although pollen grains can be transported over long distances
(Moreno-Grau et al., 2016), the amount collected at any aerobiological
monitoring point depends largely on the nearby plant biomass,
reflecting the qualitative and quantitative content of the characteristics
of bioclimatic areas modified by anthropogenic factors. Moreover, the
production of pollen grains is regulated by both intrinsic and extrinsic
factors (Cariñanos et al., 2014). Among these, environmental factors
are to be highlighted, with temperatures and rainfall being of special
importance (Cariñanos et al., 2004; Fernández-Montes and Rodrigo,
2015).

As the area under study corresponds to one of the driest in Europe,
many genera of this family find it to be an ideal habitat for their devel-
opment. Their presence in the area facilitated the development of a
major industry and hence many species were cultivated in the past. It
should not be forgotten that many of the plants known locally as
barrillas or almarjos (Halimione portulacoides (L.) Aellen, sea purslane;
Sarcocornia fruticosa (L.) A.J. Scott, saltwort, samphire;Halogeton sativus
(Loefl. ex L.) Moq., Alicante barrilla; and Salsola soda L., opposite-leaved
saltwort) constituted the raw material for obtaining carbonate before
the 19th century, besides being an important source of wealth
(Moreno-Grau, 2006).

From a clinical point of view, the most relevant genera of the family
Cupressaceae in the Mediterranean area are Salsola and Chenopodium
(Villalba et al., 2014). The aetiological diagnosis of hay fever is per-
formed via prick tests employing aeroallergen extracts. At present, the
pharmaceutical industry provides standardised extracts of Salsola and
Chenopodium. To the best of our knowledge, nine allergens have been
identified in Amaranthaceae, three of which are due to Chenopodium
album L., five to Salsola kali L., and one to Amaranthus retroflexus L.
(Villalba et al., 2014). As the Amaranthaceae pollen type is usually
found in low concentrations when numerous pollen counts are carried
out, the role of these allergens as the cause of hay fever has been
questioned (Moral de Gregorio et al., 2016). Nevertheless, their low
concentration in air is sufficient to produce high skin sensitization
(Pola Pola et al., 1998). This pollen type is becoming increasingly impor-
tant in those regions where climate change is extending the desertifica-
tion process. The rapid spread of these plants and their adaptation to
hydric stress may explain this trend (Mas et al., 2015).

This paper presents the results of skin prick tests performed on pa-
tients with respiratory allergy symptoms conducted in the cities of
Almería and Murcia, together with the aerobiological characteristics of
the taxon Amaranthaceae in the cities of Almería, Cartagena andMurcia.
tance and allergic sensitization to Amaranthaceae under arid climate
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The study focuses on the aerobiology of the taxon Amaranthaceae in the
three cities and the importance of summer/autumn flowering in the
geographical area under study.

2. Methods

Skin prick tests were performed with the following pollen extracts:
Olea, Chenopodium (Ch. album), Salsola (S. kali), Poaceae, Cupressaceae,
Artemisia, Parietaria, and Platanus (Stallergenes, ALK-Abelló), on pa-
tients with respiratory allergy symptoms, referred for an allergy consul-
tation for the first time. In Almería, these included patients referred to
the clinic of Dr. Zapata Yébenes between January 2010 and December
2014. In the Region of Murcia, the sample included patients referred
for an allergy consultation to the Reina Sofía General Hospital, in the
city of Murcia, between January 2013 and April 2015. This hospital is
the reference centre for Health Area VII (which covers the areas of
Beniel, Llano de Brujas, Murcia-El Carmen, Murcia-Alquerías, Murcia-
Beniaján, Murcia-Infante, Murcia-Monteagudo, Murcia-Puente Tocinos,
Murcia-Vistabella and Santomera), which covers a population of
202,000 people.

In relation to the Amaranthaceae family, the aim of this paper, the
pollen extracts for Chenopodium album and Salsola kali included the al-
lergens Che a 1, Che a 2 and Che a 3; Sal k 1, Sal k 2, Sal k 3, Sal k 4
and Sal k 5, respectively.

As regardsmeteorological data, temperature and rainfall in the three
cities was provided by the Spanish Meteorological Agency (AEMET).

Aerobiological data were obtained in the city of Almería and from
the Region of Murcia Aerobiological Network by means of three Hirst-
type volumetric samplers with a suction volume of 10 L/min, located
in the cities of Almería (coordinates: 36° 50′ N 2° 52′ W), Cartagena
(37° 36′ N 0° 58′W) and Murcia (37° 59′ N 1° 7′W), during the period
2010–2014. The device has a drum which rotates at 2 mm/h over
Melinex® tape coated with a silicone-based adhesive onto which parti-
cles rangingbetween 1 and 100 μmadhere (Galán et al., 2007). This tape
was sliced into 48-mmstrips in the laboratory, each strip corresponding
to the 24 h of each day of weekly sampling. Subsequently, each daily
fraction was mounted with glycerogelatin on slides for observation
under the microscope. Aerobiological counts were conducted following
themethodology approved by the Spanish Aerobiology Network (Galán
et al., 2007) and the Aerobiology Committee of the Spanish Society of
Allergology and Clinical Immunology (Subiza, 2007).

The statistical study of aerobiological and meteorological variables
was performed using the SPSS 24.0 statistical package (IBM® 2016).
Data on maximum, minimum and average daily temperatures and
daily rainfall were employed in the study. In addition, the variables
were recoded according to meteorological stations, creating a new file
Fig. 1. Percentage of skin sensitization. Prov
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containing counts of the taxon Amaranthaceae and rainfall per season,
including rainfall with a lag of 1 (data from the prior season), 2 (data
from two seasons earlier) and 3 (data from three seasons earlier) as
new variables. To ascertain whether the variables in this study fit a nor-
mal or a log-normal distribution, the Kolmogorov-Smirnov or Shapiro-
Wilk tests were implemented, depending on the sample size. The Pear-
son correlation coefficient is provided for normal and log-normal distri-
butions; otherwise, the Spearman correlation coefficient is given.
3. Results

It was found in the skin prick tests that (Fig. 1), out of a total of 682
patients tested in the Province of Almería during the study period, 44%
showed sensitization to Chenopodium and 43% to Salsola, the second
and third leading causes of sensitization after olive pollen. Thirteen
(2%) of these patients were found to be monosensitized to this pollen
type, being sensitized both to Chenopodium and Salsola.

Out of a total of 2190 patients in the Region ofMurcia, 42%were sen-
sitized to Salsola and 22% to Chenopodium, Salsola being second in im-
portance after olive pollen. Among patients sensitized to
Amaranthaceae in Murcia, 144 (6.6%) were monosensitized to this
taxon, of which 87 (4.0%) were sensitized to Salsola, 29 (1.3%) to
Chenopodium, and 28 (1.3%) to both.

In addition to published values for the average annual temperature
in the series of historical records for the three cities, Table 1 shows the
average annual values obtained from the data supplied by AEMET for
the period 2010–2014 and the average value for the period under
study. As AEMET records for Cartagena exist from 1993, the average
for the period 1993–2014 is also included in the table. This table also
shows the following rainfall data: average annual rainfall values pub-
lished for the three cities, annual values of rainfall from 2010 to 2014,
and average annual rainfall during this period. For Cartagena, the table
similarly includes the average annual rainfall for the period 1993–2014.

Fig. 2 shows the daily values of counts of Amaranthaceae, total pol-
len and rainfall in the cities of Almería, Cartagena andMurcia for the pe-
riod 2010–2014.

Calculating the percentage of annual Amaranthaceae counts versus
the total annual pollen count, the average value is 8.7% for Almería,
ranging from 6.4% in 2013 to 13.7% in 2011; 19.2% for Cartagena, rang-
ing from 17.9% in 2011 to 20.9% in 2013; and 7.1% for Murcia, ranging
from 5.3% in 2013 to 8.3% in 2012. Table 2 gives the semi-annual pollen
counts (accumulated pollen grains of the pollen type per half year) of
Amaranthaceae and the total semi-annual pollen count (accumulated
pollen grains per half year) for the three cities in each of the years
2010 to 2014.
ince of Almería and Region of Murcia.
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Table 1
Average temperatures (°C) and annual precipitation (L/m2) in the period 2010–2014 in
Almería, Cartagena and Murcia.

Year Almería Cartagena Murcia

Average temperatures
Published averages 17.9a 17.3b 17.6c

Average AEMET data – 18.8 (1993–2014) –
2010 17.8 18.0 18.4
2011 18.6 19.9 19.6
2012 18.2 18.5 19.3
2013 19.1 18.8 19.3
2014 19.4 19.4 20.1
Average 2010–2014 18.6 18.8 19.3

Rainfall

Published averages 196a 231b 285c

Average AEMET data – 249 (1993–2014) –
2010 353 330 458
2011 161 195 131
2012 178 164 265
2013 139 171 231
2014 106 172 187
Average 2010–2014 187 205 255

a El Clima en Almería, 2016. http://www.andalucia-web.net/clima_almeria.htm
(accessed 19.02.16).

b CapelMolina, J.J., 1986. El clima del territorio de Cartagena, in:Mas, J. (Ed.), Historia de
Cartagena. Ediciones Mediterráneo, Murcia pp. 174 and 177.

c González Ortiz, J.J., Sánchez Sánchez, J., 1980. La diversidad del espacio regional, in:
GonzálezOrtiz, J.J. (Ed.), Geografía de la Región deMurcia. EdicionesMediterráneo,Murcia
pp. 350–351.
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Fig. 3 shows the average daily counts of Amaranthaceae and total
pollen counts in Cartagena for the period 2010–2014. Between days
233 and 275 (20 August and 1 October), the percentage of
Amaranthaceae versus the total pollen count was 74% for Almería, 94%
for Cartagena and 75% for Murcia.

The variables checked in the statistical study do not fit a normal dis-
tribution. Some of them do fit this pattern, however, after applying log-
arithms, though this is not the case for the pollen counts of the taxon
Amaranthaceae. Consequently, the Spearman correlation coefficient
was employed, showing (Table 3A):

a) A positive and significant correlation at the 99% confidence level for
Almería, Murcia and Cartagena between concentrations of
Amaranthaceae pollen and maximum, minimum and average daily
temperatures;

b) A negative and significant correlation at the 99% confidence level in
all three cities with rainfall.

On studying the correlations between concentrations of
Amaranthaceae and rainfall by meteorological stations (Table 3B), a
negative correlation is found for the three cities with rainfall in the
same season, although the sign changes to positive for rainfall data
from prior seasons, with variable levels of statistical significance:

a) No statistically significant correlation was found for Murcia.
b) Statistically significant correlations were found for Cartagena and

Almería. In the case of Almería, it reached the 99% confidence level,
for data from two seasons earlier. In Cartagena, the correlation be-
tween Amaranthaceae and rainfall data from two seasons earlier
was significant at the 95% confidence level.

However, when this correlation is performed for each meteorologi-
cal station and rainfall data from previous seasons, it can be seen that
the concentration of Amaranthaceae in the city of Cartagena (Table
3C) in summer has a positive and significant correlation at the 95% con-
fidence level with the rainfall recorded in spring and winter. This corre-
lation is not found to be statistically significant for any season or rainfall
in the other cities.
Please cite this article as: Elvira-Rendueles, B., et al., Aerobiological impor
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Fig. 4 shows the annual pollen counts for Amaranthaceae in each of
the cities and the trend. This analysiswas repeated for the values of each
flowering and rainfalls, finding negative trends in all cases.
4. Discussion

Skin sensitization in the sample of patients, both in the Province of
Almería and the Region of Murcia, shows Amaranthaceae pollen to be
second in importance after olive pollen. There is clearly greater sensiti-
zation to Salsola than to Chenopodium in the Region of Murcia, the re-
sults being similar for Almería. In a previous study carried out in the
Region of Murcia, it was found that 61% of patients with hay fever
were sensitized to Amaranthaceae, following 63% of patients sensitized
to Oleaceae (Belchí-Hernández et al., 2001). In Toledo, sensitization fig-
ures were 50.3% for Chenopodium album L. and 44.3% for Salsola kali L.
(Moral de Gregorio et al., 2008). In Zaragoza, figures of 42% for
Chenopodium and 35% for Salsola were reported (Pola Pola et al.,
1998). The taxon Amaranthaceae is among the 6 leading causes of aller-
gies in Spain, with 5% sensitizations in Santander (Pola et al., 2009), 8%
in Córdoba (Galán et al., 1989), 50% in Zaragoza, 52% in Ciudad Real, and
58% in Toledo (Pola et al., 2009), with an average prevalence of 31%. In
general, sensitizations between Chenopodium and Salsola are greater
than or equal to those to Chenopodium (Pola et al., 2009), as found in
Almería. Only in Madrid does the opposite occur, with 35% of positive
skin reactions to Salsola compared to 30% to Chenopodium (Pola et al.,
2009). These figures are lower than those found in Murcia, where
Salsola accounts for up to 45% of sensitizations and Chenopodium, ap-
proximately 22%. These findings highlight the importance of the taxon
Amaranthaceae, especially throughout Southeastern Spain. Besides,
we believe its importance will grow due to the persistent drought the
area is suffering and may further increase due to foreseeable climate
scenarios, as suggested by other authors (Cariñanos et al., 2014;
Schmidt, 2016; Ziska et al., 2009).

As to those patients monosensitized to the taxon Amaranthaceae,
these comprise between 0 and 5%, depending on the area (Pola et al.,
2009). The percentage of monosensitization in Almería fluctuates
around the reported value (2.0%). In Murcia, however,
monosensitizations exceed 6.5%. The higher percentage of
monosensitization to Salsola (close to 4%) than to Chenopodium is
worth noting. This percentage of monosensitization inMurcia is greater
than that obtained in previous studies, namely 1.7% (Belchí-Hernández
et al., 2001). Also noteworthy is the fact that monosensitized patients in
Almería presented positive skin prick tests to both Salsola and
Chenopodium, whereas patients monosensitized to one or the other
genus coexist in the Region of Murcia, with only 1.3% being sensitized
to both.

In all three cities, the average temperature during the period under
study (2010–2014) was higher than the average values of historical re-
cords (Table 1). This was not the case for the period for which we have
data for Cartagena from the same AEMET station (1993–2014), inwhich
the average temperature coincideswith that of the period 2010–2014. A
number of publications (Fernández-Montes and Rodrigo, 2015;
Gonzalez-Hidalgo et al., 2015) report this pattern, both for Spain in gen-
eral and for the Southeast of the Iberian Peninsula in particular, where it
is statistically significant at the 95% confidence level for the studied
areas (Fernández-Montes and Rodrigo, 2015; Gonzalez-Hidalgo et al.,
2015).

As for rainfall, all the data we managed show lower average annual
values in the study period than historical records, all of which were
below the 300-mm isohyet, corresponding to arid zones (Table 1). In
fact, during the period under study, annual rainfall above 300 mmwas
only recorded in the three cities in 2010. This decrease in rainfall has
also been previously demonstrated (Del Río et al., 2011;
Fernández-Montes and Rodrigo, 2015). In these studies, the decrease
in rainfall in summer was found to be statistically significant.
tance and allergic sensitization to Amaranthaceae under arid climate
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Fig. 2. Daily Amaranthaceae (grains/m3, blue line) and total pollen counts (grains/m3, red dotted line) in the period 2010–2014 and daily rainfall (dL/m2, green bars). A) Almería B)
Cartagena C) Murcia. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Of the three cities, Almería is the one with the lowest pollen counts
and the lowest annual values for Amaranthaceae pollen, although the
percentage with respect to the total is somewhat higher than for Mur-
cia. The city with the highest pollen counts is Murcia. However, as
regards Amaranthaceae pollen, the city where this pollen type is
found in the highest percentages is Cartagena. As shown in Figs. 2 and
3, although different taxa of Amaranthaceae pollinate for most of the
Please cite this article as: Elvira-Rendueles, B., et al., Aerobiological impor
conditions, Sci Total Environ (2017), http://dx.doi.org/10.1016/j.scitotenv
year (Fernández-Illescas et al., 2010), there are two times of the year
when levels are higher, one in spring and the other in summer/autumn,
coinciding with the onset of symptoms in the population.

In Almería, the first flowering is more important in quantitative
terms than the second (Table 2). However, the peak day may occur ei-
ther in the first flowering (2010) or in the second (in the remaining
years, although the peak day in 2013 presents the same amount in
tance and allergic sensitization to Amaranthaceae under arid climate
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Table 2
Peak date, peak count, counts for each flowering of Amaranthaceae, total pollen counts in the same period and % Amaranthaceae (Amar) versus total pollen counts in the three cities.

First half of the year Second half of the year

Peak
date

Peak date
count
grains/m3

Amar flowering,
grains/m3

Total,
grains/m3

% Amar versus
TPC

Peak
date

Peak date count
grains/m3

Amar flowering,
grains/m3

Total,
grains/m3

% Amar
versus
TPC

Almería
2010 3 May 44 834 11,465 7.27 8 Sept 27 231 963 23.98
2011 19 Apr 32 584 5943 9.82 2 Sept 39 353 908 38.87
2012 20 May 20 371 5965 6.21 7 Sept 26 313 739 42.35
2013 13 Apr 32 609 13,091 4.65 11 Sept 32 279 829 33.65
2014 6 June 13 415 8084 5.13 7 Sept 42 239 761 31.40

Cartagena
2010 4 May 58 906 14,715 6.16 11 Sept 315 2813 4587 61.33
2011 29 Apr 35 744 14,558 5.11 12 Sept 213 2496 3519 70.93
2012 24 Apr 44 775 13,359 5.80 6 Sept 246 2327 3615 64.37
2013 1 June 32 786 12,944 6.07 11 Sept 301 2806 4240 66.18
2014 15 June 14 391 7155 5.46 9 Sept 171 1629 2985 54.57

Murcia
2010 29 Apr 60 1004 23,984 4.19 16 Sept 74 1086 9145 11.88
2011 27 Apr 54 1507 29,100 5.18 4 Sept 102 1249 9132 13.68
2012 26 Apr 87 1680 21,855 7.69 11 Sept 37 644 6237 10.33
2013 8 May 32 658 13,337 4.93 5 Sept 17 320 4962 6.45
2014 19 Apr 46 848 12,436 6.82 12 Sept 27 602 5908 10.19
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both the first and secondflowering). Even so, the percentage of this pol-
len with respect to the total pollen count is greater in the second
flowering, exceeding 20% in each year. In the first flowering, the peak
day occurs between 13 April and 6 June. The peak day of the second
flowering occurs within a narrower period, between 2 and 11
September.

Contrary to what occurs in the other two cities, the second peak in
Cartagena is much more pronounced than the first, when the pollen
counts between 20 August and 1 October reaches over 90% of the total
pollen count. The peak day always occurs in the second flowering. The
maximum peak of the first flowering occurs between 24 April and 15
June, that of the second in a narrow time frame, as in the case of Almería,
namely between 6 and 12 September. During the second peak in
Fig. 3. Average daily Amaranthaceae (solid blue line) and total pollen (discontinuous red line) c
to colour in this figure legend, the reader is referred to the web version of this article.)
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Cartagena, Amaranthaceae is practically the only pollen type in the
atmosphere, so it will have a very significant impact on the health
of sensitized individuals. In all three cities, the importance of this
taxon in the summer/autumn is noteworthy, with the most sensi-
tized patients to Amaranthaceae usually presenting symptoms at
this time of year.

In Murcia, the first major flowering is also more important in quan-
titative terms than the second, the peak day being observed in the sec-
ond flowering for the years 2010 and 2011. As in Almería, the
percentage with respect to the total pollen count is higher for the sec-
ond peak than for the first, although its relative importance in both
cases is lower than in Cartagena. The appearance of the maximum
peak in the first flowering occurs between 19 April and 8 May, with
ounts in the period 2010–2014, grains/m3. Cartagena. (For interpretation of the references
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Table 3
Spearman correlation coefficients: A) versus Amaranthaceae pollen counts (APC) and the
maximum (Tmax), minimum (Tmin) and average (Tmean) temperature. B) versus
Amaranthaceae pollen counts and rainfall bymeteorological station and data from rainfall
for prior stations. APC_S: Amaranthaceae pollen counts in a station; Rainfall_S: rainfall in
the same station of APC_S; Rainfall_S1 rainfall in the prior station of APC_S; Rainfall_S2:
rainfall in two seasons earlier to APC_S. C) versus Amaranthaceae pollen counts (APC_S)
in a station and rainfall in the prior station and in two seasons earlier.

A)

APC Tmax Tmin Tmean Rainfall

Almería 0.364⁎⁎ 0.381⁎⁎ 0.323⁎⁎ −0.164⁎⁎

Cartagena 0.508⁎⁎ 0.492⁎⁎ 0.506⁎⁎ −0.152⁎⁎

Murcia 0.516⁎⁎ 0.477⁎⁎ 0.512⁎⁎ −0.099⁎⁎
⁎⁎Significance level 99%, p-value b0.01.
B)

APC_S Rainfall_S Rainfall_S1 Rainfall_S2

Almería −0.363 0.339 0.713⁎⁎

Cartagena −0.410 0.007 0.510⁎

Murcia −0.229 0.035 0.346
⁎Significance level 95%, p-value b 0,05; **Significance level 99%, p-value b 0.01.
C)

Cartagenaa

APC_S Rainfall_S1 Rainfall_S2

Spring 0.600 −0.100
Summer 0.900⁎ 0.900⁎

Autumn −0.400 −0.100
Winter 0.359 −0.667
⁎Significance level 95%, p-value b 0,05; aAlmería and Murcia are not shown as no
significant correlation was found for these cities.
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the second flowering once again occurring within a narrow time frame,
namely between 4 and 16 September.

The majority of published studies on this pollen type do not include
separate analyses of the two flowerings. Moreover, this taxon is report-
ed to be present in the air for a longer period, ranging from spring to au-
tumn, despite the finding that the maximum peak day occurs in spring
or summer. In Palma de Mallorca, for example, the peak occurred prior
to 20 May in the period 2004–2009 and on 29 August in 2010 (Boi and
Llorens, 2013). In Salamanca, it occurred on 17 June 2000 and after 24
July from 2001 to 2007, transpiring on 8 September in 2004
(Rodríguez de la Cruz et al., 2012). Only the paper by Fernández-
Illescas et al. (2010) reports two peaks in the aerobiological data of
this pollen type in a study conducted in the marshes of Huelva. In
2006 and 2007, these authors found maximum peak values of 36 and
Fig. 4. Annual Amaranthaceae pollen counts in Almería, Cartagena and Murcia in the period 2
points. (For interpretation of the references to colour in this figure legend, the reader is referre

Please cite this article as: Elvira-Rendueles, B., et al., Aerobiological impor
conditions, Sci Total Environ (2017), http://dx.doi.org/10.1016/j.scitotenv
19 grains/m3 for the first flowering and 62 and 49 grains/m3 for the
second.

The literature reports lower values of concentrations of this taxon
than those present in the cities of Almería, Cartagena andMurcia. For
example, maximum values of 100 grains/m3 air were recorded in
Málaga and Almería (Recio et al., 2006), a concentration greatly
surpassed in the bioaerosol concentration in Cartagena in the sum-
mer/autumn flowering. Peak day maximums of 31 grains/m3 have
been reported in Palma de Mallorca (Boi and Llorens, 2013) and
22 grains/m3 in Salamanca, with annual counts ranging between
64 pollen grains/m3 in 2000 and 474 grains/m3 in 2005 (Rodríguez
de la Cruz et al., 2012).

Moreover, the aforementioned studies highlight the low percentage
of this taxon with respect to the total annual pollen count: 1.6% in a
multicentre study in Spain (Pola et al., 2009), 1.5% in Castile-LaMancha,
except in Albacete, where values above 5% of the total pollen countwere
recorded (Pérez-Badia, 2015), the same percentage as that reported for
Zaragoza (Pola Pola et al., 1998). Despite the high degree of skin sensi-
tization,with a significant incidence of polysensitized patients, it should
be recalled that monosensitizations of between 0 and 5% have been re-
ported depending on the area (Pola Pola et al., 1998).

In view of the results presented and discussed above,we believe that
to assess the aerobiological importance of this taxon properly, the anal-
ysis should not be performed on the annual total count. Rather, consid-
ering the pattern presented in Figs. 2 and 3 and Table 2, the periods
corresponding to the two upsurges in concentrations should be ana-
lyzed separately. In general, the first peak shows a smaller percentage
with respect to the total pollen count, sharing the period with many
other types of springflowering pollen and contributing to the total aller-
gen load in the bioaerosol. Its presence is important, nonetheless, given
the high incidence of polysensitized patients and the possibility of
cross-reactivity (Villalba et al., 2014).

However, the prevalence of this taxon in the summer/autumn peri-
od is indisputable in this geographical area. This peak represents N10%
with respect to the total pollen count in all three cities. Furthermore,
when this analysis is performed for the specific period corresponding
to this peak, between 20 August and 1 October, the percentages rise
above 70%, especially in the city of Cartagena, where a value of 94% of
the total pollen count is reached. We thus believe that, in a patient pre-
senting positive skin prick tests to Amaranthaceae who does not have
symptoms in late summer, the reaction is more likely due to cross-reac-
tivity or subclinical sensitization, rather than to major sensitization to
this pollen type. Those patients who are actually sensitized to
010–2014 and trend (Almería, blue; Cartagena, red; Murcia, green) at the three sampling
d to the web version of this article.)
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Amaranthaceae will present symptoms in the summer/autumn period
due to its prevalence in the area under study.

It is markedly present in both periods, as polysensitizations are very
common in the study area. Hence, all the taxa present in the atmosphere
should be known in order to ensure proper diagnosis and treatment.

In all three cities, a decrease in Amaranthaceae pollen countswas re-
corded during the period under study for the flowering in both the first
part of the year and in the second. The slope of the trend line is almost
the same for Cartagena and Murcia, being much lower than for the
city of Almería.We believe that this decrease in concentrations is direct-
ly related to the low rainfall recorded in the study area during the period
2010–2014. Adverse conditions give rise to physiological strategies that
lead to minimizing reproductive functions to a degree still compatible
with life, adapting to the availability of water, hydric stress being one
of the factors affecting the normal development of plants. Such a situa-
tion results in a substantial reduction in pollen counts (Cariñanos et al.,
2004).

Analysis of the correlation between the concentrations of the taxon
Amaranthaceae and maximum, minimum and average daily tempera-
tures shows a positive relationship between these variables. That is, an
increase in temperature tends to increase the Amaranthaceae pollen
count in the atmosphere, a pattern which has been reported in other
studies (Emberlin, 1994; García-Mozo et al., 2006; Moreno-Grau et al.,
2000; Rodríguez de la Cruz et al., 2012), being statistically significant
at the 99% confidence level in all three cities. The pattern as regards rain-
fall also coincides with that reported by various authors (Cariñanos et
al., 2004; Moreno-Grau et al., 2000), where it is explained as the wash-
ing effect of rain, leading to a decrease in the concentrations of airborne
pollen. However, this correlation is not usually found to be statistically
significant, though it was found to be so in the three cities.

The second effect of rainfall is to increase the plant biomass, produc-
ing an increase in lagged pollen levels over time. This effect is harder to
evidence as the correlation is not usually statistically significant. In
order to verify this effect, the Amaranthaceae and rainfall variables
were grouped bymeteorological stations, finding a negative correlation
with rainfall at the same station, but a positive correlation with rainfall
data from previous seasons. The correlation was statistically significant
at the 95% confidence level with rainfall data from the two previous sea-
sons for Cartagena, and at the 99% confidence level with two seasons
earlier in Almería, thus showing the favourable influence of prior rainfall
on pollen levels (García-Mozo et al., 2006). A positive effect of rainfall is
observed in Cartagena for the concentration of Amaranthaceae in sum-
mer and recorded rainfall during the previous spring and winter, being
statistically significant at the 95% confidence level.

Some authors have already highlighted the possibility that the
modification of environmental conditions, with changes in the pat-
terns of rainfall distribution and rising temperatures, results in an in-
crease and expansion of xerophyte plant species and individuals
(Fernández-González et al., 2005), which include some of the species
belonging to the Amaranthaceae family (Cariñanos et al., 2014).
Thus, allergies to Amaranthaceae pollen may become prominent in
other geographical areas, approaching the data found in the South-
east of Spain.
5. Conclusions

Amaranthaceae pollen is the second leading cause of hay fever in the
Southeast of the Iberian Peninsula. Its aerobiology shows the impor-
tance of spring flowering due to its contribution to the overall allergen
load in thebioaerosol. However, it is especially prevalent in summer/au-
tumn, a period in which it is found practically alone in the bioaerosol or
at significant proportions of above 70%, depending on the specific area,
such as in Cartagena. The situation of persistent drought in the area dur-
ing the period under study justifies the quantitative decrease produced
in aerobiological records of this taxon.
Please cite this article as: Elvira-Rendueles, B., et al., Aerobiological impor
conditions, Sci Total Environ (2017), http://dx.doi.org/10.1016/j.scitotenv
The foreseeable increase and expansion of Amaranthaceae makes
the data from Southeastern Spain a benchmarkwith respect to the aero-
biology of this type of pollen.
Acknowledgements and funding

The authors wish to express their thanks to Ms. Paula García López,
Region of Murcia Aerobiological Network technician; the Fundación pa-
ra la Formación e Investigación Sanitarias de la Región deMurcia (FFIS),
which funded the Network technician's contract from 2013 to 2014; the
Allergy and Clinical Immunology Service, Reina Sofía Hospital, Murcia,
for the taking of samples carried out in that city; and AEMET, for provid-
ing meteorological data. Anonymous referees are also thanked for con-
tributing to improving the quality of the paper.

References

Alcaraz, F., Sanchez-Gomez, P., de la Torre, A., 1991. Biogeografia de la provincia
Murciano-Almeriense hasta el nivel de subsector. Rivasgodaya 6, 77–100.

Al-Dowaisan, A., Fakim, N., Khan, M.R., Arifhodic, N., Panicker, R., Hanoon, A., Khan, I.,
2004. Salsola pollen as a predominant cause of respiratory allergies in Kuwait. Ann.
Allergy Asthma Immunol. 92, 262–267.

Anthos, 2016. Sistema de información de las plantas de España. CSIC- Fundación
Biodiversidad, Real Jardín Botánico. http://www.anthos.es/ (accessed 19.02.16).

Assarehzadegan, M.A., Sankian, M., Jabbari, F., Noorbakhsh, R., Varasteh, A., 2009. Allergy
to Salsola kali in a Salsola incanescens-rich area: role of extensive cross allergenicity.
Allergol. Int. 58:261–266. http://dx.doi.org/10.2332/allergolint.08-OA-0041.

Belchí-Hernández, J., Moreno-Grau, S., Bayo, J., Elvira, B., Moreno, J., Angosto, J.M., Iniesta,
B., Mora, A., 2001. Pollinosis related to Zygophyllum fabago in a Mediterranean area.
Aerobiologia 17:241–246. http://dx.doi.org/10.1023/A:1011818814840.

Boi, M., Llorens, L., 2013. Annual pollen spectrum in the air of Palma deMallorca (Balearic
Islands, Spain). Aerobiologia 29:385–397. http://dx.doi.org/10.1007/s10453-013-
9288-0.

Bremer, B., Bremer, K., Chase, M.W., Fay, M.F., Reveal, J.L., Bailey, L.H., Soltis, D.E., Soltis,
P.S., Stevens, P.F., 2009. An update of the angiosperm phylogeny group classification
for the orders and families of flowering plants: APG III. Bot. J. Linn. Soc. 161, 105–121.

Candau, P., 1987. Chenopodiaceae-Amaranthaceae. In: Valdés, B., Díez, M.J., Fernández, I.
(Eds.), Atlas Polínico de Andalucía Occidental. Instituto de Desarrollo Regional n° 43,
Excma. Diputación de Cádiz, Sevilla, pp. 103–107.

Cariñanos, P., Galán, C., Alcázar, P., Domínguez, E., 2004. Airborne pollen records response
to climatic condition in arid areas of the Iberian Peninsula. Environ. Exp. Bot. 52:
11–22. http://dx.doi.org/10.1016/j.envexpbot.2003.11.008.

Cariñanos, P., Alcázar, P., Galán, C., Domínguez, E., 2014. Environmental behaviour of air-
borne Amaranthaceae pollen in the southern part of the Iberian Peninsula, and its
role in future climate scenarios. Sci. Total Environ. 470-471:480–487. http://dx.doi.
org/10.1016/j.scitotenv.2013.10.024.

Carnés, J., Fernández-Caldas, E., Marina, A., Alonso, C., Lahoz, C., Colás, C., Lezaun, A., 2003.
Immunochemical characterization of Russian thistle (Salsola kali) pollen extracts. Pu-
rification of the allergen Sal k 1. Allergy 58:1152–1156. http://dx.doi.org/10.1034/j.
1398-9995.2003.00269.x.

Castroviejo, S., 1986-2012. Flora Ibérica. Real Jardín Botánico. CSIC, Madrid.
Colás, C., Monzón, S., Venturini, M., Lezaun, A., Laclaustra, M., Lara, S., Fernández-Caldas,

E., 2005. Correlation between Chenopodiaceae/Amaranthaceae pollen counts and al-
lergic symptoms in Salsola kali mono sensitized patients. J. Investig. Allergol. Clin.
Immunol. 15, 254–258.

Cronquist, A., 1981. An Integrated System of Classification of Flowering Plants. Columbia
University Press, New York.

Del Río, S., Herrero, L., Fraile, R., Penas, A., 2011. Spatial distribution of recent rainfall
trends in Spain (1961–2006). Int. J. Climatol. 31:656–667. http://dx.doi.org/10.
1002/joc.2111.

Emberlin, J., 1994. The effects of patterns in climate and pollen abundance on allergy. Al-
lergy 49, 15–20.

Fernández-González, F., Loidi, J., Moreno, J.C., 2005. Impacts on plant biodiversity. In:
Moreno, J.M. (Ed.), A Preliminary General Assessment of the Impacts in Spain Due
to the Effects of Climate Change. MAGRAMA-UCLM, Madrid, pp. 179–242.

Fernández-Illescas, F., Nieva, J.J., Silva, I., Tormo, R., Muñoz, A.F., 2010. Pollen production of
Chenopodiaceae species at habitat and landscape scale in Mediterranean salt
marshes: an ecological and phenological study. Rev. Palaeobot. Palynol. 161:
127–136. http://dx.doi.org/10.1016/j.revpalbo.2010.03.006.

Fernández-Montes, S., Rodrigo, F.S., 2015. Trends in surface air temperatures, precipita-
tion and combined indices in the southeastern Iberian Peninsula (1970–2007).
Clim. Res. 63:43–60. http://dx.doi.org/10.3354/cr01287.

Ferrer, A., Larramendi, C.H., Huertas, A.J., Pagán, J.A., Andreu, C., García-Abujeta, J.L., López-
Matas, M.A., Carnés, J., 2010. Allergenic differences among pollens of three Salsola
species. Int. Arch. Allergy Immunol. 151:199–206. http://dx.doi.org/10.1159/
000242357.

Ferrer, L., Carnés, J., Rojas Hijazo, B., López-Matas, M.A., Sobrevia, M.T., Colas, C., 2012.
Assessing degree of flowering implicates multiple Chenopodiaceae/Amaranthaceae
species in allergy. Int. Arch. Allergy Immunol. 158:54–62. http://dx.doi.org/10.1159/
000330105.
tance and allergic sensitization to Amaranthaceae under arid climate
.2017.01.119

http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0005
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0005
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0010
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0010
http://www.anthos.es/
http://dx.doi.org/10.2332/allergolint.08-OA-0041
http://dx.doi.org/10.1023/A:1011818814840
http://dx.doi.org/10.1007/s10453-013-9288-0
http://dx.doi.org/10.1007/s10453-013-9288-0
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0035
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0035
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0040
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0040
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0040
http://dx.doi.org/10.1016/j.envexpbot.2003.11.008
http://dx.doi.org/10.1016/j.scitotenv.2013.10.024
http://dx.doi.org/10.1034/j.1398-9995.2003.00269.x
http://dx.doi.org/10.1034/j.1398-9995.2003.00269.x
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0060
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0065
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0065
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0065
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0070
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0070
http://dx.doi.org/10.1002/joc.2111
http://dx.doi.org/10.1002/joc.2111
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0080
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0080
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0085
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0085
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0085
http://dx.doi.org/10.1016/j.revpalbo.2010.03.006
http://dx.doi.org/10.3354/cr01287
http://dx.doi.org/10.1159/000242357
http://dx.doi.org/10.1159/000242357
http://dx.doi.org/10.1159/000330105
http://dx.doi.org/10.1159/000330105
http://dx.doi.org/10.1016/j.scitotenv.2017.01.119


9B. Elvira-Rendueles et al. / Science of the Total Environment xxx (2017) xxx–xxx
Galán Soldevilla, C., Alcaraz Teno, P., Cariñanos Gonzalez, P., 2008. Chenopodiaceae-
Amaranthaceae. In: Trigo, M.M., Jato, V., Fernández, D., Galán, C. (Eds.), Atlas
Palinológico de España. Red Española de Aerobiología, León, pp. 60–61.

Galán, C., Infante, F., Ruiz de Clavijo, E., Guerra, F., Miguel, R., Domínguez, E., 1989. Allergy
to pollen grains from Amaranthaceae and Chenopodiaceae in Córdoba, Spain: Annual
and daily variation of pollen concentration. Ann. Allergy 63, 435–438.

Galán, C., Cariñanos, P., Alcázar, P., Domínguez, E., 2007. Manual de Calidad y Gestión de la
Red Española de Aerobiología. Servicio de Publicaciones de la Universidad de
Córdoba, Córdoba.

García-Mozo, H., Pérez-Badia, R., Fernández-González, F., Galán, C., 2006. Airborne pollen
sampling in Toledo, Central Spain. Aerobiologia 22:56–66. http://dx.doi.org/10.1007/
s10453-005-9015-6.

Gonzalez-Hidalgo, J.C., Peña-Angulo, D., Brunetti, M., Cortesi, N., 2015. MOTEDAS: a new
monthly temperature database for mainland Spain and trend in temperature
(1951–2010). Int. J. Climatol. 35:4444–4463. http://dx.doi.org/10.1002/joc.4298.

Huertas, A.J., 2013. Polinosis: Concepto e introducción. In: Miralles López, J.C., Negro
Álvarez, J.M. (Eds.), Pólenes Alergénicos y Polinosis en la Región de Murcia.
AlergoMurcia Asociación de Alergología e Inmunología Clínica de la Región de Mur-
cia, Murcia, pp. 23–29.

Kadereit, G., Freitagt, H., 2011. Molecular phylogeny of Camphorosmeae
(Camphorosmoideae, Chenopodiaceae): implications for biogeography, evolution of
C4 photosynthesis and taxonomy. Taxon 60, 51–78.

Mas, S., Boissy, P., Monsalve, R.I., Cuesta-Herranz, J., Díaz-Perales, A., Fernández, J., Colás,
C., Rodríguez, R., Barderas, R., Villalba, M., 2015. A recombinant Sal k 1 isoform as
an alternative to the polymorphic allergen from Salsola kali pollen for allergy diagno-
sis. Int. Arch. Allergy Immunol. 167:83–93. http://dx.doi.org/10.1159/000434680.

Moral de Gregorio, A., Senent Sánchez, C., Gómez-Serranillos, M., Azuela Rodríguez de la,
R., 2008. Aerobiología de pólenes de Toledo y polinosis (1995–2007). Riesgos
Naturales y Cambio Climático. Actas del II Congreso de la Naturaleza. Diputación de
Toledo, Toledo, pp. 105–118.

Moral de Gregorio, A., Senent Sánchez, C.J., García Gómez, E., Pérez Badia, R., 2016. Plantas,
pólenes y proteínas alergénicas. Familia Amaranthaceae. In: Moral de Gregorio, A.,
Senent Sánchez, C.J. (Eds.), Manual de Alergopalinología. Plantas, Pólenes y Proteínas.
Servicio de Salud de Castilla La Mancha, Toledo, pp. 63–74.

Moreno-Grau, S., 2006. La Vigilancia de la Contaminación Atmosférica: Pasado, Presente y
Futuro. Discurso de Ingreso como Académica de Número. Academia de Farmacia
Santa María de España de la Región de Murcia, Murcia.

Moreno-Grau, S., Angosto, J.M., Elvira-Rendueles, B., Bayo, J., Moreno, J., Moreno-Clavel, J.,
2000. Effects of meteorological parameters and plant distribution on
Chenopodiaceae-Amaranthaceae, Quercus and Olea airborne pollen concentrations
in the atmosphere of Cartagena (Spain). Aerobiologia 16:17–20. http://dx.doi.org/
10.1023/A:1007645307076.

Moreno-Grau, S., Aira, M.J., Elvira-Rendueles, B., Fernández-González, M., Fernández-
González, D., García-Sánchez, A., Martínez-García, M.J., Moreno, J.M., Negral, L.,
Vara, A., Rodríguez-Rajo, F.J., 2016. Assessment of the Olea pollen and its major
Please cite this article as: Elvira-Rendueles, B., et al., Aerobiological impor
conditions, Sci Total Environ (2017), http://dx.doi.org/10.1016/j.scitotenv
allergen Ole e 1 concentrations in the bioaerosol of two biogeographical areas.
Atmos. Environ. 145:264–271. http://dx.doi.org/10.1016/j.atmosenv.2016.09.040.

Navarro, A., Colás, C., Antón, C., Conde, J., Dávila, I., Dordal, M.Y., Fernández-Parra, B.,
Ibáñez, M.D., Lluch-Bernal, M., Matheu, V., Montoro, J., Rondón, C., Sánchez, M.C.,
Valero, A., 2009. Epidemiology of allergic rhinitis in allergy consultations in Spain:
Alergológica-2005. J. Investig. Allergol. Clin. Immunol. 19 (Suppl. 2), 7–13.

Pelta Fernández, R., 2005. La polinosis en la historia. In: Valero Santiago, A.L., Cadahía
García, A. (Eds.), Polinosis II: Polen y Alergia. Laboratorios Menarini, Barcelona,
pp. 13–24.

Pérez-Badia, R., 2015. De Pólenes y Alergias en el Centro y Sureste de España. Discurso de
Toma de Posesión como Académica Correspondiente. Academia de Farmacia Santa
María de España de la Región de Murcia, Murcia.

Pola Pola, J., Zapata Jiménez, C., Sanz Turón, E., 1998. Polinosis en el área de Zaragoza. Rev.
Esp. Alergol. Inmunol. Clín. 13, 135–139.

Pola, J., Subiza, J., Zapata, C., Moral, A., Feo, F., 2009. Correlation between total annual at-
mospheric pollen counts for Chenopodiaceae–Amaranthaceae and the prevalence of
positive skin prick tests to Chenopodium and/or Salsola pollen extracts: a multicenter
study. J. Investig. Allergol. Clin. Immunol. 19 (1), 73–74.

Recio, M., Trigo, M.M., Díaz de la Guardia, C., Alba, F., Galán, C., Alcázar, P., Cariñanos, P.,
Sabariego, S., De Linares, C., Docampo, S., Melgar, M., Cabezudo, B., 2006. Análisis y
tendencias del polen de Chenopodiaceae-Amaranthaceae en la atmósfera de cuatro
ciudades del sur de España. Polen 16, 50–52.

Rivas-Martínez, S., 1987.Memoria del Mapa de Series de Vegetación de España 1:400.000.
Icona, Madrid.

Rodríguez de la Cruz, D., Sánchez-Reyes, E., Sánchez-Sánchez, J., 2012. Analysis of
Chenopodiaceae-Amaranthaceae airborne pollen in Salamanca, Spain. Turk. J. Bot.
36:336–343. http://dx.doi.org/10.3906/bot-1105-17.

Sánchez-Borges, M., Ivancevich, J.C., Rodríguez Pérez, N., Ansotegui, I., 2011. Evidence
based approaches to diagnosis and management. In: Pawankar, R., Canonica, G.W.,
Holgate, S.T., Lockey, R.F. (Eds.), White Book on Allergy. World Allergy Organization
(WAO), Milwaukee, pp. 101–132.

Schmidt, C.W., 2016. Pollen overload: seasonal allergies in a changing climate. Environ.
Health Perspect. 124:A70–A75. http://dx.doi.org/10.1289/ehp.124-A70.

Stevens, P.F., 2001. Angiosperm Phylogeny Website. http://www.mobot.org/MOBOT/
research/APweb/ (accessed 19.02.16).

Subiza, F.J., 2007. Recuento de pólenes. In: Comité de Alergia de la SEAIC (Ed.), Tratado de
Alergología. Ergon, Barcelona, pp. 415–424.

Villalba, M., Barderas, R., Mas, S., Colás, C., Batanero, E., Rodríguez, R., 2014.
Amaranthaceae pollens: review of an emerging allergy in the Mediterranean area.
J. Investig. Allergol. Clin. Immunol. 20, 371–381.

Ziska, L., Epstein, P., Schlesinger, W., 2009. Rising CO2, climate change, and public health:
exploring the links to plant biology. Environ. Health Perspect. 117:155–158. http://
dx.doi.org/10.1289/ehp.11501.
tance and allergic sensitization to Amaranthaceae under arid climate
.2017.01.119

http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0110
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0110
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0110
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0115
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0115
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0115
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0120
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0120
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0120
http://dx.doi.org/10.1007/s10453-005-9015-6
http://dx.doi.org/10.1007/s10453-005-9015-6
http://dx.doi.org/10.1002/joc.4298
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0135
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0135
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0135
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0135
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0140
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0140
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0140
http://dx.doi.org/10.1159/000434680
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0150
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0150
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0150
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0155
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0155
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0155
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0155
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0160
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0160
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0160
http://dx.doi.org/10.1023/A:1007645307076
http://dx.doi.org/10.1016/j.atmosenv.2016.09.040
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0175
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0175
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0180
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0180
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0180
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0185
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0185
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0185
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0190
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0190
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0195
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0195
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0195
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0195
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0200
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0200
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0200
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0205
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0205
http://dx.doi.org/10.3906/bot-1105-17
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0215
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0215
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0215
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0215
http://dx.doi.org/10.1289/ehp.124-A70
http://www.mobot.org/MOBOT/research/APweb/
http://www.mobot.org/MOBOT/research/APweb/
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0230
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0230
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0235
http://refhub.elsevier.com/S0048-9697(17)30131-6/rf0235
http://dx.doi.org/10.1289/ehp.11501
http://dx.doi.org/10.1016/j.scitotenv.2017.01.119

	Aerobiological importance and allergic sensitization to Amaranthaceae under arid climate conditions
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	5. Conclusions
	Acknowledgements and funding
	References


