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Abstract The impact of pollen on human health is primarily evident in allergic
diseases. Sensitized patients can respond to pollen by symptoms of nose, eyes and
bronchi. Pollen threshold levels for sensitization are unknown; instead most studies
focus on the prevalence of sensitization for different pollen species. The pollen
thresholds for symptom development vary among the different studies. Factors that
influence the threshold level of a pollen species for symptom development are
discussed. (i) Differences in response are observed among individual patients, but also
among (ii) ethnic populations, (iii) changes in response to pollen concentrations
during the pollen season occur, (iv) the amount of allergens carried by the pollen
grains can differ in per region, from day to day and from year to year, and finally
(v) threshold levels are affected by environmental factors, like weather conditions
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(temperature, pressure and storms), and air pollutants.The diversity of factors that
influence the health impact of pollen has hampered the definition of a straight
forward relationship between pollen and the severity of symptoms. However, within
the public, the policymakers and the pharmaceutical industry there is a need for a
definition of threshold pollen levels. A first approach to meet this need could be to
define preliminary threshold values for different regions, followed by a validation of
these preliminary threshold levels with patient symptom scores that can be collected
by using new information and communication technology (ICT).

Finally, the possible role of pollen in non allergic diseases is discussed, especially
non-allergic respiratory diseases, cardio- and cerebrovascular diseases, and psychiatric
diseases, including suicide and suicide attempt.

Keywords Airborne allergens ¢ Allergenic pollen ¢ Allergy ¢ Pollutants  Threshold
levels

6.1 Introduction

Charles Blackley (1820-1900) was the first to demonstrate that pollen has an impact
on human health. He performed the first pollen provocation tests on himself
by applying several pollen types to the nostrils, the conjunctiva, the tongue and
lips, by inhaling it and by inoculating the upper and lower limbs. Furthermore, he
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demonstrated that the amount of pollen in the atmosphere was correlated with
the severity of his own symptoms (Waite 1995). Nowadays, we know that proteins
carried by pollen (allergens) can evoke specific responses in the immune system.
First of all, individuals can get sensitized to the allergens (sensitization) and subse-
quently these IgE-sensitized individuals can respond to the allergens with allergic
symptoms. These can consist of nasal symptoms, eye symptoms, or bronchial reac-
tions, or a combination of these. The level of allergen exposure can vary for instance,
with the location, the weather or the time of year and it is a relevant determinant
for both sensitization and symptom development. This paper focuses on the threshold
values of allergen required for sensitization or for the development of symptoms,
and on the various factors that can influence these threshold values. Furthermore,
allergenic pollen not only appeared to interact with the human immune system to
elicit an allergic response in sensitized individuals but it has other effects as well.
This is described in the last part of this chapter which focuses on the effect of pollen
on non-allergic diseases (Traidl-Hoffmann et al. 2003).

6.1.1 Threshold Values for Sensitization

To our knowledge, studies on threshold values for sensitization are not available and
instead of threshold values this paper focuses on the prevalence of sensitization in
different areas, which is indicative of the sensitization rate. Prevalence of sensitization
is determined by both host genetic factors as well as by environmental factors, like
temperature, atmospheric pressure, storms or air-pollution. Environmental factors
that are associated with asthma, rhinoconjunctivitis and eczema have been recently
discussed by Asher et al. (2010). The effect of pollen exposure on the prevalence of
sensitization in a population is not clear: two regional scale studies showed a positive
correlation between the pollen exposure and the prevalence of sensitization (Frei
and Gassner 2008; Charpin et al. 1993), while a world wide study involving children
showed a weak inverse relation, suggesting high exposure to pollen in early life may
give some protection against the risk of acquiring respiratory allergy (Burr et al.
2003). Sensitization against inhalant allergens is identified either by a skin prick test
or by determination of allergen-specific IgE in peripheral blood. However, a positive
result of either of these tests indicates sensitization to a particular allergen, but does
not fully correlate with the clinical relevance of this sensitization, i.e. symptom
development upon exposure. False positive and false negative results can both occur.
The characteristics of an allergen that distinguish it from other pollen components
that do not result in sensitization, are incompletely understood (Radauer et al. 2008;
Traidl-Hoffmann et al. 2009). Furthermore, pollen exposure is not the only environ-
mental factor that determines sensitization. Other factors include air pollution (Riedl
and Diaz-Sanchez 2005), and microbial exposures. Environmental pollution, such
as diesel soot particles, can change the immune response in making non-reactive
individuals react to an allergen (Diaz-Sanchez et al. 1999). Also non-protein substances
derived from pollen for example the “pollen-associated lipid mediators” (PALMS)
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and adenosine influence the human immune system by making it more prone to trigger
a Th2-sensitization response (Traidl-Hoffmann et al. 2005; Gilles et al. 2010). Thus
there seems to be more than allergen alone in the sensitization process leading to a
Th2-dominated allergy to pollen.

6.1.2 Threshold Levels for Symptom Development

The determination of allergen threshold levels for symptom development is hampered
by many factors that influence the outcome. Sensitized patients differ in the extent
of exposure to allergen required for symptom development. Furthermore, airborne
allergen is thought to be present not only in intact pollen, but also in small respirable
particles (Taylor et al. 2004; Spieksma et al. 1995a; Grote et al. 2003). However,
whereas most of our knowledge on threshold values and symptom development is
based on pollen counts in ambient air determined by a pollen sampler in a certain
area, data from monitoring allergen in ambient air are still scarce (Buters et al.
2008). This chapter provides an overview of the current knowledge on pollen threshold
values on symptom development and the various factors that influence these threshold
values (Fig. 6.1).

6.2 Determination of Threshold Levels for Symptom
Development

A large variety of studies has focused on the determination of pollen threshold
levels that cause symptoms. Therapeutic intervention studies are especially useful.
These deal with the determination of pollen (or allergen) thresholds that cause
previously defined symptoms (e.g. “at least five sneezes and/or a symptom score
of at least 2 on a scale from 0 to 3”). Although natural exposure to pollen under
conditions of daily life is the most relevant, it has several disadvantages (see also
Sect. 6.2.3, “Ambient Air Studies”). Therefore more controlled settings have been
developed like provocation tests and exposure chambers. These study designs have
their own advantages and disadvantages that will be discussed in the following
section.

6.2.1 Provocation Tests

In an experimental challenge model the allergen is delivered onto the nasal mucosa
by dripping, by paper disc, by pump sprays (Akerlund et al. 2005) or by eye drops
on the eyes. In these studies the delivered dose is expressed in arbitrary units such
as “Allergen Units” (Abelson et al. 1994), “standardized quantity units” (Korsgren
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Fig. 6.1 Schematic representation of the main factors that influence the pollen threshold values
for symptom development (black arrows). Some of these factors can also influence each other
(blue arrows)

et al. 2007) or “biologic units” (Bonini et al. 1990). These units were defined in
most cases for standardization of allergen preparations, and their relation to pollen
and/or allergen load is often unclear. Therefore, these studies will not give informa-
tion on pollen thresholds, but they indicate the different threshold levels to which
individual patients will respond. The patients are challenged with standardized
increasing concentrations of the allergen until previously defined symptoms develop
(Bonini et al. 1990; Abelson et al. 1994; Ahlholm et al. 1998; Ahlstrom-Emanuelsson
et al. 2004; Ciprandi et al. 2009). The concentration at which these symptoms
develop is the threshold concentration. A drawback of this approach is the repeated
challenge of allergen to the nasal mucosa or the conjunctiva, which may prime these
tissues and may cause a non-specific increase in the sensitivity and responsiveness
(Connell 1968; Canonica and Compalati 2009). Furthermore, whereas these
challenge studies will not reveal relevant information on pollen thresholds, they are
perfectly suitable for (i) identification of the allergen to which a patient responds;
(i) examining the pathogenesis of allergic rhinitis or conjunctivitis; and (iii) assessing
the response of individual patients to therapeutic intervention because of the
standardized delivery of the allergen on the surface to be tested. These studies can
show clearly that individual patients have different threshold levels for symptom
development (Ciprandi et al. 2009).
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6.2.2 Pollen Chambers

Special chambers have been developed for controlled human exposure to pollen.
These chambers avoid the unpredictable levels of pollen and weather conditions
during a study period. Different pollen chambers are developed, either hosting up to
14 persons (Horak et al. 2003), or 160 persons at the same time (Day and Briscoe
1999). The pollen chambers deliver a controlled pollen level over a period and allow
assessment of the response throughout the study period. Pollen levels used in these
chambers are usually quite high, e.g. 3,500 grains/m? for ragweed (Day and Briscoe
1999), 4,000 pollen/m? or 1,500 pollen/m? for grass pollen (Day and Briscoe 1999;
Horak et al. 2003; Krug et al. 2003), to ensure the desired effect of producing a full
spectrum of symptom severity in allergic persons without affecting non-allergic
participants.

Because of the requirement of high pollen concentrations, the pollen chambers
have not yielded good studies on pollen thresholds for symptom development that
are relevant in real life. In contrast, the chamber provocations have been very helpful
assessing the effect of anti-allergic drugs (Day et al. 2000, 2009).

6.2.3 Ambient Air Studies

Exposure to natural pollen under “real life” conditions is the most relevant situation
but also the most difficult to study, since the conditions are not well controlled and
the exposure of patients to pollen will be variable due to the fact that they are
outdoors during different times at different locations. A study design that tries to
control these latter variables are the so-called “park studies” (Georgitis et al. 2000;
Akerlund et al. 2005). In these studies, patients are allowed to sit, walk and recreate
in a park on a day where at several locations pollen traps monitor the local pollen
concentrations. This design has the advantage that parks can be found in almost any
city (in contrast to pollen chambers) and patients are in close vicinity to pollen traps
during the study period so that exposure can be measured and they can be monitored
regularly. The limitations of these park studies are that they are time-consuming to
organize and they require effort and time from the patient. Therefore, these studies
are often performed on 1 day with high pollen counts to ensure symptom develop-
ment. For threshold studies the patients should be monitored on subsequent days
during the season. Although such daily studies in a park would be valuable for
threshold studies, to our knowledge they have never been used for this purpose.
Another method of studying symptoms under natural conditions is to ask patients
during their daily life to fill in a record of their symptoms (diary studies). Studies
with this kind of approach assess the most relevant situation for the patients, i.e. daily
life. However, since there is no general consensus on the method to determine the
threshold level under these “real life” conditions, the designs of these studies differ.
Furthermore, the “freedom of the patient” leads to variable pollen exposures among
individual patients. These aspects are relevant in the interpretation of the results.
The local pollen concentration at the patient location is variable and unknown. Often,
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pollen is monitored by a pollen sampler placed on a central roof top location to give
a representative sample of regionally distributed pollen. The results are used as an
average estimate of the concentration during the past 24 h in an area defined by a
certain vegetation, climate regime and land use. If pollen traps were situated at ground
level, the result would be affected by an overrepresentation of pollen produced by
sources in the immediate vicinity of the trap. Although the results have been shown
to correlate with symptom scores, medication use, and consultations for rhinocon-
junctivitis and asthma in several studies, they are not equal to the pollen concen-
tration that individual patients experience during their activities in the street. The
difference in the exposure between persons in different parts of a city will vary
among pollen types, and is probably more significant for pollen released at low
height than for example birch pollen in Scandinavia which is produced in large
amounts at tree-top level.

Bi-hourly pollen counts are also possible. These counts reflect the time that the
pollen grains arrive at the trap, not the time at which the pollen grains are emitted.
Furthermore, these counts will still not give us the pollen levels that the patients
encounter. Therefore personal sampling of the environment of the patient is required.
Several methods can be used to study the personal exposure to aeroallergens, like
battery-operated personal samplers (Fiorina et al. 1997; Mitakakis et al. 2000;
Okuda et al. 2005), nasal air samplers (Mitakakis et al. 2000), pollen trapped in nose
(Okuda et al. 2005) and hair (Wiltshire 2006). However, to our knowledge none of
these methods have been used for threshold studies. The time that the patient is
outside and thus exposed to pollen is dependent on the patient’s activities schedule
and therefore variable. Furthermore, the activity pattern during the exposed time
period will be variable and this will result in a different exposure to pollen (Mitakakis
et al. 2000); e.g. a jogger will breathe in more pollen-loaded air than a sun-bather.
The size of the group of patients differs between studies and also the criterion of
“symptom development” at which the threshold pollen concentration should be
determined diverges between different studies. For instance, in one study the pollen
threshold level is defined as the pollen count at which 90% of all patients experience
their first symptoms (Viander and Koivikko 1978), while another study uses the pol-
len concentration at which, on a scale from 0 to 3, the mean symptoms score of
the whole population exceeds 1 (Florido et al. 1999). Standardization of the method
to determine pollen threshold levels (size of the group of patients and of criteria for
threshold pollen concentrations) will be necessary for a good evaluation of the
threshold concentration in different regions and among different populations.

6.2.4 Clinical Network

In France the assessment of threshold levels for symptom development is not only
based on pollen counts but also on the information obtained from a network of
allergists. More than 100 allergists from several areas in France provide weekly
information on the number of pollinosis patients, the symptom-type, and the severity
of the symptoms (Thibaudon et al. 2008). With these clinical data it was possible to
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draw three areas in France with different threshold levels for the various pollen
types (see also Table 6.1). Furthermore, these clinical data have proven to be a tool
to study the change in health impact from pollen during a season and to monitor the
change in health impact from year to year.

6.3 Allergenic Pollen Species and Their Threshold Values

In the past decades several studies have been published on threshold levels of
different pollen types. Studies on the most relevant pollen types in Europe and the
Mediterranean countries are discussed in this section.

In aerobiological studies, pollen of species belonging to the same genus or of
genera belonging to the same family usually cannot be distinguished under the light
microscope as they share the same characteristics (they are stenopalynous). For this
reason the different allergenic pollen or spore expositions refer to airborne pollen
that represent a family (e.g. Poaceae), a genus (e.g. Plantago), and rarely a single
species (e.g. Olea europaea).

Furthermore it is important to note that when we try to define the pollen risk thresh-
old, the definition depends on the methodology used for pollen monitoring, i.e. the
sampler type or the sampler height position. For instance, most threshold studies in
ambient air determine pollen levels using a pollen sampler on a roof top, usually at a
different height from personal exposure. This is one of the reasons why threshold
values differ among the different studies (Table 6.1). Greater differences can be
observed when comparing both daily and intradiurnal pollen content in the air at human
height or roof top height, showing higher or lower differences depending on pollen
size, meteorological conditions and atmospheric stability during the sampling period
(Rantio-Lehtiméki et al. 1991; Galéan et al. 1995; Alcazar et al. 1998, 1999a, b). The
various pollen types will be discussed in alphabetical order and studies on the threshold
values and the prevalence are summarized in Tables 6.1 and 6.2, respectively.

6.3.1 Alnus, Betulaceae Family

Alder is a rather common tree in all temperate climatic regions, mainly restricted to
wet soil conditions. Predominant species of the genus are black alder (A. glutinosa)
and grey alder (A. incana). The flowering period occurs from winter to early spring,
depending on the climatic characteristic of the region. Patients sensitive to alder
pollen may exhibit reactions towards other pollen of the Fagales order, although
the cross reactions appear to be strongest among the species belonging to the
same family e.g. within the family of Betulaceae, e.g. alder/birch. The major aller-
gen of alder Aln g 1 is closely related to the major allergens of birch (Bet v 1), hazel
(Cora 1), hornbeam (Car b 1) and oak (Que a 1) (Matthiessen et al. 1991). The alder
pollen season precedes the season of birch pollen and may act as a primer making
patients more sensitive to birch pollen (Emberlin et al. 2007).
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Table 6.1 Studies on pollen threshold levels published in peer-reviewed journals
Pollen threshold
Country(city) (Reference) Criteria (grains/m*,24 h)
Alnus
Poland (Rapiejko et al. 2007) First symptoms 45
Symptoms present in all patients 85
Poland (Hofman et al. 1996) ? 50
Finland (Rantio-Lehtiméki et al. Low <10
1991) Moderate 10-100
Abundant >100
France® (Thibaudon 2003) Low 6-13
Moderate 14-227
High >227
Ambrosia
Canada (Comtois and Gagnon 1988)  First symptoms 1-3
Canada (Banken and Comtois 1990)  Majority of allergic patients show 13

France (Déchamp et al. 1997)
Russia (Ostroumov 1989)

Austria (Jager 1998)

Hungary (Juhdsz 1998)

France (North)* (Thibaudon 2003)

France (Mid-France)* (Thibaudon
2003)

France (Mediterranean area)*
(Thibaudon 2003)

Artemisia
Poland (Rapiejko et al. 2007)

Poland (Hofman et al. 1996)
Finland (Rantio-Lehtiméki et al.
1991)

Israel® (Waisel et al. 2004)
France®* (Thibaudon 2003)

Betula

Finland (Viander and Koivikko 1978)

Poland (Rapiejko et al. 2007)

Poland (Hofman et al. 1996)

symptoms

First symptoms

First symptoms

Majority of sensitive patients show
symptoms

60—-80% of the sensitive patients
show symptoms

Low

Moderate

Low

Moderate

High

Low

Moderate

High

First symptoms

Symptoms present in all patients
9

Low

Moderate

Abundant

Initiation of symptoms

Low

Moderate

High

Highly sensitive patients develop
symptoms

90% of patients had symptoms

First symptoms

Symptoms present in all patients
9

First pollen grains
20-25
20

50

>30
>80
>1
>2
>10
>10
>50
>100

30

55

20
<10
10-30
>30
>4-5
5-19
20-69
>69

30

80
20
75
100

(continued)
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Table 6.1 (continued)
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Pollen threshold
Country(city) (Reference) Criteria (grains/m*,24 h)
Finland (Rantio-Lehtimiki et al. Low <10
1991) Moderate 10-100
Abundant >100
France(North and Mid-France)* Low 5-20
(Thibaudon 2003) Moderate 20-99
High >99
France (Mediterranean area)* Low 5-99
(Thibaudon 2003) Moderate 100-299
Low >99
Castanea
France? (Thibaudon 2003) Low >99
Corylus
Poland First symptoms 35
(Rapiejko et al. 2007) Symptoms present in all patients 80
Poland (Hofman et al. 1996) ? 6-12
France® (Thibaudon 2003) Low 6-13
Moderate 14-227
High >227
Cupressaceae
Israel® (Waisel et al. 2004) Initiation of symptoms 10-50
France(North and Mid-France)* Low 70-141
(Thibaudon 2003) Moderate >141
France (Mediterranean area)* Low 7-13
(Thibaudon 2003) Moderate 14-141
High >141
Olea
Spain (Jaen) (Florido et al. 1999) Regression analysis on mean >400
symptoms score “development of
mild symptoms”
Israel® (Waisel et al. 2004) Initiation of symptoms >4
France (North and Mid-France)* Low >60
(Thibaudon 2003)
France® (Thibaudon 2003) Low 6-13
Moderate 14-227
High >227

Farietaria
Italy (Negrini et al., 1992)

Italy (D’ Amato et al. 1991)

Israel® (Waisel et al. 2004)

France (North and Mid-France)*
(Thibaudon 2003)

% of patients with symptom score>?2

31%
47%
67%
90%
?
Initiation of symptoms
Low
Moderate

10

15

40

80

30

5
20-49
>49

(continued)
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Table 6.1 (continued)
Pollen threshold
Country(city) (Reference) Criteria (grains/m*,24 h)
France (Mediterranean area)* Low 5-19
(Thibaudon 2003) Moderate 20-69
High >69
Platanus
Spain (Cordoba) (Alcdzar et al. 2004) Most patients had symptoms >50
Spain (Madrid) (Camacho et al. 2008) Combination of medical and 30
statistical criteria (assures allergic
reaction and “no-back’)
France® (Thibaudon 2003) Low 6-13
Moderate 14-227
High >227
Poaceae
London (Davies and Smith 1973) All patients experience symptoms 50
Poland (Lipiec et al. 2005) Y4 of patients showed allergic 22
reaction (eyes)
All patients symptoms score 2 (eyes) 52
Poland (Rapiejko et al. 2007) First symptoms 20
Symptoms present in all patients 50
Poland (Hofman et al. 1996) ? 20
Spain (Antepara et al. 1995) All patients experience moderate or 37
severe symptoms
Finland (Rantio-Lehtiméki et al. Low <10
1991) Moderate 10-30
Abundant >30
Israel® (Waisel et al. 2004) Initiation of symptoms >4
France® (Thibaudon 2003) Low >1
Moderate >4
High >35
Quercus
France® (Thibaudon 2003) Low 6-13
Moderate 14-227
High >227

The threshold levels were determined in different countries and at different criteria. Pollen levels
are determined in ambient air at roof top level using a Hirst type pollen sampler unless otherwise

indicated

“The scale of 3 levels is for the public, there is another scale (5 levels) for doctor
"Pollen levels are determined by a Rotorrod sampler at a sampling height of 80 cm

6.3.2 Ambrosia, Asteraceae (Compositae) Family

Although this genus comprises up to 45 species worldwide, the species that is
spreading in Europe and Eastern North-America is essentially Ambrosia artemisii-
folia or common ragweed. Ragweed established itself in Europe at the beginning of
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the twentieth century, resulting in highly infested areas like the Balkan area, the
Rhone valley in France and Northern Italy. In areas heavily infested with these plants
ragweed pollen is considered as the major pollen allergen (e.g. Vitanyi et al. 2003).

Ragweed pollen is often nearly the only pollen type in the air except for a very
short period in the beginning of the flowering season when mugwort pollen
(Artemisia vulgaris) is also airborne. Although the allergens present in mugwort
and ragweed pollen show cross reactivity (Hirschwehr et al. 1998; Asero et al.
2006), this does not interfere with the diagnosis for ragweed pollinosis, since the
flowering season of these two species only partly overlaps. If sufferers keep a daily
symptom diary it is easy to know if symptoms correlate with the presence of either
ragweed or mugwort pollen in the air.

European studies on the ragweed pollen threshold for symptom development
are rare. This is most likely to be due to the fact that ragweed is an invasive weed
that was not known in Europe two centuries ago and was introduced from the new
World. Its spread is now intensive due to several factors such as (i) changes in life-
style and land use, (ii) increases in suburbs resulting in the decrease of arable
lands (iii) some bylaws of Common Agricultural Policy established in 1993-1994
(Déchamp et al. 2001) and recently (iv) possible effects of climate change.

A relevant paper on ragweed thresholds comes from Quebec, in the Eastern part
of Canada (Comtois and Gagnon 1988). This study, which was conducted over
two pollen seasons showed that symptoms appear at 1-3 pollen/m? of air. In France,
many ragweed pollen allergic patients ask for treatment when the first pollen grains
appear in the pollen monitoring trap (Déchamp et al. 1995).

Ragweed pollen is prevalent between 42° and 50° Northern latitude and rare in
most countries around the Mediterranean coast and Portugal. Recent studies on the
prevalence of ragweed sensitization in Europe show an increasing trend (Burbach
et al. 2009). In contrast to other pollen types, ragweed pollinosis tends to be more
prevalent in suburbs than in towns (Harf and Déchamp 2001).

6.3.3 Artemisia, Asteraceae (Compositae) Family

Mugwort is an unsuspicious weed, which looks very similar to Ambrosia. The major
allergen of the mugwort pollen, Art v 1, is homologous to Amb a 4 of Ambrosia
pollen and may cause cross reactivity in patients (Wopfner et al. 2005).

The weed is spread all over Europe. The most common species in Europe is A.
vulgaris and it flowers in late summer (at the end of July, August and September).
Two species which are common in Southern Europe A. annua and A. verlotorum
flower even later (late summer to autumn). For this pollen type it was shown that
street level counts are usually higher than the counts from rooftop samplers (Rantio-
Lehtiméki et al. 1991). This may also hold for other pollen types due to the fact
that these pollen grains are released during the early morning, when there is hardly
any convection or turbulence in the air, preventing them from being lifted up to
rooftop levels.



6 Impact of Pollen 175
6.3.4 Betula, Betulaceae Family

Birch is the major pollen allergen producing tree in Northern Europe. The flowering
season varies depending on the area. In Western Europe flowering starts by the end
of March while in Central and Eastern Europe pollen grains appear in the air from
the beginning to mid-April. Northward flowering starts, depending on the latitude,
from late April to late May. Towards the South the number of birch trees is reduced
and in Spain they are found mostly in mountainous areas and in zones in the interior
of the North of the Peninsula with maximum values being detected during February
and March (Hernandez et al. 1998).

Some allergens of these pollen grains show cross reactivity with other species
belonging to this family. For example, the major allergen of birch Bet v 1 and Bet v 2
share IgE epitopes with the allergens in hazel and alder (Niederberger et al. 1998).
Due to this cross reactivity the sequential flowering of the Betulaceae species may
cause a prolonged hay fever season for sensitive patients.

6.3.5 Castanea, Fagaceae Family

There are no threshold studies published for Castanea pollen. This may be due to
the fact that chestnut allergy (a) is strongly associated with latex-fruit syndrome and
some other fruits (Raulf-Heimsoth et al. 2007), (b) has cross-reactivity with many
other tree species like birch, walnut or Quercus (Cosmes et al. 2005; Teuber et al.
2003), (c) scores very low in monosensitization in positive skin prick-tested patients
to Castanea (Lee et al. 2005; Laurent et al. 1993). Flowers bloom in late spring.

6.3.6 Casuarina, Casuarinaceae Family

The genus Casuarina (Australian pine) comprises nearly 60 species mainly natives
to Australia. Some species are represented in warm regions forming part of the
green urban spaces. It is an anemophilous tree that flowers during autumn, from
September to November depending on the climatic characteristic of the region.
Casuarina pollen allergenicity has been cited by various researchers (i.e. Agashe
et al. 1994; Garcia et al. 1997), but there are no studies on the pollen threshold for
sensitized patients. Trigo et al. (1999) describes the presence of this pollen type in
Spain. Although in most locations the daily average concentration of Casuarina
pollen did not exceed 5 pollen/m? of air, in some locations in Andalusia Region and
especially in Malaga (Sun Coast), 30 and 500 pollen/m? of air were reached, respec-
tively. For this reason it is important to consider this tree as responsible of autumnal
allergies in the Mediterranean Region.
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6.3.7 Corylus, Betulaceae Family

Hazel is widely distributed in Europe and it typically has a number of shoots or
trunks branching out at ground level. Due to this growth habit, it has been referred
to as a bush rather than a tree. Flowering occurs from winter to early spring, depending
on the climatic characteristics of the region.

The major allergen of hazel pollen, Cor a 1, is cross reactive with Bet v 1. Mari
et al. (2003) showed that exposure to a high amount of hazel pollen in an intensively
cultivated hazel area north of Rome (Italy) seems to lead to an IgE sensitization to
allergenic molecules that are present only in hazel or hazel-related pollen.

6.3.8 Cupressaceae Family

Cupressaceae are the most widely distributed conifer family with a global range of
nearly all continents except for Antarctica. In Europe, trees of the genus Cupressus
are spread widely over the East Mediterranean e.g. C. sempervirens (native) and C.
arizonica (introduced). Many species or genera of this family (e.g. Cupressus,
Juniperus, Thuya) release pollen almost all year round and their pollen cannot be
distinguished morphologically from each other. Daily concentrations can reach
record peaks in the Mediterranean region during winter or early spring (Hidalgo
et al. 2003; Charpin et al. 2005; Perez-Badia et al. 2010) although the pollen pro-
duction shows a large variation from year to year. A gradual increase in the annual
amounts of Cupressaceae pollen in the Mediterranean was observed since the 1980s,
which in some cases was attributed to the increased planting of these trees (Calleja
and Farrera 2000; Damialis et al. 2007).

Since reliable extracts to test the sensitization to Cupressaceae allergy have only
been available since the last decade, the epidemiology of this allergy is poorly
understood (Charpin et al. 2005). In Europe, allergy to Cupressaceae pollen was
considered a rarity until 1975. Since then, considerable increases in the number of
cases has been observed in Spain, France, Italy and Israel (Guerra et al. 1996; Papa
et al. 2001; Charpin et al. 2005). An Italian multicentre study showed that 14.7% of
the Cupressaceae allergic patients were monosensitized and that their average age
was higher than that of the polysensitized patients (Italian Association of Aerobiology
2002). This may suggest that at least in some of the Cupressaceae allergic patients
the sensitization may be caused by a long lasting exposure to the pollen, without
being a typical atopic patient (Charpin et al. 2005).

6.3.9 Fagus, Fagaceae Family

Fagus is a tree of temperate South-West and Central Europe, extending to South
Sweden. No threshold values for Fagus (beech) pollen can be found in the literature.
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Also studies on prevalence rates are not very conclusive. In Germany, 12% of all
hay fever patients react to it (Horak et al. 1979). Reactions against beech pollen
allergen occurred in 87% of all persons allergic to birch pollen in a Swedish multi-
centre study (Eriksson et al. 1984). The rate was the same in all Sweden, even in
parts of the country where Fagus does not occur. It was concluded that the reactions
against Fagus allergens resulted from of primary sensitization to Betula pollen.
According to Horak et al. (1979), approximately 50% of all beech pollen allergies
are due to cross-reactions with pollen from other species of Fagales. In a study from
Swiss and Austrian birch pollen allergic patients, sera exhibited similar IgE reactivity
profiles to birch, beech and oak pollen extracts due to beech and oak allergens
that cross-react with the birch pollen allergens Bet v 1, 2 and 4 (Egger et al. 2008).
In Sweden, the correlation coefficient between reactions to birch and beech pollen
was 0.75 (Eriksson et al. 1987). The beech-specific IgE-levels were 0.063 in patients
from Basel and 0.081 in patients from Vienna, respectively, as compared to 0.481
and 0.668 for birch (Egger et al. 2008). Beech is considered to be an early spring
flowering tree.

6.3.10 Fraxinus, Oleaceae Family

In central Europe, Fraxinus pollen concentrations are considerably high. In
Switzerland, for example, the concentrations are comparable with the amounts of
birch pollen. Most of these pollen grains originate from Fraxinus excelsior, while
other species with a more southern European distribution like Fraxinus ornus or
Fraxinus angustifolia are represented with distinctly less pollen in the pollen traps
(Guerra et al. 1996). Several studies show that ash pollen should be considered as
a relevant allergen of spring pollinosis (Schmid-Grendelmeier et al. 1994; Hemmer
et al. 2000). Sensitization to Fraxinus pollen is common in Switzerland and is also
of clinical relevance as shown by nasal provocation tests (Schmid-Grendelmeier
et al. 1994). The prevalence of Fraxinus sensitization in groups of pollen allergic
patients varied from 17.6% in Vienna (Hemmer et al. 2000), 51.8% in Locarno
and Lugano, Switzerland (Colombo 2010) to 56% in Zurich, Switzerland (Schmid-
Grendelmeier et al. 1994).

The main ash allergen Fra e 1 is a homolog of Ole e 1, the highly allergenic olive
pollen allergen. Frae 1 has only a limited cross reactivity to birch pollen. Additionally
this cross reactivity is confined to minor birch allergens (Wahl et al. 1996).
Concerning thresholds for the development of symptoms, the study of Horak et al.
(1979) gives a level of 167 pollen/m®. In this study patients’ symptoms were
compared with the pollen measurements of the pollen trap in Vienna. The threshold
is defined as the value for causing symptoms in the average patient. Thresholds for
high pollen concentrations in Switzerland and Austria are 100 and 90 pollen/m?
respectively, but these values are not based on symptom studies. Fraxinus is consid-
ered to be a late winter or spring flowering tree, depending on the species and the
geographical area.
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6.3.11 Ligustrum, Oleaeceae Family

The genus Ligustrum (privet) comprises about 20 species, subspecies and varieties.
They are frequently found in urban environments in the Mediterranean Region,
both as ornamental trees or hedges in parks and gardens. Privet is considered to be
an entomophilous plant with large and heavy pollen grains which are not well collected
by samplers located on the building roof tops. However, Carifianos et al. (2002)
have observed higher pollen counts in samplers situated at human height, where this
plant is observed frequently in the urban green space.

Being a member of the Oleaceae family, privet pollen carries a homologue of Ole
e 1. Since the flowering period occurs at the end of spring, coinciding with the post-
peak olive pollen curve, for people suffering from olive pollen allergy the period
with symptoms can be extended. For this reason privet pollen should be considered
as a potential causative agent of local allergy problems (Carifianos et al. 2002).

6.3.12 Olea Europaea, Oleaeceae Family

Olive is a cultivated evergreen tree native to the Mediterranean region. It is an ambo-
philous species, i.e. pollinated by both insects and the wind. Due to the selection
through time of varieties with high flower and pollen production, nowadays the
anemophilous character is more pronounced. Although the olive tree showed an
entomophilous character in origin, today it is considered to be an anemophilous
species due to the selection through time of varieties with high flower and pollen
production. Although Ole e 1 was the first major allergen described and characterized,
it has been demonstrated since that there are at least, 20 proteins present with allergic
activity. Ten of these have been characterized, cloned and expressed (Cardaba et al.
2007) (see paragraph 6.4.2). This tree flowers during the spring so that the olive and
grass pollen seasons usually coincide. Although many studies support the role of
olive pollen as one of the main causes of allergic disease in the Mediterranean
area, only a few studies cite a specific risk threshold for sensitized patients (Table 6.1).
As it has been mentioned before, the methodology used for pollen monitoring is an
important issue to take into consideration when trying to define the pollen risk
threshold. In these two studies (Table 6.1) a Hirst designed spore trap, located on a
roof top, was used in Spain, while a Rotorod sampler located at a height of 80 cm
was used in Israel.

6.3.13 Parietaria, Urticaceae Family

Pellitory-of-the-wall (Parietaria) is a typical allergenic pollen producing plant in
the Mediterranean area. Par j 1 and Par j 2 are the two major allergens, with similar
IgE epitopes, in Parietaria judaica (Asturias et al. 2003). Parietaria belongs to the
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Urticaceae family together with Urtica (nettle) which is allergenically of little
importance. The pollen of these two genera cannot be distinguished microscopi-
cally. Only the species Urtica membranaceae has a distinct pollen type, allowing
the study of its individual pollen behaviour in the air (Galdn et al. 2000). In the
Mediterranean area the pollen season extends from spring to early summer and even
autumn (Fotiou et al. 2011), depending on the species and the geographical area.

6.3.14 Plantago, Plantaginaceae Family

Plantain (Plantago) pollen is considered to be a minor cause of pollinosis in Europe
(D’Amato et al. 1998). Mono allergy to plantain is unusual and often patients that
are positive in a skin prick test for plantain pollen extract are also sensitized for
grass pollen (Watson and Constable 1991; D’ Amato et al. 1998). This is probably
due to cross reactivity among these pollen species. Group 5 grass pollen allergen
appeared to be responsible for most grass/plantain cross reactivity (Asero et al.
2000). The flowering season of plantain largely overlaps with the grass flowering
period. Therefore the symptoms caused by Plantago cannot always be attributed to
Plantago pollen.

6.3.15 Platanus, Platanaceae Family

Plane trees are widely grown as street and shade trees in European cities, especially
in France, Spain, Italy and Greece. London Plane tree (P. acerifolia or P. hybrida) is
the most common cultivated species. A high prevalence of positive skin prick tests
has been recorded for Platanus hybrida in Madrid (Varela et al. 1997). In Cérdoba
(South Spain) 17% of the population is sensitive to Platanus pollen and patients
presented symptoms almost immediately after the Platanus pollen season started,
as this pollen type appears abruptly in high concentrations in the air. Patients suffer
from symptoms at pollen concentrations of 51-200 pollen/m*® during less than a
month (Alcdzar et al. 2004). Platanus pollen is produced at high levels in the southern
European countries, where it is a relevant allergenic pollen species. Plane trees flower
during early spring.

6.3.16 Poaceae Family

Poaceae, grasses, comprise a high number of species flowering from winter to the
end of summer, depending on the species and on the geographical area. Although
knowledge about the differences in the allergenic potency of the various species is
scarce, most species are considered to be allergenic. A recent study showed that



180 L.A. de Weger et al.

within the Pooidae subfamily 12 grass species which are common in the temperate
and subtropical zones appeared to share similar IgE determinants (Andersson and
Lidholm 2003). Threshold studies discussed here deal with the mixture of grass
pollen that is produced in the particular area under study. Most threshold studies in
ambient air determine pollen levels using a pollen sampler on a roof top, except for
a study from Israel, but the criteria at which the threshold levels are determined differ
among the different studies (Table 6.1). Recent European studies show that the preva-
lence of sensitization to grass pollen is significantly higher than that to other pollen
species (Bauchau and Durham 2004; Bousquet et al. 2007) except for ragweed pol-
len in highly infested regions (Vitdnyi et al. 2003). The prevalence of grass pollen
allergy differs among different European countries and among different studies
(Table 6.2) and appears to be inversely associated with pollen exposure (Burr et al.
2003). This inverse association is very weak, but this study cautions us to conclude
that high exposure to pollen increases the risk of rhinoconjunctivitis or/and asthma.

6.3.17 Rumex, Polygonaceae Family

Sorrel flowers from late May until August, which largely overlaps with the flowering
seasons of Plantago and grass pollen. The clinical relevance of sorrel pollen cannot
easily be defined. Allergy to sorrel may be overlooked, because it is not thought of dur-
ing the grass pollen season. From a group of 96 grass pollen allergic patients in Austria,
70% of randomly selected sera tested positively for sorrel specific IgE. Relevant cross-
reactivity between grass and sorrel pollen was excluded (Frank et al. 1991).

6.3.18 Salix, Salicaceae Family

Salix species (willow, sallow) are both insect- and wind pollinated, but the proportions
of the two pollination modes differ between species. Pollen grains often tend to
stick together (Dobson 1988; Karrenberg et al. 2002) and regional levels of airborne
pollen are often low (Jones and Harrison 2004; Zeghnoun et al. 2005). No published
threshold values of Salix are available from Europe and a Canadian study showed
that the impact of an interquartile increase in daily Salix pollen levels upon asthma
admissions was insignificant (Dales et al. 2008). The prevalence of Salix sensitiza-
tion has been addressed in a Swedish multi-centre study (Eriksson et al. 1984).
Positive skin prick reactions against Salix allergens occurred in 37% of people with
birch pollen allergy, but they were strong (>2+) in only 12%. In patients reacting to
other pollen types, only 6% showed mild positive results in prick tests (SPT=1+),
and no one had a stronger reaction. Positive IgE tests against Salix allergens were
found in 40% of the birch pollen sensitive people, but only 6% reacted with RAST
class>2. In Eskisehir, Turkey, 24.9% of the hay fever patients reacted to Salix
pollen. Of these, the allergy was considered severe in 16.9% (Egger et al. 2008).
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6.3.19 Spore Types: Alternaria and Cladosporium

Epidemiological studies on mould allergy in Europe show that Alternaria and
Cladosporium are the most important sources of fungal allergens; Cladosporium
seems to be most prevalent in Northern Europe and Alternaria, especially in children,
is most common in Southern Europe (D’ Amato et al. 1997). A multicenter study in
Europe showed that the prevalence of positive skin prick tests to these moulds varies
from 3% in Portugal to 20% in Spain (D’ Amato et al. 1997). Studies on the threshold
level that induces symptoms are scarce for these spores. A study from 1979 men-
tions 100 spores/m? for Alternaria and 3,000 spores/m? for Cladosporium (Gravesen
1979) but no details on the determination are given.

In Europe, the main season for the occurrence of Alternaria spores is from June
until October (Kasprzyk 2008), thus overlapping with the grass pollen season.
The variation in annual totals is large, for instance concentrations from 10,000 to
25,000 spores/m?/year have been described (Thibaudon and Lachasse 2006).

6.4 Factors Affecting the Threshold

6.4.1 Differences Among Individuals

6.4.1.1 Nonspecific and Allergen-Specific Hyperreactivity
as Basis for Symptoms

The physiological background for symptom development in allergic individuals is
the increased sensitivity of their mucosa after allergen exposure. This may result in
an hyperreactivity (or hyperresponsiveness) of the mucosa of eyes, nose or bronchi.
There are two types of hyperreactivity (or hyperresponsiveness) of the mucosa in
eyes, noses, and bronchi which determine the severity of the clinical response
(symptoms) in pollen allergic individuals following exposure to pollen allergens:
the non-specific and the allergen-specific hyperreactivity. Since there are more data
on the hyperreactivity of the airways than for nose and eyes, this part will focus
primarily on bronchial hyperresponsiveness.

Airway or bronchial hyperresponsiveness (BHR) is defined as excessive bronchial
narrowing and manifests itself as an exaggerated bronchoconstrictor response of the
airways to various inhaled stimuli, including pollen (Sterk et al. 1993). BHR is
determined at least in part by airway inflammation and airway structural remodeling
(Busse 2010). The severity of BHR in non-asthmatic patients changes with pollen-
induced rhinitis during the season and evidence suggests that during the pollen
season, and even after the cessation of exposure to pollen, BHR is increased for
weeks (Prieto et al. 1994).

The severity of allergic BHR is often measured as the provocative dose or concen-
tration causing a 20% fall in the FEV  (=forced expiratory volume in 1 s) (Sterk et al.
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1993). Non-specific BHR can be measured by using non-specific bronchoconstrictor
stimuli such as histamine and methacholine that are well standardized and frequently
used in clinical settings. Methacholine and histamine act directly on smooth muscle,
while other stimuli can act indirectly by stimulating the release of inflammatory
mediators and/or by stimulating neural pathways (Sterk et al. 1993).

6.4.1.2 Factors Influencing Hyperreactivity and Threshold

It is a well-known fact that the same amount of pollen does not cause the same
intensity of complaints among individual patients with hay fever. Different factors
or exposures have been implicated in temporary changes in nasal and airway reac-
tivity. BHR may be variable over time because of several reasons.

6.4.1.3 Atopy

The most important and independent risk factors for BHR are lung function and
atopy. Lower FEV , a lower Tiffeneau ratio (FEV | as a percentage of FVC), and the
presence of atopy are associated with an increased occurrence of BHR (Britton
et al. 1994).

The association between atopy and BHR is complex. Both skin prick test posi-
tivity as well as serum IgE are positively associated with BHR (Peat et al. 1996;
Sunyer et al. 1995). Also it has been shown that BHR is frequently present in
subjects without asthma but with allergic rhinitis. Moreover, BHR worsens during
the allergen season in subjects with rhinitis who are atopic to pollen (Riccioni et al.
2002).

6.4.1.4 Gender and Age

Several studies have shown a relationship between BHR and gender. In children
without asthma, BHR is approximately twice as frequent in boys as in girls (Ernst
et al. 2002). On the other hand, the occurrence of BHR is more frequent among
female than among male adults (Britton et al. 1994). This switch in prevalence
among males and females seems to occur during and/or after puberty The relation-
ship between BHR and age is unclear: BHR is either not influenced by age or
subjects of older age have a lower risk for BHR after correction for lung function or
those of older age are more likely to have increased BHR (Hopp et al. 1985).

6.4.1.5 Influence of Smoking

Although smoking has been significantly associated with BHR, cigarette smoking
appears less important than atopic status after correction for other risk factors
(Britton et al. 1994). Smoking may increase BHR in part by increasing inflammatory
cell numbers in the airways (Amin et al. 2003).
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6.4.1.6 Allergen Exposure

Experimental exposure to allergen is associated with an increase in BHR the following
day (Sterk et al. 1993). Seasonal variations in the allergen load and air pollution
are paralleled by fluctuations in BHR, with higher allergen exposure levels being
associated with increased responsiveness (van der Heide et al. 1994).

In subjects with asthma, a worsening in indices of BHR has been observed after
respiratory infections (Cheung et al. 1995).

6.4.1.7 Effects of Lifestyle

Pollen counts show the pollen concentrations in the outside environment. However,
most people spend most of their time indoors. Farrera et al. (2002), using a Cour’s
pollen trap inside and outside a house in the Rhone Valley (France), showed that
60% of the taxa found in the environment close to the house were also present inside
the house during the same period. Ragweed pollen was the most prevalent species.
It would be interesting to investigate the factors that are responsible for transfer the
pollen grains inside the house.

Furthermore, the patient’s personal agenda is relevant for the exposure to pollen.
A person can sit inside a house all day or cycle through meadows. Also the traveling
history of a person is relevant for the specific exposure to pollen. This was nicely
demonstrated by Penel et al. (2009) who collected the hairwashing of volunteers
in Valence and subsequently identified the pollen in these washings. In a period
without any Pinus pollen on the trap he found that 36% of the pollen from the hair
washing was Pinus pollen. This person arrived from Spain where Pinus was
flowering. This study showed that hair can function as a pollen trap that is indicative
for the site of life for a person.

6.4.1.8 Effects of Viral and Bacterial Infections

Transmissible viral infections occurring in the general population are also an envi-
ronmental factor which can potentially modify the allergic response and asthma
attacks. Viral infections and immunodeficiency (e.g. HIV) might be problematic,
for instance, in immunotherapy. Depending on the virus and the person’s state of
health, various viruses can infect almost any type of body tissue, from the brain to
the skin. Viral infections cannot be treated with antibiotics.

Busse (1989) summarizes the important role that viral illnesses could play in the
allergic diathesis. Respiratory infections precipitate wheezing in many patients with
asthma. A number of important conclusions in this relationship has come from
detailed epidemiological studies. First, viral, not bacterial, respiratory infections
provoke asthma in children and adults. Second, although many respiratory viruses
trigger asthma, the prevalent organism responsible for increased wheezing varies
with the age of the affected patient. For example, respiratory syncytial virus (RSV)
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infections predominate in infants and young children, whereas rhinovirus, influenza
and para-influenza emerge with greater frequency as age increases. It is, however,
unlikely that mechanisms of virus-induced wheezing are different for each respiratory
virus. Rather, a common mode of asthma exacerbation should prove to be the rule.
Third, the likelihood of increased wheezing with colds is greater when patients have
severe symptoms such as malaises, fever, coryza, etc. Greiff et al. (2002) suggest
that common colds in part through stimulation of granulocyte activity potentiate the
airway inflammation in allergic diseases.

6.4.2 Differences Among Different Ethnic Populations

Different studies have shown that the pollen threshold levels for symptom develop-
ment depend not only on allergy potency, but also on other environmental, genetic
and socio-economic characteristics, e.g. ethnic population. This will be illustrated
by studies on olive pollen, one of the main causes of allergic disease in the
Mediterranean area. Olive allergy represents a unique allergy model where a sharp
exposure gradient leads to different clinical allergy profiles (Barber et al. 2007).
First of all, it is important to present the different proteins which have allergenic
activity. Taking into account that major allergens are defined as those recognized by
more than 50% of the patients allergic to a particular source (King et al. 1994), Ole
e 1 was the first major allergen described and characterized (Blanca et al. 1983;
Lauzuricaetal. 1988a, b), being recognized by more than 70% of patients. Nowadays
the presence of, at least, 20 proteins with allergenic activity has been demonstrated,
and 10 of them have been characterized, cloned and expressed (Cardaba et al. 2007),
including Ole e 1 as the major allergen and other minor allergens (Lauzurica et al.
1988a, b; Villalba et al. 1994; Asturias et al. 1997; Ledesma et al. 1998; Barral et al.
2004, 2006). Recently, the 11th has been described (R. Rodriguez, personal
communication).

In the case of olive pollen exposure, it has been demonstrated in several studies
that high levels of pollen exposure can cause minor allergens to become major
allergens for allergic patients that live in areas with high exposure to the respective
pollen. For example, some minor allergens have been defined as major allergens, i.e.
Ole e 4 and Ole e 7, by Rodriguez et al. (2001). Cardaba et al. (2007) described a
more complex IgE response to the various olive allergens in allergic patients from
areas with extremely high pollen counts. They showed that not only Ole e 1 but also
2, 7 and 10 were major allergens in highly exposed populations, but not in popula-
tions with a lower antigenic exposure. On the other hand, Barber et al. (2007, 2008)
defined next to Ole e 1, also Ole e 7 and Ole e 9 to be major allergens. Ole e 7 sensitiza-
tion has been described with an average prevalence of about 47% in patients with
olive allergy by Tejera et al. (1999). These authors show that high exposure to olive
pollen can lead to different sensitization rates to this “minor allergen” Ole 7. In Jaen
(South of Spain) up to 60% of the patients were sensitized to Ole 7, compared to less
than 20% of the patients in the Madrid area (Central Spain) (Tejera et al. 1999).
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Moreover, in a high olive pollen exposed area in the Andalusia Region, Spain
(Jaen, Cérdoba, Granada and Malaga provinces), it has been observed that 50% of
the patients reacted only to Ole e 1, which is normal in areas with lower pollen
counts. On the other hand, Ole e 9 sensitization always coincided with Ole e 1;
however, Ole e 7 cases were Ole e 1 independent, 40% of Ole e 1-negative patients
were sensitized to Ole e 7 (Barber et al. 2007, 2008). In this well exposed area of
Andalusia it is important to consider not only Ole e 1, but also Ole e 9 and, particularly,
Ole e 7. In other areas which are less exposed to olive pollen, Ole e 7 sensitization
always coincided with Ole e 1. Clearly, new approaches to allergen standardization,
diagnosis, and vaccination are necessary in different geographical areas.

Although it is generally believed that allergic sensitization to aeroallergens
reflects the degree of exposure, and this also applies to pollen sensitivity, some studies
show different results (Cardaba et al. 2007). Geller-Bernstein et al. (1996) have
observed different sensitization prevalences to olive pollen, in ethnically different
populations of Israel. Geller-Bernstein et al. (2002) have observed very low preva-
lence of sensitization to olive pollen in the Druse Arab, (12%), Christian Arab
(27%) and Muslim Arab (35%) populations, as compared to the Jewish population
(66%). The Druse, the Christian and part of the Muslim Arabs have lived in the
study region for several centuries. In this area, olive trees have been cultivated as a
crop for centuries, so that the residents are massively exposed to olive pollen from
birth. However their sensitization prevalence to olive pollen is lower than that of the
Jewish population that has lived in the same region only for about 150 years. This
interesting observation might indicate that a population exposed to a type of pollen
(allergen) from birth onwards, for centuries, might lead to tolerance, rather than to
sensitization — possibly another aspect of the “hygiene hypothesis” (Geller-Bernstein
et al. 2002; Cardaba et al. 2007).

Geller-Bernstein et al. (2002) compared the Israeli Druse population and the
Andalusia population. Both populations are exposed to massive amounts of olive
pollen in the air from birth. Such a continuous exposure has apparently lowered
their possible sensitization to olive allergens. Finally, in studies comparing pollen
thresholds for symptom development in different geographical areas, only a few
papers focus on olive pollen, i.e. Jaen (Andalusia Region, Spain) (Florido et al.
1999) and Netzer Sireni (Coastal Plain of Israel, Israel) (Waisel et al. 2004). Florido
et al. (1999) have published a pollen risk threshold of 400 olive pollen/m? for Jaen
patients, the province with the biggest number of olive groves in the world. However,
lower pollen counts in the air (2-4 pollen/m?) seem to cause allergy among the
Israeli population living in Netzer Sireni, with a smaller number of olive trees. The
olive pollen threshold level for symptom development may differ in different
geographical areas, depending upon amount of exposure and/or ethnic origins.

In general, different studies on migration offer information about the role of the
environmental and genetic factors in the development of atopy and asthma under
different scenarios (Hjern et al. 1999; Brabick et al. 2004). These studies show that
both the way of life and the environmental factors of industrialized countries play a
role in the case of atopy and asthma. Furthermore, it appeared that in the beginning
of respiratory allergies environmental factors play a more important role than genetic
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ones (Hjern et al. 2000; Rottem et al. 2005; Lombardi et al. 2008). The epidemiologi-
cal information reveals that the prevalence of asthma and atopy depends on the age
in which the migration occurs and is increased by the duration of the residence in
the countries of destination.

All these studies demonstrate how difficult it is to define risk thresholds for
sensitization to olive pollen in a particular geographical area.

6.4.3 Seasonal Variations in Threshold Level

Regarding the seasonal variations in threshold level, lower pre- and post-season
exposure to relatively smaller pollen concentrations may cause allergic responses at
alower threshold. In the case of olive, Ole e 1 is also present in other trees belonging
to the Oleaceae family, such as Fraxinus and Ligustrum. In the Andalusia region
(Spain) different Fraxinus species flower at different periods of time. F. angustifolia,
flowering in early spring, coincides with pre-season olive pollen exposure and
F. ornus, flowering in late spring, coincides with high olive pollen exposure (Guerra
etal. 1996). On the other hand, privet (Ligustrum) is an ornamental tree that flowers
later, in June, coinciding with post-season olive exposure. This pollen appears in the
air after the patients have been suffering from olive pollen allergy for a long time
(Carifianos et al. 2002). Privet pollen grains are very heavy and they are not transported
easily by air. However, it has been demonstrated that people living near large areas
with this ornamental tree suffer from allergy. For this reason, these homologous
pollen types can be responsible in a percentage of olive allergic responses at the
beginning and end of the olive pollen season.

It is also important to take into consideration pan-allergens (i.e. profilins, lipid-
transfer, proteins, polcalcins, etc.) when trying to understand the seasonal variations
in threshold levels (Barber et al. 2008; Quiralte et al. 2007). Homologous allergens
in Oleaceae and non-Oleaceae species could account for cross-reactivity between
different pollen (Quiralte et al. 2007). This is important especially in patients living
in south Europe, where olive and grass pollen seasons usually coincide. Profilin
sensitizations are mainly associated with grasses. Moreover other different aller-
genic pollen seasons usually overlap, i.e. Rumex, Plantago, Artemisia, Ambrosia
or Amaranthaceae/Chenopodiaceae (nowadays both of them are included in the
Amaranthaceae family) (Barber et al. 2008).

Another variation in symptom development during the season is observed in the
grass pollen season in a Dutch grass pollen sensitive patient group. Patients seem to
respond with more severe symptoms to the relatively low grass pollen concentra-
tions in the early part of the season, while at the end of the season when the grass
pollen concentrations were still relatively high, symptom scores were reduced (de
Weger et al. 2008).
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6.4.4 Pollen Allergens in the Air

Most pollen allergens in the air are carried by pollen grains, but the presence of
airborne small respirable particles containing pollen allergens has also been reported
(Spieksma et al. 1995a; Schippi et al. 1997). The total amount of allergen in the air
we breathe needs to be considered in the assessment of thresholds for symptom
development.

6.4.4.1 Small Respirable Particles

Pollen is the carrier of the airborne allergens. Although the existence of non-pollen,
small respirable particles that contain allergen is still debated, for birch for instance
the only source of the main allergen Bet v 1 is the pollen. Even anatomically closely
situated parts of the catkin to pollen, such as orbicules (anatomic part inside anthers
to which developing pollen are attached) do not contain allergen Bet v 1 (Vinckier
et al. 2006). At first this may seem surprising, but closer investigation showed that
no Bet v 1 allergen is present in birch pollen until about 1 week before pollination
(Buters et al. 2010). The Bet v 1 allergen was found only inside the pollen. Because
orbicles were shown to be devoid of this allergen, there is apparently no transfer
of Bet v 1 inside catkins, and separate parts of a birch tree including catkins must
produce their own Bet v 1. So far Bet v1 has not been found in any plant parts
studied (except one report on the presence of low levels of Bet v 1 in birch leaves)
(Grote and Fromme 1986). Even if other parts of the tree such as leaves, bark or
catkins contain some Bet v 1, they must become airborne which is unlikely. Thus,
small respirable particles containing allergen must come from pollen from processes
during or after pollen release, for example, rupture of pollen from birch (Schippi
et al. 1999b; Grote et al. 2003; Taylor et al. 2004; Namork et al. 2006) or grass
(Rantio-Lehtimiki et al. 1994; Schumacher et al. 1988; Motta et al. 2006; Namork
et al. 2000), or transfer of allergen after extraction by rain water to other environ-
mental particles (Behrendt and Becker 2001). In Munich, Germany, during the last
5 years of continuous allergen monitoring in ambient air during the pollen season,
Buters et al. (2010) did not find any birch allergen in the respirable fraction con-
taining PM <2.5 um. The discrepancy between their results and other authors
could be due either to specific climatic conditions not present in Munich, Germany,
or to the difference between grass and birch pollen (Namork et al. 2006). Finding
these small respirable particles is challenging as they occur in the same respirable
fraction PM <2.5 um as diesel soot particles. Diesel soot adsorbs the allergen Bet v
1 and consequently no allergen can be detected anymore in the sampled fraction.
It is also unclear if allergen-coated diesel particles release the allergen once inhaled,
or if that the allergen is no longer bioavailable for interactions with the immune
system (see Fig. 6.2).

Pollen releases several substances, such as lipid mediators (PALMS) and larger
quantities of adenosine; factors which seem to influence the sensitization reaction
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Fig. 6.2 Absorption of the allergen Bet v 1 to diesel soot particles. Allergen was incubated with
diesel particles (NIST#2975) and the remaining allergen in the supernatant was determined by
ELISA (data from J. Buters)

of the immune system. Once sensitized, the allergen seems to govern the observed
patient symptoms (environmental pollutants influence the extent of the immune
reaction too (Lubitz et al. 2010), but these compounds do not originate from pollen).
The discussion concerning the threshold value then becomes the question of
whether pollen releases a constant amount of allergen. If the pollen were constant
in allergen release, then the pollen count would be a good surrogate marker for
allergen exposure and a pollen-symptom threshold could be determined. If pollen
release a variable amount of allergen, then an allergen-symptom threshold is per-
haps possible.

6.4.4.2 Regional Variation in Allergen Release

There are very few studies concerning the regional variability of allergen release
from the same amount of pollen. Buters et al. (2008) showed that two regions in
Germany, about 600 km apart, varied three-fold in allergen release from the same
amount of pollen of the same species, and that this difference remained similar
during the 3 years studied (see Fig. 6.3). Also, Ambrosia artimisiifolia plants
exposed to higher CO, values gave rise to higher pollen production but less allergen
release per pollen (Ziska et al. 2003; Rogers et al. 2006). CO, varies among regions,
although the differences are small, except for inner cities (Ziska et al. 2003).
Interestingly, more individuals living in inner cities with a higher environmental
pollution are sensitized than city-inhabitants that live in less polluted areas
(Morgenstern et al. 2008).



6 Impact of Pollen 189

40000
' N.S
p=0.028
p=0.053 ® ;
= 30000 - *
Q
3 ©ONS p=0.062
Q.
[=)]
E f 0 1
© 20000 4 p<0.001 p<0.001 °
D
£ [ . J—
= p<0.001 ¢ p<0.001 o
=
] @
[ai] 4 BSOS e v
10000 L ] BERES
® N KERKX
@
e N
NI\ . N
ol ==& G
2002 2003 2004 2002 2003 2004
Munich (n=24) NRW (n=22)

Fig. 6.3 Differences in Bet v 1 release from the same amount of pollen collected directly from
trees in Munich and Nordrheinwestphalia (NRW) and from different years. The figure shows the median
and the 90 and 75% confidence interval (with permission from Buters and Behrendt (2008))

6.4.4.3 Day-to-Day Variability in Allergen Release

For birch, several authors monitored the allergen release from pollen collected from
ambient air (see Fig. 6.4) (Buters et al. 2010).

After rainfall (recognized by a very high humidity) both pollen and the allergen
are greatly reduced. In the 1990s Rantio-Lehtiméki in Finland (Pehkonen and
Rantio-Lehtimaki 1994; Jensen et al. 1989) had shown that allergen and pollen
flight were not congruent, suggesting that the release of allergen per pollen is not
constant and varied per day. Schippi and colleagues, first in Switzerland and later
also in Australia, showed the same results (Schéppi et al. 1996, 1997, 1999a,b).
Riediker et al. (2000) confirmed this finding but also cautioned that allergen present
in other fractions of ambient air might be due to sampling artefacts. The same was
described for olive pollen (De Linares et al. 2007) although surprisingly most olive
allergen was detected in those fractions that do not contain pollen. For grass pollen
the differences in release is to be expected as the pollen from different grass species
cannot be discriminated in a Hirst-type pollen trap, as microscopically the main
species of grass pollen (such as Lolium perenne, Dactylis glomerata or Phleum
pratense) show the same morphology (Winkler et al. 2001).

The allergen release per fixed amount of grass pollen varied (Schumacher et al.
1988). In addition, it can be demonstrated that, Phl p 5 was only partly congruent to
grass pollen counts over Europe (Buters et al. unpublished observation).
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Fig. 6.4 (a) Daily variation in birch pollen allergen in different fractions of ambient air (-e -
PM>10 pm, - A - 10 pm>PM>2.5 pm: not shown 2.5 pm>PM>0.12 pum, since all fractions
resulted in baseline values) and pollen (grey bars) in ambient air from Munich, Germany in 2006.
At the end of the birch pollen season pollen counts decline, but Bet v 1 does not. (b) Concomitant
humidity (m) and temperature (V) at the sampling site. Adapted from Buters et al. (2010).

6.4.4.4 Year-to-Year Variability in Allergen Release

Currently, to our knowledge only one study has examined the effect of different
seasons on the allergen release of birch pollen. The authors reported an up to five-
fold difference in allergen release between the same amount of pollen sampled from
the same trees in different years (Buters et al. 2008). Although day of sampling will
influence the allergenicity of pollen due to the rapid increase of allergen just before
pollination, the year-to-year differences remained between all years studied. Indeed,
pollen sampled from ambient air from the same location varied up to ten-fold in
allergen release potency between different years (Buters et al. 2010). Thus allergen
release from the same amount of birch pollen is variable. Also, the high variability
among individual birch trees was not constant between years, although a few trees
constantly remained in the lower percentile (Buters et al. 2008) A Europe-wide
project was initiated that studies these questions in detail for birch, grass and olive
pollen (see www.hialine.com).
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6.4.4.5 Allergen Release from Different Pollen Species

Differences in allergen release from the same amount of pollen was best studied for
birch (see above) but was also reported for grass, olive and ragweed pollen (Namork
et al. 2006; Buters et al. 2008, 2010). The phenomenon seems to be present in all the
pollen species studied. This phenomenon is likely to be a general natural character-
istic of plants since it has been known for a long time that the specific contents of
certain ingredients vary also in non-allergenic species (Stahl and Jork 1964;
Filipowicz et al. 2006). Pollen is thus no exception.

Although previous findings suggest that airborne allergen measurements correlate
with pollen counts (Marsh et al. 1987; Spieksma et al. 1995a), the recent studies
discussed above suggest that it is likely that pollen contain different amounts of
allergen per pollen grain. The question remains, if the differences observed result in
differences in patient symptoms. An additional advantage of allergen monitoring
could be that automation and on-line monitoring of allergen is less complicated than
pollen counting, as the current techniques have difficulties discriminating optically
similar but allergenically different pollen species (Delaunay et al. 2007).

Pollen grains release more than allergen alone (Traidl-Hoffmann et al. 2005) and
the allergens themselves are a mixture of several different proteins, each protein
again consisting of a mix of different isoforms. Thus birch pollen releases a mixture
consisting of at least PALMs, adenosine, Bet v 1, Bet v 2, and Bet v 4. Bet v 1 consists
of 37 reported isoforms, of which 6 are commonly present in European samples.

The major isoform of Bet v 1 is Bet v 1.0101. About>90% of European sensi-
tized individuals are sensitized to Bet v 1 (Moverare et al. 2002), and >50% of
Bet v 1 is made up by the isoform Bet v 1.0101 (Swoboda et al. 1995). The other
isoforms of Bet v 1 are close homologues of Bet v 1.0101 and birch pollen sensi-
tized individuals react to all these isoforms equally, except for the hypoallergenic
isoform Bet v 1.0401 (Bet v 1d), which is a minor isoform (Hartl et al. 1999).
Patients sensitized to the minor allergen Bet v 2 or Bet v 4 are often simultaneously
sensitized to Bet v 1 (Moverare et al. 2002).

The major allergen in grass pollen is Phl p 5. Phl p 1 is a major allergen too and
often sensitization to both occurs simultaneously (Moverare et al. 2006). ELISA,
the technique used to determine the allergen content of ambient air in all published
studies, is mostly designed to recognize only one allergen, of which it then recog-
nizes the isoform mix relevant for patients. For Bet v 1 the antibodies used in the
ELISA recognized all isoforms (except the hypoallergenic Bet v 1.0104) of Bet v 1, and
the ELISA used predicted patient reactivity. Therefore, this technique is suitable for
determining allergen exposure.

6.4.4.6 Allergen Release from Other Plant Parts

Allergen specific IgE binding activity appeared to be present in other plant parts
than pollen of e.g. ragweed (Agarwal et al. 1984) and birch (Fountain et al. 1992).
It is not known whether leaves, stems, seeds and roots can release relevant amounts
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of allergens into the air under general conditions. However, release of allergens from
other plant parts than pollen may be relevant during the annual campaigns to draw
ragweed in the Rhone valley. During these campaigns which take place before
the flowering season of ragweed, plants are being broken and snapped and during
these actions some of the voluntary workers suffered from sudden attacks of asthma,
conjunctivitis and/or urticaria (C. Déchamp, personal communication).

6.4.5 Environmental Aspects

6.4.5.1 Temperature and CO,

Temperature is the primary determinant of the metabolic rate of plants, and therefore
it is an important determinant of phenology including that of allergenic plants
(Linderholm 2006). Higher CO, concentrations stimulate photosynthesis in many
plants especially when enough nutrients such as nitrogen are available (Bazzaz
1990). Therefore increasing temperature and high CO, may affect the pollen load
in a region.

Spieksma et al. (1995b) examined atmospheric birch (Betula) pollen data from
five European stations (Basel, Vienna, London, Leiden, and Stockholm) between
1961 and 1993 (records from 18 to 30 years). They found weakly rising trends of
annual sums of daily concentrations at all five stations. More recent European studies,
in Denmark (Rasmussen 2002) and Switzerland (Frei 1998) found trends of increasing
amounts of pollen over the latter decades of the 1900s that were related to climate
change. Teranishi et al. (2000) studied the association between Japanese cedar
(Cryptomeria japonica) pollen and temperature from 1983 to 1998 in Japan. They
found a significant positive correlation between total pollen count in a year and
temperature in July the previous year. In North America, Levetin (2001) has found
statistically significant increases in a number of taxa, including Juniperus, Quercus,
Carya, and Betula, since 1987. There is some evidence that these increases have
been associated with increases in average winter temperature.

Rising CO, concentrations may affect the amount of pollen produced per plant as
well as the allergenic content of the pollen grains itself. Greenhouse experiments
with ragweed plants showed that plants exposed to elevated levels of CO, increased
their ragweed pollen production (Ziska and Caulfield, 2000) as well as the Amb a 1
content per pollen grain (Singer et al. 2005).

6.4.5.2 Atmospheric Pressure

Although only a few studies on the importance of atmospheric pressure have been
carried out, the effects of pressure on the threshold levels can be very diverse. (i) In
connection with the NAO (North Atlantic Oscillation)-studies it has been shown
that that pressure is a much more important factor causing changes in pollen
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concentrations than has been realized thus far (e.g. Smith et al. 2009). The role of
pressure is revealed in long-distance pollen transport. Emberlin (1994) suggested
that an increase in the strength of the Atlantic westerlies over north-west Europe
would enhance the long distance transport of pollen from northern and central
Europe to Scandinavia. This aspect should be taken into account for pollen forecast,
since it may affect the expected pollen load for the coming day(s) considerably. (ii)
Although the role of climatic factors in exacerbating asthma is poorly understood
(D’Amato et al. 2001), high and low atmospheric pressures have been linked to
asthma attacks (Garty et al. 1998; Celenza et al. 1996). There is evidence that changes
in temperature, barometric pressure and relative humidity have some influence on
the worsening of asthmatic symptoms (e.g. Hashimoto et al. 2004). (iii) Differences
in atmospheric pressure can cause remarkable error in the function of pollen trap;
for instance, in Switzerland at an altitude of about 2,300 m at Giitsch where the
mean air pressure is 770 hPa this causes a 10% error compared to sampling in Basel
where the air pressure is 979 hPa on an average (Gehrig and Peeters 2000).

6.4.5.3 Thunderstorms

Thunderstorms have been linked to asthma epidemics, especially during the pollen
seasons, and there are descriptions of asthma outbreaks associated with thunder-
storms. This is mainly because pollen grains release allergenic particles when they
get in to contact with rainwater in combination with an electric field.

Grass pollen has been responsible for triggering allergic asthma, gaining impetus
as a result of the 1987/1989 Melbourne and 1994 London thunderstorm-associated
asthma epidemics (Suphioglu 1998). Ryegrass pollen ruptures upon contact with
water releasing about 700 starch granules which not only contain the major allergen
Lol p 5, but have been shown to trigger both in vitro and in vivo IgE-mediated
responses. Starch granules have been isolated in Melbourne atmosphere with 50-fold
increase following rainfall. Free grass pollen allergen molecules have been shown
to interact with other particles including diesel exhaust carbon particles, providing
a further transport mechanism for allergens to gain access into lower airways
(Suphioglu 1998). Taylor et al. (2007) also suggested that thunderstorm asthma
epidemics may be triggered by grass pollen rupture in the atmosphere and the entrain-
ment of respirable-sized particles in the outflows of air masses at ground level.
Pollen contains nicotinamide adenine dinucleotide phosphate (reduced) oxidases and
bioactive lipid mediators which likely contribute to the inflammatory response.

Vaidyanathan et al. (2006) decided to determine whether the potential for pollen
fragmentation is increased during thunderstorms by exploring the effects of electric
fields, with magnitude as found in the outdoor environment. Fresh pollen grains
were collected from Bermuda grass flowers. Water was added to test for pollen
rupture and to assess pollen viability. Bermuda grass pollen did not rupture within
1 h of contact with water. Only after exposure to an electric field the Bermuda grass
pollen showed a considerable amount of rupturing immediately upon immersion in
water. The higher the voltage the pollen is exposed to before coming into contact
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with water, the higher the percentage of rupture of the pollen. Electric fields, generated
in the laboratory and of magnitude found during thunderstorms, affected the pollen
after as little as a 5 s exposure. Thunderstorms regularly generate electric fields up
to 5 kV/m in strength, can reach 10 kV/m and cover several km in distance.

6.4.5.4 Ozone

Exposure to increased atmospheric levels of O, causes increased airway reactivity
to pollen and is related to an increased risk of asthma exacerbation (Chen et al.

2004). It has been observed that O, exposure has a priming effect on allergen-
induced responses as well as an 1ntr1ns1c inflammatory effect in the airways of allergic
asthmatics (Molfino et al. 1991; Kehrl et al. 1999). Exposure to O, may increase
the risk of allergic sensitization in predisposed subjects. Indeed, by lowering the
threshold concentration of allergen able to induce clinical symptoms, O, can enhance
the airway responsiveness of sensitized subjects. Molfino et al. (1991) reported that
a 1-h exposure to 0.12 ppm O, while at rest caused a two-fold reduction in the
provocation concentration of inhaled antigen required to cause early bronchocon-
striction in specifically sensitized asthmatic subjects. The mean provocation dose of
ragweed pollen necessary to reduce FEV, by 20% in sensitized asthmatic subjects
was significantly reduced to about one-half the dose of ragweed allergen when the
patients were pre-exposed to 0.12 ppm O, for 1 h versus pre-exposure to air. Jorres
et al. (1996) using a higher effective dose (0.25 ppm inhaled through a mouthpiece
with intermittent exercise) and a longer duration of exposure (3 h), found that 23 of
24 mild asthmatic subjects required a lower provocation dose of allergen to cause a
20% decrease in FEV | (PD,) after O, exposure. The previous exposure to O, (and
NO,) on subsequent pollen allergen significantly increases the allergen- mduced
release of eosinophil cationic protein in nasal lavage of patients with seasonal allergic
rhinitis (Devalia et al. 1998).

Rogerieux et al. (2007) exposed timothy grass pollen to ozone (O,), nitrogen
dioxide (NO,) and sulphur dioxide (SO,) alone or in combination. For O,-treated
pollen, tests with patients’ sera showed an acidification of allergens Phl p 1b, Phl p
4, Phl p 5 and Phl p 6. Moreover, samples treated with a mix of NO,/O, or NO,/SO,
showed a higher decrease in allergen content, compared with samples treated wrth
only one pollutant.

6.4.5.5 Nitrogen Dioxide (NO,) and Sulphur Dioxide (SO,)

Automobile exhaust is the most significant source of NO, which is an oxidant pollutant.
It is less chemically reactive than O, and thus the mhalatlon of NO, is usually not
associated with significant changes i in bronchial function of asthmat1c patients but
it has an obstructive influence on bronchi during exercise (Roger et al. 1990).
Tunnicliffe et al. (1994) demonstrated a greater allergen-induced early bronchocon-
striction by a combined inhalation of allergen and NO, for 1 h, while at rest, than after
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sham exposure. SO, is generated primarily from burning of sulphur-containing fossil
fuel. It has been shown to induce bronchial obstruction very rapidly (within 2—5 min)
in asthmatic patients at low concentrations (Riedel et al. 1988). O,, NO, and SO,
have been found to interact with allergenic pollen in the ambient air to aggravate
symptoms of asthma (Feo Brito et al. 2007).

Rogerieux et al. (2007) showed that exposure of grass pollen to nitrogen dioxide
(NO,) and sulphur dioxide (SO,) induced a decrease of grass allergen recognition
by patients’ sera. This decrease could be due to a mechanical loss of allergens from
the altered pollen grains and/or post-translational modifications affecting allergen
recognition by IgE.

6.4.5.6 Particulate Matter

Particulates, alternatively referred to as particulate matter (PM) or fine particles, are
tiny particles of solid or liquid suspended in a gas. Sources of particulate matter can
be man made or natural. Some particulates occur naturally, originating from volca-
noes, dust storms, forest and grassland fires, living vegetation, and sea spray. Human
activities, such as the burning of fossil fuels in vehicles, power plants and various
industrial processes also generate significant amounts of aerosols. Increased levels
of fine particles in the air are linked to health hazards such as heart disease, altered
lung function and lung cancer. Fernvik et al. (2002) studied health effects due to air
pollution arising from motor vehicles, a major public and political concern world-
wide. Epidemiological studies have shown that the manifestations of asthma are
increased by air pollution in individuals who are already affected, e.g., the interaction
between ambient PM,  and pollen in studies of short-term effects (Lierl and Hornung
2003; Feo Brito et al. 2007) To investigate the potential role of traffic particulate
matter, TPM, or pure carbon core particles in the initiation and persistence of exper-
imental allergic inflammation, mice were immunized with birch pollen alone, or
pollen together with TPM, or with birch pollen and AI(OH),, or with birch pollen
and carbon core particles. Mice immunized with birch pollen alone and challenged
intranasally with pollen or a mixture of pollen and TPM demonstrated the highest
levels of IL-4 and IL-5 (Fernvik et al. 2002). These results highlight the importance
of the exposure to a combination of particulate matters and pollen allergens.
The results strongly suggest that it is most likely to be the organic phase bound to
the carbon core of the diesel exhaust particles (DEP) that might have an important
adjuvant effect in the induction of experimental allergy.

Diaz-Sanchez et al. (1996) studied the effect of DEP on antigen in ragweed-
sensitive subjects challenged (nasal provocation test) with DEP, Amb al (the major
ragweed allergen) and a combination of DEP and Amb a 1. Provocation with rag-
weed led to an increase in both total and ragweed-specific IgE in nasal lavage fluid
measured at 18 h, 4 and 8 days post challenge. The DEP challenge increased the
concentration of ragweed-specific IgE 16-fold versus concentrations observed after
challenge with ragweed allergen alone. Combination of DEP and ragweed allergen
challenge markedly enhances human in vivo nasal ragweed-specific IgE and skews
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cytokine production to a T-helper cell type-2 (Th2) pattern. These results indicate
that DEP plays a role in the enhanced allergic inflammatory response thus decreasing
the threshold value (Rudell et al. 1994).

6.5 Impact of Allergenic Pollen on Non-allergic Diseases

Recent observations draw attention to rather consistent relationships between daily
variations in both pollen counts and the incidence or prevalence of various non-
allergic diseases. This applies especially to three groups of diseases: non-allergic
respiratory diseases, cardio- and cerebrovascular diseases, and psychiatric diseases
including suicide and suicide attempt.

6.5.1 Effects on Non-allergic Respiratory Diseases

An impressive amount of data supports the effects of air pollution on respiratory
diseases both in terms of mortality and morbidity (Schwela 2000; Baldacci and
Viegi 2002; Pascal 2009). However, pollen and spores have been included rarely
among pollutants and their possible effects are often neglected. Brunekreef et al.
(2000) were the first in 2000 to report an association between pollen concentrations
and mortality. The authors evaluated daily non-accidental deaths due to cardiovascular
and respiratory diseases and pneumonia between 1986 and 1994 in the Netherlands,
and daily pollen levels for Poaceae, Betula, Quercus, Fraxinus, Artemisia, and
Rumex from two stations (Leiden, west and Helmond, south). Results were also
adjusted for long-term and seasonal trends, temperature, relative humidity, influenza
morbidity, day of the week and holidays. Furthermore, lag (-7, -2, —1, 0) effect was
evaluated. The main findings were that (i) Weekly concentrations of Poaceae were
associated particularly with daily deaths due to chronic obstructive pulmonary dis-
ease (COPD) and pneumonia (ii) there was a consistent dose—response relationship
and (iii) Betula and Rumex were positively associated with mortality. None of these
findings were confounded by air pollution.

More recently, several papers confirmed and clarified Brunekreef’s (Brunekreef
et al. 2000) study. A symmetric case-crossover analysis, including pollen levels
of Asteraceae, Betulaceae, Cupressaceae, Chenopodiaceae, Ericaceae, Fagaceae,
Myrtaceae, Oleaceae, Pinaceae, Plantaginaceae, Platanaceae, Poaceae, Polygonaceae,
Salicaceae and Urticaceae, performed in the city of Vigo (Spain) provided confirmation
of a short-term relationship between pollen levels of Betula, Chenopodiaceae,
Corylus and Alnus and the medical emergency calls for respiratory and cardiovas-
cular causes in the period 1996-1999, even though there was no evident interaction
between pollen and chemical air pollutants (Carracedo-Martinez et al. 2008).
Interestingly, this association was statistically significant at lag 0 for Chenopo-
diaceae, at lag 2 for Corylus and Alnus and at lag 3 for Betula, whereas no relationships
were found at lag 1.
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In Darwin (Australia), positive linear associations were shown between hospital
admissions for total respiratory diseases and COPD in the period April 2004—
November 2005 and total pollen counts, without lag effect. But no convincing
evidence was found for relationships between total pollen and asthma or respiratory
infections. The finding of an association between pollen concentrations and respira-
tory hospital admissions that could not be explained by asthma admissions suggests
that ambient airborne pollen grains might have a wider public health impact than
previously recognized. When individual taxa were investigated, associations were
the strongest in relation to Myrtaceae pollen (the dominant tree taxon in the region),
while positive associations not attaining statistical significance were observed for
Poaceae, Cyperaceae and Arecaceae. On the other hand, no associations were evident
for any conditions with fungal spores (Hanigan and Johnston 2004).

Another study, published by Burney et al. (2008), shed new light on intrinsic (i.e. non-
allergic) asthma. A cohort of 297 patients using bronchodilators aged 18—64 years
was extensively evaluated with skin tests in London and they were asked to report
any acute respiratory event over the coming months. Small particles with a mean
aerodynamic diameter<10 um (PM,) were collected and the ability of airborne
particles to bind IgE from the patients was compared with particles sampled on the
weekend before their reported exacerbation and with particles sampled on the weekend
2 weeks before or after. A highly significant association (p=0.00089) between
exacerbations and a 25% increase in IgE binding to particles collected on the previ-
ous weekend compared with the control weekends was found, even in patients with
negative skin prick tests to grass or tree pollen. This observation indicates a role of
unidentified allergens in asthma diagnosed as intrinsic, suggesting limits in current
allergy diagnostics.

6.5.2 Effects on Cardio- and Cerebrovascular Diseases

The study in the Netherlands by Brunekreef et al. (2000) does not allow any conclu-
sions on the possible effects on mortality from cardiovascular diseases to be drawn.
The association between pollen and mortality was seen only for two taxa, Betula
and Rumex, and the authors did not show results by disease type. On the other hand,
high Poaceae pollen counts were not associated with mortality from cardiovascular
diseases. Similarly, in the study with patients who made medical emergency calls in
Vigo (Carracedo-Martinez et al. 2008), elevations in pollen levels did not increase
medical emergency calls because of cardiovascular causes.

However, Low et al. (2006) analyzed the effects of numerous environmental
variables, including pollen and spore counts, on hospital admissions for stroke in
New York. Using a statistical time series modelling technique, the authors found a
relatively small, but significant independent association (p =0.0341), between stroke
events and grass pollen concentration. It is a pity that they did not provide any
hypothesis supporting this observation, apart from the fact that alveolar inflammation
is proposed as the mechanistic link.
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Similarly, according to Matheson et al. (2008), hay fever seems to be a risk factor
for stroke during a 4.4 year period in South Carolina. Patients with a history of
allergic rhinitis had an unadjusted hazard ratio of 1.72 (95% CI, 1.08-2.27) for
stroke versus patients without allergic rhinitis. Risk of stroke remained significant
(hazard ratio, 1.87 [95% CI, 1.17-2.99]) after controlling for age, sex, race, smoking
status, body mass index, diabetes, hypertension, alcohol use, and hyperlipidemia.
The authors suggested the mechanism to be the systemic inflammation found in
those with allergic rhinitis. Yet, Ng et al. (2008) put forward an additional explana-
tion, i.e. obstructive sleep apnea (OSA), for the increased risk. It is now well
accepted that allergic rhinitis is associated with an increased risk of OSA in adults
and children and that adults with OSA have an increased risk of cerebrovascular
disease independent of atherosclerotic risk factors.

6.5.3 Effects on Psychiatric Diseases

The seasonal trend of some psychiatric diseases has been reported consistently, but
its causality is still poorly understood. In this view, several papers investigated
the possible role of the pollen season which overlaps with the seasonality of some
psychiatric diseases. An experimental study showed a regression in children with
autistic spectrum disorders (ASD) or with attention deficit hyperactive disorder
(ADHD) after nasal challenge with oak, timothy grass and ragweed pollen. During
natural pollen exposure, 15 of 29 (52%) children with ASD and 10 of 18 (56%)
children with ADHD demonstrated neurobehavioral regression. There was no
correlation with the child’s allergic status (IgE, skin tests and RAST) or allergy
symptoms. The same effect was observed in allergic and non-allergic children
(Boris and Goldblatt 2004). The authors suggested that, although they had not con-
ducted an empirically test, an unknown non IgE-mediated mechanism underlined
this relationship.

The most numerous studies are about suicide or suicide attempt, including those
done at the University of Maryland School of Medicine at Baltimore. A strong and
highly replicated seasonality of suicide in late spring and, less consistent, in late
summer and early fall is well known (Hakko et al. 1998). For this reason, Postolache
et al. (2005) performed an epidemiologic study analyzing 2,417 suicides in the tree
pollen season and 1,811 in the ragweed season for the continental US and Canada
in the period 1995-1998. They found a two-fold increase in the rate of non-violent
suicides among younger females during the period with high tree pollen, in
comparison to similar periods with low tree pollen (95% CI, 1.3-3.0). There was no
difference between the post pollen period and the pre pollen period. The association
was thus found only for non-violent suicides, only in females, and only for tree pollen
(and not also for ragweed pollen). While these results may have been confounded
by a number of biological and psychosocial factors (such as impact of feeling sick),
acting during the allergy season on individuals and their social support systems, two
possible explanations were proposed. These were the side-effect of anti-allergic
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drugs (pseudoephedrine, antihistamines and corticosteroids), which may worsen
prosuicidal factors such as night-insomnia, day-somnolence, agitation, anxiety,
impulsivity, and cognitive disturbance (Pretorius 2004); or a mechanism linked to
an increased expression of cytokines during the immune activation. Both hypotheses
appear rather weak. Nevertheless, three points require careful thought: (i) If there is
insufficient data to prove any link between the other medications used to treat allergy
and suicidality, systemic (but not topical) corticosteroids used for severe symptoms
have been really associated with manic and depressive episodes and mixed mood
states (Postolache etal. 2008). On June 12,2009 the US Food and Drug Administration
issued a warning raising concerns about the suicidality potential of montelukast
(trade name Singulair®) and other leukotriene receptor antagonists (LTRA) (Manalai
et al. 2009). (ii) Another mechanism linking allergic inflammation, depression, and
suicide has been demonstrated. Reeves et al. (2007) outlined the role of alcohol, that
is a well-established risk factor for adolescent suicide, in inducing phosphorylation
and rearrangement of tight junction proteins of the blood—brain barrier (BBB)
resulting in increased “leakiness”, i.e. passage of cells and molecules. Many authors
have proposed for a long time that allergic inflammation influences depression-
related brain function via molecular and cellular mediators, but those mediators
have a very limited access to the brain when the BBB is intact. Alcohol intake
disrupts BBB, allowing increased brain exposure to cellular mediators of allergy,
especially in youth when alcohol use starts. (iii) It has also been shown in Brown
Norway rats that sensitization and exposure to aeroallergens induces anxiety-like
and aggressive behaviours as well as allergy-related helper T-cell type 2 (Th2)
cytokine gene expression in the prefrontal cortex. Thus, it is possible that sensitization
and exposure to aeroallergens, which peak in spring, may be conducive to seasonal
exacerbation of suicide risk factors such as anxiety, depression, hostility/aggression,
and sleep disturbance. The recent report of Th2 (allergy-mediating) cytokine expres-
sion in the orbitofrontal cortex of suicide victims should lead to future studies to test
the hypothesis that mediators of allergic inflammation in the nasal cavities may
result in Th2 cytokine expression in the brain, influencing affect and behavioural
modulation (Postolache et al. 2008).

Other studies showed a significant relationship (p <0.001) between high pollen
season and self-reported non-winter seasonal affective disorder (SAD), distinguished
by depression in summer and remission in fall and winter (Guzman et al. 2007). The
survey was conducted among college students at local universities in Washington,
DC. However, the sample included only African American and African students
and, therefore, the results may not be applicable to the entire population. The study
was based only on a questionnaire and patients were not tested for pollen sensitization.
No direct measures of depression scores or pollen counts were collected. It is
nevertheless a fact that the findings confirm certain results of the oldest study about
this question that used an ethnically diverse sample (Bartko and Kasper 1989).

Postolache et al. (2008) stated that (i) the rates of depression, anxiety, and sleep
disturbance (suicide risk factors) are greater in patients with allergic rhinitis than in
the general population, (ii) that the rate of allergy is greater in patients with depression
and (iii) finally that patients with a history of allergy may have an increased rate of
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suicide. However, it remains unknown if these associations are true or spurious, and
if true, if they represent trait (vulnerability) — level relationship or if mood-states are
involved, i.e. if there is adequate evidence to suggest that exposure to allergens
might trigger mood changes in vulnerable individuals. In another study, confirming
the relationship between tree pollen and changes in mood in patients sensitized to
that pollen, Postolache et al. (2007) suggested a connection between allergy and
depression decompensation rather than between pollen and depression.

To sum up, allergy can influence mood by several potential mechanisms. There
may be somatic changes, such as discomfort caused by allergic inflammatory
processes in the upper airway that may affect well being. This situation may lead to
other possible mediators affecting mood, such as the use of medications like corti-
costeroids or LTRA, or disturbance of sleep caused by multiple factors including
obstruction of the airways. The release of inflammatory mediators including cytokines
is one likely mechanism that may promote the worsening in mood. This mood
worsening can occur by either acting directly in the brain or through other path-
ways, such as interactions with the HPA-axis and/or the IDO enzyme. Cytokines
have been shown to induce depression and anxiety. The findings of Postolache et al.
(2007) relating allergic symptoms with depression scores may be explained in part
by the release of cytokines during allergic reactions. In vitro studies have also shown
that certain human polymorphisms increase the expression of cytokines including
TNF-a, IL-13, and IFN-y. In addition, certain cytokine polymorphisms increase
susceptibility to allergic disease such as asthma. Moreover, allergic symptoms have
been correlated with the amount of cytokines released during some allergic reactions.
It is possible that depression scores in some individuals may reflect the increased
amount of cytokine release during allergic processes. This issue is a matter to be
clarified with future investigations.

6.6 Conclusion

Pollen has a substantial impact on human health. Besides the role of pollen and
fungal spores in allergic diseases, recent research also suggests an effect of aller-
genic pollen on non-allergic diseases. Current knowledge is insufficient to draw a
conclusion on these effects. Experimental studies showing a proinflammatory and
immunomodulatory activity of pollen support the hypothesis of a non-IgE mediated
effect on human health, even if with several limitations, some epidemiological
observations are consistent with the experimental data. Other indications come from
studies on respiratory and psychiatric diseases which present some diagnostic
difficulties and limitations. However, all these findings have not been sufficiently
reproduced so far. Consequently, further research is needed at clinical, epidemio-
logical, animal and postmortem tissue levels to clarify the complex role of pollen on
human health, which probably goes beyond allergic diseases. Experimental studies
should identify the role of pollen-derived particles in airborne particulate matter
(e.2.PM,)) and their effects on human health. Moreover, epidemiological studies
should be specifically designed by a multidisciplinary research team, with the aim
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of confirming the association between pollen counts and diseases. The advances in
the field of detection of airborne allergens could contribute to distinguishing the
effects of allergens from those of other non-allergenic proteins of pollen (Thibaudon
and Sindt 2008).

Most knowledge on the impact of pollen on human health deals with the allergic
sensitization upon pollen exposure causing IgE-mediated responses in susceptible
individuals. These responses, resulting in respiratory diseases and allergic eye irrita-
tion, have a marked impact not only on clinical parameters, but also on functional
status as shown by a study demonstrating a reduction in productivity of 11-40%
(Vandenplas et al. 2008). This impact of pollen on health status differs among
patients, both on an individual as well as on a population level. It is dependent on
weather conditions (e.g. temperature, thunderstorms), presence of air pollutants
(e.g. O,, NO,, SO,, particulate air pollution [PM]) and the impact may change dur-
ing the season. Furthermore, the amount of allergen per pollen grain can differ
which may affect the impact of pollen.

The diversity of factors that influence the health impact of pollen has hampered the
definition of a straightforward relationship between pollen and the severity of symp-
toms. Several studies report pollen levels at which symptoms develop, but there is still
no consensus on these threshold levels. The various factors discussed in this overview
that influence the interactions between pollen and patients, are responsible for the fact
that threshold values not only vary by pollen type, but also by region, population, year,
time of the season, and landscape architecture (e.g. urban or rural). However, there is
a need for definition of threshold pollen levels, not only for scientists and physicians,
but also for patients that want to know at which pollen concentration they are at risk
for symptom development, and for policymakers that want to create distinct rules for
public information services. At this moment, science cannot formulate a validated
solution. However, one first approach to tackle this problem could be to define
preliminary threshold values for different regions. Whereas this is inevitably an
oversimplification, such preliminary threshold values could be validated using symp-
toms scores of patients that can be entered by special websites (e.g. www.allergiera-
darnl or www.polleninfo.org). Such websites may reach a wide audience and
symptoms scores can be collected including GPS coordinates. The combination of
geographical coordinates and symptoms scores will result in relevant new information
which can teach us whether these preliminary threshold values are correct or whether
they should be adjusted based on interacting mechanisms.
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