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■ Abstract

Pollinosis is defi ned as the appearance of respiratory symptoms (rhinoconjunctivitis and/or asthma) as a result of the inhalation of pollen 
to which the individual is sensitized. Pollen allergy becomes all the more relevant on taking into account that it may be responsible for 
the development of plant food allergy, or may even constitute the direct cause of esophageal, gastric and/or intestinal infl ammation in 
the context of a digestive allergic process. Pollen can act as a source of allergens that induce primary sensitization in the host as a result 
of inhalation, with secondary allergy to plant foods containing shared allergens via a cross-reactivity mechanism. The observed pattern of 
plant food allergy depends on the dietary habits of the population in a given geographical setting, and on the pollination found in that 
setting. Pollinosis may account for the greater or lesser prevalence of allergy to certain plant foods, and for the severity of the associated 
reactions. Beyond the digestive tract infl ammation that may result from allergy to a given food, pollinosis is also intrinsically able to generate 
a clinically relevant or irrelevant Th2-mediated infl ammatory response at digestive level, and may even give rise to eosinophilic esophagitis. 
Inter-relation with the airway may also extend to the digestive tract as a consequence of the systemic response that characterizes allergic 
disease.
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■ Resumen

La polinosis se defi ne como la aparición de síntomas respiratorios (rinoconjuntivitis y/o asma) secundarias a la inhalación de un polen 
al que el individuo está sensibilizado. La alergia al polen aún cobra más relevancia si tenemos en cuenta que puede ser la responsable 
de la aparición de una alergia a alimentos vegetales o, más aún, ser causante directo de una infl amación en el esófago, estómago y/o 
intestino conllevando a una alergia digestiva. El polen puede comportarse como una fuente de alérgenos frente a los que se produce una 
sensibilización primaria por vía inhalada y secundariamente aparecer la alergia a alimentos vegetales que posean alérgenos comunes 
por un fenómeno de reactividad cruzada. El patrón de la alergia a alimentos vegetales dependerá  tanto de los hábitos dietéticos de la 
población de una determinada área como también de la polinización existente en ella. La polinosis puede justifi car la mayor o menor 
prevalencia de alergia a determinados alimentos vegetales así como la gravedad de sus reacciones. Más allá de la infl amación del tubo 
digestivo que puede causar la alergia a un determinado alimento, la polinosis también es capaz per se de producir una infl amación Th2 a 
nivel digestivo, clínicamente relevante o irrelevante, e incluso ser la causa de una esofagitis eosinofílica. La interrelación de la vía respiratoria 
puede extenderse también a la digestiva como consecuencia de la respuesta sistémica que caracteriza a la enfermedad alérgica.

Palabras clave: Alergia alimentos. Alergia digestiva. Asma alérgica. Esofagitis eosinofílica. Polen. Polinosis. Rinoconjuntivitis alérgica.
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Introduction

Pollinosis is defi ned as the appearance of respiratory symptoms 
(rhinoconjunctivitis and/or asthma) as a result of the inhalation 
of pollen to which the individual is sensitized. It is well known 
that allergic rhinitis and asthma are very common in the general 
population, the estimated prevalence being 15-25%, though 
the fi gures may vary according to patient age and geographical 
distribution [1]. Pollen is one of the main causes of allergic 
rhinitis and asthma in our setting. According to the fi ndings of 
the epidemiological study, Alergológica 2005, a full 51.9% of all 
patients with allergic rhinitis are sensitized to some type of pollen 
(the latter being the most common allergen) [2], versus 43.8% of 
all asthmatics (pollen again being the most frequent allergen in this 
group). Based on these fi gures, it can be seen that pollinosis is an 
important illness in itself. However, pollen allergy becomes all the 
more relevant on taking into account that it may be responsible for 
the development of plant food allergy, or may even constitute the 
direct cause of esophageal, gastric and/or intestinal infl ammation 
in the context of what may be referred to as digestive allergy. 
Since pollinosis is the most prevalent respiratory allergy among 
adults in many geographical settings, it is easy to understand 
that associated plant food allergy is the most common type of 
food allergy in adults [4]. It has been estimated that 30-60% of 
all pollinic patients in the European population suffer plant food 
allergy [5-7]. The appearance of plant food allergy in pollinic 
patients has been described for different types of pollen, as well 
as both esophageal and gastrointestinal infl ammation in pollinic 
patients without associated food allergy. These aspects will be 
addressed in the present review.

Food allergy in pollinosis

In the year 2001, the European Academy of Allergy and 
Clinical Immunology (EAACI) Nomenclature Task Force 

 

 

 

Figure. Classifi cation of adverse reactions to foods, based on the criteria of the European Academy of Allergy and Clinical Immunology (EAACI) 
Nomenclature Task Force.
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defi ned food allergy as those adverse reactions to foods that are 
mediated immunologically, with or without the participation of 
IgE. Among the latter, mention may be made of cell mediated 
reactions [8] (Figure 1). The classifi cation of food allergies 
according to the underlying immune mechanism is given in 
Table 1. In the present review, reference to food allergy is meant 
to imply IgE mediated reactions, which are the most common 
cause of food allergy. 

Food allergy is currently an important topic in view of its 
high prevalence [9,10], the potential seriousness of the disease 
[11,12], the important associated impact upon patient, family and 
care giver quality of life [13,14], and the great socioeconomic 
burden involved [15,16].

Two types of food allergy have been described on the basis 
of the clinical presentation patterns of the causal allergens and 
the implicated physiopathological mechanisms: class 1 and class 
2 food allergy [17]. In class 1 food allergy, sensitization occurs 
as a consequence of the allergen contained in the food within the 
gastrointestinal tract, and which behaves as a complete allergen, 
i.e., it is able to induce sensitization and an allergic response [18]. 
This class of food allergy is more common in children, and is 
one of the fi rst manifestations of atopic disease. The causal foods 
contain allergens that are resistant to gastric digestion and tend 
to be thermostable [19]. The most important implicated foods 
are cow’s milk, eggs and legumes. Class 2 allergy in turn is the 
consequence of primary sensitization due to inhaled allergens. 
The immune basis involves a cross-reactivity phenomenon that 
may be clinically relevant or irrelevant [20]. Food will induce 
symptoms in those patients previously sensitized to homologous 
allergens present in the inhaled aeroallergens. The allergen 
contained in food would be able to trigger an allergic reaction, 
but would be unable to induce sensitization. As such, it would 
behave as an incomplete allergen [19]. Most class 2 allergens 
are thermolabile and susceptible to enzymatic degradation 
[21]. Class 2 food allergy typically affects older children, 
adolescents and adults. An example would be the birch – plant 
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Table 1. Classifi cation of food allergies according to the underlying 
immune mechanism

• IgE mediated
 Cutaneous 
  – Urticaria
  – Angiodema 
 Gastrointestinal
  – Oral allergy syndrome
  – Nausea / vomiting
  – Abdominal pain
  – Diarrhea

 Respiratory
  – Rhinoconjunctivitis
  – Asthma 
 Generalized
  – Anaphylaxis

• IgE and cell mediated
 Cutaneous
  – Atopic dermatitis  
 Gastrointestinal
  – Eosinophilic esophagitis
  – Eosinophilic gastroenteritis

 Respiratory
  – Asthma

• Cell mediated
 Cuaneous
  – Contact dermatitis
  – Herpetiform dermatitis  
 Gastrointestinal 
  – Enterocolitis
  – Proctocolitis
  – Enteropathy
  – Celiac disease

food syndrome in which sensitization to birch pollen would be 
responsible for the posterior development of allergy to apple, 
hazelnut, carrot and other plant foods that share homologous 
allergens [22]. 

Thus, pollen can act as a source of allergens that induce 
primary sensitization in the host as a result of inhalation, with 
secondary allergy to plant foods containing shared allergens 
through cross-reactivity with the pollen [23,24].

Pollen – food cross-reactivity

Molecular biology is very useful for understanding cross-
reactivity phenomena. Since the cloning of the fi rst pollinic 
allergen in 1989, corresponding to the predominant birch 
allergen Bet v 1 [25], there has been great progress in the 
molecular characterization of allergens, as refl ected by the 
Allergome allergen database (www.allergome.org) or the offi cial 
list of the International Union of Immunological Societies 
Nomenclature Subcommittee (www.allergen.org). Of the close 
to 9500 families of proteins contained in the Protein Families 

Database of Alignments and Hidden Harkov Models (Pfam), 
“only” 29 are described as allergenic in pollen, versus 27 in 
plant foods. Ten families of allergens are present both in pollen 
and in plant foods. Of the more than 2600 families of proteins 
found in the seeds of plants, only the prolamine family has been 
described as allergenic. Four families of proteins group more 
than 60% of all plant food allergens: the prolamine superfamily, 
the cupin superfamily, the Bet v 1 homologs, and the profi lins 
[26,27]. Of these four families, the prolamines, profi lins and 
Bet v 1 homologs are those of particular relevance in relation 
to cross-reactivity between pollen and food allergens.

The prolamine superfamily

The prolamine superfamily comprises three major groups 
of allergens: lipid transfer proteins (LTPs), albumins 2S and 
the trypsin and α-amylase inhibitors. All are rich in cysteine 
and are stable in response to thermal processing and enzyme 
proteolysis [28]. Since their fi rst description in 1999 [29,30], 
they have centered considerable research in view of their clinical 
relevance. The LTPs have been implicated in the appearance 
of systemic reactions, though they also may be responsible for 
symptoms confi ned to the oral cavity. These proteins have been 
described in many plant foods [26, 31], and are able to sensitize 
the host through the digestive tract [32]. There also is evidence 
suggesting their capacity to sensitize via the inhalatory route 
[33,34].

The Bet v 1 superfamily

Since the initial cloning of Bet v 1 [25], many allergens 
known as Bet v 1 homologs have been identifi ed in plant 
foods, representing one of the most widely studied associations 
[22,35-38]. These allergens are thermally unstable and 
are vulnerable to digestion. Consequently, the associated 
symptoms are generally confi ned to the oral cavity [39].

Profi lin

Profi lins are found in all eukaryotic cells. There is important 
homology between the profi lins of certain pollens and plant 
foods. Their fi rst description as an allergenic source was made in 
1991 by Valenta [40], and since then there have been reports of 
different pollen and food profi lins [26,41]. These molecules are 
scantly resistant to gastric digestion; as a result, the symptoms 
can be expected to be confi ned to the oral cavity [42] – though 
systemic reactions have also been reported [43].

Pollen and plant food allergy syndrome

Having established the relationship between pollinosis and 
plant food allergy, it is easy to understand the pollen – plant 
food associations described in the literature, and which are 
detailed below.

Birch – plant food syndrome

In central and northern Europe, birch pollen accounts for 
almost 20% of overall pollen allergy. Approximately 70% of all 
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patients with respiratory allergy due to birch pollen also suffer 
plant food allergy (fundamentally rosaceous fruits, together 
with hazelnut, celery and carrot). The most common clinical 
presentation comprises local oropharyngeal manifestations 
when the fresh food is ingested; in comparison, the cooked 
food is well tolerated [39,44]. Bet v 1, a group 10 plant defense 
protein, is the main implicated allergen although in some cases 
other proteins have been described, such as Bet v 2 (profi lin), 
Bet v 6 (isofl avone) and Bet v 8 (pectin esterase) [45,46]. 
Different studies have concluded that in this association, the 
initial triggering factor is inhalatory sensitization to birch 
pollen [22]. As a result, this syndrome is limited to areas 
characterized by important birch pollination, as in central and 
northern Europe.

Celery -mugwort-spice syndrome

In this association the clinical manifestations are usually 
systemic (urticaria, angioedema and even anaphylactic shock). 
The affected patients develop reactions after ingesting both 
raw and cooked vegetables; as a result, the causal allergens are 
proteins that resist gastric digestion and cooking [47,48].

Platanus – plant food (hazelnut, lettuce, apple, etc.)

Patients with respiratory allergy to Platanus [49,50] have 
been found to suffer an increased frequency of plant food 
allergy (hazelnut, walnut, apple, peach, lettuce, etc.), with 
systemic alterations as the predominant manifestation. Once 
of the allergens described in allergy to the pollen of Platanus 
is Pla a 3, an LTP (group 14 plant defense protein) showing 
partial cross-reactivity with lettuce LTP [51]. Although in this 
syndrome it has not been possible to confi rm Platanus as the 
cause of plant food allergy, it could exert a modulating effect 
upon the allergic response to foods, and in some patients could 
even be the cause, as reported in the case of Artemisia pollen 
[34]. Additional indirect evidence of the effect of Platanus 
pollinosis in plant food allergy is the improvement of food 
allergy in patients subjected to Platanus immunotherapy versus 
untreated individuals [52].

Other

Artemisia-mustard, Ambrosia-melon-banana, Parietaria-
pistachio, olive-plant foods, etc. have also been reported as 
associations of pollinosis and plant allergy, and are further 
examples of pollen-food allergies [48,53,54].

Infl uence of pollinosis in patterns of 
plant food allergy

The observed pattern of plant food allergy depends on the 
dietary habits of the population in a given geographical setting, 
and on the pollination found in that setting. Pollinosis may 
account for the greater or lesser prevalence of allergy to certain 
plant foods, and for the severity of the associated reactions. As 
has been commented above, in central and northern Europe 

plant food allergy is often associated to birch pollinosis, and 
more specifi cally to Bet v 1. The symptoms tend to be mild 
and limited to the oropharyngeal cavity. However, in southern 
Europe and the Mediterranean, plant food allergy tends to 
manifest in more serious forms (systemic reactions) – LTP being 
one of the main implicated proteins [55,56]. In parallel, LTPs 
have been identifi ed in recent years in weed and tree pollens that 
are responsible for important pollinosis in southern Europe and 
the Mediterranean. However, the precise role of pollen LTPs in 
relation to cross-reactivity with the LTPs of certain plant foods 
is not known [34,49,51,54]. It has been speculated that pollens 
in some cases can act as primary sensitizers, and in others as 
the modulators of allergic responses to plant foods – reinforcing 
reaction severity or expanding the diversity of plants to which the 
patient is allergic, according to the homology in the sequences 
of their LTPs [56]. 

However, this north-south pattern cannot be extended to all 
patients with allergy to pollen and plant foods, since the protein 
sensitization profi le and clinical expression can vary greatly 
from one patient to another [57], particularly on taking into 
account that there are cofactors that can modulate the allergic 
response – such as physical exercise or the use of nonsteroidal 
antiinfl ammatory drugs [58,59].

Pollinosis as the cause of allergic 
infl ammation of the digestive tract 

Patients with food allergy, associated or not to pollinosis, 
develop more or less extensive Th2 cell mediated infl ammation 
of the gastrointestinal tract [60,61]. There are other food allergies, 
such as allergic eosinophilic esophagitis or allergic eosinophilic 
gastroenteritis, where in some cases food allergens have been 
identifi ed as the cause, and in which the type of infl ammation 
depends on the underlying immune mechanism [62-66].

Beyond the digestive tract infl ammation that may result 
from allergy to a given food, pollinosis is also intrinsically 
able to generate a clinically relevant or irrelevant Th2-mediated 
infl ammatory response at digestive level, and may even give 
rise to eosinophilic esophagitis.

 

Impact of pollinosis upon intestinal infl ammation

Since pollen can reach the digestive tract as a result of 
swallowing [67], and considering that the gastrointestinal 
system is shock organ, patients with pollinosis may 
also experience symptomatic or asymptomatic allergic 
infl ammation at esophageal or even gastrointestinal level. 
However, on taking into account that the enzyme degradation 
inherent to the digestive process denaturalizes most pollen 
allergens [68], it would be diffi cult to explain the connection 
between pollinosis and digestive tube infl ammation as a shock 
organ effect alone. 

There is a large volume of scientific documentation on 
the concept of single airway integrity in which an important 
connection is demonstrated between the upper and the lower 
respiratory airways [1]. Such an inter-relationship is fundamentally 
explained by the fact that allergic infl ammation is the result of a 
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systemic reaction [69]. If we accept the concept of “one airway, 
one disease”, it may be thought that the systemic Th2 mediated 
allergic responses involve the mediation of a series of cytokines 
and chemokines that can affect the mucosal membranes of 
different organs or systems that share common structures and 
components – such as the respiratory and digestive apparatuses.

 Few data are available on this aspect, however. In patients 
with birch pollen allergy, it has been demonstrated that 
provocation with Bet v 1 via colonoscopy is able to induce 
intestinal inflammation [70]. Magnusson et al. [71] have 
concluded that in patients with birch pollinosis and birch – plant 
food syndrome, a duodenal biopsy obtained during the pollination 
season shows greater infi ltration on the part of eosinophils and 
mast cells than in biopsies taken outside the pollination season. 
In both seasons the patients avoided the consumption of foods 
implicated in the birch – plant food syndrome. In addition, 
most of these patients reported nonspecifi c gastrointestinal 
discomfort during the pollination season. Onbasi et al. [72] 
have demonstrated the increased presence of eosinophils in the 
esophagus of patients with allergy to the pollen of gramineous 
species versus the control population – though this infi ltration 
was not correlated to clinical digestive symptoms.

On analyzing this inter-relationship between the respiratory 
and digestive systems in the opposite sense, i.e., based on 
patients with food allergy but no associated pollinosis, the 
existing literature is likewise seen to be scarce. Wallaert et 
al. [73] reported that the induced sputum of patients with 
food allergy but no rhinitis or asthma contains an increased 
concentration of eosinophils, neutrophils and IL-8 compared 
with the control population. Thaminy et al. in turn reported 
that patients with food allergy but no respiratory allergy exhibit 
greater asymptomatic bronchial hyper-responsiveness than the 
population without food allergy [74].

Thus, evidence exists that pollinosis can induce Th2 
mediated infl ammation of the digestive tract as the expression 
of a systemic allergic response. 

Pollinosis in eosinophilic esophagitis

Eosinophilic esophagitis is a disorder characterized by 
the presence of a dense eosinophilic infi ltrate with squamous 
epithelial hyperplasia, in the absence of gastric or intestinal 
mucosal anomalies. The fi rst description was published in 1977 
[75], though a hallmark was reached in 1995, when eosinophilic 
esophagitis was established as a disorder that could be related 

to food allergy [76]. The diagnostic criteria according to the 
latest consensus document of the American Society of Pediatric 
Gastroenterology and the American Gastroenterological 
Association Institute are found in Table 2 [77].

An allergic etiology based on an IgE, cellular or mixed 
mechanism appears to be the cause, as refl ected by the existing 
evidence: 1) Between 60-80% of all patients with eosinophilic 
esophagitis suffer atopic dermatitis and/or allergic rhinitis 
– asthma and/or food allergy [62,78]. 2) Many patients improve 
with diets from which the possible food allergens have been 
excluded (exclusion diets) [76,77]. 3) Diets excluding foods to 
which the patients are allergic, as determined by skin tests (prick 
and patch tests), have been shown to be effective in some patients 
[79]. 4) The infl ammation profi le corresponds to a predominantly 
Th2 mediated pattern [80,81]. 5) Allergy to a pollen can induce 
eosinophilic infl ammation at esophageal level [72,82,83]. This 
point is further commented below.

 In the year 2001, Mishra et al. published a study involving 
a model of mice allergic to Aspergillus, where after intranasal 
provocation with the aeroallergen, an eosinophilic infl ammatory 
response was observed at bronchial level, together with peripheral 
blood eosinophilia and – most importantly – eosinophilic 
infl ammation at esophageal level [83]. These results coincide 
with the observations of Onbasi et al. mentioned above.

The only literature source referring to pollinosis as the cause of 
eosinophilic esophagitis in humans is the clinical case published 
by Fogg, who described a patient with criteria of eosinophilic 
esophagitis without associated food allergy, and with seasonal 
pollinic allergic rhinitis and asthma. After following-up on the 
patient during three pollination seasons, including the obtainment 
of esophageal biopsies within and outside the mentioned seasons, 
the author concluded that eosinophilic esophagitis only appeared 
during the pollination season – thus establishing pollinosis as the 
underlying cause [82].

Taking into account the increase in diagnosed cases of 
eosinophilic esophagitis in the last two decades [78,84,85], 
associated in most cases to atopy, and based on the evidence 
that in some cases allergic responses are the cause, with the 
implication also of pollen, it can be concluded that pollinosis 
always should be evaluated in these patients.

In conclusion, it can be affi rmed that pollinosis is not 
limited to rhinoconjunctivitis and/or bronchial asthma, but can 
also be responsible for the posterior development of plant food 
allergy, or may intrinsically induce digestive tract infl ammation 
(clinically relevant or otherwise). Inter-relation with the airway 
may also extend to the digestive tract as a consequence of the 
systemic response that characterizes allergic disease.
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