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Abstract: Oral Allergy Syndrome (OAS) and Pollen Food Allergy Syndrome (PFAS) represent significant 

challenges in allergy research. This review examines the epidemiology, pathogenesis, and diagnostic approaches 

of OAS and PFAS, with a focus on their prevalence and impact in the adult population in Southern Europe. Key 

panallergens such as profilins, PR-10 proteins, and lipid transfer proteins (LTPs) are highlighted for their role in 

mediating PFAS, and their regional variation. The review explores the differential prevalence of PFAS across 

Southen Europe countries, where multisensitization to pollen like Olive, Cypress, Parietaria, Mugwort, and 

Grass is common, and underscores unique environmental and ecological factors contributing to this 

phenomenon. Cross-reactivity, a hallmark of PFAS, is explored with emphasis on the interactions between 

common Southern European pollens and foods, such as fruits, nuts, and vegetables. Diagnostic challenges, 

including symptom variability, underreporting, and the need for region-specific diagnostic algorithms, are 

discussed. This comprehensive review aims to deepen understanding of OAS and PFAS among adults in the 

Mediterranean region of Southern Europe, offering insights that can improve the diagnosis, management, and 

overall care for this population.  
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1. Introduction 

IgE-mediated food allergy remains a significant clinical problem in Europe, with a pooled point 

prevalence of 2.7% (95% CI: 1.7–3.7), defined as the presence of symptoms combined with a positive 

IgE response to at least one food [1]. The ability of linear or conformational epitopes of food allergens 

to elicit, and bind to elicited IgE immunoglobulins, is the cornerstone of IgE-mediated food allergies. 

Linear epitopes, typically associated with the life-threatening reactions of food allergies, are 

continuous stretches of amino acids. In contrast, conformational epitopes, which are implicated in 

the development of oral allergy syndrome (OAS), are formed by protein folding that brings distally 

located amino acids or peptides into spatial proximity.  

The term OAS was initially used in the 1980s to describe the oral mucosal symptoms caused by 

cross-reactivity of airborne allergens and food allergens [2,3]. Pollen Food Allergy Syndrome (PFAS) 

is nowadays used to better describe the fact that primary sensitization to cross-reacting allergens is 

occurring in the respiratory system by pollen, and that the elicitation of symptoms after ingestion of 

homologous food proteins (called also pan-allergens) may involve the oral cavity but also the skin, 

gastrointestinal tract, and the respiratory system. Symptoms appear immediately or within 5-10 

minutes after ingestion of the implicated food and usually gradually subside within 30 minutes [4,5].  

Notably, in rare cases, PFAS may progress to anaphylactic reactions [4,5]. 

A wide variation in the incidence of PFAS is noticed around the globe, attributed to factors such 

as differences in climate and vegetation, dietary habits, the prevalence of atopy in each country, and 

syndrome’s registration by healthcare professionals [6].  The aim of the present review is to 

comprehensively examine the existing literature on the epidemiology, clinical background and 

pathogenesis of PFAS. Pollinosis is widespread in Southern European countries, with the majority of 
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allergic rhinitis patients being polysensitized. Sensitization to pollen is strongly associated with a 

high incidence of PFAS. This review will explore the panallergens responsible for PFAS, with a 

specific focus on Southern Europe. 

2. Materials and Methods 

The Materials and Methods should be described with sufficient details to allow others to 

replicate and build on the published results. Please note that the publication of your manuscript 

implicates that you must make all materials, data, computer code, and protocols associated with the 

publication available to readers. Please disclose at the submission stage any restrictions on the 

availability of materials or information. New methods and protocols should be described in detail 

while well-established methods can be briefly described and appropriately cited. 

Research manuscripts reporting large datasets that are deposited in a publicly available database 

should specify where the data have been deposited and provide the relevant accession numbers. If 

the accession numbers have not yet been obtained at the time of submission, please state that they 

will be provided during review. They must be provided prior to publication. 

Interventionary studies involving animals or humans, and other studies that require ethical 

approval, must list the authority that provided approval and the corresponding ethical approval code. 

3. Results 

3.1. Pathogenesis of PFAS 

PFAS occurs in individuals previously sensitized to pollen allergens through the respiratory 

tract, leading to the development of allergic rhinitis [7]. PFAS typically involves “Class 2” food 

allergens, which are conformational epitopes sensitive to heat, gastric acid, and digestive enzymes 

[8,9]. Primary sensitization occurs via pollen (which contains these allergens), leading to the 

development of allergic rhinitis [10]. Upon exposure to raw plant foods like fruits and vegetables 

containing cross-reactive allergens, specific IgE antibodies (sIgE) generated against pollen allergens 

bind to these food proteins, triggering PFAS symptoms [7,11]. In contrast, linear epitopes of plant-

origin food allergens (“Class 1” food allergens) are typically sensitizing directly via ingestion [12]. 

These allergens are resistant to heat and gastrointestinal pH fluctuations, properties that enable them 

to cause systemic allergic reactions [9,12].  

3.2. Epidemiology of PFAS/OAS 

There is a wide variety of PFAS’ prevalence in different geographical regions. Rates between 

4.7% and more than 20% have been reported in children, and 13% to 53.8% in adults [13]. Studies 

aiming to determine the prevalence of PFAS often begin with populations that include individuals 

with allergic rhinitis or sensitivities to aeroallergens associated with PFAS. This selection bias may 

lead to artificially elevated prevalence rates [13]. Additionally, epidemiological studies face limitations 

such as varying definitions of PFAS and OAS, underreporting of symptoms that do not significantly affect 

daily quality of life, and underdiagnosis in individuals often labeled as 'picky eaters’. 

In Asia, South Korea is the country with apparently the highest prevalence of PFAS (42.7%) [14], 

followed by Japan (34.6%) [15]. In a study performed in Armenia, its prevalence in young adults was 

13% [16]. PFAS appears to be less widespread in USA; an old study performed with mailed 

questionnaire reported median estimates of the prevalence of OAS among the patients with pollen allergy 

were 5% among children and 8% among adults [17]. In Australia, the outcomes of a study performed in 

children and adolescents resulted that the prevalence of OAS was 14.7% and PFAS was 4.9% [18]. 

In Europe, particularly in central and northern areas, sensitization to Bet v1 allergen contained 

in birch pollen is the main cause of seasonal allergic rhinitis, as well as of PFAS, elicited by the 

ingestion of plant foods containing Bet v1-homologous PR10 proteins, such as Mal d1 in apple and 

Cor a1 in hazelnut [13,19]. In Europe, PFAS also occurs in allergic rhinitis patients, who have been 
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sensitized to panallergens present in the pollen of Grass or Ragweed [5]. The rise of temperatures due 

to the climate change is leading to a lengthening of the pollen season, increasing prevalence of allergic 

rhinitis and therefore growing prevalence of PFAS [5]. 

There is a higher incidence of PFAS in countries of northern Europe, compared to the south ones. 

The influence of birch and ragweed on the prevalence of PFAS in Europe is evident, with reports 

indicating a prevalence of 40%–50% among patients with pollen allergies [2,20]. In contrast, the 

prevalence is approximately 20% in the Mediterranean region, which is free of this pollen [21]. In 

pediatric studies performed in Sweden and United Kingdom the prevalence of PFAS was estimated 

to be 25% and 48%, respectively [22,23].  As far as the pediatric population in the Mediterranean area 

of South Europe is regarded the prevalence of PFAS is estimated; 35.9% in Italy, or in 27% of the ones 

with seasonal allergic rhinitis [6,24], 29.7% in Croatia [25], 16% in French children with asthma [26] 

and 3.3% in Turkish children with respiratory allergies [27]. 

3.3. PFAS in Adults of Southern Europe 

Several studies show that the prevalence of PFAS varies significantly across Mediterranean 

countries, ranging from approximately 7.5% to 41.4% of the general population [6]. Variability is 

observed in the age of symptom onset, seasonality and frequency of symptoms, severity, and the 

occurrence of comorbidities [6]. Additionally, multisensitization to various pollen associated with 

PFAS distinguishes Mediterranean countries from those in Central and Northern Europe.  

An effort to describe the occurrence of PFAS in the adult population of Southern Europe is 

outlined next. The @IT.2020 was a multicenter study conducted in the region, and has provided 

valuable insights on this topic [6].  

3.3.1. Portugal 

A study conducted in Portugal using telephone interviews reported a self-reported prevalence 

of OAS in adults, at 16.6% [28]. However, after medical assessment and IgE testing, food allergies 

(including OAS) were confirmed in fewer than 0.71% of the cases [28]. In data referring to the 

Portuguese population in the Porto area, it was observed that allergic symptoms typically begin at a 

very young age (around 7 years) and PFAS occurred in 23.5% [6]. Atopic dermatitis was found to be 

a common concomitant atopic disease, affecting 11 out of 24 patients.  

More than half of the surveyed patients with PFAS (13 out of 24) reported experiencing at least 

one systemic symptom, with profilin identified as the predominant panallergen associated with PFAS 

symptoms [6]. Grass, Olive, Parietaria and Mugwort were identified as the predominant sensitizing 

pollen in Portugal [6].  Most of these pollen (Graminaceae, Artemisia, Olea europea) may act as 

primary sensitizers for profilin [29,30]. The foods most commonly causing PFAS in Portugal are kiwi, 

melon, peach, apricot, apple, banana and watermelon [6]. 

3.3.2. Spain 

In an older study conducted in Spain, 6.51% of adolescent and adult patients referred to an 

Allergy Unit were diagnosed with OAS, representing 46.5% of those with a food allergy [31]. In a 

cross-sectional study, including a mix (children and adult) population OAS was estimated to be 

present in 33.6% of who visited an Allergist [32]. PFAS was observed in 14.1% of a Spanish cohort 

from the Valencia area, with atopic dermatitis reported as a common concomitant atopic disease 

among them [6].  

Data from the @IT.2020 [6] study reported sensitivity to (the irrelevant to PFAS allergens) nsLTP 

in 4 out of 10 patients studied [6]. Sensitization to Pru p3, a nsLTP protein, is notable in many areas 

of Spain [33]. In contrast to PFAS, primary food sensitization to an nsLTP epitope, such as Pru p3 

found in peaches, can result in a cross-reaction with Mal d3, found in apples, leading to systemic 

anaphylaxis after their ingestion [34].  
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Significant variability in sensitizations of adult patients is observed in Spain, influenced by 

geographic region, which affects the occurrence of PFAS. For instance, there is a higher frequency of 

sensitizations to Grass in the south-western region near Portugal, to Olive in the southern region, to 

Salsola kali in central-eastern region, and to Plantago lanceolata in the center-western region [21,33]. 

Notably, central Spain is home to the largest Quercus ilex (oak) forest area in the world, which may 

cause sensitization to Que i1, a PR10 allergen responsible for PFAS [32].  

The foods most commonly causing PFAS in Spain are peach, almond, kiwi, pear, cherry, melon [6,35]. 

3.3.3. France 

Few data on PFAS in French adults exist. In the @IT.2020 [6] study, patients from Marseille, 

France, presented the lowest incidence of PFAS (7.5%) within the studied cohort [6]. All French PFAS 

patients had moderate/severe allergic rhinitis [6]. PR10 was the prevalent panallergen in this patient 

cohort, and PFAS-associated foods were mainly kiwi, almond, sesame, watermelon, apple, banana 

and peach [6]. 

In a study conducted in France, patients who tested SPT-positive for Birch, and had Birch 

pollinosis reacted to rBet v1 (a PR-10 allergen), while sensitization to rBet v2 (a Birch-pollen profilin) 

may have also resulted from cross-sensitization to other pollen, such as Grass [36]. Allergies to apples, 

cherries, and hazelnuts were observed in these Birch-sensitized patients [36]. In Southern France, 

allergy to Cypress pollen has been connected to PFAS after peach and citrus ingestion, through 

sensitization to a Snakin/gibberellin-regulated protein sensitization [37]. 

3.3.4. Italy 

In a large multicenter study performed in Italy, it was calculated that 57% of adults visiting an 

Allergy Clinics presented with “Type-2 food allergy”, a term used to describe PFAS (97% of Type-2 

food allergy patients), latex-fruit allergy syndrome (3%), and mugwort-celery-spice syndrome (<1%) 

[38]. PFAS patients had only mild symptoms; however, 5% of them reported systemic symptoms [38]. 

Regarding the geographical distribution of PFAS, a progressive decrease was registered southbound. 

The same southbound decrease was noticed for birch pollen sensitization [38,39]. 

A paradox that has been observed in the adult population of Genoa, located in Northern Italy, 

is that although there is a high percentage of Bet v1-positive patients, they have a low occurrence of 

OAS. This is explained by the fact that they live in a birch-free area, and positive Bet v1 sensitization 

is due to cross-reaction with Ost c1, the homologous allergen identified in hop-hornbeam (Ostrya 

carpinifolia), which has a wide distribution in the area [39]. 

Regarding allergenic foods in Italy, fruits and vegetables were the most commonly reported ones. 

Although this can be explained by the high occurrence of PFAS, no parallel increase in sensitization 

to them was noticed northbound [38]. Epidemiological registration of foods connected to PFAS in 

Italian adults remains an unmet need. Data from pediatric populations indicate that kiwi and peach 

are the main fruits causing PFAS in Italy [24].  

3.3.5. Albania 

According to the outcomes of the @IT.2020 [6] study, in Albania, 14% of the patients visiting an 

Allergy Center are presenting PFAS, they are mainly sensitized to PR-10 and they present 

moderate/severe allergic rhinitis [6]. The most frequent PFAS reactions were to almond, followed by 

cherry, apple, melon, banana and sesame [6].  

3.3.6. Greece 

In the Greek population, the high frequency of allergic rhinitis contributes to increased 

sensitization to various allergens and is therefore also connected to a higher occurrence of PFAS [6]. 

An online survey on self-reported OAS found that nearly 26% of the adult population experienced 

relevant symptoms [40]. The data from the @IT.2020 [6] study showed no PR-10 sensitivity but a low 
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occurrence of sensitization to nsLTP and profilin [6]. In a study with IgE-detected profilin, its 

prevalence in the atopic adult population was found to be 11% [41]. In the same study, OAS (mainly 

PFAS) was reported by 29.9% of the examined cohort, with no statistically significant correlation 

between sensitization to profilin and OAS [41]. OAS-PFAS in Greece is mainly attributed to peach, 

kiwi, melon, banana, almond and walnut [6,41]. Culprit foods might pose the suspicion of primary 

sensitization to PR-10 (and PR-5) allergens, however Greece is country with limited vegetation in 

trees or plants that produce PR-10 homologs, while there is vegetation of plants that produce PR-5 

homologs [41]. 

3.3.7. Türkiye 

In Türkiye, studies conducted in Ankara, Izmir, and Istanbul have shown similar outcomes, with 

approximately 14% of adult patients with allergic rhinitis presenting with PFAS [6,42]. The age of 

onset of PFAS symptoms is relatively late, around 26 years, and there is a low incidence of 

comorbidities [6]. PR-10 is not detected in pollen-allergic patients [6]. Most adults with allergic 

rhinitis and PFAS are sensitized to pollen of Grasses and Weeds, however sensitization to tree pollen 

was associated with the highest rates of PFAS [42,43]. The foods that most frequently induce PFAS 

are kiwi, peach, tomato, apricot, eggplant, walnut, sesame, melon, and watermelon. [6,42,43]. 

3.4. Allergens Causing PFAS in South Europe 

3.4.1. Profilins 

Profilin is one of proteins that cause PFAS in the South European area. Profilins like Phl p12 in 

Timothy grass, Art v4 in Mugwort, Pla a3 in Plane tree and Ole e2 in Olive tree can serve as the 

primary sensitizers in this area [41,44]. Sensitization in them may trigger PFAS in about 50% of 

sensitised patients, with foods like melon, watermelon, citron fruits, banana, pineapple, tomato, 

zucchini, mustard, hazelnut, tomato, persimmon, muskmelon, Apiaceae (celery, carrot, fennel) and 

Rosaceae (apple, pear, peach, apricot, plum) [4,44,45].  

3.4.2. Pathogenesis-Related Class 10 Proteins 

Sensitization to PR-10-like proteins is mainly caused by the pollen of Fagales, like Birch, Hazel, 

Chestnut, Beech, Oak and Alder [46]. Bet v1 is the major pollen allergen of Birch and represents the 

archetype of all PR-10-like allergens [47]. Although PR-10-like allergens are one of the most 

significant causes of PFAS in Europe, sensitization is not observed in the Mediterranean coastal 

regions, since Fagales do not grow in this region. Individuals in most central parts of the Southern 

European countries that are sensitized to their pollen, manifest OAS up to 70% after consuming fruits 

and vegetables of the Rosaceae (apple, peach), Actinidiaceae (kiwi), Corylaceae (hazelnut), Fabaceae 

(soy, peanut) and Apiaceae (celery, carrot) families [48]. Similarity of Bet v1 with the food allergens 

Cor a 1, Ara h 8, Gly m 4, Mal d 1 and Pru p 1 explains this cross-reaction [48].  

3.4.3. Thaumatin-Like Proteins 

Several members of the Thaumatin-like proteins (TLPs) (PR-5 proteins) plays an important role 

in the plant’s defense against pathogens. TLP family have been identified as major allergens in 

Cupressaceae pollens, such as Jun a 3, Cup a 3, and Cry j 3, as well as in plant foods such as cherry, 

apple, kiwi, banana, grape, sapodilla, and bell pepper. Recombinant TLPs have been characterized 

as important allergens of bell pepper, several fruits (kiwi, apple, cherry, and grape) as well as of 

cypress, mountain cedar, and Japanese cedar pollens. Despite the vast experimental data, the clinical 

relevance of TLPs is still debated [34,49]. 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 January 2025 doi:10.20944/preprints202501.2002.v1

https://doi.org/10.20944/preprints202501.2002.v1


 6 of 11 

 

3.4.4. Non-Specific Lipid Transfer Proteins (nsLTPs) 

Sensitisation to non-specific lipid tranfer proteins (nsLTP) can be connected to clinical symptoms 

ranging from local manifestations to anaphylaxis. Sensitization typically occurs through ingestion of 

foods containing these proteins (e.g., peel of peach, walnut, apple) [50], although sensitization via 

inhalation is also possible in some cases [51,52]. NsLTPs are far more resistant to heat and gastric 

enzymes than profilins and PR-10s. This is why LTPs are responsible for most cases of systemic 

reactions following sensitisation through the gastrointestinal track [51,52]. They are considered one 

of the PFAS causes in Southern Europe and the Mediterranean area. Allergens of the nsLTP family 

are found in Parietaria, Artemisia, Platanus and Olea pollen, but they show rather low (Artemisia 

and Platanus) or absent (Parietaria and Olea) cross-reactivity with Pru p 3 as a consequence of the 

lower sequence identity (<35%), and different lengths [53]. In many patients food allergy symptoms 

are observed after ingestion of the skin of fruits of the Rosaceae family (Mal d 3-apple, Pru p 3-peach), 

but also with peanut, soybean, walnut and wheat [13]. It has been proposed that the severity of 

nsLTP-related allergic reactions is related to concomitant allergies to 3 plant food groups [54]. 

3.4.5. Gibberellin-Regulated Protein (GRP) 

Of specific interest for Southern Europe is well-documented PFAS has been observed between 

peach and Cypress pollen. The culprit allergens belong to the Gibberellin-regulated protein (GRP) 

family, specifically BP14 from cypress pollen and Pru p 7 from peach [55]. 

3.5. Cross-Reactivity Between Aeroallergens and Food Allergens in Southern Europe 

PFAS (Pollen-Food Allergy Syndrome) is clearly influenced by local airborne allergens, which 

act as primary sensitizers, as well as by the dietary habits of the local population. The Mediterranean 

climate, characterized by mild winters and dry summers with relatively high temperatures, supports 

a diverse range of vegetation typical of Southern Europe and the Mediterranean region. Common 

plants in this area include Grass, Olive and Cypress and weeds like Parietaria, Plantago, 

Chenopodium, Salsola kali, Mugwort and Ragweed.  

Aerobiological sampling of pollen concentrations in Mediterranean cities has identified three 

distinct "pollen seasons" [56]:  

1. Mild winter season (December-March) with Cypress as the prevailing pollen 

2. Spring-Summer season (March-July) with Grass, Olive and weeds as prevailing pollen  

3. Autumn period with Parietaria and Artemisia  

An interesting review on the topic, highlights numerous associations between aeroallergens and 

foods of plant origin within this geographical area, many of them implicated in PFAS [57]. The region 

is particularly known for olive tree growing, and sensitization to the Olive profilin Ole e2, has been 

linked to PFAS to peach (Prunus persica), pear (Pyrus communis), melon (Cucumis melo) and kiwi 

(Actinidia deliciosa) [57]. The profilin Cyn d 12 from Bermuda grass (Cynodon dactylon) is cross-

reactive with profilins from tomato (Sola l1) and cantaloupe (Cuc m2) [58]. On the other hand, the 

profilin of Mugwort (Art v4) is associated with PFAS involving Apiaceae foods such as celery (Api 

g4), carrot (Dau c4) and various spices, a cross-reaction often referred as Celery-Mugwort-Spice 

syndrome [57,59]. 

Fruits of the Cucurbitaceae family - including watermelon, cantaloupe, honeydew melon, 

zucchini and cucumber - are widely consumed during summer in South Europe. PFAS to 

Cucurbitaceae as well as to Musaceae family (e.g., bananas), is commonly observed in individuals 

sensitized to Ragweed (Ambrosia artemisifolia), a phenomenon known as the Ragweed-Melon-

Banana association [57,59,60]. PFAS to melon, banana and peach has also been linked to respiratory 

sensitization to the profilin of Chenopodium album, while sensitization to Plantago lanceolata pollen 

has also been associated with PFAS to melon [57,59].  

Finally, pistachio (Pistacia vera), a popular tree nut in Italy, Greece, Türkiye and Cyprus have 

been implicated in PFAS due to cross-reactivity to Parietaria sensitization [61]. 
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4. Discussion 

Southern Europe's unique aeroallergen exposure - dominated by Oleaceae, Cupressaceae, 

Poaceae, Urticaceae, Chenopodiaceae, Plantaginaceae and Asteraceae - plays a crucial role in the 

pathogenesis of PFAS [62]. Cross-reactivity between aeroallergens and food allergens is a major 

driver of PFAS. In Southern Europe, the GRP allergens in Cypress pollen and nsLTPs in Olive pollen 

show significant cross-reactivity with common foods such as peach, melon, and other fruits. This 

interaction between environmental and dietary allergens is central to the distinct manifestation of 

PFAS in Mediterranean populations. 

Climate change is emerging as a contributing factor to the rising prevalence of PFAS. Extended 

pollen seasons, shifts in vegetation patterns (notably the spread of Ragweed), and increased 

aeroallergen exposure may exacerbate both the incidence and severity of PFAS in Southern Europe, 

highlighting the need for ongoing surveillance and adaptive healthcare strategies [63,64]. 

The prevalence of PFAS in adult populations across Southern Europe shows significant variation 

[38]. One contributing factor to the inconsistencies in epidemiological data is the underestimation of 

the condition, which partly explains the observed differences in prevalence between children and 

adults. However, PFAS appears to be less severe in Southern Europe compared to Central and 

Northern Europe [38]. This disparity may be attributed to the limited blooming of the Betulaceae 

family, particularly birch trees, in coastal Southern Europe [19,62]. 

Region-specific diagnostic and therapeutic approaches are essential for managing PFAS. In 

Mediterranean countries, molecular diagnostics targeting nsLTPs (e.g., Pru p3)—which are strongly 

associated with systemic reactions—along with profilins and PR-10 proteins, should be prioritized. 

Component-resolved diagnostics (CRD) can enhance the accuracy of PFAS diagnosis by identifying 

primary sensitizations and distinguishing them from cross-reactivity. Incorporating molecular 

diagnostics and CRD into routine clinical practice is critical for improving diagnostic precision and 

effectively managing complex multisensitization profiles [65]. 

In the era of CRD, microarrays containing many different allergen components are very helpful 

in allergy diagnosis. The ImmunoCAP ISAC test is the most used and studied multiplex array to date, 

offering 112 molecular components [66]. The ALEX2 multiplex array is a relatively new multiplex 

allergy test which analyses more than 120 allergen extracts and 170 molecular components [66]. 

Advanced informatics tools, called expert systems, have also been developed to support the 

interpretation of allergy tests based on microarray technology [67]. Such state-of-the-art technology 

can assist allergy diagnosis of cross-reactions in poly-sensitized patients [57].  

In conclusion, this review highlights the unique characteristics of PFAS in Southern Europe, 

influenced by regional aeroallergen profiles, dietary habits, and environmental factors. Addressing 

these gaps and utilizing advanced molecular diagnostic tools can significantly improve PFAS 

management and patient outcomes in this region. 

Abbreviations 

The following abbreviations are used in this manuscript: 

CRD Component-resolved diagnostics 

GRP Gibberellin-regulated protein 

LTPs Lipid transfer proteins 

nsLTPs Non-specific lipid transfer proteins 

OAS Oral Allergy Syndrome 

PFAS Pollen-food Allergy Syndrome 

PR-10 Pathogenesis-related class 10 protein 

PR-5 Pathogenesis-related class 5 protein 

TLPs Thaumatin-like proteins 
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