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Fruit allergies manifest with a diverse array of clinical presentations, ranging from localized contact allergies and oral

allergy syndrome to the potential for severe systemic reactions including anaphylaxis. The scope of population-level

prevalence studies remains limited, largely derived from single-center or hospital-based investigations.

Keywords: anaphylaxis ; fruit allergy ; food allergy ; food safety

1. Introduction

In recent decades, both children and adults globally have experienced a rise in food allergy prevalence rates. Factors

such as heightened exposure to food allergens, early diagnostic recognition, and evolving environmental elements

disrupting immune tolerance have played significant roles. Interestingly, the prevalence exhibits variation based on

regional dietary practices. Notably, industrialized or westernized communities are more impacted than their agricultural or

non-westernized counterparts, with the younger population being more susceptible than adults. Food allergy

manifestations span a spectrum from mild to severe reactions and potentially life-threatening conditions such as

anaphylaxis. While most food allergies stem from the production of and subsequent response to allergen-specific

immunoglobulin E (IgE) against allergenic proteins, categorized as type I hypersensitivity reactions, a minority are non-IgE

mediated.

In the field of food allergies, plant-based allergens emerge as the predominant culprits, often appearing during childhood

but potentially manifesting in adulthood as well . While plant-based foods, especially fruits and vegetables, are promoted

for their health benefits and their role in preventing cardiovascular and metabolic diseases, some individuals with

predispositions may face allergic reactions when consuming these foods. Allergens are present in the peel, pulp, and

seeds of fruits. They can be found in an array of products including juices, pastries, sweets, preserves, and even as

components in various recipes. Even without heat processing or pasteurization, merely cutting a fruit like an apple could

cause the oxidative breakdown of its allergenic substances .

Allergic responses to fruits can present in two predominant clinical patterns: one that originates directly from the fruit and

is not associated with pollen sensitivities, and another that is intricately linked to pollen allergies. The latter phenotype is

attributed to the cross-reactivity between inhalant allergens and those found in foods. This phenomenon is underpinned

by the generation of cross-reactive specific IgE (sIgE) antibodies, which identify and bind to structurally analogous

allergenic epitopes, irrespective of the degree of taxonomic relation between their respective sources . An illustrative

example of such a cross-reactivity syndrome is pollen food allergy syndrome (PFAS). Within this category of secondary

food allergies, the spectrum of allergic symptoms can range from localized reactions confined to the oropharynx (oral

allergy syndrome, OAS) to severe systemic reactions such as anaphylaxis . Accurate diagnosis requires a

comprehensive medical history assessment, complemented by objective confirmation of sensitization through either skin

tests or specific IgE testing. Understanding molecular sensitization patterns and host-specific factors holds promise for

predicting the clinical severity of plant-based food allergies .

2. Pollen Food Allergy Syndrome (PFAS)

Pollen food allergy syndrome (PFAS) is a common condition where initial sensitization through pollen exposure leads to

respiratory symptoms. Subsequent consumption of cross-reactive fruits triggers allergic reactions. Various associations

have been documented in relation to PFAS. In the context of PFAS, the involved pan-allergens include various proteins

such as profilin, PR-10 (pathogenesis-related protein 10), TLP (Thaumatin-like proteins), nsLTP (non-specific lipid transfer

protein), GRP (gibberellin-regulated protein), seed storage proteins, cysteine protease, and β-1,3-glucanase .
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In temperate regions characterized by notable temperature fluctuations, four distinct seasons—spring, summer, autumn,

and winter—bring about varying patterns in plant pollination. Typically, trees release pollen in spring, grasses in summer,

and weeds in autumn. For example, in Europe, birch trees typically begin to pollinate from March to May, while grasses

usually pollinate from March to August. Ragweed, on the other hand, begins to pollinate from July to September . The

timing of pollination varies depending on the specific zone within Europe. However, certain plant species may exhibit

unique pollination behaviors that diverge from these general patterns . Cypress and Japanese cedar can pollinate in

winter and extend to spring .

2.1. Tree Pollen

Many plant families are the sources of allergens: Betulaceae (Birch family), Oleaceae (Olive family), Platanaceae (Plane-

tree family), and Cupressaceae (Cypress family). The main allergen that causes allergic reactions is the pathogenesis-

related protein family 10 (PR-10) protein. PR-10 protein is a ‘pan-allergen’ found only in plant species, and is not present

in animal sources. It can cause cross-reactivity with unrelated biological sources. PR-10 protein has a labile structure,

similar to profilin, which is why most clinical symptoms are also mild. The most common type of pollen–fruit allergy is

birch-related food allergy. The major birch allergen is Bet v1, which belongs to the PR-10 protein family. It has been found

that up to 70% of Bet v1 (PR-10 protein) in the birch family is identical to other plant families. The study showed 70% of

birch-sensitized patients had allergic symptoms to fruits, especially Rosaceae fruits (apple, pear, cherry, peach, plum,

apricot, etc.), nuts, and vegetables, especially those from the Apiaceae family (like celery and carrots). The most common

tree pollen-fruit cross-reactivity, accounting for over 75% of cases, is the Birch-apple syndrome. Most patients suffer from

oral allergy symptoms. The symptom is triggered when the patient is exposed to the pollen allergen “PR-10 protein” (Bet

v1 in Birch, and Mal d1 in apple). A recent study showed that sensitized birch individuals could be sensitized to apples by

up to 94%, On the other hand, a sensitized apple individual could be sensitized to birch by up to 100%. Besides apple, the

fruits that could be correlated with the birch pollen are peach (86%), and kiwi (28%) . Recent reports indicate a

rising prevalence of cypress sensitization in Europe and Japan, particularly among atopic individuals. These sensitization

cases have been linked to various fruits, with the primary allergen remaining the PR-10 protein, resulting in OAS.

However, more severe allergic symptoms have been reported in cases of peach allergy, known as Cypress-peach

syndrome, often associated with the allergenic protein known as GRP .

2.2. Grass Pollen

In contrast to tree and weed pollen, there are relatively limited data available on grass pollen sensitization and its

association with pollen–fruit syndrome. However, historical data suggest that individuals with grass sensitization have

experienced allergic reactions to a wide range of foods, including melon, watermelon, orange, tomato, potato, peanut, and

Swiss chard . Sensitization to grasses like Bermuda, Timothy, and Orchard grass has been linked to melon allergy, with

profilin playing a role . Furthermore, sensitization to orchard grass has shown associations not only with melon

allergies but also with peach allergies .

2.3. Weed Pollen

Most weed-causing PFAS are in the Asteraceae family, primarily including mugwort (Artemisia vulgaris) and ragweed

(Ambrosia artemisiifolia). Individuals who exhibit allergies to mugwort may experience allergic symptoms upon consuming

foods like carrots, celery, onion, garlic, mango, and various spices including anise, caraway, coriander, fennel, black

pepper, paprika, and cumin. This interaction is mediated by a profilin called celery–mugwort–spice syndrome. Additionally,

other associations have been observed, such as Asteraeae–lychee association, mugwort–peach association (nsLTP), and

mugwort–chamomile association. On the other hand, ragweed cross-reacts with banana and melon via profilin and nsLTP,

forming what is known as the ‘ragweed–melon–banana’ association .

3. Lipid Transfer Protein (LTP) Syndrome

Lipid transfer proteins (LTPs) are pan-allergens present in various foods and plants, including fruits, vegetables, nuts, and

cereals. Sensitization to LTP can lead to symptoms in affected individuals. Some patients require co-factors such as

NSAIDs, alcohol consumption, or exercise to trigger these symptoms. The most common presentation is anaphylaxis,

which is more prevalent in adults and Mediterranean countries. LTPs are found in plants like mugwort, plane tree, olive,

ragweed, and cypress, which are the primary sources of sensitization. Among fruits, those from the Rosaceae family are

the most frequent culprits, with peach being a notable example. Clinical symptoms range from mild to severe anaphylaxis,

but LTP syndrome is associated with a high incidence of anaphylaxis, affecting up to 75.6% of individuals .
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4. Gibberellin-Regulated Protein (GRP) Syndrome

GRPs are a class of heat-stable hormones synthesized by plants in response to various stages of plant growth and

development . They are expressed in both the pulp and peel of fruits, with a particularly notable presence in fruits such

as peach, citrus, apricot, cherry, and pomegranate . In trees, GRPs are primarily found within the Cupressaceae family,

which includes cypress trees . Sensitization to PFAS via GRPs has been reported in southern France and Japan, and

attributed to cypress and Japanese cedar, respectively . However, patients can develop sensitization to GRPs

directly through fruit exposure, independently of any cross-sensitization to tree pollens. Remarkably, 59% of patients with

no prior sensitization to cypress GRP displayed sensitization to fruit GRP . GRP allergies are most commonly observed

in adolescents and adults, and clinical manifestations can encompass a spectrum of symptoms, including OAS, urticaria,

angioedema, anaphylaxis, and FDEIA . Notably, anaphylactic reactions are frequently associated with peach and

apricot GRP allergies . In cases of peach allergy, patients allergic to the GRP component often exhibit distinct

symptoms such as facial swelling, especially in the eyelids, laryngeal tightness, and a higher prevalence of urticaria

compared to patients allergic to the PR-10 component of peach .

5. Latex-Fruit Syndrome (LFS)

Latex is a sap derived from Hevea brasiliensis, containing a complex mixture of proteins, including soluble and particle-

bound proteins. Some of these proteins share a structural similarity with proteins found in fruits, resulting in the presence

of common antigenic determinants. This relationship has led to the recognition of a clinical syndrome known as ‘Latex-fruit

syndrome’, where individuals experience allergic reactions to both latex and various fruits . Clinical symptoms can

be life-threatening, and the plant foods typically involved in the syndrome include avocado, banana, kiwifruit, and

chestnut. Symptoms can vary in severity, including itching, hives, swelling, abdominal pain, vomiting, and, in more severe

cases, anaphylaxis .

Among NRL (natural rubber latex) allergens, class 1 chitinases (Hev b 6) play a significant role in the LFS. Class 1

chitinases have a defensive function, and Hev b 6 exhibits high sequence homology with chitinases found in fruits like

bananas, avocados, and chestnuts . Other significant NRL allergens include β-1,3-glucanase (Hev b 2), found in

various fruits such as avocado, banana, chestnut, fig, kiwi, and olive pollen, as well as the acidic protein (Hev b 5), which

has the potential for cross-reactivity with kiwi acid protein. In a retrospective study involving 137 patients with a history of

natural rubber allergy and positive latex tests, symptoms were reported upon exposure to a range of fruits, including

banana, avocado, kiwi, tomato, watermelon, peach, chestnut, cherry, apple, apricot, and strawberry .

Brehler et al. (1997) conducted a study demonstrating that the levels of latex-specific IgE were inhibited when serum

samples from individuals with latex allergies were preincubated with extracts from specific fruits. Fruits such as avocado,

banana, fig, tomato, kiwi, melon, and passion fruit were found to be particularly effective in inhibiting latex-specific IgE

levels . Nevertheless, there are still groups of patients who exhibit sensitization to specific fruits independently of NRL

sensitization. This suggests that there are responsible allergens for fruit allergies in specific regions or cases .

6. Thaumatin-Like Proteins (TLP) Syndrome

Thaumatin, found in the fruits of the West African rainforest shrub Thaumatococcus daniellii, shares sequence homology

with PR-5 proteins and imparts a sweet taste. These proteins belong to the family known as thaumatin-like proteins

(TLPs). TLPs are known for their resistance to proteases and resistance to changes in pH or heat. They respond to

pathogen infection, osmotic stress (osmotins), and antifungal proteins  Both TLPs and PR-5 are expressed in ripening

fruits . TLPs serve as allergenic molecules in many fruit allergies including apple, banana, cherry, kiwi, and peach ,

and might also be a causative allergen in patients with orange-dependent exercise-induced anaphylaxis . In mouse

models, there are reports of percutaneous sensitization to TLP. Given that cherries are widely utilized in cosmetics,

including lip care products, this raises the potential for percutaneous sensitization in humans . TLPs are prevalent in

numerous fruits and can act as pan-allergens, provoking allergic reactions to a variety of fruits. Nonetheless, data on

cross-reactivity patterns and clinical severity are limited.
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