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Purpose of review

Review of recent developments in the field of cross-reactivity in

food allergy and the clinical relevance of these developments.

Recent findings

New foods have been added to the list of Bet v 1 and profilin-

related food allergies. Clinical relevance of cross-reactions

based on recognition of carbohydrate determinants and profilin

is limited for the population of pollen-allergic patients as a

whole. For selected food allergic patients, however, N-glycans

and particularly profilin are potentially of clinical relevance. Lipid

transfer proteins have further been established as clinically more

severe allergens in several foods. This severity is attributed to

their stability to proteolysis and processing. Storage proteins of

several nuts and seeds have been identified as important

allergens, but cross-reactivity between storage proteins of

different foods appears to be limited. Using cross-reactivity as

the basis for immunotherapy in food allergy seems promising

but needs confirmation by double-blind, placebo-controlled

trials.

Summary

The continued identification and characterization of cross-

reactive allergens facilitates the study of factors determining

clinical relevance of cross-reactivity and of possible efficacy of

immunotherapy in food allergy.
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Introduction
The first evidence for the existence of clinically relevant

cross-reactive IgE antibodies came from clinical observa-

tions. In 1970 it was reported that ragweed pollinosis was

frequently accompanied by allergy to melon and banana

[1]. Soon after, two other pollen–food allergy syndromes

were described: one for birch and apple [2,3] and one for

mugwort and vegetables like celery and carrot [4]. At

that time, the cross-reactive allergens responsible had

not been identified. It took until the late 1980s to

identify the most important pollen–food cross-reactive

allergen – the major birch pollen allergen Bet v 1 – as a

pathogenesis-related protein [5]. Valenta et al. [6] then
discovered profilin as a cross-reactive allergen in virtually

all pollen and plant foods. This ubiquity made them

introduce the term ‘pan-allergen’. Cross-reactivity is not

limited to pollen and plant foods. Shortly after the

identification of tropomyosin as the major shrimp

allergen [7], Witteman et al. [8] reported the cross-

reactivity of IgE antibodies to tropomyosin of house dust

mites. Sensitization to inhalant allergens is not always

the basis for cross-reactivity. IgE antibodies to peanut

allergens, for example, can cross-react with homologous

proteins in other legumes like soybean and pea [9]. In

such cases the food is inducing cross-reactive IgE

antibodies.

When speaking of cross-reactivity we have to distinguish

sensitization from symptom elicitation. It is quite

obvious that only some cross-reactive IgE antibodies

give rise to clinical food allergy [10,11]. Serological cross-

reactivity is always broader than clinical cross-reactivity.

Studying serological cross-reactivity by inhibition assays

can reveal which allergen source causes sensitization,

although it will not reveal which food will and which

food will not give rise to clinical allergy. The answer to

that question still heavily depends on carefully obtained

clinical histories and the application of double-blind,

placebo-controlled food challenges (DBPCFCs). We are

only just beginning to understand why some IgE

antibodies are linked to clinical food allergy and others

are lacking significant biological activity [12]. Serologic

tests for food allergy with improved clinical relevance

will have to take into account IgE antibody affinity and

the number of epitopes recognized. These factors

determine whether mediator release from mast cells

and basophils is induced efficiently enough to trigger

clinical symptoms, that is to facilitate symptom elicita-

tion [13].
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Apart from its relevance to sensitization and symptom

elicitation, cross-reactivity has been suggested as an

avenue for the treatment of food allergy. It is a long-

standing debate whether birch pollen immunotherapy is

also beneficial as a treatment for apple allergy. Since it is

well established that T cells play a central role in the

mechanism of immunotherapy [14], cross-reactivity at

the T-cell level certainly deserves attention. To date,

data on T-cell cross-reactivity between, for example,

birch and apple are very scarce [15]. Although never

studied in double-blind, placebo-controlled clinical trials,

most reports support a beneficial effect of birch pollen

immunotherapy on related food allergy [16,17]. Con-

versely, there have been suggestions that immunother-

apy for house dust mite allergy may induce allergy to

snails by cross-reactivity [18]. Again these suggestions

have not been substantiated by well controlled trials.

Possibly the dose of a cross-reactive allergen is a decisive

factor, making the difference between a beneficial or

detrimental effect.

This review aims to give an overview of the most recent

publications in the field of cross-reactivity in food

allergy, thereby focusing on the following questions.

What have we learned about the route of sensitization in

food allergy? What does the recent literature tell us

about the clinical relevance of cross-reactive IgE

antibodies? How does immunotherapy for inhalant

allergy affect cross-reactive food allergy?

Pollen-related food sensitization: the role of
allergen exposure
Bet v 1 and profilin are the two main allergens involved

in cross-reactivity between pollen and plant foods. Every

now and then new foods are added to the list of potential

pollen-related allergenic foods. A clear link to Bet v 1 or

profilin is not demonstrated in all cases, however.

Recently, allergy to chicory was added to the list of

birch pollen induced food allergies [19]. The authors,

however, demonstrated that neither Bet v 1 nor profilin

was involved in cross-reactivity. Some years ago,

Wüthrich et al. [20] published a case report of a patient

from the Philippines with birch pollen allergy and typical

oral allergy symptoms to apple, peach and celery. The

patient also demonstrated these symptoms to jackfruit

(Artocarpus integrifolia), a tropical fruit related to mulber-

ry. Cross-reactivity to Bet v 1 and profilin could not be

demonstrated.

Recently, two similar cases were identified among Dutch

birch pollen allergic patients (S.T.H.P. Bolhaar, L.

Zuidmeer, unpublished data). It was clearly demon-

strated that IgE reactivity to jackfruit was completely

inhibited with Bet v 1. The message from these

observations is that a food well tolerated in a birch

pollen free environment (e.g. The Philippines) becomes

a food allergen when a patient gets sensitized to birch

pollen in a new habitat (e.g. Switzerland). By contrast, in

birch pollen endemic areas (e.g. The Netherlands),

introduction to new tropical fruits can result in the

appearance of new food allergies.

Clinical relevance of pollen–food cross-
reactivity: patient selection is an important
factor
The clinical relevance of pollen–vegetable food cross-

reactive IgE antibodies has been a matter of debate for

a long time. This discussion was sparked off by the

discovery of IgE antibodies directed to highly con-

served N-glycans present in pollen and plant foods

[21,22 .]. The original claims for poor biological activity

of these IgE antibodies were based on the observation

that pollen-allergic patients with carbohydrate-specific

IgE antibodies cross-react to virtually all plant foods

without having any clinical food allergies. Poor

biological activity was confirmed by skin prick test

(SPT) and in-vitro basophil histamine release [23]. In a

recent survey of 1831 patients selected on the basis of

suspected respiratory allergies, Mari [24 ..] reported a

high prevalence of anticarbohydrate IgE (23%), in

particular in patients with multiple pollen sensitizations

(71%). SPT analysis and clinical histories confirmed

poor biological activity of anticarbohydrate IgE in these

patients.

In contrast, several recent reports have demonstrated

the capacity of carbohydrate-specific IgE antibodies to

induce in-vitro basophil histamine release. Foetisch et
al. [25..] purified a glycoprotein from tomato, b-
fructofuranosidase, and showed that this allergen (Lyc

e 2) can induce histamine release when basophils are

sensitized with serum of tomato-allergic patients (n = 4)
that recognizes this protein selectively on the basis of

its glycan structures. A recombinant Lyc e 2 expressed

in Escherichia coli did not induce mediator release. In

line with these observations, the plant glycoprotein

horseradish peroxidase was biologically active but lost

this activity upon deglycosylation. These experiments

clearly demonstrate that sugar-specific IgE antibodies

can induce mediator release. By contrast, six out of ten

tomato-allergic patients with similar levels of antic-

arbohydrate-specific IgE did not show histamine

release with these glycoproteins. Furthermore, the

concentrations of Lyc e 2 needed to achieve mediator

release were roughly between 1 and 10 mg/ml.

Frequently, purified major (natural and recombinant)

allergens have been shown to be biologically active at

concentrations ranging from 0.001 to 10 ng/ml (R. van

Ree, unpublished data) [26,27]. Whether the observed

biological activity of Lyc e 2 plays a role in the

reported clinical tomato allergy, therefore, remains to

be established.
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Bublin et al. [28..] studied the biological activity of IgE

antibodies against carbohydrate epitopes using a glyco-

protein isolated from celery tuber, Api g 5. To

demonstrate the role of N-glycans in the induction of

mediator release, the Api g 5 was chemically deglyco-

sylated. This resulted in complete loss of biological

activity. To prove that this was not simply caused by loss

of structural integrity, the authors showed that reduction

and alkylation had no effect on the IgE-binding potency

of Api g 5. However, biological activity mediated by N-

glycans was only shown for one out of eight celery-

allergic patients, and again, required concentrations of

the allergen were relatively high (0.1–1 mg/ml).

In summary, the overall impression is still that IgE

antibodies against carbohydrate determinants are of

limited clinical relevance, at least for the majority of

pollen-allergic patients. This can clearly be concluded

from those studies that analysed the biological activity of

N-glycan-specific IgE antibodies among patients se-

lected on pollen allergy, that is the whole carbohydrate-

reactive population [23,24 ..]. However, this does not

exclude the possibility that these IgE antibodies are

clinically relevant in selected food-allergic patients.

Clinical relevance cannot be concluded on the basis of

in-vitro biological activity demonstrated assays with high

concentrations of glycoallergens [25 ..,28..].

Not only has the clinical relevance of carbohydrate-

specific IgE been disputed, but also the clinical

importance of the pan-allergen profilin. Wensing et al.
[29 .] recently reported that pollen–plant food IgE

cross-reactivity based on profilin is rarely accompanied

by clinical food allergy. In that study, patients were

selected on the basis of pollen allergy and one or more

positive SPTs for plant foods. Several recent publica-

tions have demonstrated that profilin is an important

allergen in selected food-allergic populations. Rodrı́-

guez-Perez et al. [30.] reported that DBPCFC-con-

firmed peach-allergic patients in Spain can essentially

be divided into two groups: those with IgE antibodies

to profilin (Pru p 4) and those with IgE antibodies to

lipid transfer protein (LTP or Pru p 3). Their

assumption is that pollen sensitization is instrumental

in causing peach allergy in the profilin-reactive group,

whereas IgE antibodies to Pru p 3 are induced by

exposure to peach. Although very plausible, there is

not yet real proof that profilin actually causes peach

allergy. Support for an important role of profilin in

some clinical fruit allergies comes from a survey by

Asero et al. [31.]. They selected 71 patients with fruit

allergy but no sensitization to LTP or latex, and

showed a strong correlation between clinical allergy to

(water) melon, citrus fruits, tomato and banana with

profilin sensitization. In yet another study [32 .],

virtually all patients selected on a history of allergy

to bell pepper and tomato were shown to have IgE

antibodies against profilin from these fruits. A causal

relation between IgE against bell pepper profilin or

tomato profilin and clinical allergy to these plant foods

was not claimed. Interestingly, the only two patients

from the study by Wensing et al. [29.] for whom

clinical importance of profilin-specific IgE was thought

to be relevant had allergy to bell pepper (paprika) and

tomato. Finally, profilin was shown to be a dominant

allergen for patients selected with an allergy to melon

[33 .].

The overall impression from the studies into the

clinical relevance of pollen-induced IgE antibodies

against N-glycans and profilin is that they are of

limited relevance to the whole population of pollen-

allergic patients, but can have relevance for selected

food-allergic patients.

Food lipid transfer proteins are responsible
for food sensitization: or is there still some
doubt?
LTP was identified by Pastorello et al. [34] and by

Sanchez Monge et al. [35] as an important allergen in

Rosaceae fruits. This protein has the characteristics

needed to be able to reach the gut immune system in

an immunogenic (sensitization) and allergenic (elicita-

tion of systemic symptoms) conformation: it is extremely

stable under the acidic and proteolytic conditions in the

stomach and gut [36]. Sensitization to LTP has been

reported in patients without pollen allergy, giving

support to its role as a sensitizing food allergen

[37,38 .]. All studies on LTP demonstrate a higher

frequency of systemic reactions than have been reported

in patients with typical pollen-related food allergies

[30 .,36,37,38 .,39.,40..,41.]. The degree of allergen

stability is clearly the basis of this difference in clinical

presentation [36]. Retained allergenicity of LTP was also

reported after food processing steps like heating [39 .,42]

and fermentation [41.]. The spectrum of foods in which

the role of LTP as an allergen is studied is rapidly

increasing. Recently, grape, lettuce, hazelnut, sunflower

and cereals were added to the list [40..,41.,43–45]. IgE

antibodies against food LTPs have been shown to

express variable degrees of cross-reactivity [36,44,46.].

Cross-reactivity between LTPs is not limited to foods.

LTP has been identified as an allergen in latex [47 .] and

some pollen as well. Both major Parietaria allergens, Par

j 1 and Par j 2, are LTPs [48.]. Also mugwort has been

shown to express an allergenic LTP that is cross-reactive

with food LTPs [49,50 ..,51..]. Finally, lettuce LTP was

shown to have some degree of cross-reactivity with

pollen from plane trees (Platanus) [40..]. The general

consensus, however, is still that sensitization to food

LTPs is primarily caused by food consumption and not

by pollen exposure.
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Seed storage proteins 2S, 7S and 11S: limited
level of cross-reactivity between foods?
Seed storage proteins 2S albumin, 7S vicilin and 11S

legumin have been identified as the major allergens in

legumes like peanut, soy [52.,53,54] and lentils [55 .],

but also in tree nuts [56..,57.] and other seeds like

sesame [58.] and sunflower [43,59 .]. In their recent

review of tree nut allergens, Roux et al. [56 ..] concluded

that it is not yet established whether combined allergy to

various tree nuts is caused by cross-reactivity or by

independent sensitization to multiple tree nuts. Cross-

reactivity at a clinical level between peanut and other

legumes like soy and pea is certainly not common.

Recently, Wensing et al. [60.] reported three cases of

anaphylaxis to pea that translated into clinical cross-

reactivity to peanut, but such cases are relatively rare.

Nevertheless, it could be demonstrated that IgE

antibodies to pea vicilin cross-reacted to the peanut

vicilin, Ara h 1. In a study by de Leon et al. [61 .], cross-

reactivity between peanut and various tree nuts was

convincingly demonstrated for patients with combined

peanut and tree nut allergy.

Cross-reactivity and immunotherapy:
beneficial or detrimental?
Most of the knowledge concerning the effect of birch

pollen immunotherapy on cross-reactive fruit allergy is

anecdotal by nature. Some clinical researchers have

retrospectively analysed (groups of) birch pollen allergic

patients and have concluded that immunotherapy is

beneficial for the related food allergy [16,17]. Others

have reported the absence of beneficial effects [62]. To

assess the persistence of a beneficial effect, Asero [63 .]

recently performed open challenges with apple in a

group of birch pollen allergic patients treated by

immunotherapy. All 30 patients selected had reported

complete disappearance of apple allergy upon comple-

tion of immunotherapy. It was demonstrated that over

50% of the treated patients were still able to tolerate

apples up to 30 months after stopping treatment.

Although supportive of a beneficial effect, these studies

have not really provided conclusive proof. Double-blind,

placebo-controlled trials as well as DBPCFCs are thus

needed. Bolhaar et al. [64] recently completed a clinical

trial using DBPCFC as a read-out for apple allergy. They

compared two groups of patients with combined birch/

apple allergy, one receiving immunotherapy and the

other pharmacotherapy. Both SPT reactivity and

DBPCFC with apple significantly decreased in the

former group. The detrimental effects of immunother-

apy have also been reported. Several years ago, it was

first suggested that house dust mite immunotherapy

could possibly induce allergy to snails [18]. Until now

this issue has still not been resolved [65,66]. To that end,

data obtained by double-blind, placebo-controlled trials

are absolutely essential. Since it is well established that

T cells play an important role in the mechanism of

immunotherapy, studies on the cross-reactivity between

inhalant and food allergens at the T-cell level are

needed. Evidence for T-cell cross-reactivity between

Bet v 1 and Mal d 1 had been reported by Fritsch et al.
[15]. Recently, similar results have been found for the

Bet v 1 homologue in celery, Api g 1 [67.].

Conclusion
Cross-reactivity in food allergy is not limited to pollen-

related food allergens: IgE antibodies against ‘pure’ food

allergens have also demonstrated cross-reactivity. When

studying the clinical relevance of cross-reactive IgE

antibodies, the outcome is highly dependent on the

criteria used to select patients, that is a broad serological

or limited clinical selection. To establish whether cross-

reactivity can be used to treat food allergy, well

controlled clinical trials are required.
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