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Introduction

Food allergy is still widely debated, especially with regard to its
pathogenic mechanisms and predisposing factors. It is generally
accepted that immaturity of local immunity in the gastrointestinal sys-
tem or breakdown of so-called oral tolerance is involved in sensitiza-
tion to foods in infancy (1); but little is known about its development in
adults, in whom impaired gastrointestinal immunity is unlikely.

One of the possible mechanisms underlying the appearance of
adverse reactions to foods in adults is sensitization by alternative
routes, such as the respiratory route, by which aeroallergens sharing
homologous epitopes with some food allergens can induce the
synthesis of specific IgE antibodies able to crossreact with the differ-
ent allergen sources, thus evoking clinical symptoms. This kind of
crossreaction seems particularly important in the development of sen-
sitization to fruits and vegetables, which causes one of the most com-
mon forms of food allergy in adults, the oral allergy syndrome (OAS),
in addition to other clinical situations such as the latex—fruit and the
bird~egg syndromes. Crossreactions may also account for the clus-
ters of hypersensitivity described for taxonomically related or unre-
lated foods, including reactions to foods and pollens (Table 1). The
culprit in crossreactivity between inhalant and food allergen sources
and between different foods is often found to be one of the few major
food-allergens so far identified and characterized (Table 2). This
shows how much work is still needed to improve our knowledge in
this field.

*Author to whom all correspondence and reprint requests should be addressed.
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Table 1
Clusters of Hypersensitivity Between Foods, and Foods and Pollens
Study Year Foods
Eriksson (61) (1984) Nut, hazelnut, peanut,
apple, pear, potato, carrot
Ortolani (62) (1988) Melon, watermelon,
tomato, fennel, celery
Pastorello (27) (1994) Peach, apricot, plum, cherry
Study Year Foods Pollens
Andersen (63) (1978) Hazelnut Birch
Lahti (64) (1980) Apple Birch
Halmepuro (65) (1984) Apple, carrot, celery Birch
Pauli (66) (1985 Celery Birch, mugwort
Calkhoven (67) (1987) Apple, cherry, Birch, grass
peach, potato
Enberg (68) (1987) Watermelon Ragweed
de Martino (44) (1988) Tomato, peanut Grass
Vallier (69) (1988) Celery Mugwort, birch
Wiithrich (70) (1990) Celery Mugwort
Ebner (34) (1991) Apple Birch
Hirschwehr (36) (1992) Hazelnut Hazel tree
Ortolani (26) (1993) Fennel, celery Birch
Kiwi Grass
Gall (71) (1994) Kiwi Birch
Table 2
Crossreacting Major Food Allergens
Mol wt,
Food Allergen kDa Crossreactivity
Codfish Gad c 1: parvalbumin 12 Other fish species
Gadus callarias
Shrimp
Penaeus aztecus, Pen a 1: tropomyosin 36 Mites, insects,
Penaeus indicus, Pen i 1: tropomyosin 34 mollusca, snails (?)
Metapenaeus ensis  Met e 1: tropomyosin 34
Barley Horv1 15 Other cereals
Hordeum vulgaris
Apple Mal d 1: pathogenesis 18 Birch pollen
Malus domesticus related protein Betv1
Mal d 2: profilin 15 Bet v 2
Celery Api g 1: pathogenesis 17 Bet vl
Apium graveolens related protein
Mal d 2: profilin 15 Betv2
Hazelnut Cor a 1: pathogenesis 17 Betv 1
Corylus avellana related protein
Carrot Yet unnamed: profilin 15 Betv 2

Daucus carota
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Crossreactivity Among Crustacea

Adverse reactions to crustacea are relatively common in subjects
with food allergy. The clinical picture covers the symptoms generally
observed that are outlined in an important study by Lehrer et al. (2).
They performed a double-blind placebo-controlled food challenge
(DBPCFC) with a fresh shrimp extract in 30 patients with reactions to
crustacea. The symptoms were both systemic (including urticaria,
angioedema, and anaphylactic shock) and local (presenting with OAS).
Shrimp is commonly involved in allergic reactions, but other crustacea fre-
quently elicit positive skin tests and radioallergosorbent test (RAST) (3).

This sharing of allergens among crustacea has been demonstrated
by RAST-inhibition experiments with lobster and crawfish, both potent
inhibitors of RAST with shrimp, and crab, which was also a good
inhibitor though to a lesser extent (4). These observations were con-
firmed by crossed-line and crossed-radioimmunoelectrophoresis,
showing that crustacea share some allergens (5). The molecular back-
ground of this crossreactivity emerged when the major allergen of
shrimp, Pen a 1, was identified as tropomyosin, a 34- to 36-kDa protein
involved in actin activation during muscle contraction (6). Findings by
immunoblotting confirmed the presence of this protein in all crustacea
investigated, and the use of monoclonal antibodies (MAbs) to Pen a 1
demonstrated a similar pattern of reactivity in three crustacea extracts
(7), providing a solid scientific basis for this crossreactivity. Tropomyo-
sin also seems involved in crossreactivity between crustacea, insects,
and house dust mites, giving rise to a clinical syndrome with respira-
tory and food allergy that we shall deal with later. Crossreactivity was
also reported between crustacea and shellfish, as showed by the inhibi-
tion of RAST with oyster by crustacea extracts (8), but considering the
poor clinical value of skin tests and RAST for oyster, the significance of
this finding is questionable. However, in at least one case—a fish
worker allergic to shrimp and shellfish—IgE-reactivity to a 35-kDa an-
tigen present in both extracts was demonstrated in vitro (9).

On the other hand, patients with positive RAST for crustacea and
shellfish often have symptoms limited to crustacea. This crossreactivity
might be explained by findings reported by Aalberse’s group, who
detected IgE to crossreactive carbohydrate determinants (CCD). These
structures are known to crossreact widely but with no clinical signifi-
cance in subjects with multiple positive RAST to crustacea and molluscs
that are often unrelated to clinical symptoms (10). Thorough investiga-
tions are needed on the allergenic pattern of shellfish, as the two phyla
Crustacea and Mollusca are distant and theoretically unrelated with regard
to immunological aspects; only the demonstration of molecular hom-
ology in the apparently crossreactive structures will clarify this issue.
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Crossreactivity Among Fish

The fish that has been investigated most frequently for allergen-
icity is cod, whose major allergen Gad c 1 (formerly allergen M) was
identified in pioneering studies by Aas in 1967 (11). Gad ¢ 1 is a 12-kDa
allergen with an IgE-reactive epitope formed by a repetitive group of a
few amino acids constituting a sequential antigen that resists cooking,
digestion, and denaturation. For many years, cod-allergic patients were
placed on a diet avoiding all fish, but it has now been shown that
crossreactivity is quite limited. In RAST-inhibition experiments with
sera from children allergic to fish, de Martino et al. found that, out of
18 fish species, crossreacting allergens were likely to be present only in 6;
namely, cod, bass, dentex, eel, sole, and tuna (12). Clinical crossreac-
tions to different fish were reported in a minority of patients, as dem-
onstrated by a positive DBPCFC to more than one fish in only 3 of 10
patients with positive skin tests to a number of fish species (13). The
authors of this study suggested, on the basis of IgE-reactivity in
immunoblotting to components of molecular weight in the range of
Gad c 1, that sensitization to Gad ¢ 1 might account for reactions to
different fish.

Crossreactivity Among Legumes

Foods belonging to the family of legumes are of particular impor-
tance to the study of allergy because some of them—especially pea-
nut—may give rise to fatal anaphylaxis (14). Taylor et al. found no
crossreactions between peanut and its oil in ten peanut-allergic patients
undergoing DBPCFC (15). This suggests that the culprit allergen is lost
in the preparation of the oil. However, in one study, peanut oil was
responsible for dermatitis in two babies, although the antigen involved
was not known (16).

Considering crossreactivity between peanut and other legumes,
we must clearly distinguish the in vitro and in vivo observations. Wide
crossreactivity between members of the Leguminosae family was observed
by RAST-inhibition (17); but, on verifying the clinical reactivity to each
member by DBPCFC, it was found that, in most patients, only a legu-
minous food caused allergic reactions, and only 5% of patients reacted
to more than one legume, despite a positive RAST for almost all
legumes (18). The same investigators demonstrated multiple IgE-bind-
ings bands in each of six legumes (peanut, pea, soybean, lima bean,
garbanzo bean, and green bean) by SDS-PAGE/immunoblotting, with
a band at 20 kDa in all legumes except the green bean (19). The struc-
tures crossreacting in leguminous foods have not yet been identified;
but major allergens from peanut, namely Arah 1(20), and Arah 2 (21),
and from soybean (22), as well as minor allergens from these two
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legumes (23), showed distinct characteristics. These immunochemical
findings highlight the need in each patient with clinical reactions to
legumes to assess the reactivity to each of these foods before prescribing
an elimination diet free of all legumes.

Crossreactivity Among Nuts

Allergy to peanuts is frequently associated with allergic reac-
tions to nuts, as recently reported in the United Kingdom (24) and in
Italy (25). Both studies found a significant association between
allergy to peanuts and to hazelnuts and walnuts, but no association
with soybean and other legumes, thus confirming the data reported
in the previous section. In the Italian study, which involved an
evaluation of clinical history, skin test, and RAST results in 79
patients with OAS for at least one vegetable food, about 40% of
patients had reactions to item(s) of the nut group, with a highly sig-
nificant (p = 0.008) cluster of association between walnuts, hazel-
nuts, and peanuts (25). The search for a molecular support to these
clinical findings has not yet produced any definite evidence, as the
known major allergens of these foods are different and cannot
account for the crossreactivity.

Crossreactivity Among Prunoideae

Hypersensitivity to fruits belonging to the botanical subfamily of
Prunoideae, such as peach, apricot, plum, and cherry, is a well-defined
cluster (26). The clinical picture most often presents with the symptoms
of OAS. We designed a study to identify the allergens in Prunoideae,
and to assess the in vivo crossreactivity by challenge tests with fresh
fruits and the in vitro crossreactivity by SDS-PAGE/immunoblotting
and blotting inhibition (27). The study population comprised 23
patients with OAS from peach, and positive skin test and RAST results
for all the Prunoideae. Crossreactivity was quite wide, since 63% of
patients reacted to challenge with more than one fruit, and 26% reacted
to all fruits (Table 3). Laboratory techniques enabled us to identify the
major allergen of Prunoideae as a 13-kDa protein, recognized by specific
IgE of 90% of patients clinically sensitive to these fruits (as shown by
Fig. 1). Other allergenic components were detected as proteins of 14
kDa (probably a profilin) and 20 kDa. Blotting inhibition showed they
crossreacted with grass and birch pollen, whereas no crossreaction was
observed between the 13-kDa allergen and pollen allergens (Fig. 2).
These observations provided a solid immunochemical basis for the
cluster of association regarding Prunoidese, owing to an important
major allergen present in all these fruits not crossreacting with
pollens.
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Fig. 1. Autoradiography of IgE-immunoblot analysis of peach extract with
sera from 21 patients presenting specific IgE to peach. The molecular weight of
some of the main allergens are given. Patients’ identification numbers are
reported in the lower part of the figure. Patients 1 to 19 presented OAS to peach.
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Fig. 2. Immunoblotting inhibition in the sera of four patients. P, peach; C,
cherry; A, apple; PL, plum; G, grass; B, birch.

Crossreactivity Among Cereals

Most studies on allergy to cereals have used sera from patients
with respiratory symptoms from inhalation of flour (baker’s asthma)
and found IgE-binding to proteins of 12-66 kDa (28,29). A recent study
with sera from 35 patients with atopic dermatitis and positive skin tests
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and RAST for one or more cereals (i.e., wheat, rye, barley, oats) found a
similar IgE-binding profile with wheat, rye, and barley to proteins of
26, 28-30, 40-50, 69, and 79 kDa. This suggests crossallergenicity,
whereas oats seemed to crossreact only weakly with the other cereals (30).

Clinical Syndromes Caused
by Crossreactions Between Foods and Aeroallergens

OAS from Vegetables and Pollinosis

Recent epidemiological studies report prevalences of OAS rang-
ing from 23 to 47% in populations of patients suffering from pollinosis
(31,32), thus defining this syndrome as one of the most common forms
of food allergy in adults. Sensitization to the causative allergens is likely
to occur as a consequence of sensitization to pollen allergens. The preva-
lence of hypersensitivity to the various vegetables depends on their
sharing allergens crossreactive with pollens. Consequently, fruit and
vegetables belonging to the families of Rosaceae and Umbelliferae, in
which such allergens have been demonstrated, are mainly involved.
Additionally, in most cases, sensitization to pollens precedes the devel-
opment of allergic reactions to foods. In a population of 335 patients
with pollinosis, we found that the age of onset of pollinosis was signifi-
cantly lower (p = 0.041) than the age of onset of OAS, and most
pollinotic subjects showed a latent period before developing OAS (33).
These findings confirmed our previous observations of a significant
association between the onset of pollinosis and OAS (26).

The pollens most involved in crossreactivity with foods are birch
and mugwort. In birch pollen, the two major allergens, Bet v 1 and Bet v
2 (respectively 16-18 and 14-15 kDa), have been identified as respon-
sible for crossreactivity with apple, hazelnut, and celery (34-36). These
proteins are so widespread in the vegetable kingdom as to be consid-
ered panallergens. Bet v 1 seems responsible for crossreactivity with
apple, in which an 18-kDa allergen showing about 75% homology
with Bet v 1 at DNA levels was identified (34). Recently, the same
research group reported a homology of about 60% between Bet v 1 and
the major allergen from celery, Api g 1, a 16.2-kDa protein (37). These
proteins seem to belong to a group of so-called pathogenesis-related
proteins, which are expressed under stress conditions, particularly if
the plant is attacked by microorganisms. Bet v 2 is a profilin, belong-
ing to a group of molecules of about 15 kDa involved in fertilization of
plants, which are present in a large series of vegetable sources (38).

To confirm these crossreactivities, Kraft’s group from Vienna stud-
ied sera from 20 patients with birch pollinosis and allergic reactions to
various vegetables (39). Using MAbs to Bet v 1 and Bet v 2, they dem-
onstrated the presence of proteins highly homologous with Bet v 1 in
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apple, pear, and celery and with Bet v 2 in all these plus carrot and
potato, thus confirming the ubiquity of Bet v 2.

Recently, the use of recombinant Bet v 1 and Bet v 2 for skin testing
in a group of 51 patients sensitized to birch brought to light a positive
response to Bet v 1 in 47 cases and to Bet v 2 in 10 (40). The subjects
sensitized only to birch had a negative skin test to Bet v 2, which how-
ever gave a positive result in patients also sensitized to grass and
Compositae pollens, probably because of crossreactivity between pro-
filins from these sources. Among patients with reactions to vegetables,
sensitization to Bet v 1 was specific for allergy to birch and Rosaceae
fruits (apple, hazelnut, and so on), while sensitization to Bet v 2,
detected in plurisensitized subjects, was related to allergy to Umbelliferae
such as celery and carrot, though to a lesser degree.

Very recently, a third group of crossreacting proteins with mol wt
46-60 kDa, in the range of the major allergen of mugwort Artv 1 (41), was
identified as responsible for crossreactions between celery and pollens
from mugwort and birch (42). Further crossreactions include: birch and
grass pollens with Prunoideae fruits (27) and with kiwi fruit (43), both
regarding allergens besides the major ones, grass pollen with tomato and
peanut (44), and ragweed pollen with banana and the gourd family (45).
However, the crossreacting allergens have not yet been identified.

Allergy to Latex and Fruits

Allergy to latex mainly arises in persons frequently exposed to this
substance extracted from the tree Hevea brasiliensis, because of either
repeated surgical procedures (in children with spina bifida the preva-
lence of latex allergy is more than 50%) or professional exposure. Natu-
ral latex extract contains a large series of allergenic components, with
molecular weights ranging from 17 to 128 kDa (46). Among these, a
protein of about 20 kDa, identified as prohevein, seems to be the major
allergen of latex and was, in fact, referred to as Hev b 1 (47), while other
important allergens should be proteins of 30 kDa (hevamin) and 36 kDa.
An immunoblotting study recently identified five major groups of
allergens with respective molecular weights of 14, 25, 29, 37-45, and 50
kDa, and sera from patients with spina bifida specifically reacted with
the 25-kDa allergen (48).

In recent years, associations between latex allergy and reactions to
fruits such as banana, avocado, pear, chestnut, kiwi, and papaya have
been reported (49-51). These concern about half of patients with latex
allergy (49), and the immunochemical basis seems to be sensitization to
the 30-kDa allergen, which was detected in latex, avocado, and banana
by immunoblotting techniques (50). Two different patterns of blotting
were reported: one found in patients allergic only to latex, showing an
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IgE response to various allergens and especially to the major allergen
Hev b 1; and the other found in those who are allergic to latex and
fruits, who constantly presented IgE-binding with the 30-kDa allergen.
A recent study using sera from patients allergic to latex and banana
detected two crossreactive allergens of 33 and 37 kDa (51). These are
likely to correspond to the above-mentioned 30- and 36-kDa allergens,
slightly different in vitro conditions accounting for the small difference
in molecular weight. Further crossreactivity among latex, tomato, and
potato was ascribed to a 46-kDa allergen sharing epitopes with a ho-
mologous protein identified in raw, but not in cooked, potato (52).

The Bird-Egg Syndrome

The association of allergic reaction to egg and respiratory symp-
toms from inhalation of bird-derived antigens was reported in the late
1980s (563,54). A study investigating the characteristics of 31 subjects
with allergy only to egg or to egg and avian proteins found that the
bird-egg syndrome mainly affected adults (55). This suggests that, as
in the association of OAS and pollinosis, sensitization to the causative
allergen may occur through the inhalant route, thus predisposing the
patient to subsequent reactions when eating egg. In that study, in vitro
experiments showed a complete reciprocal inhibition between egg yolk
and bird feathers. The main allergen was a 70-kDa protein, identified
as a-livetin, corresponding to bird seroalbumin.

Respiratory Symptoms from Mites
and Food Allergy from Crustacea and Mollusca

As reported above, extensive in vitro crossreactivity that is caused
by CCD arises between mollusca, crustacea, and other arthropods, such
as insects, although it is clinically insignificant (10). A more striking
crossreaction regards tropomyosin, the major allergen of shrimp Pen a 1
(6), which has also been identified by means of MADs in insects, snails,
and mites (56). This might account for the reports of adverse reactions
on eating seafood in subjects allergic to mites (57).

We verified the clinical significance of this crossreaction by per-
forming DBPCFC with shrimp in patients with positive IgE tests for
Dermatophagoides pteronyssinus (58). About half of the patients had a
positive challenge to shrimp and a convincing history of mite asthma;
and, on immunoblotting, their sera reacted to a 37-kDa allergen, prob-
ably tropomyosin.

D. pteronyssinus extract completely inhibited the shrimp blot-
ting, demonstrating the importance of this crossreaction. However,
it has yet to be ascertained whether clinical syndrome sensitization
also occurs via the respiratory route. In fact, some patients with
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crossreactive IgE to tropomyosin from shrimp and mite appeared pri-
marily sensitized by the former (56). In other studies, allergic reactions
to shrimp developed after sensitization to tropomyosin induced by spe-
cific immunotherapy (59), whereas allergy, presenting as asthma to
snails in mite-allergic patients, seemed to involve crossreactive aller-
gens other than tropomyosin (60).

Concluding Remarks

The observation of in vitro crossreactivity between allergens from
different food items as well as between foods and other allergen sources
does not necessarily indicate a clinically significant association. This
can be confirmed only by complete clinical characterization of patients
with apparent positivity to different allergen extracts. In recent years,
important advances have been made in the understanding of some
crossreactions in food allergy, in which hypersensitivity to food aller-
gens is triggered by crossreactivity with homologous allergens, sensitiz-
ing the subject by the respiratory route. This provides a theoretical model
that might help explain most cases of sensitization to foods in adults.
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