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Abstract

Purpose of Review The presence of IgE cross-reactivity be-
tween peanut allergens and allergens from other legumes and
tree nuts has been demonstrated, but the identification of the
involved individual allergens is still limited. The aim of this
review is to describe new allergenic findings, of potential rel-
evance for cross-reactivity among peanut and lupin.

Recent Findings Seventeen allergens of peanut have been in-
cluded in the official allergen nomenclature database to date.
Lupin sensitization has been observed in 15-20% of individ-
uals with known peanut allergy, The majority of lupin seed
proteins are comprised of o-conglutins (legumin-like) and 3-
conglutins (vicilin-like), and to a lesser extent 'y-conglutins
(vicilin-like) and &-conglutins (2S albumins).

Summary Several molecules may fuel peanut-lupin cross-re-
activity. Awareness among physicians and general public
could avoid unexpected allergic reactions. However, these
do not appear frequent and no data suggest a precautionary
labelling of lupin in foods.
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Introduction

Food allergy is defined as an IgE-mediated hypersensitivity
response to ingested food with symptoms ranging from urti-
caria to life-threatening anaphylaxis [1, 2].

According to the United States National Center for Health
Statistics, the prevalence of reported food allergies among
children rose 18% from 1997 to 2007 [3]. More recently, the
prevalence of food allergy in Australia peaked to 10% [4, 5],
generating the fear of a new wave of allergic diseases [6].
Recent data from UK indicate a 7.1% of food allergy preva-
lence in the general population [7], largely exceeding that
reported in the last epidemiological data from UK [8].

The current strategy to treat food allergies is strict allergen
avoidance, but sometimes it is not enough to remove single
incriminated food from the patient’s diet. Cross-reactivity, an
immune-mediated phenomenon due to an IgE antibody rec-
ognizing and binding, can induce an immune response to sim-
ilar allergenic molecules (homologues) and may be responsi-
ble for unexpected reactions to different foods. IgE cross-
reactivity often occurs between allergenic molecules in close-
ly related species or well-preserved molecules with similar
function present in widely different species, belonging to the
same protein family [9]. The clinical relevance of cross-
reactivity seems to be influenced by many factors including
the host immune response against the allergen, exposure and
the allergen itself [10¢].

The peanut is considered one of the main food allergens
worldwide and in particular in the United States [11-14, 15¢].
Some studies have shown IgE cross-reactivity between peanut
allergens and allergens from other legumes and tree nuts, but
the identification of the involved individual allergens is still
limited. Further studies are needed to answer the question
whether allergic reactions to legumes and tree nuts in
peanut-allergic individuals allergic to peanuts are a result of

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11882-016-0668-8&domain=pdf

84 Page 2 of 6

Curr Allergy Asthma Rep (2016) 16:84

a primary allergy to peanut or cross-reactivity, in particular
because it seems that the clinical hypersensitivity to one le-
gume does not translate in allergy of all legumes [16]. These
questions become important when considering if the rapid
spread of some vegetables in the human diet warrants their
inclusion in allergen-labelling lists. For example, lupin is now
increasingly used in the bakery industry, and lupin allergy has
been reported in patients who are already allergic to peanuts
[17].

The aim of this review is to describe new findings, focused
on research published within the past 5 years about cross
reactivity in peanut allergy, with particular reference to that
described between peanut and lupin.

Peanut Allergy

Peanuts are the seeds of the peanut plant (Arachis
hypogaea), a member of the legume family (Fabaceae).
The peanut is botanically related to peas and beans but
not to tree nuts. The typical peanut seedpod, which usu-
ally contains two seeds, matures buried underground.
Peanuts are very rich in nutrients and are one of the basic
crops of India, China, the USA and West Africa. Peanuts
contain 44-56% oil and 22-30% protein [18]. The total
protein content of three of the most commonly used pea-
nut cultivars (Valencia, Virginia, and Spanish) was has
been determined to be between 24 and 29% [19]. Seed
storage proteins of the cupin or prolamin superfamilies
make up most of the protein content. The cupin Ara h 1
was has been determined to contribute between 12 and
16% of the total protein content of the peanut, and the 2S
albumin Ara h 2 contributes between 5.9 and 9.3% to the
total protein content of a peanut [19]. In a study by
Hebling et al., all known peanut allergen classes were
determined to comprise make up 85% of the total protein
content of peanut, while Ara h 1, Ara h 2, and Ara h 3
together accounted for 75% [20]. The prevalence of pea-
nut allergy ranges between 0.6 and 1% of the total pop-
ulation in the Western countries, but data from the devel-
oping world are lacking [21]. Recent data indicate that
peanut allergy is on the rise. In England, children from
the general population born on 2005-2007 were reported
to develop peanut allergy in 0.7% [22], those born 2009—
2012 in 2.5% cases [7]. In at-risk populations (infants
with severe eczema and/or egg allergy), peanut allergy
is reported at 17.2% [23e+]. Before this steady increase,
media, advocates, parents and institutions used to de-
scribe peanut allergy as a medical and public problem
[24]. An analysis of epidemiology of peanut allergy
underlined how the idea of this allergy as a population
health risk and the social organization of the response to
this risk were co-produced. According to this analysis,
the “peanut panic”—which changed the way that people,
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especially children, interacted with, and were governed
within, the familiar social spaces of schools, airlines and
medicine—anticipated the epidemiological trends [25¢¢].
The author showed how for example seafood allergies in
America are almost double that of peanut allergies, but
that culturally, peanuts and peanut butter have long
served as a staple snack for kids, especially in USA,
and have been expectedly served in public spaces on a
regular basis. With newfound awareness of peanuts as a
health risk and problem, the social characteristics of this
“normal” food are changing [26].

Making the correct diagnosis of peanut allergy is of
paramount importance. A typical history of a hypersensi-
tivity reaction to peanut following ingestion, in combina-
tion with a positive skin prick test or peanut specific IgE,
would point towards a diagnosis of peanut allergy. If pea-
nut has not been ingested, a positive test result to peanut
will not automatically translate in a peanut allergy, as a
significant proportion will produce specific IgE without
clinical allergy [27]. A carefully conducted oral challenge
may be required to clarify the situations of disagreement
between the clinical picture and specific allergy tests
[28e].

Patients and their families must be educated on how to
recognize and treat peanut allergic reactions, when to ask
for help and how to use their emergency medication. A
single visit to an allergy specialist can improve families’
abilities to manage allergic reactions considerably and re-
duce the number of subsequent accidental reactions [29].
A comprehensive management plan including verbal and
written advice on nut avoidance as well as training in
recognition and treatment of allergic reactions, with the
addition of a written management plan, can be effective
in reducing both severity and number of future reactions
[30].

Peanut Allergens and Possible Cross-Reactivity

Seventeen allergens of peanut have been included in the offi-
cial allergen nomenclature database (http://www.allergen.org)
to date.

They belong to the cupin (Arah 1, Ara h 3), the prolamin
(Arah2, Arah 6, Arah 7), the profilin (Arah 5), the Bet v 1
(Arah 8), the glycosil transferase GT-C (Arah 10, Arah 11,
Ara h 14, Ara h 15), the scorpion toxin-like knottin (Ara h
12, Ara h 13) superfamilies and non-specific Lipid Transfer
Protein (Arah 9, Arah 16, Arah 17).

Monosensitizations to a single peanut allergen is relatively
rare [31]. Cross-reactivity relies on the presence of conserved
antibody-accessible surface structures of peanut proteins and
is hence observed in general between members of the same
protein family. As protein evolution is linked to the evolution
of species, the proteins that appeared very early in the
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evolutionary process are distributed much wider than proteins
that appeared later on.

Bet v 1-like proteins, as members of cupin superfamily, can
be found in all three domains of life including birch pollen and
peanut [32]. In contrast, the prolamin superfamily is of a later
origin. Non-specific lipid transfer proteins (nsLTPs) have only
been identified in seed plants but are not even present in algae
[33].

In vitro IgE cross-reactivity of panallergens, such as Bet v 1
homologs, is not always associated with clinical manifesta-
tions. In peanut-allergic patients, a clinically relevant sensiti-
zation to other legumes such as soybean, lupin, lentil, or pea
may occur. In a group of 39 peanut-sensitized patients, 87, 82
and 55% were also sensitized to soybean, lupin and pea, re-
spectively, but based on DBPCFC, only 29-35% had symp-
toms after ingestion of these beans [34]. Peanut-allergic indi-
viduals may also have a co-existing allergy to taxonomically
distantly related tree nuts, in 20-40% of cases [35]. IgE cross-
reactivity has been shown among allergens present in peanut,
almond, Brazil nut and hazelnut using protein extracts and
sera from subjects with peanut and tree nut allergy in inhibi-
tion ELISA [36].

Peanut allergens such as Bet v-1 related Ara h 8, the peanut
profillin Ara h 5 and the LTP Ara h 9 are considered as
panallergens. Such allergens are responsible for allergic
cross-reactivity across a wide variety of unrelated plants and
are often associated with birch and grass pollinosis or in-
volved in nsLTP-syndrome. The vicilin Ara h 1, the 2S albu-
mins Ara h 2 and Ara h 6, and the legumin Ara h 3 represent
major constituents of the peanut that frequently bind IgE.

Other authors observed cross-reactivity between unrelated
allergens, indicating that simple comparison of amino acid
sequences might be insufficient to predict cross-reactivity.

Among the legumes, one of the most used in the bakery in-
dustry and involved in the process of cross-reactivity with
peanut is lupin.

Lupin Allergy

The interest to exploit alternative vegetable protein sources to
soy has led to an increasing use of sweet lupin seed flour in
bakery, confectionary, snack, and pastry products as an additive
to wheat flour or as a substitute for soy flour. Some of the health
benefits of consumption of lupin-enriched foods include in-
creased satiety and reduced energy intake, decreased blood glu-
cose level, hypolipidemic effect [37].

The frequency of allergic reactions to lupin in the general
population is not clearly known, but it appears to be infrequent
and probably depends on the dietary habits as well as the geo-
graphical differences [16, 38]. Lupin sensitization has been ob-
served in 15-20% of individuals with known peanut allergy.
The majority of lupin seed proteins are comprised of o-
conglutins (legumin-like) and (3-conglutins (vicilin-like), and
to a lesser extent 'y-conglutins (vicilin-like) and -conglutins
(2S albumins). While Ara h1 most potently cross-reacted with
[3-conglutin and Ara h2 with 6-conglutins, Ara h 3 only
displayed inhibition of IgE binding to «-conglutins at highest
concentrations [39] (Fig. 1).

Sensitization as well as clinical manifestations of lupin al-
lergy can occur after both ingestion as well as inhalation, is
similar to those observed with other food or inhalant allergens
and can be varied in severity from urticarial and vomiting to
severe anaphylaxis. In a study on eight lupin-allergic patients,
no-observed adverse effect level was 0.1 mg lupin flour for
subjective symptoms and 1 mg for objective symptoms, of
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Fig. 1 Cross-reactivity between peanut and lupin allergens
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whom three patients experienced only subjective responses at
the highest dose of 3000 mg [40].

Three possible forms of clinical allergy to lupin have been
reported: primary allergy to lupin; primary allergy to peanut
with cross-reactivity to lupin; primary allergy by inhalation of
lupin pollen or flour.

Cross-Sensitization Among Peanut and Other Legumes

Legumes are dicotyledonous plants belonging to the
Fabales order. The main distinctive characteristic of which
is their fruit. This botanical order is formed by three fami-
lies: Mimosaceae, Caesalpiniaceae and Papilionaceae or
Fabacea. The Papilionaceae family includes the most im-
portant allergenic species: Lens culinaris (lentil), Cicer
arietinum (chick-pea), Pisum sativum (pea), Arachis
hipogea (peanut), Phaseolus vulgaris (bean) and Glycine
max (soy). Legumes are an important ingredient in the
Mediterranean diet.

The major protein allergens responsible for legume aller-
gy have been identified and characterized. Those potentially
cross-reacting with peanut belong to the different families of
vicilins (Arah 1) [40], conglutins (Arah2, Arah 6,and Arah
7) [41], and glycinins (Ara h 3 and Ara h 4) [42]. Similar
allergens also occur in the closely related edible legumes
(pea, soybean, kidney bean, and lupine). However, seed pro-
teins consist of an extremely complex mixture of individual
proteins with particular properties (enzyme activity, sugar-
or lipid-binding activity) besides participating in the protein
bodies as seed storage proteins [43]. Among these proteins,
lectins are known for a long time as a widespread group of
plant proteins with interesting properties like their ability to
trigger some non-specific lymphoblastic transformation in
relation to their carbohydrate-binding properties [44].

Finally, lectins from currently consumed legume seeds
(peanut, soybean, kidney bean, pea, and lentil) have been
demonstrated to contain IgE-binding epitopes susceptible to
specifically interact with IgE from peanut allergic patients.
As shown in immunoblotting experiments performed with
exhausted sera of allergic patients, IgE that specifically rec-
ognize legume lectins do not interact with IgE-binding epi-
topes of the major peanut allergens, e.g., Arah 1, Arah 2 or
Ara h 3. In this respect, the question is still pending to dis-
criminate between the ability of lectins to sensitize suscep-
tible individuals or to simply trigger an allergic reaction in
people previously sensitized to either vicilin (Ara h 1) or
legumin (Ara h 2) or their homologous proteins from other
edible legumes. However, the reported ability of various
dietary lectins to induce in vitro release of IL-4 and IL-13
from human basophiles brings some credit to the first hy-
pothesis that lectins could actually sensitize susceptible
subjects.
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Conclusions

The increase of the use of lupin generates the risk of cross-
reactions among peanut-allergic patients. Such reactions,
however, are not frequent nor—general speaking—serious.
The molecular basis of cross-reactivity among legumes is
very sound, but in this class, the clinical correlates are weak-
er than—for instance—in the class of nuts or fish. In this
situation, although lupin should be declared among the in-
gredients of pre-packaged foods, it seems to us not oppor-
tune to label this food as potentially cross-reactive on the
ground of a theoretical possibility only. We fear that this
would add confusion among the consumers and health pro-
fessionals who provide them with advice on how to manage
their condition [45—47]. Nevertheless, the clinicians should
warn peanut—allergic patients—in particular those with se-
vere reactions—about risk of cross-reactions with legumes.
Allergists employ the majority of their clinical work to pre-
vent unnecessary elimination of foods, and PFAL type II
would contradict their efforts [48, 49].
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