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Ronald van Reeb and Suzanne G. Pasmansa
aDepartment of Dermatology, University Medical
Centre Utrecht, Utrecht and bDepartment of
Experimental Immunology, Academic Medical Centre,
Amsterdam, The Netherlands

Correspondence to Annebeth Flinterman, MD, PhD,
Department of Dermatology, G02.124, University
Medical Center Utrecht, PO Box 85500, 3508 GA
Utrecht, The Netherlands
Tel: +31 88 755 7388;
e-mail: a.e.flinterman@umcutrecht.nl

Current Opinion in Allergy and Clinical

Immunology 2008, 8:261–265

Purpose of review

Hazelnut allergy can vary between mild oral symptoms and potentially dangerous

anaphylaxis. There is a need to predict which subjects are at risk for severe reactions. In

this study, possibilities for ‘component-resolved diagnosis’, based on sensitization to

different allergens in hazelnut, are discussed.

Recent findings

One type of hazelnut allergy can be associated with sensitization to homologues of

pollen allergens, predominantly birch, in hazelnut: Cor a 1 (Bet v 1) and Cor a 2 (profilin).

These allergens account for relatively mild symptoms. However, subjects can also be

sensitized to several other allergens in hazelnut that are related to more severe

symptoms. These allergens are homologues of allergens in other nuts and peanut: Cor a

8 (lipid transfer protein) and Cor a 9 (11S globulin) and perhaps Cor a 11 (7S globulin).

The clinical relevance of these and other potential hazelnut allergens has to be further

defined. The diagnosis of hazelnut has to be confirmed by oral double-blind placebo-

controlled food challenge.

Summary

Sensitization to hazelnut can either be associated with mild oral symptoms, depending

on sensitization to pollen, or with more serious allergic symptoms, related to

sensitization to homologues of nut and peanut allergens.
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Introduction
Hazelnut, Corylus avellana, is commonly used in the food

industry. The worldwide production of hazelnuts in the

last few years is approximately 600 000 tons of shelled

hazelnuts per year (www.fao.org). In the Netherlands,

consumption of hazelnuts is relatively high, with an

average of 2 kg of unshelled hazelnut kernels per person

per year. In comparison, peanut consumption in this

country is twice as much. Products in which hazelnut

can be ‘hidden’ as an ingredient are mostly pastries and

chocolate [1,2]. Allergy to hazelnut has been listed as the

top five serious food allergies, as it can cause serious and

life-threatening symptoms in sensitive subjects [3,4].

However, most allergic subjects will develop milder

symptoms [5]. In this paper, the different features of

hazelnut allergy are presented in relation to sensitization

to hazelnut allergens.
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Pollen-related type of hazelnut allergy
causing oral allergy syndrome
Pollen allergy is very common; up to 25% of the northern

European population suffers from allergic rhinitis [6].

Typically, affected subjects display seasonal symptoms.

Pollen-related food allergy has been reported by more

than half of subjects with seasonal rhinoconjunctivitis, in

whom the symptoms may aggravate during the pollen

season [7].

The most notorious example is the ‘birch-fruit-vegetable

syndrome’. In addition to allergy to stone-fruits and

several vegetables, allergy to nuts, such as hazelnut

and almond, can be related to birch pollen allergy.

Symptoms are mostly restricted to the oral cavity, con-

sisting of itch and mucosal swelling [oral allergy syn-

drome (OAS)]. Although these symptoms are generally
orized reproduction of this article is prohibited.
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mild, swelling of the laryngeal mucosa may cause signifi-

cant distress. OAS after ingestion of hazelnut has mainly

been documented for adults sensitized to birch pollen

[8–10]. The prevalence of sensitization to pollen

increases significantly in children 1–5 years old [11].

OAS to hazelnut has been reported accordingly in chil-

dren, the youngest being 4 years [12–14].

Although this type of hazelnut allergy, OAS, has been

related to birch pollen, it has not been well documented

whether other pollen allergens may also be crossreactive

with hazelnut. Interestingly, sensitization to hazel pollen

does not seem to play a significant role in the induction of

sensitization to hazelnut [15,16].

In summary, both children and adults can suffer from the

pollen-related type of hazelnut allergy mainly causing

OAS, especially in northern parts of the world where

birch trees are common.
Allergens involved in pollen-related type of
hazelnut allergy
The major allergen in birch pollen is Bet v 1. Sensitiz-

ation to Bet v 1 is related to symptoms of OAS to foods

[17,18]. The allergen Cor a 1 in hazelnut is a homologue

of Bet v 1. This allergen has been implicated in OAS to

hazelnut, as an example of the birch fruit vegetable-

syndrome [9]. From 50 subjects with sensitization to

Bet v 1, 93% were also sensitized to Cor a 1 [19]. The

association between pollen allergy and plant food allergy

can be explained by shared IgE-binding sites, resulting in

IgE crossreactivity. The IgE-binding sites on Bet v 1

homologues, such as Cor a 1, are rather unstable to

heating and digestion [20]. Most symptoms, therefore,

remain restricted to the oral cavity. We should, however,

be aware of the case reports on Bet v 1 homologues in

jackfruit and soy among others causing more serious

allergic reactions [21,22].

Another protein capable of crossreactive IgE between

pollen and plant foods is profilin, Bet v 2 in birch pollen.

Approximately 10–20% of birch pollen-allergic subjects

are sensitized to Bet v 2 [12,23]. Monosensitization to Bet

v 2 in particular can be demonstrated not only in children

with grass pollinosis but also in subjects with birch pollen

allergy [12,14,18]. In hazelnut, this allergen is known as

Cor a 2. Some subjects with pollen-related food allergy

are only sensitized to Cor a 2 and not to Cor a 1 or Bet v 1

[24�]. The clinical relevance of sensitization to profilin,

though remains questionable, seems limited [18].

The extent of sensitization to Cor a 1 and Cor a 2 in the

general population is currently unknown, but may

approach the prevalence of sensitization to birch pollen

[9]. Detection of sensitization to Cor a 1 and Cor a 2 has
opyright © Lippincott Williams & Wilkins. Unautho
been difficult because these allergens were not detect-

able in all commercial extracts, probably because Cor a 1

is easily denatured in the extraction procedure [25]. A

recent paper [26�] has shown that addition of recom-

binant Cor a 1 to the natural extract can enhance the

IgE-detection capacity for Cor a 1.

Sensitization to Cor a 1, and to a lesser extent Cor a 2, is

related to pollen sensitization, especially to Bet v 1 and

Bet v 2, respectively. The prevalence of the pollen-

related type of hazelnut allergy seems related to the

prevalence of pollen allergy and may therefore be rather

extensive.
More severe type of hazelnut allergy
independent from pollen
Although pollen-related hazelnut allergy remains mainly

restricted to the oral cavity, hazelnut can also elicit more

severe symptoms such as generalized urticaria, gastro-

intestinal symptoms, dyspnoea and cardiovascular symp-

toms [10,13,27–29]. Hazelnut, together with peanut and

other tree nuts, accounts for 90% of fatalities due to food

allergy [3].

One study [28] describing more severe allergic reactions

from hazelnut was conducted in adult subjects with a

positive challenge or with a history of previous anaphy-

lactic reactions to hazelnut. Interestingly, the group with

a history of more severe reactions to hazelnut in this study

was in general not sensitized to birch pollen. These were

adult subjects from the Mediterranean area, where birch

trees are absent. Another study [29] investigating

more severe hazelnut allergy also preferentially studied

Mediterranean subjects who were not sensitized to

birch. Only few studies have performed oral hazelnut

challenges, and these were predominantly performed

with adults sensitized to birch [8]. Taking these studies

together, it appears that the number of adult subjects

with severe allergic reactions to hazelnut was small

compared to the hazelnut-allergic group with only OAS.

The prevalence of more severe hazelnut allergy has not

yet been documented, but the prevalence of tree nut

allergy causing more severe symptoms, including hazel-

nut allergy, has been estimated between 0.4 and 0.7%

[30].

The previous findings suggest that severe hazelnut

allergy will predominantly occur in subjects who are

not necessarily sensitized to birch pollen. Similar findings

have been described for apple allergy; apple-sensitized

subjects living in birch-endemic areas merely reported

OAS to apple, whereas apple-sensitized subjects from

non-birch-endemic areas, mainly Mediterranean, may

also develop more serious symptoms [31]. A recent study
rized reproduction of this article is prohibited.
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from our group has shown that eight of the 12 (67%)

hazelnut-allergic children from the Netherlands devel-

oped more severe symptoms, regardless of whether they

were sensitized to birch pollen or not [24�].

Concluding, hazelnut allergy can cause severe allergic

reactions both in children and adults. This type of hazel-

nut allergy is independent of birch pollen sensitization

and occurs less frequently than the pollen-related type of

hazelnut allergy.
Allergens involved in the more severe type of
hazelnut allergy
Several allergens have been implicated in the more

severe allergic reactions to hazelnut. First of all, sensit-

ization to a LTP in hazelnut, Cor a 8, has been shown in

eight children and at least 18 adults with more severe

allergic reactions in two studies [24�,32]. LTP has a

compact tertiary structure that makes it resistant to heat

and digestion, hence increasing its allergenicity [33].

Previously, sensitization to LTP was mainly confined

to Mediterranean areas, but we showed that sensitization

to LTP was also present in all children with more severe

allergic symptoms from a birch-endemic area [24�]. The

observation that a significant subset (34%) of all (n¼ 191)

hazelnut-sensitized children from this study was sensi-

tized to LTP, and in particular young children not always

in combination with sensitization to Bet v 1, suggests that

they became sensitized to hazelnut before pollen sensit-

ization [24�].

Another allergen that has been related to more severe

hazelnut allergy is Cor a 9, an 11S globulin of around

40 kDa. Cor a 9 was found to be recognized by IgE from

86% of hazelnut-allergic subjects with systemic reactions,

mainly children [27]. In particular, sensitization to this

allergen was observed in subject not sensitized to pollen.

In another study [34], sensitization to Cor a 11 was

demonstrated in less than half of the hazelnut-allergic

subjects with more severe allergic reactions. The clinical

relevance of this allergen remains questionable according

to the limited capacity to induce histamine release in

comparison with other hazelnut allergens.

Although the amino acid sequence has not been eluci-

dated and purification is still under investigation, exper-

iments have indicated the presence of 2S albumins in

hazelnut [28]. Investigation of the clinical relevance of

oleosin, also a hazelnut allergen, has been limited

because this allergen is involved in the formation of fatty

particles and is difficult to extract [35]. The first data on

this allergen show that this allergen may in fact be

important as well, because subjects sensitized to LTP

also recognize oleosin.
opyright © Lippincott Williams & Wilkins. Unauth
Looking at the hazelnut immunoblots shown in litera-

ture, many allergic subjects recognize more than one

allergen rather than just one. This is in concordance with

previous studies [36,37] on peanut allergy, where the

number of allergens/IgE epitopes per subject was related

to the severity of the reaction.

So, several non-pollen-related hazelnut allergens,

particularly Cor a 8 and Cor a 9, can be associated with

more severe allergic reactions to hazelnut. These subjects

generally recognize more than one allergen in hazelnut.
Does crossreactivity of hazelnut allergen with
other nuts and peanut occur?
Cosensitization to hazelnut and other tree nuts, and also

to peanut, has been reported extensively, especially in

children [30,38,39]. Of all children sensitized to hazelnut,

60% are also sensitized to at least one other tree nut [38].

In one earlier study [39], it was shown that more than 90%

of children with sensitization to hazelnut are sensitized to

peanut and Brazil nut. We showed that children with

more severe reactions were sensitized to significantly

more tree nuts and to a lesser extent peanut than hazel-

nut-sensitized children with only OAS or no symptoms at

all [13]. In this group [24�], sensitization to multiple other

tree nuts was associated with sensitization to multiple

hazelnut allergens on immunoblot.

The hazelnut allergens that have been suggested as

major allergens for severe hazelnut allergy are homolo-

gous to allergens in peanut and other tree nuts (Table 1).

Using inhibition assays, hazelnut was crossreactive with

either walnut and pecan or cashew, Brazil nut, pistachio

and almond [40]. Especially Cor a 9 is suggested as a

possible crossreactive allergen. In a recent study [41�],

linear IgE-binding epitopes identified in Ara h 3 from

peanut were shown to exhibit structural homology

with not only Cor a 9 in hazelnut but also other allergenic

tree nuts. Furthermore, histamine release assays showed

that walnut-specific IgE placed on basophils can be

crosslinked by hazelnut and degranulate basophils

[42].

In summary, there are indications that hazelnut allergens

related to more severe hazelnut allergy are crossreactive

with allergens in other tree nuts and peanut. Further

research is recommended in order to better understand

the development of sensitization to different nuts and

peanut.
Diagnosis of hazelnut allergy
So far, two types of hazelnut allergy have been identified: a

pollen-associated type of hazelnut allergy causing OAS
orized reproduction of this article is prohibited.
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Table 1 Hazelnut allergens, their homologues in peanut, tree nuts and pollen, and their presumed clinical relevance

Hazelnut
allergen Allergen Homologuesa

Molecular
weight (kDa) Clinical relevance References

Cor a 1 Bet v 1 Bet v 1 17 OAS, none Flinterman et al. [24�],
Hirschwehr et al. [15],
Wensing et al. [18]

Cor a 2 Profilin Bet v 2, grass pollen 14 OAS? none Flinterman et al. [24�],
Ricci et al. [14],
Wensing et al. [18]

Cor a 8 Lipid Transfer
Protein

Jug r 3 8–10 More severe symptoms Schocker et al. [32],
Flinterman et al. [24�]

Cor a 9 11S globulin Ara h 3, Ana o 2, Jug r 4, Ber e 2 40 More severe symptoms Beyer et al. [27]
Cor a 11 7S vicilin Ara h 1, Jug r 2, Ana o 1 48 More severe symptoms? Lauer et al. [34]
2 S albumins 2S albumins Ara h 2, Ara h 6, Jug r 1, Ber e 1 12 More severe symptoms? Pastorello et al. [28]
Oleosin Oleosin Peanut 15–18 Unknown Akkerdaas et al. [35]

a Ana o, cashew; Ara h, peanut; Ber e, Brazil nut; Bet v, birch; Jug r, walnut.
and more severe hazelnut allergy independent from

pollen sensitization. A combination of both can also

occur.

It may be important to differentiate these two types in

order to give appropriate advice on risk management,

dietary restrictions and rescue medication. When in

doubt, it should be advocated to perform a food chal-

lenge, preferably double-blind placebo controlled. This

is especially the case in children, as many of them are not

aware of previous ingestion of hazelnut [43,44]. When

taking into account that OAS during challenge can either

be pollen-associated OAS or the first sign of more severe

allergy, it may be suggested to proceed with the challenge

until objective symptoms occur. Objective symptoms are

an indication that the patient has a more severe type of

hazelnut allergy. However, it cannot be excluded that

patients with birch pollen-related hazelnut allergy will

not develop objective symptoms at high doses. Studies so

far have reported objective symptoms to doses of hazel-

nut up to 10 g [9,18,24�].

Interestingly, mild and severe hazelnut allergy appeared

to be associated with sensitization to different allergens.

Recently, this has also been described for apple and

peach allergy. Sensitization to Bet v 1 or Bet v 2

homologues in apple and peach has been associated

with pollen sensitization and relatively mild OAS,

whereas sensitization to LTP was observed in all

subjects with more severe allergic reactions [31,45].

That means that if a hazelnut-sensitized subject is only

sensitized to Cor a 1 and/or Cor a 2, it can be expected

that this subject will develop OAS to hazelnut. Perhaps in

these cases, a food challenge is not necessary in the

future, bearing in mind that some subjects may experi-

ence more serious mucosal swelling of the laryngeal area.

On the contrary, if a subject is sensitized to multiple
opyright © Lippincott Williams & Wilkins. Unautho
allergens in hazelnut other than Cor a 1 and Cor a 2, there is

a significant chance that this subject will develop more

severe allergic symptoms. More studies performing

challenges are needed to prospectively demonstrate the

clinical relevance of each of these allergens. As this type of

hazelnut allergy is not likely to resolve, it is advocated to

challenge this group before advising a lifelong elimination

of hazelnut. This concept is known as ‘component-

resolved diagnosis’ and has the potential to discriminate

different types of hazelnut allergy in the future.
Conclusion
Hazelnut allergy among pollen-allergic subjects is sup-

posed to be rather common, as is pollen allergy, and is

based on crossreactivity between pollen and hazelnut

allergens. This type of allergy is associated with mild

oral symptoms because the involved allergens Cor a 1 and

Cor a 2 are relatively instable to heat and digestion.

A small group of subjects with hazelnut allergy suffer

from more severe and potentially life-threatening symp-

toms after ingestion of hazelnut. This type of allergy is

independent of pollen sensitization. In childhood, before

the increase in sensitization to pollen, this type of hazel-

nut allergy is more common than among adults. Sensit-

ization is directed to different allergens such as LTPs

(Cor a 8), 11S globulin (Cor a 9), and perhaps also Cor a

11, 2S albumins and oleosin. Interestingly, these aller-

gens are homologues of major allergens in other tree nuts

and peanut.

Differentiation of these types of hazelnut allergies should

be based on history and oral double-blind placebo-

controlled food challenge. In the future, screening for

IgE directed against the different allergens in hazelnut,

so-called component-resolved diagnosis, may facilitate

the diagnosis of hazelnut allergy.
rized reproduction of this article is prohibited.
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