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FOOD ALLERGY: PREVALENCE AND IMPACT

Allergies are among the ten most common diseases and health issues. However, in the 
case of food allergy, the perceived prevalence largely exceeds the accurately confirmed 
prevalence. The self-reported prevalence of food allergy is around 10-20%(1-3). Accurate 
diagnostic procedures have shown that food allergic disorders affect 6-8% of children 
in their first 3 years of life(4;5) and the prevalence decreases over the first decade. It is 
estimated that about 2-4% of the adult population is affected with food allergies(3;6). In 
contrast to food allergies like cow’s milk and hen’s egg allergies, which in 80-85% of the 
cases will be outgrown in the first 5-10 years of life, only about 20% of children with 
peanut allergy(7;8), and 9% of children with tree nut allergy will outgrow their allergy(9). 
For most individuals, a tree nut or peanut allergy will persist throughout life. Hazelnut 
allergy is fairly common in Europe and the United States, with a prevalence of around 
0.2% in children and 4.5% in adults(10-14). In Norway, Sweden and Germany hazelnut is 
even the most often reported trigger of food allergic symptoms, as is peanut in the 
USA(1).

The reported clinical symptoms vary among different food allergies. Cow’s milk 
allergy in infants is predominantly associated with mild and moderate symptoms. Ha-
zelnut and peanut allergy are more divergent symptomatically, ranging from mild, oral 
symptoms to severe symptoms like urticaria, asthma attack or even anaphylaxis(10;11;15). 
Our own previous studies showed that most children with a hazelnut allergy have severe 
symptoms(16), while most adults have symptoms limited to mild and local reactions(17-19). 
More than 80% of fatalities due to food allergy are provoked by hazelnut, other tree nuts 
or peanut, in both children and adults(20). 

To prevent severe allergic reactions, children and adults with hazelnut, other tree nut 
and/or peanut allergy are advised to eliminate (tree) nuts and peanut from their diet. At 
the present time there is no curative treatment for tree nut and peanut allergic patients. 
Therefore, allergic individuals must rely on a strict elimination diet, in combination with 
rescue medication. Adherence to elimination diets is difficult nowadays. In recent de-
cades, the diversity of foods has greatly increased, and a larger proportion is industrially 
prepared with a more complex composition of ingredients. This increases the risk of 
(unexpected) allergic reactions. To prevent this, an increasing number of food products 
are labeled as “may contain”. This strongly reduces the product choices of food allergic 
individuals, and stimulates disregard for warning labels, which will further increase the 
risk of adverse reactions. Elimination diets also have several disadvantages, including 
the risk of nutritional deficiencies, growth retardation, eating disorders and impaired 
psychosocial wellbeing, including high levels of anxiety in children, their parents and 
adult patients(15), as well as continuous awareness of the danger of a potentially severe 
reaction(21).
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DIAGNOSIS OF HAZELNUT ALLERGY

The diagnosis of a hazelnut, other tree nut and/or peanut allergy significantly influences 
the daily lives of allergic individuals and their environment. Therefore it is important 
to verify a suspected food allergy with a careful diagnostic work-up, and to advise ap-
propriate, though not excessive, elimination diets.

The diagnostic work-up of a suspected hazelnut allergy consists of a detailed clini-
cal history, determination of the (level of ) sensitization, by measuring the presence of 
specific IgE and/or positive skin prick test, and oral food challenges, either open or – 
ideally - double-blind placebo-controlled (DBPCFC). The clinical history in children is 
often unknown or unreliable, probably because many children are not yet able to report 
particular subjective symptoms. Moreover symptoms are often derived via heteroan-
amnesis from their parents. Children with a sensitization to hazelnut are often advised 
to eliminate hazelnut (and other nuts) from their diet as a preventive measure. Another 
factor complicating the history is that hazelnut is notorious as a hidden ingredient in 
a number of food products, and therefore accidental ingestion may not always be ac-
knowledged(22;23). Sensitization to hazelnut may be false-positive, as has been shown for 
several other allergens like peanut and egg(5). For hazelnut, sensitization is associated 
with clinical disease in less than 50% of the cases (24). Because of the low predictive value 
of sensitization, DBPCFC is currently the ‘gold standard’ to prove clinical reactivity(25). 
However, this is an elaborate and expensive test, which is not available at all hospitals 
and is generally performed above the age of 4 to 5 years for hazelnut. Therefore, the 
diagnosis of hazelnut allergy is still frequently based on the patient’s history and (level 
of ) sensitization alone. Because sensitization is often clinically irrelevant, and history 
in children is often unreliable, this is likely to result in unnecessary elimination diets 
in a significant number of sensitized children and adults(16). Improvement of current 
diagnostic testing is strongly desired to reduce the number of burdensome DBPCFCs 
and unnecessary elimination diets.

HAZELNUT ALLERGENS

To recommend appropriate but not excessively strict dietary restrictions and rescue 
medication to allergic individuals, information about the potential severity of the al-
lergic reaction is required. Current diagnostic test results, including the level of allergen 
specific IgE and the size of SPTs, are related to the probability that an individual will 
develop allergic symptoms, but not to the severity of symptoms(24;26). Previous studies 
have tried to correlate clinical reaction patterns of mild and severe symptoms with sensi-
tizations to major hazelnut allergens. Several allergens have been identified in hazelnut 
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(Table 1). The birch pollen-related allergens are Cor a 1 and Cor a 2. Sensitization to Cor 
a 1 has mainly been associated with mild and local symptoms(27-29). The clinical relevance 
of allergens from the profilin family, such as Bet v 2 and related Cor a 2 allergen, is less 
clear(30).

Sensitization to other, non pollen-related hazelnut allergens has been linked to more 
severe symptoms. In general, sensitization to allergens from the family of lipid transfer 
proteins (LTPs), Cor a 8 in hazelnut, has been associated with systemic symptoms in 
individuals from the Mediterranean area(31). However, our previous studies also showed 
that Cor a 8 may be an important allergen in severe hazelnut allergy in children(32) in 
the Netherlands, whereas this was much less clear in adults(33). Sensitization to the 11S 
globulin Cor a 9 was shown in 86% of individuals with a systemic hazelnut allergy from 
the USA(34). Other molecules that have been identified in hazelnut and may be involved 
in severe symptoms are the 7S globulin Cor a 11(35), the 2S albumin Cor a 14(36) and hazel-
nut oleosins; Cor a 12 and Cor a 13(37). However, the clinical relevance of these allergens 
is still uncertain. Cor a 11 is a minor allergen, which is glycosylated, and its glycan (car-
bohydrate) structure does not contribute to its allergenicity(35). In general, sensitization 
to specific carbohydrate structures, so-called cross-reactive carbohydrate determinants 
(CCDs), does not seem to be clinically important(35;38). 

ROUTE OF SENSITIZATION

Previous exposure to the culprit allergen is needed before sensitization occurs. However, 
several studies have indicated that young children can already be sensitized to hazelnut, 
other tree nuts and/or peanut without a previously known ingestion(39-41). This suggests 
that other routes of sensitization may be involved.

In patients with a hazelnut and birch pollen allergy, sensitization to hazelnut is gen-
erally considered to occur through inhalation or ingestion of pollen allergens. Hazelnut-
induced allergic symptoms are caused by cross-reactivity between IgE raised against 

Table 1. Structural relationship between major allergens in hazelnut, peanut and birch pollen

Allergen family Hazelnut Peanut Birch pollen

PR-10 Cor a 1 Ara h 8 Bet v 1

Profilins Cor a 2 Ara h 5 Bet v 2

Lipid transfer proteins Cor a 8 Ara h 9

11S Globulins Cor a 9 Ara h 3

7S Globulins Cor a 11 Ara h 1

Oleosins Cor a 12, 13 Ara h 10, 11

2S Albumins Cor a 14 Ara h 2, 6
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pollen allergens and homologous proteins in hazelnut(28). It is estimated that around 
70% of birch pollen allergic individuals will develop allergic symptoms to cross-reactive 
foods, like fruits, legumes, nuts and seeds(42). Hazelnut sensitization secondary to birch 
pollen sensitization, which is common in birch abundant areas such as Northern Europe, 
predominantly induces mild symptoms.

In Mediterranean countries, where birch trees are absent, severe hazelnut allergy 
is more prevalent(43). Severe symptoms to hazelnut have been shown in individuals 
without sensitization to birch pollen, also in birch abundant areas(33). In patients with a 
hazelnut allergy without pollen allergy, the sensitization to hazelnut is assumed to have 
taken place through ingestion.

HAZELNUT SENSITIZATION AND ALLERGY IN RELATION TO OTHER TREE NUTS 
AND PEANUT

Hazelnut allergic individuals are frequently allergic to multiple tree nuts and peanut(41). 
This was also observed in our own patient population(16). Children with a severe hazelnut 
allergy are more prone to develop multiple sensitizations than children with a mild 
hazelnut allergy(16). The multiple sensitizations in the severe phenotype are already 
observed early in life(39-41), which suggests cross-reactivity between seed storage pro-
teins (globulins and albumins) in hazelnut, other tree nuts and peanut. Cross-reactivity 
between peanut, hazelnut, and other tree nuts in patients with severe peanut allergy 
has been demonstrated by De Leon et al(44;45). They showed inhibition of IgE binding to 
peanut by almond, Brazil nut and hazelnut. Data in patients with a mild peanut allergy 
were not available. In a case report of a patient with an anaphylactic reaction to walnut 
and additional sensitizations to hazelnut and peanut, IgE reactivity to walnut could 
not be inhibited by hazelnut or peanut, whereas IgE reactivity to hazelnut, but not to 
peanut, was strongly inhibited by walnut(46). This shows that the reactivity to hazelnut 
was due to cross-reactivity to walnut, and not the other way around. Knowledge about 
the primary sensitizing allergen may add to the understanding of the difference in 
severity of clinical symptoms. On the basis of their structural relationship, the hazelnut 
allergens Cor a 9, Cor a 11 and Cor a 14 were suggested to be potential cross-reactive 
allergens between hazelnut and the major peanut allergens Ara h 3, Ara h 1, Ara h 2 and 
Ara h 6 respectively(47;48). This has not been confirmed yet at the level of IgE binding or 
cross-inhibition. Cross-reactivity at the IgE level may be due to the mere binding of IgE 
to one food allergen, to similar IgE-binding epitopes present in homologous allergens 
in other foods. However, cross-reactivity may also be induced at the level of T cells. In 
a Th2-skewed environment, which is associated with allergy, cross-reactive T cells that 
recognize similar epitopes present in different allergens may induce IgE to these related 
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allergens. This was previously shown for cross-reactivity between birch and apple via 
Bet v 1 and Mal d 1(49). Preliminary data in our own lab showed that peanut-specific T 
cell lines respond well to extracts from hazelnut, indicative of cross-reactivity between 
hazelnut and peanut at the T cell level. More insight into the level of cross-reactivity 
(IgE and/or T cell) may explain the observed diversity in IgE responses to hazelnut and 
peanut, and might further improve diagnosis and dietary advice in cases of a suspected 
hazelnut and/or peanut allergy.

OUTLINE OF THIS THESIS

Previous studies in our department evaluated clinical aspects of hazelnut allergy in chil-
dren and adults(16;18;19;33). In adults, hazelnut allergy was often mild, and associated with 
birch pollen sensitization(18;19), whereas in children, hazelnut allergy was often severe 
and associated with sensitization to other tree nuts and peanut(16). PR-10 cross-reactivity 
between Bet v 1 and Cor a 1 seemed predominant in mild hazelnut allergy and Cor a 
8 was suggested to be important in severe hazelnut allergy(32). As a follow up to these 
studies, this thesis further explores the clinical and mechanistic aspects of mild and 
severe hazelnut allergy, and studies the differences in characteristics between children 
and adults. We further evaluated the presence of peanut allergy in relation to the sever-
ity of hazelnut allergy and aimed to elucidate the potentially underlying mechanism. 
Cross-reactivity between hazelnut and peanut is studied at IgE and T cell levels. Potential 
routes of sensitization other than the oral route are considered. 

In Chapters 2 and 3, the value of current diagnostic tests for hazelnut allergy in 
children and adults is evaluated. Differences in the diagnostic work-up and clinical 
presentation of a hazelnut allergy between children and adults are addressed.

Chapter 4 analysed the value of new diagnostic tests for hazelnut allergy. IgE to 
specific hazelnut allergens is evaluated in relation to the severity of a hazelnut allergy in 
children and adults.

Chapter 5 illustrated the eliciting dose for hazelnut in children and adults with a 
hazelnut allergy. The influence of several patient characteristics on the threshold distri-
bution is studied.

In Chapter 6 evaluated the presence and severity of peanut allergy among hazelnut 
sensitized children and adults. The molecular basis of the frequently observed sensitiza-
tion to both hazelnut and peanut is studied by ImmunoCAP inhibitions between seed 
storage proteins.

Chapter 7, the potency of hazelnut and peanut allergens is studied at IgE level in 
the indirect basophil activation test and at T cell level in allergen-specific T cell lines. 
Cross-reactivity between hazelnut and peanut is studied at T cell level.
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Chapter 8 is the result of a systematic review of the current literature with regard 
to the influence of thermal processing on the allergenicity of tree nuts. Implications 
for source materials used for IgE testing and food challenges and dietary advice are 
formulated.

Finally, the implications of the different chapters are discussed in Chapter 9. 
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ABSTRACT

Background: The diagnostic value of hazelnut allergy tests in double-blind challenged 
children is largely unknown. The aim of this study was to analyse the performance of 
current diagnostic tests for hazelnut allergy in children and the effect of spiking.
Methods: Data of 151 children who underwent a DBPCFC for hazelnut were analyzed. 
The positive and negative predictive value (PPV/NPV) of level of specific IgE (sIgE) for 
hazelnut, the influence of rCor a 1 spiking of the ImmunoCAP, and size of the skin prick 
test (SPT) for hazelnut was determined, also in relation to the severity of the hazelnut 
allergy. Reported accidental ingestion leading to an allergic reaction to hazelnut was 
also analyzed in relation to hazelnut allergy.
Results: sIgE ≥0.35 kUA/L for hazelnut was a moderate predictor for hazelnut allergy. 
The spiking decreased the PPV from 41% to 38% and increased the NPV from 91% to 
100% for sIgE ≥0.35 kUA/L. The maximum reached PPV was 73% for sIgE cutoff of 26 
kUA/L. Level of sIgE before spiking was significantly different between different grades 
of severity and was lost after spiking. SPT was a better predictor for hazelnut allergy and 
severity than the level of sIgE. A history of accidental ingestion leading to an allergic 
reaction to hazelnut had a predictive value of 59% for hazelnut allergy. 
Conclusions: This study showed a good NPV of diagnostic tests for hazelnut allergy in 
children which further improved by rCor a 1 spiking. However, the PPVs are moderate 
and decreased by spiking. 
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INTRODUCTION

Hazelnut allergy is often associated with other manifestations of the atopy syndrome(1-3) 
and accounts together with other tree nuts and peanut for >80% of fatalities due to food 
allergy(4). Patients with a hazelnut allergy are advised to follow an elimination diet. This 
has a great impact on the daily life of children and their parents(5-7). This stresses the need 
for reliable diagnostic tools. The diagnostics of hazelnut allergy consist of a careful taken 
history and determination of the (level of ) sensitization, followed by a food challenge, 
ideally the double-blind placebo-controlled food challenge (DBPCFC). If a challenge is 
not available, the diagnosis is often based on sensitization only. Several studies have 
determined the role of the level of sIgE and/or the size of the SPT in relation to the risk 
of an allergic reaction with varying results. An IgE level ≥15 kUA/L was reported to give 
a 95% chance of having a suggestive history of tree nut allergy(8). However, this could 
not be confirmed in a population exclusively suspected of hazelnut allergy(9). An SPT 
wheal size ≥8 mm diameter has been shown to predict a positive (mainly open) hazelnut 
challenge in 95% of the children(10). 

To improve the performance of the ImmunoCAP to detect IgE to hazelnut extract 
(in birch pollen related hazelnut allergy), the ImmunoCAP for hazelnut was enriched 
with recombinant Cor a 1 (rCor a 1) in 2007 (further referred to as spiking). However, 
two studies have shown that rCor a 1 spiking can lead to problems in distinguishing 
between sensitization to hazelnut and birch pollen(11;12). Furthermore, a DBPCFC is per-
formed sporadically in previous diagnostic studies for hazelnut allergy and a distinction 
between hazelnut allergy in children and adults is often not made, although children 
more frequently suffer from severe symptoms (2) whereas adults often suffer from mild 
symptoms(13).

The aim of this retrospective study was to determine the diagnostic value of the level 
of sIgE, the influence of rCor a 1 spiking and the size of the SPT to diagnose DBPCFC 
confirmed hazelnut allergy in children. These analyses were also related to the severity 
of the hazelnut allergy. Other determinants such as accidental ingestion leading to an 
allergic reaction to hazelnut, the presence of asthma, rhinoconjunctivitis and atopic 
dermatitis were analyzed in relation to a hazelnut allergy. 

METHODS

Patient selection, sIgE and SPT

Children who underwent a DBPCFC for hazelnut in the Center for Paediatric Allergology 
in Utrecht, (the Netherlands,) were selected for this study. The indication for a DBP-
CFC for hazelnut was based on a history suggestive for hazelnut allergy, or a positive 
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sensitization for hazelnut by sIgE and/or SPT while previous ingestion of hazelnut was 
unknown. sIgE for hazelnut, and birch pollen, was determined by ImmunoCAP (Phadia, 
Uppsala, Sweden). A value ≥0.35 kUA/L was considered positive. SPT was performed with 
commercial hazelnut extract supplied by ALK-ABELLO (Nieuwegein, The Netherlands). 
Hazelnut extract, histamine 1% as positive control and saline as negative control were 
pricked into the skin of the upper back or volar aspect of the forearm. The maximum di-
ameter of the weal size was determined and considered positive if ≥ 3 mm in the context 
of a positive histamine control and a negative reaction to the negative control(14). 

Data with respect to accidental ingestions leading to an allergic reaction to hazelnut 
and the presence of other atopic features were collected from the clinical treatment 
chart. 

Double-blind placebo-controlled food challenge

The diagnosis hazelnut allergy was based on the DBPCFC. The DBPCFC was performed in 
a standardized way(2). The challenge was discontinued if objective symptoms occurred 
(Table 1). Suggestive subjective symptoms resulted in a positive assessment of the chal-
lenge. In three children the DBPCFC was prematurely discontinued after the occurrence 
of three times oral allergy symptoms. The severity of the hazelnut allergy was based 
on the outcome of the DBPCFC. The severity was classified in three ways: subjective 
and objective symptoms (Table 1), per organ system (Mueller)(15) and severity per organ 
system (Sampson)(16). 

Data analysis

sIgE levels were compared before and after spiking, and in patients with a positive and 
negative DBPCFC using the Mann Whitney U test. The diagnostic value of the sIgE and 
the SPT for the presence of hazelnut allergy was determined by calculating the area un-
der the curve (AUC) of the receiver operating characteristic (ROC) curve for all patients, 
and before and after spiking. The positive and negative predictive value (PPV and NPV) 
were determined for different cutoff points of level of sIgE and size of the SPT. Levels 
of sIgE and sizes of SPT were compared between patients with a hazelnut allergy with 
subjective and objective symptoms (using the Mann Whitney U test), and between dif-
ferent grades according to Sampson using the Kruskall Wallis test. The relation between 
a history of accidental ingestion leading to an allergic reaction to hazelnut and presence 
of hazelnut allergy was assessed by Chi-square. The presence of other atopic features 
in relation to a hazelnut allergy and sIgE levels was assessed by Chi-square and Mann 
Whitney U tests, respectively. All analyses were performed with SPSS (version 15). 
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RESULTS

Patients

A total of 172 children underwent a DBPCFC for hazelnut between June 2004 and July 
2010. One child was excluded due to an inconclusive DBPCFC and 20 children were 
excluded, because it was unclear whether the level of sIgE was determined before or 
after spiking. Therefore, data of 151 children were analyzed. The DBPCFC confirmed a ha-
zelnut allergy in 51 children (34%): 19 with subjective and 32 with objective symptoms. 
Table 2 presents characteristics of the patients. SPT for hazelnut and sIgE for birch pollen 
was not performed in all children (Table 2). Patient characteristics in these subgroups 
did not differ from the total patient group (not shown).    

Level of sIgE for hazelnut and influence of rCor a 1 spiking

The spiking increased the level of sIgE for hazelnut significantly (median 3.3 kUA/L versus 
8.5 kUA/L, p=0.019). Level of sIgE for hazelnut was significantly higher in the children 
with a hazelnut allergy than in children without a hazelnut allergy (median 26.7 kUA/L 
versus 2.6 kUA/L, p<0.001). The area under the curve (AUC) of the ROC-curve was 0.73 
(95% CI, 0.65 to 0.81) when considering all 151 children. Before spiking the performance 
of sIgE was lower with an AUC of 0.70 (95% CI, 0.57 to 0.84) compared to after spiking, 
with an AUC of 0.75 (95% CI, 0.65 to 0.85). The PPV and NPV for IgE cutoff values are 
shown in Table 3. The maximum reached PPV before rCor a 1 spiking was 73% for a 
cutoff level of 26 kUA/L; after spiking the maximum PPV was 64% for a cutoff level of 31 
kUA/L (Figure 1A). The spiking increased the NPV from 91% to 100% for a cutoff level of 
0.35 kUA/L (Table 3B, Figure 1B). This NPV of 100% accounted for 12% of the children 
suspected of hazelnut allergy (Table 3B). 

Table 1. Grading of the severity of the hazelnut allergy according to the symptoms occurred during the 
double-blind placebo-controlled food challenge

Subjective symptoms Objective symptoms

Oral allergy Urticaria generalized

Nausea Angioedema

Abdominal discomfort Emesis

Throat tightness Diarrhea

Rhinoconjunctivitis

Hoarseness

Stridor

Wheezing
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Predictive value of the size of skin prick test (SPT)

SPT, performed in 52 children, was a better predictor for hazelnut allergy than the level 
of sIgE, with an AUC of 0.87 (95% CI, 0.76-0.98), compared to an AUC of 0.77 (95% CI, 
0.65-0.90) for level of sIgE in this same population of 52 children. The PPV and NPV for 
different SPT cutoff sizes are shown in Table 3A, B.

Effect of combination of    level of sIgE with size of the SPT on predictive value

By combining level of sIgE after spiking with size of the SPT, the PPV reached 100% 
if level of sIgE for hazelnut was ≥0.35 kUA/L and size of the SPT ≥16 mm or if sIgE for 
hazelnut was ≥5 kUA/L and size of the SPT ≥13mm. However, these combinations of sIgE 
and SPT accounted respectively for 10% and 13% of the children suspected of hazelnut 
allergy. The PPV of (combinations of ) cutoff levels of sIgE and SPT described in literature 
are shown in Table 3A(8;10).

Severity of hazelnut allergy

For clinical practice it is useful to predict which children will experience severe symptoms 
after ingestion of hazelnut. Level of sIgE before spiking showed a trend in discrimination 
between subjective and objective symptoms due to hazelnut allergy (p=0.06, Table 4A). 
In addition, level of sIgE before spiking showed a significant difference between different 
grades of severity according to Sampson (p=0.03, Table 4B). However, both disappeared 
after spiking. Size of the SPT showed a significant difference between children with 
subjective and objective symptoms (p=0.02, Table 4A) and between different grades of 

Table 2. Patient characteristics

All Before spiking After spiking

Groups n % n % n %

Number of patients 151 60 91

Gender, male 104 69 40 67 64 70

Age, median (IQR) 6 (5-9) 6 (5-10) 6 (5-8)

Asthma 79 52 34 57 45 50

Allergic rhinoconjunctivitis 55 37 20 34 35 39

Atopic dermatitis 131 87 54 90 77 85

Accidental ingestion 39 26 10 17 29 32

sIgE birch pollen  >0.35 kUA/L* 87 58 34 57 53 58

sIgE hazelnut >0.35 kUA/L 129 85 49 82 80 88

SPT positive ≥3 mm § 43 74 5 83 38 73

DBPCFC positive 51 34 21 35 30 33

IQR, Interquartile range; sIgE, specific IgE; SPT, skin prick test.
*sIgE birch pollen determined in 113 children, 46 before and 67 after spiking.
§SPT performed in 58 children, 6 before and 52 after spiking.
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severity according to Sampson (p=0.02, Table 4B). Level of sIgE and size of the SPT did 
not show a significant relation with the severity of the hazelnut allergy according to the 
Mueller classification (data not shown).    

Other predictors: history and other atopic disease 

26% Of the children suspected of hazelnut allergy reported an accidental ingestion with 
allergic reaction to hazelnut in the history and resulted in a PPV of 59% for hazelnut 
allergy (p<0.001). The prevalence of hazelnut allergy was 25% in the children that never 
ingested hazelnut or in which hazelnut ingestion was unclear. Asthma and rhinocon-
junctivitis in the history were not predictive for a hazelnut allergy. Atopic dermatitis in 
the history showed a trend (p=0.075) to occur more often in the children with hazelnut 

Table 3. The positive predictive value (PPV) (A) and negative predictive value (NPV) (B) for different cutoff 
levels of sIgE and/or SPT and percentage of children suspected of hazelnut allergy above this cutoff level 
in predicting hazelnut allergy
A

PPV
(%)

% of suspected 
children

PPV
(%)

% of suspected 
children

PPV
(%)

% of suspected 
children

sIgE (kUA/L)
≥

SPT 
(mm)≥

All
Before 
spiking

After 
spiking

0.35 39 85 41 82 38 88

15 57 32 69 22 53 40

3 40 81

8 74 37

17 100 10

0.35 3 45 73

0.35   8   74 37

0.35 17 100 10

15   3 58 23

15   8 75 15

15 17 100   2

B

NPV
(%)

% of suspected 
children

NPV
(%)

% of suspected 
children

NPV
(%)

% of suspected 
children

sIgE (kUA/L)
<

SPT 
(mm) <

All
Before 
spiking

After 
spiking

0.35 95 14 91 17 100 12

15 77 52 74 58 80 48

3 100 19

8 91 58

17 74 67

sIgE, specific IgE; SPT, skin prick test.
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allergy. Children with atopic dermatitis in the history had a significantly higher level of 
sIgE for hazelnut compared to children without atopic dermatitis in the history (median 
6.8 kUA/L versus 1.35 kUA/L, p=0.007). 

DISCUSSION

This study showed a good NPV of diagnostic tests for hazelnut allergy in children that 
further improved by rCor a 1 spiking. However, the PPVs are moderate and decreased by 
spiking. The size of SPT was a better tool to diagnose hazelnut allergy also in combina-
tion with the level of sIgE. A history of accidental ingestion leading to allergic reaction 
attributed to the diagnostic work-up of hazelnut allergy in children. 

The function of a sIgE test is to detect serological reactivity to a specific allergen, 
whereas the diagnosis food allergy is based on clinical criteria. However, sIgE for ha-

A 

B 

Figure 1. The PPV(A) and NPV(B) for different cutoff levels of hazelnut sIgE. Results are shown for all 
patients (n=151), and separately for the patients before (n=60) and after (n=91) spiking.
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zelnut is often used as a diagnostic test for hazelnut allergy. Cutoff levels for hazelnut 
sIgE with a 95% PPV could not be determined in this study nor in a previous study on 
hazelnut allergy(9). Cutoff levels with a lower PPV than 90-95% have limited decisive im-
portance(17). sIgE cutoff levels with 95% PPV could be established for other allergens as 
milk, egg, peanut and walnut(18-20). The inability of hazelnut sIgE to reach 95% PPV might 
be caused by the measurement of birch pollen sIgE due to serological cross-reactivity. 
The effect of this serological cross-reactivity might be different between children and 
adults, because hazelnut allergy in children, even in a birch endemic area, may be 
partly pollen independent(2), in contrast to adults(12;13;21). The spiking of the ImmunoCAP 
for hazelnut with rCor a 1 was aimed to increase the sensitivity of the test in birch 
pollen-related hazelnut allergy(22) this was shown to be at the expense of a decreased 
specificity(12). We evaluated the effect of spiking in two consecutive groups of children, 
with similar clinical characteristics (Table 2), selected before and after 2007. The spik-
ing increased the level of sIgE for hazelnut significantly. This has already been shown 
before with consecutive measurements of the sIgE levels within one group of children 
in the USA(11). In agreement with this previous paper we detected a strong correlation 
(Spearman) between level of hazelnut and birch pollen specific IgE (r = 0.66, p <0.001, 
data not shown) in children without a hazelnut allergy, most prominently after spiking. 
In general, the spiking improved the performance of the sIgE as shown by the AUC. 
After spiking, the sIgE cutoff value of <0.35 kUA/L is a reliable tool in the exclusion of 
hazelnut allergy and accounts for 12% of the children suspected of hazelnut allergy. 

Table 4. Median of the sIgE and SPT for different grades of severity of hazelnut allergy: subjective 
symptoms vs objective symptoms (A) and grading according to Sampson (B)
A

Severity hazelnut allergy Subjective Objective P value

Median n Median n

sIgE (kUA/L) All 12 19 29 32 0.33

Before spiking 3 9 36 12 0.06

After spiking 56 10 25 20 0.42

SPT (mm) After spiking 8 6 15 11 0.02

B

Sampson grade 1 2 3 4 5 P value

Median n Median n Median n Median n

sIgE (kUA/L)    All 10 17 38  21 22 6 7 7 x 0.23

Before spiking 1 9 47  10 x 14 2 x 0.03

After spiking 56 8 33  11 22 6 7 5 x 0.84

SPT (mm) After spiking 7 5 10   5 16 4 23 3 x 0.02

sIgE, specific IgE; SPT, skin prick test.
x Zero children experienced these symptoms according to Sampson during the DBPCFC for hazelnut.
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However, the spiking resulted in a higher false positive rate for the sIgE cutoff value 
of <0.35 kUA/L (62% versus 59%), both higher than the 40% published for tree nuts in 
previous literature(8). Earlier studies showed a false negative rate of 22% for the sIgE(8;9), 
compared to 9% before spiking in our study. These differences might be explained by a 
different prevalence of hazelnut allergy or the more heterogeneous patient populations 
in these previous studies. Both children and adults were included(8), hazelnut allergy was 
not confirmed by a DBPCFC(2;4;23) and patients with a tree nut allergy were included(2). 

In agreement with literature(8), our study showed that SPT was more reliable in diag-
nosing hazelnut allergy compared to the level of sIgE. The clinical used SPT cutoff value 
(<3mm) was able to rule out hazelnut allergy in 19% of the children. The PPV was 100% 
for the SPT cutoff value ≥ 17 mm however, accounting for 10% of the children. This sug-
gests that the SPT might be a useful tool for a significant proportion of the children to 
diagnose or exclude hazelnut allergy, especially in settings in which the DBPCFC is not or 
limited available. In contrast with the previously published >95% PPV for the SPT cutoff 
value ≥8 mm(4), the PPV for this cutoff value was 74% in our study. A different commercial 
SPT extract was used in this previous study. The composition of commercially available 
reagents shows variability between different batches and companies(24), hampering SPT 
standardization. The PPV for hazelnut allergy could be increased by combining the level 
of the sIgE and the size of the SPT. However, only a minority of the children suspected of 
hazelnut allergy will reach these cutoff levels with a high PPV. 

Our study was performed in a third line referral population. It is important to realize 
that the prevalence of a disease influences the PPV and the NPV. Therefore, our data may 
represent an overestimation of the PPV and an underestimation of the NPV as compared 
to other settings (primary and secondary care). 

sIgE levels showed a trend in discriminating between severity of hazelnut allergy on 
group level. The spiking resulted in a loss of this discrimination. Previous studies could 
not show a predictive role for level of sIgE for (hazel)nuts on the severity of the clinical 
reaction based on history(8;25). Size of the SPT was a good predictor for severity of the 
hazelnut allergy in children (on group level), comparable to a previous study(8). 

Our study showed a predictive value of 59% for reported accidental ingestion of 
hazelnut. In peanut allergy, a history of accidental ingestion of peanut was shown to 
predict peanut allergy in children independent of sensitization. The severity of the previ-
ous reaction was the strongest predictor for peanut allergy in that model(26). However, 
the severity of the symptoms after accidental ingestion was not a predictor for hazelnut 
allergy in our study (data not shown). Additionally, atopic dermatitis had a higher preva-
lence in children with hazelnut allergy. (Early onset) eczema has been shown to be a risk 
factor for peanut allergy in children(27;28). 

In conclusion, this study showed that the NPV of diagnostic tests for hazelnut allergy 
in children is good and further improved by rCor a 1 spiking. However, the PPVs are 
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moderate and decreased by spiking. The SPT might reduce the amount of necessary 
DBPCFCs. This shows that until better tools have been developed, such as component-
resolved-diagnosis, the DBPCFC remains the mainstay of the diagnostics of hazelnut 
allergy in children, to correctly diagnose hazelnut allergy and prevent unnecessary 
elimination diets. 
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ABSTRACT

Background: In adults hazelnut allergy is often birch pollen-related, whereas in children 
non-pollen-related hazelnut allergy is more frequent. 
Objective: To compare the diagnostic workup of hazelnut allergy, routinely available 
data in adults were evaluated and compared to previously published data in children.
Methods: Adults (n=101) who underwent a double-blind placebo-controlled food chal-
lenge (DBPCFC) for hazelnut were selected and compared to 151 hazelnut-challenged 
children from a previous study.
Univariate and multivariate logistic regression analyses were performed to build a 
prediction model. The area under the curve (AUC) of the ROC curve was determined for 
level of hazelnut-specific IgE, skin prick test (SPT) and the prediction model. 
Results: Hazelnut allergy was confirmed by DBPCFC in 80/101 (79%) adults, 66% had 
only subjective and 33% objective symptoms, whereas in children 63% had objective 
symptoms to hazelnut. Birch pollinosis, oral symptoms and symptoms specifically 
attributed to hazelnut were included in the prediction model for adults, AUC of 0.83 
(0.65 in children). In children, SPT for hazelnut alone was the strongest predictor for a 
hazelnut allergy, AUC of 0.87 (0.58 in adults). History of accidental ingestion was specifi-
cally attributed to hazelnut in 35% of allergic adults with a positive predictive value of 
93%. Most children (74%) had never ingested nuts and a reliable history was therefore 
difficult to obtain. In adults, the severity of the symptoms after accidental ingestion was 
predictive for the severity during challenge.
Conclusions: Hazelnut allergy differs between children and adults with respect to 
frequency of severity and relevance of diagnostic parameters. Therefore, age has to be 
taken into account in the diagnostic work-up of a hazelnut allergy.
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INTRODUCTION

In Northern Europe (Norway, Sweden and Germany), hazelnut is the most often reported 
cause of food allergic symptoms in adults(1), with an estimated prevalence of 0.5-6.6%(1-

4). Adults with a hazelnut allergy have often also birch pollinosis. Via cross-reactivity, 
sensitization to birch pollen can lead to a birch pollen-related hazelnut allergy(5;6), which 
is part of the so-called pollen-food syndrome. A primary or non-pollen related hazelnut 
allergy can occur in adults from a birch-endemic area(7), but is reported more frequently 
in patients from the Mediterranean area(8;9) and in children(10;11). This suggests that the 
nature of the hazelnut allergy and allergens involved may be different between geo-
graphical regions(8) and between children and adults(7;11). This might further determine 
the appropriate choice of diagnostic tools. Therefore, it is important to evaluate the 
value of diagnostic tests separately in adults and children. In birch-endemic areas, IgE 
to hazelnut extract or the PR-10 protein rCor 1.04 appeared unable to discriminate be-
tween patients with or without hazelnut allergy(8;12). IgE to (non-pollen related) hazelnut 
storage proteins, nCor a 9 and rCor a 14, which is highly specific for an objective hazel-
nut allergy, was only detected in a minority of the hazelnut allergic adults(13). Therefore, 
this study focused on the predictive value of routinely available diagnostic tools. In a 
recent study we observed that in children the history of allergic symptoms to hazelnut 
is often unknown, and, if known, is confirmed by food challenge in only 59%(11). So to 
date, the diagnosis of hazelnut allergy in children strongly relies on sensitization and 
double-blind placebo-controlled food challenge (DCPCFC). Similar data in adults are not 
available. Therefore, this study evaluated the routinely available data in the diagnosis 
of hazelnut allergy in adults suspected of hazelnut allergy and compared these data to 
children from the same geographical area.

METHODS

Patient selection, sIgE and SPT 

Adults (n=101), who underwent a DBPCFC with hazelnut between 2000 and 2011 in 
the University Medical Center Utrecht, the Netherlands, were retrospectively selected 
for this study. Approval by a local ethical review board was not required, because of 
the retrospective character of this study. These adults were compared to 151 hazelnut-
challenged children from the same geographical area, already described in a previous 
study(11). The indication for a DBPCFC was based on a history suggestive for hazelnut 
allergy, or sensitization to hazelnut by IgE and/or SPT. The level of IgE was determined 
by ImmunoCAP to hazelnut extract (spiked with rCor a 1 since 2007) (Thermofisher 
scientific, Uppsala, Sweden). In sixty patients, the level of IgE to hazelnut extract was de-
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termined in the same sera before and after spiking with rCor a 1. A value ≥0.35 kUA/L was 
considered positive. SPT was performed with commercial hazelnut extract supplied by 
ALK-ABELLO (Nieuwegein, The Netherlands). Hazelnut extract, histamine 1% and saline 
were pricked into the skin of the volar aspect of the forearm. The maximum diameter of 
the weal size was determined and considered positive if ≥ 3 mm(14). 

The history of hazelnut allergy and atopic features were collected from the patient 
records. The history with regard to the ingestion of hazelnut was classified into the 
following five categories: ingestion specifically attributed to hazelnut (hazelnut); exact 
culprit nut not specified in patient record (nuts); ingestion attributed to nut mixture 
including hazelnut (nut mixture); never ingested hazelnut; missing data, unknown 
or unclear (unknown). Presence of asthma, atopic dermatitis and birch pollinosis was 
based on doctor’s diagnosis.

Double-blind placebo-controlled food challenge

The diagnosis of hazelnut allergy was based on the DBPCFC(11). The challenge was 
discontinued if objective symptoms occurred or after subjective symptoms on three 
consecutive dosages. The severity of the hazelnut allergy was defined as 1) subjective 
or objective symptoms or 2) according to organ system (Mueller)(15) or 3) severity per 
organ system (Sampson)(16). In patients with birch pollinosis, the DBPCFC was performed 
outside the pollen season.

Data analysis

Patient characteristics were compared between hazelnut allergic and tolerant adults 
and between different severity grades of hazelnut allergy. Mann-Whitney U-test and 
Kruskall-Wallis test was used for age, IgE to hazelnut extract and birch pollen and SPT 
to hazelnut extract. Chi-square was used for gender distribution, presence of asthma, 
atopic dermatitis, birch pollinosis, reported culprit nut and allergic symptoms after ac-
cidental ingestion. Odds ratios were calculated for association between asthma, atopic 
dermatitis and birch pollinosis and hazelnut allergy. The diagnostic value of IgE and SPT 
to hazelnut extract was determined by calculating the area under the curve (AUC) of the 
receiver operating characteristic (ROC) curve. A multivariate logistic regression analysis 
was performed to build a prediction model. The IgE levels to hazelnut (before and after 
spiking) were compared between children and adults with Mann-Whitney U-test. All 
analyses were performed with SPSS version 20.0.1 (SPSS Inc., Chicago, IL, USA). 
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RESULTS

Clinical characteristics in adults

A total of 121 adults underwent a DBPCFC for hazelnut between 2000 and 2011, of which 
101 were selected for this study. The other twenty patients were excluded from further 
analyses, due to missing values for IgE levels to hazelnut extract (after spiking). DBPCFC 
confirmed hazelnut allergy in 79% (80/101) of patients, with subjective symptoms in 53 
(66%), and additional objective symptoms in 26 (33%). Reported symptoms were missing 
in one patient. No allergic symptoms during the DBPCFC were reported by 21 patients of 
the 101 and were considered tolerant. Patient characteristics are shown in Table 1. Birch 
pollinosis was more common in hazelnut allergic than tolerant adults (p<0.01). Age was 
inversely related to severity of the hazelnut allergy: adults with subjective symptoms had 
higher median age (33 years) than adults with objective symptoms (24 years, p=0.03). 
Other classification systems for severity of hazelnut allergy (Mueller p<0.01 and Sampson 
p=0.01) confirmed the inverse relation between age and severity of hazelnut allergy. 

Table 1. Patient characteristics and reported culprit nut of accidental ingestion in adults with a suspicion 
of hazelnut allergy who underwent a DBPCFC for hazelnut

No hazelnut allergy
n=21

Hazelnut allergy
n=80

p value

Median IQRx Median IQR

Age (y) 26 22-38 29 32-41 0.48

IgE hazelnut (kUA/L) 7.9 0.5-26 17 5.8-51 0.04

IgE birch pollen (kUA/L)# 2.0 0.4-52 35 9.7-75 0.06

SPT hazelnut (mm)~ 5 4-6 6 4-10 0.48

n % n % p value

Gender (male) 10 48 25 31 0.20

Asthma 12 57 39 49 0.63

Atopic dermatitis 13 62 46^ 58^ 0.84

Birch pollinosis 11 52 69 86 <0.01

Accidental ingestion n % n % p value

Hazelnut 2 10 28 35 0.03

Nuts 2 10 27 34 0.03

Nut mixture 4 19   6   8 0.21

Never ingested hazelnut 3 14   7   9 0.43

Unknown 10 48 12 15 <0.01

xIQR, Interquartile range.
#in 9 adults without hazelnut allergy and 18 adults with hazelnut allergy sIgE to birch pollen was not 
determined. 
~in 13 adults without hazelnut allergy and 23 adults with hazelnut allergy SPT was not determined.
^in one patient presence of atopic dermatitis was unknown. 
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History of accidental ingestion in adults

The allergic symptoms after an accidental ingestion were specified by 80 adults.
Adults reporting only oral symptoms had more often a hazelnut allergy (89%) than 

those reporting more or other symptoms than oral symptoms (70%, p=0.04). If they 
also reported birch pollinosis, the risk of a positive hazelnut challenge increased further 
to 93% and 83%, respectively. Most adults with only oral symptoms had also a milder 
hazelnut allergy during challenge (74% only subjective symptoms) than adults with 
more or other symptoms than oral symptoms (50% objective symptoms, p=0.10), also 
confirmed by severity according to Mueller (p=0.02) and Sampson (p=0.08). Respiratory 
symptoms in history were reported more frequently by adults with objective (30%) than 
subjective symptoms (9%, p=0.04) during DBPCFC, and in adults with higher grade of 
severity according to Mueller (p=0.02) and Sampson (p=0.03). This did not account for 
other allergic symptoms after accidental ingestion.

A history of accidental ingestion specifically attributed to hazelnut was known in 
30% of adults, more often in allergic (35%) than tolerant adults (10%, p=0.03), resulting 
in a positive predictive value (PPV) of 93%. The majority of adults could not attribute 
their allergic reaction specifically to hazelnut (Table 1).

Sensitization in adults

The level of IgE to hazelnut was determined in all adults, SPT to hazelnut extract in 65 
(64%) and IgE to birch pollen in 74 (73%). The prevalence of hazelnut allergy was com-
parable among those subgroups (data not shown). 

The level of IgE to hazelnut extract was higher in allergic than tolerant adults (Table 
1), with an AUC of 0.65 (95% CI, 0.51-0.79, Table 2). IgE to hazelnut extract was performed 
before and after rCor a 1 spiking in a subpopulation of 60 patients. Although the level 
of IgE to hazelnut after spiking (median 17.6 kUA/L) was significantly higher than before 
spiking (median 0.62 kUA/L, p<0.01), the AUC was comparable (Table 2). 

The level of IgE to hazelnut extract (before and after spiking) was not predictive for 
the severity of the hazelnut allergy. 

Most adults (89%, 66/74) were sensitized to birch pollen. The level of IgE to birch 
pollen showed a trend to be higher in hazelnut allergic than tolerant adults (Table 1).

The size of the SPT was not significantly different between allergic and tolerant 
adults (Table 1), and had an AUC of 0.58 (95% CI, 0.39-0.77). SPT responses ≥3 mm were 
common (89%) and not discriminative between allergic and tolerant adults, while SPT 
response ≥15 mm were hardly observed (3%), but highly specific for a hazelnut allergy 
(specificity 100%). The size of the SPT was not predictive for the severity of the hazelnut 
allergic response during DBPCFC. 
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Prediction model hazelnut allergy in adults

A prediction model was built, by entering the following predictors of the univariate 
analyses: age, gender, asthma, atopic dermatitis, birch pollinosis, symptoms specifically 
attributed to hazelnut, oral symptoms, IgE to hazelnut extract. SPT to hazelnut extract 
was excluded for the model, because it was not discriminative between hazelnut allergic 
and tolerant adults (univariate analysis) and had many missing data. This resulted in a 
final model consisting of three variables to predict the outcome of the DBPCFC: birch 
pollinosis, oral symptoms and symptoms specifically attributed to hazelnut. The AUC of 
the prediction model was 0.83 (95% CI, 0.72-0.95).

Hazelnut allergy in children and adults

Most children (63%) had a hazelnut allergy with objective symptoms during DBPCFC(11), 
in contrast to 33% in adults (p<0.01). Within the group of children and adults, severity 
of the hazelnut allergy was inversely related to age (Table 2). Birch pollinosis was only 
associated with a hazelnut allergy in adults with an OR 5.7 (95% CI 2.0-16.7). 

Most children had never ingested (hazel)nuts (74%) compared to 10% of the adults 
(p<0.01). In both children and adults, a minority (15-30%) could specifically attribute 
the accidental ingestion to hazelnut. However, in those who identified the culprit nut 

Table 2. Differences between children and adults with a hazelnut allergy and relevance of diagnostic 
parameters, best predictor is shown in bold

Children Adults

Severity hazelnut allergy

Objective symptoms DBPCFC 63% 33%

Median age objective vs subjective symptoms 6 vs 10 years (p=0.001) 24 vs 33 years (p=0.03)

Predisposing factor OR (95% CI)

Asthma 0.8 (0.4-1.6) 0.7 (0.3-1.9)

Atopic dermatitis 3.3 (0.9-11.8) 0.9 (0.3-2.3)

Birch pollinosis 1.2 (0.6-2.4) 5.7 (2.0-16.7)

History after accidental ingestion (%) 

Never ingested nuts 74 10

Symptoms attributed to hazelnut 15 30

Positive predictive value symptoms attributed to hazelnut 61 93

Prediction model or sensitization AUC (95% CI)

Prediction model: birch pollinosis, oral symptoms, 
symptoms attributed to hazelnut

0.65 (0.56-0.75) 0.83 (0.72-0.95)

IgE after spiking (whole population 0.75 (0.65-0.85) 0.65 (0.51-0.79)

IgE before spiking 0.70 (0.57-0.84) 0.75 (0.59-0.92) 

IgE after spiking (in same population) 0.74 (0.49-0.98)

SPT 0.87 (0.76-0.98) 0.58 (0.39-0.77)
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as hazelnut, this was more predictive for hazelnut allergy in adults (PPV 93%) than in 
children (PPV 61%, Table 2). Respiratory symptoms (dyspnoea) after accidental ingestion 
of hazelnut were only predictive for a severe hazelnut allergy in adults.

Sensitization to hazelnut and prediction model in children and adults

The level of IgE (before and after spiking) had a similar diagnostic value and was not 
predictive for severity of hazelnut allergy in both children and adults (Table 2). Spik-
ing increased the IgE level to hazelnut in both children (p=0.02) and adults (p<0.01). 
The level of IgE to hazelnut before spiking (not after spiking) was significantly higher 
in children (median level 3.3 kUA/L) than in adults (median level 0.6 kUA/L) (p<0.01). SPT 
was a only good predictor of hazelnut allergy in children. The prediction model showed 
that from the selected variables SPT was the best predictor in children, whereas history 
of oral symptoms, accidental ingestion specifically attributed to hazelnut and birch pol-
linosis were the best predictors in adults (Table 2). 

DISCUSSION

In this study, routinely available data during diagnostic work-up of hazelnut allergy were 
evaluated and compared between adults and children. The majority of adults (66%) had 
hazelnut allergy with only subjective symptoms, while 33% had additional objective 
symptoms during DBPCFC. A strong association with birch pollen was shown by presence 
of birch pollinosis in 86% and IgE to birch pollen in 89% of adults. A history of accidental 
ingestion specifically attributed to hazelnut was known in 35% of allergic adults, with a 
high PPV of 93%. Most adults were unable to identify the exact culprit nut, because they 
were exposed to a nut mixture or hidden nuts or could not recognize the tree nuts(17). 

The main symptoms reported by allergic adults (97%) were oral symptoms, which 
are helpful for tracing the culprit allergen and also a warning signal, because they occur 
almost immediately after exposure of the oral and pharyngeal mucosa to allergens(18). 
A combination of birch pollinosis, oral symptoms and symptoms specifically attributed 
to hazelnut were shown to form the best prediction model, with an AUC of 0.83. The 
level of IgE to hazelnut extract or the size of the SPT did not add significant diagnostic 
value to the model. The AUC of IgE to hazelnut extract with an AUC of 0.65 was slightly 
higher than the previously published 0.55 in unselected pollen-sensitized adults(12). The 
spiking of the hazelnut extract with rCor a 1 increased the level of IgE to hazelnut extract 
significantly, but did not alter the diagnostic value(11;19). 

The SPT with hazelnut extract was not discriminative between adults with and with-
out a hazelnut allergy. This could be caused by cross-reactivity between Cor a 1 and Bet v 
1 from birch pollen, resulting in difficulties in discrimination between hazelnut and birch 
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pollen specific SPT responses. Prick-to-prick with fresh nuts (AUC 0.84)(12;20) performed 
better than SPT with hazelnut extract as used in this study (AUC 0.58). 

The degree of the sensitization (specific IgE or SPT for hazelnut) was not predictive for 
the severity of the hazelnut allergy. Only oral symptoms after accidental ingestion were 
predictive for a hazelnut allergy with only subjective symptoms during challenge (74%), 
while more or other symptoms than oral symptoms, such as respiratory symptoms, after 
accidental ingestion were predictive for a hazelnut allergy with objective symptoms 
during challenge. IgE to specific hazelnut components, Cor a 9 and Cor a 14, was highly 
specific for an objective hazelnut allergy in adults as well as in children(13). 

A comparison was made with recently published data from our pediatric popula-
tion(11). In adults, only 33% had objective symptoms during DBPCFC in contrast to 63% 
of the children. Children or adults with objective symptoms had a significantly lower 
age than children or adults with only subjective symptoms during DBPCFC. This is in line 
with the clinical observation that birch pollen-related hazelnut allergy, which is mostly 
associated with subjective symptoms, develops often after childhood. 

Birch pollinosis was more common in hazelnut allergic adults (86%) than children 
(39%, p<0.01), and children with birch pollinosis were significantly older than children 
without birch pollinosis (median age 8 vs 6 years, p<0.01). This fits with our previous 
findings that older children were more often sensitized to Bet v 1 and the related Cor a 1 
than younger children(21). Development of pollen-related hazelnut allergy with increas-
ing age will result in a lower overall proportion of patients with a (non-pollen related) 
hazelnut allergy with objective symptoms in older age groups. A study with longitudinal 
design is needed to confirm these data. 

The difference in relevance of diagnostic parameters between children and adults 
was shown by the different prediction models that were identified. In adults, a combina-
tion of birch pollinosis, oral symptoms and symptoms specifically attributed to hazelnut 
were the best predictors ending up in the prediction model (AUC 0.83). In children, the 
prediction model eventually consisted of only SPT with hazelnut extract (AUC 0.87). 
These differences are explained by the observations that birch pollinosis was not as-
sociated with a hazelnut allergy in children, and oral symptoms were hardly reported 
by children, because they were absent or not      recognized. Furthermore, most children 
(74%) never ingested nuts intentionally. Overall, it appeared much more difficult to ob-
tain a reliable history of reactivity to nuts in children. The fact that SPT appeared a good 
diagnostic tool in children (AUC 0.87), but not adults (AUC 0.58), might be explained by 
the higher frequency of a hazelnut allergy with objective symptoms in our unselected 
pediatric than adult population. 

In conclusion, hazelnut allergy differs between children and adults with respect to 
frequency of severity and relevance of diagnostic parameters. Therefore, age should be 
taken into account in the diagnostic work-up of a hazelnut allergy. 
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ABSTRACT 

Background: Component-resolved diagnosis has been shown to improve diagnosis of 
food allergy. 
Objective: To evaluate whether component-resolved diagnosis may help to identify 
patients at risk of objective allergic reactions to hazelnut. 
Method: A total of 161 hazelnut-sensitized patients were included: 40 children and 15 
adults with objective symptoms in DBPCFC and 24 adults with a convincing objective 
history were compared to 41 children and 41 adults with no or subjective symptoms in 
DBPCFC (grouped together). IgE levels to hazelnut extract and single components were 
analyzed with ImmunoCAP. 
Results: IgE to hazelnut extract was significantly higher in children with objective than 
with no or subjective symptoms. In 13% of children and 49% of adults with a hazelnut 
allergy with objective symptoms, only sensitization to rCor a 1.04 was observed and not 
to other water-soluble allergens. Sensitization to rCor a 8 was rare, in contrast to rCor a 
1. Sensitization to nCor a 9 and/or rCor a 14 was strongly associated with a hazelnut al-
lergy with objective symptoms. Using adapted cut-off levels, a diagnostic discrimination 
between severity groups was obtained. IgE to either nCor a 9 ≥1 kUA/L or      rCor a 14 ≥5 
kUA/L (children) and IgE to either nCor a 9 ≥1 kUA/L or      rCor a 14 ≥1 kUA/L (adults) had a 
specificity of >90% and accounted for 83% of children and 44% of adults with a hazelnut 
allergy with objective symptoms. 
Conclusion: Sensitization to Cor a 9 and Cor a 14 is highly specific for patients with ob-
jective symptoms in DBPCFC as marker for a more severe hazelnut allergic phenotype.
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INTRODUCTION

The clinical presentation of hazelnut allergy is highly variable and ranges from local 
and mild to systemic and severe allergic reactions(1). The prevalence and severity of a 
hazelnut allergy is different between children and adults. The reported prevalence of 
hazelnut allergy is around 0.2% among children(2) and up to 4.5% among adults from 
birch-endemic areas(3;4). In a birch-endemic area, children with hazelnut allergy have 
often objective symptoms (67%)(5-7), in contrast to mainly subjective oral symptoms in 
adults (93%)(8;9). A differential sensitization profile might be responsible for this differ-
ence. Sensitization to the cross-reactive lipid transfer protein Cor a 8 has mainly been 
described in patients from the Mediterranean area(10;11), with a strong association with 
severe allergic symptoms. Evidence that sensitization to Cor a 9, an 11S globulin, may 
be associated to a severe hazelnut allergy in children has been reported both from the 
USA and Europe(5;12). In birch pollen-related hazelnut allergy(10;13), sensitization to Cor a 
1, the Bet v 1 homologue, belonging to the pathogenesis-related protein 10 (PR-10) 
family, has been implicated as a cause of typically mild and local symptoms, mainly in 
adults(5;9;10). The clinical relevance of sensitization to profilin in hazelnut (Cor a 2, another 
pollen-related allergen) seems limited(14) and sensitization to cross-reactive carbohydrate 
determinants (CCD) is now well-established as being clinically inert(15;16). More recently 
identified allergens in hazelnut are the oleosins: Cor a 12 and Cor a 13(17), and Cor a 14, 
belonging to the 2S albumins(18). The clinical relevance of sensitization to the oleosins 
and Cor a 14 from hazelnut still needs to be evaluated. 

Sensitization to hazelnut extract may occur regardless of whether patients react to 
hazelnut with severe or mild symptoms, or even at all, and is therefore not discrimi-
native(5;7). Previous studies have suggested that component-resolved-diagnosis may 
increase the diagnostic specificity and can predict the severity of an allergic reaction to 
hazelnut(5;10-12). The number of patients with a hazelnut allergy with objective symptoms 
was limited in previous studies, especially in adults from birch-endemic areas. The aim 
of this study was to analyze the sensitization to the currently available components: 
rCor a 1, rCor a 8, nCor a 9 and rCor a 14 in a population of hazelnut sensitized children 
and adults from a birch-endemic area. To evaluate whether component-resolved diag-
nosis can help to identify patients with objective allergic reactions to hazelnut, a large 
group of children as well as adults responding with objective symptoms in a double-
blind placebo-controlled food challenge (DBPCFC) or having a convincing history of a 
hazelnut allergy with objective symptoms was enrolled. This group was compared to a 
group of hazelnut-sensitized children and adults with a negative DBPCFC or with only 
subjective symptoms.
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METHODS

Patient selection

Patients sensitized to hazelnut (≥0.35 kUA/L) were retrospectively recruited. The aim was 
to enrol equally powered groups of around 40 children and adults that had a more severe 
phenotype, as judged by objective symptoms in DBPCFC (or if DBPCFC was declined, 
by a convincing history of a hazelnut allergy with objective symptoms) and similar 
numbers of sensitized children and adults without allergy or mild phenotype as judged 
by no symptoms or subjective symptoms in DBPCFC, respectively. To build a prediction 
model with IgE to four hazelnut components as variables, forty patients per group were 
necessary. A total of 164 hazelnut sensitized patients were enrolled. Three patients were 
excluded from further analyses, because they lost their previously determined hazelnut 
sensitization. The final study population therefore consisted of 161 sensitized patients: 
81 children and 80 adults. Based on challenge outcome (performed in all 81 children and 
56 adults) or a convincing objective history (24 adults), the population was divided in 
79 patients (40 children, 39 adults) with an objective phenotype and 82 (41 children, 41 
adults) not having an objective phenotype (DBPCFC negative or subjective symptoms 
in DBPCFC) (Figure 1). For these reporting adverse reactions to hazelnut in daily life, a 
detailed clinical history was recorded. In addition, data were collected on asthma, birch 
pollinosis and atopic dermatitis.

The study was performed at the University Medical Center Utrecht between 2010 and 
2012. The study was approved by the local Ethics Committee and all patients provided 
written informed consent before entering the study. 
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Figure 1. Composition of the study population and different groups with regards to age (children vs 
adults), severity (hazelnut allergy with no/subjective vs objective symptoms), and judgement of severity 
(DBPCFC vs convincing history).
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DBPCFC

DBPCFC with hazelnut was performed during diagnostic work-up as previously 
described(6) and was discontinued if objective symptoms occurred. Suggestive oral 
symptoms appearing at the last open dose resulted in a positive assessment of the chal-
lenge in five patients. In eight patients the DBPCFC was prematurely discontinued after 
subjective symptoms on three consecutive dosages. In patients with birch pollinosis, 
the DBPCFC was performed outside the pollen season. A total of 24 adults declined 
undergoing a DBPCFC. All had a convincing history of an objective phenotype, with 
generalized urticaria, dyspnoea or wheezing.

Classification of symptoms during DBPCFC

Symptoms recorded during DBPCFC were used to stratify patients into severe and non-
severe phenotype. The approach chosen for this stratification was to grade subjective 
symptoms (oral allergy, nausea, abdominal discomfort and throat tightness) as non-
severe and objective symptoms (generalized urticaria or angioedema, emesis, diarrhea, 
rhinoconjunctivitis, hoarseness, stridor and wheezing) as severe. Although it could be 
argued that e.g. throat tightness may be seen as severe, and rhinoconjunctivitis as mild, 
we have chosen for this approach because it is least influenced by patient and observer 
bias, and overall, the division subjective versus objective has acceptable overlap with 
the division mild versus severe. Sensitized patients that were negative in the DBPCFC 
were stratified together with the mild subjective group. To ensure blinding this clinical 
stratification was finished before serology data were generated or any further analysis 
was done.

IgE measurements

IgE to hazelnut extract, rCor a 1, rCor a 8, nCor a 9, rCor a 14, birch pollen extract, rBet 
v 1, rBet v 2 and CCD was determined by ImmunoCAP (Thermo Fisher Scientific, Up-
psala, Sweden). Experimental tests were used for nCor a 9 and rCor a 14. Natural Cor a 
9 was purified from defatted hazelnut extract by ion exchange chromatography (IEC) 
and reversed phase chromatography (RPC). Recombinant Cor a 14(18) was expressed 
as a hexahistidine tagged protein and purified by immobilized metal ion affinity chro-
matography (IMAC) and IEC. A hazelnut extract depleted of Cor a 1 was prepared by 
immunoadsorption using an affinity column carrying a monoclonal antibody directed 
against Cor a 1. IgE test results ≥0.35 kUA/L were considered positive. Values <0.35 kUA/L 
were analysed statistically as 0.34 kUA/L and values >100 kUA/L as 101 kUA/L.

Data analysis

Prevalence of asthma, atopic dermatitis and birch pollinosis was compared between 
children and adults and between patients with a hazelnut allergy with objective and no 
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or subjective symptoms using Chi-square test. The Mann-Whitney U-test (continuous 
IgE values) and Chi-square test (binary, ≥ 0.35 kUA/L) were used to compare levels of 
IgE between patients with a hazelnut allergy with objective and no or subjective symp-
toms. The diagnostic value of IgE levels (continuous values) for discrimination between 
a hazelnut allergy with objective and no or subjective symptoms was determined by 
calculating the area under the curve (AUC) of the receiver operating characteristic (ROC) 
curve. Sensitivity and specificity in the discrimination between a hazelnut allergy with 
objective and no or subjective symptoms were calculated for different cut off values of 
IgE and different combinations of IgE. P<0.05 was considered significant. All analyses 
were performed with SPSS (Version 20.0, SPSS Inc., Chicago, IL, USA).

RESULTS

Patient characteristics

Clinical characteristics of children and adults are shown in Table 1. There was a male 
predominance in children and a female predominance in adults. Asthma was more 
common among adults with a hazelnut allergy with objective than no or subjective 
symptoms (p=0.03) and more common among children with no or subjective than 
adults with no or subjective symptoms (p=0.04). Atopic dermatitis was more common 
in children than in adults (p<0.001), while birch pollinosis was less common in children 
than in adults (p=0.01) and less common in children with objective than no or subjec-
tive symptoms (p=0.01). Clinical characteristics were comparable within the group of 
children and adults with a hazelnut allergy with no or subjective symptoms, while age 
was significantly higher in children and adults with subjective symptoms compared to 
none hazelnut allergy (data not shown). Eliciting dose during DBPCFC was lower in the 
children and adults with a hazelnut allergy with objective symptoms than no or subjec-
tive symptoms (p=0.02). 

Sensitization to birch pollen

Birch pollen sensitization occurred in the majority of all children and adults. In line with 
the clinical history, birch pollen sensitization was less common among children with a 
hazelnut allergy with objective than no or subjective symptoms (p=0.007). All children 
(100%) and the majority of adults (97%) with a subjective hazelnut allergy were sensi-
tized to birch pollen. The median level of IgE to birch pollen was lower in sera of children 
with a hazelnut allergy with objective than no or subjective symptoms (median 8.78 
kUA/L versus 18.2 kUA/L, p=0.10). No such difference was observed among the adults. 
Similar to birch pollen, sensitization to rBet v 1 was frequently detected in children and 
adults, but less common among children with a hazelnut allergy with objective than 
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no or subjective symptoms (p=0.05). Again, no such difference was observed among 
the adults. The level of sensitization to rBet v 1 was comparable between patients with 
a hazelnut allergy with objective and no or subjective symptoms, both in children and 
adults. Sensitization to rBet v 2 and CCD was present in a minority of children and adults 
and did not significantly differ between a hazelnut allergy with objective and no or 
subjective symptoms (Table 2, Figure 2).

Table 1. Patient characteristics 

Children Adults

No/subjective  
n=41

Objective  
n=40 p value

No/subjective  
n=41

Objective 
n=39 p value

Median IQR Median IQR Median IQR Median IQR

Age (y) 9 8-12 7 5-11 0.002 31 24-45 27 22-37 0.19

n % n % n % n %

Gender (male) 28 68 27 68 1.00 15 37 8 21 0.14

Asthma 27 68 21 53 0.11 18 45 29 73 0.03

Atopic dermatitis 41 100 38 95 0.24 30 73 29^ 74^ 0.80

Pollinosis 33 81 24 60 0.05 37 90 29 74 0.08

Birch pollinosis 30 73 18 45 0.01 35 85 28 72 0.18

Grass pollinosis 22 54 15 38 0.18 27 66 20 51 0.26

IQR, Interquartile range.
^Missing data in one adult.

Table 2. Number of children and adults sensitized (IgE ≥ 0.35kUA/L) to hazelnut extract, rCor a 1, rCor a 8, 
nCor a 9, rCor a 14, birch pollen extract, rBet v 1, rBet v 2 and CCD determined by using ImmunoCAP

IgE ≥ 0.35kUA/L

Children Adults

No/subjective
n=41

Objective
n=40 p 

value

No/subjective
n=41

Objective
n=39 p 

value
n % n % n % n %

Hazelnut extract 41 100 40 100 41 100 39 100

rCor a 1 37 90 28 70 0.03 39 95 35 90 0.43

rCor a 8 2 5 3 8 0.68 1 2 2 5 0.61

nCor a 9 8 20 33 83 <0.001 2 5 14 36 0.001

rCor a 14 10 24 28 70 <0.001 2 5 15 39 <0.001

Birch pollen extract 39 95 29 73 0.007 40 98 35 90 0.20

rBet v 1 37 90 29 73 0.05 39 95 35 90 0.43

rBet v 2 10 24   4 10 0.14   5 12   4 10 1.00

CCD   2   5   2   5 1.00   2   5   6 15 0.15
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Sensitization to hazelnut extract and components

The level of IgE to hazelnut extract was significantly higher in children with a hazelnut 
allergy with objective than with no or subjective symptoms (median 31.8 kUA/L versus 
11.9 kUA/L, p=0.006), while a corresponding difference was not observed among these 
phenotypes in adults (Figure 2). 

The majority of patients (70-95%) in all four groups were sensitized to rCor a 1 and 
the levels of IgE strongly correlated to those against rBet v 1 (r=0.96, p value<0.001). Ab-
sence of sensitization to rCor a 1 was most frequently observed among children (12/16) 
and adults (4/6) with a hazelnut allergy with objective symptoms. The level of IgE to rCor 
a 1 was comparable between patients with a hazelnut allergy with objective and no or 
subjective symptoms. In 13% (5/40) of the children and 49% (19/39) of the adults with a 

 





 




 





 








 







 














 






  





 




 





 








 







 













 







  





 




 





 








 







 













 







  





 




 





 








 







 









 




 







  





 




 





 








 







 









 




 







  





 




 





 








 







 













 







  





 




 





 








 







 













 







  





 




 





 








 







 













 













 




 





 








 







 













 







 





 




 





 








 







 














 







  





 




 





 








 







 













 







  





 




 





 








 







 













 







  





 




 





 








 







 









 




 







  





 




 





 








 







 









 




 






  





 




 





 








 







 













 







  





 




 





 








 







 













 







  





 




 





 








 







 













 













 




 





 








 







 













 







 





 




 





 








 







 














 







  





 




 





 








 







 













 







  





 




 





 








 







 













 







  





 




 





 








 







 









 




 







  





 




 





 








 







 









 




 







  





 




 





 








 







 













 







  





 




 





 








 







 













 







  





 




 





 








 







 













 













 




 





 








 







 












 







Figure 2. Level of sensitization to hazelnut extract, rCor a 1, rCor a 8, nCor a 9, rCor a 14, birch pollen 
extract, rBet v 1, rBet v 2 and CCDs in children and adults with a hazelnut allergy with objective and those 
with no or subjective symptoms. Horizontal bars indicate median levels and IgE values of less than 0.35 
kUA/L were set to 0.34 kUA/L. *P <0.05.
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hazelnut allergy with objective symptoms, sensitization to no other allergen than rCor a 
1 was observed. The level of IgE to rCor a 1 was not significantly different between these 
24 patients and other patients with sensitizations to rCor a 1. 

Sensitization to rCor a 8 was only detected in eight patients, distributed across all 
four study groups and mostly at moderate levels.

Sensitization to nCor a 9 and to rCor a 14 was significantly more common in patients 
with a hazelnut allergy with objective than with no or subjective symptoms (Table 2). 
The level of IgE to nCor a 9 and to rCor a 14 were significantly higher in children with a 
hazelnut allergy with objective (median 4.07 and 10.3 kUA/L, respectively) than with no 
or subjective symptoms (median <0.35 kUA/L for both allergens). Also among the adults, 
patients with a hazelnut allergy with objective symptoms had significantly higher levels 
of IgE to nCor a 9 and rCor a 14 than those with no or subjective symptoms (Figure 2, 
Table 2). Both children and adults without birch pollinosis had significantly higher IgE 
levels to nCor a 9 than those with birch pollinosis. Level of IgE to rCor a 14 was also 
higher in adults without than with a history of allergic symptoms to birch pollinosis, 
no such difference was observed for IgE to rCor a 14 among children (data not shown).

Identification of patients with a hazelnut allergy with objective symptoms

In addition, the capacity of these components to identify patients with a hazelnut al-
lergy with objective symptoms was evaluated using ROC curves and the AUC. Hazelnut 
extract, rCor a 1 and rCor a 8 did not display a useful level of discrimination between 

A B
Figure 3. Receiver operating characteristic curves for IgE to hazelnut extract and individual hazelnut 
components in regard to discrimination between a hazelnut allergy with objective and no or subjective 
symptoms in children (A) and adults (B) with sensitization to hazelnut.
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the severity groups in this study (Figure 1, 2). In contrast, the prevalence and magnitude 
of sensitization to nCor a 9 and rCor a 14 differed markedly between these groups. The 
sensitivity and specificity with regard to discrimination between patients with objective 
symptoms and those with no or subjective symptoms, as a function of different cut-off 
levels, were calculated, as shown in Tables 3 and 4. 

IgE to nCor a 9 had better capacity than rCor a 14 to identify children with objective 
symptoms in DBPCFC, based on AUC values of 0.87 and 0.80, respectively (Figure 3). 
This resulted in a sensitivity of 75% and a specificity of 95% for IgE to nCor a 9 ≥1 kUA/L 
(Tables 3 and 4). Sensitization to either nCor a 9 ≥1 kUA/L or rCor a 14 ≥5 kUA/L had a 
sensitivity of 83% and a specificity of 93%. In the group with no or subjective symptoms, 
only 3/41 (7%) of children (two with a negative challenge and one with subjective symp-
toms) would have been diagnosed incorrectly as potentially objective hazelnut allergic 
using these cut-off values. 

In adults, IgE to either nCor a 9 and rCor a 14 had a similar capacity to identify adults 
with a hazelnut allergy with objective symptoms, based on the AUC values of 0.66 and 
0.67, respectively. The adults who had not undergone DBPCFC did not display higher 
or more frequent sensitization to nCor a 9 or rCor a 14 than those who had been chal-

Table 4. Sensitivity and specificity for the combination of different cutoff levels of IgE to nCor a 9 and rCor 
a 14 to identify children and adults with a hazelnut allergy with objective symptoms among our selected 
population

Children Adults

IgE nCor a 9 (kUA/L) ≥ And/ or IgE rCor a 14 (kUA/L) ≥ Sensitivity Specificity Sensitivity Specificity

0.35 And 0.35 65 98 23 100

0.35 Or 0.35 88 59 51 90

1 Or 1 88 71 44 98

1 Or 5 83 93 36 100

Table 3. Sensitivity and specificity for different cutoff levels of IgE to nCor a 9 and rCor a 14 to identify 
children and adults with a hazelnut allergy with objective symptoms among our selected population

Children Adults

Sensitivity Specificity Sensitivity Specificity

IgE to nCor a 9 (kUA/L) ≥

0.35 83 80 36 95

1 75 95 33 100

5 48 98 13 100

IgE to rCor a 14 (kUA/L) ≥

0.35 70 76 38 95

1 70 76 31 98

5 60 98 18 100
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lenged and developed objective symptoms. In the total adult population, sensitization 
to nCor a 9 ≥1 kUA/L was very specific (100%) for objective symptoms, but accounted for 
only 33% of the adults with a hazelnut allergy with objective symptoms. Sensitization to 
rCor a 14 was specific (95%) for objective symptoms at a cut-off value ≥0.35 kUA/L, and 
accounted for 38% of adults with objective symptoms. The combination of IgE to either 
nCor a 9 ≥1 kUA/L or rCor a 14 ≥1 kUA/L in adults accounted for 44% of the adults with a 
hazelnut allergy with objective symptoms with a specificity of 98%. One of the 41 adults 
(2%, with a hazelnut allergy with subjective symptoms) would have been diagnosed 
incorrectly as potentially objective hazelnut allergic using these cut-off values. For both 
children and adults, logistic regression analyses showed no significant additional value 
by combining IgE to the different components in the prediction of a hazelnut allergy 
with objective symptoms, indicating that a prediction model was not necessary (data 
not shown).

DISCUSSION

Routine diagnostics tools are no good predictors of a severe hazelnut allergy(7;19). The 
present study has demonstrated that sensitization to nCor a 9 and/or rCor a 14 is highly 
specific for a hazelnut allergy with objective symptoms among the Dutch hazelnut sen-
sitized children and adults. Sensitization to nCor a 9 or rCor a 14 was demonstrated in 
majority of children and almost half of the adults with a hazelnut allergy with objective 
symptoms. In children, sensitization to either nCor a 9 ≥1 kUA/L or rCor a 14 ≥5 kUA/L 
had a specificity of 93% and accounted for 83% of children with a hazelnut allergy with 
objective symptoms. In adults, the combination of IgE to either nCor a 9 ≥1 kUA/L or 
rCor a 14 ≥1 kUA/L had a specificity of 98% and accounted for 44% of the adults with a 
hazelnut allergy with objective symptoms. For patients negative for nCor a 9 or rCor a 14, 
or with IgE levels below these cut-off values, a DBPCFC would still be required to exclude 
or demonstrate a hazelnut allergy with objective symptoms. The outcome of this study 
has relevance to real-life hazelnut exposure, since there was a significant correlation 
between symptoms during DBPCFC and reported real-life symptoms (r=0.412, p<0.001 
in children and r=0.533, p<0.001 in adults).

Previous studies already showed recognition of Cor a 9 on western blot in sera of 86% 
of patients with a severe hazelnut allergy in the USA(12). Also in Belgium, sensitization 
to Cor a 9 was detected in a high proportion of children with a severe hazelnut allergy. 
Furthermore, the prevalence of sensitization to Cor a 9 was found to differ between 
age groups: 65% of preschool, 50% of school children and 17% of adults with a severe 
reaction to hazelnut recognized nCor a 9(5). This age-related effect was also observed 
in our study: 83% of the children and 36% of the adults with a hazelnut allergy with 
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objective symptoms were sensitized to nCor a 9. Sensitization to rCor a 14 also showed 
an age-related prevalence: 70% of children and 39% of adults with a hazelnut allergy 
with objective symptoms were rCor a 14 sensitized. An explanation might be that birch 
pollen-related hazelnut sensitization becomes a more frequent cause of hazelnut allergy 
through adolescence and early adulthood, resulting in a lower proportion of individuals 
with a primary sensitization to hazelnut (hallmarked by sensitization to abundant stor-
age proteins). Sensitization to rCor a 14 has previously been described in a pilot study of 
eleven Dutch patients, of which eight reported a history suggestive of hazelnut allergy, 
including five with reported severe symptoms(18). 

Cor a 9 and Cor a 14 are both abundant seed storage proteins in hazelnut. Seed 
storage proteins have been identified as major allergens in several other tree nuts and 
peanut. Sensitization to the peanut 2S albumin, Ara h 2 has been shown to be a good 
predictor of peanut allergy(20-22). The clinical relevance of sensitization to seed storage 
proteins in tree nut allergy has not been extensively investigated. Our study convinc-
ingly shows that seed storage proteins are also relevant in hazelnut allergy, especially 
in the objective phenotype. A good correlation between the sum of IgE levels to nCor 
a 9 and rCor a 14 compared to a Cor a 1-depleted hazelnut extract (r=0.96, p<0.001 
in children, r=0.78, p<0.001 in adults, data not shown), suggests limited importance of 
other water soluble hazelnut components, like Cor a 11(23;24), that belongs to a family 
of abundant and water soluble seed storage proteins, well represented in natural al-
lergen extracts. Still, validation of the data with respect to nCor a 9 and rCor a 14 in other 
populations is important, not the least because sensitization profiles may vary between 
different geographical locations(10).

Majority of children and adults without birch pollinosis had a hazelnut allergy with 
objective symptoms and higher levels of IgE to nCor a 9 and rCor a 14 than those with 
birch pollinosis. However, thirteen percent of children and 49% adults with a hazelnut 
allergy with objective symptoms were sensitized to rCor a 1 without sensitization to rCor 
a 8, nCor a 9 and rCor a 14, compared to 14% in a previous study (in which IgE to rCor a 
14 was not determined)(5). A close correlation between IgE to hazelnut extract and rCor 
a 1 in these patients (r=0.98, p<0.001, data not shown) and lack of IgE binding to a Cor 
a 1-depleted hazelnut extract (data not shown), suggests a lack of sensitization to water 
extractable hazelnut components other than rCor a 1. Thus, the objective symptoms in 
these patients may be caused by either Cor a 1, analogous to the role of Gly m 4 in soy 
allergy(25), or by one or several components that are not present in aqueous hazelnut 
extract, such as oleosins(17), Further studies are required to resolve this issue. Hazelnut 
tolerant patients could not be serologically distinguished from those with a hazelnut al-
lergy with subjective symptoms in this study as no significant difference was detected in 
level of sensitization to hazelnut extract or components between these groups, neither 
among children nor adults (data not shown). 
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Sensitization to rCor a 8 is important in the Mediterranean area, reported to occur 
in 50-71% of severe hazelnut allergic patients from Spain(10;11). However, sensitization to 
rCor a 8 was hardly detected in our Dutch population and was not specific for a hazelnut 
allergy with objective symptoms. This is in contrast with a previous study by our group 
with natural Cor a 8(26).Such a discrepancy could be due to structural differences between 
natural and recombinant Cor a 8, or by incomplete removal of other allergens from the 
natural protein preparation. Recent experiments, revealing that natural Cor a 8 prepara-
tions indeed contain trace amounts of Cor a 14 and possibly other seed storage proteins 
(data not shown), provide a plausible explanation for the observed discrepancy. 

In summary, even though the proportion of patients with a hazelnut allergy with 
no or subjective versus objective symptoms in our study is not fully representative of 
that of patients appearing at an allergy clinic, (i) a majority of children and almost half 
of the adults with a hazelnut allergy with objective symptoms could be identified with 
these tools and (ii) the majority of patients sensitized to Cor a 9 and/or Cor a 14 reacted 
with objective symptoms to hazelnut. Although food challenges will still be necessary 
in many cases, we conclude that determination of IgE to nCor a 9 and rCor a 14 has the 
potential to strongly improve the diagnostic work-up in cases of a suspected severe 
hazelnut allergy.
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ABSTRACT

Background: Hazelnut is often present as hidden constituent in food due to cross 
contamination and might lead to unexpected allergic reactions. Information on eliciting 
doses (EDs) will improve allergy management for patients and food industry.
Objective: Determination of EDs for both subjective and objective symptoms to hazel-
nut in children and adults and the influence of patient characteristics on the threshold 
distribution. 
Method: Thresholds for both subjective and objective symptoms were established 
for 67 children and 81 adults, with a positive hazelnut challenge. Data on threshold 
doses were analyzed with Interval-Censoring Survival Analysis (ICSA) and fitted into a 
threshold distribution curve (TDC) from which ED values could be extracted. The effect 
of age, gender, atopic diseases, SPT reactivity and sensitization profiles on the threshold 
distribution for hazelnut was analyzed as covariates by ICSA. 
Results: TDC for objective symptoms were comparable between children and adults, 
males and females, resulting in a pooled ED at which 5% of the allergic population is 
likely to respond (ED5) with objective symptoms of 10.3 mg. The threshold distribution 
was influenced by age, SPT reactivity, and IgE to Cor a 9 and Cor a 14. TDC for subjective 
symptoms was significantly higher in children than in adults and influenced by gender, 
SPT reactivity and IgE to Cor a 14. 
Conclusion: Our data demonstrate several intrinsic factors that influence the sensitiv-
ity to hazelnut, which are useful for allergy management. The obtained ED values can 
improve food labeling, which may increase product choice and decrease the risk of 
accidental ingestions.
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BACKGROUND

Hazelnut is often present as hidden constituent in food. Due to cross contamination, 
25% of cookies and 75% of chocolates contained traces of hazelnut(1). This might lead 
to unexpected allergic reactions. Therefore adequate information is important for al-
lergic consumers. Nowadays an increasing amount of food products have precautionary 
labeling as ‘may contain nuts’ or similar statements(2). This leads to a strongly reduced 
product choice for allergic consumers and on the other hand to ignoring of labeling 
information(3). Improved food labeling for hazelnut, based on the results of eliciting dose 
analyses (EDs) in allergic individuals will strongly improve food safety, product choice 
and quality of life of hazelnut allergic individuals.

Information on ED values can further improve individual allergy management by 
revealing modifying factors on the sensitivity to hazelnut. Several patient characteristics 
may influence the individual sensitivity to hazelnut. The frequency of a severe hazelnut 
allergy is higher in children than in adults (manuscript submitted). A mild hazelnut aller-
gy, as often seen in birch pollen related hazelnut allergy, is mainly observed in adults(4;5). 
This is further reflected by differences in sensitization profiles between children and 
adults; sensitization to potent seed storage proteins in hazelnut Cor a 9 and Cor a 14 
is more common in children than in adults(6;7). Comparison of EDs to hazelnut between 
children and adults from one center has not been described. 

Therefore, the aim of this study was to determine the threshold for objective, and 
subjective symptoms to hazelnut and compare ED values between children and adults, 
and further to study the effect of several patient characteristics on the threshold distri-
bution for hazelnut, like gender, age, atopic diseases, SPT reactivity and sensitization 
profiles, on the threshold distribution for hazelnut.

METHODS

Patients

Children and adults, who underwent a positive double-blind placebo controlled hazel-
nut challenge in the University Medical Center Utrecht between 2000 and 2011 were 
retrospectively selected. Suspicion of hazelnut allergy was based on clinical history or 
sensitization (IgE or SPT) to hazelnut without previous ingestion. 

SPT and IgE measurements

SPT was performed with commercial hazelnut extract supplied by ALK-ABELLO (Nieu-
wegein, The Netherlands). Hazelnut extract, histamine 1% and saline were pricked into 
the skin of the volar aspect of the forearm. The maximum diameter of the weal size was 
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determined. IgE to hazelnut extract, rCor a 1, rCor a 8, nCor a 9, rCor a 14 was determined 
by ImmunoCAP (Thermo Fisher Scientific, Uppsala, Sweden).

Double-blind placebo-controlled food challenges

The double-blind placebo-controlled food challenge (DBPCFC) was performed as 
described previously(8). Eight portions of defatted hazelnut flour were administered 
in series: 10 ug, 100 ug, 1 mg, 10 mg, 100 mg, 300 mg, 1 g and 3 g (protein content 
15%). Whole-wheat instant cereal and apple sauce was used as matrix for the portions, 
cinnamon powder was added for masking. When the DBPCFC was negative an open 
challenge consisting of 3 gram raw hazelnuts was performed. DBPCFC was discontinued 
if objective symptoms occurred or was discontinued after subjective symptoms on 
three consecutive dosages. Subjective symptoms were oral allergy, nausea, abdominal 
discomfort and throat tightness; objective symptoms were generalized urticaria or 
angioedema, emesis, diarrhea, rhinoconjunctivitis, hoarseness, stridor and wheezing. In 
patients with birch pollinosis, the DBPCFC was performed outside the pollen season. 
Individual no observed adverse effect levels (NOAELs) and lowest observed adverse 
effect levels (LOAELs) for both subjective and objective symptoms were established for 
all patients. 

Statistical analyses

Baseline characteristics were compared between children and adults, using Chi-square 
test (binary variables) and the Mann-Whitney U-test (continuous variables).

The threshold for objective and subjective symptoms was determined in 67 children 
and 81 adults using threshold dose distributions(9;10). Data on individual NOAELs and 
LOAELs in the total population, children and adults, males and females were analyzed 
with Interval-Censoring Survival Analysis (ICSA) and fitted into a threshold distribution 
curve (TDC) from which EDs could be extracted(9;10). For each subject, the true threshold 
lies, by definition, between the NOAEL and LOAEL dose. Individuals reacting to the first 
challenge dose were treated as left-censored (the NOAEL set to zero), while individuals 
failing to respond to the uppermost challenge dose were treated as right-censored (the 
LOAEL set to infinity). In cases where the challenge was stopped because subjective 
symptoms occurred on three successive administrations, the NOAEL for objective symp-
toms was set at the last consumed dose and the LOAEL was right censored. If patients 
developed only (objective or subjective) symptoms during open challenge with hazel-
nuts and not to portions with hazelnut flour the LOAEL was also right censored. 

Data analyses and modelling were performed in SAS v9.1 (SAS Research Institute) 
using the LIFEREG procedure as previously described(10-12). Since there is no apparent 
biological or mathematical basis for choosing a specific distribution, the Weibull distri-
bution was used to fit the data, instead of the lognormal or loglogistic distribution. The 
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Weibull distribution has the advantage that hazard ratio’s (HR) can be directly calculated 
using the parameter estimates. The HR indicates the hazard of a reaction from one level 
of a certain characteristic compared to the other level of the same characteristic. For 
example, an HR of 2 indicates doubling of the risk to react to a specific dose compared to 
the reference. The TDCs and eliciting doses for objective or subjective allergic symptoms 
were compared between children and adults, and males and females. The effect of age, 
gender, atopic dermatitis, asthma, hay fever, size of SPT, IgE to hazelnut extract, rCor a 1, 
nCor a 9 and rCor a 14 on the threshold distribution was analyzed as covariates by ICSA. 

RESULTS

Patient characteristics

A total of 67 children and 81 adults were included. Clinical characteristics are shown in 
Table 1. There was a male predominance in children and female predominance in adults. 
Objective symptoms during the DBPCFC were more often reported in children (67%) 

Table 1. Patient characteristics for total population, children and adults, p value for difference between 
children and adults

Total 
n=148

Children 
n=67

Adults 
n=81

P value

Median IQR Median IQR Median IQR

Age (y) 19 7-32 6 5-8 30 23-41 <0.01

SPT hazelnut (mm)^ 7 4-10 10 7-19 6 4-10 <0.01

IgE hazelnut (kUA/L)^ 23.4 4.74-63.3 29.7 7.7-99.8 13.9 3.8-34.6 0.04

IgE rCor a 1 (kUA/L)^ 6.92 1.86-35.1 5.9 0.29-36 9.7 3.9-35.1 0.26

IgE nCor a 9 (kUA/L)^ 0.19 0.03-3.99 1.66 0.19-9.09 0.03 0.02-0.06 <0.01

IgE rCor a 14 (kUA/L)^ 0.15 0.02-14.2 7.4 0.12-31.7 0.02 0.01-0.03 <0.01

n % n % n %

Gender (male) 67 45 42 63 25 31 <0.01

Subjective symptoms 147 99 66 99 81 100 0.45

Objective symptoms 66 45 45 67 21 26 <0.01

Asthma 77 52 34 51 43 53 0.87

Hay fever 95 64 29 43 66 82 <0.01

Atopic dermatitis 106 72 61 91 45 56 <0.01

Left censored   8   5   0   0   8 10 <0.01

Right censored 105 71 43 64 62 77 0.11

IQR, interquartile range. 
^ SPT performed in 23 children and 59 adults, IgE to hazelnut, rCor a 1, nCor a 9 and rCor a 14 performed 
in 40 children and 27 adults.
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than in adults (26%). Hay fever was more common in adults than in children, whereas 
atopic dermatitis was more common in children than in adults. SPT reactivity to hazelnut 
and IgE to hazelnut extract, nCor a 9 and rCor a 14 was significantly higher in children 
than in adults. SPT reactivity to hazelnut was determined in 23 children and 59 adults 
as part of diagnostic work-up. IgE to hazelnut, rCor a 1 and rCor a 14 was determined in 
40 children and 27 adults, as part of a diagnostic study(7). These subgroups were compa-
rable to the total population with regard to atopy (asthma, atopic dermatitis, hayfever), 
gender and age distribution. 

ED for objective and subjective symptoms

The TDCs for the total group are shown in Figure 1 and for children or adults, and males 
or females separately, in Figure 2, and Figure 3. The TDC for subjective symptoms was 
approximately 100 fold lower than the TDC for objective symptoms. The obtained ED 
values for objective and subjective symptoms to hazelnut in total hazelnut allergic 
group, and children or adults separately are shown in Table 2. The TDC for objective 
symptoms was not significantly different between children and adults (p=0.07) there-
fore the effect of several patient characteristics on the TDC for objective symptoms to 
hazelnut was determined in the total group (Table 3A). The TDC for subjective symptoms 
was significantly lower in adults than in children (P<0.01), therefore the effect of influ-
encing factors on the TDC for subjective symptoms was analyzed in children and adults 
separately (Table 3B).
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Figure 1. Threshold distribution curves for subjective and objective symptoms in pooled dataset. 
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Influencing factors on TDC for objective symptoms in the total group 

The TDC for objective symptoms was significantly influenced by age (p=0.04, HR=0.98), 
SPT reactivity (p=0.02, HR=1.07) and IgE levels to nCor a 9 (p=0.03, HR=1.02) and rCor 
a 14 (p<0.01, HR=1.02, Table 3A). This indicates that for every additional year in age the 
risk to react to a specific dose with objective symptoms was decreased. For every unit 
increase in SPT reactivity or IgE level to nCor a 9 and rCor a 14 the risk to react to a spe-
cific dose with objective symptoms was increased. Gender, IgE level to hazelnut extract 
or rCor a 1, or the presence of atopic dermatitis, asthma, hay fever, did not influence the 
TDC for objective symptoms in the total group. 
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Figure 2. Threshold distribution curves for objective and subjective symptoms in children and adults.
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Influencing factors on TDC for subjective symptoms in children and adults

Table 3B shows the effect of several factors on the TDC for subjective symptoms to hazel-
nut in children and adults separately. The TDC for subjective symptoms was comparable 
among males and females in children. However for the adult population, gender influ-
enced the TDC for subjective symptoms. The TDC for subjective symptoms was lower in 
male adults than in female adults (p=0.02, HR=0.54). 
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Figure 3. Threshold distribution curves for subjective and objective symptoms for females and males. 
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Table 2. ED5, ED10 and ED50 (mg protein) and the 95% confidence interval for subjective symptoms and 
objective symptoms in the total group, children and adults, P values for comparison of TDC for subjective 
or objective symptoms between children and adults 

ED5 (mg) (95% CI) ED10 (mg) (95% CI) ED50 (mg) (95% CI) P value

Objective symptoms 

Total group 10.3 (3.04 - 34.9) 43.6 (18.0 - 106) 1902 (913 - 3963)

Children 6.27 (1.57 - 25.1) 25.5 (8.67 - 74.9) 1002 (433 - 2320) 0.07

Adults 20.0 (5.59 - 71.9) 81.5 (29.3 - 227) 3207 (1153 - 8915) 0.07

Subjective symptoms

Total group 0.02 (0.01 - 0.09) 0.16 (0.05 - 0.54) 37.4 (21.4 - 65.5)

Children 0.05 (0.01 - 0.22) 0.37 (0.10 - 1.31) 77.5 (34.3 - 175) <0.01

Adults 0.01 (0.003 - 0.06) 0.10 (0.03 - 0.36) 20.4 (9.97 - 41.9) <0.01

Table 3. Effect of age, gender, atopic dermatitis, asthma, hay fever, size of SPT, IgE to hazelnut extract, rCor 
a 1, nCor a 9 and rCor a 14 was determined on the TDC for objective symptoms in the total group (A) and 
for subjective symptoms in children and adults (B). The strength of the effect is shown by a hazard ratio 
(HR), if p<0.05
A

TDC for objective symptoms

Total group

HR P value

Age 0.98 0.04

Gender (female) 0.81

Atopic dermatitis 0.10

Asthma 0.64

Hay fever 0.25

Size of SPT (mm) 1.07 0.02

IgE hazelnut extract 0.09

IgE rCor a 1 0.25

IgE nCor a 9 1.02 0.03

IgE rCor a 14 1.02 <0.01

B

TDC for subjective symptoms

Children Children Adults Adults

HR P value HR P value

Age 0.42 0.07

Gender (female) 0.90 0.54 0.02

Atopic dermatitis Fit not ok 0.16

Asthma 0.71 0.34

Hay fever 0.73 0.71

Size of SPT (mm) 0.85 1.07 0.02

IgE hazelnut extract 0.09 0.41

IgE rCor a 1 0.35 0.53

IgE nCor a 9 0.11 0.99

IgE rCor a 14 1.01 0.03 0.15
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SPT reactivity significantly influenced the TDC for subjective symptoms in adults 
(p=0.02, HR=1.07). The level of IgE to rCor a 14 was associated with the TDC for subjective 
symptoms in children (p=0.03, HR=1.01), but not in adults. Age, IgE to hazelnut extract, 
IgE to rCor a 1 and IgE to nCor a 9 or the presence of atopic dermatitis, asthma, hay fever, 
did not influence TDC for subjective symptoms in children and adults. 

DISCUSSION

This study shows the threshold distributions of hazelnut in a pediatric and adult popu-
lation, revealing that the threshold distribution of hazelnut for objective symptoms is 
similar within a pediatric or adult population, and male or female population. Therefore, 
pooling of all clinical threshold doses is appropriate for determination of the ED values 
for objective symptoms to hazelnut, which are the most important for risk assessment. 
Age, SPT reactivity and IgE to both Cor a 9 and Cor a 14 significantly influenced the TDC 
for objective symptoms.

The ED5 and ED10 for objective symptoms were 10.3 mg and 43.6 mg hazelnut pro-
tein, respectively, for the total hazelnut allergic population (both children and adults). 
The ED5 and ED10 tend, though statistically not significantly different, to be lower in 
the pediatric population (6.27 mg and 25.5 mg, respectively). This is in line with Eller 
et al.(8.7 mg and 15.9 mg, respectively) who performed       mainly open challenges 
in a largely pediatric population (age mean 9.1, range 1.1-67.9 years)(13). However, this 
is different from the 0.29 mg and 1.38 mg hazelnut protein reported by Blom et al. in 
an exclusively pediatric, but relatively small population (28 children) with a mean age 
of 6.5 years (range 3-17 years)(9). The difference in ED values for hazelnut among these 
studies might be due to patient selection, or used challenge materials, like processing 
of hazelnuts(14), matrix and protocols. All hazelnut challenges were performed with 
unroasted hazelnuts, because roasting may reduce the allergenicity of hazelnut(15;16). The 
used matrix was different among the different studies; Blom et al used baked cookies, 
Eller et al chocolate drink or bar and whole instant wheat cereal with apples sauce was 
used in our study. Baking of cookies may result in caramelization (Maillard reaction), 
which has been shown to increase allergenicity of peanut(17). For hazelnut the effect of 
the Maillard reaction is unclear, because of conflicting data(18;19), but may explain the 
significantly lower thresholds to hazelnut in the study by Blom et al. A high fat matrix, 
like chocolate bar as used by Eller et al reduces gastric emptying and may increase 
thresholds for objective symptoms(20). 

Clinical threshold information is important for allergen management but is hindered 
by insufficient data for derivation of safe threshold doses and analysis of modifying 
factors(21). Our data indicate that the thresholds may be pooled between children and 
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adults, and males and females, because the threshold distribution of hazelnut was not 
statistically significantly different, which may further increase the pool of available data 
for safe threshold dose determination.

To get more insight into modifying factors, the effect of several patient characteris-
tics on the TDC for objective symptoms was determined. Age did significantly influence 
the threshold distribution of hazelnut; increasing age was associated with an increased 
TDC for objective symptoms. This indicates that younger hazelnut allergic individu-
als are more sensitive to hazelnut than older individuals. This may be explained by a 
higher proportion of severe hazelnut allergy at younger age (manuscript submitted). A 
birch pollen related hazelnut allergy, which is generally mild, is more prevalent among 
adults(5). 

Increased SPT reactivity and IgE titers to Cor a 9 and Cor a 14 were associated with 
lower thresholds for hazelnut, which indicates a lower threshold in a more severe ha-
zelnut allergy. This association was not observed for IgE to hazelnut extract or rCor a 
1. For peanut, similar results were shown between IgE levels to peanut extract, Ara h 1, 
Ara h 2, Ara h 3 and the thresholds for peanut(22;23). So the potency of allergenic foods, 
like hazelnut and peanut, is influenced by the magnitude of the sensitization, which is 
related to the severity. 

The TDC for subjective symptoms was approximately 100 fold lower than the TDC 
for objective symptoms and showed significant differences between children and 
adults. This is in line with earlier observations(8;24). The TDC for subjective symptoms 
was significantly higher in children than in adults (p<0.01), which was also observed for 
peanut (unpublished data). But the ED5, ED10 and ED50 had overlapping confidence 
intervals, which does not suggest a different allergy management between children and 
adults. The significant difference in TDC does suggest that children develop subjective 
symptoms at a higher dose or might have difficulties in the recognition of subjective 
symptoms. Subjective symptoms can function as a warning symptom to prevent further 
ingestion of the culprit food. Unrecognized subjective symptoms or recognition at a 
higher dose than by adults, might pose children at risk for developing a more severe 
allergic reaction than adults. This finding is line with Van der Zee et al showing greater 
clinical sensitivity to subjective symptoms with increasing age(25). 

Gender did not influence the TDC for subjective symptoms to hazelnut in children, 
but the TDC for subjective symptoms was lower in adult males than females. This indi-
cates an increased sensitivity to recognize hazelnut in male adults, compared to female 
adults. This suggests that hormonal differences influence the differential recognition of 
allergenic foods, like hazelnut in adults. 

The age and gender differences observed in recognition of subjective but not objec-
tive symptoms suggest that the TDC for objective symptoms is a better guide for allergy 
management than the TDC for subjective symptoms. 
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Sensitization to hazelnut extract and rCor a 1 and the presence of other atopic dis-
eases like atopic dermatitis, asthma or hay fever did not significantly influence the TDC 
for objective nor subjective symptoms to hazelnut. Asthma and hay fever were also not 
associated with the threshold for peanut, only absence of atopic dermatitis was associ-
ated with a lower sensitivity for subjective symptoms to peanut(25). 

In conclusion, our data demonstrate several intrinsic factors that influence the sensi-
tivity to hazelnut. The obtained EDs can improve the food labeling, which will increase 
the product choice and decrease the risk of accidental ingestions for hazelnut allergic 
individuals.
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ABSTRACT

Background: Hazelnut and peanut are botanically unrelated foods, but patients are 
often sensitized and allergic to both, for reasons that are not well understood. 
Objective: To investigate molecular co-sensitization and cross-reactivity to peanut in 
hazelnut sensitized individuals. 
Method: Children (n=81) and adults (n=80) were retrospectively selected based on 
sensitization to hazelnut. IgE to hazelnut extract, Cor a 1, 8, 9 and 14, to peanut extract, 
Ara h 1, 2, 3, 8 and 9, and to Bet v 1 was determined by ImmunoCAP. Allergy to hazelnut 
and peanut was established by DBPCFC and/or detailed clinical history. Patients were 
either tolerant or displayed subjective or objective symptoms to either food. IgE cross-
reactivity between hazelnut and peanut storage proteins was assessed by reciprocal 
ImmunoCAP-inhibition experiments.
Results: Of the 161 hazelnut sensitized subjects, 109 (68%) were also sensitized to pea-
nut, and 73 (45%) had clinical expression of allergy to peanut that was not associated to 
the presence or severity of hazelnut allergy. Instead, it was associated to IgE reactivity 
to peanut storage proteins, in particular Ara h 2. No cross-reactivity could be detected 
between Ara h 2 and Cor a 14 and 2/13 subjects displayed extensive cross-reactivity 
between 11S globulins, in both plasma Ara h 3 almost completely inhibited IgE binding 
to Cor a 9.
Conclusion: Peanut allergy is not a result of IgE cross-reactivity to hazelnut storage 
proteins. IgE to Cor a 14 and Ara h 2 may serve as useful markers of primary sensitization 
to hazelnut and peanut, respectively.
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INTRODUCTION

Hazelnut is botanically closely related to several other frequently consumed tree nuts. 
Peanut belongs to the legumes and is botanically distant to tree nuts. Nevertheless, 
combined sensitization to one or more tree nuts and to peanut is very common and 
has been reported to occur in a majority of nut allergic children and adolescents(1) and 
sensitization to both hazelnut and peanut can be observed already at an early age(2). 
Children and adults with peanut allergy are often also allergic to tree nuts such as hazel-
nut(3;4). Pollen-induced cross-reactive IgE antibodies, in particular against the major birch 
pollen allergen Bet v 1, is a frequent cause of sensitization to fruits, vegetables, nuts 
and legumes, but these cross-reactions are generally regarded as not being involved in 
severe allergies to tree nuts and peanut. 

It has been suggested that cross-reactivity between structurally related proteins in 
hazelnut and peanut, such as the major storage proteins, may be relevant in patients 
with more severe combined allergies to tree nuts and peanut(5). Non-pollen related IgE 
cross-reactivity has indeed been described for peanut and hazelnut(6), but the molecular 
basis has not been elucidated in detail. Several structurally related allergenic storage 
proteins and pathogenesis-related proteins are present in hazelnut and peanut. Ho-
mologous regions of the 11S globulins Cor a 9 (hazelnut) and Ara h 3 (peanut) have been 
described(7;8). The 2S albumin of hazelnut, Cor a 14(9), belongs to the same protein family 
as peanut allergens Ara h 2 and 6, two closely related proteins that play a dominant 
role in peanut allergy(10;11). A study by De Leon et al.(12) reported negligible inhibition 
of IgE binding to Ara h 2 with hazelnut extract in three patient sera, suggesting that 
cross-reactivity of 2S albumins in peanut and hazelnut is possibly of limited importance. 
Ara h 1 and Cor a 11, belonging to the vicilin-like storage proteins(13;14), are also poten-
tial candidates for cross-reactivity between hazelnut and peanut. However, in a large 
pan-European study (>400 patients) carried out within the EuroPrevall project, Cor a 
11 was however found to be of lower importance as compared to Cor a 9 and Cor a 
14 (manuscript in preparation). This allergen was therefore not included in the study 
reported here. Also the homologous nonspecific lipid transfer proteins (nsLTPs) Cor a 
8 and Ara h 9 are of limited importance in our central European region(15) as compared 
to the Mediterranean region(16). Finally, homologous oil-body associated proteins in 
hazelnut and peanut, so-called oleosins, have been identified as allergens and given the 
names Cor a 12, Cor a 13(17), Ara h 10 and Ara h 11(18;19). Due to the extremely hydrophobic 
nature of these proteins, they are very difficult to handle biochemically once taken out 
of their lipophilic oil-body environment. So far, no highly purified and soluble oleosin 
preparations, that would allow a reliable evaluation of their role in allergy to nuts and 
seeds, have become available. 
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The aim of this study was to investigate non-pollen related IgE co-sensitization 
and cross-reactivity between hazelnut and peanut in relation to clinical symptoms. 
The clinical reactivity to hazelnut and peanut was asessed by double-blind placebo-
controlled food challenge (DBPCFC) and/or a detailed clinical history, which was related 
to component-resolved-diagnosis and reciprocal IgE inhibition experiments with the 
major storage protein allergens. The molecular focus of this study was on 2S albumins 
(Cor a 14, Ara h 2 and Ara h 6) and 11S globulins (Cor a 9 and Ara h 3). 

METHODS

Patients

A group of 161 subjects in total, 81 children and 80 adults, was retrospectively included 
based on IgE sensitization to hazelnut extract (≥0.35 kUA/L by ImmunoCAP). Their 
sensitization profiles to hazelnut allergens and clinical phenotypes have recently been 
described in detail(20). Clinical relevance of sensitization to hazelnut was established by 
DBPCFC in all children and 56 adults. The 24 adults declining DBPCFC all had a con-
vincing history of hazelnut allergy with objective symptoms. Of the 161 patients, 38 
were tolerant, 44 only had subjective symptoms during challenge and 79 had objective 
symptoms (55 by challenge / 24 by history). The composition of the study population 
did not reflect the general hazelnut patient population because it was intentionally 
enriched with patients displaying objective symptoms in order to increase the power 
for association studies. For the present study, peanut allergy was assessed in 150/161 
hazelnut-sensitized subjects by DBPCFC (n=62) or by a detailed clinical history (n=88). 
Eleven hazelnut-sensitized subjects had never ingested peanut to their knowledge, and 
were excluded from the analyses focusing on combined sensitization and allergy to 
hazelnut and peanut.

IgE measurements and inhibition experiments

IgE to hazelnut extract, rCor a 1.04, rCor a 8, nCor a 9, rCor a 14, peanut extract, rAra h 1, 
rAra h 2, rAra h 3, rAra h 8, rAra h 9 and rBet v 1 was determined by ImmunoCAP (Thermo 
Fisher Scientific, Uppsala, Sweden). Patients with >2 kUA/L of IgE to both hazelnut and 
peanut 2S albumins (Cor a 14 and Ara h 2, n=20) and/or 11S globulins (nCor a 9 and 
rAra h 3, n=14) were selected for reciprocal ImmunoCAP inhibition experiments, except 
for one of the latter 14 which could not be analysed due to shortage of plasma. Plasma 
samples of patients with high IgE levels (>15 kUA/L) were diluted to a concentration of 
approximately 5 kU/L. To test cross-reactivity between homologous allergens, plasma 
samples were pre-incubated for one hour with 100 µg/mL purified rCor a 14, nCor a 9, 
nAra h 2, nAra h 3 and nAra h 6 (peanut allergens kindly provided by TNO, Zeist, The 



Peanut allergy is common amongst hazelnut sensitized subjects 81

Netherlands), or with buffer as a negative control, before measurement of IgE binding to 
the homologous peanut or hazelnut allergen and to the inhibitor allergen itself. Titrated 
inhibition experiments performed with two individual plasma samples or a pool of 13 
plasma samples revealed that an inhibitor concentration of 100 µg/mL was required to 
reach maximum inhibition. Negative inhibition results were set to 0%.

Data analysis

The presence and severity (subjective versus objective symptoms) of peanut allergy 
among hazelnut allergic and hazelnut tolerant patients were compared using the Chi-
square test. To compare frequency of sensitization to hazelnut and peanut extract and 
their purified allergens among patients in different clinical groups, a cut-off level of 0.35 
kUA/L and the Chi-square test were used. Spearman correlation was used to analyse co-
variation of IgE levels to hazelnut and peanut and their homologous purified allergens. 
P values <0.05 were considered significant. All statistical analyses were performed with 
SPSS (Version 20.0, SPSS Inc., Chicago, IL, USA). 

RESULTS

Hazelnut and peanut allergy

Peanut allergy and its severity (subjective versus objective symptoms) was evaluated 
by DBPCFC and/or by detailed clinical history in a population of hazelnut-sensitized 
subjects with known clinical phenotype for hazelnut(20). Clinical phenotype with regard 
to peanut was established by DBPCFC in 46 children and 16 adults and by history in 28 
children and 60 adults. 

No clear association between clinical phenotype for hazelnut and peanut was ob-
served in this study population (Figure 1). Of all patients with a hazelnut allergy (n=114), 
55 (48%) also had a peanut allergy, with no significant difference between children 
(46%) and adults (50%). The same frequency of peanut allergy, with a similar dominance 
of objective symptoms, occurred among children and adults that tolerated hazelnut. Of 
those having subjective symptoms to hazelnut, about 60% tolerated peanut while 30% 
of the children and 24% of the adults in this category displayed objective symptoms of 
peanut allergy. Peanut allergy with only subjective symptoms was rarely observed in 
this study population. Peanut allergy with objective symptoms was significantly more 
common among adults with objective (57%) than with subjective (24%) symptoms to 
hazelnut (p=0.01). Overall, these observations demonstrate that the occurrence and 
type of clinical reaction to hazelnut and peanut do not follow a common pattern in our 
study population.
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A 
 

B 
 Figure 1. Severity of hazelnut allergy by DBPCFC or history (in the center) and severity of peanut allergy 

per severity group of hazelnut allergy in children (A) and adults (B). H, Hazelnut; P, Peanut; TOL, tolerant; 
SUB, subjective symptoms and OBJ, objective symptoms.
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Sensitization to hazelnut and peanut and their components

The frequency of sensitization (specific IgE concentration ≥0.35 kUA/L) to hazelnut, 
peanut and their components among all 161 subjects is displayed in Figure 2A and the 
occurrence of co-sensitization in Figure 2B, 3A and 3B. With regard to prevalence of 
detectable IgE, sensitization to hazelnut and peanut components was dominated by 
the PR-10 allergens Cor a 1 (86%) and Ara h 8 (80%). Eleven subjects were sensitized 
to Cor a 1 but not to Ara h 8. Of all patients, 87% were sensitized to rBet v 1 (data not 
shown). Sensitization to Cor a 9 and Cor a 14 occurred in 35% and 34% of all subjects, 
respectively, while 22% were sensitized to both (Figure 3B). Owing to the high frequency 
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Figure 2. Percentage of patients with sensitization (≥0.35 kUA/L) to hazelnut and peanut and their purified 
allergens (A) and co-sensitization to both extracts or structurally related proteins in hazelnut and peanut 
(B) among different clinical groups.
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A 

B 
Figure 3. Percentage of subjects in the study population with sensitization to hazelnut and/or peanut 
and their purified allergens (n=161) (A) and sensitization to hazelnut or peanut seed storage proteins, 11S 
globulins and/or 2S albumins (B).
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of sensitization to PR-10 proteins in the study population, 70% of Cor a 9 sensitized 
subjects and 80% of Cor a 14 sensitized subjects were co-sensitized to Cor a 1. Sensitiza-
tion to any of the lipid transfer proteins (Cor a 8 and Ara h 9) was observed in <10% of 
the subjects. 

A majority (68%) of all 161 hazelnut-sensitized subjects were also sensitized to pea-
nut (Figure 3A). Co-sensitization to hazelnut and peanut 2S albumins (Cor a 14 and Ara h 
2) was found in 19%, and to the 11S globulins (Cor a 9 and Ara h 3) in 14% of the subjects 
(Figure 2B and 3A). Sensitization to both Ara h 2 and Ara h 3 occurred in 16% (Figure 3B). 

Spearman rank correlation analyses of concentrations of IgE antibodies to hazelnut, 
peanut and their pairs of homologous components (Figure 4) demonstrated, as expect-
ed, that IgE responses against Cor a 1 and Ara h 8 were very closely correlated (r=0.90, 
95% CI 0.87-0.93), and both correlated even stronger with IgE responses against Bet v 1 
(r=0.96, 95% CI 0.95-0.97, and r=0.91, 95% CI 0.88-0.94, respectively). Concentrations of 
IgE against lipid transfer proteins Cor a 8 and Ara h 9 correlated moderately (r=0.71, 95% 
CI 0.62-0.78). Correlations between IgE responses to 11S and 2S storage proteins from 
hazelnut and peanut were clearly weaker (r=0.58, 95% CI 0.47-0.68, and r=0.50, 95% CI 
0.37-0.61, respectively), and between IgE levels to hazelnut and peanut extracts even 
more so (r=0.40, 95% CI 0.26-0.53). The order of observed correlations in IgE binding was 
related to the level of amino acid sequence identity between the pairs of homologous 
allergens: Cor a 1/Bet v 1 - 68%, Cor a 1/Ara h 8 - 53%, Ara h 8/Bet v 1 - 46%, Cor a 8/Ara 
h 9 - 55%, Cor a 9/Ara h 3 - 47% and Cor a 14/Ara h 2 - 29%. 

Cross-reactivity between hazelnut and peanut storage proteins

Plasma samples from a total of 25 subjects were selected for reciprocal IgE inhibition ex-
periments (clinical characteristics are summarized in Table 1). Consistent with the weak 
correlation between IgE responses to hazelnut and peanut 2S albumins, ImmunoCAP 
inhibitions (n=20) showed no significant inhibition of IgE binding to rCor a 14 by nAra 
h 2 at saturating inhibitor concentrations (100 μg/ml, Figure 5A, E1). The same result 
was obtained when nAra h 6 was used as inhibitor instead of nAra h 2 (not shown). 
Also the reverse inhibition experiment, i.e. preincubation of plasma with rCor a 14 prior 
to measurement of IgE binding to rAra h 2, provided no evidence for cross-reactivity 
between these two allergens. In both cases, self-inhibition resulted in virtually complete 
abrogation of IgE binding (Figure 5A). 

In the corresponding experiments with 11S globulins, no significant inhibition of IgE 
binding to rAra h 3 by nCor a 9 occurred in any of the 13 subjects tested (Figure 5B 
and C). A somewhat more diverse picture was seen in the reverse inhibition experiment 
(Figure 5B). In plasma of two subjects (HN142A and HN147A), preincubation with nAra 
h 3 caused almost complete inhibition (83% and 95%) of IgE binding to nCor a 9 (Figure 
5C). In two additional cases (HN001C and HN082C), IgE binding to nCor a 9 was more 
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effectively inhibited by nAra h 3 (38% and 39%) than by nCor a 9 itself, (21% and 27%). 
Overall, the cross-inhibition experiments with the two 11S globulins showed variable 
degrees of blockage of IgE binding (Figure 5B), even at 100 μg/ml of inhibitor, ranging 
from negligible (8%) to almost complete inhibition (95%). 

Sensitization profiles and clinical phenotypes of hazelnut and peanut allergy

Sensitization to Cor a 9 and Cor a 14 was previously shown to be associated with objec-
tive symptoms to hazelnut in the population studied here(20). Among the individuals 
with objective hazelnut allergy (n=63), 60% had IgE to nCor a 9 and 54% to rCor a 14. In 
the present study, focusing on co-existing peanut allergy, none of the IgE responses to 
individual hazelnut allergens were predictive for having peanut allergy, nor for its clinical 
presentation (subjective versus objective symptoms). Interestingly, the same was true 
for sensitization to Ara h 8 and Ara h 9 in this study population. Instead, peanut allergy 
was associated with sensitization to the known clinically relevant peanut allergens (Ara 
h 1, Ara h 2 and Ara h 3), especially in regard to those presenting with an objective 
phenotype of peanut allergy. Among individuals with objective peanut allergy, 43% had 
IgE to rAra h 1, 67% IgE to rAra h 2 and 25% IgE to rAra h 3. In particular, all but one 
peanut tolerant patient (n=77, 99%) had IgE to Ara h 2 <5 kUA/L. 

 

    










     




 



 





 







    
    

    








   

  

    




 







 

    










    




 


 
 









 

    










    




 


 
 

 








 

    










    




 


 
 

 








 

    










    




 


 
 

 








Figure 4. Correlation between IgE levels to hazelnut and peanut extract and several homologous 
allergens in hazelnut, peanut and birch pollen.
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DISCUSSION

In this study, we observed frequent sensitization and allergy to peanut in a population 
of hazelnut sensitized subjects. The clinical manifestation of peanut allergy was associ-
ated to the level of IgE to peanut storage proteins, in particular Ara h 2, as previously 
described(10;11), but not to the subjects’ hazelnut allergy; neither their symptoms nor 
their pattern of sensitization to hazelnut allergens. Although about half of the peanut 

Table 1. Clinical characteristics of 25 patients selected for ImmunoCAP inhibition experiments

Studynr Age Gender Hazelnut 
allergy

Peanut 
allergy

ImmunoCAP 
inhibition for

severity by severity by Cor a 14 
Ara h 2/6

Cor a 9 
Ara h 3

HN001C 10 M No DBPCFC No DBPCFC No Yes

HN011C 10 F Obj DBPCFC Obj DBPCFC Yes Yes

HN017C   7 M Obj DBPCFC Obj History Yes No

HN035C 15 M Obj DBPCFC Unknown Yes Yes

HN041C 12 F No DBPCFC Obj DBPCFC Yes No

HN066C 10 M No DBPCFC Obj History Yes No

HN070C 12 F Obj DBPCFC Unknown Yes No

HN075C   4 M Obj DBPCFC Obj DBPCFC Yes No

HN078C 14 F Obj DBPCFC Obj History Yes No

HN082C 13 F Obj DBPCFC Obj DBPCFC No Yes

HN094C   7 M Obj DBPCFC Obj History Yes Yes

HN100C   8 M Obj DBPCFC Unknown Yes Yes

HN121C   7 F Obj DBPCFC Unknown Yes No

HN131C   6 M Obj DBPCFC Obj DBPCFC Yes Yes

HN134C   3 F Obj DBPCFC Obj DBPCFC Yes No

HN158C   1 M Obj DBPCFC No DBPCFC No Yes

HN164C   5 M Obj DBPCFC Obj History Yes Yes

HN114A 22 M Obj DBPCFC Unknown Yes Yes

HN118A 40 M Obj History Obj History Yes Yes

HN126A 29 F Obj History Obj History Yes No

HN142A 20 M Obj History Obj History No Yes

HN143A 21 F Obj History Obj History Yes No

HN145A 18 M Obj DBPCFC Obj DBPCFC Yes No

HN147A 27 F Obj History Obj History No Yes

HN155A 26 F Obj History Unknown Yes No

Obj, objective symptoms; Subj, subjective symptoms; No, no symptoms 
C, child; A, adult
M, male; F, female
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allergic patients also had IgE to hazelnut 2S albumin, the absence of demonstrable 
cross-reactivity between 2S albumins from peanut and hazelnut suggests that primary 
peanut sensitization rather than cross-reactivity with hazelnut was the cause of peanut 
allergy in these patients. 

IgE antibodies to Ara h 3 and Cor a 9 were only rarely cross-reactive in this study 
population. In plasma of two patients (HN142A and HN147A), however, Ara h 3 could 
almost completely outcompete the IgE binding to Cor a 9. The IgE levels were also far 
higher to Ara h 3 than to Cor a 9 in these plasma, indicating that these patients had 
a primary sensitization to Ara h 3 and a cross-reactive response to Cor a 9. Neither of 
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Figure 5. ImmunoCAP inhibition of 2S albumins in twenty plasma samples (A) and 11S globulins in 
thirteen plasma (B) between hazelnut and peanut. Solid phase is shown at x- and y-axis and the inhibitor 
in squares. Titrated inhibitions are shown for two patients whose IgE response to 11S globulins displayed 
extensive co-recognition of nCor a 9 and nAra h 3 (C).
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the two patients had IgE reactivity to other hazelnut components. The fact that both 
displayed objective symptoms to hazelnut suggests that primary sensitization to Ara h 
3 may in rare cases cause severe hazelnut allergy through cross-reactive IgE recognition 
of Cor a 9. 

Based on our findings, we conclude that sensitization to peanut and hazelnut 2S al-
bumins and 11S globulins are largely independent events. In comparison to Cor a 14 and 
Cor a 9, the 7S globulin Cor a 11 appears to play a less prominent role in hazelnut allergy. 
Even though a link between hazelnut and peanut allergy through 7S globulins Cor a 11 
and Ara h 1 cannot be excluded, we find it unlikely that it would be a major determinant. 
Murine data suggested 7S globulin cross-reactivity between cashew, walnut and pea-
nut, but the cross-reactive clinical response to peanut was limited(21;22). No experimental 
evidence regarding cross-reactivity between Cor a 11 and Ara h 1 is available, whereas 
their amino acid sequences show a modest level of similarity and other members of this 
protein family have been found not to share IgE binding epitopes with one another(13;14). 

    

    











  
  

 







 




    

    











  
  

 







 




Figure 6. ImmunoCAP inhibition with rAra h 2 and rCor a 14 on solid phase inhibited with nAra h 2 and 
rCor a 14 in a plasma pool (n=13)
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While this study has focused on examining allergenic relationships between major 
hazelnut and peanut storage protein and demonstrated a very limited degree thereof, 
it is likely that a more extensive pattern of cross-reactions exist among different tree 
nuts. Indeed, cross-reactivity has been demonstrated between Cor a 9 and the 11S 
globulins from walnut (Jug r 4)(23) and also between the 2S albumins of these two nuts 
(unpublished observations). In contrast, a study by Rosenfeld and co-workers could not 
demonstrate cross-reactivity between walnut and peanut when analyzing linear IgE 
epitopes of Ara h 1, Ara h 2 and Ara h 3(24). Future studies utilizing pure major allergen 
components from a variety of tree nuts will shed light on causes underlying allergies to 
multiple nuts. 

This study has clearly demonstrated that pollen-associated and pollen-independent 
tree nut and peanut co-sensitization are extensively overlapping serotypes. The com-
mon division of tree nut and peanut allergic patients into two distinct categories, pollen-
associated and non-pollen associated(25), therefore appears insufficient and should be 
complemented with a third category representing a combination of these two types. 

Most hazelnut sensitized subjects were co-sensitized to the Bet v 1-related allergens 
Cor a 1 and Ara h 8 (80%). Although we did not formally demonstrate that the observed 
IgE responses to Cor a 1 and Ara h 8 were cross-reactive, their very close correlation 
and even closer correlation to IgE responses to Bet v 1 are highly suggestive of strong 
cross-reactivity.

The hazelnut and peanut PR-10 proteins (Cor a 1 and Ara h 8) and LTPs (Cor a 8 and 
Ara h 9) have a similar level of amino acid sequence identity, 53% and 55%, respectively. 
Yet, the IgE binding to Cor a 1 and Ara h 8 showed much higher correlation than the IgE 
binding to Cor a 8 and Ara h 9, indicating higher conservation of IgE binding structures 
between the PR-10 proteins than between the LTPs in relation to the entire amino acid 
sequences of the proteins. In addition, another PR-10 protein Mal d 1 from apple showed 
also higher similarity with Bet v 1 in 3-dimensional structure, than in linear sequence 
identity(26). 

It is important to emphasize that the patient selection in the present study was 
biased towards sensitization to hazelnut. It is possible that the use of other inclusion 
criteria, such as sensitization to peanut, would have resulted in slightly different obser-
vations with respect to cross-reactivity and clinical phenotypes. Nevertheless, the data 
strongly support the conclusion that co-sensitization and combined allergy to hazelnut 
and peanut is not a phenomenon primarily explained by cross-reactivity of IgE against 
hazelnut and peanut storage proteins. Sensitization to Bet v 1-related allergens Cor a 1 
and Ara h 8 was not found to be predictive for hazelnut and peanut allergy, respectively, 
in this group of patients.        The only serum marker found to be differentially associated 
with objective hazelnut and peanut allergy was sensitization to the storage proteins. 
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Despite the fact that IgE against 2S albumins and/or 11S globulins has been iden-
tified as risk factor for objective (severe) symptoms(20), a substantial number of adult 
patients with objective symptoms in this study population were negative to both the 2S 
albumins and the 11S globulins but positive to Cor a 1 and/or Ara h 8: 30% of subjects 
with objective symptoms to hazelnut had IgE only to Cor a 1, 20% of subjects with objec-
tive symptoms to peanut had IgE only to Ara h 8. The association between Ara h 8 and 
objective peanut allergy might be overrepresented in this study, because of the patient 
selection. For hazelnut, the observation suggests a role for Cor a 1 also in more severe 
symptoms, as discussed in our recent paper on hazelnut allergy(20) and already described 
for PR-10 proteins in soy and apple(27;28). 

It appears from this study that peanut sensitization and allergy is common in sub-
jects with sensitization and/or allergy to hazelnut. Interestingly, the clinical presentation 
with regard to hazelnut (tolerant, subjective or objective symptoms) had no predictive 
value with regard to peanut allergy. For identification of hazelnut and/or peanut allergic 
subjects, sensitization to the hazelnut and peanut specific seed storage proteins ap-
peared helpful. The rare occurrence of cross-reactivity between hazelnut and peanut 
seed storage proteins makes them good markers for primary sensitization to each of 
these foods. 
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ABSTRACT

Background: The importance of individual hazelnut allergens in effector and immune-
regulatory responses of hazelnut allergy is largely unknown.
Objective: To assess and compare the potency of hazelnut and peanut allergens at ef-
fector and T cell level. 
Method: Basophil activation test was performed using natural extracts and purified 
allergen components of hazelnut, peanut and birch pollen on basophils passively sen-
sitized with plasma from eleven hazelnut allergic patients. Short term hazelnut specific 
(n=22) and peanut specific (n=13) T cell lines (TCLs) were stimulated with extracts and a 
selection of individual components of hazelnut and peanut. 
Results: rCor a 14 was more potent than nCor a 9 (p=0.02) and rCor a 1 (p=0.08) in 
basophil activation. A corresponding pattern was observed for peanut allergens, nAra h 
2 and nAra h 6 being more potent than nAra h 3 and rAra h 8. The majority of hazelnut 
specific TCLs (n=22) responded to rCor a 1 (n=16, 73%), nCor a 9 (n=12, 55%), rCor a 14 
(n=13, 59%), peanut extract (n=22, 100%), nAra h 3 (n=14, 64%) and nAra h 6 (n=17, 77%). 
A hazelnut extract size fraction containing a high molecular weight protein, possibly Cor 
a 11, induced the strongest T cell proliferation. Peanut specific TCLs showed a similar 
pattern of responses to hazelnut and peanut extract and their individual components. 
Conclusion: Hazelnut and peanut 2S albumins are potent in basophil activation. At T 
cell level, cross-reactivity between hazelnut and peanut was observed. 
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INTRODUCTION

Hazelnut and peanut allergy are potentially life threatening conditions(1) and are seldom 
outgrown(2). They often occur together, frequently in the presence of allergies to other 
tree nuts(3-5). Sensitization to hazelnut and peanut can occur already early in life, before 
hazelnut and peanut have been introduced into the diet(6;7). Cross-reactions between 
structurally related proteins in hazelnut and peanut could play a role in this pattern of 
concomitant sensitization. Cross-reactions may be induced at IgE and T cell level.

While effector and immune-regulatory responses to peanut allergens have been 
extensively studied, little is known about hazelnut allergens in this regard. For peanut 
it was shown that Ara h 2 and Ara h 6 were much more potent than Ara h 1 and Ara h 
3 in induction of basophil activation(8-11). T cells have an important role in the induction 
of allergic responses. For peanut, allergen specific responses to Ara h 1, 2, 3 and 6 have 
already been shown(5;12). Basophil activation and T cell responses to different hazelnut 
allergens in comparison to peanut allergens will provide insight into the induction of 
hazelnut and peanut allergy. 

Several allergens have been identified in hazelnut. The birch pollen-related hazelnut 
allergen Cor a 1 (PR-10 protein family) has mainly been associated with mild and lo-
cal symptoms(13-15). The lipid transfer protein Cor a 8 has been described particularly in 
patients from the Mediterranean area, who frequently display severe reactions to hazel-
nut(14;16). T cell cross-reactivity was shown with Pru p 3 from peach, which dominated the 
response(17). It was recently shown that IgE to the 11S globulin nCor a 9 and 2S albumin 
rCor a 14 was highly specific for an objective hazelnut allergy(18). Furthermore, recogni-
tion of purified Cor a 11 was recently reported in children with severe hazelnut allergy(19). 
However, little information is available regarding the potency of these allergens in the 
induction of IgE or T cell responses. Only for Cor a 11, the potency to induce basophil 
degranulation was shown to be low(19;20). 

The aim of this study was to assess the potency of the response to hazelnut and 
peanut allergens in basophil activation and at T cell level in a hazelnut sensitized popu-
lation, and to evaluate potential T cell cross-reactivity between hazelnut and peanut. 

METHODS

Patients

Patients (16 children and 9 adults) with a sensitization to hazelnut extract ≥0.35 kUA/L 
(n=25) were selected for this study (Table 1, 2). A double-blind placebo-controlled food 
challenge (DBPCFC) for hazelnut was performed in 24 patients. Of these, two were 
hazelnut tolerant, four developed subjective symptoms and eighteen objective symp-
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toms during challenge. One patient had a convincing history of objective symptoms to 
hazelnut and declined challenge. Twenty patients also underwent a DBPCFC for peanut; 
eight were tolerant, one had subjective and eleven had objective symptoms during 
challenge. Five patients had an elimination diet based on sensitization and therefore 
never ingested peanut, nor underwent a DBPCFC. The IgE levels to rAra h 2 in those five 
patients ranged from 4.08-43.10 kUA/L. 

Table 1 Patients’ characteristics n=25 (n=11 BAT, n=22 TCL) and performed experiments

Study nr Age Gender
Hazelnut 

allergy
Peanut 
allergy

BAT T cells

severity History/DBPCFC severity History/DBPCFC

HN002C* 14 M** Subj^ DBPCFC Unknown HN

HN004C   9 M No DBPCFC Obj DBPCFC HN-PN

HN008C   8 M Obj DBPCFC Obj DBPCFC Yes HN-PN

HN011C 10 F Obj DBPCFC Obj DBPCFC Yes

HN017C   7 M Obj DBPCFC Obj History Yes HN

HN018C   7 M Obj DBPCFC No DBPCFC HN-PN

HN021A 18 M Subj DBPCFC No DBPCFC HN-PN

HN023C   9 M Subj DBPCFC No History HN-PN

HN026C   9 M No DBPCFC Unknown HN

HN035C 15 M Obj DBPCFC Unknown Yes HN-PN

HN037C   7 F Obj DBPCFC Obj DBPCFC Yes HN-PN

HN038C   7 M Obj DBPCFC No DBPCFC HN-PN

HN070C 12 F Obj DBPCFC Unknown Yes HN-PN

HN082C 13 F Obj DBPCFC Obj DBPCFC HN

HN094C   7 M Obj DBPCFC Obj History Yes HN-PN

HN100C   8 M Obj DBPCFC Unknown Yes HN

HN135C   4 F Obj DBPCFC No DBPCFC Yes

HN045A 37 F Subj DBPCFC No DBPCFC HN-PN

HN046A 22 F Obj DBPCFC No History HN-PN

HN056A 21 F Obj DBPCFC Subj History Yes

HN116A 22 F Obj DBPCFC Obj History HN

HN117A 37 M Obj DBPCFC Obj DBPCFC HN

HN144A 36 F Obj History Obj History HN

HN145A 18 M Obj DBPCFC Obj DBPCFC HN-PN

HN157A 23 F Obj DBPCFC No History Yes HN

* C: child, A: adult
** M: male, F: female
^ Subj: subjective symptoms, No: no symptoms, Obj: objective symptoms
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ImmunoCAP

IgE to hazelnut extract, rCor a 1.04, nCor a 9, rCor a 14, peanut extract, rAra h 1, rAra h 2, 
rAra h 3, rAra h 8, and birch pollen and rBet v 1 was determined by ImmunoCAP (Thermo 
Fisher Scientific, Uppsala, Sweden). 

Allergens

Hazelnut extract was prepared from non-roasted, defatted hazelnut flour (2 gram) by 
stirring in 20 mL of phosphate buffered saline (PBS) with 0.01% phenol for one hour at 
room temperature and overnight dialysis against PBS at 4°C on a shaker. Peanut extract 

Table 2 IgE levels for hazelnut, peanut and birch pollen extract and their purified allergens

Studynr IgE (kUA/L)

Hazelnut 
extract

Cor a 1 Cor a 9 Cor a 14
Peanut 
extract

Ara h 1 Ara h 2 Ara h 3 Ara h 8
Birch 

pollen 
extract

Bet v 1

HN002C*   1.8 1.1 0.37 0.15 25.7 19.9 8.1 5.2 0.73 2.9 2.9

HN004C 39.0 39.3 <0.10 <0.10 1.6 <0.10 <0.10 <0.10 21.3 62.1 53.1

HN008C 93.5 4.8 8.5 72.9 3.1 <0.10 0.54 <0.10 0.17 7.2 6.0

HN011C >100 >100 78.9 67.0 >100 >100 162 118 86.4 >100 >100

HN017C >100 >100 0.47 7.03 15.8 0.64 7.6 0.38 59.2 >100 >100

HN018C 31.9 <0.10 2.4 28.2 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10

HN021A 56.1 64.1 <0.10 <0.10 0.92 <0.10 0.12 <0.10 39.6 >100 >100

HN023C 45.6 48.2 <0.10 1.0 4.0 <0.10 <0.10 <0.10 12.6 68.3 56.7

HN026C 47.6 54.0 <0.10 <0.10 24.1 <0.10 20.5 <0.10 15.5 59.7 57.7

HN035C >100 >100 6.2 91.0 64.8 8.5 43.1 3.9 >100 >100 >100

HN037C >100 0.11 35.5 62.1 4.1 0.16 1.2 0.67 <0.10 0.16 0.11

HN038C 15.3 0.13 4.0 11.5 0.15 <0.10 <0.10 <0.10 <0.10 0.23 0.15

HN070C 44.5 <0.10 8.8 31.9 8.0 <0.10 4.1 0.11 0.15 0.21 <0.10

HN082C 6.1 <0.10 6.2 <0.10 >100 90.0 >100 66.8 0.10 0.16 0.71

HN094C >100 33.0 15.4 181 >100 >100 161 22.8 7.3 51.0 59.2

HN100C >100 37.5 62.0 112 22.8 0.34 15.5 5.8 12.3 55.3 53.2

HN135C >100 6.9 228 212 21.6 0.31 0.16 17.6 1.9 9.6 5.4

HN045A 3.5 3.8 <0.10 <0.10 0.24 <0.10 <0.10 <0.10 0.69 5.7 5.2

HN046A 33.5 12.5 <0.10 28.7 0.35 <0.10 <0.10 <0.10 2.5 17.5 22.9

HN056A >100 93.0 12.9 59.1 8.4 0.51 0.82 0.21 49.7 >100 >100

HN116A 42.7 46.9 <0.10 <0.10 9.8 7.6 3.1 0.30 12.5 81.4 75.5

HN117A 2.1 1.6 0.29 <0.10 59.0 39.4 21.2 7.2 0.79 5.3 5.5

HN144A 45.0 51.3 <0.10 0.14 1.0 <0.10 0.10 <0.10 9.0 >100 >100

HN145A >100 >100 0.23 4.2 17.3 <0.10 10.6 0.19 63.4 >100 >100

HN157A 30.7 11.4 3.5 23.9 0.15 <0.10 0.10 <0.10 4.2 19.3 18.4

* C: child, A: adult
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was prepared from lightly roasted, defatted peanut flour (10 gram) by stirring in 50 mL 
of 20 mM Tris/150mM NaCl buffer (pH 7.2) for three hours at room temperature. The 
hazelnut and peanut extract were centrifuged at 3000 rpm for 30 min and filtered over 
a 0.20 µm filter. Protein content was determined using a BCA protein assay kit (Thermo 
Fisher Scientific, Rockford, USA). Recombinant and natural hazelnut allergens were 
produced as previously described(16). Purified nAra h 1, nAra h 2, nAra h 3 and nAra h 6(11) 
were kindly provided by TNO, Zeist, The Netherlands. Birch pollen extract was obtained 
from ALK Abello A/S, Hørsholm, Denmark, and rBet v 1 from Biomay, Vienna, Austria. 
The hazelnut extract was fractionated by size exclusion chromatography on a HR 10/30 
column packed with superdex 75 (GE Healthcare, Uppsala, Sweden) and fractions of 0.6 
ml were collected.

LPS removal

Lipopolysaccharide (LPS) content of allergen preparations was analyzed using the 
Limulus Amebocyte Lysate (LAL) assay (Lonza, Walkersville, USA). Hazelnut and peanut 
extract and purified peanut allergens was below 0.005 EU/mg protein. Purified hazelnut 
allergens (rCor a 1, nCor a 9 and rCor a 14) contained higher levels of LPS which were 
reduced to below 0.0025 EU/mg protein using Detoxi-Gel Endotoxin Removing Columns 
(Thermofisher Scientific, Rockford, USA). 

Basophil activation

The basophil activation test was performed with passively sensitized basophils as 
described previously(10). In short, healthy donor PBMC were isolated by Ficoll density 
centrifugation and cell-bound IgE was removed by lactic acid stripping. Basophils were 
then loaded with patient IgE by incubation with patient plasma for 60 min at 37°C. Cells 
were diluted to a final concentration of 1 x 106 per 75ul in RPMI medium and stimulated 
with equal volumes of RPMI/IL-3 (2 ng/ml, R&D Systems Minneapolis, MN, USA)/0.5% 
HSA (Sanquin, Amsterdam, The Netherlands), with 10-fold serial dilutions of allergen 
(from 0.1 ng/ml to 1 µg/ml) or with a goat anti-human IgE antibody (Kirkegaard & Perry 
Laboratories, Gaithersburg, MD, USA) as a positive control. The reaction was stopped by 
addition of 25 uL of cold PBS/20 mM EDTA. Cells were stained for expression of CD63, 
CD123, CD203c (Biolegend San Diego, CA, USA). Activation was analyzed by flow cy-
tometry on a FACSCanto II (BD Biosciences, San José, CA, USA) using FACSDiva software. 
Activated basophils were identified as CD63+ within the CD203c+CD123+ cells.

Definition of CD-sens

The biological activity of different allergens was studied by basophil activation. The 
basophil threshold sensitivity was determined as the lowest allergen concentration 
(µg/mL) resulting in a half-maximum CD63 up-regulation of the dose-response curve. 
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CD-sens(21) was defined as the inverted value of the concentration required for half 
maximum activation. CD-sens of basophil activation below 5% was set to 1. 

Generation of allergen specific T cell lines

Short-term conglutin-specific T cell lines (TCLs) were generated as described before(12).                                         
TCLs were stimulated with hazelnut or peanut extract, rCor a 1, nCor a 9, rCor a 14, nAra 
h 3 and Ara h 6 at 50 µg/mL (titration experiments showed that proliferation was optimal 
at a concentration of 50 µg/mL, data not shown), in the presence of irradiated autolo-
gous PBMC. After 48 hr, supernatants were harvested and stored at -20°C for subsequent 
cytokine measurements. TCL proliferation was measured by tritiated thymidine incor-
poration ([3H]-TdR, 1 mCi/well; Amersham, Aylesbury, UK) using a Microbeta2 counter 
(Perkin Elmer, Waltham MA, USA). The stimulation index (SI, allergen-specific divided by 
background proliferation) was considered positive when the SI ≥2.0. Proliferation with 
SI<1 was set to 0.1.

Determination of cytokines

Cytokines in the culture supernatants of short-term TCLs (IL-10, IL-13 and IFN-g) were 
measured by ELISA, according to the manufacturer’s recommendations (Sanquin, Am-
sterdam, the Netherlands). The detection limit was 1.2 pg/mL for IL-10, 0.5 pg/mL for 
IL-13, 2.0 pg/mL for IFN-g.

Data analysis

To compare the IgE levels, CD-sens, T cell responses (SI) and cytokine levels between the 
different components or clinical groups the Wilcoxon matched-pairs signed rank and 
ANOVA was used. P<0.05 was considered significant. All analyses were performed with 
GraphPad Prism version 5.04 for Windows (GraphPad Software, La Jolla, CA, USA).

RESULTS

IgE binding and basophil activation 

The basophil activation test was performed with basophils passively sensitized with 
plasma from 11 patients (median age 8 years, range 4-23 years) with a hazelnut allergy 
with objective symptoms in DBPCFC. Patients were selected on high levels of sensiti-
zation to the different hazelnut allergens. Five patients also had a peanut allergy with 
objective symptoms (Table 1). 

In the 11 patients, IgE to hazelnut extract was significantly higher than to different 
purified hazelnut and peanut allergens, peanut and birch pollen extract and rBet v 1. IgE 
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to rCor a 14 was significantly higher than IgE to nCor a 9 (p<0.01), while IgE to rCor a 1 
was not significantly different from IgE to nCor a 9 or rCor a 14 (Figure 1A). 

Next to the potency of the different allergens to bind IgE, we also examined the 
potency to activate effector cells by IgE crosslinking on basophils after stimulation 
with hazelnut, peanut and birch pollen allergens. Figure 1B shows a representative 
example of the % CD63 positivity for the hazelnut allergens in one child (HN037C). The 
allergen concentration at half maximum activation was calculated in all 11 patients for 
the different allergens, as illustrated in Figure 1B. The inverted value at half maximum 
degranulation, the CD-sens, is illustrated in Figure 1C. Basophil activation showed that 
rCor a 14 was the most potent hazelnut allergen, followed by rCor a 1 (p=0.08) and nCor 
a 9 (p=0.02) (Figure 1C). In two patients with higher IgE levels to Cor a 9 than to Cor a 14 
(HN011C and HN135C), Cor a 14 was still more potent in basophil activation (data not 
shown). In line with Cor a 14 in hazelnut, Ara h 2 and 6 in peanut were the most potent 
peanut allergens. Ara h 2 (p=0.08) and Ara h 6 (p=0.03) were more potent than peanut 
extract. Cor a 9 tended to be more potent than Ara h 3 and Ara h 1 in basophil activation, 
although statistically not significantly different.
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Figure 1. (A) Levels of IgE to hazelnut, peanut and birch pollen and their purified allergens in eleven 
hazelnut allergic patients. (B) One representative example of CD63 positivity for different concentrations 
of the hazelnut allergens, to illustrate CD sens. (C) CD-sens to hazelnut, peanut and birch pollen and their 
purified allergens in eleven hazelnut allergic patients. (D) CD-sens for PR-10 proteins, in nine individuals 
sensitized to rCor a 1, rAra h 8 and rBet v 1. Horizontal bars indicate median levels.
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The response to Ara h 8 appeared lower than to Cor a 1 and Bet v 1, though the differ-
ence did not reach significance (Figure 1D). The response to hazelnut and peanut extract 
and their purified allergens in individuals with an objective allergy to both hazelnut and 
peanut was comparable (data not shown). The potency of allergens in basophil activa-
tion correlated positively with the IgE levels (data not shown). 

Allergen specific T cell lines

Hazelnut and peanut specific TCLs were generated from PBMCs from 32 hazelnut sensi-
tized patients. TCLs from patients with a proliferation to hazelnut extract >1000 counts 
per minute (CPM) and an SI ≥2.0 were selected for this study. This resulted in 22 hazelnut 
specific TCLs (median donor age 12.5 years, range 7-37) and 13 peanut specific TCLs 
(median donor age 9 years, range 7-37). The TCLs were specific, as evidenced by their 
unresponsiveness to casein, an unrelated allergen from cow’s milk (data not shown). 
All selected hazelnut specific TCLs (n=22) also showed a significant response to peanut 
extract SI ≥2.0 (Figure 2). However, the response to hazelnut extract was significantly 
higher than to peanut extract (p=0.02). The majority of the hazelnut specific TCLs had 
a response with SI ≥2.0 to rCor a 1 16/22 (73%), to nCor a 9 12/22 (55%), to rCor a 14 
13/22 (59%), to nAra h 3 14/22 (64%) and to nAra h 6 17/22 (77%). The magnitude of the 
response to the purified hazelnut and peanut allergens was significantly lower than to 
hazelnut and peanut extract (Figure 2A). 

Almost all selected peanut specific TCLs 12/13 (92%) also showed a significant re-
sponse to hazelnut extract. The magnitude of their response was significantly higher to 
peanut extract than to hazelnut extract (p<0.01). A response to rCor a 1 was shown in 
6/13 (46%), to nCor a 9 by 6/13 (46%), to rCor a 14 by 6/13 (46%), to nAra h 3 by 13/13 
(100%) and to nAra h 6 by 12/13 (92%) TCLs. Again, the response to the purified hazelnut 

     










 

 

 
 


 

 




 
 

 
 





























 




 




Figure 2. (A) Proliferation of hazelnut specific TCLs upon stimulation with hazelnut or peanut extract and 
their purified allergens. Horizontal bars indicate median levels.
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and peanut allergens was significantly lower than to the hazelnut and peanut extract 
(Online repository E1).

The response to Ara h 2 was not tested in our TCLs. Because previous experiments 
showed limited responses to Ara h 2, but good responses to Ara h 6, only Ara h 6 was 
used in the current study(12). Ara h 1 was not studied, because its homologue Cor a 11 
from hazelnut was not available as a highly purified protein. 
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Figure 2. (B) Cytokine response by hazelnut specific TCLs (n=22) upon stimulation with hazelnut extract, 
rCor a 1, nCor a 9 and rCor a 14, peanut extract, nAra h 3 and nAra h 6. Horizontal bars indicate median 
levels.
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Upon stimulation with hazelnut extract, the hazelnut specific TCLs produced mainly 
IL-13, but also IFN-g and limited amounts of IL-10 (Figure 2B). The stimulation with 
hazelnut extract resulted in a significantly higher production of IL-13 and IFN-g than 
stimulation with the purified hazelnut allergens, which correlated with the extent of 
proliferation. The same was true for peanut and its purified allergens (data not shown). 

The T cell response to the different allergens was compared between children and 
adults (Figure 3A). The magnitude of the response to rCor a 1 was significantly higher in 
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Figure 3. Proliferation of hazelnut specific TCLs upon stimulation with hazelnut and their purified 
allergens in (A) children versus adults and in (B) patients without or with a hazelnut allergy with subjective 
symptoms versus objective symptoms. Horizontal bars indicate median levels.
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hazelnut specific TCLs from adults than from children (p=0.01). The responses to other 
allergens and the responses in the peanut specific TCLs were not significantly different 
between children and adults.

The response to the allergens in the hazelnut and peanut specific TCLs was not 
significantly different between hazelnut-sensitized donors with objective symptoms to 
hazelnut, or donors that had subjective symptoms or tolerated hazelnut (Figure 3B).

Dissection of the response to hazelnut extract

Hazelnut extract stimulated proliferation to a much larger extent than the major aller-
gens. Therefore, the response to hazelnut extract was studied in more detail. To analyze 
whether the strong response to hazelnut extract was not due to an additive effect of 
the response to the major allergens, since the combination of Cor a 1, Cor a 9 and Cor a 
14 did not result in enhanced proliferation compared to the separate stimulations (data 
not shown). To study whether the unexpectedly low response to Cor a 14 was due to the 
fact that this was a recombinant protein, the response to natural Cor a 14 was evaluated 
as well in eight hazelnut specific TCLs. However, no difference in proliferation between 
recombinant and natural Cor a 14 was observed (Figure 4A). 

To characterize the strong T cell stimulating activity evidently present in hazelnut 
extract but not represented by the available components, the extract was subjected to 
size exclusion chromatography and selected fractions (Fr) were analyzed by SDS-PAGE 

A 




 






 

 

 
 







 









 




 




B

Figure 4. The proliferation of hazelnut specific TCLs upon stimulation with (A) recombinant versus 
natural Cor a 14. (B) Coomassie blue staining of the different fractions of hazelnut after size exclusion 
chromatography. (C) The proliferation of hazelnut specific TCLs upon stimulation with different fractions 
of hazelnut extract (representative example from 3 experiments). Horizontal bars indicate median levels.
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(Figure 4B) and tested for TCL stimulation activity (Figure 4C). In Fr3 and Fr4, several 
proteins of different molecular weights were present; a 48 kD band, possibly represent-
ing Cor a 11, several bands between 19-35 kD, likely belonging to the basic and acidic 
subunits of Cor a 9, and bands between 12-14 kD, possibly Cor a 14 (Figure 4B). Fr12 and 
Fr13 showed bands around 10 kD, possibly belonging to Cor a 14. Three fractions, Fr3, 
Fr 12 and Fr13 were tested in three different TCLs. A representative example is shown in 
Figure 4B. Fr3 induced a strong T cell stimulation, comparable to the proliferation with 
hazelnut extract (Figure 4C). Also a peanut specific TCL showed a significant response af-
ter stimulation with Fr3 (data not shown). In contrast, Fr12 and Fr13 induced hardly any 
proliferation in the hazelnut and peanut specific TCLs (Figure 4C and data not shown).

DISCUSSION

This study showed that the 2S albumin Cor a 14 was more potent in IgE-mediated baso-
phil activation than the PR-10 protein Cor a 1 and the 11S globulin Cor a 9. This pattern 
was equivalent to that of peanut allergens, for which the 2S albumins in peanut Ara h 
2 and Ara h 6 were the most potent. Peanut extract induced proliferation of hazelnut 
specific TCLs, and hazelnut extract induced proliferation of peanut specific TCLs. Fur-
thermore, the three tested hazelnut allergens Cor a 1, Cor a 9 and Cor a 14, as well as the 
tested peanut allergens Ara h 3 and Ara h 6, induced proliferation of both hazelnut and 
peanut specific TCLs, suggesting cross-reactivity. 

The finding that 2S albumins are the most potent elicitors of basophil activation 
among hazelnut and peanut allergens is in line with previous studies showing that Ara h 
2 and Ara h 6 were more potent than Ara h 1 and 3(8;9). The difference in potency between 
allergens could in part be explained by differences in IgE levels, as shown between Cor a 
14 and Cor a 9 (Figure 1A). However, the observation that Cor a 14 was also more potent 

     










 

 

 
 


 

 




 
 

 
 















 














 




 




Figure 5. Proliferation of peanut specific TCLs upon stimulation with hazelnut or peanut extract and their 
purified allergens. Horizontal bars indicate median levels.
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in patients with lower IgE to Cor a 14 than to Cor a 9, suggests that Cor a 14 is intrinsically 
more potent in basophil activation. IgE levels to 2S albumins have been shown to be 
strong predictors of hazelnut or peanut allergy(18;22;23). The potency of 2S albumins in 
basophil activation further confirms the relevance of IgE to Cor a 14 or Ara h 2 in the 
diagnostic work-up of hazelnut and peanut allergy.

Cor a 11 was already shown to be a weak inducer of basophil degranulation(20). Cor 
a 9 seemed more potent than Ara h 3. Cor a 9 has been shown to be a good marker of 
severity in contrast to Ara h 3(22;23). Cor a 1 and Bet v 1 seemed more potent than Ara h 
8, although this did not reach significance in this study. A limited potency of Ara h 8 is 
in line with a study by Asarnoj et al who showed that children with an isolated Ara h 8 
sensitization tolerated (roasted) peanuts, in which Ara h 8 is likely denatured(24). 

T cell responses are more difficult to study than IgE responses. Since only a small 
fraction of the CD4+ T cell pool is allergen specific, stimulation of PBMCs with purified 
peanut allergens was unsuccessful as no significant proliferation was shown(12). There-
fore, T cell responses were studied in allergen specific TCLs. 

Majority of both hazelnut and peanut specific TCLs showed a significant proliferation 
to both hazelnut and peanut extract, as well as their major allergens. This suggests that 
hazelnut and peanut allergens induced an allergen specific cross-reactive T cell stimula-
tion. Cross-reactivity at T cell level between hazelnut and peanut has been described 
previously in five patients(5), partially driven by Ara h 1 or Ara h 2. Cross-reactivity at T cell 
level in mice has been shown between cashew, walnut and peanut extracts although no 
causal allergen was identified in that study(25), but at IgE level, the 7S globulins, including 
Ara h 1 seemed cross-reactive(25). In contrast to the observed cross-reactivity at T cell 
level between hazelnut and peanut, a previous study by our group could not show any 
IgE cross-reactivity between Cor a 14 and Ara h 2 or 6 and only limited cross-reactivity 
between Cor a 9 and Ara h 3 (manuscript submitted). T cell epitopes are linear structures, 
whereas IgE epitopes can be both linear as well as conformational(26). The absence of 
cross-reactivity at IgE level raises the possibility that similar T cells may induce discrete 
sets of B cells, producing antibodies specific for either hazelnut or peanut allergens. The 
observation that these IgE antibodies were not able to cross-react might be due to differ-
ences in tertiary structures of the related hazelnut and peanut allergens. Cross-reactivity 
at T cell level might be an explanation for multiple peanut and tree nut sensitizations 
that can be observed early in life, even without previous known ingestion of the culprit 
nuts.

Seed storage proteins and proteins extracts induced comparable T cell responses in 
children and adults. However, the PR-10 protein in hazelnut Cor a 1 induced a stronger 
proliferation in hazelnut specific TCLs from adults than from children. Bet v 1 is the likely 
inducer of the Cor a 1 specific T cells, as has been shown in several studies(27-29). Bet v 
1-specific T cells have been shown to cross-react with Cor a 1 from hazelnut(29). More 
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frequent exposure to birch pollen in adults than in children might have further favoured 
expansion of Cor a 1-cross-reactive T cells(28). 

Stimulation of hazelnut specific TCLs with a fraction containing several high and 
low molecular weight proteins resulted in strong proliferation. The component causing 
the strong T cell proliferation was not identified. Cor a 1, Cor a 9 and Cor a 14 could 
be excluded based on the TCL profileration assays in a pure form. A major band with 
a molecular weight consistent with Cor a 11 was present in that fraction. Cor a 11 is a 
glycosylated protein belonging to the 7S vicilin protein family, to which also Ara h 1 from 
peanut belongs(30). Glycan structures of Ara h 1 have been shown to stimulate the innate 
immune system by DC-SIGN signalling, which results in a Th2-skewing environment and 
enhanced proliferation(31). The glycan structure of Cor a 11 might have a similar ability 
to induce Th2-skewing and enhance proliferation. Another possibility is that the T cell 
stimulation was caused by lectins, which stimulate T cells in a T cell receptor indepen-
dent way (32). Since, cow’s milk specific T cell lines did not respond to hazelnut extract 
(data not shown), cross-reactive T cell responses between hazelnut and peanut caused 
by non-allergen specific lectin stimulation seems unlikely. Further studies are needed to 
identify the strong T cell stimulating component in hazelnut extract. 

In conclusion, our data indicate that Cor a 14 is the most potent hazelnut allergen 
in basophil activation in vitro, comparable in importance to Ara h 2 and 6 in peanut. 
At T cell level, a high molecular weight fraction, possibly containing Cor a 11 was the 
strongest inducer of T cell proliferation. In contrast to IgE cross-reactivity, the data show 
that T cell cross-reactivity exists between hazelnut and peanut. This could in part explain 
the frequently observed concomitant occurrence of hazelnut and peanut allergy.
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ABSTRACT 

Background: Allergenicity of foods can be influenced by processing. Tree nuts are 
an important source of nutrition and increasingly consumed, however, processing 
methods are quite variable and data is currently lacking on the effects of processing on 
allergenicity.
Objective: To perform a systematic literature review on the effects of food processing 
on the allergenicity of tree nuts.
Methods: A systematic literature search of PubMed and Embase databases was 
performed, with screening of references, related articles and citations. Studies were 
included if they assessed the allergenicity or immunogenicity of processed nuts. 
Results: The search resulted in 32 articles suitable for analysis. Clinical studies indicate 
that roasting reduces the allergenicity of hazelnut in individuals with a birch pollen al-
lergy and reactivity to raw hazelnut. Thermal processing may reduce the allergenicity 
of the PR-10 protein in hazelnut and almond in vitro. The majority of the in vitro studies 
investigating the allergenicity of nonspecific lipid transfer proteins and seed storage 
proteins in hazelnut, almond , cashew nut, Brazil nut, walnut, pecan nut and pistachio 
nut, show heat stability towards different thermal processing methods.
Conclusion: Thermal processing may reduce allergenicity of PR-10 proteins in hazelnut 
and almond, in contrast to nonspecific lipid transfer proteins and seed storage proteins. 
This has important implications for source materials used for IgE testing and food chal-
lenges and diet advise.
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INTRODUCTION

Tree nuts (e.g. hazelnut, walnut) are an important source of nutrients. A diet rich of tree 
nuts has been shown to improve cardiovascular risk markers(1). On the other hand tree 
nuts are a major cause of food allergy(2). Tree nut allergy can result from cross-reactivity 
after primary sensitization to birch pollen (BP). The major allergen in these foods ap-
peared structurally related to the major allergen in BP, Bet v 1, and belongs to the 
pathogenesis-related protein 10 (PR-10) family. Of BP allergic individuals, 73% reported 
a BP-related food allergy(3) involving Rosacea fruits and nuts and in addition vegetables, 
legumes and seeds (almond)(4). Hazelnut allergy is one of the most frequently reported 
BP-related food allergies and leads often to mild oral allergy symptoms(3;5). Allergy for al-
mond and walnut often accompanies a hazelnut allergy in our allergy clinic, suggesting 
a relation with BP. The BP-related allergens Cor a 1 (hazelnut)(6) and Pru du 1 (almond) are 
PR-10 proteins and Cor a 2 and Pru du 4(7) are profilins (panallergens which are present 
in most pollens and fruits). Non-BP related allergens such as nonspecific lipid transfer 
proteins (nsLTPs) and seed storage proteins might be associated with a severe allergy(8-10) 
For hazelnut Cor a 8, 9, 11, 12, 13 and 14(11-14) have been described. For almond: Pru du 
2S, 3, 5 and 6(15;16) were identified. Table 1 shows the major allergens from tree nuts, 
including their structural relationship.

Table 1. Major allergens and structural relation for different tree nuts, according to allergome.org.  
Estimated molecular weight (kD) of each allergen is indicated in brackets

PR-10 
Protein
MW (kD)

Profilin
MW (kD)

Ribosomal 
Protein
MW (kD)

Nonspecifc 
Lipid 
transfer 
protein LTP 
MW (kD)

11S 
Globulin
MW (kD)
  

7S 
Globulin
MW (kD)

Oleosin
MW (kD)

2S 
Albumin
MW (kD)

Hazelnut Cor a 1 
(17) 

Cor a 2 
(14) 

Cor a 8 
(9) 

Cor a 9 
(30-40) 

Cor a 11
(48) 

Cor a 12, 
13 
(14-17) 

Cor a 14 
(12-14 
17)

Almond Pru du 1 Pru du 4
(14) 

Pru du 5
(10) 

Pru du 3
(9) 

Pru du 6 
(41) 

Pru du 2S 
(12) 

Cashew Ana o 2
(52) 

Ana o 1
(50) 

Ana o 3
(14) 

Pecan Car i 4
(55) 

Car i 1 
(16) 

Pistachio Pis v 2 (53) 
Pis v 5 (36) 

Pis v 3 
(55) 

Pis v 1 (17) 

Walnut Jug r 5 Jug r 3
(9) 

Jug r 4
(58) 

Jug r 2 
(44) 

Jug r 1
(14) 

Brazil nut Ber e 2 
(52) 

Ber e 1 
(9) 
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Tree nut consumption shows geographical differences in Europe, with highest 
consumption in Mediterranean countries. Walnut is the most popular nut, followed by 
almond and hazelnuts, respectively(17). The ingestion of tree nuts increased over the 
last decades and raw nuts are increasingly available and consumed(17;18). This might 
contribute to the severity of allergic reactions in tree nut allergic patients, since raw nuts 
might be more allergenic than processed nuts. Processing, such as heating might lead to 
denaturation of food allergens and disruption of conformational IgE epitopes(19), while 
linear T cell epitopes may preserve. For peanut a decreased allergenicity was observed 
after boiling, while roasting increased the allergenicity(20). 

The influence of processing on the allergenicity of tree nuts is largely unknown. Dif-
ferent heating methods are used when processing various tree nuts, of which an over-
view is shown in Table 2. Information about the effect of processing on the allergenicity 
of tree nuts is vital in the diagnosis and treatment advice provided to tree nut allergic 
patients. Therefore we performed a systematic literature search to evaluate the current 
knowledge on the influence of processing on the allergenicity and immunoreactivity of 
tree nuts. 

METHODS

Search strategy

A systematic search of the the PubMed and Embase databases was performed by two 
reviewers using the terms ‘processing’ and ‘nuts’ and synonyms, with screening of ref-
erences, related articles and citations (Web of Science and SCOPUS) (Figure 1.) From 
the major list of tree nuts(18) according to the FDA official list, seven (hazelnut, almond, 
cashew nut, Brazil nut, pecan nut, walnut and pistachio nut) are described in this study, 
because the others have hardly been studied or have no established allergenicity.

Study selection

Studies were included if they assessed the allergenicity or immunogenicity of processed 
nuts. Included studies were published in peer-reviewed journals and written in English. 
Reviews and case reports were excluded along with studies of which full text articles 
were not available (Figure 1.). Screening for eligibility was performed independently by 
two reviewers.

Data collection

Data on patient characteristics (age, hazelnut and BP sensitization, skin prick test, food 
challenge), source and type of antibodies, tree nut variety, temperature of process, 
duration and way of processing, and in vitro techniques to assess allergenicity or im-
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Table 2. Usual processing methods in the food industry

Tree nut Usual processing methods Temperature 

Hazelnut Raw 

Blanched^ 100 °C1

Dry roasted Quickly roasted to remove skin at 100 °C for 4-5 min3

Further roasted until 160 °C1

Fried~ Fried at 150-160 °C  for 1-4 min2

Almond Raw 

Pasteurised (not entirely raw) Superficial: till 70 °C for 30 min, quick: high temperatures for 
short duration (e.g. 135 °C for 2 sec).5

Blanched^ 100 °C1

Dry roasted Roasted until 160 °C1 

or 120°C for 20-25 min3

Fried~ Soaked in water, blanched and dried in heated cabinet.
at 70 °C gradually increasing to 115 °C for 25 min4 
or 150-160 °C  for 1-3 min2

Cashew Raw First heated till 150 °C for 20-35 min to remove the shell.1  

Dry roasted (US) Roasted until 160 °C1 

or 120°C for 20 min3

Fried~ (The Netherlands) Slowly fried: 93 °C gradually increasing to 135 °C in 35-40 
min4  

or 150-160 °C  for 1-3 min2

Brazil Raw First heated till 150 °C for 20-35 min to remove the shell1

Walnut Raw No prior heating to break open the shell2

Pecan Raw

Dry roasted Roasted until 160 °C1 

or quickly, because of delicacy of the nut: 120°C for 10 min3

Fried~ Fried at 80 °C gradually increasing to 115 °C in 15-18 min4 
or 150-160 °C  for 1-3 min2

Pistachio Raw

Dry roasted Roasted until 160 °C1  

with shell: 140-150°C  for 20-30 min3 
peeled: 120°C  for 15 min3

Fried~ Fried at 150-160 °C  for 1-3 min2

^ Blanched by means of steam or quickly roasted in an oven to remove the skin.1
~ Duration of frying is dependent on the size of the oven used2

1 Delinuts, Ede, The Netherlands, H. Budding, personal communication, April 18th and May 11th, 2011.
2 De NotenBeurs bv, Zevenhuizen, The Netherlands,  personal communication October 25th 2011.
3 Hazel Noten & Zuidvruchten, Amsterdam, The Netherlands, personal communication October 25th 2011.
4 Blumenthal S. Food manufacturing; a compendium of food information, with practical factory-tested 
commercial formulae for the food manufacturer, chemist, technologist, in the canning, flavouring, beverage, 
confectionery, essence, condiment, dairy products, meat and fish, and allied industries. Chemical Publishing 
Company, Inc. Brooklyn, New York, U.S.A.; 1942, p. 279-281.
5 http://www.naturalnews.com/021776.html 
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munogenicity were collected independently by two reviewers. Data were discussed and 
interpreted by both reviewers. Disagreements were discussed to reach consensus, if 
needed a third reviewer was consulted. Clinical studies with food challenges were given 
highest strength of evidence score, followed by in vitro studies measuring IgE reactivity 
(allergenicity), and the lowest score was given to studies measuring in vitro IgG reactiv-
ity (immunogenicity).

Figure 1. Overview of systemic search method.
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RESULTS

The systematic search of the literature resulted in 846 articles. Of these 846 articles, 
825 articles did not meet our inclusion criteria and were excluded (Figure 1). After thor-
oughly screening related articles of the 21 articles that initially met our inclusion criteria, 
an additional 11 articles about allergenicity or immunogenicity of processed nuts were 
found and included in our review. This resulted in 32 articles for our final analysis (Figure 
1.) A summary of the results from clinical studies and measured IgE reactivity is shown in 
Table 3. A detailed summary of the effects of processing on the allergenicity of each tree 
nut is provided in the following sections.

Decreased allergenicity of hazelnut by roasting in individuals with a hazelnut 
and BP allergy

Two clinical studies investigated the influence of roasting on the allergenicity of hazelnut 
by double-blind placebo-controlled food challenges (DBPCFCs). Both studies reported 
a decreased allergenicity. 

Hansen et al. performed a DBPCFC with roasted hazelnut (140 °C, 40 min) in 17 pa-
tients with a BP allergy and a DBPCFC-confirmed food allergy to raw hazelnut. Serum IgE 
from 94% (16/17) of patients in the study recognized rCor a 1, 41% (7/17) rCor a 2 and 
none recognized rCor a 8 on immunoblot. All 17 patients experienced oral symptoms 
and three of them reported additional symptoms such as asthma, rhinitis and gastroin-
testinal discomfort after consumption of raw hazelnut. Five patients (29%) experienced 
oral symptoms with roasted hazelnut consumption; one of them also experienced 
rhinoconjunctivitis. Eliciting doses were elevated after roasting (median eliciting doses 
were at least doubled). More than 50% of patients lost reactivity to prick-to-prick and 
sIgE with roasted hazelnut compared to raw hazelnut. In addition, histamine release 
test (HRT) reactivity was significantly reduced as well as EAST inhibition. Together 
these results indicate decreased allergenicity of hazelnut after roasting, however clini-
cal symptoms were not completely alleviated in all patients(21). Worm et al. performed 
a DBPCFC with roasted hazelnut (144 °C, duration unknown) in 20 patients (with BP 
allergy) who were previously challenged with raw hazelnut. Seventeen patients (85%) 
developed oral symptoms during the challenge with roasted hazelnut. Eliciting doses 
were elevated compared to the eliciting dose of raw hazelnut in the majority of patients 
(median eliciting doses were doubled). SPT and basophil reactivity was decreased to 
roasted hazelnut(22). A thorough component resolved evaluation of the patients against 
other hazelnut allergens was not conducted. It is not described whether patients that 
experienced clinical symptoms upon consumption of roasted hazelnut may have had 
some reactivity to hazelnut allergens that remain stable during heat processing. 
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Table 3. (A+B) Summary of the results after often used processing methods. (A) Decreased allergenicity 
after processing, (B) conflicting data about effect of processing or limited effect shown after processing. 
The strength of evidence is based on the source data: from clinical studies (+++), measured IgE reactivity 
(++) in more than 2 patients, IgE reactivity measured in only 1 or 2 patients (+), IgG data are not depicted 
in this table.

A. Decreased allergenicity after processing

Tree nut Allergens 
involved

Processing 
method

Conditions Magnitude of effect after 
processing compared to raw or 
native tree nut*

Strenght of 
evidence

Hazelnut Cor a 1 
 

Roasting 140°C – 40 min 
(21)
144°C -duration 
unknown (22)

15-71% of patients reacted to 
roasted hazelnuts in DBPCFC, 
median eliciting dose were 
doubled (21,22)

+++

140°C – 40 min 
(21,23-25)
144°C -duration 
unknown (22)
170-185°C – 15 
min (26)

<50% of patients reacted to sIgE, 
SPT or Prick-to-prick with roasted 
hazelnut (21,22)
50% reduction histamine release 
after roasting (21)
IC50 increased 10-100 times 
(21,24,26)
AC50 increased 50 times (22)
IC 50 not reached (23)
Β-hexosaminidase release 50% 
reduction after roasting in RBL-cell 
assay (25)

++

Cor a 1 
Cor a 2

Processing 
into 
commercial 
hazelnut 
products

Unknown, 
commercially 
processed (27)

IC50 increased 5-20 times (27) ++

Almond Pru du 1 Blanching
Roasting

Unknown (35,36)
Unknown (35,36)

Complete loss of recognition on 
Western blot of Pru du 1 after 
blacnhing and roasting (31,32)

++
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Table 3. (Continued)

B. Conflicting data about effect of processing

Tree nut Allergens 
involved Processing method Conditions

Strenght of 
evidence

Hazelnut Cor a 1 Maillard 145°C – 20 min (31) ++

Cor a 9 70°C – 48 hours (32-43)

Cor a 11

Limited effect shown after processing

Allergen Allergens 
involved

Processing method Conditions Strenght of 
evidence

Hazelnut Cor a 8
Cor a 9 
Cor a 11 
Cor a 14

Roasting 140°C – 20-40 min (23-25)
170-185°C – 10-15 min 
(26,28,29)

++

Cor a 9 Processing into 
commercial hazelnut 
products

Unknown, commercial hazelnut 
paste (29)

++

Not shown
Cor a 9

Storage 19 weeks (26)
Six months ((29))

++

Almond Pru du 6 Blanching
Roasting

Unknown (35,36,37)
180°C – 15 min (28)
Unknown (35,36,37)

++

Pru du 1
Pru du 6

Processing into almond 
butter

Unknown (35) ++

Cashew 
nut

Not shown Roasting 180°C – 15 min (28) +

Brazil 
nut

Not shown Roasting 180°C – 15 min (28) +

Pecan 
nut

Car i 1
Car i 4

Blanching

Roasting

100°C – 10 min

148°C – 30 min

172°C – 12 min (49)

++

Pistachio Unknown Roasting 37-150°C – 8 hours (52) ++

DBPCFC: Double-blind placebo-controlled food challenge, sIgE: Specific IgE, SPT: skin prick test, IC50: 
concentration of inhibitor to reach 50% inhibition of native protein extract by EAST inhibition, AC50: 
concentration of inhibitor to reach 50% inhibition of native protein extract by basophil activation test, 
RBL-cell assay: rat basophilic leukemia cell assay
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PR-10 proteins and profilins in hazelnut 

Two in vitro studies(23;24) found decreased allergenicity after roasting (140 °C, 40 min) by 
EAST inhibition using sera from patients with a hazelnut and BP allergy. Furthermore, 
recognition of Cor a 1 was completely lost after roasting(23;25) at 140 °C for 20-40 min. 
Wigotzki et al(26) demonstrated that Cor a 1 was heat resistant to treatment at 100 °C for 
up to 90 min, using immunoblots and an EAST inhibition assay with sera from 19 pa-
tients, whereas at 185 °C Cor a 1 (18 kD) and Cor a 2 (14 kD) detection was lost. Decreased 
allergenicity of hazelnut by EAST inhibition assay was reported after processing into 
hazelnut chocolates, nougat products, hazelnut cake, hazelnut cookies and hazelnut 
croquants. Furthermore detection of Cor a 1 and Cor a 2 on immunoblot was reduced(27). 
One study reported decreased rat basophilic leukemia cell (RBL) activity after roasting(25). 

Together, data from clinical and in vitro studies indicate that roasting reduces the 
allergenicity of PR-10 proteins and profilins in hazelnut. 

NsLTPs and seed storage proteinsin hazelnut 

No DBPCFC studies in patients with NBPR hazelnut allergy recognizing nsLTPs or seed 
storage proteins in hazelnut were found. Seven in vitro studies were published. Patients 
with a hazelnut allergy without birch pollinosis showed similar reactivity to raw and 
roasted hazelnut (140 °C, 40 min) by EAST inhibition(23;24), while BP extract showed no 
significant inhibition, indicating involvement of heat resistant nsLTPs or seed storage 
proteins. In a hazelnut allergy with recognition of PR-10 proteins combined with nsLTPs 
or seed storage proteins, roasting resulted in a decreased allergenicity but this decrease 
was less pronounced then in a hazelnut allergy with PR-10 protein recognition only(24).
The decreased IgE binding by IgE blotting and EAST inhibition may be caused by a 
decreased solubility.

IgE binding to roasted and unroasted hazelnut was comparable in two different 
studies: two patients with severe hazelnut allergy (180 °C, 15 min, by ELISA)(28) and five 
patients sensitized to Cor a 9 (±170 °C, 10 min, using ELISA and immunoblot). Intact 
Cor a 9 was detected in roasted hazelnut paste(29). Another study showed that Cor a 9 
and Cor a 11 and an allergen <14 kD (Cor a 14) were stable after roasting at 185 °C for 
15 min(26). Müller et al. showed heat stability (140°C, 20-40 min) of a 12-14 kD allergen 
(Cor a 14) and Cor a 11(25). Heat stability of Cor a 8 (140°C, 40 min) was shown by EAST 
inhibition(23). One study investigated the effect of autoclaving and showed decreased 
IgE binding on Western blot and protein bands on SDS-PAGE after autoclaving (138°C, 
15-30 min), most likely due to decreased solubility(30).

Together, these in vitro studies indicate that roasting does not affect the allergenicity 
of nsLTPs or seed storage proteins in hazelnut.
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Maillard reaction of hazelnut

The effect of Maillard reaction or caramelization, a chemical reaction between an amino 
acid and a reducing sugar, usually caused by heat, is not unequivocal.

A decreased immunoreactivity of Cor a 11 was shown after glycation (heated at 145 
°C in the presence of glucose) by SDS PAGE, immuno-dot blot and IgG on ELISA. How-
ever, RBL activity was increased. Such a discrepancy might be caused by precipitation of 
glycosylated Cor a 11 in the RBL assay(31). This was confirmed by Cucu et al. who showed 
a decrease in intensity of the 49 kD band (Cor a 11) on a SDS-PAGE gel after glycation 
of hazelnut at 70 °C which caused precipitation. In addition, Cor a 9 was unaffected and 
appeared stable, while a Cor a 1 showed only some decrease(32;33). Cucu et al recently 
showed in six patients with systemic reactions to hazelnut that glycation of hazelnut 
enhanced (2/6) or decreased (3/6) the allergenic property of hazelnut in the basophil 
activation test(34).

Effect of storage on the allergenicity of hazelnut

Storage of hazelnuts for 1-19 weeks at room temperature had no effect on the protein 
pattern of hazelnut as investigated by SDS-PAGE and immunoblot. The EAST inhibition 
assay showed very little difference in the C50 values over the 19-week storage period(26). 
Dooper et al. found a decrease in detection of a Cor a 9 using ELISA and immunoblot 
after storage of more than six months, likely due to loss of solubility of the protein than 
a true decrease in allergenicity(29).

Almond 

Clinical studies of patients with almond allergy have not been published. In vitro studies 
reported that heat reduces the allergenicity of a 15-17 kD protein, which may be the 
Bet v 1 homologue, Pru du 1 after blanching and roasting(35;36). Immunoblot recognition 
was similar for almond butter and raw almond, suggesting that processing into almond 
butter (no extreme heat required) did not influence allergenicity(35). 

De Leon et al. found no difference in IgE binding to roasted and unroasted almond 
(180 °C, 15 min), by ELISA in one patient with an almond allergy(28).

The effect of different heating methods on the allergenicity of 11S globulin, Pru du 6 
(also known as amandin, or almond major protein, 37-66 kD protein bands on Western 
blot)(16) was investigated in six in vitro studies. Most bands were very stable towards 
blanching and roasting(28;35-37), except for two bands between 55-65 kD(35-37). This thermo 
stability of amandin was also illustrated in three studies with polyclonal IgG antibod-
ies(36-38). No major changes in secondary structure were found with circular dichroism 
spectroscopy after heating amandin from 13 to 77 °C(39). However, fluorescence spectros-
copy revealed significant changes in secondary structure of amandin, after heating to 
100 °C for 10 min, whereas immunoreactivity was not effected on dot blot(40). Acosta et al 
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showed conflicting data with a decrease (up to 87%) in immunoreactivity after blanch-
ing, moist heat >100°C, roasting and processing into almond paste with competitive 
ELISA, not confirmed by SDS-PAGE and western blot(41). In agreement with the 15-17 kd 
almond allergen, Bargman et al. showed similar IgE-binding patterns of almond butter 
compared to raw almond on electro- and immunoblot with sera obtained from eight 
almond allergic patients(35). 

Summarizing, most in vitro studies indicate that Pru du 1 but not Pru du 6 is affected 
by blanching and roasting. 

Cashew nut

Only one study investigated the effect of roasting of cashew nut using patient sera (one 
allergic and one only sensitized). No significant effect on IgE binding was found after 
roasting at 180 °C for 15 min(28). Several in vitro studies investigated binding of mono-
clonal and polyclonal antibodies (IgG) to cashew major protein (CMP or Ana o 2), Ana o 
1 and Ana o 3 after different heating methods. Roasting resulted in a slight decreased 
immunoreactivity of Ana o 1 and Ana o 3. Immunoreactivity of Ana o 2 was not affected 
by heating, although more extreme roasting conditions (160 °C for 30 min or 200 °C for 
15 min) resulted in a decrease(38;42). The effect of blanching was limited and primary due 
to leakage of proteins in the blanching water. Cashew frying (at 191 °C for 1 min) showed 
no significant effect on Ana o 2(38).

Microwave heating and autoclaving resulted in conflicting data(38;42). 
The available data showed a limited effect of roasting on the allergenicity of cashew 

nut withAna o 2 seemingly more heat stable than Ana o 1 and Ana o 3. 

Brazil nut

De Leon et al found no significant effect of roasting at 180 °C for 15 min on the IgE bind-
ing of Brazil nut in two patients (one allergic, one only sensitized)(28). Brazil nut consists 
of two major allergens, Ber a 1 (30%) and Ber e 2 (60%). IC50 determinations suggested 
that Ber e 1 is less immunogenic than Ber e 2(43). It was shown that an irreversible dena-
turation of Ber e 1 starts at temperatures above 110 °C(44-48). Denaturing conditions for 
Ber e 2 have not been published yet. 

One in vitro study confirmed the limited effect of different heating methods on the 
immunoreactivity. The measured effect was not consistent with the different methods 
(ELISA, dot blot and Western blot). No effect or only a slight decrease (3-36%) was re-
ported after blanching for 3 and 10 min, roasting, autoclaving for 30 min and frying. In 
contrast to this, the ELISA showed an increased immunoreactivity of 32% after micro-
wave heating at 500 Watt for 3 min(43). 

Overall, in vitro data (human IgE and rabbit IgG) showed only limited effect of differ-
ent heating methods on the allergenicity and immunoreactivity of Brazil nut. 
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Pecan nut

A limited effect of heating on pecan nut was detected by Western blot using pooled 
patient sera. Most protein bands of Car i 1 and Car i 4 seemed very stable or showed 
some decrease after blanching for 10 min, roasting at 148 °C, 30 min or 172 °C, 12 min 
and autoclaving for 5 min. Some subunits of Car i 4 almost disappeared after blanch-
ing, roasting and autoclaving, likely due to irreversible loss of protein solubility rather 
than protein epitope destruction. Polyclonal antibodies showed also stability towards 
blanching and roasting, with a significant decrease after roasting at 160°C, 20 and 30 
min and autoclaving(49) or microwave heating for 15 min(50). These processing conditions 
resulted in a dark unappealing external appearance, so it is unlikely that these extreme 
conditions are used in commercial pecan processing and thus would not be representa-
tive of the type of pecan that allergic consumers may be exposed to(49). The decrease in 
immunogenicity due to extreme conditions could be due to the loss of protein solubility. 

Walnut

The effect of heating on the allergenicity of walnut was studied by circular dichroism 
spectra and polyclonal IgG antibodies. Sordet et al. showed that the protein structure 
of nJug r 1 exhibited good resistance to heating at 90 °C(51). One in vitro study showed 
that blanching for 5 to 10 min did not show a significant effect on immunoreactivity of 
walnut glutenin (WG), the major storage glutenin fraction in walnut (Jug r 4 and Jug r 
2). Roasting at different conditions, frying (191 °C) and microwave heating also showed 
no significant effect on immunoreactivity of walnut. Autoclaving did not effect immu-
noreactivity tested in ELISA, however, Western blot showed a decreased recognition of 
42-45 kD proteins (Jug r 2) and 45-66 kD bands (Jug r 4), not shown after blanching and 
roasting(38). Concluding, the two studies found showed a limited effect of heating on the 
immunoreactivity of walnut allergens, however human studies should be performed to 
show the clinical relevance of these findings.

Pistachio nut

One study showed the effect of processing in pistachio nut allergy. A limited effect of 
roasting (dry) was shown on IgE-binding in two human serum pools with SDS-PAGE, 
Western blot and ELISA inhibitions, however steam-roasting strongly reduced the IgE-
binding in these assays. Steam-roast processing resulted in protein aggregation which 
contributed to the decrease in IgE binding but it is unknown if this form of processing 
decreases the allergenicity of pistachio nut(52). 
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DISCUSSION

The aim of this study was to review the influence of different heating methods on the 
allergenicity and immunoreactivity of tree nuts to improve the diagnosis and treat-
ment (diet advises) of tree nut allergic patients. A key factor in evaluating the effect of 
processing on the allergenity of tree nuts is the consideration of the solubility of the 
tree nut allergens after processing. In vitro analysis using sera IgE in conjunction with 
immunoblotting or inhibition ELISAs should be followed up with clinical oral challenge 
trials to confirm a decrease or removal of the allergenicity before it is determined that 
processing results in hypo-allergenic tree nuts. The two available clinical studies have 
shown a decreased allergenicity of hazelnut after roasting in patients with a BP allergy 
and reactivity to raw hazelnut(21;22). This was confirmed by in vitro studies, illustrating 
a decrease in Cor a 1 reactivity(23-27). A similar phenomenon was reported for almond 
Pru du 1(35;36). In contrast, nsLTPs and seed storage proteins in hazelnut and almond ap-
peared very stable(23-26;28;29;35-40). Studies examining the effect of thermal processing on 
the allergenicity of cashew nut, Brazil nut, pecan nut, walnut and pistachio were scarce 
and limited in their scope. They all show stability of these foods to different heating 
methods(28;38;40;42-49;51). 

PR-10 proteins are the most important BP related allergens and share homology in 
their tertiary structures (conformational epitopes). PR-10 proteins are generally heat 
labile, as described for hazelnut(21), celery(53;54), apple(55), carrot(56) and peanut(57). Heating 
might lead to unfolding and disruption of conformational epitopes(19). Bohle et al showed 
unfolding of PR-10 proteins in BP (Bet v 1), celery (Api g 1), carrot (Dau c 1) and apple 
(Mal d 1) upon cooking between 50 °C and 80 °C. The structure of Mal d 1 and Dau c 1 
remained unfolded upon cooling, whereas the unfolding of Bet v 1 and Api g 1 seemed 
partly reversible(56). Such a mechanism might explain the retained reactivity to roasted 
hazelnut in 29-85% of the hazelnut allergic patients(21;22), although for Cor a 1 (hazelnut) 
folding experiments have not been published. Recognition of nsLTPs or seed storage 
proteins in addition to Cor a 1 and Cor a 2 might also lead to a remained reactivity in 
some patients. Another explanation might be that the hazelnut core was not heated 
sufficiently as reported for baking of crumps, in which the temperature did not exceed 
100 °C during baking at 180 °C to 230 °C, due to the water content inside(48). However, 
the presence of water is required for denaturation. Dry heat treatment like roasting 
makes proteins more thermostable than moist heat treatments like blanching, cooking 
or steam-roasting(52;58). Understanding how heat influences allergenicity and whether 
this is reversible, could lead to strategies to reduce allergenicity in food production. 

A 15-17 kD protein in almond (Pru du 1) was also found to be heat labile. The clinical 
relevance of this finding has not been confirmed yet. Further insight might broaden 
the product choice of almond allergic patients or reveal processing methods that might 
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eliminate or reduce the allergenicity, like the eliminated allergenicity of Mal d 1 in apple 
after microwave heating. 

The limited effect of heating on the allergenicity of hazelnut, almond (nsLTPs or seed 
storage proteins), cashew nut, Brazil nut, pecan nut, walnut and pistachio nut might 
be due to heat stabile allergens like the seed storage proteins. Heat stability has been 
illustrated for the 2S albumins: Ber e 1 in Brazil nut until 110 °C(44-48) and Jug r 1 in walnut 
until 90 °C(51) and the 7S and 11S globulins in soy: 7S globulins until 70-75°C and 11S 
globulins until 94°C(59). Heat stability might also be expected for cross-reactive sensitiza-
tions to 11S globulins for example(60). However, some subunits of 11S globulins seem 
heat labile after denaturing on SDS-PAGE, which has been shown for almond, Brazil nut, 
pecan nut and walnut. This is likely due to irreversible loss of protein solubility, which 
does not necessarily indicate a decrease in allergenicity. If allergic consumers eat a tree 
nut, they would be exposed to both the soluble and insoluble forms of the proteins. 
Gastric digestion may aid in the resolubilization of some of the allergens, however, 
little information is currently known about the effect of ingestion and digestion on the 
resolubilization of allergens in the human body. 

The impact of factors like matrix(61) and stability to digestion(62) might further influ-
ence the allergenicity of tree nuts and are not discussed in this review. Allergens that are 
stable to digestion reach the intestinal mucosa intact (nsLTPs in cherry), where absorp-
tion and sensitization can occur in contrast to the labile allergens (PR-10 proteins and 
profilins in cherry)(63;64). The warranted clinical studies with processed nuts could also 
provide insight to the contribution of these factors to the allergenicity in tree nut allergy. 

In contrast to decreased allergenicity, an increased immunogenicity has been 
described after microwave heating of nuts(42;43). For peanut, an enhanced allergenic 
property has been described for Ara h 1 and Ara h 2 after roasting or browning (Mail-
lard reaction)(20;65). The effect of Maillard reaction on the allergenicity of hazelnut is not 
clear yet, since the data found were not consistent. This might be due to precipitation 
of the proteins. Further investigation to determine the effect of the Maillard reaction is 
requisite. 

Storage of hazelnut up to 19 weeks had little effect on allergenicity(26), storage for 
more than six months resulted in decreased detection of Cor a 9, likely due to a de-
creased solubility(29). Data on the storage of other tree nuts are lacking.

The decreased allergenicity after processing of tree nuts has important implications 
for clinical practice. Clinicians should perform a thorough history including reactivity to 
raw (directly from tree) or processed (blanched or roasted) tree nuts. Reacting to raw or 
unprocessed tree nuts, without symptoms to heated tree nuts, might results in a modi-
fied dietary advice. Reactivity to processed and unprocessed hazelnuts in combination 
with more severe symptoms makes reactivity to nsLTPs or seed storage proteins more 
likely, a risk for more severe or anaphylactic reactions (9). These findings further influ-
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ence the advices concerning consumption of nut products. Raw tree nuts are a risk for 
all tree nut allergic patients, although processed nuts might be tolerated by patients 
recognizing only the PR-10 proteins. Unfortunately, it is not possible to discriminate 
between both groups with current diagnostic in vivo or in vitro tests. The hazelnut oral 
challenge with roasted hazelnuts should be the most reliable test however, the process-
ing conditions of nuts in daily life are not standardized and therefore the clinical reaction 
will be difficult to predict. The component-resolved-diagnosis will give more insight in 
the specific sensitization pattern of the patient and might lead to an individual advice 
concerning ingestion of processed nuts. If it is possible in the future to totally eliminate 
the allergenicity of Cor a 1 in hazelnut or Pru du 1 in almond after heating or processing, 
patients recognizing solely this PR-10 protein, could take advantage of this. 

Furthermore, the heat lability, storage effect and influence of processing of tree nut 
allergens warrants us to use fresh, raw nuts for diagnostic food challenges for patients 
with aPR-10 protein-related tree nut allergy. False negative outcomes may increase the 
risk for unexpected allergic reactions during introduction of the nut into the diet.

In conclusion, this study shows that heating and processing may reduce allergenicity 
of PR-10 proteins in hazelnut and almond. In the work-up of tree nut allergy, reactivity to 
raw versus processed nuts should be discussed for diagnosis and dietary advice. In PR-
10 protein-related tree nut allergies, raw nuts should be used as source materials for IgE 
tests and hazelnut challenges. In the future, information on the influence of processing 
on the allergenicity might lead to the development of hypo-allergenic tree nuts or tree 
nut products.



Thermal processing and allergenicity of tree nuts 129

REFERENCE LIST

 1 Kendall CW, Josse AR, Esfahani A, Jenkins DJ. Nuts, metabolic syndrome and diabetes. Br J Nutr 
2010 Aug;104(4):465-73.

 2 Bock SA, Munoz-Furlong A, Sampson HA. Further fatalities caused by anaphylactic reactions to 
food, 2001-2006. J Allergy Clin Immunol 2007 Apr;119(4):1016-8.

 3 Geroldinger-Simic M, Zelniker T, Aberer W, Ebner C, Egger C, Greiderer A, et al. Birch pollen-related 
food allergy: clinical aspects and the role of allergen-specific IgE and IgG4 antibodies. J Allergy 
Clin Immunol 2011 Mar;127(3):616-22.

 4 Bircher AJ, Van MG, Haller E, Curty B, Frei PC. IgE to food allergens are highly prevalent in 
patients allergic to pollens, with and without symptoms of food allergy. Clin Exp Allergy 1994 
Apr;24(4):367-74.

 5 Wensing M, Penninks AH, Hefle SL, Akkerdaas JH, van RR, Koppelman SJ, et al. The range of 
minimum provoking doses in hazelnut-allergic patients as determined by double-blind, placebo-
controlled food challenges. Clin Exp Allergy 2002 Dec;32(12):1757-62.

 6 Hirschwehr R, Valenta R, Ebner C, Ferreira F, Sperr WR, Valent P, et al. Identification of common 
allergenic structures in hazel pollen and hazelnuts: a possible explanation for sensitivity to hazel-
nuts in patients allergic to tree pollen. J Allergy Clin Immunol 1992 Dec;90(6 Pt 1):927-36.

 7 Tawde P, Venkatesh YP, Wang F, Teuber SS, Sathe SK, Roux KH. Cloning and characterization of 
profilin (Pru du 4), a cross-reactive almond (Prunus dulcis) allergen. J Allergy Clin Immunol 2006 
Oct;118(4):915-22.

 8 De Knop KJ, Verweij MM, Grimmelikhuijsen M, Philipse E, Hagendorens MM, Bridts CH, et al. Age-
related sensitization profiles for hazelnut (Corylus avellana) in a birch-endemic region. Pediatr 
Allergy Immunol 2011 Feb;22(1 Pt 2):e139-e149.

 9 Flinterman AE, Akkerdaas JH, Knulst AC, van RR, Pasmans SG. Hazelnut allergy: from pollen-
associated mild allergy to severe anaphylactic reactions. Curr Opin Allergy Clin Immunol 2008 
Jun;8(3):261-5.

 10 Hansen KS, Ballmer-Weber BK, Sastre J, Lidholm J, Andersson K, Oberhofer H, et al. Compo-
nent-resolved in vitro diagnosis of hazelnut allergy in Europe. J Allergy Clin Immunol 2009 
May;123(5):1134-41, 1141.

 11 Akkerdaas JH, Schocker F, Vieths S, Versteeg S, Zuidmeer L, Hefle SL, et al. Cloning of oleosin, a pu-
tative new hazelnut allergen, using a hazelnut cDNA library. Mol Nutr Food Res 2006 Jan;50(1):18-
23.

 12 Beyer K, Grishina G, Bardina L, Grishin A, Sampson HA. Identification of an 11S globulin as a major 
hazelnut food allergen in hazelnut-induced systemic reactions. J Allergy Clin Immunol 2002 
Sep;110(3):517-23.

 13 Garino C, Zuidmeer L, Marsh J, Lovegrove A, Morati M, Versteeg S, et al. Isolation, cloning, and 
characterization of the 2S albumin: a new allergen from hazelnut. Mol Nutr Food Res 2010 
Sep;54(9):1257-65.

 14 Schocker F, Luttkopf D, Scheurer S, Petersen A, Cistero-Bahima A, Enrique E, et al. Recombinant 
lipid transfer protein Cor a 8 from hazelnut: a new tool for in vitro diagnosis of potentially severe 
hazelnut allergy. J Allergy Clin Immunol 2004 Jan;113(1):141-7.

 15 Abolhassani M, Roux KH. cDNA Cloning, expression and characterization of an allergenic 60s 
ribosomal protein of almond (prunus dulcis). Iran J Allergy Asthma Immunol 2009 Jun;8(2):77-84.



130 Chapter 8

 16 Sathe SK, Wolf WJ, Roux KH, Teuber SS, Venkatachalam M, Sze-Tao KW. Biochemical characteriza-
tion of amandin, the major storage protein in almond (Prunus dulcis L.). J Agric Food Chem 2002 
Jul 17;50(15):4333-41.

 17 Jenab M, Sabate J, Slimani N, Ferrari P, Mazuir M, Casagrande C, et al. Consumption and portion 
sizes of tree nuts, peanuts and seeds in the European Prospective Investigation into Cancer and 
Nutrition (EPIC) cohorts from 10 European countries. Br J Nutr 2006 Nov;96 Suppl 2:S12-S23.

 18 O’Neil CE, Keast DR, Fulgoni VL, III, Nicklas TA. Tree nut consumption improves nutrient intake 
and diet quality in US adults: an analysis of National Health and Nutrition Examination Survey 
(NHANES) 1999-2004. Asia Pac J Clin Nutr 2010;19(1):142-50.

 19 Davis PJ, Williams SC. Protein modification by thermal processing. Allergy 1998;53(46 Suppl):102-5.
 20 Beyer K, Morrow E, Li XM, Bardina L, Bannon GA, Burks AW, et al. Effects of cooking methods on 

peanut allergenicity. J Allergy Clin Immunol 2001 Jun;107(6):1077-81.
 21 Hansen KS, Ballmer-Weber BK, Luttkopf D, Skov PS, Wuthrich B, Bindslev-Jensen C, et al. Roasted 

hazelnuts--allergenic activity evaluated by double-blind, placebo-controlled food challenge. 
Allergy 2003 Feb;58(2):132-8.

 22 Worm M, Hompes S, Fiedler EM, Illner AK, Zuberbier T, Vieths S. Impact of native, heat-processed 
and encapsulated hazelnuts on the allergic response in hazelnut-allergic patients. Clin Exp Al-
lergy 2009 Jan;39(1):159-66.

 23 Pastorello EA, Vieths S, Pravettoni V, Farioli L, Trambaioli C, Fortunato D, et al. Identification of 
hazelnut major allergens in sensitive patients with positive double-blind, placebo-controlled 
food challenge results. J Allergy Clin Immunol 2002 Mar;109(3):563-70.

 24 Schocker F, Luttkopf D, Muller U, Thomas P, Vieths S, Becker WM. IgE binding to unique hazelnut 
allergens: identification of non pollen-related and heat-stable hazelnut allergens eliciting severe 
allergic reactions. Eur J Nutr 2000 Aug;39(4):172-80.

 25 Muller U, Luttkopf D, Hoffmann A, Petersen A, Becker WM, Schocker F. Allergens in raw and 
roasted hazelnuts (Corylus avellana) and their cross-reactivity to pollen. Eur Food Res Technol 
2000;212:2-12.

 26 Wigotzki M, Steinhart H, Paschke A. Influence of Varieties, Storage and Heat Treatment on 
IgE-Binding Proteins in Hazelnuts (Corylus avellana). Food and Agricultural Immunology 
2000;12(3):217-29.

 27 Wigotzki M, Steinhart H, Paschke A. Determination of the allergenicity of various hazelnut prod-
ucts by immunoblotting and enzyme allergosorbent test inhibition. J Chromatogr B Biomed Sci 
Appl 2001 May 25;756(1-2):239-48.

 28 de Leon MP, Glaspole IN, Drew AC, Rolland JM, O’Hehir RE, Suphioglu C. Immunological analysis 
of allergenic cross-reactivity between peanut and tree nuts. Clin Exp Allergy 2003 Sep;33(9):1273-
80.

 29 Dooper MM, Plassen C, Holden L, Moen LH, Namork E, Egaas E. Antibody binding to hazelnut 
(Corylus avellana) proteins: the effects of extraction procedure and hazelnut source. Food and 
Agricultural Immunology 2008;19(3):229-40.

 30 Lopez E, Cuadrado C, Burbano C, Jimenez MA, Rodriguez J, Crespo JF. Effects of autoclaving and 
high pressure on allergenicity of hazelnut proteins. J Clin Bioinforma 2012;2(1):12.

 31 Iwan M, Vissers YM, Fiedorowicz E, Kostyra H, Kostyra E, Savelkoul HF, et al. Impact of Maillard 
reaction on immunoreactivity and allergenicity of the hazelnut allergen Cor a 11. J Agric Food 
Chem 2011 Jul 13;59(13):7163-71.



Thermal processing and allergenicity of tree nuts 131

 32 Cucu T, Platteau C, Taverniers I, Devreese B, de LM, de MB. ELISA detection of hazelnut proteins: 
effect of protein glycation in the presence or absence of wheat proteins. Food Addit Contam Part 
A Chem Anal Control Expo Risk Assess 2011 Jan;28(1):1-10.

 33 Cucu T, Devreese B, Trashin S, Kerkaert B, Rogge M, de MB. Detection of hazelnut in foods us-
ing ELISA: challenges related to the detectability in processed foodstuffs. J AOAC Int 2012 
Jan;95(1):149-56.

 34 Cucu T, de MB, Bridts C, Devreese B, Ebo D. Impact of thermal processing and the Maillard 
reaction on the basophil activation of hazelnut allergic patients. Food Chem Toxicol 2012 Mar 
3;50(5):1722-8.

 35 Bargman TJ, Rupnow JH, Taylor ST. IgE-binding Proteins in Almonds (Prunus amygdalus); Iden-
tification by Immunoblotting with Sera from Almond-Allergic Adults. Journal of food science 
1992;57(3):717-20.

 36 Venkatachalam M, Teuber SS, Roux KH, Sathe SK. Effects of roasting, blanching, autoclaving, and 
microwave heating on antigenicity of almond (Prunus dulcis L.) proteins. J Agric Food Chem 2002 
Jun 5;50(12):3544-8.

 37 Roux KH, Teuber SS, Robotham JM, Sathe SK. Detection and stability of the major almond allergen 
in foods. J Agric Food Chem 2001 May;49(5):2131-6.

 38 Su M, Venkatachalam M, Teuber ST, Roux KH, Sathe SK. Impact of y-irradiation and thermal 
processing on the antigeneicity of almond, cashew nut and walnut proteins. J Sci Food Agric 
2004;84:1119-25.

 39 Albillos SM, Menhart N, Fu TJ. Structural stability of Amandin, a major allergen from almond 
(Prunus dulcis), and its acidic and basic polypeptides. J Agric Food Chem 2009 Jun 10;57(11):4698-
705.

 40 Kshirsagar HH, Fajer P, Sharma GM, Roux KH, Sathe SK. Biochemical and spectroscopic charac-
terization of almond and cashew nut seed 11S legumins, amandin and anacardein. J Agric Food 
Chem 2011 Jan 12;59(1):386-93.

 41 Acosta MR, Roux KH, Teuber SS, Sathe SK. Production and characterization of rabbit poly-
clonal antibodies to almond (Prunus dulcis L.) major storage protein. J Agric Food Chem 1999 
Oct;47(10):4053-9.

 42 Venkatachalam M, Monaghan EK, Kshirsagar HH, Robotham JM, O’Donnell SE, Gerber MS, et al. 
Effects of processing on immunoreactivity of cashew nut (Anacardium occidentale L.) seed flour 
proteins. J Agric Food Chem 2008 Oct 8;56(19):8998-9005.

 43 Sharma GM, Roux KH, Sathe SK. A sensitive and robust competitive enzyme-linked immu-
nosorbent assay for Brazil nut ( Bertholletia excelsa L.) detection. J Agric Food Chem 2009 Jan 
28;57(2):769-76.

 44 Alcocer MJ, Murtagh GJ, Bailey K, Dumoulin M, Meseguer AS, Parker MJ, et al. The disulphide 
mapping, folding and characterisation of recombinant Ber e 1, an allergenic protein, and SFA8, 
two sulphur-rich 2S plant albumins. J Mol Biol 2002 Nov 15;324(1):165-75.

 45 Koppelman SJ, Nieuwenhuizen WF, Gaspari M, Knippels LM, Penninks AH, Knol EF, et al. Reversible 
denaturation of Brazil nut 2S albumin (Ber e1) and implication of structural destabilization on 
digestion by pepsin. J Agric Food Chem 2005 Jan 12;53(1):123-31.

 46 Murtagh GJ, Dumoulin M, Archer DB, Alcocer MJ. Stability of recombinant 2 S albumin allergens 
in vitro. Biochem Soc Trans 2002 Nov;30(Pt 6):913-5.

 47 Murtagh GJ, Archer DB, Dumoulin M, Ridout S, Matthews S, Arshad SH, et al. In vitro stability and 
immunoreactivity of the native and recombinant plant food 2S albumins Ber e 1 and SFA-8. Clin 
Exp Allergy 2003 Aug;33(8):1147-52.



132 Chapter 8

 48 van Boxtel EL, Koppelman SJ, van den Broek LAM, Gruppen H. Heat denaturation of Brazil nut 
allergen Ber e 1 in relation to food processing. Food Chemistry 2008;110:904-8.

 49 Venkatachalam M, Teuber SS, Peterson WR, Roux KH, Sathe SK. Antigenic stability of pecan [Carya 
illinoinensis (Wangenh.) K. Koch] proteins: effects of thermal treatments and in vitro digestion. J 
Agric Food Chem 2006 Feb 22;54(4):1449-58.

 50 Polenta G.A., Weber D., Godefroy-Benrejeb S., Abbott M. Effect of Processing on the Detectability 
of Pecan Proteins Assessed by Immunological and Proteomic Tools. [5], 216-225. 2012. Food Anal. 
Methods. Ref Type: Generic

 51 Sordet C, Culerrier R, Granier C, Rance F, Didier A, Barre A, et al. Expression of Jug r 1, the 2S 
albumin allergen from walnut (Juglans regia), as a correctly folded and functional recombinant 
protein. Peptides 2009 Jul;30(7):1213-21.

 52 Noorbakhsh R, Mortazavi SA, Sankian M, Shahidi F, Maleki SJ, Nasiraii LR, et al. Influence of pro-
cessing on the allergenic properties of pistachio nut assessed in vitro. J Agric Food Chem 2010 
Sep 22;58(18):10231-5.

 53 Ballmer-Weber BK, Hoffmann A, Wuthrich B, Luttkopf D, Pompei C, Wangorsch A, et al. Influence 
of food processing on the allergenicity of celery: DBPCFC with celery spice and cooked celery in 
patients with celery allergy. Allergy 2002 Mar;57(3):228-35.

 54 Jankiewicz A, Aulepp H, Baltes W, Bogl KW, Dehne LI, Zuberbier T, et al. Allergic sensitization to na-
tive and heated celery root in pollen-sensitive patients investigated by skin test and IgE binding. 
Int Arch Allergy Immunol 1996 Nov;111(3):268-78.

 55 Dreborg S, Foucard T. Allergy to apple, carrot and potato in children with birch pollen allergy. 
Allergy 1983 Apr;38(3):167-72.

 56 Bohle B, Zwolfer B, Heratizadeh A, Jahn-Schmid B, Antonia YD, Alter M, et al. Cooking birch pollen-
related food: divergent consequences for IgE- and T cell-mediated reactivity in vitro and in vivo. J 
Allergy Clin Immunol 2006 Jul;118(1):242-9.

 57 Mittag D, Akkerdaas J, Ballmer-Weber BK, Vogel L, Wensing M, Becker WM, et al. Ara h 8, a Bet v 
1-homologous allergen from peanut, is a major allergen in patients with combined birch pollen 
and peanut allergy. J Allergy Clin Immunol 2004 Dec;114(6):1410-7.

 58 Gekko K, Timasheff SN. Mechanism of protein stabilization by glycerol: preferential hydration in 
glycerol-water mixtures. Biochemistry 1981 Aug 4;20(16):4667-76.

 59 Mills EN, Marigheto NA, Wellner N, Fairhurst SA, Jenkins JA, Mann R, et al. Thermally induced 
structural changes in glycinin, the 11S globulin of soya bean (Glycine max)--an in situ spectro-
scopic study. Biochim Biophys Acta 2003 May 30;1648(1-2):105-14.

 60 Sirvent S, Akotenou M, Cuesta-Herranz J, Vereda A, Rodriguez R, Villalba M, et al. The 11S globulin 
Sin a 2 from yellow mustard seeds shows IgE cross-reactivity with homologous counterparts from 
tree nuts and peanut. Clin Transl Allergy 2012;2(1):23.

 61 Schulten V, Lauer I, Scheurer S, Thalhammer T, Bohle B. A food matrix reduces digestion and 
absorption of food allergens in vivo. Mol Nutr Food Res 2011 Oct;55(10):1484-91.

 62 Schimek EM, Zwolfer B, Briza P, Jahn-Schmid B, Vogel L, Vieths S, et al. Gastrointestinal digestion 
of Bet v 1-homologous food allergens destroys their mediator-releasing, but not T cell-activating, 
capacity. J Allergy Clin Immunol 2005 Dec;116(6):1327-33.

 63 Astwood JD, Leach JN, Fuchs RL. Stability of food allergens to digestion in vitro. Nat Biotechnol 
1996 Oct;14(10):1269-73.

 64 Scheurer S, Lauer I, Foetisch K, San Miguel MM, Retzek M, Hartz C, et al. Strong allergenicity of Pru 
av 3, the lipid transfer protein from cherry, is related to high stability against thermal processing 
and digestion. J Allergy Clin Immunol 2004 Oct;114(4):900-7.



Thermal processing and allergenicity of tree nuts 133

 65 Maleki SJ, Chung SY, Champagne ET, Raufman JP. The effects of roasting on the allergenic proper-
ties of peanut proteins. J Allergy Clin Immunol 2000 Oct;106(4):763-8.





Chapter 9
General discussion



136 Chapter 9

1. DIAGNOSING HAZELNUT ALLERGY IN CHILDREN AND ADULTS

Allergic reactions to hazelnut are common and range in severity from local and mild to 
systemic and severe(1;2). In diagnostic workup, accurate identification of patients at risk of 
severe reactions is necessary to advise appropriate but not excessive dietary restrictions 
and other precautions. Several aspect of diagnostic workup will be discussed.

I. HISTORY 

a. Previous ingestion 

b. Allergic symptoms 

c. Birch pollen allergy 

d. Asthma 

e. Atopic dermatitis

II. SENSITIZATION

a. Specific IgE

b. SPT

c. Allergen specific IgE and SPT in relation to clinical severity 

d. Component-resolved-diagnosis

III. DOUBLE-BLIND PLACEBO-CONTROLLED FOOD CHALLENGE

IV. CLINICAL IMPLICATIONS
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I. HISTORY

a. Previous ingestion

A large discrepancy between self-diagnosed and true allergy(3) makes a thorough 
evaluation of a suspected food allergy important. Evaluation starts with a detailed 
clinical history. The clinical history is focused on the time relation between occurrence 
of allergic symptoms and the intake of the suspected food. IgE-mediated allergic 
symptoms develop quickly after ingestion of the culprit food, starting within minutes 
or even seconds, up to two hours (occasionally several hours longer). In adults previous 
ingestion of hazelnut with allergic symptoms is highly predictive for a hazelnut allergy 
(28/30, PPV 93%). In children with a suspected hazelnut allergy, previous ingestion is 
often unknown, because many children have never ingested hazelnut. We showed that 
even if hazelnut was identified as the culprit nut (15%) only 61% of these children ap-
peared to be hazelnut allergic during DBPCFC. This indicates that the diagnostic value 
of previous ingestion in children is limited (Chapter 2). Most adults have ingested nuts 
previously. But still, only in a minority of cases (35%) can the accidental ingestion be spe-
cifically attributed to hazelnut. Many adults have difficulty identifying the exact culprit 
nut. Hazelnut may be a hidden ingredient or ingested in combination with other nuts. 
Furthermore, hazelnut seems more difficult to identify than other tree nuts or peanut 
in both children and adults(4;5). Inability to recognize the intake of hazelnut, may place 
hazelnut allergic individuals at a higher risk for unexpected allergic reactions than indi-
viduals allergic to other tree nuts or to peanut. On the other hand, most tree nut allergic 
individuals eliminate all tree nuts from their diet and recognition of different nuts is less 
important to prevent allergic reactions. Our data indicate that the predictive value of 
previous ingestion is often limited in children, but important in adults for the diagnosis. 

b. Allergic symptoms

Food allergic symptoms may vary from itch in the oral cavity, lips and throat, cutaneous 
symptoms, and rhino-conjunctivitis to gastro-intestinal, respiratory or cardiovascular 
symptoms. Most frequently reported symptoms of tree nut allergy in children are ur-
ticaria, angioedema, and dyspnoea(6). Severe pharyngeal edema was more associated 
with tree nut than peanut allergy(7). The occurrence of respiratory symptoms after acci-
dental ingestion of hazelnut was associated with the severity of symptoms after DBPCFC 
in adults (chapter 3). However, oral allergy symptoms are reported by most hazelnut 
allergic adults, both with a mild and with a severe hazelnut allergy, and are therefore 
not discriminative for the severity of the allergic response. In adults oral symptoms may 
function as an early warning signal to prevent further ingestion of the culprit food, which 
may prevent progression to more severe allergic symptoms. Oral allergy symptoms were 
rarely reported by children. It is unknown whether children develop oral allergy symp-
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toms less often or have difficulties in recognizing them as allergic symptoms. This is 
suggested by the observation that subjective symptoms during a DBPCFC for hazelnut 
are reported at a significantly higher threshold in children than in adults (chapter 5). This 
has also been shown for peanut (unpublished data).The absence or delayed perception 
of oral symptoms as an early warning signal(8) might predispose children at risk for more 
severe allergic reactions to hazelnut. In conclusion, the most frequently reported allergic 
symptoms to nuts differ between children and adults. Children frequently develop urti-
caria, angioedema and dyspnea, while most adults report oral allergy symptoms.

c. Birch pollen allergy

Hazelnut allergy, like many other food allergies, occurs often in the presence of other 
atopic diseases, like hay fever. Birch pollen allergy may result in pollen-induced cross-
reactive IgE antibodies to hazelnut(9), which is generally associated with a hazelnut 
allergy with mild and local symptoms(10). However, birch pollinosis is not exclusively 
present in individuals with a mild hazelnut allergy. Many children and adults with a 
severe hazelnut allergy also report birch pollinosis (chapter 4). Furthermore, birch pol-
linosis is more common in adults (86%), than in children (39%) with a hazelnut allergy 
(chapter 3). This could be related to the severity of the hazelnut allergy. Children more 
often have a severe hazelnut allergy (63%-67%)(11) than do adults (7-33%)(2;12) (chapter 
2, 3). The age of children and adults with severe hazelnut allergy is significantly lower 
compared to children and adults with a mild hazelnut allergy (chapter3). A likely expla-
nation for the association between age and severity in hazelnut allergy is the increasing 
prevalence with age of individuals with a mild (birch pollen related) hazelnut allergy. A 
mild hazelnut allergy develops frequently after childhood, as a consequence of birch 
pollen related cross-reactivity, which is much more common in adults than in children. 
In contrast to hazelnut, a clear association between age and severity could not be 
shown for peanut(13;14). In patients with birch pollen allergy peanut allergy (24%) is less 
frequently reported than hazelnut allergy (59%)(15). A likely explanation is that the birch 
pollen related peanut allergen (Ara h 8) is less homologous to Bet v 1 than the birch pol-
len related hazelnut allergen (Cor a 1). Furthermore, Ara h 8 is less potent than Cora 1 in 
basophil activation (chapter 7). Therefore, the supposed dilution effect with increasing 
age in hazelnut allergy seems of limited importance in peanut allergy. In conclusion, 
there is no evidence that the severity of the hazelnut allergy decreases with increasing 
age as an explanation for the association between age and severity of hazelnut allergy. 
We suppose that the population of individuals with a severe hazelnut allergy becomes 
diluted by the increasing numbers of individuals with a birch pollen related mild hazel-
nut allergy. Furthermore, the presence of birch pollen allergy does not always indicate 
the presence of a mild phenotype of hazelnut allergy.



General Discussion 139

d. Asthma

Asthma is frequently observed in food-allergic individuals, in 49% of both children and 
adults with a hazelnut allergy (Chapter 2, 3) and in 58% of individuals with a suspicion 
of a tree nut or peanut allergy(16). This is also true for other food allergies: asthma was 
observed in more than two thirds of adults with cow’s milk allergy(17). Asthma was more 
frequently present in adults with a severe than with a mild hazelnut allergy, whereas 
this was not seen in children (Chapter 4). Also in peanut allergic children, the severity of 
peanut allergy was not associated with the presence of asthma(13). However, for several 
food allergies in children, including peanut, it was shown that asthma was a risk factor 
for severe allergic reactions(18;19). An evaluation of asthma is important in tree nut al-
lergic individuals, because it has been shown that tree nut allergy is an independent 
risk factor for asthma in children(20). Furthermore, the presence of severe asthma was 
associated with life-threatening bronchospasms in tree nut and peanut anaphylaxis in a 
population of mainly children(7). Therefore, adequate diagnosis and treatment of asthma 
is essential in tree nut allergic individuals, to reduce the risk of severe allergic reactions. 
Severe wheezing is a prominent feature of severe reactions. An evaluation of asthma is 
indicated in the standard diagnostic work-up of tree nut allergy.

e. Atopic dermatitis

Atopic dermatitis is very common (94%) in children with a hazelnut allergy, but also in 
adults with a hazelnut allergy (58%)(Chapter 2, 3). The prevalence of atopic dermatitis 
may be overrepresented, because inclusion occurred mainly via the department of Der-
matology. Still, in another pediatric allergy clinic the prevalence of atopic dermatitis was 
57% in individuals with a suspicion of peanut and or tree nut allergy(16). Several other 
studies have also shown that tree nut, including hazelnut, and peanut allergy is most 
prevalent in children with (moderate to severe) atopic dermatitis(21-25).The presence of 
severe atopic dermatitis was associated with severe allergic reactions, affecting systemic 
circulation in tree nut and peanut anaphylaxis(7). In our study no association between 
severity of atopic dermatitis by SCORAD and severity of hazelnut allergy by DBPCFC/his-
tory was observed (data not shown). However, severity of atopic dermatitis by SCORAD 
at three months of age was significantly associated with peanut sensitization(26). This 
suggests in combination with the high prevalence of atopic dermatitis in children with 
a tree nut or peanut allergy that evaluation of a tree nut and peanut allergy is indicated 
in children with moderate to severe atopic dermatitis early in life. 
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II. SENSITIZATION

Hazelnut specific IgE and skin prick test (SPT) with hazelnut extract are the currently 
used tests in the diagnostic work-up of a hazelnut allergy. However, they should be 
interpreted in the context of a detailed history. The presence of allergen specific IgE and 
mast cell degranulation shows sensitization, but not clinical allergy. 

a. Specific IgE

Diagnostic tests are valuable for clinical practice, if they show a useful level of discrimi-
nation between allergic and tolerant subjects. For tree nuts, allergen specific IgE≥15 
kUA/L was reported to give a 95% chance of having a suggestive history of tree nut 
allergy(27). However, we could not find a relevant specific IgE cut off level for hazelnut 
as illustrated in our studies (chapter 2, 3), in line with another study(16). In children the 
negative predictive value (NPV) of hazelnut specific IgE<0.35 kUA/L was 100% and useful 
for exclusion of hazelnut allergy (chapter 2). In adults the NPV of hazelnut specific IgE 
was very low and not useful for exclusion of hazelnut allergy (chapter 3). The difference 
in NPV between children and adults may be caused by population differences. Most 
children with a suspicion of a hazelnut allergy seemed hazelnut tolerant, which makes 
exclusion of a hazelnut allergy easier than in adults, who seemed mainly hazelnut al-
lergic. The reliability of the history results in a higher suspicion of hazelnut allergy in 
adults than in children. In birch-endemic areas, discrimination between sensitization 
to hazelnut and birch pollen based on hazelnut specific IgE is difficult, because Bet v 
1 is homologous to Cor a 1(28). The spiking of hazelnut extract with Cor a 1 in 2007, to 
improve the sensitivity(29), further impaired the discrimination between hazelnut and 
birch pollen sensitization. Therefore, sensitization to hazelnut extract is frequently false 
positive in birch-endemic areas, especially in the absence of a reliable history. Absence 
of a reliable history in children with a suspicion of a hazelnut allergy was frequently 
observed (74%) in our studies (chapter 2). Only 25% of the children with a suspected 
hazelnut allergy based on the presence of hazelnut specific IgE developed allergic 
symptoms during a DBPCFC for hazelnut, compared to 59% of children with a previous 
ingestion of hazelnut. So, 75% of the elimination diets in children with a suspicion based 
on sensitization only are unnecessary. Comparable results were shown by Fleisher et 
al, who showed that elimination diets primarily based upon the presence of allergen 
specific IgE were frequently unnecessary. The eliminated food could be reintroduced to 
the diet in 84%-93% of the cases after an oral food challenge(30). Another study showed 
many (84%) unnecessary milk elimination diets in children with atopic dermatitis. Of 
these children, 24% had an elimination diet, while only 4% appeared milk allergic by 
DBPCFC(31). Unnecessary elimination diets pose a considerable risk of developing acute 
allergic symptoms after reintroduction. This has been shown for children with atopic 
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dermatitis, who previously ingested cow’s milk without problems, and who developed 
allergic symptoms upon exposure to cow’s milk after a period of elimination(32). In gen-
eral, allergy testing is not necessary in children with atopic dermatitis not yet exposed 
to a potential culprit food(33) or with a negative history for acute reactions. Together, this 
indicates that test results to determine sensitization should be interpreted with cau-
tion, especially in the absence of a reliable history. In the absence of a reliable history or 
unknown previous ingestion, the need for an elimination diet should not be primarily 
determined by food specific IgE only, especially in children with atopic dermatitis(30). 
Our data indicate that in birch-endemic areas hazelnut specific IgE should not be used 
to screen for hazelnut allergy without a suspect history. This prevents the prescription 
of many unnecessary elimination diets. However, in specific cases, like children with 
moderate to severe atopic dermatitis early in life, screening could be considered with 
highly specific tests (component-resolved-diagnosis), as described in clinical implica-
tions. Individuals with sensitization to hazelnut extract, but without previous ingestion 
should undergo DBPCFC for diagnosis. 

b. SPT

The SPT is considered to be more reliable than specific IgE in diagnosing nut allergy(34). 
This was confirmed for SPT to hazelnut extract in children (Chapter 2), whereas, SPT 
to hazelnut extract had limited diagnostic value in adults (Chapter 3). Children more 
frequently have a severe and adults a mild hazelnut allergy, which may possibly be 
reflected in SPT responses (Chapter 3). In both children and adults large SPT wheal sizes 
(≥15-17 mm) were highly specific for a hazelnut allergy, but accounted only for a minor-
ity of the patients (3-10%). Another study using a different commercial extract showed 
that SPT wheal sizes≥8 mm diameter predicted hazelnut allergy by oral challenge in 
95% of the children. This accounted for only 8% of hazelnut allergic children(35). Clark et 
al also showed that SPT responses ≥8 mm were almost always diagnostic for a tree nut or 
peanut allergy(34). In children, the negative predictive value (NPV) of a wheal <3mm was 
100%, making it a useful tool for exclusion of hazelnut allergy. However, this accounted 
for only 19-36% of the children with a suspected hazelnut allergy, as illustrated in our 
study (chapter 2) and in one study using a different extract(3;35). Still, less than 30% of 
the children could be correctly diagnosed by SPT for hazelnut (Chapter 2). In adults the 
NPV of a wheal <3mm was very low, and therefore not useful for exclusion of a hazelnut 
allergy. In adults, prick-to-prick tests performed with fresh nuts, which are even more 
difficult to standardize than SPT, showed a better level of discrimination between hazel-
nut allergic and tolerant adults(12;36). Prick-to-prick tests with fresh nuts have however not 
been studied in children. SPT and prick-to-prick tests have several disadvantages, which 
limit their performance and comparison between different centers. For example, the 
composition of extracts from different batches and companies may be quite different(37). 
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Therefore, extrapolation of results to other commercial extracts may not be possible. 
Furthermore, the SPT and prick-to-prick methods are difficult to standardize and should 
be performed by trained personnel. For example, in patients with atopic dermatitis 
flares may limit the performance of SPT and prick-to-prick tests on unaffected skin. Our 
data indicate that SPT to hazelnut extract performs better than specific IgE to hazelnut 
extract in children; this could however not be shown in adults. Hazelnut allergy may be 
correctly diagnosed by SPT with hazelnut extract in almost 30% of children in contrast 
to only 3% in adults.

c. Specific IgE and SPT in relation to clinical severity

To identify individuals at risk of more severe allergic reactions, both size of SPTs and levels 
of allergen specific serum IgE were not good predictors of a severe hazelnut (chapter 2, 
3) or other tree nut allergy(34). Similar results were seen for specific serum IgE to egg, milk, 
peanut, wheat, soy and fish(38). In our cohort of children, SPT was predictive for a severe 
hazelnut allergy, but only at group level. No useful cut off values for clinical practice 
were identified (chapter2). In conclusion, our data indicate that routine diagnostic tools 
are not good predictors for the severity of the hazelnut allergy.

d. Component-resolved-diagnosis

Previous studies have shown that IgE reactivity to specific allergens or components in 
hazelnut extract might be a better predictor of severity than total hazelnut extract(42-45). 
Sensitization to the seed storage protein Cor a 9 has been observed frequently in children 
and adults with a severe hazelnut allergy in the USA and Europe(39;40). Chapter 4 shows 
that, in addition to sensitization to Cor a 9, sensitization to Cor a 14 is also frequently 
observed in Dutch children and adults with a severe hazelnut allergy. The majority of 
children and almost half of the adults with a severe hazelnut allergy could be identified 
with these tools. Furthermore, IgE levels to Cor a 9 and Cor a 14 were also correlated 
with a lower threshold for objective symptoms to hazelnut during DBPCFC. This was not 
shown for IgE levels to Cor a 1 (chapter 5). This makes IgE to Cor a 9 and Cor a 14 good 
markers for severe hazelnut allergy. The absence of cross-reactivity between Cor a 14 
and its homologues in peanut Ara h 2 and Ara h 6 (chapter 6), makes Cor a 14 also a good 
marker for primary sensitization to hazelnut and could be used, in combination with Cor 
a 9, to identify severe hazelnut allergic patients. 

In general absence of IgE to Cor a 1 was predictive for hazelnut allergy with objec-
tive symptoms, but hardly observed in Dutch children and adults from a birch-endemic 
area. Some children (13%) and half of adults (49%) with objective symptoms to hazelnut 
were not sensitized to Cor a 9 nor to Cor a 14, but only to Cor a 1(40). So, sensitization 
to Cor a 1 was not only associated with a mild phenotype of hazelnut allergy, as has 
been suggested previously(10;28). Sensitization to Cor a 1 was observed among all the 
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different clinical groups in children and adults: hazelnut tolerant as well as hazelnut 
allergic with subjective or objective symptoms (chapter 4). Severe symptoms caused 
by Cor a 1 seem unlikely, because Cor a 1 is highly susceptible to low pH during gastric 
digestion(41). Cor a 1 is probably already inactivated in the stomach, before reaching the 
intestine for further digestion and systemic uptake. However, a role for PR-10 proteins 
in severe symptoms, similar to Cor a 1 has also been described for other food allergens, 
such as soy and apple. Severe symptoms to soy drinks or desserts upon first exposure 
was shown in six patients without sensitization to soy, but only sensitization to Gly m 4, 
the soy PR-10 protein(42). Mal d 1, a PR-10 protein in apple was recognized in individuals 
with anaphylactic symptoms(43). These data imply that PR-10 proteins may be involved in 
severe symptoms, and that this may occur also in a subgroup of patients with a hazelnut 
allergy. Factors influencing the pH in the stomach, like antacids or large amounts of 
neutralizing fluids, could contribute to the allergenicity of PR-10 proteins. Antacid use in 
children has been associated with the occurrence of food allergy(44). Another possibility 
is recognition of not yet identified allergens, like the oleosins(45), also present in soy(46), 
in individuals with severe symptoms to hazelnut without sensitization to seed storage 
proteins. Future studies should focus on the identification of the component causing 
the severe symptoms in individuals with a severe hazelnut allergy, without IgE to Cor a 
9 or Cor a 14. To study the allergenic potential of PR-10 proteins, food challenges with 
purified PR-10 proteins have to be performed. The effect of antacids and large amounts 
of neutralizing fluids may also be evaluated. 

The importance of other hazelnut allergens has been studied in several studies. The 
role of sensitization to Cor a 11 seems to be limited, because sensitization was almost 
never observed in >400 individuals from the Europrevall study(unpublished data). 
However, sensitization to purified Cor a 11 has been described in children with a severe 
hazelnut allergy(47). Sensitization to recombinant Cor a 8 was hardly observed in hazel-
nut allergic individuals from our study (chapter 4) and in three other studies(28;40;43) from 
northern Europe. This is in contrast to a previous study from our own group showing 
recognition of natural Cor a 8 in children with a severe hazelnut allergy(48). Recent inhibi-
tion experiments revealed trace amounts of Cor a 14 in the natural Cor a 8 preparation. 
The trace amounts of the Cor a 14 contamination were still IgE reactive (unpublished 
data). This further suggests limited importance of Cor a 8 in northern Europe. This is in 
contrast to the Mediterranean area, where sensitization to rCor a 8 is frequently reported 
and associated with severe symptoms(28;49). The role of oleosins, the oil-body associated 
hazelnut allergens, has to be further investigated(45). 

Component-resolved-diagnosis (CRD) has hardly been described for other tree nuts; 
therefore diagnosis still relies on a combination of a detailed history, sensitization to 
allergen extracts and DBPCFC. A good example of successful CRD is sensitization to the 
seed storage protein Ara h 2 in peanut allergy, which was strongly related to clinical 



144 Chapter 9

symptoms, but not to their severity(50;51). The lack of prediction of severity may be due to 
the fact that peanut allergy is generally severe and is rarely limited to only mild symp-
toms, like hazelnut allergy. Another example is isolated sensitization to Ara h 8, which 
was associated with tolerance to roasted peanuts(52).Furthermore, for kiwi fruit allergy 
sensitization to Act d 1 was a strong risk factor for a severe kiwi allergy(53).In conclusion 
our data have shown that IgE to Cor a 9 and Cor a 14 are useful tools to identify children 
and adults with a severe hazelnut allergy. Our data further suggest that isolated sensiti-
zation to Cor a 1 is possible in a severe hazelnut allergy.

III. DOUBLE-BLIND PLACEBO-CONTROLLED FOOD CHALLENGE

The DBPCFC for hazelnut is the ‘gold’ standard to diagnose hazelnut allergy. But still, 
several reasons for false positive or negative food challenge are present. A DBPCFC can 
be false positive if misleading subjective symptoms or allergic symptoms to the matrix 
instead of the allergen occur. False negative DBPCFCs can occur due to inadvertent 
drug use like antihistamines, to a temporary short-term specific oral tolerance induction 
during titrated ingestion of allergen, leading to clinical tolerance(54), missed late phase 
reactions because of too short observation periods(55) or due to inactivation, absence 
or low amount of important allergens in the recipe(56;57). These aspects in combination 
with the costs, required facilities and risk for potentially severe allergic reactions, makes 
the DBPCFC not an ideal test. On the other hand, a DBPCFC can improve food-related 
quality of life and reduce anxiety in the following months even in those with a positive 
challenge(58;59). Exposure to the feared stimulus in a controlled situation and learning ap-
propriate skills to deal with the stressor can reduce the anxiety and improve the quality 
of life. A negative test results in a more pronounced improvement of food allergy-related 
quality of life than after a positive DBPCFC(60).

IV. CLINICAL IMPLICATIONS

This thesis shows that the diagnostic work-up of a hazelnut allergy shows differences 
between children and adults. Determination of sensitization to Cor a 9 and Cor a 14 
may play a central role in the diagnostic work-up of hazelnut allergy in children and a 
substantial proportion of the adults. These data can be extrapolated to clinical practice 
as follows, which is illustrated in Figure 1. 

In children, the contribution of information about previous ingestion is often limited. 
Therefore, additional testing remains the mainstay in diagnosing food allergy. The SPT 
with hazelnut extract is a good predictor of hazelnut allergy in children, with an AUC 
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of 0.87. However, it yields a correct diagnosis in less than 30% of the children. This 
will therefore hardly reduce the number of DBPCFCs. The IgE to hazelnut extract after 
spiking has a low positive predictive value (PPV). If IgE to hazelnut extract will be used 
to diagnose a hazelnut allergy in children, this will result in many (62%) unnecessary 
elimination diets for hazelnut. Furthermore, the clinical relevance of the sensitization 
to hazelnut extract cannot be determined before the children reach the age of four to 
five years, because before that age they are not able to undergo a DBPCFC. To reduce 
the number of unnecessary elimination diets and DBPCFCs, the diagnostic work-up in 
children should be focused on identifying severe hazelnut allergic cases. Most children 
with a severe hazelnut allergy (87%) can be identified by the presence of IgE to Cor 
a 9 and Cor a 14 (Figure 1). Translating this to the total outpatient population in our 
center, this implies that about 18% of children (87% of the 21% of children with severe 
symptoms) do not need to undergo a DBPCFC. The majority of the children (82%) should 
still undergo a DBPCFC for correct diagnosis. To reduce the number of children with 
unnecessary elimination diets and DBPCFCs considerably, identification of the children 
with a severe hazelnut allergy with IgE to Cor a 9 and Cor a 14 could be considered. 13% 
of the children with a severe hazelnut allergy could not be identified with these tools. 
When this percentage is extrapolated to the total group of children with a suspicion of 
a hazelnut allergy(13% of the 21% of children with a severe hazelnut allergy), only 3% of 
the total group, would be missed when using IgE to Cor a 9 and Cor a 14 as a diagnostic 
tool to diagnose a severe hazelnut allergy. These children cannot be identified as having 
a severe hazelnut allergy by serology, because they have an isolated Cor a 1 sensitization 
and cannot be discriminated from the children with an isolated Cor a 1 sensitization 
without or with only mild symptoms to hazelnut. Therefore, diagnosis and exclusion of a 
severe hazelnut allergy by IgE to Cor a 9 and Cor a 14 could be considered an acceptable 
alternative. In children without IgE to Cor a 9 and Cor a 14 hazelnut can be introduced 
into their diet; an exception should be made in children with a very suspect history of 
acute allergic symptoms to hazelnut, where a DBPCFC or elimination diet would be 
recommended. 

In adults, the number of DBPCFCs can be strongly reduced, because a history with 
only oral symptoms to hazelnut in combination with birch pollinosis is common in 
adults (49%) and is a good predictor of hazelnut allergy. This could be used to diagnose a 
hazelnut allergy in adults without further testing, also in different settings. Also for other 
birch pollen related foods, these diagnostic features were predictive of food allergy, in 
both a tertiary center and in a community population (unpublished data from Europre-
vall, Thesis of TM Le, MD PhD). In adults with sensitization to Cor a 9 or Cor a 14 >0.35 
kUA/L an elimination diet to hazelnut is indicated, because this is already diagnostic for 
severe hazelnut allergy. In adults without IgE to Cor a 9 and Cor a 14, but IgE to Cor a 
1 and doubt about the culprit nut or doubt about presence of allergic symptoms to 



146 Chapter 9

 

 

Figure 1. Diagnostic work-up of hazelnut allergy in children and adults.
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hazelnut, a DBPCFC could be performed for diagnosis. At this moment the severity of 
allergic symptoms after previous ingestion or during DBPCFC is used to determine the 
required rescue medication. If a hazelnut allergy is diagnosed with IgE to Cor a 9 and 
Cor a 14, strict avoidance in combination with an epinephrine prescription would be 
appropriate advice. Increased IgE levels to Cor a 9 and Cor a 14 are associated with a low 
eliciting dose to hazelnut and both allergens are involved in objective allergic reactions, 
which may lead to potentially anaphylactic allergic reactions. 

2. HAZELNUT SENSITIZATION AND ALLERGY IN RELATION TO PEANUT AND 
TREE NUT ALLERGY

Children and adults with a tree nut and/or peanut allergy are currently advised to avoid 
all tree nuts and peanut. Cross-contamination, unclear labeling and difficulties in iden-
tification make a strong case for total avoidance. What is actually known about the risk 
of another tree nut or peanut allergy in the presence of a hazelnut, other tree nut or 
peanut allergy?
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I. CLINICAL SYMPTOMS AND SENSITIZATION PATTERN TO TREE NUTS AND 
PEANUT
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III. ROUTE OF SENSITIZATION

IV. CLINICAL IMPLICATIONS

I. CLINICAL SYMPTOMS AND SENSITIZATION PATTERN TO TREE NUTS AND 
PEANUT

Sensitization to multiple nuts is frequently observed in nut allergic children and expands 
with increasing age. The majority of nut allergic children (72%-92%) is sensitized to 
more than one nut(16;34;61). Clinical reactivity to several tree nuts and peanut is also often 
reported in nut allergic individuals. Allergic symptoms to tree nuts (37%-60%)(16;62;63), 
such as hazelnut (49%)(63), are frequently reported by children and adults with a peanut 
allergy. In children and adults with a hazelnut allergy, 48% also report a peanut allergy; 
the percentages are comparable between children and adults (chapter 6). In this thesis, 
clinical symptoms to hazelnut and peanut in children and adults were studied in detail. 
They did not follow a common clinical pattern. The risk of a severe peanut allergy was 
only higher in adults with a severe (57%), rather than a mild (24%), hazelnut allergy, but 
this difference was not observed in children. This finding might reflect a power problem, 
because only a few children had mild symptoms to hazelnut. Still, the magnitude of 
sensitization to other tree nuts, and sensitization to more species of nuts, have been 
shown to be associated with the severity of hazelnut allergy(11). Furthermore, sensitiza-
tion to multiple nuts, like hazelnut, Brazil nut and peanut can already be observed at an 
early age(64), which might point to cross-reactions between structurally related storage 
proteins. 
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II. CROSS-REACTIVITY BETWEEN MULTIPLE TREE NUTS AND PEANUT?

Cross-reactivity is difficult to predict, but may follow botanical families. The botanical 
relation between the different tree nuts and peanuts is shown in the phylogenetic tree 
(Figure 2). The structural relation between different identified allergens in tree nuts and 
peanut are shown in Table 1.

a. PR-10 proteins

Cross-reactivity with birch pollen has been described for several tree nuts and peanut. 
IgE antibodies primarily directed to Bet v 1(PR-10 protein) or Bet v 2 (profilin) can cross-
react to structurally related allergens in tree nuts and peanut. Hazelnut, almond and 
peanut contain PR-10 proteins: Cor a 1 in hazelnut, Pru du 1 in almond and Ara h 8 in 
peanut (Table 1). Cross-reactivity between Bet v 1 and Cor a 1(10;65) and Ara h 8(66) has 
been demonstrated in patients with a combined birch pollen and hazelnut and pea-
nut allergy, respectively. Cross-reactive antibodies to Bet v 2 are considered clinically 
irrelevant, because sensitization to profilins seems clinically inert(67). Sensitization to 
the PR-10 proteins is generally considered to lead to only mild symptoms or clinical 
tolerance, but chapter 4 does discuss isolated Cor a 1 sensitization in individuals with 
a severe hazelnut allergy. The allergenicity of PR-10 proteins is generally considered to 
be limited, because PR-10 proteins are labile to heat and digestion. The allergenicity of 
PR-10 proteins can be decreased after heating, because their tertiary IgE binding epit-

 

Figure 2. Taxonomy of tree nuts and peanut.
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opes will unfold upon heating (Chapter 8). It has been described that the allergenicity 
of Cor a 1 and Ara h 8 will be decreased after roasting(10;66;68;69). DBPCFC studies with 
roasted hazelnuts showed that most individuals with a hazelnut allergy to raw hazelnut 
in combination with birch pollen allergy did not report allergic symptoms to roasted 
hazelnut(56;57). Also, all individuals with an isolated Ara h 8 sensitization tolerated roasted 
peanuts(52). Reactivity to raw peanut seems irrelevant, because raw peanuts are not part 
of regular food. In contrast, hazelnuts are frequently consumed raw. This could explain 
the fact that mild peanut allergy is rarely observed(9-16%)(70)in Central Europe, despite 
the highly abundant sensitization to PR-10 proteins, whereas mild hazelnut allergy (67%) 
is frequently reported in adults. Another possible explanation for the rarely observed 
mild phenotype of peanut allergy is the stronger sequence homology between Bet v 
1 and Cor a 1, than between Bet v 1 and Ara h 8. This suggests that cross-reactive Bet 
v 1 antibodies are more prone to bind to Cor a 1 than to Ara h 8. A third explanation 
could be the observation that Cor a 1 is more potent than Ara h 8 in basophil activation, 
which may reflect their different potential to induce allergic symptoms (chapter 7). The 
potency of Cora 1 in basophil activation may also further explain its potential to induce 
severe allergic reactions.

Table 1. Structural relation between identified allergens in hazelnut, birch pollen, other tree nuts and 
peanut, according to allergome.org and uniprot database. Percentage of identical amino acids compared 
to the homologue in hazelnut is shown

Seed storage proteins

PR-10 Protein Lipid transfer protein 11S Globulin 7S Globulin 2S Albumin

Hazelnut Cor a 1 Cor a 8 Cor a 9 Cor a 11 Cor a 14 

Birch pollen Bet v 1 
68%

ni ni ni ni

Walnut ni Jug r 3
60%

Jug r 4
73%

Jug r 2 
47%

Jug r 1
65%

Pecan ni ni Car i 4
72%

Car i 2
46%

Car i 1 
62%

Almond Pru du 1
64%

Pru du 3
60%

Pru du 6 
51%

ni ni

Cashew ni ni Ana o 2
55%

Ana o 1
53%

Ana o 3
43%

Pistachio ni ni Pis v 2  
Pis v 5  
47%

Pis v 3 
51%

Pis v 1 
39%

Brazilnut ni ni Ber e 2 
50%

ni Ber e 1 
47%

Peanut Ara h 8
53%

Ara h 9
55%

Ara h 3
47%

Ara h 1
34%

Ara h 2, 6
29%-35%

ni= not indentified
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PR-10 sensitization shows geographical differences and is common in Central Eu-
rope, which is a birch abundant environment. Most hazelnut allergic individuals from 
Central Europe (86-100%) are sensitized to Cor a 1(12;28). Cor a 1 sensitization is less often 
observed in individuals with a hazelnut allergy from the USA (50%)(39) and is rarely ob-
served in individuals from the Mediterranean (4-14%)(49;68). 

b. Seed storage proteins

Structurally related seed storage proteins are described in different tree nuts and peanut 
(Table 1). 

In general, the strongest cross-reactions follow taxonomic families (Figure 2): walnut 
and pecan from the Juglandaceae and cashew and pistachio from the Anacardiaceae(71). 
Cross-reactivity has been shown between the 2S albumins and 11S globulins in pecan 
and walnut(72;73).

Cashew showed cross-reactivity with pistachio, but also with almond and to some 
degree with peanut(74). The 7S globulins were cross-reactive between cashew and pista-
chio. Clinical history indicated that cashew was the primary sensitizer in some cases(75). 
In mice, cross-reactions between the 7S globulins from cashew, walnut and peanut were 
demonstrated(76). 

Cross-reactivity between almond, hazelnut and walnut has been shown (2S albumin 
and congluting)(77). Furthermore, the 2S albumins from cashew and walnut share consid-
erable homology(78), which may result in cross-reactivity.

The 11S globulin (Jug r 4) from walnut showed further cross-reactivity with hazelnut 
and cashew(79). Shared ‘hotspots’ have been shown between 11S globulins from hazelnut 
(Cor a 9), walnut (Jug r 4), cashew (Ana o 2), peanut (Ara h 3) and soybean (Gly m 6)
(80;81). However, 11S globulins were rarely cross-reactive between tree nuts and peanut. 
This thesis demonstrated that IgE to Cor a 9 from hazelnut can be a cross-reactive result 
of primary sensitization to Ara h 3 from peanut, but this was rarely observed (chapter 
6). Cross-reactivity between the 11S globulins from walnut and peanut was also not 
shown(82). This may indicate that the impact of shared ‘hotspots’ on cross-reactivity is 
difficult to predict. Another possibility is that IgE cross-reactivity is stronger among tree 
nuts than between tree nuts and peanut. The sequence homology is also much higher 
for 11S globulins between hazelnut and walnut (73%) or pecan (72%), than between 
hazelnut and peanut (47%) (Table 1).

Peanut did show cross-reactivity with almond, Brazil nut and hazelnut(83), but not 
with walnut(82;84). However, only almond and Brazil nut were able to induce degranula-
tion of basophils sensitized with affinity purified peanut specific IgE(85). IgE binding to 
Ara h 2 from peanut could be inhibited by almond and Brazil nut, but not by hazelnut(86). 
Cross-reactivity between Cor a 14 from hazelnut and Ara h 2 and Ara h 6 peanut was not 
observed (chapter 6).
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Therefore, cross-reactivity among tree nuts, like hazelnut, walnut or pecan may be 
more likely than that between hazelnut and peanut. Future studies could specifically 
focus on the possible cross-reactivity between hazelnut and walnut or pecan. Identifi-
cation of the primary sensitizer or driven force will further reveal the pathogenesis of 
hazelnut allergy and may help to identify a potential therapeutic target.

c. Cross-reactions at T cell level

Antibodies are involved in effector responses, while T cells are important regulators of 
the immune response. Information about T cell reactivity and cross-reactivity among 
tree nuts and peanut can provide information about the development of multiple nut 
allergies and may result in the identification of potential therapeutic targets(76).

At T cell level, cross-reactivity has been shown between hazelnut and peanut. Sev-
eral allergens seem to be involved, such as Ara h 1 and Ara h 2 from peanut(63). Chapter 
7 shows that also Ara h 3, Ara h 6 from peanut and, vice versa, Cor a 1, Cor a 9 and 
Cor a 14 from hazelnut seem cross-reactive. This confirms that allergen specific T cell 
cross-reactivity occurs between hazelnut and peanut. Several identical segments were 
identified after alignment of 2S albumins, 7S globulins and 11S globulins from hazelnut 
and peanut, which could be responsible for the cross-reactions at T cell level. In mice, 
T cell cross-reactivity was shown between cashew, walnut and peanut(87). T cell cross-
reactivity was also shown for birch pollen related allergens, between bet v 1 from birch 
pollen and several birch pollen related food allergens like hazelnut (Cor a 1), apple (Mal 
d 1), cherry (Pruav 1), celery (Api g 1), carrot (Dau c 1) and soybean (Gly m 4)(88;89). Cross-
reactivity between Bet v 1 and Cor a 1 has been illustrated at T cell level, but also at 
IgE level(88). This is in contrast to the observed T cell cross-reactivity between the seed 
storage proteins from tree nuts and peanut as shown in this thesis, which is hardly 
accompanied by IgE cross-reactivity. IgE antibodies to seed storage proteins showed 
little cross-reactivity between hazelnut and peanut (chapter 6) and also not between 
walnut and peanut(82). In mice IgE antibodies between cashew or walnut and peanut 
were also not cross-reactive, while IgE antibodies were cross-reactive between cashew 
and walnut in mice(87). This suggests that IgE cross-reactivity may be present among 
different tree nuts, but is less important between tree nuts and peanut. Additional 
experiments revealed that the induction of the cross-reactivity at T cell level between 
tree nuts and peanut is allergen specific. Human cow’s milk specific T cell lines did not 
respond to hazelnut extract, and the cashew specific T cells in mice responded very little 
to macadamia and not at all to egg. A less specific effect was shown for Ara h 1 from 
peanut. Glycan structures of Ara h 1stimulate DC-SIGN on dendritic cells, which results 
in a Th2-skewing environment(90). This Th2-skewing effect may provide an environment 
prone to the development of multiple sensitizations. Cor a 11 from hazelnut, which is 
also glycosylated, might have a similar effect. A strong T cell stimulation was shown after 
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stimulation with high molecular weight molecules, possibly Cor a 11 (chapter 7). Other 
strong T cell stimulating components present in tree nuts and peanut are the lectins. 
Lectins are strong carbohydrate-binding proteins and might have an adjuvant effect 
during sensitization. The Th-2 skewing caused by sensitization may induce sensitization 
spreading, as has been illustrated in a mouse model, which showed that primary oval-
bumin sensitization enhanced sensitization to a secondary unrelated allergen (latex)(91). 
But also house dust mite induced inflammation facilitated neosensitization to a second 
unrelated inhaled allergen (ovalbumin) following a single mucosal exposure(92). This 
indicates that sensitization spreading is induced by primary sensitization or ongoing in-
flammation. Preventative measures, like immunotherapy should already be considered 
early in life to prevent multiple sensitizations. 

The aim of allergen specific immunotherapy is modulation of the T cell response. 
In mice it has already been shown that single tree nut immunotherapy can effectively 
decrease the responses to cross-reactive nuts as well(76). So, more insight into the cross-
reactivity between allergens could be used to develop an appropriate therapeutic target 
for immunotherapy. This could result in an effective treatment for individuals with tree 
nut and peanut allergy. Our data show cross-reactivity between hazelnut and peanut 
at T cell level, and suggest that single immunotherapy could be developed that also 
decreases the response to the cross-reactive nut.

III. ROUTE OF SENSITIZATION

To develop allergen specific antibodies (sensitization), previous exposure to a culprit 
allergen is needed. Two routes of sensitization are generally considered to take place in 
hazelnut allergy; ingestion or inhalation of pollen in mild hazelnut allergy, or uptake of 
primary hazelnut allergens via the gastro-intestinal tract in severe hazelnut allergy. But 
several studies have indicated that many children develop severe allergic symptoms to 
nuts upon the first known ingestion(24;61;93;94). This suggests that other routes of sensitiza-
tion to primary allergens may be involved than just the oral route. The cutaneous route 
may be involved, since sensitization to primary hazelnut allergens Cor a 9 and Cor a 14 
is associated with early onset atopic dermatitis (data not shown). Several studies have 
supported the hypothesis of cutaneous sensitization. Mice studies have shown that the 
cutaneous route of sensitization induces Th2-responses during sensitization to peanut(95) 
or hazelnut(96). For peanut it was even shown in mice that epicutaneous sensitization 
prevented the development of oral tolerance(97). These mouse data indicate that the 
skin might be an important inductive site for allergic sensitization. Human data showed 
that the prevalence of peanut allergy was 10-fold higher in Jewish schoolchildren from 
the UK than from Israel(98;99). The children from Israel were already orally exposed to 
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peanut early in life, because of the ingestion of popular peanut snacks that are given 
to infants even before six months of age(99). This is in contrast to the UK, where children 
were advised not to ingest peanut before four years of age. This was accompanied by 
a strong increase in peanut allergy in the UK. Human studies have further shown that a 
high household peanut consumption(100) was a risk factor for the development of peanut 
allergy. The peanut protein levels in house dust in infants’ sheets and playrooms were 
correlated to the household peanut consumption. The allergens in these samples were 
biologically active, because they were able to stimulate basophils from children with 
a peanut allergy(101). It was suggested that because peanut allergens are very stable, 
reservoirs could be build up in mattresses after months. The high stability of biologically 
active peanut proteins in house dust provides a logical source of environmental peanut, 
necessary for sensitization. T cell experiments have suggested involvement of skin T 
cells in the sensitization to peanut. It was shown that skin homing T cells (cutaneous 
lymphocyte antigen positive) from children with a peanut allergy proliferated more 
strongly after stimulation with peanut extract than gut homing T cells (a4b7 positive) 
and more strongly than skin homing T cells from children tolerant to peanut. Skin hom-
ing T cells from allergic children were Th2-skewed, while gut homing T cells from peanut 
tolerant children were Th1-skewed(102). These data suggest that the cutaneous route of 
sensitization might explain the strong link between atopic dermatitis and severe tree nut 
and peanut allergy. Skin may provide sensitization to seed storage proteins, which are 
potent allergens, like sensitization to the seed storage proteins in hazelnut which was 
associated with early onset atopic dermatitis (unpublished data). Mouse studies have 
already shown that skin is an inductive site for sensitization to hazelnut. Human studies 
are needed to confirm whether the cutaneous route of sensitization is involved in the 
development of a severe hazelnut or other tree nut allergy. Future studies may provide 
a basis for preventative strategies, like induction of oral tolerance before cutaneous sen-
sitization occurs. The window of opportunity to introduce potentially allergenic foods 
safely into the diet is unknown. The study by Levy et al suggests that introduction of 
peanut within the first six months of life may reduce the risk of a peanut allergy(99). Until 
this is further elucidated, adequate treatment of atopic dermatitis to restore the barrier 
defect early in life may be the best strategy to reduce the risk of cutaneous sensitization.

IV. CLINICAL IMPLICATIONS

Sensitizations and allergies to multiple nuts are frequently observed. Individuals with 
a mild hazelnut allergy in the presence of birch pollen allergy, frequently report mild 
allergic symptoms to almond and walnut as well, while individuals with a more severe 
hazelnut or tree nut allergy are more prone to develop multiple sensitizations and more 
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severe symptoms to other nuts and peanut(11). Elimination diets for all tree nuts and pea-
nut are indicated in nut allergic individuals, especially in those with severe symptoms.

The additional value of diagnostic testing for different tree nuts may be limited, 
because many individuals will have multiple nut allergies. Furthermore, the elimination 
of a single nut in daily life is difficult, because allergic individuals are faced with the risk 
of cross-contamination, unclear labeling and difficulties in the identification of differ-
ent tree nuts and peanut(4;5). In individual cases more complete information about all 
nut allergies might help to reduce the psychological impact. An elimination diet for all 
tree nuts can further increase the already high psychological impact of eliminating one 
single nut(103). And an unnecessarily restrictive elimination diet may lead to increased 
risk-taking behavior(104). If reactivity to different tree nuts or peanut is tested, this could 
be combined with training patients to recognize the different tree nuts and peanut. For 
now, diagnosing reactivity to different tree nuts strongly relies on DBPCFCs, but future 
developments in component-resolved-diagnosis may improve the diagnostic work-up. 
In the case of a low suspicion of different nut allergies testing with a nut mixture during 
challenge could be considered, with the intention to introduce all nuts into the diet. 
The underlying mechanism of sensitization and allergies to multiple nuts seems to be 
induced already at T cell level and not always to be accompanied by cross-reactive IgE 
antibodies. The observed T cell cross-reactivity between tree nuts and peanut provides 
the opportunity to develop a single immunotherapeutic agent, which may be effective 
for treatment of different tree nut allergies and peanut allergy and may prevent pro-
gression to multiple sensitizations. Preventive measures, like induction of oral tolerance, 
should already be considered early in life, but the exact window of opportunity has to be 
elucidated. Another way to prevent sensitization might be restoration of the skin barrier 
in children with atopic dermatitis to prevent the cutaneous route of sensitization.

GENERAL CONCLUSIONS

This thesis shows that children more frequently have a severe and adults a mild hazelnut 
allergy. So far no data suggest that the severity of a hazelnut allergy decreases with 
increasing age, but the prevalence of a mild birch pollen related hazelnut allergy seems 
to rise in the older age groups. This is further reflected by the fact that most adults report 
oral allergy symptoms to previous ingestion of hazelnut. Oral symptoms were hardly 
reported by children, but difficulties in recognition of oral symptoms as allergic symp-
toms may lead to an underrepresentation of them in children. The diagnostic work-up 
of a hazelnut allergy starts with a detailed clinical history. For many children and adults 
identification of the exact culprit nut is difficult, but this will hardly influence their diet, 
since the majority of them will eliminate all nuts from their diet. In children, a previous 
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ingestion of hazelnut is often unknown and the diagnosis strongly relies upon sensitiza-
tion and DBPCFC. In half of the adults hazelnut allergy may be diagnosed with a detailed 
history with only oral symptoms to previous ingestion of hazelnut and the presence of 
birch pollinosis. However, the presence of birch pollen allergy is not only associated with 
a mild hazelnut allergy, but also frequently present in children and adults with a severe 
hazelnut allergy. Asthma is frequently observed in hazelnut allergic individuals. Evalu-
ation of asthma could be considered in hazelnut allergy, because adequate treatment 
of asthma may prevent severe allergic reactions. Atopic dermatitis is present in almost 
all children and many adults with hazelnut allergy. The association between atopic der-
matitis and hazelnut allergy may suggest that skin is a potential route of sensitization 
to hazelnut. Therefore, screening for a hazelnut allergy could be considered in children 
with moderate to severe atopic dermatitis early in life. However, our data indicate that in 
birch-endemic areas hazelnut specific IgE should not be used to screen for hazelnut al-
lergy without acute allergic symptoms, to prevent many unnecessary elimination diets. 
SPT to hazelnut extract performs better than IgE to hazelnut extract in children; this 
was not shown in adults. Yet less than 30% of the children will be correctly diagnosed 
by SPT. And neither hazelnut specific IgE nor SPT are good predictors for the severity of 
the hazelnut allergy. Our data indicate that IgE to Cor a 9 and Cor a 14 are useful tools to 
diagnose a hazelnut allergy. Our data further suggest that isolated sensitization to Cor a 
1 is possible in a severe hazelnut allergy.

In this thesis, it was shown that half of the children and adults with a hazelnut allergy 
also suffered from a peanut allergy. The clinical symptoms to hazelnut and peanut did 
not follow a common clinical pattern; only a severe peanut allergy was more common in 
adults with a severe (57%) rather than a mild (24%) hazelnut allergy, something which 
was not observed in children. Inhibition experiments revealed that IgE cross-reactivity 
was hardly observed between hazelnut and peanut seed storage proteins. But our data 
showed cross-reactivity between hazelnut and peanut at T cell level, suggesting that T 
cell cross-reactivity is not always accompanied by cross-reactivity at IgE level. The ob-
served cross-reactivity at T cell level may explain the frequently observed sensitization 
to multiple tree nuts and peanut and provide a basis to develop an immunotherapeutic 
target.
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SUMMARY

Hazelnut is a frequently consumed tree nut, because of the taste and price. Unfortunately, 
allergic symptoms to hazelnut are common, especially in adults from Northern Europe. 
Allergic symptoms to hazelnut are highly variable, from mild symptoms limited to the 
oral cavity to severe and even anaphylactic reactions. The frequency of a severe hazelnut 
allergy shows differences between children and adults, as described in Chapter 3. A ha-
zelnut allergy in adults is generally limited to mild and local symptoms in the oral cavity 
and associated with birch pollen allergy. In children, a hazelnut allergy is more severe 
and often accompanied by atopic dermatitis. Frequently reported allergic symptoms in 
children are angio-edema, urticaria and dyspnoea. The diagnosis of a food allergy has a 
great impact on daily life, because allergic individuals are continuously confronted with 
the risk of unexpected allergic reactions. This influences not only the life of the allergic 
individuals and their parents, but also their environment (i. e. friends, school). Therefore, 
a correct diagnosis is important, so that appropriate advise on dietary restrictions and 
emergency medication can be given. To diagnose a hazelnut allergy in adults, a history 
with only oral symptoms to hazelnut in combination with birch pollinosis is generally 
convincing to diagnose a hazelnut allergy, without the need to perform additional tests. 
In other cases, additional tests, including a double-blind placebo-controlled food 
challenge (DBPCFC), are often needed for a correct diagnosis. Chapter 2 describes the 
diagnostic value of hazelnut allergy tests in children. A history of allergic reactions with 
previous ingestion of hazelnut is often unknown in children, because many children 
have an elimination diet solely based on sensitization. Therefore, the diagnosis of a ha-
zelnut allergy in children strongly relies on diagnostic tests. The skin prick test (SPT) with 
hazelnut extract is a better predictor of a hazelnut allergy in children than laboratory 
tests for specific IgE to hazelnut. The SPT with hazelnut extract can reduce the number of 
DBPCFCs in less than 30% of the children, but a DBPCFC remains necessary in many chil-
dren to diagnose a hazelnut allergy. Chapter 4 shows the value of IgE to specific hazelnut 
components in the diagnostic work-up of a severe hazelnut allergy. IgE to hazelnut seed 
storage proteins Cor a 9 and Cor a 14 was highly specific for a severe hazelnut allergy 
in children and adults. Determination of IgE to these components may identify almost 
all children and half of the adults with a severe hazelnut allergy. In children, this may 
reduce the number of DBPCFCs considerably. Chapter 7 evaluates the potency of the 
major hazelnut allergen in basophil activation in comparison to the peanut allergens. 
Cor a 14 is the most potent hazelnut allergen in basophil activation, comparable to the 
2S albumins in peanut (Ara h 2 and Ara h 6) which are most potent. This fits with the 
observation that IgE to Cor a 14 is highly specific for severe allergic reactions. Chapter 
4 also shows that some children and half of the adults with a severe hazelnut allergy 
have an isolated Cor a 1 sensitization. This may suggest that Cor a 1 can be involved in 
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severe symptoms to hazelnut in some individuals, but is generally involved in hazelnut 
tolerance or mild symptoms to hazelnut. In line with this, chapter 7 illustrates a large 
variation in basophil activation with Cor a 1 among different individuals.

The amount of hazelnut needed to elicit symptoms in hazelnut allergic children and 
adults was studied in chapter 5. The thresholds for objective symptoms to hazelnut 
(considered as a severe hazelnut allergy in this thesis) were comparable between chil-
dren and adults. Several patient characteristics like age, SPT to hazelnut extract and IgE 
to Cor a 9 and Cor a 14 influenced the threshold distribution curve (TDC) to hazelnut. 
The obtained eliciting dose values from this chapter may improve the food labeling. The 
product choice of hazelnut allergic individuals is strongly reduced, because an increas-
ing number of products may contain hazelnut. Labeling information based on eliciting 
doses may improve the product choice of hazelnut allergic individuals. Hazelnut can be 
consumed after processing which is generally the case in industrially prepared food, but 
raw consumption directly from the tree is increasingly popular. Chapter 8 is a systematic 
review of the literature about the influence of processing on the allergenicity of tree 
nuts, including hazelnut. Roasting reduces the allergenicity of the PR-10 protein Cor a 
1 in hazelnut. Sensitization to Cor a 1 is frequently observed in individuals with a hazel-
nut and birch pollen allergy, as a cross-reactive response after primary sensitization to 
Bet v 1 from birch pollen. Clinical studies with DBPCFCs have confirmed the reduced 
allergenicity of hazelnut after roasting in individuals with a hazelnut and birch pollen 
allergy. Still, the allergic symptoms were not absent in all individuals after roasting of ha-
zelnuts, which suggests that other allergens are involved in the allergic reaction in these 
patients. The in vitro heat lability of the birch pollen related hazelnut allergen and the 
reduced in vivo allergenicity indicate that raw hazelnut is more allergenic than roasted 
hazelnut in individuals with a birch pollen related tree nut allergy. The heat lability of 
the PR-10 proteins in hazelnut has important implications for source material used for 
IgE testing, SPT and DBPCFCs and diet advises. Allergens not related to birch pollen, the 
lipid transfer proteins and seed storage proteins, present in different tree nuts (hazelnut, 
cashew, walnut etcetera), are generally heat stable, which suggests that processing may 
not influence their allergenicity. 

Allergy to peanut, which is a legume and not a tree nut, is common in individuals 
with a hazelnut allergy as shown in chapter 6. The severity of the hazelnut allergy was 
not predictive for the presence and severity of the peanut allergy. Almost half of the 
children and adults with a sensitization to hazelnut seed storage proteins were also 
sensitized to their homologous proteins in peanut. ImmunoCAP inhibition experiments 
show that the peanut allergy was not the result of IgE cross-reactivity to hazelnut seed 
storage proteins. These data may imply that IgE to Cor a 14 and Ara h 2 are useful mark-
ers of primary sensitization to hazelnut and peanut respectively. 
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Chapter 7 describes the T cell responses to major hazelnut and peanut allergens. A 
high molecular weight molecule in hazelnut, possibly Cor a 11 was the strongest in-
ducer of T cell proliferation of hazelnut specific T cell lines. At T cell level, cross-reactivity 
between hazelnut and peanut major allergens was observed. This suggests that the 
cross-reactivity may be induced at T cell level and is not always accompanied by cross-
reactive IgE antibodies. The observed cross-reactivity at T cell level may in part explain 
the frequently observed concomitant hazelnut and peanut allergy.  

In conclusion, our data show clinical aspects of a hazelnut allergy in children and 
adults. New diagnostic tests may improve the diagnosis of a severe hazelnut allergy, 
which may result in a reduction of the number of DBPCFCs and unnecessary elimination 
diets. The underlying mechanism leading to a concomitant hazelnut and peanut allergy 
was further studied, which may provide a basis for the development of preventive and 
therapeutic strategies.
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SAMENVATTING

De hazelnoot behoort vanwege de prijs en smaak tot de meest geconsumeerde noten. 
Allergische klachten na de ingestie van hazelnoot komen echter regelmatig voor. Hazel-
nootallergie is in Nederland de meest voorkomende voedselallergie bij volwassenen, 
maar komt ook vaak voor bij kinderen. Een hazelnootallergie kan beperkt blijven tot 
milde klachten, zoals jeuk in de mond en keel, maar kan ook  ernstige klachten veroor-
zaken en zelfs tot een anafylactische reactie leiden. Hoofdstuk 3 toont de verschillen in 
ernst van een hazelnootallergie bij kinderen en bij volwassenen. 

Volwassenen met een hazelnootallergie hebben vaak milde klachten, zoals jeuk in 
de mond of keel en daarnaast een berkenpollenallergie. Kinderen met een hazelnootal-
lergie hebben over het algemeen ernstiger klachten, zoals angio-oedeem, urticaria en 
benauwdheid. Bijna alle kinderen met een hazelnootallergie hebben ook constitutio-
neel eczeem. Een voedselallergie heeft vanwege het risico op onverwachte allergische 
reacties een grote impact op het dagelijks leven. Dit beïnvloedt niet alleen het dagelijks 
leven van allergische kinderen en hun ouders, maar ook dat van de omgeving, zoals 
familie en klasgenoten. Het is daarom belangrijk om de diagnose zorgvuldig te stellen 
en geschikte dieetbeperkingen en noodmedicatie te adviseren. 

Bij volwassenen met een berkenpollenallergie, bij wie de klachten beperkt blijven tot 
jeuk of zwelling in de mond na het eten van hazelnoot, kan de diagnose vaak gesteld 
worden op basis van de anamnese. Aanvullende testen hebben bij hen geen meer-
waarde voor de diagnose. In andere gevallen zijn aanvullende testen, waaronder een 
hazelnootprovocatie (liefst placebogecontroleerd), vaak nodig om de juiste diagnose 
te stellen. 

Hoofdstuk 2 beschrijft de diagnostische waarde van hazelnootallergietesten bij 
kinderen. Weinig kinderen hebben een voorgeschiedenis van allergische klachten na 
het eten van hazelnoot, omdat de meeste kinderen al vanaf jonge leeftijd hazelnoot 
vermijden op basis van een sensibilisatie. De sensibilisatie is vaak bepaald in het kader 
van een screening bij kinderen met constitutioneel eczeem. Hierdoor zal de diagnose 
bij kinderen grotendeels gebaseerd zijn op diagnostische testen. De huidpriktest met 
hazelnootextract is een betere voorspeller voor een hazelnootallergie bij kinderen dan 
de bepaling van specifiek IgE voor hazelnoot uit het bloed. Door een huidpriktest met 
hazelnootextract uit te voeren, kunnen ongeveer 30% van de hazelnootprovocaties 
voorkomen worden. In veel gevallen zal echter toch een hazelnootprovocatie nodig zijn 
voor de juiste diagnose. Hoofdstuk 4 toont de waarde van IgE specifiek voor hazelnoot-
allergenen bij de diagnostiek van een ernstige hazelnootallergie. De aanwezigheid van 
IgE voor de hazelnootallergenen Cor a 9 en Cor a 14 blijkt zeer specifiek te zijn  voor 
een ernstige hazelnootallergie bij kinderen en volwassenen. Door de bepaling van IgE 
specifiek voor deze componenten werd bij bijna alle kinderen en de helft van de vol-
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wassenen een ernstige hazelnootallergie opgespoord. Met name bij kinderen kunnen 
hierdoor vele hazelnootprovocaties voorkomen worden. 

Hoofdstuk 7 toont de potentie van de verschillende hazelnootallergenen in de 
basofiele activatie-test, waarbij werd vergeleken met pinda-allergenen. Cor a 14 is 
het meest potente hazelnootallergeen, vergelijkbaar met Ara h 2 en Ara h 6 in pinda. 
Daarnaast laat hoofdstuk 4 zien dat enkele kinderen en de helft van de volwassenen 
met een ernstige hazelnootallergie alleen antistoffen hebben voor het berkenpollen-
gerelateerde hazelnoot-allergeen Cor a 1. Deze bevinding suggereert dat Cor a 1 een 
rol kan spelen bij ernstige klachten door hazelnoot. De grote individuele variatie in de 
basofiele activatietest na stimulatie met Cor a 1 past ook bij deze bevinding.

Hoofdstuk 5 laat zien dat de hoeveelheid hazelnoot waarbij objectieve klachten op-
treden (drempels) vergelijkbaar is bij kinderen en volwassenen. Verschillende patiënt-
karakteristieken zoals leeftijd, huidpriktest met hazelnootextract en de bepaling van IgE 
specifiek voor Cor a 9 en Cor a 14 waren van invloed op de gevoeligheid voor hazelnoot 
(drempelwaarde distributiecurve). De hieruit afgeleide dosering waarbij allergische 
klachten kunnen optreden kan gebruikt worden om de etikettering van producten 
te verbeteren. Op dit moment zijn mensen met een hazelnootallergie zeer beperkt in 
hun productkeuze, omdat steeds meer producten sporen van noten kunnen bevatten. 
Etikettering op basis van drempels kan de product keuze vergroten voor mensen met 
een voedselallergie.   

Hazelnoot kan gegeten worden na verhitting, zoals vaak het geval is in voorverpakte 
producten, maar de inname van rauwe hazelnoot zonder verdere bewerking neemt toe 
in populariteit. Hoofdstuk 8 geeft een systematisch overzicht van de huidige literatuur 
over de invloed van verhitting op de allergeniciteit van verschillende noten, waaronder 
hazelnoot. Roosteren vermindert de allergeniciteit van een specifiek hazelnootaller-
geen (Cor a 1), gerelateerd aan berkenpollen. Antistoffen voor Cor a 1 komen vaak voor 
bij mensen met een hazelnoot- en berkenpollenallergie, door kruisreacties na primaire 
sensibilisatie voor Bet v 1 van berkenpollen. Klinische studies met voedselprovocaties 
lieten een afname in allergeniciteit van hazelnoot zien na roosteren bij mensen met een 
gecombineerde hazelnoot- en berkenpollenallergie. De allergische klachten verdwenen 
echter niet bij alle mensen na het roosteren van hazelnoot. Vermoedelijk zijn ook andere 
hazelnootallergenen betrokken.  De hitte-labiliteit van het berkenpollen-gerelateerde 
hazelnoot allergeen in vitro en in vivo geeft aan dat rauwe hazelnoten meer allergeen 
zijn dan geroosterde hazelnoten bij mensen met een gecombineerde hazelnoot- en 
berkenpollenallergie. Deze informatie kan worden verwerkt in dieetadviezen. Verder 
kan verhitting ook het gebruikte testmateriaal bij IgE testen, huidpriktesten en voedsel-
provocaties beïnvloeden.
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Allergenen zonder een relatie met berkenpollen, die aanwezig zijn in verschillende 
noten zoals hazelnoot, cashew en walnoot zijn over het algemeen hittebestendig, waar-
door verhitting weinig effect zal hebben op hun allergeniciteit. 

Een allergie voor pinda, die behoort tot de peulvruchten en niet tot de noten, komt 
vaak voor bij mensen met een hazelnootallergie, zoals beschreven in hoofdstuk 6. De 
ernst van de hazelnootallergie lijkt echter geen goede voorspeller te zijn voor de ernst 
van de pinda-allergie. Bijna de helft van de kinderen en volwassenen met antistoffen voor 
Cor a 9 of Cor a 14 bleken ook antistoffen te hebben voor vergelijkbare eiwitten in pinda 
(Ara h 3 of Ara h 2). Met een twee-richting ImmunoCAP inhibitie werd geanalyseerd of 
deze co-sensibilisatie veroorzaakt werd door kruisreagerende antistoffen tussen hazel-
noot en pinda. Hieruit bleek dat de pinda-allergie niet het gevolg was kruisreagerende 
antistoffen voor Cor a 9 of Cor a 14 in hazelnoot. Daardoor lijken de antistoffen voor Cor 
a 14 en Ara h 2 goede markers te zijn voor een primaire sensibilisatie voor hazelnoot of 
pinda.

In hoofdstuk 7 worden de T cel-responsen op de verschillende hazelnoot- en pinda-
allergenen onderzocht. Een hoog moleculair eiwit in hazelnoot, mogelijk Cor a 11, gaf 
de sterkste T cel-proliferatie van de hazelnoot-specifieke T cel-lijnen. Verder werden er 
op T cel-niveau kruisreacties gezien tussen hazelnoot- en pinda-allergenen. Deze bevin-
ding suggereert dat de kruisreacties tussen hazelnoot en pinda op T cel-niveau worden 
veroorzaakt en niet altijd leiden tot kruisreagerende antistoffen. De kruisreacties op T 
cel-niveau zouden een verklaring kunnen zijn voor het vaak samen voorkomen van een 
hazelnoot- en pinda-allergie. 

Concluderend toont dit proefschrift de klinische aspecten van een hazelnootallergie 
bij kinderen en volwassenen. Nieuwe allergietesten kunnen het aantonen van een 
ernstige hazelnootallergie verbeteren, waardoor het aantal voedselprovocaties en on-
nodige diëten verminderd kan worden. Het onderliggende mechanisme  van het geza-
menlijk voorkomen van een hazelnoot- en pinda-allergie werd verder onderzocht. Deze 
bevindingen kunnen een bijdrage leveren aan de ontwikkeling van nieuwe preventieve 
en therapeutische behandelopties. 
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AUC:   Area under the curve
BP:   birch pollen
CCD:    Cross-reactive carbohydrate determinants
CI:    Confidence interval
DBPCFC:   Double-blind placebo-controlled food challenge
ELISA:    Enzyme-linked immunosorbent assay
Fr:    Fraction
IEC:    Ion exchange chromatography
IMAC:    Immobilized metal ion affinity chromatography
ImmunoCAP:  ImmunoCAP FEIA (Fluorenzymeimmunoassay)
IQR:   Interquartile range
LAL:    Limulus Amebocyte Lysate
LPS:    Lipopolysaccharide
NPV:   Negative predictive value
nsLTP:    Non-specific lipid transfer protein
PBMC:    Peripheral blood mononuclear cell
PPV:   Positive predictive value
rCor a 1:   recombinant Corylus avellana 1
ROC curve:  Receiver operating characteristic curve
RPC:    Reversed phase chromatography
SI:    Stimulation index
sIgE:   Specific IgE   
SPT:    Skin prick test
TCLs:    T cell lines




