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Abbreviations 

AD atopic dermatitis  
BAT basophil activation test  
CCDs cross-reactive carbohydrate determinants 
CRD component resolved diagnosis 
DBPCFCs double-blind placebo-controlled food challenges 
FcεRI high affinity IgE receptor I 
FEIA fluorescent enzyme immunoassay 
IgE immunoglobulin  
FAFH-2  food allergy herbal formula-2 
IL interleukin 
ISU/L ISAC Standardized Units per Liter 
IUIS International Union of Immunological Societies 
mDC myeloid dendritic cell  
n native 
NPV negative predictive value  
Ns-LTP non-specific lipid transfer protein 
OAS oral allergy syndrome 
PR pathogenesis related  
PPV positive predictive value 
r recombinant 
RAST radioallergosorbent test 
ROC receiver operating characteristic 
sIgE specific immunoglobulin E 
SPT Skin Prick Test 
Th2 T-helper 2
UA allergen specific unit
YJV yellow jacket venom

For definitions of abbreviations of allergen components see text and legends of the figures. 
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Introduction 

IgE mediated food allergy 

Definition 

The occurrence of adverse reactions to food, aside from those considered toxic, are caused by 

a particular hypersensitivity reaction towards commonly tolerated food proteins [1]. Adverse 

reactions induced by an immunological mechanism are referred to as ‘food allergy’. As shown 

in Figure 1, food allergic reactions can mechanistically be further subdivided into 

immunoglobulin E (IgE)-mediated and non-IgE-mediated reactions or a combination of both 

[2]. In contrast, the non-immunological adverse reactions are termed ‘food intolerance’ and 

are based upon metabolic, pharmacologic and/or undefined mechanisms [3]. 

This thesis focuses on IgE-mediated food allergy, which as indicated by its name, is associated 

with the production of food allergen-specific IgE (sIgE) antibodies and is in general clinically 

Figure 1: Classification of adverse reactions to food [2] 
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characterized by the occurrence of local and/or generalized symptoms within 2 hours after 

ingestion of the culprit food [2].  

Epidemiology   

Obtaining reliable estimates of prevalence regarding IgE-mediated food allergy is difficult, 

mainly because of differences in applied definitions, study populations and employed 

diagnostic methods [4]. Furthermore, the prevalence of IgE mediated food allergy appears to 

exhibit important age and geographic differences that should not be overlooked and might 

significantly affect the outcome of epidemiologic surveys [5, 6]. Nevertheless, based upon 

increasing numbers of self-reporting food allergic reactions by patients and hospital 

admissions related to food allergy [7-11], it is generally believed that the prevalence of IgE-

mediated food allergic reactions is increasing.  

Peanuts and various tree nuts (e.g. hazelnut, walnut, cashew, pistachio, brazil nut, almond) 

have been described as major causes of IgE-mediated food allergic reactions [5, 10]. A recent 

meta-analysis of Nwaru et al. reviewed studies published between 2000 and 2012 and 

concluded that the prevalence of peanut allergy and tree nut allergy based upon self-reported 

data was approximately 2 % of the people surveyed, whereas the prevalence estimated by 

food challenge studies was 0.2 % for peanut allergy and 0.5 % for tree nut allergy [5]. In 

general, prevalence numbers for peanut and hazelnut allergy were higher in older age groups 

and prevalence appeared to be higher in northern - western Europe compared to other 

European regions [5].  Furthermore, peanut and tree nuts account for the majority of food-

induced anaphylactic fatalities [7, 10, 12, 13], highlighting the importance of correct 

identification of peanut and/or tree nut allergic patients.  

Pathogenesis  

Most IgE-mediated allergies are multifactorial and result from an interaction between a 

genetic predisposition, i.e. atopy, and environmental exposure [14]. With respect to IgE-

mediated food allergy there appear to be 2 distinct pathological mechanisms. Firstly, in 
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primary (genuine) IgE-mediated food allergy, a food allergen “escapes” from the surveillance 

mechanisms in the skin, respiratory- or gastrointestinal tract, which normally prevent food 

allergens to enter the body and/or to trigger the immune system. As shown in Figure 2, once 

a food allergen has entered the body, specialized dendritic cell populations will present food 

peptides to naïve T cells and induce a polarization to T helper 2 (Th2). Subsequently, Th2-

derived cytokines such as interleukin (IL)-4 and IL-13 will trigger immunoglobulin isotype 

switching leading to the production and release of sIgE antibodies by allergen-specific B cells 

and plasma cells. These food allergen specific IgE antibodies bind to their high affinity receptor 

(FcεRI) present on the surface membrane of tissue resident mast cells and blood basophils, 

both effector cells critical for the IgE-mediated allergic reaction. From then on, an individual 

is considered to be sensitized and re-exposure to the sensitizing food might result in cross-

linking of cell surface-bound sIgE antibodies leading to activation and degranulation of the 

effector cells, which release symptom-causing mediators, such as histamine and leukotrienes 

[15].   

Secondly, as shown in Figure 2, IgE-mediated food allergy can also be acquired indirectly via 

cross-reactivity. In these cases, called secondary food allergies, food-specific IgE antibodies 

are directed against  structural homologous allergens from a (non-edible) source which is not 

the original (primary) sensitizing source. In Belgium, secondary food allergies generally imply 

fruits and vegetables and predominantly result from an IgE cross-reactivity between food 

allergens and Bet v 1, the major allergen from birch (Betula verrucosa) [16].  

Noticeably, many subjects can have allergic sensitization with production of sIgE to food 

allergens without having any clinical symptoms of an allergic reaction on exposure, viz. 

presence of sIgE antibodies alone is not sufficient to define food allergy [17, 18]. Therefore, a 

positive sIgE result should always be interpreted with extreme care as it might merely reflect 

(cross) sensitization rather than a genuine allergy. For example, it has repeatedly been shown 

that ubiquitous structures such as cross-reactive carbohydrate determinants (CCDs), 

homologues of the major allergen from birch pollen (Bet v 1) and profilins can elicit a 

significant number of positive sIgE results without clinical significance [19, 20]. This 
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discrepancy between the presence of specific IgE antibodies and absence of overt food allergy 

not only creates a diagnostic conundrum but also constitutes a gap in our knowledge about 

food allergy and tolerance mechanisms.  

 

Plant food allergens 

Plant food families and superfamilies 

During the last decade, molecular biology and biochemical techniques have significantly 

improved our knowledge of allergens derived from plant foods and have led to a classification 

of plant food allergens into families and superfamilies based on their structural and functional 

properties [21]. As shown in Figure 3, most plant food allergens belong to a limited number of 

protein superfamilies, viz. Bet v 1 homologues, prolamins, cupins and profilins [22]. 

Purification, cloning and (recombinant) production of various allergen components out of the 

different superfamilies enables us to detect and quantify sIgE antibodies against individual 

Figure 2: Pathogenesis of IgE mediated food allergy (primary and secondary) adapted from Didier Ebo, Allergie: 
een praktische gids, University of Antwerp, 2014. ISBN:9789057284663. Ag = antigen, mDC = myeloid dendritic 
cell. 
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plant food components and to establish personalized sensitization profiles. Different studies 

have been analysing this sensitization and from these studies it emerged that additional, 

extended comprehensive studies are mandatory, mainly as sensitization to plant food 

allergens might exhibit distinct age and geographically-dependent variations that remain 

incompletely deciphered [23-28]. In the following section, major protein families and the 

current knowledge about their specific epidemiological and clinical characteristics relevant to 

this thesis are discussed more in detail. 

Hazelnut allergens 

At the start of this thesis, five proteins were identified as potential allergen components from 

hazelnut (Corylus avellana); Cor a 1.04, Cor a 2, Cor a 8, Cor a 9 and Cor a 11. Furthermore, 

our study group [24, 29] and others [28, 30-33] had already observed that hazelnut allergy 

displays clear geographic and age-related variations regarding the severity of symptoms 

depending on the sensitization profile of the individual patient.  

Figure 3: Plant food families and superfamilies. 
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In patients from northern-western and central Europe, sensitization to hazelnut and hazelnut 

allergy was demonstrated to predominantly result from an extensive cross-reactivity between 

Cor a 1.04 and Bet v 1, the major allergen from birch (Betula verrucosa). Both proteins belong 

to the pathogenesis related-10 family (PR-10 family), a group of proteins that are induced in a 

plant as a response to infections by pathogens or adverse environmental factors. Amongst 

others [28, 30], we reported that birch pollen-related hazelnut allergy is predominantly seen 

in adults and is generally characterized by a mild oral allergy syndrome (OAS) confined to the 

oropharynx upon consumption of raw nuts, as Bet v 1 homologues have a rather low 

resistance against heat and digestion [24]. Another protein related to pollen is Cor a 2, 

belonging to the group of profilins. Profilins are ubiquitous labile proteins, that have been 

recognized as allergens in both airborne and food allergenic sources. Its role as an elicitor of 

allergic symptoms is still controversial, as presence of sIgE antibodies to profilins does not 

always translate into clinical allergy [19, 34].  

Cor a 8, belongs to the prolamin superfamily and is a non-specific lipid transfer protein (ns-

LTP) [31]. Ns-LTPs are widely distributed throughout the plant kingdom and despite their 

name, they are not thought to have a primary function in lipid storage, rather plant LTPs are 

believed to play a major role in the plant defense system and therefore have been also 

classified as pathogenesis-related proteins (PR-14 family) [21]. In contrast to Cor a 1, genuine 

sensitization to Cor a 8 as a cause of hazelnut allergy is rare in our regions [24, 28, 29]. Actually, 

epidemiologic and clinical data about Cor a 8 sensitization are mainly gathered in the 

Mediterranean area [27, 28].  

Cor a 9 (11s legumin) and Cor a 11 (7s vicilin) both belong to the cupin superfamily. Among 

others [28, 30, 32, 35], our study group has shown that sensitization to Cor a 9 and Cor a 11 is 

generally associated with more severe symptoms on consumption of raw or processed nuts 

and is predominantly observed in preschool and school children [24, 29]. Moreover, 

sensitization to  Cor a 9 and Cor a 11 can already be present in infants younger than 12 months 

who suffer from atopic dermatitis [24, 25]. Another important finding in the studies by De 

Knop et al [24] and Verweij et al [29] was that Cor 1.04, Cor a 8, Cor a 9 and Cor 11 did not  
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cover the entire IgE reactivity profile of hazelnut sensitization, as only about two-thirds of 

hazelnut allergic children with systemic reactions were correctly identified. Thereby fuelling 

my interest to study whether Cor a 14, the 2S albumin of hazelnut, could close the gap in the 

sensitization profile of hazelnut. Indeed, at the beginning of this work, Cor a 14 was just being 

characterized and cloned [36] but its importance as a hazelnut allergen was unknown. 

Therefore, we took advantage of our well-established hazelnut allergic study populations [24, 

25, 29] to explore the importance of Cor a 14 senstization for hazelnut allergic patients and 

obtain insight in the clinical and epidemiological features of a sensitization to this 2s albumin. 

Peanut allergens  

Like hazelnut allergy, peanut allergy also shows distinct clinical patterns that to some extent 

can be predicted by component resolved diagnosis [37-45] using the peanut components Ara 

h 1, Ara h 2, Ara h 3, Ara h 5, Ara h 6, Ara h 8 and Ara h 9. However, most studies published at 

the start of this work had been almost exclusively focusing on pre(school) children [26, 37, 41, 

43-45] and data in infants and adults were scarce [23, 39]. Therefore, we felt that additional 

studies in different populations covering a broader age range including infants and adults to 

be mandatory to expand our knowledge on the potential age-related sensitization profiles of 

peanut allergy.  

In general, the 2s albumin Ara h 2 belonging to the prolamin superfamily, is considered to be 

the major allergen of genuine peanut allergy in children and sIgE to Ara h 2 has repeatedly 

been demonstrated to distinguish between peanut-sensitized individuals at risk of severe 

symptoms and those likely to have milder or even no symptoms to peanut [37-45]. Ara h 1 (7s 

vicilin) and Ara h 3 (11s legumin), both belonging to the cupin superfamily, have also been 

shown to be predominantly associated with generalized allergic reactions. Ara h 6, another 2 

S albumin, has been studied less but shows a similar diagnostic value for peanut allergy as Ara 

h 2 [46].  

In contrast, pollen-related peanut allergy mainly relies upon sensitization to  the Bet v 1 

homologue Ara h 8 and in a lesser extent to the profilin Ara h 5 [26, 47]. Birch-pollen related 

peanut allergy with sensitization to Ara h 8 is mainly described in patients from northern-
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western Europe and is associated with mild symptoms restricted to the oropharynx [26, 48] , 

whereas sensitization to Ara h 9, a non-specific lipid transfer protein, is mainly described in 

southern Europe [26, 49, 50].  

 

Clinical manifestations of IgE mediated food allergy 

Symptoms of IgE-mediated food allergy generally occur within minutes to up to 2 hours after 

ingestion of the offending food and clinical severity can vary from mild, local bothersome 

allergic symptoms to severe, life-threatening symptoms and fatalities. The best known 

representative of localized food allergic reactions is the ‘oral allergy syndrome’ (OAS) in which 

the patient experiences itching, tingling and sometimes swelling confined to the 

oropharyngeal mucosa [51]. The OAS is mainly seen as a cross-reactive phenomenon triggered 

by raw fruit, vegetables and nuts in patients primarily sensitized to the major birch pollen 

allergen Bet v 1.  

Anaphylaxis is a severe, potentially life-threatening systemic reaction in which different target 

organs can be affected, e.g. skin, respiratory tract, cardiovascular system, gastrointestinal 

tract [52]. Symptoms of anaphylaxis are usually rapid in onset and can progress in severity 

over minutes to hours. Among the symptoms of anaphylaxis, cutaneous manifestations occur 

most frequently, followed by cardiovascular symptoms, respiratory symptoms and 

gastrointestinal symptoms [53]. Sometimes cofactors such as physical exercise, alcohol 

consumption, intake of nonsteroidal anti-inflammatory drugs or concomitant infection could 

act as amplifying factor for food allergic reactions [54].  

Diagnosis of IgE mediated food allergy 

Medical history  

A detailed clinical history is essential for the correct diagnosis of an IgE mediated food allergy 

and should address several points [55]; extent of symptomatology, possible causative food(s),  
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timing and chronicity of symptoms, reproducibility of allergic symptoms, quantity of ingested 

food, processing of the food (raw vs. cooked) and identification of possible risk/predisposing 

factors (e.g. cofactor(s), underlying atopy and other (pollen) allergies, familial history, 

coexisting medical problems). 

Double-Blind Placebo-Controlled Food Challenges (DBPCFCs).  

The double-blind placebo controlled food challenge is still considered the gold standard 

diagnostic test for the diagnosis of food allergy. However, clinical application of double-blind 

placebo controlled food challenge in mainstream diagnosis is impeded by several practical and 

mostly ethical limitations [56, 57] and even food challenges are not absolutely predictive for 

the clinical outcome [58-60]. Therefore, in daily clinical practice most clinicians will try to 

confirm their clinical suspicion with sIgE and/or skin prick test (SPT) and restrict double-blind 

placebo controlled food challenge to difficult to diagnose patients, i.e. those in which 

traditional tests yield equivocal or negative results [59].  

Skin Prick Test (SPT) and sIgE antibody testing.  

In clinical practice, physicians generally rely upon skin prick tests (SPT) and measurement of 

sIgE antibody levels to document their clinical suspicion of an  IgE-mediated allergy [55, 61]. 

These tests indirectly or directly depict sIgE antibodies against a mixture of glycoproteins 

present in crude allergen extracts. However, as exemplified earlier, the presence of sIgE 

antibodies in the serum of patients and/or a positive skin tests alone is not sufficient for the 

diagnosis of an IgE mediated food allergy. Results should always be interpreted with prudence 

as a positive result does de facto not indicate the presence of overt allergic disease but can 

merely reflect (cross-)sensitization. The major causes for clinically irrelevant sIgE results have 

to be sought in sensitization to cross-reactive carbohydrates (CCD) and profilins, two 

structures ubiquitously present in plant allergens [19]. Alternatively, negative sIgE and/or SPT 

results do not exclude an IgE-mediated condition, as results might be false negative due to 

under-representation of minor-allergens and/or instability of allergenic proteins (e.g. Bet v 1 

homologues) in crude, native extracts [18].  
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Component Resolved Diagnosis (CRD)  

As described earlier and shown in Figure 4, conventional sIgE antibody assays rely upon crude 

protein extract preparations obtained from native allergens, which are in general poorly 

defined mixtures and contain both allergenic and non-allergenic components. In contrast, 

molecular allergy diagnostics also called component resolved diagnosis (CRD) utilize single 

allergenic components that have been purified from natural sources or produced by 

recombinant technology to detect sIgE antibodies [18, 62, 63]. The most relevant clinical 

applications of CRD in food allergy will be extensively reviewed in Chapter 5 of this thesis. 

Briefly, CRD offers the potential to measure sIgE reactivity to specific (unique) marker 

components and/or substructures (epitopes), in order to identify genuine sensitization of 

patients towards a particular allergen. On the other hand, CRD is useful to evaluate 

sensitization to cross-reactive components or epitopes that point to cross-sensitization to 

taxonomically more or less related allergen sources, which might be only weakly associated 

with clinical manifestations. Overall it emerges that CRD can improve diagnosis of IgE 

mediated allergies, as this technique facilitates the discrimination between patients with 

clinical allergy from patients who are merely sensitized but tolerant [20, 64, 65]. Furthermore, 

CRD creates the opportunity to improve the management of patients, as it  allows to assess 

the individual risk of severity of an allergic reaction [23, 24, 45] and predict the natural course 

of a food allergy (outgrow versus persistence) [66-68]. Finally, CRD might facilitate selection 

of patients for allergen-specific immunotherapy and contribute to the monitoring of the 

immunological effects of therapy [69-71].  
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Basophil Activation Test (BAT)  

During recent years, functional in vitro basophil activation assays have shown to be a sensitive 

and specific instrument that can complement conventional diagnostics such as quantification 

of sIgE and SPT [72]. The clinical utilities of the basophil activation test in IgE-mediated food 

allergy will be extensively reviewed in chapter 6 of this thesis. Briefly, upon activation with a 

specific food allergen, basophils not only secrete quantifiable mediators but also up-regulate 

the expression of particular activation (CD203c) and degranulation (CD63) markers that can 

be analysed flow cytometrically using specific monoclonal antibodies conjugated with a laser 

excitable fluorochrome. As the technique more closely resembles the in vivo pathway leading 

to symptoms than traditional IgE binding assays, basophil activation tests have been shown to 

be particularly helpful in discriminating genuine allergy from merely sensitization [73-75] and 

might be useful in establishing individual risk profiles, predicting persistence of allergy and 

facilitating therapeutic approach [18, 72]. In this work,  BAT has mainly been applied to 

evaluate clinical significance of non-specific lipid transfer proteins.  

 

Figure 4: Specific IgE measurement to crude protein extract preparations (A) and single or recombinant protein 
components (B) 
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Aim of the thesis   

The overarching objective of this PhD thesis was to expand our knowledge about the  

sensitization profiles of plant food allergy in children and adults from a north-west European 

region, as this could optimize our diagnostic management.  

The first objective aimed at investigating whether adding Cor a 14 to the panel of hazelnut 

components could fill the gap in the hazelnut sensitization profile.  

A secondary aim was to unveil peanut sensitization profiles in Belgian peanut sensitized 

infants with atopic dermatitis as well as (pre)school children and adults with overt peanut 

allergy.  

Finally, a third goal was to evaluate the prevalence and clinical relevance of sIgE reactivity to 

various ns-LTPs in children and adults suffering from pollen and/or plant food allergies, as 

epidemiological and clinical data about ns-LTP sensitization gathered in the Mediterranean 

basin suggest ns-LTP to be relevant allergenic components. 
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Abstract 

Background  

Hazelnut allergy shows distinct clinical patterns that can be predicted through component 

resolved diagnosis. However, identification of sensitization profiles remains incomplete.  

Methods 

Sera of 75 hazelnut allergic patients, 14 infants with atopic dermatitis (AD) sensitized to 

hazelnut, 15 hazelnut tolerant individuals with sIgE to hazelnut and 15 healthy control 

individuals were tested for specific immunoglobulin E reactivity to rCor a 1.04, rCor a 8, nCor 

a 9, nCor a 11, rCor a 14, rBet v 1, rBet v 2 and cross-reactive carbohydrate determinants 

(CCD).  

Results 

Sensitization to Cor a 14 was observed in 18/20 preschool-children, 8/10 school-children and 

2/7 adults with generalized reactions and in 3/14 infants with AD. Only 2/38 patients with an 

oral allergy syndrome (OAS) were sensitized to Cor a 14. No sensitization to Cor a 14 was 

observed in the group of hazelnut tolerant and healthy control individuals. Sensitization to Cor 

a 1.04 was seen in 36/38 OAS-patients and in 14/37 patients with generalized reactions. 

However, only 3 patients with generalized reactions were monosensitized to Cor a 1.04. 

Sensitization to Cor a 9 was observed in 26/37 patients with generalized reactions and in 4/14 

infants with AD. Sensitization to Cor a 11, Cor a 8, rBet v 2 and CCD was rare. 

Conclusions 

Sensitization to Cor a 14 can have an early onset and shows age related variations. Together 

with Cor a 9, Cor a 14 enables us to correctly identify almost 90% of children with generalized 

reactions to hazelnut.  

 



30 

 

Introduction 

Hazelnut (Corylus avellana) constitutes an important and increasing cause of food allergy in 

children and adults in our regions [1, 2]. Hazelnut allergy has been shown to exhibit distinct 

geographic and age-related phenotypes, depending on incompletely disentangled 

sensitization profiles of the individual patient [3-7].  

In Belgium, adults predominantly present with a localized oral allergy syndrome (OAS) 

resulting from a cross-reactivity between Cor a 1.04 from the nut and Bet v 1, the major 

allergen component from  birch (Betula verrucosa) pollen. In contrast, preschool and school-

aged children frequently display more generalized reactions that are oftentimes related to a 

sensitization to hazelnut storage proteins such as the legumine-like Cor a 9 [4] and  the vicilin 

Cor a 11 [8]. Sensitization to both these hazelnut components can occur at a very young age 

(<1 year) [8, 9] and does not result from a cross-reactivity with pollen allergens. From 2 series 

[4, 8], it emerged that no sensitization pattern could be established in about one-third of our 

children with a pollen-unrelated hazelnut allergy. Likely, the exact reason(s) for this 

observation relate(s) to the fact that the panel of purified and recombinant proteins available 

at that time did not cover the entire hazelnut IgE response.   

Recently, it has been shown that the 2S albumin of hazelnut, Cor a 14, could constitute a novel 

asset in the diagnosis of  hazelnut allergy with more severe reactions [10, 11]. However, as 

these studies lack young children and patients without a pollen allergy, that could have 

affected the outcome, additional studies are warranted. Hence we focused in this study on 

hazelnut sensitized infants (< 1 year of age) with atopic dermatitis (AD), preschool and school-

aged children and adults with genuine hazelnut allergy with or without sensitization to Bet v 

1. 
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Material and methods 

Subjects 

A total of 119 patients who attended our outpatients’ clinics of Allergology and Pediatrics were 

studied. First, 14 infants less than 1 year old with AD, all with specific IgE (sIgE) reactivity to 

the Cor a 1.04-spiked hazelnut extract were enrolled. Second, 75 patients with a definite 

history of immediate allergic symptoms due to consumption of raw or processed hazelnut 

were included. These were stratified into 6 groups according to the extent of the clinical 

reaction (OAS or generalized reaction) and age (0-6y; 7-18y; >18y) as detailed elsewhere [4, 8, 

9]. Finally, 15 age-matched hazelnut tolerant individuals with a positive sIgE to hazelnut and 

15 non-allergic and non-sensitized age-matched individuals served as a control group. All the 

patients and controls, or their legal guardians, completed a standardized questionnaire about 

immediate (within 1 hour) symptoms following the consumption of hazelnut or hazelnut 

containing foods. 

Briefly, the diagnosis of a generalized  hazelnut allergy was based upon an evocative history 

of adverse reactions upon raw or processed hazelnut. Allergic symptoms could involve skin or 

subcutaneous tissues  (e.g. generalized erythema, urticaria, periorbital edema or angioedema) 

and/or the respiratory tract (e.g. dyspnea, stridor, wheezing, chest/throat tightness or 

cyanosis) and/or the gastrointestinal system (e.g. nausea, vomiting or abdominal pain) and/or 

the cardiovascular system (dizziness, diaphoresis, hypotension, confusion, loss of 

consciousness), as described in detail by Brown et al [12]. In contrast, the diagnosis of a 

localized OAS to hazelnut relied upon a compelling history of repetitive pruritus and/or 

angioedema of the lips, tongue and/or palate on consumption of hazelnut.  

Challenges were not conducted in patients with generalized reactions due to the severity of 

the reported symptoms and the consequential potential risk of eliciting serious reactions. In 

OAS, challenges were supposed unnecessary as the clinical history in such cases is highly 

reliable and symptoms are easily recognized and described by the patient. 
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The local ethics committee approved this study (B300201316182). Patients, healthy controls 

or their representatives approved an informed consent in accordance with the Declaration of 

Helsinki.  

Total and specific IgE  

Total IgE and sIgE to the conventional rCor a 1.04-spiked hazelnut extract, the recombinant 

components Cor a 1.04, Cor a 8 and Cor a 14 and the native components non-glycosylated Cor 

a 9 and glycosylated Cor a 11 were quantified according to the manufacturer’s instructions 

(ImmunoCAP, ThermoFisher Scientific, Uppsala, Sweden) [8]. The ImmunoCAP bromelain was 

used as biomarker for sensitization to complex 1,3--fucose and 1,2-xylose-containing cross-

reactive carbohydrate determinants (CCD). Results > 0.35 kUA/L were considered as positive. 

Specific IgE to recombinant Bet v 1 and birch pollen profilin (Bet v 2) were quantified with a 

microarray (ImmunoCAP ISAC 103, ThermoFisher Scientific). Results were expressed as ISAC 

Standardized Units (ISU/L) and values > 0 were regarded as positive [4, 9].  

Statistical analysis 

Data were expressed as median values (range). Non-parametric tests and χ2 analysis were 

used where appropriate. IBM SPSS 20 software was used for data analysis. A P <0.05 was 

regarded as statistically significant.  
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Results  

Patient characteristics 

Table 1 summarizes the demographics of patients and control inividuals. In total, 37 patients 

exhibited a more severe phenotype with generalized reactions to hazelnut ingestion, whereas 

38 patients reported an oral allergy syndrome (OAS) to hazelnut.  

Table 1: Demographics and characteristics. F =  female;   HZN = hazelnut. 

  

  

N  (F) 

 

Age (years) 

Median (range) 

 

Total IgE (kU/L) 

Median (range) 

HZN – Generalized reactions 

 

 

Preschool 20 (7) 2.6 (1.0 - 5.4) 349 (12 - 4347) 

School 10 (1) 01.2 (8.0 - 13.8) 525 (86 - 5054) 

Adults 7 (5) 28.0 (18.0 - 33.0) 326 (64 - 1747) 

Total  37 (13)   

HZN – Localized reactions Preschool 7 (2) 4.3 (3.0 - 6.3) 482 (25 - 3109) 

School 9 (3) 11.1 (7.3 - 16.0) 434 (43 - 2168) 

Adults 22 (19)  37.6 (18.8 - 62.8) 189 (9 - 679) 

Total 38 (24)   

HZN – Atopic dermatitis  

(sIgE HZN extract > 0.35 kU/L) 

< 1 year 14 (5) 0.6 (0.3 - 1.0) 87 (28 - 535) 

HZN – Tolerant individuals  

(sIgE HZN extract > 0.35 kU/L) 

Preschool 5 (0) 5.2 (2.0 - 6.3) 277 (92-1294) 

School 5 (0) 10.7 (7.0 - 15.6) 882 (333 - 1758) 

Adults 5 (4) 29.4 (18.9 - 38.0) 75 (55 - 2408) 

Total  15 (4)   

Healthy control individuals  Preschool 5 (4) 5.0 (1.6 - 6.5) 38 (16 - 278) 

School 5 (2) 10 (8.2 - 15.8)  182 (8 - 290) 

Adults 5 (4) 32.4 (22 - 44.3) 7 (2 - 73) 

Total 15 (10)   

 TOTAL 119(56)   
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Sensitization to hazelnut and birch components 

As displayed in Figure 1A and Figure 2, 30/75 (40%) patients with symptomatic hazelnut allergy 

were sensitized to Cor a 14. Sensitization to this 2S albumin is demonstrated  in 28/37 (76%)  

patients with generalized allergic reactions upon hazelnut and in only 2/38 (5%) patients with 

an OAS (P<0.05). With respect to age, sensitization to Cor a 14 is more observed in preschool 

and school children as compared to adults with generalized reactions. Actually, in patients 

with generalized reactions sensitization to Cor a 14 is observed in 18/20 (90%) of preschool 

children, 8/10 (80%) of school children and 2/7 (29%) of the adults. Three of the 14 infants 

with AD (21%) were sensitized to Cor a 14. None of the hazelnut tolerant individuals sensitized 

to hazelnut showed sIgE to rCor a 14. In the healthy control individuals there is no sensitization 

to any of the hazelnut and/or birch components.  

Besides that, Figure 2 and 2A show that 18 out of 28 (64%) patients with generalized reactions 

and sensitized to Cor a 14 do not demonstrate co-sensitization to Bet v 1. 

Figure 1: Sensitization to 4 different hazelnut components, rCor a 14 (A), nCor a 9 (B), rCor a 1.04 (C) and nCor 
a 11 (D) in healthy control individuals (HC), patients with generalized reactions (HZN-GR) on hazelnut exposure, 
hazelnut allergic patients with an oral allergy syndrome (HZN-OAS),  infants younger than 1 year of age with 
atopic dermatitis and sensitized to hazelnut (HZN-AD) and hazelnut tolerant individuals with positive sIgE to 
hazelnut (HZN-TOL). These groups were stratified into 3 age categories; preschool children (0-6 years), school 
children (7-18 years), adults (> 18 years). Number of positive sIgE results on the total number of patients in the 
corresponding group is written below the clinical specification.   
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Figure 2.   
Graphical representation of all 
individual sIgE results in 
healthy control individuals, 
hazelnut (HZN) allergic patients 
with generalized reactions or 
oral allergy syndrome, infants 
with atopic dermatitis and 
sensitized to hazelnut and 
hazelnut tolerant individuals 
with positive sIgE to hazelnut. 
The clinical groups are 
subdivided into three different 
age groups (preschool children 
(0-6 years), school children (7-
18 years) and adults (> 18 
years)). Results of specific IgE 
to hazelnut extract spiked with 
Cor a 1.04 (HZN), rCor a 1.04 
(Cor a 1), rCor a 8, nCor a 9, 
nCor a 11, rCor a 14, rBet v 1 
and rBet v 2 are demonstrated 
and are expressed in kUa/L .  
Negative sIgE results (< 0.35 
kUa/L or 0 ISU/L) are displayed 
as 0 and results greater than 
100 kUa/L are displayed as 100. 
White boxes; results not 
available.     
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As displayed in Figure 1B, similarly to Cor a 14,  sensitization towards the 11S legumin-like 

seed storage protein Cor a 9 is mainly observed in patients with generalized reactions upon 

hazelnut exposure and is mostly seen in children. As a matter of fact, sensitization to Cor a 9 

is seen in 26 of 37 (70%)  patients with a generalized reaction and in only 4/38 (11%) of patients 

with an OAS (P<0.05). We observed sensitization to Cor a 9 in respectively 16/20 (80%) of 

preschool children, 7/10 (70%) of school children and 3/7 (43%) of adults with generalized 

reactions. Like sensitization to Cor a 14, more than half of Cor a 9 sensitized patients with 

generalized reactions (15/26 (58%)) demonstrate no cosensitization to Bet v 1 (Fig. 2).  In 

infants with AD, 4/14 (28%) show sIgE reactivity to Cor a 9 (Fig. 1B). Furthermore, one 

preschool patient in the group of hazelnut tolerant but sensitized individuals showed sIgE 

antibodies to Cor a 9. As demonstrated in Figure 3, when combining results of the Cor a 14 

and the Cor a 9-solid phase assay, a positive result is found in all 20 preschool children with 

Figure 2A: Correlation between sIgE to rCor a 14 (A), nCor a 9 (B),  rCor a1.04 (C), nCor a 11 (D) and sIgE to  
rBet v 1 in patients with generalized reactions on hazelnut ingesture (n = 37).  Patients were stratified 
according to age (red circles; preschool children (0-6 year), green quadrants; school children (7-18 year), blue 
triangles; adults (> 18 year)). For absolute numbers see Table 1.   
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generalized reactions. Besides, combined analysis of Cor a 9 and Cor a 14 enabled to explain 

7 out of 14 hazelnut extract sensitizations in infants with AD. In contrast, the combined 

analysis did not improve the diagnosis in school children and adults with generalized reactions 

as compared to the evaluation of single components.   

From Figure 1C it emerges that sensitization to Cor a 1.04, the Bet v 1 homologue in hazelnut, 

displayed almost opposite characteristics as compared to Cor a 9 and Cor a 14. Actually, 

sensitization to Cor a 1.04 is predominantly seen in patients with an OAS, particularly older 

children and adults. In our cohort 36 of 38 (95%) patients with an OAS are sensitized to Cor a 

1.04 from which 5 patients showed a co-sensitization to Cor a 14 and/or Cor a 9.  All patients 

with an OAS on hazelnut ingesture are sensitized to Bet v 1. All except for one, hazelnut 

tolerant individuals are sensitized to Cor a 1.04. All infants with AD demonstrate a negative 

sIgE to Cor a 1.04 and Bet v 1 (Fig. 1C and Fig. 2).  

Figure 3: Percentages of sensitization to nCor a 9, rCor a 14 and nCor a 9 and/or rCor a 14 in preschool children 
(n = 20), school children (n=10 ) and adults (n =7) with generalized reactions (HZN-GR) and hazelnut sensitized 
infants (n=14) with atopic dermatitis (HZN-AD).  
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Although sensitization to Cor a 1.04 is observed in 14 patients with generalized reactions, it 

should be noticed that only 3 of those were really monosensitized to the Bet v 1 homologue, 

the remainder 11 demonstrating a cosensitization to Cor a 8 and/or Cor a 9 and/or Cor a 14. 

All patients with generalized reactions and with Cor a 1.04 sensitization are co-sensitized to 

Bet v 1 (Fig. 2).   

As revealed by Figure 1D, sensitization to Cor a 11 is found in 5/37 (14 %) patients with 

generalized reactions, none of the patients with an OAS, none of the hazelnut-tolerant 

patients with hazelnut sensitization and none of the infants with AD were sensitized. All 

patients with generalized reactions sensitized to this glycosylated 7S-vicilin-like protein 

displayed a co-sensitization to Cor a 9 and Cor a 14. Note that none of the patients with a 

positive Cor a 11 result demonstrated sensitization to CCD, as revealed by the bromelain assay 

(results not shown) [13], thus indicating CCD to be unlikely the cause of a positive sIgE Cor a 

11 result.  

Sensitization to Cor a 8 is found in 6/37 (16%) of patients with generalized reactions and only 

1/38 (3%) of the patients with an OAS. Only one of the patients with generalized reactions is 

monosensitized to Cor a 8. One patient in the group of hazelnut tolerant individuals with sIgE 

to hazelnut extract was sensitized to Cor a 8.  No sensitization to the ns-LTP of hazelnut was 

observed in the group of infants with AD.  

Sensitization to Bet v 2 was rare and observable in 2/37 (5%) of the patients with generalized 

reactions, 7/38 (14%) of the patients with an OAS, in 4/15 (27%) of the hazelnut tolerant 

patients and in none of the infants with AD. 
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Discussion 

The phenotype of hazelnut allergy shows distinct geographic and age-related differences 

originating from particular but still incompletely disentangled sensitization patterns [3]. The 

most relevant and novel finding of the current study is that Cor a 14 sensitization can occur in 

infants (median age 0.7 months) with atopic dermatitis without overt hazelnut allergy and in 

young preschool children (median age 2.6 years) with generalized reactions on hazelnut 

exposure, both groups generally not displaying a sensitization to tree (birch) pollen. These 

observations extend beyond the findings of Masthoff et al., who demonstrated Cor a 14 

sensitization to be highly specific for severe reactions in older school-aged children (median 

age 7 years) and adults, who were almost invariantly sensitized to birch pollen. Actually, the 

age-related variations in Cor a 14 sensitization reemphasize the importance of a far-reaching 

age stratification, as already is reported for Cor a 9 [4, 9]. Less IgE reactivity to Cor a 9 and Cor 

a 14 is seen for adults compared to children. Inversely, as illustrated elsewhere [4], 

sensitization to Cor a 1.04 demonstrated a significant rise with age – likely mirroring 

sensitization to Bet v 1 - and was predominantly associated with an OAS upon consumption of 

raw nuts. Like in other studies [14, 15] sensitization to other hazelnut components such as Cor 

a 8, profilins, cross-reactive carbohydrate determinants was rarely demonstrable among 

patients in our Flemish cohort.      

Because none of the component-specific solid phase assays displayed an absolute prognostic 

value with respect to the individual phenotype, we studied whether combining sIgE 

quantification to different components could improve the prediction of the clinical outcome. 

From this analysis it emerged that, for a single decision threshold of 0.35 kUA/L, a positive sIgE 

result for Cor a 9 and/or Cor a 14 is found in all preschool children, four-fifths of school-aged 

children and almost half of the adults that had suffered from a generalized reaction upon 

hazelnut exposure. It is of particular interest that a positive sIgE result for Cor a 9 and/or Cor 

a 14 identifies almost 90 % percent of children with generalized reactions and that patients 

with an OAS rarely demonstrate sensitization to these allergen components. Actually this 

suggests that it might be possible to predict a more severe phenotype in younger children 

without need for additional dangerous provocation tests [16, 17].  Moreover, as it cannot be 

ruled out that patients with an OAS sensitized to Cor a 9 and/or Cor a 14 do not evolve more 
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generalized reactions in the future, we currently advocate a close follow-up of all patients 

sensitized to Cor a 9 and/or Cor a 14. 

As only half of the adult patients with generalized reactions were correctly identified by 

combining  Cor a 9 and Cor a 14, it is tempting to speculate that addition of other components 

to our diagnostic instrumentation could eventually enable a better prognosis about the clinical 

outcome in this age group. However,  in parallel to other northern European studies [10, 15, 

18] sensitization to Cor a 8, Cor a 11 and profilins was only rarely detectable in our series and 

did not add significantly to diagnosis. Alternatively, a positive sIgE to rCor a 1.04 was generally 

associated with an OAS and Cor a 1.04 sIgE antibodies have shown not to discriminate 

between birch pollen allergic patients with or without hazelnut allergy, as already has been 

described in earlier publications [4, 19, 20]. A phenomenon, that is not uncommon for sIgE 

antibodies directed against recombinant Bet v 1 homologues and has also been shown for sIgE 

to rMal d 1 from apple (Malus domestica) [20, 21].   

Atopic dermatitis is traditionally considered as the initial manifestation of an atopic status that 

can involve sensitization to food, including hazelnut [9]. In the group of infants with AD 

sensitized to hazelnut extract, sensitization to Cor a 14 was demonstrable in about one-fifth 

of the cases. Currently, it remains unclear through which routes infants become sensitized to 

Cor a 14. However, our data in AD and preschool-aged children, illustrate that likewise Cor a 

9, sensitization to the 2S albumin in the majority of cases precedes sensitization to Bet v 1 and 

overt birch pollen allergy. This can likely be explained by the fact that sensitization to pollen 

generally requires several years [22].  

However, the evaluation of components should be interpreted with caution, as it is likely that 

the panel of hazelnut components is still not complete and therefore could affect the results 

[23], for example we did not determine sIgE to oleosins [24]. Collaborative studies with 

sufficient numbers of well phenotyped patients and control individuals and with 

determination of new hazelnut components are required to verify our data and enable 

calculating predictive values of various component-specific IgE immunoassays.  

In conclusion, the most relevant observation in this study is that Cor a 14 complements the 

molecular diagnosis of hazelnut allergy in children. Cor a 14 enables, together with Cor a 9, a 
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safe and correct diagnosis in almost 90 % of children with severe hazelnut allergy. The exact 

routes of sensitization to Cor a 14 remain elusive. Like Cor a 9, sensitization to this 2S albumin 

can occur at very young age way before overt hazelnut allergy and sensitization to pollen.        
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Abstract 

Objectives 

Peanut allergy shows distinct clinical patterns that can be predicted by component resolved 

diagnosis. However data about peanut sensitization profiles in populations with a broad age-

stratification are scarce. 

Methods 

Sera of 89 peanut allergic patients (age 1 – 70 years), 21 infants (< 1y) with atopic dermatitis 

(AD) sensitized to peanut, 24 age matched peanut tolerant individuals with positive sIgE to 

peanut and 15 healthy individuals were tested for sIgE reactivity to rAra h 1, rAra h 2, rAra h 

3, rAra h 8, rAra h 9 and rBet v 1 (FEIA ImmunoCAP, Thermo Fisher Scientific).  

Results 

In infants with AD, Ara h 1, Ara h 2 and Ara h 3 enabled to explain 14/21 (67%) of peanut 

sensitizations. No sensitization to Ara h 8 or Bet v 1 was observed. Patients with generalized 

reactions were more frequently sensitized to Ara h 1, Ara h 2 and Ara h 3 compared to patients 

with an oral allergy syndrome (OAS) and peanut tolerant patients. Sensitization to Ara h 8 was 

significantly more observed in patients with an OAS. Ara h 2 showed to be the best marker to 

distinguish patients with generalized reactions from patients with an OAS and/or peanut 

sensitized patients but tolerating the legume. 

Conclusion 

Sensitization to Ara h 1, Ara h 2 and Ara h 3 can have early onset and is predominantly 

associated with a more severe outcome. Ara h 2 is the best marker of a generalized peanut 

allergy. 
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Introduction 

Peanut (Arachis hypogaea) constitutes an increasing cause of food allergy in children and 

adults [1,2]. The clinical presentation of peanut allergy is highly variable and can vary from 

localized allergic reactions such as an oral allergy syndrome (OAS) to severe generalized 

reactions, which can be life-threatening [3,4]. Given the severity and impact of peanut allergy, 

correct diagnosis is mandatory.  

In the last decade, different studies have shown that additional quantification of specific IgE 

(sIgE) antibodies to the different allergenic components of peanut by component resolved 

diagnosis (CRD) is more reliable to predict clinical outcomes than only conventional assays 

measuring sIgE to whole peanut extracts [5,11].  

Overall, Ara h 2, a member of the prolamin superfamily, has been described as the most 

important component for discrimination between peanut allergic patients with generalized 

symptoms and peanut tolerant individuals [5,6,10-15]. Other clinically important peanut 

components, also predominantly associated with generalized allergic reactions, are Ara h 1 

and Ara h 3, both members of the cupin superfamily and Ara h 6, another member of the 

prolamin superfamily that is displaying a high sequence identity with Ara h 2 [10,12,16].  

In southern Europe, Ara h 9, the non-specific lipid transfer protein (ns-LTP) of peanut, has been 

described as a relevant peanut allergen and sensitization to this allergen is oftentimes 

observed to be associated with severe allergic reactions [17].  In contrast, in northern Europe 

patients frequently present with a mild OAS resulting from a cross-reactivity between Bet v 1 

the major allergen component from birch (Betula verrucosa) pollen and its homologue Ara h 

8 from peanut, both proteins belonging to the pathogenesis related (PR10) protein group 

[11,17].  

Besides geographic differences, it has been observed that food allergy can also exhibit distinct 

age-dependent sensitization profiles [11,18]. However, for the time being, the large majority 

of studies assessing the peanut sensitization profile has been performed in pediatric 

populations whereas data in adults remain scarce [19]. Therefore, in this study we aimed (1) 
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at evaluating the sensitization patterns to five peanut components in a population ranging 

from infants (< 1 year of age), over preschool- and school-children to adults with different 

clinical presentations, and (2) to assess the predictive value of sIgE quantification against the 

various peanut components.  
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Methods 

Subjects 

A total of 150 individuals were enrolled via the outpatients’ clinics of Allergology and 

Pediatrics of the Antwerp University Hospital.    

The study group consisted of infants less than 1 year old with atopic dermatitis (AD), all with 

a sIgE to whole peanut extract > 0.35 kUa/L (FEIA ImmunoCAP, Thermo Fisher Scientific, 

Uppsala, Sweden). Second, patients with a definite history of immediate allergic symptoms 

due to consumption of raw and/or processed peanut and a sIgE to whole peanut extract > 

0.35 kUa/L were included. These patients were stratified into 6 groups according to the extent 

of the clinical reaction (OAS or generalized reaction) and age (< 7y, 7-18y; >18y) as detailed 

elsewhere [18]. Third, peanut tolerant individuals with a sIgE to whole peanut extract > 0.35 

kUa/L were included and finally non-allergic age-matched individuals were enrolled. At the 

time of inclusion, all peanut tolerant individuals indicated to consume peanut regularly 

without allergic symptoms. 

The diagnosis of a generalized peanut allergy was based upon a compelling history of an 

adverse reaction upon roasted or processed peanut. Allergic symptoms could involve skin or 

subcutaneous tissues (e.g. generalized erythema, urticaria, or angioedema) and/or the 

respiratory tract (e.g. dyspnea, stridor, wheezing, chest/throat tightness or cyanosis) and/or 

the gastrointestinal system (e.g. nausea, vomiting or abdominal pain) and/or the 

cardiovascular system (dizziness, diaphoresis, hypotension, confusion, loss of consciousness) 

[20]. The diagnosis of an OAS to peanut relied upon a compelling history of repetitive pruritus 

and/or angioedema of the lips, tongue and/or palate on consumption of peanut.  

Challenges were not conducted neither in patients with a compelling history of generalized 

reactions due to the severity of the reported symptoms and the potential risk of eliciting 

serious reactions, nor  in OAS, since challenges were deemed unnecessary as the clinical 

history in such cases was highly reliable and symptoms were easily recognized and described 

by the patient.  
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The local ethics committee approved this study (B300201316182). Patients, healthy controls 

or their representatives approved an informed consent in accordance with the Declaration of 

Helsinki.  

Total and specific IgE  

Total IgE and sIgE to the whole peanut extract, the recombinant (r) peanut components rAra 

h 1, rAra h 2, rAra h 3, rAra h 8 and rAra h 9 and recombinant birch pollen major allergen rBet 

v 1 were quantified by the FEIA ImmunoCAP technique (Thermo Fisher Scientific) according to 

the manufacturer’s instructions.   

Calculation of predictive values 

We calculated predictive values of different peanut components and a combination thereof 

to evaluate their ability to discriminate patients with generalized allergic reactions from 

patients with OAS and individuals tolerant to peanut but demonstrating a positive sIgE to this 

legume.  

Statistical analysis 

Data are expressed as median and range. IBM SPSS 20 software was used for data analysis. 

Evaluation of the diagnostic performance of the different peanut components in 

discriminating peanut allergic patients from healthy control individuals was performed by 

using receiver operating characteristic (ROC) curve analysis. Non-parametric tests and χ2 

analysis were used where appropriate. A P <0.05 was regarded as statistically significant. 
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Results  

Patient characteristics 

Table 1 summarizes the demographics of patients and healthy control inividuals. In total, 68 

patients exhibited a generalized reaction to peanut ingestion, whereas 21 patients reported 

an OAS to peanut. We were unable to enroll sufficient numbers of children younger than 7 

years old with an OAS for robust analysis.  
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N  

(Female) 

Age (years) 

Median (range) 

Total IgE (kU/L) 

Median (range) 

 

Peanut allergic patients with 

generalized reactions 

(sIgE peanut extract > 0.35 kUa/L) 

 

Preschool 32 (10) 3.9 (0.7 - 6.7) 202 (10 - 13450) 

School 25 (11) 11.3  

( 7.1 - 17.9) 

441  

(20  - 28500) 

Adults 11 (4) 21.5 

 (18.0 - 38.4) 

642  

(58 - 6500)  

Total   68 (25)   

Peanut allergic patients with 

 localized reactions (OAS) 

(sIgE peanut extract > 0.35 kUa/L) 

 

Preschool 1 (1) * * 

School 7 ( 3) 13.4 

 (6.3 - 16.0) 

422  

(211 - 833) 

Adults 14 (12) 42.3  

(20.1 - 69.5) 

133  

(20 - 1702) 

Total 22 (16)   

Infants with atopic dermatitis  

(sIgE peanut extract > 0.35 kUa/L) 

< 1 year 21 (7) 0.6  

(0.5 - 1.0) 

159  

(9 - 4149) 

Peanut tolerant individuals  

(sIgE peanut extract > 0.35 kUa/L) 

Preschool 4 (2) 5.7  

(4.9 - 6.3) 

606 

 (270 - 4292) 

School 8 (5) 10.8 

 (8.2 - 14.3) 

746 

 (531 - 2206) 

Adults 12 (8) 35.4  

(18.1 - 56.2) 

311  

(76 - 5800) 

Total  24 (15)   

Healthy control individuals 

 (sIgE peanut extract < 0.35 kUa/L) 

 

Preschool 5 (4) 6.4  

(2.8 - 6.5) 

28 

 (16 - 278) 

School 5 (2) 10.0 

 (8.2 - 15.8) 

182  

(8 - 290) 

Adults 5 (5) 32.4 

 (22.0 - 44.3) 

7  

(2 - 73) 

Total 15 (11)   

 TOTAL 150 (74)   

Table 1: Demographics and characteristics: * no sufficient number of preschool children with oral Allergy Syndrome (OAS) were included 
for robust analysis. Bold values demonstrate the total of each clinical group and provide an overview of the total study population. 
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ROC analysis  

ROC analyses between patients with generalized reactions upon peanut consumption and 

healthy control individuals generated a cut-off value of 0.10 kUa/L for all components. As a 

consequence, 0.10 kUa/L was applied as a decision threshold for further analysis of the 

sensitization profiles and for calculation of predictive values.  

Sensitization to Ara h 1 

As displayed in Figure 1, sensitization towards Ara h 1 was mainly observed in patients with 

generalized reactions as compared to OAS patients  (χ2 analysis, P<0.05).  None of the patients 

with generalized reactions were monosensitized to Ara h 1.  Sensitization to Ara h 1 can have 

an early onset as it was observed in 12/21 (57%) infants with AD. Three out of 24 peanut 

tolerant individuals (13%) with a sensitization to whole peanut extract, showed sIgE reactivity 

to Ara h 1.  
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Figure 1: Sensitization to five different peanut components in healthy control individuals (HC), peanut allergic 
patients with generalized reactions (GR), patients with an oral allergy syndrome (OAS), infants sensitized to 
peanut (<1 year of age) with atopic dermatitis (AD) and peanut-tolerant individuals with positive sIgE to 
peanut (TOL). Number of positive sIgE results on the total number of patients in the corresponding group is 
written below the age groups. 
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Sensitization to Ara h 2 

As demonstrated in Figure 1, similarly to Ara h 1, sensitization to Ara h 2 was significantly more 

observed in patients with generalized allergic reactions compared to patients with an isolated 

OAS (χ2 analysis, P<0.05). Monosensitization to Ara h 2 was seen in only 10/68 (7%) patients 

with generalized reactions. With respect to age, sensitization to Ara h 2 was significantly more 

frequent in preschool and school children than in adults with generalized reactions (χ2 

analysis, P<0.05). As a matter of fact all 32 preschool children, 24/25 (96%) schoolchildren and 

8/11 (73%) adults with generalized reactions showed sIgE reactivity to Ara h 2.  

Six of the 21 infants with AD (29%) were sensitized to Ara h 2. Five out of twentyfour peanut 

tolerant individuals with a positive sIgE to peanut (21%) showed IgE reactivity to rAra h 2.  

Sensitization to Ara h 3  

Sensitization to Ara h 3 was also predominantly observed in patients with generalized 

reactions compared to patients with an OAS (χ2 analysis, P<0.05). None of the patients with 

generalized reactions showed a monosensitization to Ara h 3. 

Sensitization to the legumin Ara h 3 was observed in 8/21 (38 %) infants with AD (Fig. 1). 

Furthermore, 3 patients in the group of peanut tolerant but sensitized individuals (13%) 

showed sIgE antibodies to Ara h 3. 

Sensitization to Bet v 1 and its peanut homologue Ara h 8 

Unlike sensitization to Ara h 1, Ara h 2 and Ara h 3, sensitization to the Bet v 1 homologue, Ara 

h 8, was significantly more observed in patients with an OAS versus patients with generalized 

reactions upon peanut (χ2 analysis , P<0.05).  However, it should be noticed that only 3 

patients with generalized reactions were monosensitized to the Bet v 1 homologue, the 

remainder patients demonstrated a cosensitization to Ara h 1 and/or Ara h 2 and/or Ara h 3 

and/or Ara h 9.   

Sensitization to Ara h 8 is significantly correlated with sensitization to Bet v 1 (Pearson 

correlation coefficient = 0.81).  In the group of peanut tolerant patients 20/24 (83%) showed 

a positive sIgE to Ara h 8 and 22/24 (92%) were sensitized to Bet v 1. In the group of infants 
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with AD and demonstrating a positive sIgE to crude peanut no sensitization to Bet v 1 and Ara 

h 8 was demonstrable.  

Sensitization to Ara h 9 

Sensitization to Ara h 9 was found in 9 out of the 68 patients (13%) with generalized reaction 

and in 4/21 (19%) of patients with an OAS. Neither in the group of patients with generalized 

reactions nor in the group of patients with an OAS there was a monosensitization to the ns-

LTP of peanut demonstrable. In the group of peanut tolerant individuals 5/24 (21%) were 

sensitized to Ara h 9. One infant with AD was sensitized to the ns-LTP of peanut.  

Sensitization to Ara h 1 and/or Ara h 2 and/or Ara h 3 

When evaluating sIgE to Ara h 1 and/or Ara h 2 and/or Ara h 3, a positive result was found in 

all 32 preschool children, in 24/25 (96%) school children and in 9/11 (82%) of adults with 

generalized reactions. Furthermore at least 1 out of 3 storage proteins were recognized in 

14/21 infants with AD.  

 In contrast, only 3/21 of patients with an OAS (14 %) (P<0.05) and 6/24 peanut tolerant 

patients with a positive sIgE to peanut (25%) (P<0.05) were sensitized to Ara h 1 and/or Ara h 

2 and/or Ara h 3.   

Predictive values of Ara h1 and/or Ara h 2 and/or Ara h 3  

Because sensitization to Ara h 1, Ara h 2 and Ara h 3 was significantly more seen in patients 

with generalized reactions, we wondered whether these components or a combination 

thereof could be predictive for a more severe clinical outcome. Therefore, positive and 

negative predictive values (PPV and NPV) were calculated for these components between 

patients with generalized allergic reactions versus patients with an OAS and peanut tolerant 

patients with a positive sIgE to peanut.  

As demonstrated in Table 2, applying the ROC-generated decision thresholds of 0.10 kUa/L we 

found highest overall PPV and NPV for Ara h 2. As a matter of fact, the NPV of Ara h 2 was 

found to be absolute in preschool children. Furthermore, combining the sIgE results of Ara h 
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1 and/or Ara h 2 and/or Ara h 3 did not significantly increase the PPV and/or NPV of the 

component resolved diagnosis technique.  

Table 2: Performance characteristics of specific IgE to Ara h 1, Ara h 2 and Ara h 3. OAS: Oral Allergy Syndrome, 
PPV: Positive Predictive Value, NPV: Negative Predictive Value. 

Correlation between different peanut components 

Figure 2 shows a hierarchic cluster analysis of the sensitization to different peanut 

components.  As expected, sensitization to the major birch pollen allergen Bet v 1,  and 

sensitization to the Bet v 1 homologue Ara h 8 is highly correlated.  In the group of seed storage 

proteins there is a high correlation between sensitization to Ara h 1 and sensitization to Ara h 

2 (Pearson correlation coefficient = 0.83) , furthermore sensitization to Ara h 3 is correlated 

to sensitization to Ara h 1.  
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Discussion  

To our knowledge this is the first study that investigates peanut sensitization profiles using 5 

components in an age-differentiated population composed out of infants, preschool- and 

school-children and adults. It reveals several particularities. First it confirms that patients with 

peanut allergy can display various sensitization profiles with distinct clinical outcomes. 

Sensitization to the 2S albumin, Ara h 2 and to members of the bicupin family, such as the 

vicilin Ara h 1 and legumin Ara h 3, is predominantly, but certainly not uniquely, associated 

with more generalized reactions. Whereas a sensitization to the Bet v 1 homologue Ara h 8, is 

generally associated with an OAS[5-15].  

Second, this study reveals that these sensitization profiles also exhibit significant age 

variations. Sensitization to Ara h 1, Ara h 2 and Ara h 3, unlike sensitization to the Bet v 1 

homologue Ara h 8, can already start in infants without an overt peanut exposure as two-

thirds of our group of infants with atopic dermatitis < 1 year of age with a positive sIgE to 

peanut extract was sensitized to Ara h 1 and/or Ara h 2 and/or Ara h 3. The exact mechanisms 

and routes of exposure for these early sensitizations remain elusive but probably relate to 

cutaneous exposure to peanut allergen present in for example house dust or in peanut derived 

cosmetic products [21,22] and/or sensitization due to peanut exposure during pregnancy or 

breastfeeding [23,24]. In contrast, the observation that sensitization to the Bet v 1 homologue, 

Ara h 8 is absent in infants is likely to be explained by the fact that sensitization to the major 

birch pollen allergen generally starts at later age in childhood [25]. In any way, longitudinal 

follow-up studies seem mandatory in order to ascertain the clinical significance and prognosis 

of a sensitization against Ara h 1, Ara h 2 and Ara h 3 in infants without overt peanut allergy. 

These studies should focus on the fact whether infants with atopic dermatitis demonstrating 

such a sensitization pattern are at particular risk to develop generalized peanut allergies or do 

outgrow their sensitization during childhood. In addition, longitudinal studies are also 

mandatory to explain the observation that adults seem less sensitized to Ara h 2 as compared 

to children. From our cross-sectional data it cannot be concluded whether this lower 

prevalence of Ara h 1 and Ara h 2 sensitization is due to a genuine outgrow [26,27] or merely 
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reflects a loss of medical follow-up, i.e. adults with established peanut allergy not attending 

the clinics anymore.  

Third, it is well-known that peanut allergy can constitute a severe condition with potentially 

fatal outcome [4]. On the other hand, overdiagnosis of peanut allergy with the set-up of 

unnecessary dietary prevention measures should be avoided. Therefore, correct identification 

of patients with more severe allergic reactions upon peanut is of paramount importance.  

The most significant finding of our study is that Ara h 2 is the best marker to distinguish 

patients with generalized reactions from patients with an OAS and/or peanut sensitized 

patients but tolerating the legume.  As a matter of fact, the negative predictive value of Ara h 

2 was absolute in preschool children, meaning that the absence of sIgE reactivity to Ara h 2 

precludes a more severe generalized reaction in the youngest peanut allergic children. 

Furthermore,  this study shows that addition of sIgE measurement to Ara h 1 and Ara h 3, does 

not significantly improve the capacity of the component resolved diagnosis technique to 

identify patients with generalized reactions compared to sIgE measurement to Ara h 2 alone. 

 In contrast, monosensitization to the Bet v 1 homologue Ara h 8 in our cohort was 

predominantly associated with an OAS. Alternatively, it should be kept in mind that in a region 

where birch trees are endemic that sIgE antibodies to Bet v 1 homologues were confirmed to 

be the most prevalent cause of clinically irrelevant sIgE results and not to contribute to 

discriminate between birch pollen allergic individuals with or without peanut allergy [28].  

A sensitization rate of  > 10 % to Ara h 9 was observed in the group of peanut allergic 

individuals with generalized reactions as well as in the group of patients with an OAS upon 

peanut, although sensitization to the ns-LTP of peanut was also observed in the group of 

peanut tolerant patients. To be conclusive about clinical correlation, more studies are needed.  

A potential criticism on our study could be the absence of double-blind placebo controlled 

challenges (DBPCFC) with peanut. However, from the literature it appears that even DBPCFC’s 

are not absolutely predictive for the clinical outcome, as both false negative and false positive 

food challenges have been described in approximately 5 % and 13 % of cases [29-31].  Second, 
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almost half of our population are preschool children aged less than 7 years in whom DBPCFC 

remains particularly dangerous. Finally, in patients with a compelling history of OAS upon 

peanut, challenges were deemed unnecessary as the clinical history in such cases is highly 

reliable and symptoms are easily recognized and described by the patients.  

Another potential criticism could be that skin tests have not been systematically carried out 

in this study, therefore no robust and reliable statistical analysis in order to evaluate the 

diagnostic value of skin prick tests could be done.  However, it is the authors’ experience that 

in children, not sensitized to pollen, skin prick tests can add to the diagnosis, particularly in 

cases were quantification of sIgE yields borderline positive results. In contrast, in adolescent 

and adults, skin testing frequently yields clinically irrelevant responses mainly because of the 

extensive cross-reactivity with birch pollen components such as the major birch pollen 

allergen Bet v 1 and profilin (Bet v 2). To our knowledge no purified or recombinant peanut 

components are available for skin testing. 

In conclusion, this study emphasizes the importance of a broad age stratification when 

assessing sensitization profiles in food allergy. First it reveals that, unlike Ara h 8, sensitization 

to Ara h 1, 2 and 3 can occur in infants without overt peanut allergy. Second, it confirms that 

sensitization to Ara h 1,2 and 3 is predominantly associated with a more severe outcome, 

whereas sensitization to Ara h 8 is generally associated with an OAS. Finally, and most 

importantly, our study indicates that Ara h 2 is the best marker to identify peanut allergic 

patients in risk of generalized reactions. 
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Abstract 

Background 

Non-specific lipid transfer proteins are important allergen components in plant foods and 

pollen. Epidemiologic and clinical data are mainly coming from the Mediterranean area.  

Objective 

To study the prevalence and clinics of IgE reactivity to ns-LTPs in (pre)school children and 

adults with symptoms of pollen and/or plant food allergy in a north-western European 

country.  

Methods 

Patients with pollen and/or plant food allergy were included according to a definite history 

and tested for specific IgE (sIgE) reactivity to 6 ns-LTPs. Clinical significance of sIgE reactivity 

to Pru p 3 was assessed by basophil activation test (BAT).  

Results 

In 177/718 (25%, 95%CI 22-28) patients with symptoms of pollen and/or food allergy a positive 

sIgE to minimally one ns-LTP was demonstrated (ns-LTP+ patients). In preschool children ns-

LTP reactivity was more prevalent in the plant food allergic group (47%, 95%CI 30-64) as 

compared to the other 2 phenotypes (< 15%) (P<0.05). Pru p 3 was recognized in 86% (95%CI 

80-90) of ns-LTP+ patients. However, as for the other ns-LTPs, in most of the cases sIgE to Pru

p 3 was clinically irrelevant. BAT with rPru p 3 was positive in 4/4 patients with generalized 

reactions and in 2/7 patients with OAS to peach. BAT was negative in 8/8 Pru p 3+ patients 

tolerating peach and in 9/9 healthy controls.  

 Conclusion 

Specific IgE reactivity to ns-LTPs is prevalent in patients with pollen and/or plant food allergic 

symptoms from our region. Ns-LTP+ patients do generally not react to the respective plant 

food(s). Functional evaluation by BAT might help to elucidate the clinical relevance of a 

positive ns-LTP IgE result.  
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Key message 

 SIgE reactivity to ns-LTPs is prevalent in patients with pollen and/or plant food allergic 

symptoms from a north-western European region, although is in the majority of cases these 

sIgE antibodies appear not clinically relevant.  
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Introduction 

Non-specific lipid transfer proteins (ns-LTPs), are highly ubiquitous in the plant kingdom, and 

have been identified as pan-allergens in different plant-foods such as fruits, vegetables, nuts, 

cereals [1], various pollen species [2], Hevea latex [3] and Cannabis sativa  [4]. Actually, since 

the late 1990s ns-LTPs have increasingly been recognized to constitute a significant cause of 

plant food allergy within the Mediterranean basin [5-7]. The physicochemical properties of ns-

LTPs, enable them to withstand gastrointestinal digestion and food processing, which enables 

sensitization via the cutaneous, respiratory and oral route [2, 8]. In literature, sensitization to 

ns-LTPs was initially predominantly associated with (severe) generalized reactions [9-11]. 

However, it is now increasingly recognized that symptoms might be restricted to the 

oropharynx (Oral Allergy Syndrome; OAS), skin, respiratory or gastrointestinal tract [6, 7, 12]. 

Moreover, IgE reactivity to ns-LTPs might remain completely asymptomatic or require 

additional cofactors (e.g. exercise, intake of non-steroidal anti-inflammatory drugs or alcohol) 

to become clinically overt [6, 13-15]. Due to the extensive cross-reactive nature of this pan-

allergen, ns-LTP sensitized patients frequently display multiple plant food allergies designated 

as the “ns-LTP syndrome” [6].  

Hitherto, the ns-LTP of peach (Pru p 3, Prunus persica) appears to be the primary sensitizer 

and to govern the ns-LTP sensitization, particularly in southern Europe [16]. Therefore, 

nowadays, specific IgE (sIgE) antibodies and/or skin prick tests with purified and/or 

recombinant Pru p 3 are mostly used as biomarkers to assess ns-LTP sensitization/allergy, in 

both mainstream diagnosis as well as epidemiological studies [15, 17-20]. However, 

sensitizations due to gastrointestinal, respiratory or cutaneous exposure to ns-LTPs from 

different origins, taxonomically closely and distantly related to peach, have been described [8, 

12, 21]. Moreover, it seems justified to anticipate that the primary sensitizer for a “ns-LTP 

syndrome” and the clinical relevance of such a sensitization might differ according to age and 

geographic region, as has been observed for other pollen and plant food-related allergies [9, 

22-25].
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At present, epidemiological surveys on the sensitization to ns-LTPs in pollen and/or food 

allergy have mainly been performed in southern European countries from the Mediterranean 

basin, particularly Spain and Italy and are generally gathered in adolescents and adults [24].  

This study aims at evaluating the prevalence of sIgE reactivity to six ns-LTPs in children 

(preschool and school) and adults suffering from pollen and/or plant food allergies in a north-

western country where, unlike the inland of Spain and southern Italy, birch is endemic. 

Furthermore, we sought to investigate the clinical significance of sIgE reactivity to these ns-

LTPs. For this purpose we focused on Pru p 3 and sought whether the basophil activation test 

(BAT) [26], which closely mirrors the in vivo allergic reaction, could discriminate between the 

different clinical phenotypes of sIgE reactivity to rPru p 3.  
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Methodology  

Patients 

Consecutive patients with a compelling history of inhalant and/or plant food allergies were 

included by qualified physicians via the outpatients’ clinics of Allergology and Pediatrics of the 

Antwerp University Hospital between September 2013 and May 2015. These patients were 

stratified into 3 age groups, i.e. preschool- (< 7y), schoolchildren (7-18y) and adults (>18y). 

Demographic details and signs of clinical reactions were obtained by a standardized 

questionnaire. With respect to inhalant allergens this questionnaire focused on the presence 

of seasonal rhinoconjunctivitis. With respect to plant food allergy, the patients were 

thoroughly questioned about the presence of allergic symptoms restricted to the oral cavity 

(e.g. itchy mouth and/or scratchy throat and/or swelling of the lips, mouth, tongue, throat 

and/or itchy ears) or more generalized reactions with urticaria, angioedema, gastrointestinal 

symptoms (cramps, nausea, vomiting), bronchospasm or generalized anaphylaxis immediately 

related to the consumption of different fruits, vegetables and/or nuts [27]. Tolerance was 

defined as no clinical allergic symptoms to age-appropriate portions of the plant food in 

patients’ diet. The local ethics committee approved this study (B300201524055) and patients 

or their representatives approved an informed consent in accordance with the Declaration of 

Helsinki.  

Total and specific IgE  

Total IgE and sIgE to the CCD-free recombinant (r) and native (n) ns-LTP components of 4 food 

(rAra h 9 from peanut (Arachis hypogeae), rCor a 8 from hazelnut (Corylus avellana), rMal d 3 

from apple (Malus domesticus) and rPru p 3 from peach (Prunus persica)) and 2 pollen (nArt v 

3 from mugwort (Artemisia vulgaris) and rPar j 2 from wall pellitory (Parietaria judaica)) were 

quantified. Birch pollen sensitization was evaluated by sIgE to rBet v 1 the major allergen from 

birch (Betula verrucosa), grass pollen sensitization by sIgE against rPhl p 1 and rPhl p 5b 

(respectively group I and V allergen from timothy grass (Phleum pratense)) and finally, 

mugwort pollen sensitization by quantification of sIgE to nArt v 1 (Artemisia vulgaris).  
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Total and sIgE quantifications were performed using the FEIA ImmunoCAP technique (Thermo 

Fisher Scientific, Uppsala Sweden) according to the manufacturer’s instructions. Results > 0.10 

kUa/L were considered positive. 

Basophil Activation Tests (BATs) 

Basophil activation tests (BATs) were performed as detailed elsewhere [28]. Briefly, pre-

warmed heparinized blood samples were stimulated with 4 concentrations (0.001, 0.01, 0.1 

and 1µg/mL) of recombinant Pru p 3. This recombinant protein was obtained, cloned and 

characterized as described elsewhere [29]. Anti-human IgE served as a positive control (10 

µg/mL, BD Biosciences, Erembodegem, Belgium) and stimulation buffer was used to measure 

spontaneous CD63 expression in quiescent cells. Analysis of basophil activation was 

performed using side scatter, anti-IgE and CD203c to characterize the basophils. 

Subsequently, within this gate, the percentage of activated basophils, i.e. those expressing 

CD63, was measured. Results were expressed as net percentages of CD63+ basophils, viz. by 

subtraction of the spontaneous expression from the allergen-induced CD63 expression.  

Statistical analysis 

Data are expressed as medians with interquartile ranges or percentages with confidence 

intervals. IBM SPSS 20 software was used for data analysis. Hierarchic cluster analysis was 

performed according to Wald’s method. Non-parametric tests and χ2 analysis were used 

where appropriate. A p <0.05 was regarded as statistically significant.  
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Results 

Study population  

According to a convincing clinical history, 718 patients (402 female (56%), 128 preschool 

children with median age 4.3 years (3.0 - 5.7), 173 school children with median age 11.4 years 

(9.2 - 15.1) and 417 adults with median age 34.8 years (26.4 - 45.2)) were included. As shown 

in Figure 1, this population could be further stratified according to clinical symptoms in three 

distinct clinical phenotypes. Firstly, 396 out of 718 patients (55%, 95%CI 52-59) suffered from 

pollinosis and plant food allergy. In these 396 patients, a positive sIgE result to at least one of 

the 6 ns-LTPs (nArt v 3, rAra h 9, rCor a 8, rMal d 3, rPar j 2, rPru p 3) was observed in 106 

(27%, 95%CI 23 - 31) subjects (ns-LTP+ patients). Secondly, 186 patients (26%, 95%CI 23 - 29) 

had only clinical symptoms of a pollen allergy, of whom 41 patients (22%, 95%CI 17 - 29) 

showed sIgE reactivity to minimum one of the ns-LTP(s). Finally, 136 (19%, 95%CI 16 - 22) 

patients demonstrated only symptoms of plant food allergy of whom 30 (22%, 95%CI 16 - 30) 

patients were ns-LTP+ .  

Statistical analysis revealed no significant differences in sIgE reactivity to ns-LTP(s) between 

the 3 different clinical phenotypes, nor between sexes or different age groups. Except, in 

children of preschool age in whom sIgE reactivity to ns-LTP was more frequent in those with 

only plant food allergy as compared to the other 2 clinical phenotypes (χ2, P<0.05) (Figure 1).   

Therefore, for further evaluation of the ns-LTP reactivity profiles, ns-LTP+ patients out of the 

three different clinical groups were pooled together, resulting in a total of 177 ns-LTP+ patients 

(25%, 95%CI 22 - 28) out of 718 pollen and/or food allergic patients.  
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As displayed in Figure 1, these 177 ns-LTP+ patients (84 female (47%), median age of 17.5 years 

(8.7 - 30.8)) consisted of 34 preschool children (median age of 4.7 years (3.2 - 5.8)), 56 school 

children (median age of 11.1 years (9.0 - 14.4)) and 87 adults (median age of 30.8 years (23.0 

- 42.4)).  

  

Figure 1:  Overview of the study group stratified according to clinical symptoms upon exposure to pollen 
and/or plant food with a subdivision based on sIgE reactivity to at least one of the 6 evaluated ns-LTPs (nArt v 
3, rAra h 9, rCor a 8,  rMal d 3, rPar j 2, rPru p 3). Patients were further stratified according to age (preschool 
children 0 - 6 years, school children 7 - 18 years and adults > 18 years). Frequencies (%) were displayed including 
95% confidence interval. * P < 0.05 

 



 

75 

 

 

Figure 2:  Graphical representation of the correlation of total IgE (tIgE) with sIgE to rPru p 3, 
rMal d 3, rAra h 9, rCor a 8, nArt v 3 and rPar j 2. Spearman ranking coefficients (r) are 
displayed in the right upper corner of each graph. 
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Total IgE was significantly higher in the ns-LTP+ patients (median 777 kU/L (276 - 1848)) as 

compared to patients without IgE reactivity to ns-LTPs (ns-LTP- patients; median 156 kU/L  (62 

- 341)) (Mann-Whitney U test, P<0.05). However, as displayed in Figure 2, no correlation could 

be found between total IgE and sIgE to ns-LTPs, indicating the positive ns-LTP sIgE results not 

to be attributable to a non-specific binding in the solid-phase assay.  

Specific IgE reactivity profiles 

Figure 3 displays the specific IgE results of the evaluated ns-LTPs and different pollen allergens 

for the different clinical groups.  

Among the 177 ns-LTP+ patients a positive sIgE result for rPru p 3 was found in 152 (86%, 

95%CI 80 - 90) patients, closely followed by rMal d 3 (129 patients (73%, 95%CI 66 - 79)). 

Specific IgE antibodies to rAra h 9 and rCor a 8 were observed in respectively 95 (54%, 95%CI 

46 - 61) and 82 (46%, 95%CI 39 - 54) of the 177 ns-LTP+ patients. Finally, sIgE to the pollen ns-

LTPs Par j 2 and Art v 3 were observed in respectively 62 (35%, 95%CI 28 - 42) and 61 (34 %, 

95%CI 28 - 42) of the ns-LTP+ patients.  

Figure 3: Specific IgE to rPru p 3, rMal d 3, rAra h 9, nArt v 3, rCor a 8, rPar j 2, rBet v 1, nArt v 1, rPhl p 1, rPhl 
p5b in patients with pollen allergic symptoms (green), plant food allergic symptoms (blue) and pollen and plant 
food allergic symptoms (red). Levels less than 0.10 kUa/L (or negative) were set to 0.01 kUa/L.  
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Forty of the 177 (23%, 95%CI 17 - 29) ns-LTP+ patients displayed a single positive ns-LTP sIgE 

result, with rPru p 3 being the most frequently recognized (22 patients (55%, 95%CI 40 - 69)). 

Alternatively, 22 ns-LTP+ patients (12%, 95% CI 8 - 18), demonstrated sIgE reactivity to the 

entire ns-LTPs panel.  

Correlations between sIgE to Pru p 3 and sIgE to other ns-LTPs 

Figure 4 shows a dendrogram (hierarchic cluster analysis) and a heat map of the sIgE results. 

It reveals a high clustering between all studied ns-LTP sIgE results, which assumes high cross-

reactivity between all ns-LTPs. In Figure 5 (A-E) correlations are shown between sIgE rPru p 3 

and the other ns-LTP sIgEs. Spearman rank correlation coefficient ranged from r=0.37 (Par j 2) 

to r=0.91 (Mal d 3).  

Specific IgE to pollen allergens 

As displayed in Figure 3 and 4, a positive sIgE result to rBet v 1 was found in 140/177 ns-LTP+ 

patients (79%, 95%CI 72 - 84) and 29/177 ns-LTP+ patients (16%, 96% CI 12 - 23) showed sIgE 

antibodies to nArt v 1. Specific IgE reactivity to Phl p 1 was found in 91/115 (79%, 95%CI 71 – 

86) and 64/122 (52%, 95%CI 44 - 61) showed positive sIgE antibodies to Phl p 5b.   

Only 5/177 ns-LTP+ patients (3%, 95%CI 1-7) do not show sIgE reactivity to Bet v 1 and/or Phl 

p 1 and/or Phl p 5b and/or Art v 1. Noticeable, sensitization to pollen allergens was also 

prevalent in patients with only plant food allergic symptoms, with other words in patients 

without history of seasonal rhinoconjunctivitis.  
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Figure 4: Dendrogram and heat map  of sIgE results to rPru p 3, rMal d 3, rAra h 9, rCor a 8, nArt v 3, rPar j 2, 
rBet v 1, rPhl p 1, rPhl p 5b and nArt v 1. As shown at the left, patients were stratified according to clinical 
symptoms (pollen allergic, plant food allergic, pollen and plant food allergic) and age (preschool children 0-6 
years, school children 7-18 years and adults > 18 years) and total IgE. White boxes = result not available.  
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Figure 4:  Dendrogram and heat map  of sIgE results to rPru p 3, rMal d 3, rAra h 9, rCor a 8, nArt v 3, 
rPar j 2, rBet v 1, rPhl p 1, rPhl p 5b and nArt v 1. As shown at the left, patients were stratified 
according to clinical symptoms (pollen allergic, plant food allergic, pollen and plant food allergic) and 
age (preschool children 0-6 years, school children 7-18 years and adults > 18 years) and total IgE.  

 

Figure 5:  A/B/C/D/E. Graphical representation of the correlation of sIgE to rMal d 3,  rAra h 9, rCor a 8, nArt v 
3 and rPar j 2 with rPru p 3. Spearman rank correlation coefficients are displayed in the right corner of the 
different figures. 
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Ns-LTP sIgE positivity and clinical symptoms of plant food allergy 

As disclosed in Figure 6, among the 177 ns-LTP+ patients, the majority did not display an overt 

food allergy upon eating the respective plant foods. Actually, in the patients with sIgE 

reactivity to rPru p 3, rMal d 3, rAra h 9 and rCor a 8 tolerance upon respectively peach, apple,  

 

peanut and hazelnut is seen in 35 - 59 % of patients, whereas oral allergy syndrome was 

observed in 9 - 26 % of  patients and generalized reactions was reported in 3 - 20 % of patients. 

In about 11 % - 36 % patients clinical manifestations were unknown, as they indicated not to 

eat these plant fruits. Although it might appear sIgE antibodies to rAra h 9 and rCor a 8 to be 

more clinically relevant then sIgE antibodies to rPru p 3 and rMal d 3, it has to be 

acknowledged that the majority of Ara h 9+ and Cor a 8+ patients also demonstrated sIgE 

Figure 6:  Overview of the clinical manifestations upon peach, apple, peanut and hazelnut in respectively Pru 
p 3+, Mal d 3+, Ara h 9+ and Cor a 8+ patients. TOL; Tolerance, OAS; Oral Allergy Syndrome, GR; Generalized 
Reaction and Unknown. Frequencies were displayed with 95% confidence interval.  
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reactivity to 2S albumins (Ara h 2, Cor a 14) and/or cupins (Ara h 1, Ara h 3, Cor a 9) therefore 

we cannot ascertain their clinics to be related to the ns-LTP antibodies (data not shown).  

Basophil Activation Tests  

As shown in Figure 7, the majority of rPru p 3+ patients reported to tolerate peach. Therefore, 

basophil activation experiments with rPru p 3 were performed to investigate whether the BAT 

could help to disentangle the clinical relevance of a positive rPru p 3 sIgE result. The BAT was 

performed in 11 peach allergic subjects (4 patients with generalized reaction and 7 with OAS) 

and 8 peach tolerant individuals although displaying a positive sIgE rPru p 3 result. 

Furthermore, BAT was also performed in 11 pollen allergic patients without sIgE reactivity to 

rPru p 3 (Pru p 3-) and 8 rPru p 3- healthy control individuals. Dose-finding experiments 

revealed that the best discriminative stimulation concentration was 1 µg/mL rPru p 3 (data 

not shown). As shown in Figure 7, for this concentration all peach allergic patients exhibiting 

generalized reactions and 2 out of the 7 Pru p 3+ patients with OAS showed basophil activation. 

Five Pru p 3+ patients with OAS upon peach did not show any upregulation of CD63. However, 

note that all 7 patients demonstrating an OAS to peach were sensitized to Bet v 1, which could 

explain their clinical manifestations. Most importantly, rPru p 3 failed to activate basophils of 

Pru p 3+ patients tolerating peach, healthy control individuals and sIgE Pru p 3 negative but 

pollen allergic patients.  
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Figure 7:  
A: Specific IgE to rPru p 3 in 38 individuals in which a basophil activation test with rPru p 3 was performed; 
Healthy Control individuals (HC, n=8), pollinosis patients (pollinosis, n=11), peach allergic patients 
experiencing Generalized Reactions (GR, n=4) or Oral Allergy Syndrome (OAS, n=7) and patients tolerating 
peach (TOL, n=8) but showing sIgE reactivity to Pru p 3.  
 
B: Results of basophil activation test with 1 µg/mL rPru p 3 expressed as net percentage of CD63 
upregulation in the same groups as described above.  
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Discussion 

To our knowledge this is the first epidemiologic study that investigates the prevalence and 

clinical significance of sIgE to a panel of 6 ns-LTPs in a north-western European country where 

birch pollen allergy is endemic. From our data it emerges that sIgE reactivity to ns-LTP(s), using 

a panel of 4 food ns-LTPs (rAra h 9, rCor a 8, rMal d 3 and rPru p 3) and 2 weed pollen ns-LTPs 

(nArt v 3, rPar j 2) was demonstrable in about one-quarter of our patients presenting with 

symptoms of a pollen and/or plant food allergy, irrespective gender or age. In contrast to data 

from a Spanish survey published by Cuesta-Herranz et al. [30], we could not demonstrate 

differences of sIgE reactivity to ns-LTPs between patients with pollinosis and/or plant food 

allergy, except for preschool children in whom reactivity to ns-LTPs was more frequently 

observed in children with only plant food allergy as compared to preschool children with a 

pollen allergy with or without plant food allergy.   

This high prevalence of ns-LTP sIgE reactivity contrasts with studies in other regions that report 

lower estimates [15, 17, 18, 20], which calls for an explanation. First, our data might reflect a 

genuine higher sensitization to ns-LTP in our regions which has to be confirmed in additional 

studies. Second, our findings might have a more technical explanation. Actually, our study 

involved quantification of sIgE to a set of 6 different ns-LTPs and we applied a single-plexed 

solid phase assay that might be more sensitive than a multiplexed micro-array method [31, 

32].  Interference from non-specific binding to the solid phase assay seems unlikely, as no 

correlation was demonstrable between total IgE and sIgE to any of the tested ns-LTPs.  

Another particularity of our study relates to the observation of ns-LTP sIgE reactivity to be 

clinically irrelevant in a majority of our patients, irrespective of the tested ns-LTP.  This 

clinically irrelevant sIgE results probably simply mirrors serological cross-reactivity, as it 

appears that only a minority of the ns-LTP+ patients show sIgE reactivity to a single ns-LTP and 

high correlations between the various ns-LTP sIgE results were demonstrable. In other words, 

in absence of clear food related allergic symptoms we dissuade screening for ns-LTP IgE 

antibodies. Another possible explanation for the absence of overt allergy could be the 

elevated prevalence of Bet v 1 sensitisation [7,9,33]. 
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In literature, peach LTP has been frequently depicted as a possible primary sensitizer that 

governs the ns-LTP syndrome [16]. From our data, we are unable to identify a particular ns-

LTP that could have governed sensitization to this pan-allergen. However, from the lower 

prevalence of sIgE reactivity to 2 weed pollen ns-LTP, it seems unlikely sensitization to ns-LTP 

in our patients to originate from an underlying sensitization to mugwort or wall pellitory, the 

latter being almost absent in our country.  

In contrast to sIgE binding studies, basophil activation experiments (BATs) better resemble the 

in vivo situation, as degranulation and upregulation of particular degranulation surface 

markers needs effective cross-linking of membrane-bound IgE antibodies [26]. Therefore, in 

order to obtain further insights in the clinical relevance of positive ns-LTP sIgE results, BATs 

were carried out in patients with clinically distinct phenotypes of peach allergy and tolerance. 

From our experiments, it seems that, unlike healthy control individuals and patients tolerant 

to peach with or without sIgE to rPru p 3, only Pru p 3+ patients with a generalized reaction 

and some of the patients with an OAS to peach were reactive in the rPru p 3 BAT. Although 

preliminary, these findings seem promising and appear to confirm that the BAT might 

discriminate between clinically relevant and irrelevant positive plant-derived food sIgE results 

[34, 35]. As with any study of this nature, a major challenge could be the enrolment of 

appropriate numbers of well-identified patients and control individuals. In this context, it is 

anticipated that collaborative studies with southern European centres from regions where 

birch is not endemic might be necessary to provide sufficient ns-LTP sensitized and food 

allergic patients.  

In conclusion, in our north-western European country, sIgE reactivity to ns-LTPs is observed in  

one-quarter of patients with symptoms of a pollen and/or plant food allergy. A majority of 

patients with sIgE reactivity to ns-LTPs do not clinically react to the respective plant food(s). 

Out of a pilot experiment it appears that basophil activation experiments might be helpful in 

discriminating between patients with a clinically significant sensitization to ns-LTPs and 

patients who are merely sensitized. 
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Abstract 

IgE antibodies play a key role in type I allergic reactions. Today, different in vitro 

immunoassays for allergen-specific IgE antibodies are available. However, some major issues 

should be taken into account for correct interpretation of specific IgE (sIgE) antibody results, 

as these assays do not demonstrate absolute positive and negative predictive values. 

Therefore, additional diagnostic tests are needed to make the correct diagnosis. During the 

last two decades significant progress in biochemistry and molecular biology enabled the 

detection and quantification of sIgE antibodies to allergen protein components and epitope-

emulating peptides, also called molecular allergy diagnosis or component resolved diagnosis 

(CRD). In contrast to conventional sIgE antibody assays, molecular allergy diagnosis makes it 

possible to discriminate between genuine allergy and merely sensitization, to establish 

personalized sensitization patterns and to assess the individual risk of severity of an allergic 

reaction and finally it helps us to predict the natural course. In this review the use of CRD in 

inhalant, food, latex and hymenoptera venom allergy will be discussed. The primary focus will 

be on the most relevant clinical applications of CRD rather than to describe all the currently 

available allergen components and epitopes. Appropriate experience of our own research 

group is provided.   

 

Background 

IgE antibodies were discovered almost half a century ago as the “reagines” responsible for so-

called type I (anaphylactic) reactions [1, 2]. Almost half a decade later, the first in vitro solid 

phase assay for allergen-specific IgE antibodies, called the radioallergosorbent test (RAST) 

became commercially available. The original RAST was configured as a cyanogen-bromide 

activated paper disc on which various crude allergen extracts were covalently bound. In this 

RAST assay, specific IgE (sIgE) antibody that complexes with the coupled allergen was 

quantified with radio-iodinated polyclonal antihuman IgE antibodies using a γ-counter [3]. 

Today, however, the traditional RAST technique has been completely abandoned and replaced 

by a fluorescent immunoassay (FEIA) based on the same cyanogen-bromide activated 



 

92 

 

cellulose which is technically optimized and automated displaying an excellent analytic 

sensitivity, precision, reproducibility (intra- and inter-assay) and linearity. Nevertheless, none 

of the sIgE assays that are hitherto available demonstrates absolute positive and negative 

predictive values. Negative sIgE results, by no means, exclude an IgE-mediated condition. Vice 

versa, a positive sIgE result is not an absolute proof of allergy.  

As a matter of fact, specific IgE evaluation is based upon the detection and quantification of 

IgE antibodies directed against crude natural allergen extracts, which can contain genuine but 

also cross-reactive allergen components. The inherent complexity, variability and instability of 

natural allergens and the variation between individual sensitization patterns complicate the 

correct interpretation of sIgE results to crude allergen extracts. Consequently, a positive sIgE 

against crude extracts should always be interpreted with extreme care as it might merely 

reflect (cross)sensitization rather than a genuine allergy. For example, it has repeatedly been 

shown that ubiquitous structures such as cross-reactive carbohydrate determinants (CCD) 

present on glycoproteins of plants and hymenoptera venom, homologues of the major 

allergen Bet v 1 from birch (Betula verrucosa) pollen, profilins and non-specific lipid transfer 

proteins can elicit a significant number of positive sIgE results without clinical significance [4-

6]. This clinically irrelevant serology involves a broad spectrum of cross-reactivity as sIgE 

antibodies can bind to structural similar or identical epitopes and components present in 

allergens originating from taxonomically related and distant sources including pollen, plant-

derived food, Hevea latex and hymenoptera venom.  Needless to say that in vitro diagnosis of 

IgE-mediated allergy should benefit from the advent of better standardized extracts and well-

characterized allergen components.    

Component resolved diagnosis (CRD): principles and techniques 

During the last 2 decades significant progress in biochemistry and molecular biology enabled 

the characterization, cloning and recombinant production of relevant allergen protein 

components and epitope-emulating peptides, allowing detection and quantification of sIgE 

antibodies to these proteins or sequential epitopes, viz. CRD (Figure 1). The first component 

to be identified and cloned was the major allergen Der p 1 from house dust mite 
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(Dermatophagoides pteronyssinus) in the late 1980s [7]. In contrast to conventional sIgE 

antibody assays, CRD does not rely upon crude extract preparations obtained from native 

allergens (generally poorly defined mixtures containing both allergenic and non-allergenic 

components) but on sIgE antibodies directed towards single components purified from natural 

sources or produced by recombinant techniques. There are several databases on allergen 

components and protein families, such as the official International Union of Immunological  

 

Figure 1:  Composition of an allergen (e.g. hazelnut). An allergen (e.g. hazelnut) is composed out of a mixture 
of different allergenic and non-allergenic components (i.e. proteins). These components can be characterized, 
cloned and produced as recombinant proteins. When expressed in bacteria, these components are devoted 
from highly cross-reactive plant carbohydrate determinants that severely undermine specificity of 
conventional sIgE assays (see text). 

 



 

94 

 

Societies (IUIS) allergen nomenclature database (http://www.allergen.org) and the Allfam 

allergen database grouping allergens into protein families and subfamilies 

(www.meduniwien.ac.at/allergen/allfam). The principles, potential and shortcomings of CRD 

have been comprehensively reviewed elsewhere [8-11]. As shown in Figure 2, CRD involves 

specific marker components and substructures to study the genuine allergic sensitization of  

 

patients to a particular allergen source as well as sensitization to cross-reactive determinants 

or components that point to cross-sensitization to various, frequently unrelated, allergen 

sources that are only weakly associated with clinical manifestations.  

These so-called “gatekeeper” tests allow an improved discrimination between genuine allergy 

and merely sensitization [5, 12-14] and furthermore enables us to establish personalized 

sensitization patterns (with constituent components of a particular allergen that are 

recognized by the individual patient) [12, 14-23]. Determining the sensitization profile of an 

individual patient creates the opportunity to assess the individual risk of severity of an allergic 

reaction and to predict the natural course (outgrow vs. persistence). Moreover, in this context 

CRD has unveiled that these sensitization profiles might show geographical and age-related 

http://www.allergen.org/
http://www.meduniwien.ac.at/allergen/allfam
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differences with clear distinct clinical outcomes [13, 23-26]. Finally, CRD might facilitate 

selection of patients for allergen-specific immunotherapy and contribute to the monitoring of 

the immunological effects of therapy [27-29]. However, CRD also demonstrates shortcomings. 

For example, hitherto, not all relevant allergen components are available. Moreover, we have 

repeatedly demonstrated CRD with various Bet v 1 homologues such as Mal d 1 from apple 

Figure 2: Principle of measurement of specific IgE (sIgE) 
 
In conventional FEIA ImmunoCAP (left panels), a heterogeneous protein extract containing different 
components of interest is coupled on a cellulose solid phase. Specific IgE (sIgE) antibodies in the patients’ 
serum recognising the antigen will bind to form a so-called antigen-antibody immune complex. Subsequently, 
an enzyme-conjugated antihuman-IgE antibody is added. This secondary antibody will bind the antigen-
antibody immune complex. Finally, a substrate is added that will be metabolized to produce a quantifiable 
fluorescence. 
  
In component-resolved diagnosis (CRD) two techniques are available. First in a singleplexed assay single 
purified or recombinant components (e.g. protein or peptide components) are coupled to a solid phase as 
described above (centre panels) and detection of sIgE is exactly the same as in the conventional technique. In 
the multiplexed assay, single native and/or recombinant components are spotted on a polymer coated slide 
(right panels), sIgE from the patient blood sample bind to the components and these antibodies are detected 
with a fluorochrome labelled anti-IgE. Finally, the reaction is scanned in a laser scanner and results are 
evaluated by image analysis software. 

 



 

96 

 

(Malus domestica) [5] and Cor a 1 from hazelnut (Corylus avellana) [13] to be of no added 

value to discriminate between merely sensitization and genuine allergy. Alternatively, when 

using these individual components or epitopes for the diagnosis of allergy, the number of tests 

necessary to enable a correct diagnosis increases significantly since more than one component 

needs to be included to allow identification of the entire repertoire of disease relevant 

peptides and epitopes. The microarray technique for CRD elegantly enables sIgE antibody 

testing in a multiplex format and allows the simultaneous quantification of many sIgE 

antibodies. The major advantage of this multiplex technique lies in its potential to study 

significant numbers of components in parallel, detecting sIgE antibody abundance, 

functionality, and interaction concerning numerous allergenic determinants using only minute 

amounts of patients’ serum which is particularly important in infants and children. For a 

description of molecular allergy diagnosis by microarray see [10, 30]. However, this “at 

random testing” carries the risk to generate a significant amount of complex information that 

is not per se clinically relevant. Therefore, educational initiatives on the appropriate 

application and correct interpretation of CRD, particularly multiplexed CRD, have recently 

been started [11].                  

Component resolved diagnosis (CRD): clinical indications and experience. 

This review primarily focuses on “when to apply” molecular allergy diagnosis rather than to 

describe all the currently available allergen components and epitopes.  

Inhalant allergies 

In most cases of traditional inhalant allergies (e.g. house dust mite, cat, dog and pollen) correct 

diagnosis can readily be established upon thorough history taking supplemented by 

conventional diagnostics, i.e. conventional singleplexed sIgE antibody tests and skin tests 

using natural allergen extracts. In our opinion, the added value of CRD mainly lies in the correct 

identification of patients who are not sensitized to major pollen allergens and in whom 

prescription of allergen-specific immunotherapy is anticipated, as patients sensitized to so-

called minor allergens alone are unlikely to receive sufficient amounts of responsible allergen 

to achieve a successful outcome from their therapy. For example, in our regions not all 
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patients with a birch pollen allergy are sensitized to the major birch pollen allergen Bet v 1 [4], 

and will therefore not benefit from pollen immunotherapy that contains mainly Bet v 1. A 

similar situation could occur in southern Spain where a considerable number of patients is not 

sensitized to the major allergen Ole e 1 from olive tree (Olea europaea) but is sensitized to the 

minor allergens Ole e 7 and Ole e 9 [20] and are therefore highly unlikely to benefit from an 

Ole e 1-based hyposensitization. Another scenario in which CRD could add to correct selection 

of patients for pollen-specific immunotherapy is pollen polysensitization. As a matter of fact, 

most of our patients with pollen allergy are not monosensitized but polysensitized to different 

pollen species from trees, grasses and/or mugwort [31]. In such cases additional information 

on the individual sensitization profile could help to orient allergen-specific immunotherapy, 

particularly when there is overlap between the different flowering seasons and when CRD 

would indicate not all sensitizations to be clinically relevant but some merely to represent an 

in vitro cross-reactivity phenomenon. The impact of molecular diagnosis on the allergen 

selection for pollen immunotherapy has been demonstrated on several occasions [27, 28, 32]. 

From these studies it emerges that CRD results alter initial prescription of allergen-specific 

immunotherapy in up to 50% of the patients, both in children as well as adults. Obviously, 

molecular allergy diagnosis is a prerequisite for future pollen component-resolved specific 

immunotherapy due to the high heterogeneity of geographically-related sensitization profiles 

[33, 34]. Finally, molecular diagnosis in inhalant allergy might also help to elucidate on cross-

reactivity between aeroallergens and food allergens (see below).          
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Food allergy 

Figure 3: Superfamilies and most representative allergen components of both plant- and animal-derived 
food allergens (not exhaustive) [82] 
Allergens are indexed according to the IUIS nomenclature (www.allergen.org). The first 3 letters and the on 
after the space define the genus and the species, respectively. The cypher denotes the number of the 
allergen (frequently but not always in order of description). In brackets are specified the common names. 
Mal d (Malus domesticus), Pyr c (Pyrus communis), Pru av (Prunus avium), Pru p (Prunus persica), Cor a 
(Corylus avellana), Ara h (Arachis hypogaea), Aspa o (Asparagus officinalis), Jug r (Juglans regia), Tri a 
(Triticum aestivum), Cit s (Citrus sinensis), Gly m (Glycine max), Ana o (Anacardium occidentale), Pis v 
(Pistaciavera), Ses i (Sesame indicum), Lup a (Lupinus albus), Ber e (Bertholletia excelsa), Pru du (Prunus 
dulcis), Act c (Actinidia chinensis), Act d (Actinidia deliciosa), Api g (apium graveolens), Dau c (Daucus 
carota), Pet c (Petroselinum crispum), Cuc m (Cucumis melo), Mus sp (Musa species), Ana c (Ananas 
comosus), Gad c (Gadus callarias), Sal s (Salmo salar), The c (Theragra chalcogramma), Cyp c (Cyprinus 
carpio), Ran e (Rana esculenta), Der p (Dermatophagoides pteronyssinus), Bla g (Blatella germanica), Pen a 
(Penaeus aztecus). The colors indicate the potential severity of clinical reactions associated with 
sensitization to a particular component.               

 

http://www.allergen.org/
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Food constitutes an increasing cause of sensitization and genuine allergy in both children and 

adults. Exposure to food allergens predominantly occurs via the gut where various (non) 

immunological mechanisms prevent food allergens to trigger the immune system. However, 

some food allergens may escape from these surveillance mechanisms and finally lead to so-

called primary IgE-mediated food allergies. Alternatively, IgE-mediated food allergy, 

particularly to plant food, can also be acquired secondarily via cross-reactivity to structurally 

similar epitopes present in allergens from non-related sources such as pollen, Hevea latex and 

marihuana (Cannabis sativa) (see below). During the last decade it has increasingly been 

recognized that food allergy displays clear geographic and age-related variations regarding the 

severity of symptoms depending on the sensitization profile of the individual patient that can 

partially be predicted using CRD. This review will focus on some particular food allergy 

yndromes, most of them being related to a sensitization to one of the most relevant 

superfamilies of plant- or animal-derived food allergens as displayed in Figure 3.    

Primary plant-derived food allergies. 

At present, CRD has mainly been applied in allergy to peanut, hazelnut, kiwi, apple and soy. 

From studies, it has emerged that molecular diagnosis may constitute an asset in the 

discrimination between genuine allergy and merely sensitization, enable an individual risk 

assessment of severity which could lead to strict dietary recommendations (or vice versa 

avoidance of unnecessary dietary measures). Different studies have shown that molecular 

diagnosis of peanut allergy is more accurate to predict clinical outcomes than measuring sIgE 

to crude peanut (Arachis hypogaea) extract (for review: [35]). Ara h 2, a member of the 

prolamin superfamily, is considered to be the major allergen of peanut and has been described 

as the most important component for accurate discrimination between peanut allergic 

patients and peanut tolerant individuals. Other clinically important peanut components are 

Ara h 1 and Ara h 3, members of the cupin superfamily and Ara h 6 displaying high sequence 

homology with Ara h 2. A primary peanut allergy due to sensitization to these components is 

more frequently seen in children and is often associated with severe allergic reactions upon 

ingestion of even small amounts of peanut (traces). Finally, Ara h 9 appears to be an important 
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peanut component in the Mediterranean area [24, 36]. Sensitization to Ara h 9 makes part of 

the peach-induced LTP syndrome that is dominated by a sensitization to Pru p 3, the LTP in 

peach (Prunus persica) and may also lead to severe peanut allergy [37]. Alternatively, in 

northern Europe, patients frequently present with a mild oral allergy syndrome (OAS) resulting 

from a cross-reactivity between Ara h 8 from peanut and Bet v 1, the major allergen 

component from birch (Betula verrucosa) pollen [38]. 

Another food allergy that has already extensively been subjected to molecular diagnosis is 

hazelnut (Corylus avellana) allergy. In our region, it has been observed that over 90% of 

children is sensitized to Cor a 9 and/or 14. Sensitization to these components is unrelated to 

birch pollen allergy and is predominantly associated with more severe symptoms on 

consumption of raw or processed nuts [13, 23, 39]. Moreover, sensitization to these 

components was demonstrated already to occur in infants suffering from atopic dermatitis 

[23, 40]. In contrast, adults generally suffer from a secondary hazelnut allergy and display local 

discomfort of the oropharyngeal cavity, i.e. an OAS, due to sensitization to the Bet v 1 

homologue Cor a 1.04. Alternatively, adults from a Mediterranean non-birch endemic region 

are rarely sensitized to Cor a 1.04 but predominantly react against the lipid transfer protein 

Cor a 8 which is frequently related to more severe symptoms [26]. Similarly to the sensitization 

to Ara h 9 from peanut, sensitization to Cor a 8 is governed by its homologue Pru p 3 [41].  

Recently it was shown that also kiwi (Actinidia deliciosa) allergy displays geographical 

differences in sensitization profiles [25]. Patients from Iceland were mainly sensitized to Act d 

1 (actinidin) and are at elevated risk for severe reactions. Patients from western, central and 

eastern Europe were mainly sensitized to the Bet v 1 homologue Act d 8, and those from 

southern Europe to Act d 9 (profilin) and Act d 10 (LTP).  

Similarly, sensitization to apple (Malus domestica) was observed to exhibit geographically 

different sensitization profiles with different clinical outcomes. In the Netherlands, Austria, 

and Italy apple allergy generally is mild and predominantly presents as isolated oral symptoms 

related to birch pollinosis and sensitization to Bet v 1 and its apple homologue, Mal d 1. In 

Spain, apple allergy is more severe with systemic reactions in one-third of the patients and is 
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related to peach allergy and sensitization to Mal d 3, the ns-LTP from apple [42]. These 

sensitization profiles were recently confirmed by Gomez et al [43]. Alternatively, as already 

addressed above, as traditional sIgE to crude apple extract [44], CRD with Mal d 1 does not 

discriminate between birch pollen allergic patients with our without apple allergy [5].    

CRD may also be useful in diagnosis of soy (Glycine max) allergy. A primary soy allergy is often 

based on sensitization to soy β-conglycinin (Gly m 5) and soy glycinin (Gly m 6) and related to 

severe symptoms. However, in contrast to most Bet v 1 associated allergies, sensitization to 

the Bet v 1 homologue Gly m 4 has also been linked with severe soy allergy. [45, 46]. 

Finally, determination of allergen sensitization profiles might also be useful in diagnosing 

particular food allergies such as exercise-induced wheat allergy from Ω-5 (Tri a 19 from 

Triticum aestivum) [47] or αβγ gliadins sensitization [48].    

Secondary plant-derived food allergies. 

Pollen allergy constitutes an important health problem. Traditionally patients mainly suffer 

from seasonal rhinoconjunctivitis and/or asthma. However, more than half of the patients 

with a pollen allergy will also present a so-called pollen-related food allergy. The best known 

representative of the pollen-related food allergies is the “birch-fruit-vegetable” syndrome 

that results from an extensive cross-reactivity between the major birch pollen allergen Bet v 

1 and its labile homologues in fruits, vegetables and nuts (see Figure 3). These Bet v 1 

homologues such as Mal d 1 from apple, Cor a 1.04 from hazelnut, Ara h 8 from peanut are 

considered biomarkers of mild allergic reactions mostly characterized by an OAS, although 

more generalized reactions are not excluded, particularly with Gly m 4 from soy (Glycine max) 

[46, 49]. As already exemplified higher, CRD with Bet v 1 homologues such as Mal d 1 [5] and 

Cor a 1 [13] appears to be of no value to discriminate between sensitization and genuine 

allergy. Actually, diagnosis of an OAS is generally easily established on clinical grounds and 

documentation of a (birch) pollen allergy. Another well-known example of secondary fruit 

and/or vegetable allergy is the “latex-fruit” syndrome. As described below in the section about 

latex allergy, patients suffering from latex allergy can display distinct sensitization profiles. A 

large majority of latex allergic patients is sensitized to so-called defence and/or structural 
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proteins such as Hev b 2, 5 and 6. These proteins are quite ubiquitously distributed in plant 

kingdom and might explain the occurrence of a latex-fruit syndrome mainly involving tropical 

fruits such as banana, avocado and chestnut [50]. In contrast, other patients, mainly children 

with spina bifida, are sensitized to the rubber particle associated proteins Hev b 1 and 3, that 

by definition are confined to rubber synthesising plants and will not display a latex-fruit 

syndrome. However, at present there are no comprehensive risk assessment studies 

evaluating sensitization patterns and food allergy in latex allergy. Today, CRD in the context of 

latex allergy has mainly to be seen in the discrimination between clinically relevant and 

irrelevant IgE serology (see below).          

Finally, we recently described a potential association between sensitization to Cannabis sativa 

(that, by using multiplexed CRD, appeared to result from a sensitization to the non-

commercially available Can s 3, the ns-LTP from cannabis) and other foods containing ns-LTPs. 

This “cannabis-food” connection seems frequently to extend beyond fruits and vegetables and 

might also involve alcoholic beverages, tobacco and Hevea latex [21, 51]. 

Animal-derived food allergies    

In contrast to sIgE to crude plant-derived food allergens, quantification of sIgE to crude animal-

derived food allergens seems considerably more reliable to establish correct diagnosis. 

Therefore the additional value of CRD in animal-derived food allergy has mainly to be sought 

in the identification of prognostic biomarkers enabling to predict long-term prognosis 

(tolerance vs. persistence) and the outcome of controlled challenges with raw and/or 

processed (baked or cooked) food. For example, some studies have disclosed that 

sensitization to ovomucoid (Gal d 1), the major (thermoresistant) allergen from hen’s egg 

white (chicken is Galus domesticus), is associated with a poor prognosis with respect to clinical 

severity and outgrow [52-54]. In one of these studies it was shown that children 

demonstrating an ovomucoid sIgE < 1 kUA/L had 97% chance to tolerate baked egg, whereas 

those showing an ovomucoid sIgE > 10.2 kUA/L had 88% chance to react to baked egg [53]. 

More recently, Tan et al [55] demonstrated that a skin prick test result for ovomucoid 

exceeding 11 mm was very likely to predict a reaction to baked egg. In these children, 
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deferring a challenge with egg (white) would be appropriate. Others, however, showed 

ovomucoid sIgE not to be superior to egg white prick tests or sIgE in predicting outcome of 

baked egg challenge [56]. 

With respect to cows’ milk allergy it appears that molecular diagnosis has to go beyond CRD. 

It has been demonstrated that sensitization to thermo-resistant linear epitopes from α-

lactalbumin (Bos d 4, Bos domesticus is cow), β-lactoglobulin (Bos d 5) and casein (Bos d 8) is 

associated with a poorer prognosis than a sensitization to the thermolabile conformational 

epitopes from these components [57-59]. However, today, the use of peptide microarray 

assays is very expensive and only available for research purposes. Hitherto, cow’s milk-specific 

IgE still appears to be the best prognostic marker for cow’s milk allergy [60]. 

There are also invertebrate components available such as recombinant parvalbumin (Gad c 1) 

from codfish (Gadus callaria) and recombinant tropomyosins Pen a 1 from shrimp (Penaeus 

aztecus) and Der p 10 from house dust mite (Dermatophagoides pteronyssinus). However 

diagnosis of fish and crustaceans allergy can generally readily be established using 

conventional sIgE assays. Moreover, we demonstrated that patients erroneously designated 

to be allergic to “scampi” (Nephrops norvegicus) and that had actually reacted to the giant 

fresh water prawn (Macrobrachium Rosenbergii) demonstrated sensitization to tropomyosin 

in only one quarter of the cases [61].       

Finally, molecular diagnosis can help to elucidate on the cause of mammalian meat allergy. 

Actually, molecular diagnosis can help to discriminate between meat allergy as a result of an 

underlying milk allergy, cat allergy or sensitization to a mammalian carbohydrate moiety. In 

meat allergy resulting from milk allergy (meat-milk syndrome) molecular diagnosis will point 

to sensitization to bovine serum albumin (Bos d 6) [62, 63] and/or bovine IgG (Bos d 7) [64]. 

The cat-pork syndrome is based on cross-reactivity between cat serum albumin (Fel d 2, Felis 

domesticus is cat) [65] and pork serum albumin (Sus s 6, Sus scrofa domestica is pig). Finally, 

the latter meat allergy is induced by tick bites and is due to a sensitization to  the mammalian 

oligosaccharide galactose-1,3-α-galactose (α-gal) [66] . Discrimination between these 

different kinds is of relevance, mainly because a sensitization to α-gal will usually present as 
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delayed reactions and can be associated with a sensitization to gelatin [22]. Moreover, in these 

patients administration of monoclonal antibodies produced in non-primate mammals might 

trigger anaphylaxis, even upon first exposure [67].      

Latex allergy 

Correct identification of latex-sensitized patients with genuine Hevea latex allergy is of 

paramount importance as these patients require potentially lifesaving preventing measures. 

On the other hand, identification of clinically irrelevant latex-sensitization due to sensitization 

to cross-reactive components such as profilin and CCD epitopes might prevent unnecessary 

and generally expensive latex avoidance measures. Today, several components from Hevea 

brasiliensis have been identified and successfully cloned and became available for molecular 

diagnosis of latex allergy. As a matter of fact, the commercially available component-specific 

IgE assays for natural latex are non-glycosylated recombinant Hev b 1, 3, 5, 6.01, 6.02, 8, 9 and 

11. Particularly rHev b 5 and 6 and in a lesser extent also rHev b 1 and 3 (both rubber particle-

associated proteins) have repeatedly been shown to be the most important biomarkers to 

diagnose genuine latex allergy [12, 68-72]. Sensitization to Hev b 5 and 6 is primarily found in 

adult health care workers and to a lesser extent also in children suffering from spina bifida. In 

contrast, sensitization to Hevea profilin Hev b 8 (latex profilin) generally, but certainly not 

always, points to a clinical irrelevant cross-reactivity. For example, in our own series, in all 

patients diagnosis of latex allergy could be established by the combination rHev b 1, 3, 5 and 

6.02. Over three-quarters of our patients were sensitized to rHev b 5 and/or 6.02. Some also 

displayed sIgE reactivity against rHev b 1 and/or b 3. In contrast, none of the individuals 

showing a clinically irrelevant sensitization to natural rubber latex demonstrated IgE reactivity 

to one of these components but three-quarters of them displayed a positive microarray result 

for rHev b 8 [12]. Recently, however, we identified some patients with an overt latex allergy 

apparently related to monosensitization to Hev b 12, the non-specific lipid transfer protein of 

latex that is currently not commercially available [73]. Obviously, as all available latex 

components are non-glycosylated proteins, they constitute a helpful instrument to depict 
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clinically irrelevant positive sIgE latex result resulting from a sensitization to plant-derived and 

invertebrate CCD.      

Hymenoptera venom allergy 

For patients presenting an IgE-mediated reaction to hymenoptera stings a re-sting may cause 

life-threatening reactions. In such patients correct diagnosis is mandatory for effective 

management, i.e. venom-specific immunotherapy. Generally, identification of the culprit 

implies a detailed history along with the quantification of venom-specific IgE antibodies and 

intradermal venom skin tests. Unfortunately, due to uncertainties associated with these tests, 

correct diagnosis is not always straightforward. First, it should be kept in mind that both tests 

can yield false negative results. For example, in a recent series of 308 patients with yellow 

jacket venom (YJV) allergy (i.e. wasp allergy), titrated skin testing correctly identified 282 of 

308 (93.7%) of the cases, whereas the conventional YJV sIgE assay, that is not supplemented 

with recombinant Ves v 5 (the major allergen Antigen 5 from Vespula vulgaris), yielded a 

sensitivity of 83.4% [74]. Similarly, in our series sensitivity of the conventional YJV sIgE assay 

yielded a sensitivity of 83.4% [14]. Second, sIgE-binding tests frequently display a poor 

specificity that is related to the nature of the applied venom allergen extracts. Actually, 

conventional and rVes v 5-spiked YJV sIgE assays have been using whole-venom extract 

preparations that harbour highly cross-reactive structures that can significantly hamper 

diagnosis by generating clinically irrelevant results. Although the vast majority of patients are 

allergic to only a single venom, up to two-thirds of the patients can display double-positive 

sIgE results to both YJ and honeybee venom [14, 75]. The major cause for these double-

positive sIgE results relates to the presence of structurally similar N-linked CCD rather than to 

homologous peptide epitopes [76, 77]. Among a Flemish population, sensitization to these 

highly deceptive CCD was detected in about one-quarter of the patients with grass pollen 

allergy and one-fifth of patients with genuine hymenoptera venom sensitization, particularly 

sensitization to honeybee venom [4]. The strategies that can be adopted to detect and 

circumvent this CCD issue, are the use of glycan biomarkers, basophil activation tests as well 

as molecular diagnosis applying non-glycosylated species-specific allergen components. These 
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have recently been reviewed elsewhere [78]. From this review it is clear that CRD with 

recombinant Ves v 5 and Ves v 1 from Vespula vulgaris significantly improves diagnosis of YJV 

allergy, whereas rApi m 1 from Apis mellifera does clearly not cover the entire IgE reactivity 

profile of honeybee venom and that additional molecules, particularly Api m 3, 4 or 10 are 

needed to enable correct diagnosis of honeybee venom allergy [79]. It also emerged that CRD 

can be helpful to discriminate between Vespula vulgaris and Polistes dominula allergy, 

provided that the Antigen 5 (Ves v 5, Pol d 5) and phospholipases (Ves v 1, Pol d 1) of both 

vespid species are used [80]. Despite the identification and expression of various venom 

allergen compounds of the fire ant (Solenopsis invicta), jack jumper ant (Myrmecia pilosula), 

and the Chinese needle ant (Pachycondyla chinensis) [81], to our knowledge, no readily 

available component-specific assays have been developed hitherto.                 

 

Conclusion 

Diagnosis of IgE mediated allergies is often not straightforward as traditional in vitro 

immunoassays for allergen-specific IgE antibodies do not demonstrate absolute positive and 

negative predictive values. Therefore, additional diagnostic tests are needed to make the 

correct diagnosis. During the last two decades significant progress in biochemistry and 

molecular biology enabled the detection and quantification of sIgE antibodies to allergen 

protein components and epitope-emulating peptides, also called molecular allergy diagnosis 

or component resolved diagnosis (CRD). In contrast to conventional sIgE antibody assays, CRD 

allows to discriminate between genuine allergy and merely sensitisation, to assess the 

individual risk of severity of an allergic reaction, to establish personalized sensitization 

patterns, to predict the natural course and finally to facilitate the selection of patients for 

allergen-specific immunotherapy and to monitor the immunological effects of treatment. CRD 

can be valuable in the diagnosis of inhalant, food, latex and hymenoptera allergy. Anno 2015,  

the main application of CRD are food and venom allergy. However, additional studies are 

mandatory to allow entrance of CRD in mainstream use. 
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Introductory paragraph 

IgE-mediated food allergy constitutes an important health issue affecting about 17.000.000 

Europeans. Although double blind placebo controlled food challenges remain the gold 

standard for correct diagnosis, the technique has not entered mainstream use for 

obvious ethical, practical and economic reasons. Therefore, in clinical practise most physicians 

will rely upon quantification of sIgE antibodies and skin test to confirm their clinical suspicion. 

However, correct diagnosis of food allergy is not always straightforward, as these tests are not 

absolutely predictive for the clinical outcome. Therefore, basophil activation tests, that closely 

mirror the in vivo reaction, might constitute a significant diagnostic aid. This review focusses 

on the potential and limitations of basophil activation tests in IgE-mediated food allergy. 

Abstract  

IgE-mediated food allergy constitutes an important and increasing health issue with significant 

impairment of quality of life and significant morbidity and mortality. It affects children, as well 

as adolescents and adults. Correct diagnosis of food allergy relies upon history supplemented 

by quantification of specific IgE (sIgE) antibodies and/or skin tests. Unfortunately, as these 

tests do not demonstrate absolute predictive values, controlled oral provocation tests might 

be needed to confirm/exclude diagnosis. However, it is unlikely oral challenges to enter 

mainstream application, mainly because of obvious ethical reasons. Therefore, correct 

diagnosis of food allergy might benefit from novel in vitro diagnostics such as allergen 

component-based sIgE assays and flow cytometric quantification of in vitro activated 

basophils. As a matter of fact, these tests might prove to be particularly helpful in 

discriminating genuine allergy from merely sensitization. Furthermore, they might be useful 

in establishing individual risk profiles, predicting persistence of allergy, and facilitating 

therapeutic approach. This review focuses on the applications and limitations of the basophil 

activation test in IgE-mediated food allergy. Anno 2016 we believe that the utility and 

usefulness of basophil activation experiments need to be reevaluated thoroughly, in view of 

difficulties inherent to the correct preparation and storage of allergen extracts, optimizing and 

standardizing stimulation conditions and also the potential of alternative diagnostics such as 

component resolved diagnosis that are becoming more readily accessible. 
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Basophil activation tests: a historical perspective 

Basophils represent the most important effector cells for IgE-mediated allergy in the 

circulation. Functional in vitro basophil activation assays have initially focused on histamine 

and/or sulphidoleukotriene release (review: (1, 2)). However, the time- and cost-consuming 

two-step methods with cell incubation and quantification of mediators, have seriously 

impeded their application in general clinical practice. Actually, from these reviews it appears 

that with respect to IgE-mediated food allergy only a very limited number of papers on release 

of histamine and/or sulphidoleukotriene have been published. In these rather small and 

heterogeneous studies sensitivity and specificity of mediator release tests varied between 

53%-85% and 78-100%, respectively. In the early 1990ies, the discovery of the tetraspanin 

CD63 (gp53) as a basophil activation marker has induced the development of a flow cytometric 

technique to analyze and quantify allergen-specific in vitro activation of basophils (3). Briefly, 

as shown in Figure 1, upon activation with specific allergen, along with the release of 

histamine, basophils also up-regulate the expression of particular activation (CD203c) and 

degranulation (CD63) markers that can be analyzed by multi-color flow cytometry using 

specific monoclonal antibodies (4). During recent years, the technique, designated as basophil 

activation test (BAT), appeared to be an accessible, rapid and reliable diagnostic method 

allowing simultaneous testing of several putative allergens such as aeroallergens, latex, 

hymenoptera venom and particularly drugs (for review: (5-7)).  
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Figure 1:  Principle of flow cytometric analysis of basophils: immunophenotyping and histamine release at a 
single cell level: 
Top: Upon cross-linking of membrane-bound IgE, basophils up-regulate the expression of specific activation 
and degranulation markers such as CD203c, CD63 and expression of the inhibitory receptor CD300a. 
Bottom: In the left quadrant co-expression analysis of CD63 and CD203c up-regulation in activated basophils 
is shown and 3 different subpopulations are demonstrated: CD203cbright+CD63− (R1, green), 
CD203cbright+CD63dim+ (R2, blue) and CD203cbright+CD63bright+ (R3, red). In the central and right quadrant the 
histamine intracellular staining by meaning of DAO coupled fluorochrome is displayed. Histamine release is 
revealed by reduction of DAO positive cells. Of note the complete release of histamine can be observed only 
in CD203cbright+CD63bright+ basophils (red). 
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Basophil activation tests in IgE-mediated food allergy 

In IgE-mediated food allergy the BAT was first adopted in the late 1990ies by Moneret-Vautrin 

et al. (8), who demonstrated the technique to be as sensitive and specific as the 

sulphidoleukotriene release assay and clearly more efficient than the traditional histamine 

release test.  

Table 1-4, display the current applications of the BAT in IgE-mediated food allergy including 

studies regarding diagnosis with native foods and purified or recombinant food allergen 

components, cross-reactivity, allergy outgrowing and risk stratification of patients, follow-up 

during immunotherapy and oral tolerance induction, allergen detection (traces), and effect of 

food processing (9).   

In general, the technique proved useful when traditional diagnostic tests such as 

quantification of sIgE and skin tests are unavailable or yield equivocal or false negative results. 

In general, sensitivity and specificity of the BAT in IgE-mediated food allergy varies between 

75 and 95%. In some studies it was also demonstrated that (to some extent) the BAT can 

discriminate between sensitisation and genuine allergy (10-13). Furthermore, in individual 

cases the BAT was useful to diagnose allergy to coriander, mandarin, pumpkin and the natural 

dye annatto (14-17).  

Basophil activation tests have also been applied as biomarkers to study the natural evolution 

of food allergies and to predict the occurrence of tolerance to milk (18-21) or eggs (20), or to 

evaluate the therapeutic effect of Chinese herbal medicine (Food Allergy Herbal Formula-2, 

FAFH-2) (22).  
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Table 1: BAT in diagnosis of IgE-mediated food allergy  

BAT with native food: diagnosis 

Stimulus Reference test Sensitivity (%) Specificity (%) N Marker Ref. 

Carrot, celery, 
hazelnut 

H  85-90 80-90 20 CD63 (29) 

Apple H 1001 

88 

100 

752 

59 CD63 (10) 

Macrobrachium 
rosenbergii 

H + SPT + sIgE 100 100 45 CD63 (30) 

Peanut H + SPT + sIgE 81.3 

89.5 

95.4 

97.2 

75 CD63 

CD203c 

(31) 

Egg  

 

H + SPT + sIgE 

  

77.4 

57.4 

100 

96.4 

67 

 

CD63 

CD203c 

(31) 

 

Anisakis simplex H  97 100 88 CD63 (32) 

Wheat  H + sIgE + PT 85 77 58 CD203c (33) 

Peanut  H or sIgE or PT 97.6 

95.2 

96 

96 

65 CD63 

CD203c 

(13) 

Peanut, soy, birch 
pollen 

H + sIgE or PT 79 86 91 CD63 

CD203c 

(34) 

Hazelnut H + sIgE or SPT + PT 100 97 40 CD63 

CD203c 

(35) 

BAT with food components: diagnosis 

Stimulus Reference test Sensitivity (%) Specificity (%) N Marker Ref. 

Apple (Mal d 1)  H  75 68 54 CD63 (36) 

Celery (Api g 1 ) H 75 77 54 CD63 (36) 

Carrot (Dau c 1) H 65 100 54 CD63 (36) 

Peach (Pru p 3) H + SPT or PT  77 97 30 CD63 (37) 

Peach (Pru p 2) H + SPT or PT 50-80 -  31 CD63 (38) 
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Basophil Activation Test (BAT) in diagnosis of IgE-mediated food allergy. H; History, PT; Provocation Test, sIgE; 
specific Immunoglobulin E measurement, SPT; Skin Prick Test; Ref.; reference. 
 
 
  

 

BAT for examination of cross-reactivity 

Description Outcome N Marker Ref. 

Peanut and tree 
nut allergens 

In vitro cross-reactivity of peanut-specific IgE antibodies 
with tree nuts causes effector cell activation, which is 
demonstrated by a stripped basophil activation assay.  

2 CD63 (11) 

Sesame (Ses i 6) 
and walnut 

A modified BAT might help to distinguish between clinically 
relevant and irrelevant in vitro IgE cross-reactivity of seed 
storage proteins in nuts and seeds. However data not 
validated by challenge.  

- CD63 

CD203c 

(12) 

1Taken in to account the non-responders sensitivity is 90% 
2 In an additional comparison between birch pollen allergic patients with and without 
apple-induced OAS 
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Table 2: BAT for evaluation of allergy outgrowing and risk stratification 

Description Outcome N Marker Ref. 

Risk stratification in children 
with a cow’s milk allergy 

BAT can discriminate between children tolerating  heat 
denatured milk, which have less severe reactions and 
commonly show an earlier outgrow, and children with 
allergic reactions upon heat denatured milk.  
 

55 CD63 

CD203c 

(18) 

Risk stratification in children 
with a cow’s milk allergy  

BAT is a valuable tool in helping to decide if an oral 
challenge can be safely undertaken in children with cow’s 
milk allergy.  

112 CD63 (19) 

Risk stratification and 
evaluation of the outgrow of 
hen’s egg and/ or cow’s milk 
allergy 

BAT is useful  in decision making regarding whether or 
not to perform oral food challenges and to determine if 
children will outgrow hen’s egg and/ or cow’s milk allergy   

71 CD203c (20) 

Risk stratification in children 
with allergy towards cow’s 
milk. 

Spontaneous basophil activation as well as milk specific 
basophil reactivity is greater in patients with more severe 
clinical milk reactivity.  

132 CD63 

CD203c 

(21) 

Basophil allergen threshold 
sensitivity (CD-sens) to peanut 
and Ara h 2 in relation to 
DBPCFC  

CD-sens is an useful tool in the evaluation of peanut 
allergy. Negative CD-sens with peanut and Ara h 2 is 
predictive for negative DBPCFC to peanut  

38 CD63 (39) 

Prediction of the severity and 
threshold of reactivity to 
peanut during oral food 
challenges.  

 BAT is a marker for severity of allergic reactions and can 
be used to estimate the threshold of  allergic reactions to 
peanut.  

49 CD63 

CD203c 

(40) 

Prediction of outcome and 
severity of reactions at 
DBPCFC to various foods: 
peanut, tree nut, shrimp, fish, 
sesame  

BAT discriminates between allergic and non-allergic 
individuals and can act as a predictor of clinical severity of 
food allergy 

67 CD63 (41) 

Evaluation of the allergenic 
activity of 2 mutants of the 
profilin of Melon (Cuc m 2) 

One of the mutants (Mut 2) displayed reduction of 
basophil activation 

10 CD63 (42) 

Evaluation of basophil 
allergen threshold sensitivity 
(CD-sens) to peanut and Ara h 
8 in relation to an oral peanut 
challenge 

CD-sens to Ara h 8 was positive in 85 % of children with 
peanut and Ara h 8 sensitization 

20 CD63 (43) 

Risk stratification of peanut 
allergy in children 

Severe peanut allergy is significantly associated with 
higher basophil allergen sensitivity 

27 CD63 (44) 

Evaluation of basophil 
response to peanut allergens 
in Mediterranean patients. 

BAT with Ara h 2 is able to discriminate peanut allergic 
subjects from peanut tolerating but peach allergic subjects 
(Pru p 3).  

60 CD63 (45) 
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Table 3: BAT for follow up during immunotherapy  

and oral tolerance induction 

Description Outcome N Marker Ref. 

Immunotherapy for milk 
allergy  

BAT did show a significant decrease in constitutive 
expression of CD63 and CD203c with immunotherapy, 
potentially due to a reduced extrinsic basophil activation 
in vivo. 

30 CD63 

CD203c 

(46) 

Sublingual immunotherapy 
for peanut allergy  

After 12 months of peanut sublingual immunotherapy, a 
significantly lower percent of activated basophils after 
stimulation with peanut extract was observed. 

18 CD63 (47) 

Sublingual immunotherapy 
for peanut allergy 

The percentage CD63 positive values are significantly 
lower in subjects receiving peanut sublingual 
immunotherapy compared with placebo subjects. 

40 CD63 (48) 

Oral immunotherapy for 
peanut allergy 

Basophil activation was significantly reduced within 4 
months, in contrast to basophil reactivity in subjects in an 
observational study of peanut allergy.  
 

39 CD63 (49) 

Oral immunotherapy for 
peanut allergy  

BAT shows evidence supporting the 
hypothesis that peanut oral immunotherapy induces 
pathway-specific basophil anergy.  

28 CD63 

CD203c 

(50) 

Milk oral immunotherapy Basophil activation decreases over time with oral 
tolerance induction 

142 CD63 

CD203c 

(51) 

Evaluation of the inhibitory 
effect of IgG4 

Peanut induced basophil activation was inhibited in the 
presence of plasma from non-allergic, peanut sensitized 
children and children submitted to peanut oral 
immunotherapy. Basophil activation was not inhibited 
 

228 CD63 

CD203c 

(52) 

Evaluation of the outcome of 
peanut sublingual 
immunotherapy  

Patients responding to SLIT showed significant decrease in 
peanut induced basophil activation compared to non-
responders (high rate of patients discontinued therapy)   

40 CD63 (53) 

Evaluation of sublingual 
immunotherapy with a Pru p 3 
quantified peach extract  

Basophil activation with peach peel and recombinant Pru 
p 3, in contradiction to other studies, increased during the 
first 6 months of treatment 

31 CD63 (54) 

Evaluation of BAT in patients 
with specific oral tolerance 
induction with egg 

A significant decrease of antigen specific basophil 
responsiveness was observed in patients after oral 
tolerance induction with egg  

10 CD63 (55) 

Evaluation of BAT in patients 
with birch-pollen-associated 
apple allergy after an oral 
tolerance induction  

Basophil reactivity and sensitivity to Bet v 1 and Mal d 1 did 
not significantly change after regular apple consumption, 
although clinical tolerance was obtained in the majority of 
patients.  

40 CD63 (56) 
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Table 4: BAT for food allergen risk management  

BAT for detection of hidden allergens 

Description Outcome N Marker Ref. 

Detection of trace 
amounts of peanut in 
biscuits and chocolates 

BAT is a highly sensitive and specific tool to detect 
traces of functionally active food allergens.  

10 CD63 (23) 

Detection of biologically 
active peanut protein in 
household dust  

Peanut proteins in household dust are able to 
activate basophils from children with peanut allergy 

6 CD63 (57) 

BAT for measuring variety and potential allergenicity of processed food 

Description Outcome N Marker Ref
ere
nce 

Allergenicity of thermally 

processed peanut  

BAT, rather than SDS-PAGE or IgE binding, can 
predict the impact of thermal processing on the 
allergenicity of peanuts. 

10 CD63 (24) 

Allergenicity of thermally 
processed or Maillard 
reacted hazelnuts 

BAT can help to assess the allergenicity of hazelnut 
extracts after modification of constituent 
proteins/allergens through thermal processing and 
the Maillard reaction 

11 CD63 (25) 

Evaluation of the allergic 

potential of two different 

tomato cultivars  

BAT underpinned the clinical differences evoked by 
the different tomato cultivars 

9 CD203c (58) 

Diagnosis of different 
subtypes of Wheat-
dependent exercise 
induced anaphylaxis 
(WDEIA) 

BAT with various preparations of wheat proteins is 
highly useful in predicting causative allergens in 
patients with WDEIA. 

10 CD203c (59) 

Allergenicity of thermally 
processed peanut 

Basophils, passively sensitized with IgE from peanut 
allergic patients, showed lower activation upon 
exposure to heat/pressure-treated peanut  

8 CD203c (27) 
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 Finally, other studies suggest that the BAT can be applied to study the (residual) allergenicity 

of food (by detecting traces of allergens) (23) and allows to study the effects of various means 

of processing (e.g., heating (24), Maillard reactions (25)). 

Particular considerations and perspectives  

It is clear that the BAT creates new and unique opportunities in the diagnostic management 

and follow-up of IgE-mediated food allergies, mainly as it closely mirrors the in vivo situation. 

However, we believe that the utility and usefulness of basophil activation experiments need 

to be reevaluated thoroughly, mainly in view of difficulties inherent to the correct preparation 

and storage of allergen extracts, optimizing and standardizing stimulation conditions and also 

the venue of easier alternative diagnostics such as component resolved diagnosis (26). For 

example, we demonstrated that the outcome of the BAT in peanut allergy is significantly 

affected by the applied cultivar and the processing of the source material (24). Actually, 

Sabato et al showed that various methods of (thermal) food processing can significantly alter 

the capacity of particular peanut cultivars to trigger basophils in patients with established 

severe peanut allergy. Moreover, effects appeared to be individually divergent and absolutely 

unpredictable by protein staining using SDS-Page nor IgE-immunoblotting. To a certain extent, 

similar observations were recently described by Cabanillas et al (27), demonstrating that heat 

and pressure of 3 varieties of commonly consumed peanuts significantly decreases IgE binding 

capacities, diminishes activation of passively sensitized basophils and reduces wheal sizes in 

skin prick tests. From these observations the conclusion is inevitable, like for other allergy 

diagnostics, reliability of the BAT is highly dependent on the stimulation conditions, 

particularly the (residual) composition, preparation and storage of the allergen extracts. 

Therefore, observations from different studies might not readily be interchangeable. In 

addition, the predictive value of basophil activation experiments might also exhibit significant 

geographical and age-dependent variations, mainly as a result of differences in sensitization 

profiles and nutritional habits. For example, in our regions, the absence of the labile Cor a 1.04 

in a hazelnut (Corylus avellana) extract could significantly affect the outcome of BAT in adults 

with a birch-pollen related hazelnut allergy but have almost no effect on the reliability of BAT 

in hazelnut allergic children, as the latter are predominantly sensitized to Cor a 9 and/or Cor 

a 14 (28). Taken together, it is clear that further validation of the diagnostic utility of BAT in 
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IgE-mediated food allergy is absolutely warranted to allow a more universal clinical use. As 

with any study of this nature, the major challenges will be to accurately identify the patients 

and control individuals and to apply well-defined and controllable stimulation conditions. In 

this context, it is our believe that the different applications of BAT in IgE-mediated food allergy 

will benefit from the increasing availability of purified and recombinant food components, as 

these will allow to compose better characterized and harmonized stimulation mixtures.  
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General conclusions 

It is clear that the BAT is a valuable and safe diagnostic method in IgE-mediated food allergy, 

mainly as the technique more closely resembles the in vivo reaction than IgE quantification. 

However, utility of the BAT should be reassessed regarding difficulties with the preparation 

and proper storage of allergen extracts and the fact that results might not readily be 

interchangeable between different study populations. It seems theoretically justified to 

anticipate that the application of well-characterized single components, or mixtures thereof, 

might further improve reliability and utility of the technique in diagnosis and follow-up of IgE-

mediated food allergy.    
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General conclusion and summary  

IgE-mediated food allergy is a global health issue with significant impairment of quality of life, 

morbidity and even fatalities. In the absence of a cure, therapeutic management of IgE-

mediated food allergy still relies upon strict avoidance of the culprit food(s), in order to avert 

future reactions. Therefore, correct identification of allergenic food(s) is of paramount 

importance for successful and potentially life-saving management. On the other hand, over-

diagnosis by erroneous interpretation of clinically irrelevant test results may result in 

unnecessary elimination diets, which significantly impairs quality of life of affected individuals.   

From the introductory paragraph (Chapter 1) it appears that correct diagnosis of IgE-mediated 

allergy to plant-derived foods such as fruit, vegetables, cereals, seeds and nuts is not always 

straightforward. Actually, correct diagnosis of these plant-derived food allergies is frequently 

confounded, mainly because of non-specificity of traditional in vitro and in vivo diagnostics. In 

other words, tests frequently hamper correct diagnosis of food allergy as they fail to 

discriminate between patients with genuine overt food allergy and individuals who are merely 

sensitized, viz. have a positive test result but have no food-related symptoms. Moreover, 

difficulties are compounded as sensitization profiles might display significant age-related and 

geographical differences. For years our research group has focused on the improvement of 

allergy diagnosis mainly by introduction of 2 novel in vitro techniques; component resolved 

diagnosis and basophil activation tests. With respect to food allergy, like others, we have 

demonstrated that component resolved diagnosis can significantly facilitate the diagnosis and 

prediction of prognosis of hazelnut allergy. We observed, however, that components available 

at the start of this thesis did not cover the entire hazelnut IgE reactivity profile. Therefore, in 

the first study of this thesis we sought to find out whether supplementation of the existing 

hazelnut component panel with the 2S albumin of hazelnut, Cor a 14, would be of any added 

benefit. Our data (Chapter 2) indicate that quantification of sIgE to Cor a 14 is highly relevant 

for correct diagnosis of hazelnut allergy, as sensitization to this component is predominantly 

seen in patients with more severe allergic reactions and seems to be more prevalent in 
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preschool and school children as compared to adults. Actually, our study reveals that the 

quantification of sIgE to the hazelnut legumin Cor a 9 together with sIgE to Cor a 14 enables 

correct diagnosis of severe hazelnut allergy in 90 % of preschool and school children. In 

contrast, adults were mainly sensitized to the Bet v 1 homologue in hazelnut (Cor a 1.04) and 

suffered from a mild oral allergy syndrome. Finally, this study demonstrated that sensitization 

to the hazelnut 2S albumin (Cor a 14) and legumine (Cor a 9) can already occur at a very young 

age, whereas sensitization to the hazelnut Bet v 1 homologue Cor a 1.04 was absent in this 

group.   

Meanwhile, from the literature it emerged that component resolved diagnosis could also be 

a valuable method for the diagnosis of peanut allergy. However available data focused mainly 

on pediatric populations and nearly no information on peanut sensitization patterns was 

available for our region. Therefore, in a second study (Chapter 3) we evaluated whether 

component resolved diagnosis could be beneficial in peanut allergic patients attending our 

hospital. The results of this survey show that as for hazelnut, sensitization to the peanut 2S 

albumin Ara h 2, legumin Ara h 3 and vicilin Ara 1 was predominantly present in preschool and 

school children with a more severe peanut allergy phenotype. In contrast, sensitization to the 

Bet v 1 homologue Ara h 8 from peanut was mainly seen in adults with an OAS. Similar to 

hazelnut, sensitization to the 2S albumine, legumin and vicilin, but not the Bet v 1 homologue 

Ara h 8, was already observed in infants presenting with an atopic dermatitis without overt 

peanut allergy. 

As already demonstrated, next to age-related differences, sensitization profiles for plant-

derived foods can also display significant geographical variations. In this context, one of the 

most relevant observations relates to the sensitization to ns-LTP. For more than a decade, 

sensitization to ns-LTP has been thought to be mainly governed by peach and associated with 

more severe clinical outcomes. However, these ns-LTP-associated food allergies were believed 

to be a southern European issue, as the large majority of the epidemiological and clinical data 

about ns-LTP sensitization was gathered in the Mediterranean basin. Our studies on hazelnut 

and peanut allergies do show that sensitization to ns-LTP is not restricted to the southern 
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European countries and that the presence of sIgE to ns-LTP might not be absolutely predictive 

for severe food allergy. Therefore, in the third part of this thesis I aimed at studying the 

prevalence and clinical significance of sIgE reactivity to ns-LTP in our region. As detailed in 

Chapter 4 of this doctoral thesis, this study identified several particularities. First, IgE reactivity 

to ns-LTP was found not to be a rare phenomenon and was found in approximately one-

quarter of patients with symptoms of a pollen and/or plant food allergy, irrespective age and 

gender. Secondly, in contrast to data from southern Europe and our observations about 

sensitization to 2S albumins, legumins and vicilins, sIgE reactivity to the ns-LTP of hazelnut, 

peanut, peach and apple are generally not associated with severe allergic reactions to the 

respective plant-derived foods. In most participants the presence of sIgE reactivity to ns-LTP 

seems clinically irrelevant, viz. not associated with an overt food allergy. Alternatively, this 

study confirmed that a more functional test like the basophil activation test, which closely 

resembles the in vivo situation, might be a better predictor for the clinical outcome, as positive 

results were only observed in patients with overt food allergy. 

In conclusion, the correct diagnosis of plant-derived food allergies can pose significant 

challenges, as traditional tests frequently yield ambiguous and misleading results, particularly 

false positive results. Our data show that the diagnostic management of our plant-derived 

food allergic patients can, to some extent, benefit from component resolved diagnostics. 

Additional, comprehensive larger scale validation studies that take into consideration the 

potential effect of age and geography are required before the technique can enter 

mainstream application. In addition, this doctoral thesis emphasizes that basophil activation 

tests might constitute a significant diagnostic aid, but further validation of the diagnostic 

utility of this test in IgE-mediated food allergy is required. For a review on component resolved 

diagnosis and basophil activation tests in food allergy diagnosis the reader is referred to 

Chapter 5 and Chapter 6, respectively.   
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Perspectives 

Our studies show that sensitization profiles of hazelnut and peanut allergic patients in our 

region exhibit age-related clinically distinct phenotypes depending on their underlying 

sensitization profile. The exact explanation(s) for the differences in sensitization patterns 

between children and adults remain(s) unknown but could eventually relate to a natural 

growing out of particular sensitizations, as is observed in cow’s milk and hen egg’s white 

allergy. Therefore, we have recently set up a longitudinal follow-up study to discover why 

adults seem less frequently sensitized to Cor a 9 and Cor a 14 from hazelnut and Ara h 1, Ara 

h 2 and Ara h 3 from peanut as compared to children. Longitudinal follow-up studies are also 

warranted to evaluate whether infants with atopic dermatitis demonstrating an early 

sensitization to Cor a 9, Cor a 14, Ara h 1, Ara h 2, Ara h 3 are at particular risk to develop 

generalized hazelnut, or peanut allergies, or do outgrow their sensitization during childhood.  

Finally, as it appears that the basophil activation test might discriminate between clinically 

relevant and irrelevant positive ns-LTP results, collaborative studies with southern European 

centres are required to confirm this promising observation, as it might reduce the number of 

potentially dangerous and time consuming food challenges to establish diagnosis, or on the 

other hand, might help to avoid over-diagnosis due to erroneous interpretation of traditional 

diagnostics.   
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Algemene conclusie en samenvatting 

IgE gemedieerde voedselallergie is een algemeen gezondheidsprobleem met een belangrijke 

morbiditeit, welke kan leiden tot een significante verslechtering van de levenskwaliteit van de 

patiënt en in bepaalde gevallen een dodelijke afloop kent. Doordat er geen genezing mogelijk 

is, berust de behandeling van een IgE gemedieerde voedselallergie op het preventief 

vermijden van het uitlokkende voedsel. Daarom is het correct identificeren van het voedsel 

dat de allergie veroorzaakt uitermate belangrijk voor het opstellen van een mogelijkerwijs 

levensreddend restrictiedieet. Aan de andere kant, over-diagnostisering door het foutief 

interpreteren van klinische irrelevante testresultaten kan leiden tot onnodige restrictiediëten, 

welke op hun beurt een negatieve impact kunnen hebben op de levenskwaliteit van de patiënt 

en zijn omgeving. 

Uit de inleidende paragraaf (hoofdstuk 1) blijkt dat een correcte diagnose van IgE 

gemedieerde voedselallergie ten opzichte van plantaardig voedsel zoals fruit, groente, granen, 

zaden en noten niet altijd gemakkelijk is en een uitdaging kan vormen. Correcte diagnose van 

deze plantaardige voedselallergieën is vaak verwarrend, met name doordat traditionele in 

vivo en in vitro testen een laag positief voorspellende waarde hebben. Dit betekent dat een 

correcte diagnose van voedselallergie vaak wordt belemmerd doordat traditionele testen 

geen onderscheid kunnen maken tussen patiënten met echte symptomatische voedselallergie 

en individuen met enkel een asymptomatische sensibilisatie, met andere woorden individuen 

die een positief testresultaat vertonen zonder dat zij daadwerkelijk voedsel gerelateerde 

allergische klachten hebben. Hiernaast wordt de diagnose van voedselallergie nog verder 

bemoeilijkt omdat sensibilisatieprofielen van patiënten variëren naar gelang leeftijd en 

geografische locatie. Sinds enkele jaren heeft onze onderzoeksgroep zich geconcentreerd op 

de verbetering van de allergiediagnostiek, hierbij is een focus gelegd op 2 nieuwe in vitro 

technieken namelijk component georiënteerde diagnostiek (CRD) en de basofielen activatie 

test (BAT). Met betrekking tot voedselallergie, zoals ook door anderen is beschreven, hebben 

onze eerdere studies aangetoond dat component georiënteerde diagnostiek een meerwaarde 

kan betekenen voor de diagnostiek en voorspelling van de prognose van voedselallergie. Uit 
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deze studies bleek ook dat de hazelnootcomponenten die beschikbaar waren bij de start van 

deze thesis niet het volledige hazelnoot IgE reactiviteit profiel konden verklaren. Daarom werd 

in een eerste studie van deze thesis onderzocht of het toevoegen van het 2S albumine van 

hazelnoot (Corylus avellana) Cor a 14, aan de bestaande hazelnootcomponenten een voordeel 

kon opleveren voor de diagnostiek van hazelnootallergie. De resultaten (hoofdstuk 2) tonen 

dat bepaling van de specifieke IgE antistoffen tegen Cor a 14 zeer belangrijk kan zijn voor de 

diagnose van hazelnootallergie, omdat sensibilisatie tegen deze component voornamelijk 

wordt aangetoond bij patiënten met ernstige allergische reacties en in vergelijking met 

volwassenen vaker voorkomt bij kinderen. Onze studie toont aan dat de bepaling van sIgE 

tegen het hazelnoot legumine Cor a 9 en Cor a 14 het mogelijk maakt om 90 % van de kinderen 

met een ernstige allergische reactie op hazelnoot correct te identificeren. In tegenstelling tot 

kinderen, waren volwassenen voornamelijk gesensibiliseerd tegen de Bet v 1 (Betula 

verrucosa) homoloog in hazelnoot (Cor a 1.04) en vertonen zij symptomen veelal beperkt tot 

de mond en/of keelholte (oraal allergie syndroom). Tevens toont deze studie aan dat 

sensibilisatie tegen het 2S albumine (Cor a 14) en legumine (Cor a 9) van hazelnoot reeds op 

jonge leeftijd kan ontstaan, in tegenstelling tot sensibilisatie tegen de Bet v 1 homoloog van 

hazelnoot (Cor a 1.04). Sensibilisatie tegen Cor a 1.04 werd namelijk niet waargenomen in de 

groep met de jongste kinderen. 

Uit de literatuur blijkt dat component georiënteerde diagnostiek ook een waardevolle 

methode is voor de diagnose van pinda-allergie. Echter, de tot dusverre uitgevoerde studies 

hebben zich voornamelijk gefocust op pediatrische populaties en er bleek bijna geen 

informatie over pinda sensibilisatieprofielen  beschikbaar te zijn in onze regio. Daarom is in 

een volgende studie (hoofdstuk 3) onderzocht of component georiënteerde diagnostiek een 

meerwaarde zou kunnen zijn voor pinda-allergische patiënten in onze regio. De resultaten van 

deze studie tonen aan dat net als voor hazelnootallergie, sensibilisatie tegen het 2S albumine 

(Ara h 2), legumine (Ara h 3) en viciline (Ara h 1) van pinda (Arachis hypogaea) voornamelijk 

wordt gezien bij kinderen met een ernstige pinda-allergie. Dit in tegenstelling tot sensibilisatie 

tegen de Bet v 1 homoloog van pinda (Ara h 8), welke voornamelijk gezien wordt bij 
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volwassenen met een oraal allergie syndroom. Zoals ook in de studie naar 

sensibilisatieprofielen bij hazelnootallergie werd waargenomen, kon sensibilisatie tegen het 

2S albumine, legumine en viciline van pinda al aangetoond worden bij baby’s met atopisch 

eczeem zonder duidelijke pinda consumptie. Bij deze jongste kinderen werd er nog geen 

sensibilisatie tegen de Bet v 1 homoloog, Ara h 8 waargenomen.  

Zoals reeds werd beschreven vertonen sensibilisatieprofielen voor plantaardige voeding naast 

leeftijd gerelateerde verschillen ook geografische variaties. Een typisch voorbeeld hiervan, dat 

vaak wordt beschreven in de literatuur, is gerelateerd aan de sensibilisatie tegen ‘non-specific 

Lipid Transfer Proteins’ (ns-LTPs). Al ruim een decennium wordt gedacht dat sensibilisatie 

tegen ns-LTPs voornamelijk wordt veroorzaakt door perzik en sensibilisatie tegen deze 

eiwitten wordt vaak geassocieerd met ernstige allergische reacties. Daarnaast wordt gedacht 

dat ns-LTP gerelateerde allergieën voornamelijk een probleem zijn in Zuid-Europa, aangezien 

de meeste epidemiologische en klinische data met betrekking tot ns-LTP sensibilisatie 

verzameld werden in het Middellandse Zeegebied. De hierboven beschreven studies over 

hazelnootallergie en pinda-allergie tonen echter dat sensibilisatie tegen ns-LTPs niet 

gelimiteerd is tot de Zuid-Europese landen en dat de aanwezigheid van sIgE antistoffen ten 

opzichte van ns-LTPs niet altijd resulteert in een ernstige voedselallergie. Daarom werd, in het 

derde deel van deze thesis, getracht de prevalentie en klinische significantie van sIgE 

reactiviteit tegen ns-LTPs in onze regio te onderzoeken. Enkele bijzonderheden werden 

opgemerkt in deze studie (hoofdstuk 4). Ten eerste bleek sIgE reactiviteit tegen ns-LTP geen 

zeldzaam fenomeen te zijn in onze regio, sensibilisatie tegen dit eiwit werd namelijk 

vastgesteld in ruim een kwart van patiënten met klachten van een pollen- en/of plantaardige 

voedselallergie, zonder hierbij verschillen te zien wat betreft  geslacht of leeftijd. Ten tweede, 

in tegenstelling tot gegevens uit Zuid-Europa en onze observaties met betrekking tot 2S 

albumines, legumines en vicilines bij hazelnoot- en pinda-allergische patiënten, was 

aanwezigheid van sIgE antistoffen tegen het ns-LTP van hazelnoot, pinda, perzik en appel 

veelal niet geassocieerd aan ernstige allergische reacties ten opzichte van de respectievelijke 

voeding. In de meeste gevallen bleken sIgE antistoffen tegen ns-LTPs klinisch irrelevant te zijn, 
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met andere woorden niet geassocieerd aan een plantaardige voedselallergie. Daarnaast 

toonde onze studie aan dat een functionelere test, zoals de basofielen activatie test welke de 

in vivo situatie goed nabootst, de klinische symptomen van een patiënt met ns-LTP reactiviteit 

beter kan voorspellen.  Een positieve basofielen activatie test werd namelijk enkel 

aangetroffen bij patiënten met een echte voedselallergie.  

Samenvattend kan er besloten worden dat een correcte diagnose van plantaardige 

voedingsallergieën een moeilijke uitdaging kan zijn,  aangezien traditionele testen vaak 

dubbelzinnige en misleidende resultaten opleveren.  Voornamelijk vals positieve resultaten 

die foutief een IgE gemedieerde voedselallergie suggereren. Onze studieresultaten tonen aan 

dat de diagnostiek van patiënten met een plantaardige voedselallergie soms voordeel kan 

hebben van het gebruik van component georiënteerde diagnostiek. Echter, grootschalige 

validatie studies blijven noodzakelijk alvorens component georiënteerde diagnostiek haar 

intrede kan doen in de dagelijkse praktijkvoering. Dat deze studies rekening zullen moet 

houden met het potentieel effect van leeftijd en geografische locatie op de uitkomst hoeft 

geen betoog. Bovendien bevestigen onze data dat de basofielen activatie test een belangrijk 

hulpmiddel kan zijn in het achterhalen van de klinische relevantie van een positief sIgE 

resultaat. Ook voor deze test is verdere validatie van de diagnostische bruikbaarheid in grotere 

studiepopulaties noodzakelijk. Voor een overzicht over component georiënteerde diagnostiek 

en de basofielen activatie test in de diagnostiek van voedselallergie en het gebruik van deze 

testen in de praktijkvoering, wordt de lezer verwezen naar respectievelijk hoofdstuk 5 en 

hoofdstuk 6.  
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Perspectieven 

Uit deze doctoraatsthesis blijkt dat hazelnoot- en pinda-allergische patiënten uit onze regio 

verschillende sensibilisatieprofielen en klinische fenotypes vertonen afhankelijk van de 

leeftijd. Op dit moment is er geen duidelijke verklaring voor het waargenomen verschil in 

sensibilisatiepatronen tussen kinderen en volwassenen. Het verschil zou gerelateerd kunnen 

zijn aan een natuurlijke uitgroei van sensibilisatie zoals ook wordt waargenomen bij koemelk- 

en kippenei-allergie. Met die reden is recentelijk een longitudinale follow-up studie gestart, 

met als doel een verklaring te vinden voor het feit dat volwassenen vergeleken met kinderen 

minder frequent gesensibiliseerd zijn tegen Cor a 9 en Cor a 14 van hazelnoot en Ara h 1, Ara 

h 2 en Ara h 3 van pinda. Follow-up studies zijn eveneens noodzakelijk om te onderzoeken of 

baby’s met atopisch eczeem met een sensibilisatie tegen Cor a 9, Cor a 14, Ara h 1, Ara h 2, 

Ara h 3 een verhoogd risico hebben op het ontwikkelen van een veralgemeende hazelnoot- of 

pinda-allergie.  

Tevens blijkt uit deze thesis dat de basofielen activatie test een bruikbare techniek is om 

onderscheid te kunnen maken tussen klinisch relevante en irrelevante positieve ns-LTP 

resultaten. Grootschaliger studies, bij voorkeur in samenwerking met Zuid-Europese centra, 

zijn noodzakelijk om deze veelbelovende observatie te kunnen bevestigen. Mogelijkerwijs 

kunnen hierdoor het aantal potentieel gevaarlijke en tijdrovende provocatietesten voor de 

diagnose van voedselallergie worden gereduceerd en eveneens over-diagnose door verkeerde 

interpretatie van traditionele testen worden voorkomen.  
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Algemiene útwizing 

IgE mediearre fiedselallergy is in algemiene sûnensswierrichheid mei in wichtige morbiditeit, 

dy ’t liede kin ta in sinjifikante fermindering fan de kwaliteit fan libjen fan de pasjint en yn 

beskate gefallen in deadlike ôfrin ta gefolch hawwe kin. Om't der gjin genêzing mooglik is 

berêst de behanneling fan IgE mediearre fiedselallergy op it previntyf fermijen fan it 

útlokjende iten. Dêrom is it krekt identifisearjen fan it iten dat de allergy feroarsaket tige 

wichtich foar it opstellen fan in sa mooglik libbensrêddend restriksjedieet. Oan de oare kant, 

oer-diagnostisearing troch it ferkeard interpretearjen fan klinysk irrelevante testútslaggen kin 

liede ta ûnnedige restriksjediëten, dy ’t op harren bar in negative ynfloed hawwe kinne op de 

kwaliteit fan libjen fan de pasjint en syn omjouwing. 

Ut de ynliedende paragraaf (haadstik 1) blykt dat in krekte diagnoaze fan IgE mediearre 

fiedselallergy neffens plantaardich iten sa as bygelyks fruit, griente, nôt, sie en nuten net altyd 

maklik is en in útdaging foarmje kin. Krekte diagnoaze fan dizze plantaardige fiedselallergyen 

is gauris betiizjend, benammen trochdat tradisjonele in vivo en in vitro testen in lege posityf 

foarsizzende wearde hawwe. Dat betsjut dat in krekte diagnoaze fan fiedselallergy gauris 

behindere wurdt mei’t tradisjonele testen gjin ûnderskied meitsje kinne tusken pasjinten mei 

echte symptomatyske fiedselallergy en ienlingen mei inkeld in asymptomatyske 

sensibilisaasje, oars sein ienlingen dy ’t in positive testútslach sjen litte sûnder dat se echt oan 

iten besibbe allergyske klachten hawwe. Dêrnjonken komt de diagnoaze fan fiedselallergy 

noch fierder yn tsjok waar telâne om't de sensibilisaasjesprofilen fan pasjinten fariearje as it 

leeftyd en geografyske lokaasje oanbelanget. Sûnt inkelde jierren hat ús ûndersyksploech him 

talein op it ferbetterjen fan de allergydiagnostyk. Hjirby is de klam lein op twa nije in vitro-

techniken, nammentlik komponint oriïntearre diagnostyk (CRD) en de basofilen aktifaasje test 

(BAT). As it giet om fiedselallergy, sa ’t oaren dat ek oantoand hawwe, hawwe ús eardere 

stúdzjes ek sjen litten dat komponint oriïntearre diagnostyk (CRD) in taheakke wearde 

betsjutte kin foar de diagnostyk en foarsizzing fan de prognoaze fan fiedselallergy. Ut dizze 

stúdzjes die bliken dat de hazzenútkomponinten dy ’t beskikber wiene by it begjin fan dizze 

tesis net it folsleine hazzenút IgE reaktiviteit profyl ferklearje koene. Dêrom waard yn in earste 
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stúdzje fan dizze tesis ûndersocht oft it tafoegjen fan it 2S albumine fan hazzenút (Corylus 

avellana) Cor a 14 oan de besteande hazzenútkomponinten profyt opsmite koe foar de 

diagnostyk fan hazzenútallergy. De útslaggen (haadstik 2) wize út dat bepalen fan it spesifike 

IgE antistoffen tsjin Cor a 14 tige wichtich wêze kin foar de diagnoaze fan hazzenútallergy, 

om't sensibilisaasje tsjin dizze komponint benammen oantoand wurdt by pasjinten mei 

earnstige allergyske reaksjes en ferlike mei folwoeksenen fakentiden by bern foarkomt. 

Us stúdzje toant oan dat de bepaling fan sIgE tsjin it hazzenút legumine Cor a 9 en Cor a 14 it 

mooglik makket om 90% fan de bern mei in earnstige allergyske reaksje op hazzenút krekt te 

identifisearjen. Yn tsjinstelling ta bern wiene folwoeksenen benammen gefoelich foar de Bet 

v 1 (Betula verrucosa) homolooch yn hazzenút (Cor a 1.04) en hawwe se ferskynsels dy’t 

almeast beheind binne ta de mûle en/of de strôt (oraal allergy syndroom). Teffens lit dizze 

stúdzje sjen dat sensibilisaasje tsjin it 2S albumine (Cor a 14) en legumine (Cor a 9) fan 

hazzenút him al yn de jongereintyd opponearje kin. Dêrfoaroer stiet dat sensibilisaasje tsjin 

de Bet v 1 homolooch fan hazzenút (Cor a 1.04) net opdûkt yn de groep mei de jongste bern. 

Ut de literatuer blykt dat komponint oriïntearre diagnostyk ek in weardefolle metoade is foar 

de diagnoaze fan apenút-allergy. Lykwols, de oant no ta útfierde stúdzjes hawwe harren 

benammen rjochte op pediatryske populaasjes en der bliek hast gjin ynformaasje yn ús krite 

beskikber te wêzen oer apenút sensibilisaasjesprofilen. Dêrom is yn in folgjende stúdzje 

(haadstik 3) ûndersocht oft komponint oriïntearre diagnostyk in taheakke wearde hawwe 

kinne soe foar apenútallergyske pasjinten yn ús omkriten. De ûtslaggen fan dizze stúdzje toane 

dat krekt as foar hazzenútallergy, sensibilisaasje tsjin it 2S albumine (Ara h 2), legumine (Ara 

h 3) en viciline (Ara h 1) fan apenút (arachis hypogaea) benammen opdûkt by bern mei in 

earnstige apenútallergy. Yn tsjinstelling ta gefoellichheid tsjin de Bet v 1 homolooch fan 

apenút (Ara h 8), dy’t benammen foar it ljocht komt by folwoeksenen mei in oraal allergy 

syndroom. Krekt as yn de stúdzje nei sensibilisaasjesprofilen by hazzenútallergy, koe 

sensibilisaasje tsjin it 2S albumine, legumine en viciline fan apenút al oantsjutten wurde by 

lytse poppen mei atopysk ekseem sûnder dúdlike apenút-konsumpsje. By dizze jongste bern 

waard noch gjin sensibilisaasje merkbiten tsjin de Bet v 1 homolooch Ara h 8. 



 

147 

 

Sa ’t al beskreaun waard litte sensibilisaasjesprofilen foar plantaardich iten njonken oan 

âldens relatearre ferskillen ek geografyske fariaasjes sjen. In singelier foarbyld dêrfan, gauris 

beskreaun yn de literatuer, is besibbe oan de sensibilisaasje tsjin ‘non-specific Lipid Transfer 

Proteins’(ns-LTPs). Al ryklik in desennium wurdt tocht dat sensibilisaasje tsjin ns-LTPs yn 

haadsaak feroarsake wurdt troch perzik. Sensibilisaasje foar dizze aaiwiten wurdt fakentiden 

assosjearre mei earnstige allergyske reaksjes. Dêrnjonken wurdt tocht dat ns-LTP besibbe 

allergyen benammen in probleem binne yn Súd-Europa, mei’t de measte epidemiologyske en 

klinyske data yn it ramt ta ns-LTP sensibilisaasje  fandele waarden yn it Middellânske 

Seegebied. De niiskrektsa beskreaune stúdzjes oer hazzenútallergy en apenút-allergy toane 

lykwols dat sensibilisaasje tsjin ns-LTPs har net beheind ta de lannen fan Súd-Europa en dat 

de oanwêzigens fan sIgE antistoffen neffens ns-LTPs net altyd resultearret yn in earnstige 

fiedselallergy. Dêrom waard, yn it tredde part fan dizze tesis, besocht de prevalinsje en 

klinyske sinjifikânsje fan sIgE reaktiviteit tsjin ns-LTPs yn ús krite te ûndersykjen. Sa’t 

beskreaun stiet yn haadstik 4 fan dizze tesis waarden inkelde besûnderheden opmurken yn 

dizze stúdzje. Foarst bliek sIgE reaktiviteit tsjin ns-LTP gjin singelier ferskynsel te wezen yn us 

krite, sensibilisaasje tsjin dit aaiwyt waard nammentlik fêststeld by ryklik in fjirde part fan 

pasjinten mei klachten fan in pollen- en/of plantaardige fiedselallergy, sunder’t hjirby 

ferskillen te sjen wiene oangeande geslacht of âldens. Twad, yn tsjinstelling ta gegevens út 

Súd-Europa en ús observaasjes oangeande 2S albumines, legumines en vicilines by hazzenút- 

en apenút-allergyske pasjinten, wie oanwêzigens fan sIgE antystoffen tsjin nsLTP fan hazzenút, 

apenút, perzik en apel fakentiden net assosjearre oan earnstige allergyske reaksjes neffens it 

respektyflike iten. Yn it grutste part fan de gefallen blieken sIgE antystoffen tsjin ns-LTPs 

klinysk irrelevant te wezen, oars sein net assosjearre oan in plantaardige fiedselallergy. 

Dernjonken toande ús stúdzje oan dat in funksjonelere test, lyk as de basofilen aktifaasje test, 

dy’t de in vivo sitewaasje goed neibaut, de klinyske ferskynsels fan in pasjint tsjin ns-LTP 

reaktiviteit better foarsizze kin. In positive basofilen aktifaasje test waard nammentlik inkeld 

oantroffen by pasjinten mei in echte fiedselallergy. 

Gearfetsjend kin der konkludearre wurde dat in krekte diagnoaze fan plantaardige 

fiedselallergyen in drege útdaging wêze kin meidat tradisjonele testen gauris dûbelsinnege en 
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op’e doele bringende útslaggen opsmite, benammen falsk positive útslaggen dy’t ferkeard in 

diagnoaze suggerearje. Us stúdzje útslaggen toane oan dat de diagnostyk fan pasjinten mei in 

plantaardige fiedselallergy bytiden foardiel hawwe kin fan it brûken fan komponint oriïntearre 

diagnostyk. Lykwols, grutskalige falidaasje stúdzjes bliuwe needsaaklik foardat komponint 

oriïntearre diagnostyk har yntree dwaan kin yn de deistige praktykfiering  Dat dizze stúdzjes 

rekken hâlde sille moatte mei it potinsjeel effekt fan âldens en geografyske lokaasje op de 

útkomst sil jin gjin nij dwaan. Bûtendat befêstigje ús data dat de basofile aktifaasje test in 

wichtich helpmiddel wêze kin yn it efterheljen fan de klinyske relevânsje fan in posityf sIgE 

risseltaat. Mar, fierdere falidaasje fan de diagnostyske brûkberens fan dizze test yn gruttere 

stúdzje populaasje is needsaaklik. Foar in oersicht oer komponint oriïntearre diagnostyk en de 

basofilen aktifaasjetest yn ’e diagnostyk fan fiedselallergy en it brûken fan dizze testen yn ’e 

praktykfiering, wurdt de lêzer oanrikkemandearre respektivelyk haadstik 5 en haadstik 6 te 

lêzen. 
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Perspectiven 

Ut dizze dokoraatstesis blykt dat hazzenút- en apenút-allergyske pasjinten út ús krite in wiid 

ferskaat fan sensibilisaasjesprofilen en klinyske fenotypes sjen litte, ôfhinklik fan de âldens. 

Op dit momint is der gjin dúdlike ferklearring foar it waarnommen ferskil yn 

sensibilisaasjespatroanen tusken bern en folwoeksenen, dit soe relatearre wêze kinne oan in 

natuerlike útwaaks fan sensibilisaasje sa’t dy ek merkbiten wurdt by komolke- en hinneaai-

allergy. Om dy reden is koartlyn in longitudinale follow-up stúdzje op priemmen set, mei it 

doel in ferklearring te finen foar it feit dat folwoeksenen ferlike mei bern minder frekwint 

sensibilisearre binne tsjin Cor a 9 en Cor a 14 fan hazzenút en Ara h 1, Ara h 2 en Ara h 3 fan 

apenút. Follow-up stúdzjes binne teffens needsaaklik om te ûndersykjen oft lytse poppen mei 

atopysk ekseem mei in sensibilisaasje tsjin Cor a 9, Cor a 14, Ara h 1, Ara h 2, Ara h 3 in heger 

risiko hawwe op it ûntwikkeljen fan in feralgemiene hazzenút- of apenút-allergy. 

Tagelyk blykt ut dizze tesis dat de basofile aktifaasje test in brûkbere technyk is om ûnderskied 

meitsje te kinnen tusken klinysk relevante en irrelevante positive ns-LTP útslaggen. 

Grutskaliger stúdzjes, beleaven yn oparbeidzjen mei Súd-Europeeske sintra, binne needsaaklik 

om dizze ûnthjittende observaasje befêstigje te kinnen. Mooglikerwize kinne hjirtroch it tal 

potinsjeel gefaarlike en tiidfrettende profokaasjetesten foar de diagnoaze fan fiedselallergy 

redusearre wurde en is teffens oer-diagnoaze troch falske interpretaasje fan tradisjonele 

testen foar te kommen.  
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Dankwoord 

Vier jaar geleden begon ik aan mijn ontdekkingstocht door de wereld van 

voedselcomponenten en hoewel mijn naam als enige op de voorkant van dit boekje staat, 

heeft er al die tijd een fantastisch, groot team van mensen achter mij gestaan. Zonder anderen 

tekort te willen doen, wil ik enkelen in het bijzonder bedanken.  

In de eerste plaats wil ik mijn dank uiten aan mijn promotor, Professor dr. D. Ebo.  Didier, uw 

nooit aflatende enthousiasme voor wetenschappelijk onderzoek, uw kritisch inzicht in de 

allergologie en uw 7 op 7 bereikbaarheid heb ik iedere dag opnieuw bewonderd en 

gewaardeerd. Uw energieke, doortastende manier van begeleiden en ook de kansen die ik 

binnen mijn doctoraat maar ook in de kliniek van u kreeg, hebben mijn enthousiasme voor de 

Allergologie nog verder aangewakkerd. Ik ben u oprecht dankbaar voor het vertrouwen dat ik 

van u krijg en de zeer fijne manier van samenwerken, waar menig doctoraatsstudent jaloers 

op zou zijn.  

Tevens wil ik graag mijn co-promotoren Professor Dr. J. Lambert en Professor Dr. L. De Clerck 

bedanken. Professor Lambert, de wandeling naar uw bureau in maart 2012, alwaar ik hoorde 

dat ik mogelijkerwijs kon starten aan dit doctoraat, herinner ik me nog als de dag van gisteren.  

Mijn dank gaat uit naar het vertrouwen dat u stelde in dit doctoraat en ook naar de kansen 

die ik krijg om mijn allergologische en dermatologische kennis te vergroten. Professor De 

Clerck, ik wil u graag bedanken voor uw wetenschappelijke suggesties en uw klinische blik 

tijdens de vrijdagmiddag labovergaderingen. Ik heb bewondering voor uw gedrevenheid en 

talent om naast een wetenschappelijke boodschap ook altijd een heldere klinische boodschap 

mee te geven aan de verschillende studies. Ook uw gedrevenheid om de ten miles van 

Antwerpen sneller te lopen dan de doctoraatsstudenten/assistenten heeft mijn bewondering, 

hoewel ik dit laatste volgend jaar toch graag anders zou willen zien. 

Speciale dank gaat ook uit naar Chris Bridts. Uw wetenschappelijke ervaring, uw geduld en uw 

creativiteit hebben al verschillende doctoraten tot een goed eindresultaat gebracht. Dat de 

verschillende labovergaderingen, talloze revisies van artikels, ontelbare statistische 
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benaderingen en vele figuurontwerpen tot dit boekje hebben geleid, is zonder twijfel mede 

aan uw inzet en geduld te danken. Mijn dank hiervoor is groot en de fijne manier van 

samenwerken heb ik iedere dag gewaardeerd.  

Een belangrijke rol in mijn doctoraat is ook weggelegd voor Professor Dr. Hagendorens. 

Margo, uw enthousiasme voor de allergologie en wetenschappelijk onderzoek werkt 

aanstekelijk! Speciale dank voor de consequente inclusie van patiëntjes, uw 

wetenschappelijke suggesties, uw vertrouwen en diplomatieke adviezen….! Uw frisse 

invalshoek tekent zich hopelijk af in dit doctoraatswerk.  

In dit dankwoord mag ook zeker Christel Mertens niet ontbreken. Christel, ik wil graag mijn 

dank uiten voor jou grenzeloze behulpzaamheid en mijn waardering uitspreken voor je 

gedrevenheid, expertise en nauwkeurigheid bij het uitvoeren van de verschillende labo 

experimenten. Geen berg leek te hoog, altijd werd er tijd vrijgemaakt voor een extra labo 

experiment of (nog) meer sIgE bepalingen. Mijn speciale dank voor bovenstaande, maar ook 

zeer zeker voor de gezelligheid en dagdagelijkse lach waarmee je het werk iedere dag uitvoert.  

Dank ook aan Lisa Caboor. Lisa, bedankt voor je bereidwilligheid om de verschillende labo-

experimenten te willen uitvoeren, welke allen onmisbaar waren voor dit doctoraat.  

Voor de administratieve en organisatorische kant van dit doctoraat heb ik veel hulp gekregen 

van Kathleen Van Bendegem. Kathleen, bedankt voor de ondersteuning en behulpzaamheid 

tijdens mijn doctoraatsjaren. Je brengt iedere dag gezelligheid en sfeer mee naar het labo, dat 

heb ik zeer gewaardeerd en hebben de afgelopen jaren zeer aangenaam gemaakt!   

Deze 4 jaren zouden niet zo’n succes zijn geweest zonder de aanwezigheid van mijn mede-

doctoraatsstudenten. Julie Leysen, Monica Boita, Astrid Uyttebroek, Nathalie Cop en Ine 

Decuyper: Speciale dank ook aan jullie! Jullie ondersteuning, kritische suggesties, het 

uitwisselen van ervaringen of gewoon eens goed kunnen lachen, zijn voor mij zeer bijzonder 

en waardevol geweest. Mede-doctoraatsstudent maar tegelijkertijd mijn supervisor op de 

dienst Immunologie/ Allergologie in het UZA is Vito Sabato. Vito, bedankt voor je waardevolle 

feedback op mijn doctoraat en daarnaast ook dank voor het altijd bereikbaar zijn voor klinisch 
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overleg. Ik waardeer je klinische inzichten en begeleiding ontzettend, maar ik waardeer ook 

onze vriendschap die door de jaren heen is opgebouwd! Grazie mille!  

Iedere woensdag hebben de mede-assistenten op de dienst Dermatologie mijn 

doctoraatsvorderingen en doctoraatsperikelen mogen aanhoren. Bedankt hiervoor en 

bedankt ook voor de hulp en adviezen!  Ik kijk ernaar uit om in oktober samen met jullie aan 

de opleiding Dermatologie te beginnen! Op de dienst Dermatologie gaat mijn dank ook uit 

naar de stafleden, de verpleging en secretaresses: Bedankt voor jullie interesse, 

behulpzaamheid en betrokkenheid van de afgelopen jaren!  

Ik ben ook de verpleegkundigen en secretaresses van de afdeling 

Immunologie/Allergologie/Reumatologie en Pediatrie zeer dankbaar. Bedankt voor het 

adequaat en consequent verzamelen van alle stalen. Het was de afgelopen jaren zeer 

aangenaam om met jullie samen te werken, in een fantastische sfeer!  Een welgemeende 

dankjewel natuurlijk ook aan alle patiënten voor hun bijdrage aan het wetenschappelijk 

onderzoek.   

Tevens wil ik Karin Van Cotthem en andere medewerkers van het laboratorium Immunologie 

- Klinische biologie (UZA) bedanken voor de vele sIgE bepalingen, welke essentieel waren in 

dit doctoraat. Bedankt ook voor de altijd vlotte samenwerking! 

Ook Patrick Lehoucq en Inge De Decker van Thermofisher Scientific - Phadia dienen niet te 

ontbreken in dit dankwoord. Bedankt voor de ondersteuning van dit doctoraat door onder 

andere het beschikbaar stellen van hazelnoot, pinda en LTP-componenten.  

Daarnaast speciale dank voor de leden van de interne jury Professor Dr. G. Moorkens en Dr. 

A. Bervoets: Bedankt voor de spoedige beoordeling en de suggesties ter verbetering van het 

manuscript.  

De Friese samenvatting in dit doctoraatsboekje was niet mogelijk geweest zonder Jan Pieter 

Dijkstra. Tige tank foar de Fryske oersetting fan myn doctoraat! Ik ben u zeer dankbaar voor 

de bereidwilligheid om dit doctoraat op zo’n professionele manier te vertalen.  
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Ook Vincent Stumpel van het Boekhuis te Workum (Friesland) verdient een bijzondere 

vermelding. Hier vond ik namelijk een aantal antieke typemachines, volop keuze! Bedankt 

voor het uitlenen van de schitterende typemachine, die nu op de voorkant van dit boekje 

pronkt! 

Een bijzondere dankjewel ook voor Daan Clerinx: Super bedankt om onder tijdsdruk me te 

helpen bij het verdere ontwerp en design van dit doctoraatsboekje.  

En tenslotte een persoonlijke noot voor mijn familie en vrienden. In de eerste plaats een zeer 

grote dankjewel voor mijn ouders: Lieve heit en mem, bedankt om mij in alles te steunen wat 

ik ondernam. Dit doctoraat was niet mogelijk geweest zonder de talloze mogelijkheden die ik 

van jullie kreeg, de vrijheid die jullie me gaven en jullie eindeloze vertrouwen. Mijn keuzes 

zullen jullie soms slapeloze nachten hebben gegeven, ik noem maar dat jullie mij moesten 

overtuigen om terug te keren uit Italië op 19 jarige leeftijd, het 4 keer van kot veranderen in 

4 jaar studietijd, examenperiodes waarbij ik jullie uiteindelijk ook stress gaf, het briljante idee 

om een totaalrenovatie te doen van mijn appartement tijdens mijn doctoraatsjaren… In alles 

kon ik op jullie rekenen en ik wil dan ook graag benadrukken dat ik jullie hiervoor zeer, zeer 

dankbaar ben!  

Natuurlijk ook dank voor mijn twee zussen en broer: Lieve Loes, Sytske en Mient-Jan, bedankt 

om er altijd voor mij te zijn, altijd een luisterend oor te hebben, begrip te tonen en altijd te 

willen helpen waar nodig. Ook dank om de voor jullie vaak onbegrijpelijk doctoraat teksten na 

te willen lezen. Meestal ongeveer 300 kilometer van elkaar verwijderd, maar desondanks het 

gevoel dat jullie altijd dichtbij zijn. Ik ben zeer blij en gelukkig met zulke zussen en zo’n broer 

en wil jullie graag hierbij laten weten, dat ik er ook altijd voor jullie ben!  

Tenslotte een hele grote dankjewel voor al mijn vrienden. Zonder namen te noemen en 

mensen tekort te willen doen, wil ik iedereen super bedanken voor de ontspannende, 

grappige en bijzondere momenten in de periode van mijn doctoraat. Ik noem maar een 

simpele klop op de deur, een late avond op café, een tennisuurtje, het altijd kunnen 

aanschuiven rond etenstijd, de vakanties met mijn blonde Friese vriendinnen, ma anche il mio 
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periodo in Italia con l’ospitilita infinita e amici molto speciali, de calorierijke en soms ook 

alcoholrijke meisjesavonden, de verschillende luisterende oren, de dansavondjes en de vele 

hilarische momenten zijn zaken die stuk voor stuk onmisbaar waren tijdens deze 

doctoraatsperiode. Voor de komende jaren, graag nog veel meer van dat…. Jullie zijn allemaal 

stuk voor stuk fantastisch en mijn dank is heel groot!  
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