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a 9 was observed in 26 out of 37 patients with generalized 
reactions and in 4 out of 14 infants with AD. Sensitization to 
Cor a 11, Cor a 8, rBet v 2 and CCDs was rare.  Conclusions:  
Sensitization to Cor a 14 can have 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.  © 2014 S. Karger AG, Basel 

 Introduction 

 Hazelnuts  (Corylus avellana)  constitute 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 local-
ized 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 is of-
ten related to sensitization to hazelnut storage proteins 
such as the legumin-like Cor a 9  [4]  and the vicilin Cor a 
11  [8] . Sensitization to both of these hazelnut compo-
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 Abstract 

  Background:  Hazelnut allergy shows distinct clinical pat-
terns that can be predicted through component-resolved di-
agnosis. However, identification of sensitization profiles re-
mains incomplete.  Methods:  Sera of 75 patients allergic to 
hazelnuts, 14 infants with atopic dermatitis (AD) sensitized 
to hazelnuts, 15 hazelnut-tolerant individuals with specific 
IgE (sIgE) to hazelnuts and 15 healthy control individuals 
were tested for sIgE 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 (CCDs).  Results:  Sensitization to 
Cor a 14 was observed in 18 out of 20 preschool children, 8 
out of 10 school-aged children and 2 out of 7 adults with 
generalized reactions and in 3 out of 14 infants with AD. Only 
2 out of 38 patients with an oral allergy syndrome (OAS) were 
sensitized to Cor a 14. No sensitization to Cor a 14 was ob-
served in the group of hazelnut-tolerant and healthy control 
individuals. Sensitization to Cor a 1.04 was seen in 36 out of 
38 OAS patients and in 14 out of 37 patients with generalized 
reactions. However, only 3 patients with generalized reac-
tions were monosensitized to Cor a 1.04. Sensitization to Cor 
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nents can occur at very young age (<1 year)  [8, 9]  and does 
not result from cross-reactivity with pollen allergens. 
From 2 series  [4, 8] , it emerged that no sensitization pat-
tern could be established in about one third of our chil-
dren with a pollen-unrelated hazelnut allergy. It is likely 
that the exact reason(s) for this observation relate(s) to 
the fact that the panel of purified and recombinant pro-
teins available at that time did not cover the entire hazel-
nut 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 pollen allergy that could have af-
fected the outcome, additional studies are warranted. 
Therefore, this study focuses on hazelnut-sensitized in-
fants (<1 year of age) with atopic dermatitis (AD), pre-
school and school-aged children and adults with genu-
ine hazelnut allergy with or without sensitization to Bet 
v 1.

  Material and Methods 

 Subjects 
 A total of 119 patients who attended our outpatient allergology 

and pediatrics clinic were studied. First, 14 infants <1 year of age 
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 con-
sumption of raw or processed hazelnuts were included. These were 
stratified into 6 groups according to the extent of the clinical reac-
tion (OAS or generalized reaction) and age (0–6, 7–18 and >18 
years) as detailed elsewhere  [4, 8, 9] . Finally, 15 age-matched ha-
zelnut-tolerant individuals with a positive sIgE to hazelnut and 15 
nonallergic and nonsensitized age-matched individuals served as 
a control group. All the patients and controls, or their legal guard-
ians, completed a standardized questionnaire about immediate 
(within 1 h) symptoms following the consumption of hazelnuts or 
hazelnut-containing foods.

  Briefly, the diagnosis of a generalized hazelnut allergy was 
based on an evocative history of adverse reactions to raw or pro-
cessed hazelnuts. Allergic symptoms could involve skin or subcu-
taneous tissues (e.g. generalized erythema, urticaria, periorbital 
edema or angioedema), the respiratory tract (e.g. dyspnea, stridor, 
wheezing, chest/throat tightness or cyanosis), the gastrointestinal 
system (e.g. nausea, vomiting or abdominal pain) and/or the car-
diovascular system (e.g. dizziness, diaphoresis, hypotension, con-
fusion or loss of consciousness), as described in detail by Brown 
 [12] . In contrast, the diagnosis of a localized OAS to hazelnuts re-
lied on a compelling history of repetitive pruritus and/or angio-
edema of the lips, tongue and/or palate upon consumption of ha-
zelnuts. 

  Challenges were not conducted in patients with generalized re-
actions due to the severity of the reported symptoms and the con-

sequential potential risk of eliciting serious reactions. In OAS, 
challenges were presumed unnecessary as the clinical history in 
such cases is highly reliable and symptoms are easily recognized 
and described by the patient.

  The local ethics committee approved this study (B300201316182). 
Patients, healthy controls or their representatives provided in-
formed consent in accordance with the Declaration of Helsinki. 

  Total and sIgE  
 Total IgE and sIgE to the conventional rCor a 1.04-spiked ha-

zelnut extract, the recombinant components Cor a 1.04, Cor a 8 
and Cor a 14, and the native components nonglycosylated Cor a 9 
and glycosylated Cor a 11 were quantified according to the manu-
facturer’s instructions (ImmunoCAP, ThermoFisher Scientific, 
Uppsala, Sweden)  [8] . ImmunoCAP bromelain was used as a bio-
marker for sensitization to complex 1,3-α-fucose and 1,2β-xylose-
containing cross-reactive carbohydrate determinants (CCDs). Re-
sults  ≥ 0.35 kUA/l were considered as positive. sIgE 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 val-
ues >0 were regarded as positive  [4, 9] . 

  Statistical Analysis 
 Data were expressed as median values (range). Nonparametric 

tests and χ 2  analysis were used where appropriate. IBM SPSS 20 
software was used for data analysis. p < 0.05 was regarded as sta-
tistically significant. 

  Results 

 Patient Characteristics 
  Table 1  summarizes the demographics of patients and 

control individuals. In total, 37 patients exhibited a more 
severe phenotype with generalized reactions to hazelnut 
ingestion, whereas 38 patients reported an OAS to hazel-
nuts. 

  Sensitization to Hazelnut and Birch Components 
 As displayed in  figures 1 a and  2 , 30 out of 75 (40%) 

patients with symptomatic hazelnut allergy were sensi-
tized to Cor a 14. Sensitization to this 2S albumin was 
demonstrated in 28 out of 37 (76%) patients with general-
ized allergic reactions to hazelnuts, but in only 2 out of 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-aged children as compared to adults with gen-
eralized reactions. Actually, in patients with generalized 
reactions, sensitization to Cor a 14 was observed in 18 out 
of (90%) preschool children, 8 out of 10 (80%) school-
aged children and 2 out of 7 (29%) adults. Three of the 14 
infants with AD (21%) were sensitized to Cor a 14. None 
of the hazelnut-tolerant individuals sensitized to hazel-
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nuts showed sIgE to rCor a 14. In the healthy control in-
dividuals, there was no sensitization to any of the hazel-
nut and/or birch components. In addition,  figure 2  shows 
that 18 out of 28 (64%) patients with generalized reactions 
and sensitized to Cor a 14 did not demonstrate cosensiti-
zation to Bet v 1 (online suppl. fig. 1, see www.karger.
com/doi/10.1159/000365050).

  As displayed in  figure 1 b, similarly to Cor a 14, sensi-
tization towards the 11S legumin-like seed storage pro-
tein Cor a 9 was mainly observed in patients with general-
ized reactions to hazelnut exposure and mostly seen in 
children. As a matter of fact, sensitization to Cor a 9 was 
seen in 26 of the 37 (70%) patients with a generalized re-
action and in only 4 of the 38 (11%) patients with an OAS 
(p < 0.05). We observed sensitization to Cor a 9 in 16 of 
the 20 (80%) preschool children, 7 of the 10 (70%) school-
aged children and 3 of the 7 (43%) adults with generalized 
reactions. Like sensitization to Cor a 14, more than half 
of the Cor a 9-sensitized patients with generalized reac-
tions [15/26 (58%)] demonstrated no cosensitization to 

Bet v 1 ( fig.  2 ). In infants with AD, 4 out of 14 (28%) 
showed sIgE reactivity to Cor a 9 ( fig. 1 b). 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 posi-
tive result was found in all 20 preschool children with 
generalized reactions. In addition, combined analysis of 
Cor a 9 and Cor a 14 enabled us to diagnose 7 out of 14 
hazelnut extract sensitizations in infants with AD. In con-
trast, the combined analysis did not improve the diagno-
sis in school children and adults with generalized reac-
tions as compared to the evaluation of single components.

  It emerged that sensitization to Cor a 1.04, the Bet v 1 
homologue in hazelnuts, displayed almost opposite char-
acteristics as compared to Cor a 9 and Cor a 14 ( fig. 1 c). 
Actually, sensitization to Cor a 1.04 is predominantly 
seen in patients with an OAS, particularly older children 
and adults. In our cohort, 36 out of 38 (95%) patients with 
an OAS were sensitized to Cor a 1.04, from which 5 pa-
tients showed cosensitization to Cor a 14 and/or Cor a 9. 
All patients with an OAS upon hazelnut ingestion were 
sensitized to Bet v 1. With the exception of 1 patient, all 
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 ,  2 ). 

  Although sensitization to Cor a 1.04 was observed in 
14 patients with generalized reactions, it should be noted 
that only 3 of those were really monosensitized to the Bet 
v 1 homologue, the remaining 11 demonstrated cosensi-
tization to Cor a 8, Cor a 9 and/or Cor a 14. All patients 
with generalized reactions and with Cor a 1.04 sensitiza-
tion were cosensitized to Bet v 1 ( fig. 2 ). 

  As revealed in  figure 1 d, sensitization to Cor a 11 was 
found in 5 of 37 (14%) patients with generalized reac-
tions, but 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 pa-
tients with generalized reactions sensitized to this glyco-
sylated 7S-vicilin-like protein displayed cosensitization 
to Cor a 9 and Cor a 14. Note that none of the patients 
with a positive Cor a 11 result demonstrated sensitization 
to CCDs, as revealed by the bromelain assay (results not 
shown)  [13] , indicating that it is unlikely that CCDs were 
the cause of a positive sIgE Cor a 11 result.

  Sensitization to Cor a 8 was found in 6 of the 37 (16%) 
patients with generalized reactions and in only 1 of the 38 
(3%) patients with an OAS. Only one of the patients with 
generalized reactions was monosensitized to Cor a 8. One 
patient in the group of hazelnut-tolerant individuals with 

 Table 1.  Demographics and characteristics

Patients, 
n (female)

Age, 
years

Total IgE, 
kUA/l

Hazelnut-generalized reactions
Preschool 20 (7) 2.6 (1.0–5.4) 349 (12–4,347)
School 10 (1) 10.2 (8.0–13.8) 525 (86–5,054)
Adults 7 (5) 28.0 (18.0–33.0) 326 (64–1,747)
Total 37 (13)

Hazelnut-localized reactions
Preschool 7 (2) 4.3 (3.0–6.3) 482 (25–3,109)
School 9 (3) 11.1 (7.3–16.0) 434 (43–2,168)
Adults 22 (19) 37.6 (18.8–62.8) 189 (9–679)
Total 38 (24)

Hazelnut-AD (sIgE hazelnut extract ≥0.35 kU/l)
≤1 year 14 (5) 0.6 (0.3–1.0) 87 (28–535)

Hazelnut-tolerant individuals (sIgE HZN extract ≥0.35 kU/l)
Preschool 5 (0) 5.2 (2.0–6.3) 277 (92–1,294)
School 5 (0) 10.7 (7.0–15.6) 882 (333–1,758)
Adults 5 (4) 29.4 (18.9–38.0) 75 (55–2,408)
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)

 Values represent medians (range) unless otherwise indicated.
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sIgE to hazelnut extract was sensitized to Cor a 8. No sen-
sitization to the ns-LTP of hazelnut was observed in the 
group of infants with AD. 

  Sensitization to Bet v 2 was rare, but it was observed in 
2 of the 37 (5%) patients with generalized reactions, 7 of 
the 38 (14%) patients with an OAS and 4 of the 15 (27%) 
hazelnut-tolerant patients (but not in the infants with 
AD).

  Discussion 

 The phenotype of hazelnut allergy shows distinct geo-
graphic and age-related differences originating from par-
ticular 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 in-
fants (median age: 0.7 months) with AD without an overt 
hazelnut allergy and in young preschool children (median 

age: 2.6 years) with generalized reactions on hazelnut ex-
posure; both groups generally did not display a sensitiza-
tion to tree (birch) pollen. These observations extend be-
yond the findings of Masthoff et al.  [10] , who demonstrat-
ed 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 
in adults in comparison to children. Inversely, as illustrat-
ed 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 and cross-reactive CCDs was rarely de-
monstrable among patients in our Flemish cohort. 

  Fig. 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 con-
trol individuals (HC), patients with generalized reactions (HZN-
GR) upon hazelnut exposure, hazelnut allergic patients with an 
OAS (HZN-OAS), infants <1 year of age with AD and sensitized 
to hazelnuts (HZN-AD) and hazelnut-tolerant individuals with 

positive sIgE to hazelnuts (HZN-TOL). These groups were strati-
fied into 3 age categories: preschool children (0–6 years, circles), 
school-aged children (7–18 years, squares) and adults (>18 years, 
diamonds). The 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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  Fig. 2.  Graphical representation of all indi-
vidual sIgE results in healthy control indi-
viduals, patients allergic to hazelnuts 
(HZN) with generalized reactions or OAS, 
infants with AD sensitized to hazelnuts and 
hazelnut-tolerant individuals with positive 
sIgE to hazelnuts. The clinical groups are 
subdivided into 3 different age groups: pre-
school children (0–6 years), school-aged 
children (7–18 years) and adults (>18 
years). Results of sIgE 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 are demonstrated and expressed 
in kUA/l. Results of rBet v 1 and rBet v 2 are 
expressed in ISU/l. Negative sIgE results 
(<0.35 kUA/l or 0 ISU/l) are displayed as 0 
and results greater than 100 kUA/l are dis-
played as 100. White boxes indicate that the 
results are not available. 
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 Because none of the component-specific solid-phase 
assays displayed an absolute prognostic value with re-
spect 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 was found in all of the 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 posi-
tive sIgE result for Cor a 9 and/or Cor a 14 identifies al-
most 90% 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 the need for additional danger-
ous 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 to more generalized reac-
tions 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 reac-
tions were correctly identified by combining Cor a 9 and 
Cor a 14, it is tempting to speculate that the addition of 
other components to our diagnostic instrumentation 
could eventually enable a better prognosis about the clin-
ical outcome in this age group. However, in parallel to 

other northern European studies  [10, 15, 18] , sensitiza-
tion to Cor a 8, Cor a 11 and profilins was only rarely de-
tectable in our series and did not add significantly to the 
diagnosis. Alternatively, a positive sIgE to rCor a 1.04 was 
generally associated with an OAS, and Cor a 1.04 sIgE 
antibodies have been shown not to discriminate between 
patients allergic to birch pollen with or without a hazelnut 
allergy, as described in earlier publications  [4, 19, 20] . 
This is a phenomenon that is not uncommon for sIgE an-
tibodies directed against recombinant Bet v 1 homo-
logues and has also been shown for sIgE to rMal d 1 from 
apples  (Malus domestica)   [20, 21] .

  AD is traditionally considered the initial manifestation 
of an atopic status that can involve sensitization to food, 
including hazelnuts  [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. Cur-
rently, it remains unclear through which routes infants 
become sensitized to Cor a 14. However, our data in AD 
and preschool children illustrate that like Cor a 9, sensi-
tization to the 2S albumin in the majority of cases pre-
cedes sensitization to Bet v 1 and overt birch pollen al-
lergy. This can likely be explained by the fact that sensiti-
zation to pollen generally takes several years  [22] . 

  The evaluation of components, however, should be in-
terpreted with caution, as it is likely that the panel of hazel-
nut components is still not complete and therefore could 
affect the results  [23] , e.g. we did not determine sIgE to ole-
osins  [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 the calculation of predictive val-
ues of various component-specific IgE immunoassays.

  In conclusion, the most relevant observation in this 
study is that Cor a 14 complements the molecular diag-
nosis of hazelnut allergy in children. Cor a 14 enables, 
together with Cor a 9, a safe and correct diagnosis in al-
most 90% of children with severe hazelnut allergy. The 
exact routes of sensitization to Cor a 14 remain elusive. 
Like Cor a 9, sensitization to 2S albumin can occur at a 
very young age before overt hazelnut allergy and sensiti-
zation to pollen.
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  Fig. 3.  Percentages of sensitization to nCor a 9, rCor a 14, nCor a 
9 and/or rCor a 14 in preschool children (n  = 20), school-aged 
children (n  = 10) and adults (n  = 7) with generalized reactions 
(HZN-GR) and hazelnut-sensitized infants (n  = 14) with AD 
(HZN-AD). 

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ity
 o

f G
ro

ni
ng

en
   

   
   

   
   

   
   

   
   

   
  

12
9.

12
5.

19
.6

1 
- 

7/
17

/2
01

4 
11

:4
3:

20
 A

M



 Faber/De Graag/Van Der Heijden/Sabato/
Hagendorens/Bridts/De Clerck/Ebo   

Int Arch Allergy Immunol 2014;164:200–206
DOI: 10.1159/000365050

206

 References 

  1 Sicherer SH, Munoz-Furlong A, Godbold JH, 
Sampson HA: US prevalence of self-reported 
peanut, tree nut, and sesame allergy: 11-year 
follow-up. J Allergy Clin Immunol 2010;   125:  
 1322–1326. 

  2 Le TM, Lindner TM, Pasmans SG, Guikers 
CL, van Hoffen E, Bruijnzeel-Koomen CA, 
Knulst AC: Reported food allergy to peanut, 
tree nuts and fruit: comparison of clinical 
manifestations, prescription of medication 
and impact on daily life. Allergy 2008;   63:   910–
916. 

  3 Ebo DG, Verweij MM, Sabato V, Hagendo-
rens MM, Bridts CH, De Clerck LS: Hazelnut 
allergy: a multi-faced condition with demo-
graphic and geographic characteristics. Acta 
Clin Belg 2012;   67:   317–321. 

  4 De Knop KJ, Verweij MM, Grimmelikhuijsen 
M, Philipse E, Hagendorens MM, Bridts CH, 
De Clerck LS, Stevens WJ, Ebo DG: Age-relat-
ed sensitization profiles for hazelnut  (Corylus 
avellana)  in a birch-endemic region. Pediatr 
Allergy Immunol 2011;   22:e139–e149. 

  5 Flinterman AE, Akkerdaas JH, Knulst AC, 
van Ree R, Pasmans SG: Hazelnut allergy: 
from pollen-associated mild allergy to severe 
anaphylactic reactions. Curr Opin Allergy 
Clin Immunol 2008;   8:   261–265. 

  6 Flinterman AE, Hoekstra MO, Meijer Y, van 
Ree R, Akkerdaas JH, Bruijnzeel-Koomen 
CA, Knulst AC, Pasmans SG: Clinical reactiv-
ity to hazelnut in children: association with 
sensitization to birch pollen or nuts? J Allergy 
Clin Immunol 2006;   118:   1186–1189. 

  7 Hirschwehr R, Valenta R, Ebner C, Ferreira 
F, Sperr WR, Valent P, Rohac M, Rumpold H, 
Scheiner O, Kraft D: Identification of com-
mon allergenic structures in hazel pollen and 
hazelnuts: a possible explanation for sensitiv-
ity to hazelnuts in patients allergic to tree pol-
len. J Allergy Clin Immunol 1992;   90:   927–
936. 

  8 Verweij MM, Hagendorens MM, Trashin S, 
Cucu T, De Meulenaer B, Devreese B, Bridts 
CH, De Clerck LS, Ebo DG: Age-dependent 
sensitization to the 7S-vicilin-like protein Cor 
a 11 from hazelnut  (Corylus avellana)  in a 
birch-endemic region. J Investig Allergol Clin 
Immunol 2012;   22:   245–251. 

  9 Verweij MM, Hagendorens MM, De Knop 
KJ, Bridts CH, De Clerck LS, Stevens WJ, Ebo 
DG: Young infants with atopic dermatitis can 
display sensitization to Cor a 9, an 11S legu-
min-like seed-storage protein from hazelnut 
( Corylus avellana ). Pediatr Allergy Immunol 
2011;   22:   196–201. 

 10 Masthoff LJ, Mattsson L, Zuidmeer-Jongejan L, 
Lidholm J, Andersson K, Akkerdaas JH, Ver-
steeg SA, Garino C, Meijer Y, Kentie P, Versluis 
A, den Hartog Jager CF, Bruijnzeel-Koomen 
CA, Knulst AC, van Ree R, van Hoffen E, Pas-
mans SG: Sensitization to Cor a 9 and Cor a 14 
is highly specific for a hazelnut allergy with ob-
jective symptoms in Dutch children and adults. 
J Allergy Clin Immunol 2013;   132:   393–399. 

 11 Garino C, Zuidmeer L, Marsh J, Lovegrove A, 
Morati M, Versteeg S, Schilte P, Shewry P, Ar-
lorio M, van Ree R: Isolation, cloning, and 
characterization of the 2S albumin: a new al-
lergen from hazelnut. Mol Nutr Food Res 
2010;   54:   1257–1265. 

 12 Brown SG: Clinical features and severity grad-
ing of anaphylaxis. J Allergy Clin Immunol 
2004;   114:   371–376. 

 13 Ebo DG, Hagendorens MM, Bridts CH, De 
Clerck LS, Stevens WJ: Sensitization to cross-
reactive carbohydrate determinants and the 
ubiquitous protein profilin: mimickers of al-
lergy. Clin Exp Allergy 2004;   34:   137–144. 

 14 Le TM, van Hoffen E, Lebens AF, Bruijnzeel-
Koomen CA, Knulst AC: Anaphylactic versus 
mild reactions to hazelnut and apple in a birch-
endemic area: different sensitization profiles? 
Int Arch Allergy Immunol 2013;   160:   56–62. 

 15 Hansen KS, Ballmer-Weber BK, Sastre J, Lid-
holm J, Andersson K, Oberhofer H, Lluch-
Bernal M, Ostling J, Mattsson L, Schocker F, 
Vieths S, Poulsen LK: Component-resolved 
in vitro diagnosis of hazelnut allergy in 
 Europe. J Allergy Clin Immunol 2009;   123:  
 1134–1141, 1141.e1–e3. 

 16 Asero R, Fernandez-Rivas M, Knulst AC, 
Bruijnzeel-Koomen CA: Double-blind, place-
bo-controlled food challenge in adults in ev-
eryday clinical practice: a reappraisal of their 
limitations and real indications. Curr Opin 
Allergy Clin Immunol 2009;   9:   379–385. 

 17 Bindslev-Jensen C, Ballmer-Weber BK, 
Bengtsson U, Blanco C, Ebner C, Hourihane 
J, Knulst AC, Moneret-Vautrin DA, Nekam 
K, Niggemann B, Osterballe M, Ortolani C, 
Ring J, Schnopp C, Werfel T: Standardization 
of food challenges in patients with immediate 
reactions to foods – position paper from the 
European Academy of Allergology and Clini-
cal Immunology. Allergy 2004;   59:   690–697. 

 18 Wensing M, Akkerdaas JH, van Leeuwen 
WA, Stapel SO, Bruijnzeel-Koomen CA, Aal-
berse RC, Bast BJ, Knulst AC, van Ree R: IgE 
to Bet v 1 and profilin: cross-reactivity pat-
terns and clinical relevance. J Allergy Clin Im-
munol 2002;   110:   435–442. 

 19 Sicherer SH, Dhillon G, Laughery KA, Ham-
ilton RG, Wood RA: Caution: the Phadia ha-
zelnut ImmunoCAP (f17) has been supple-
mented with recombinant Cor a 1 and now 
detects Bet v 1-specific IgE, which leads to el-
evated values for persons with birch pollen al-
lergy. J Allergy Clin Immunol 2008;   122:   413–
414, 414.e2.  

 20 Geroldinger-Simic M, Zelniker T, Aberer W, 
Ebner C, Egger C, Greiderer A, Prem N, Lid-
holm J, Ballmer-Weber BK, Vieths S, Bohle B: 
Birch pollen-related food allergy: clinical as-
pects and the role of allergen-specific IgE and 
IgG4 antibodies. J Allergy Clin Immunol 
2011;   127:   616–622.e1.  

 21 Ebo DG, Bridts CH, Verweij MM, De Knop 
KJ, Hagendorens MM, De Clerck LS, Stevens 
WJ: Sensitization profiles in birch pollen-al-
lergic patients with and without oral allergy 
syndrome to apple: lessons from multiplexed 
component-resolved allergy diagnosis. Clin 
Exp Allergy 2010;   40:   339–347. 

 22 Flinterman AE, Akkerdaas JH, den Hartog 
Jager CF, Rigby NM, Fernandez-Rivas M, 
Hoekstra MO, Bruijnzeel-Koomen CA, 
Knulst AC, van Ree R, Pasmans SG: Lipid 
transfer protein-linked hazelnut allergy in 
children from a non-Mediterranean birch-
endemic area. J Allergy Clin Immunol 2008;  
 121:   423–428.e2. 

 23 Aalberse JA, Meijer Y, Derksen N, van der 
Palen-Merkus T, Knol E, Aalberse RC: 
Moving from peanut extract to peanut 
components: towards validation of compo-
nent-resolved IgE tests. Allergy 2013;   68:  
 748–756. 

 24 Zuidmeer-Jongejan L, Fernandez-Rivas M, 
Winter MG, Akkerdaas JH, Summers C, Leb-
ens A, Knulst AC, Schilte P, Briza P, Gader-
maier G, van Ree R: Oil body-associated ha-
zelnut allergens including oleosins are under-
represented in diagnostic extracts but 
associated with severe symptoms. Clin Transl 
Allergy 2014;   4:   4.   

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ity
 o

f G
ro

ni
ng

en
   

   
   

   
   

   
   

   
   

   
  

12
9.

12
5.

19
.6

1 
- 

7/
17

/2
01

4 
11

:4
3:

20
 A

M




