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Abstract

Background: Hazelnut and apple are common causes of
food allergy in Europe. In northern Europe, symptoms are
usually mild and associated with cross-reactivity to the birch
pollen allergen, Bet v 1. In the Mediterranean area, symp-
toms are more frequently severe and associated with sensi-
tization to lipid transfer protein (LTP). This study compared
patients with anaphylactic versus mild reactions to hazelnut
and apple in The Netherlands, a birch-endemic area, with
respect to sensitization to Betv 1-homologues (i.e. PR10-pro-
teins) and LTP. Methods: Twenty-one patients fulfilling the
criteria for anaphylaxis and 21 with only mild symptoms (oral
allergy) to hazelnut and/or apple were recruited. Specific
immunoglobulin E to birch pollen, apple, hazelnut and PR10-
proteins (rBetv 1, rPrup 1,rMal d 1 and rCor a 1) and recom-
binant LTP (rPru p 3 and rCor a 8) was measured by Immuno-
CAP. Results: Both mild and anaphylactic apple-allergic pa-
tients were sensitized to PR10-proteins, whereas only 1/7 of
the mild and none of the anaphylactic apple-allergic pa-
tients was sensitized to LTP. In contrast, anaphylactic hazel-

nut-allergic patients displayed no such clear sensitization
pattern: some were sensitized to both PR10-proteins and ha-
zelnut LTP (1/9), and others to only LTP (2/9) or to only PR10-
proteins (4/9) or to neither PR10-proteins nor LTP (2/9). Con-
clusion: This study shows that in a birch-endemic area, the
sensitization profile to PR10-proteins and LTP in anaphylac-
tic patients may differ between different plant foods. In this
patient group, anaphylaxis to hazelnut can be LTP-associat-
ed, whereas anaphylaxis to apple is not.

Copyright © 2012 S. Karger AG, Basel

Introduction

Hazelnut and apple are common causes of food allergy
in Europe [1, 2]. There seem to be geographic differences
in the sensitization route, allergen recognition and clini-
cal severity in patients with plant food allergies [3-6]. In
northern and central Europe, where birch pollen is com-
mon, hazelnut and apple allergy are often a result of a
primary sensitization to birch pollen. This birch pollen-
related food allergy is caused by cross-reactive structures
between the major birch pollen allergen Bet v 1 and its
homologues in hazelnut (Cor a 1) and apple (Mal d 1) [3,
5-7]. The immunoglobulin E (IgE)-binding sites on Bet v
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1 homologues are sensitive to heating and digestion [8].
Therefore, symptoms are usually mild and restricted to
the oral cavity [9]. Bet v 1 and its homologues are mem-
bers of the PR-10 family.

In the Mediterranean area, where birch trees are rare,
hazelnut and apple allergy are more frequently severe and
associated with sensitization to lipid transfer protein
(LTP) [3, 4, 6, 7]. The first fully characterized allergenic
LTP was Pru p 3, the major allergen of peach [10]. LTPs
have also been identified for hazelnut (Cor a 8) and apple
(Mal d 3) [3, 6]. Because LTP is a stable allergen, resistant
to heat and digestion, it has been considered to be respon-
sible for more severe allergic reactions [11, 12]. Previous
studies in northern and central European countries dem-
onstrated that patients with plant-derived food allergies
rarely had IgE to LTP [3, 5, 7]. A limitation of the studies
so far is that only a few patients with severe reactions were
included from birch-endemic areas [3, 5-7]. This is prob-
ably due to the fact that severe reactions to hazelnut and
apple occur less frequently than, for example, to peanut.
Nevertheless, severe reactions to plant-derived foods do
also occur in birch-endemic areas [13, 14].

The aim of this study was to compare patients with
anaphylactic versus mild reactions to hazelnut and apple
in a birch-endemic area with respect to sensitization to
PR10-proteins and LTP.

Methods

Patients

Twenty-one patients with anaphylactic reactions to hazelnut
and/or apple were recruited from the tertiary allergy centre of the
Department of Dermatology and Allergology of the UMC Utrecht
in The Netherlands, from August 2003 to March 2008. All pa-
tients fulfilled the criteria for anaphylaxis as proposed by Samp-
son et al. [15]: patients had symptoms of at least 3 organ systems
(of the mucous membranes/skin, gastro-intestinal and respirato-
ry systems) or symptoms of the mucous membranes/skin with
hypotension. Food challenges were not performed because of the
severity of the symptoms [3, 4]. Twenty-one patients with a sug-
gestive history of hazelnut and/or apple allergy and with only
mild local symptoms (i.e. oral allergy symptoms) were randomly
recruited as controls. All patients had a positive CAP system or
skin prick test (SPT) to the allergen (hazelnut and/or apple) to
which they were allergic. The study was approved by the local
ethical committee.

Detection of Serum IgE

Measurement of specific IgE (sIgE) to birch pollen, hazelnut,
apple, PR10-proteins (rBetv 1,rCora 1,rMald 1 and rPrup 1) and
recombinant LTP (rCor a 8 and rPru p3) were performed by Im-
munoCAP (Phadia, Uppsala, Sweden). sIgE values of =0.35kU,/1
were regarded as positive.

Sensitization Profile in Apple and
Hazelnut Allergy

Skin Prick Tests

SPTs were performed using commercially available extracts
from birch pollen, apple and hazelnut (ALK-Abelld, Nieuwegein,
The Netherlands). The SPT was performed and recorded as de-
scribed by Dreborg [16].

Statistical Analysis

The x? test was used to test differences between patients with
anaphylactic reactions and those with mild reactions. The Mann-
Whitney U test was used to test differences in the median of IgE
levels between these 2 groups. Statistical analysis was performed
using SPSS version 15 (2007, SPSS Inc., Chicago, Ill., USA) for
Windows. p values of <0.05 were considered significant.

Results

Patient Characteristics

Patient characteristics are summarized in table 1.
There were no differences with respect to gender and age
between the patients with anaphylactic as opposed to
mild symptoms (female 14/21 vs. 11/21 with p = 0.35;
mean age 31 years = SD 12 years vs. 31 years £ SD 11
years with p = 0.91). All 42 patients had at the least a pos-
itive sIgE or SPT for hazelnut and/or apple; 37 (88%) were
also birch pollen-allergic (i.e. with a history suggesting
allergy and a positive CAP and/or SPT). In the anaphy-
lactic group, reactions occurred exclusively to hazelnut in
9 patients, to apple in 6 and to both hazelnut and apple in
6. These subgroups will be referred to further as hazel-
nut-only, apple-only and hazelnut-apple group. In the
mild-reaction group, the numbers of patients in these
subgroups were 2, 7 and 13, respectively.

LTP- and Bet v 1-Sensitization in the Overall Patient

Group

Taking all patients together, 9/42 (21%) had sIgE to
LTP (9 to Pru p 3 and 5 also to Cor a 8). Sensitization to
LTP did not differ between the anaphylactic and mild-
reaction groups (6/21 vs 3/21, p = 0.45) and nor did sIgE
to PR10-proteins (16/21 vs. 19/21; p = 0.41). The IgE levels
of LTP and PR10-proteins did not differ between the 2
groups (r Bet v 1: 79 vs. 23.8, r Pru p 1: 3.2 vs. 11.0, Cor a
1:4.4vs.17.9,Mald 1: 1.7 vs. 8.0, Pru p 3: 0.03 vs. 0.02 and
Cor a 8:0.02 vs. 0.01; all p values >0.05). In the following
paragraphs, sensitization to LTP and PR10-proteins and
the association with mild or anaphylactic reactions will
be described separately for the subgroups (hazelnut-only,
apple-only or hazelnut-apple).
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Table 1. Patient characteristics

ID Age Sex Group Symptoms BP  CAP SPT
— _v; — — © )
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Hazelnut-only group

1 33 m A OAS TT CO NA SA DY Yes 522 0.7 <035 <0.35 <035 <0.35 <0.35 3.5 7.7 1+ 1+ 3+
2 26 m A TTIT ER DY HY Yes <0.35 0.35 1.9 3.7 1.5 53 0.7 <0.35 <035 3+ 1+ 1+
320 f A OASTTNA VO SADYLC No 38 nd 44 3.4 1.1 45 12 <0.35 <0.35 nd nd nd
4 21 f A TT RH ERNA VO SA DY No 14 <0.35<0.35 <035 <0.35 <0.35 <0.35 <035 <035 0 0 0
5 19 f A OASTT CO IT ER UR NA SA DY Yes 294 nd nd 0.4 <0.35 <0.35 <0.35 <0.35 <0.35 2+ 0 3+
6 29 m A OASTTRHCOITERURNAVOSADYLCYes 89 524 19 <0.35 <0.35 <0.35 <0.35 393 650 0 I+ 2+
7 26 m A OASTTITERNA VO SADIDY HY Yes 24 29 30 1.4 0.9 2.2 1.0 0.7 1.8 2+ 2+ 1+
8 18 f A AE, TT, UR, NA, VO, SA, DI, DY, LC, HY No 54 <0.35<0.35 <0.35 <035 <0.35 <0.35 <0.35 <035 0 0 3+
9 25 m A TTITNAVODY Yes 56 2.7 49 2.9 1.3 37 1.8 <0.35 1.1 3+ 3+ 2+
1019 m M OAS Yes 59 05 27 1.4 0.5 2.1 035 <035 <0.35 3+ 1+ 1+
1123 m M OAS No 44 06 05 <0.35 <0.35 <0.35 <0.35 <035 <035 0 0 1+
Apple-only group

1215 m A OASTTERURVO DY Yes 158 39 282 212 177 275 180 <035 <035 nd nd nd
1346 f A TT RH CONA VO DY HY Yes 76 06 183 89 54 18.0 6.5 <0.35 <035 3+ 3+ 2+
1438 f A OAS CONA DY Yes 43 05 97 4.4 1.7 79 32 <0.35 <035 3+ 3+ 0
1518 f A OASTT COIT ERERSA DY Yes 130.1 21.8 2449 253.7 139.7 275.0 237.1 <035 <035 1+ 4+ 1+
16 51 f A OAS TT RH NA DY Yes 320 33 546 334 150 39.0 82 <0.35 <035 4+ 3+ 3+
1731 f A OAS RH CO IT NA SA DI DY Yes 107 23 314 140 125 295 151 <035 <035 3+ 4+ 1+
1821 m M OAS Yes 64 34 264 49 3.2 189 11.0 <035 <0.35 3+ 3+ 2+
1921 m M OAS Yes 224 21 667 228 160 48.6 204 <035 <035 4+ 2+ 2+
2046 f M OAS Yes 291 4.0 393 300 197 284 167 <035 <035 2+ 4+ 2+
2117 £ M OAS Yes 497 85 895 751 492 954 402 <035 <035 4+ 4+ 2+
2227 f M OAS Yes 2.1 035 4.2 2.1 0.8 2.8 09 0.5 4.2 nd nd nd
2356 f M OAS No 59 035 154 6.0 3.0 121 24 <0.35 <035 3+ 3+ 3+
2446 f M OAS Yes 5.8 1.1 8.0 5.1 1.6 52 1.5 <0.35 <0.35 4+ 1+ nd
Hazelnut-apple group

2533 f A OASTT COIT ER URNA VO SA DY Yes 193 35 377 226 89 39.8 177 <035 <035 2+ nd nd
2636 f A OAS TT RH CO SA DIDY Yes 1123 6.7 1199 178.1 46.0 132.7 53.1 <035 <035 2+ 2+ 2+
2739 m A OASTT COIT ERNA VO SA DIDY Yes 11.3 3.1 300 134 79 344 129 <035 0.6 nd nd nd
2866 f A OASTT RHRH CO IT ER URDIDY HY Yes 2.8 1.4 4.0 <0.35 <0.35 <0.35 <0.35 <035 <035 0 0 O
2925 f A OAS TT RH ER DI DY SA Yes 59 38.0 >100 214.8 121.3 232 1325 <0.35 0.5 3+ 1+ 1+
3023 f A OAS TT RH RH CO IT ER SA DI DY Yes 654 6.2 101.8 842 404 86.2 242 <035 <035 3+ 3+ 2+
3146 m M OAS Yes 107.7 32.8 185.1 120.7 66.3 183.7 147.6 <035 <0.35 4+ 4+ 2+
3232 f M OAS Yes 182 28 333 179 54 238 104 <035 <035 nd nd nd
3328 f M OAS No 1.2 250 <035 <0.35 <035 <0.35 <0.35 3.0 30.5 0 0 1+
3417 m M OAS Yes 524 24 2246 71.1 102 1232 357 <035 <035 3+ 3+ 3+
3524 £ M OAS Yes <035 04 193 11.1 0.7 195 22 <0.35 <0.35 2+ 2+ 3+
3631 m M OAS Yes 345 nd nd 474 nd 58.8 33.1 <035 <035 4+ 3+ 2+
3741 £ M OAS Yes 06 04 40.1 337 401 487 109 <035 <035 3+ 0 1+
3839 f M OAS Yes >100 45.0 >100 121.8 >100 131.7 832 <0.35 1.1 2+ 3+ 1+
3920 m M OAS Yes 14 50 680 125 680 20.7 114 <035 <035 2+ 3+ 2+
4028 m M OAS Yes 142 2.7 206 143 206 18.0 47 <0.35 <035 3+ 3+ 4+
4138 f M OAS Yes 700 4.5 1261 86.8 126.1 135.7 434 <035 <0.35 3+ 3+ 3+
4229 m M OAS Yes 864 114 1274 688 1274 84.6 412 <035 <035 3+ 4+ 2+

A = Anaphylactic; BP = a history suggesting birch pollen allergy; CO = conjunctivitis; DI = diarrhoea; DY = dyspnoea; ER = erythema; HN = hazel-
nut; HY = hypotension; IT = itch; LC = loss of consciousness; M = mild; NA = nausea; OAS = oral allergy symptoms; RH = rhinitis; SA = stomach ache;
TT = tightness of the throat; UR = urticaria; VO = vomiting.
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Fig. 1. IgE levels for Bet v 1 and LTP (homologues) in patients with anaphylaxis and mild symptoms. The me-
dian value for each data set is marked by a short horizontal line. Dotted lines indicate cut-off value of 0.35 kU, /1.
A = Apple-allergic patients; A+HN = patients with apple and hazelnut allergy; an = patients with anaphylaxis;
HN = hazelnut-allergic patients; m = patients with only mild symptoms.

Comparison of Mild-Reaction versus Anaphylactic

Hazelnut-Only Patients

Noteworthy is that in the hazelnut-only group, pa-
tients who had a mild reaction to hazelnut only were
scarce; therefore, comparison between the anaphylactic
(n = 9) and the mild hazelnut-only-allergic patients (n =
2) was difficult. Hazelnut LTP, Cor a 8, was recognized by
anaphylactic patients but not by patients with mild symp-
toms (3/9 vs. 0/2, p = 1.00). Regarding PR10-proteins, no
differences were observed in the sensitization rate (5/9 vs.
1/2, p = 1.00) nor in sIgE levels between the anaphylactic
and the mild-reaction group (fig. 1). Of the anaphylactic
hazelnut-allergic patients, 3/9 did not recognize Cor a 8
or PR10-proteins, indicating that these allergens seem to
not be involved in the allergic reaction for some patients.

Comparison of Mild-Reaction versus Anaphylactic

Apple-Only Patients

In the apple-only group, no differences were seen in
LTP sensitization between anaphylactic and mild-reac-

Sensitization Profile in Apple and
Hazelnut Allergy

tion patients (0/6 vs. 1/7, p = 1.00). All patients with ana-
phylactic or mild reactions to apple were sensitized to
PR10-proteins and there were no differences in sIgE lev-
els (rBetv 1,28.5vs.18.9;r Prup 1, 11.7 vs. 11.0; Cor a 1,
17.6 vs. 6.0; Mal d 1, 13.7 vs. 3.2, all p values >0.05, fig. 1).

Comparison of Mild-Reaction versus Anaphylactic

Hazelnut-Apple Patients

In the hazelnut-apple group, sensitization to LTP and
PR10-proteins did not differ significantly between pa-
tients with anaphylactic and mild symptoms (for LTP 2/6
vs. 2/12, p = 0.57 and for PR10-proteins 5/6 vs. 11/12, p =
1.00) (fig. 1).

We further compared sIgE levels for PR10-proteins of
the hazelnut-only and apple-only group versus the hazel-
nut-apple group, irrespective of the clinical severity. Re-
markably, the median IgE-levels of the hazelnut-only
group were lower than the hazelnut-apple group (Bet v 1,
0.24 vs. 44.2, p < 0.001; Pru p 1, 0.08 vs. 21.0, p < 0.001;
Coral,0.36 vs. 40.5, p< 0.001; Mal d 1, 0.30 vs. 9.6, p <

Int Arch Allergy Immunol 2013;160:56-62 59
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lines indicate a cut off value of 0.35 kU, /L.
0.001, respectively), whereas the median IgE levels in the Discussion

apple-only group did not differ from the hazelnut-apple
group (Bet v 1,27.5vs. 44.2; Prup 1 11.0 vs. 21.0; Cor a 1
14.0 vs. 40.5; Mal d 1 12.5 vs. 9.6, all p values >0.05). We
did not perform comparisons between these groups for
LTP, as the median sIgE was <0.35.

Sensitization Patterns in Apple-Only, Hazelnut-Only

and Hazelnut-Apple Patients

The combined sensitization patterns to LTP and PR10-
proteins were further studied in the 3 subgroups (fig. 2).
In the apple-only group, all except for one of the patients
(both anaphylactic and mildly allergic) were sensitized to
PR10-proteins but not to LTP (fig. 2a). In contrast, hazel-
nut-only patients did not display such a homogenous sen-
sitization pattern: some were sensitized both to PR10-
proteins and hazelnut LTP Cor a 8 (1/11). Others were
sensitized to only Cor a 8 (2/11) or PR10-proteins (5/11)
and others to neither of these (3/11) (fig. 2b). However, in
the hazelnut-apple group, the LTP and PR10-proteins
recognition pattern was similar to that of the apple-only
patients (fig. 2c). Only 1 hazelnut-apple patient differed
from the others, by recognizing LTP but not PR10-pro-
teins (fig. 2c¢).

60 Int Arch Allergy Immunol 2013;160:56-62

Previous studies showed that apple as well as hazelnut
allergy in northern and central Europe is mainly mild
and Bet v 1-associated [3, 5-7]. However, in this study, we
show that anaphylaxis to apple and hazelnut also occurs
in a birch-endemic area and that different sensitization
patterns for PR10-proteins and LTP are seen. Anaphylac-
tic apple-allergic patients are only sensitized to PR10-
proteins and not to LTP. In anaphylactic hazelnut-allergic
patients, the observed pattern is more diverse, with sen-
sitization to: PR10-proteins only, LTP only, both PR10-
proteins and LTP or neither PR10-proteins or LTP.

So far, recognition of LTP by IgE of adult apple-allergic
and hazelnut-allergic patients was mainly found in the
Mediterranean area and was related to having severe
symptoms [3-7]. Sensitization to LTP is rarely reported
in anaphylactic hazelnut-allergic or apple-allergic pa-
tients from birch-endemic areas, but this might be due to
the low number of such patients being included in the
previous studies (Hansen et al. [3] n = 1, Pastorello et al.
[7] n = 0, Schocker et al. [5] n = 1, Fernandez-Rivas et al.
[6] n = 1). Although we included the largest population of
patients with anaphylaxis to hazelnut and/or apple so far

Le/van Hoffen/Lebens/
Bruijnzeel-Koomen/Knulst
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from a birch-endemic area, our study population was
small. This all serves to indicate that anaphylactic reac-
tions to hazelnut and apple are not frequently seen in
birch-endemic areas. In our centre, 9 out of 187 hazelnut-
allergic patients had an anaphylactic reaction solely to ha-
zelnut and for apple this was 6 out of 241. In a previous
study in children from a birch-endemic area, we found
that hazelnut LTP sensitization was associated with hav-
ing more severe symptoms [13]. We now show that LTP
sensitization also occurs in adults from a birch-endemic
area with anaphylaxis to hazelnut allergy, but not in those
with anaphylaxis to apple.

Although LTP sensitization (Mal d 3 and Cor a 8) leads
to a higher risk of severe reactions, sensitization to these
allergens can also be detected in patients with a mild food
allergy. Hansen et al. [3] demonstrated sensitization to
Cor a 8in 71% of patients with severe symptoms to hazel-
nut and in 21% of patients with milder reactions. For ap-
ple allergy, Fernandez-Rivas et al. [6] showed that 95/131
patients with a higher than median level of Mal d 3 had a
local reaction. In our study, 3/21 (14.3%) patients with
mild symptoms recognized LTP.

The aim of our study was to compare the sensitization
to PR10-proteins and LTP in patients with mild and ana-
phylactic reactions. However, some hazelnut-allergic pa-
tients with anaphylaxis in our study did not recognize
either PR10-proteins or LTP. These patients, but also the
patients who did recognize these allergens, may be sensi-
tized to other hazelnut allergens that were not measured,
such as Cor a 14 (2S albumin), Cor a 11 (7S globulin) or
Cor a9 (11S globulin), the latter has been related to severe
hazelnut allergy [17, 18]. For apple, four allergens have
been identified to date according to the guideline of the
International Union of Immunological Societies Allergen
Nomenclature Subcommittee (www.allergen.org): Mal d
1 (PR10-protein), Mal d 2 (thaumatin like protein), Mal d
3 (LTP) and Mal d 4 (profilin). The allergen sensitization
profile for these four allergens was previously investigat-
ed across Europe [6]. That study showed that apple al-
lergy in northern and central Europe was mild and re-
lated to birch pollinosis and sensitization to Mal d 1,
whereas in Spain apple allergy was frequently severe and
related to peach allergy and sensitization to Mal d 3 (apple
LTP). In our study, apple LTP, Mal d 3 was not measured
because it was not available. However, a previous study
showed that Pru p 3, which we analyzed, shares common
epitopes with Mal d 3 and can well be used as a replace-
ment [19]. Other studies support the close similarity and
cross-reactivity between Mal d 3 and Pru p 3 [6, 20-22].
The reason why some patients from our study sensitized

Sensitization Profile in Apple and
Hazelnut Allergy

to PR10-proteins develop mild reactions and others de-
velop anaphylactic reactions has to be further elucidated.
Patient-related (e.g. age, asthma, medication, recent in-
fection and general health) and event-related factors (al-
lergen dose, food matrix, food form i.e. raw/cooked, sea-
son, exercise and alcohol) may play a role as well [23].

Food allergy can result from primary sensitization to
inhalant allergens or to the food itself (i.e. the oral route).
Worthy of note, in our study, sensitization to PR10-pro-
teins was lower in the hazelnut-only group than in the
hazelnut-apple group. Furthermore, in the hazelnut-only
group there were hardly any patients with mild symp-
toms (n = 2). Together, these findings may indicate that
sensitization to hazelnut (even in a birch-endemic region)
is not always pollen-related and may be associated with
severe symptoms.

In conclusion, this is the first study to show that the
sensitization profile to PR10-proteins and LTP in ana-
phylactic patients from a birch-endemic area differs be-
tween different plant foods (i.e. hazelnut and apple). With
regard to LTP, anaphylaxis to hazelnut in a birch-endem-
icarea can be LTP-associated, whereas anaphylaxis to ap-
ple is not. Since some anaphylactic patients did not rec-
ognize either PR-10 proteins nor LTP, other allergens may
play a role.
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