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Abstract
Background: Many children develop a sensitiza-
tion to peanut in early infancy, even before peanut 
is introduced in their diet. Sensitization is partic-
ularly common in young children with eczema. 
� ere have been scant data available to date on the 
sensitization pattern for speci� c peanut allergens 
in this patient group. � e aim of this study was to 
investigate the allergen pro� le of infants and 
young children with peanut sensitization and 
 eczema.
Methods: Sera from 53 children aged ≤ 20 months 
with eczema and sensitization to peanut but who 
had not yet consumed products containing peanuts 
were included in the analysis. Sera were analyzed 
using microarray immunoassay (ImmunoCAP 
ISAC).
Results: In total, 63 % of peanut-sensitized children 
showed speci� c immunoglobulin E (sIgE) against 
at least one peanut allergen on the microarray. Spe-
ci� c IgE to the 7S globulin Ara h 1 was detected in 
40 % of the children, to the 2S albumin Ara h 2 in 
30 % and to the 11S globulin Ara h 3 in 23 %. Only 
one child had sIgE to Arah 8, the homologoue of 

Bet-v-1. Data on clinical relevance were available for 
24 of 53 children: 14 of 24 patients had objective al-
lergic reactions to peanut, while 10 children were 
peanut-tolerant. � e seed storage protein Ara h 2 
was not detected on microarray in 43 % (6 of 14) of 
children with peanut allergy. Two of these six chil-
dren were mono-sensitized to Ara h 1 and two to 
Ara h 3, while in three children none of these seed 
storage proteins was detected.
Discussion: It could be shown that infants and 
young children with eczema and sensitization to 
peanut recognize predominantly seed storage pro-
teins from peanut, even before the introduction of 
peanut into their diet. Sensitization to pollen-relat-
ed food allergens seems to be rare at this age. At this 
age not only Ara h 2, but also Ara h 1 seems to be 
related to clinical relevance.
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Introduction
Peanut allergy is one of the most frequent food aller-
gies in childhood [1]. In general, it endures through-
out life and even the smallest quantities of peanut can 
trigger severe systemic reactions in patients [2]. � e 
prevalence of peanut allergy in children appears to 
have increased in recent years [3, 4, 5]. � e majority 
of a� ected children exhibit an allergic reaction a� er 
the � rst oral contact with peanut, and sensitization to 
peanut can be detected as early on as in infancy [6, 7]. 
� us, in addition to the direct consumption of peanut 
in childhood, other possible sensitization routes are 
under discussion.

Several peanut allergens have been identi� ed to 
date, primarily peanut seed storage proteins [8]. A 
number of studies have shown that, depending on 
the age and geographic origin of patients, as well as 
the severity of symptoms, various peanut allergens 
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Abbreviations

AD atopic dermatitis

DBPCFC  double-blind placebo-controlled food 
challenge

FEIA � uorescence enzyme immunoassay

ISU standardized units

ISAC immuno solid-phase allergen chip

ns  not speci� ed

kU/l kilounits/liter

LTP lipid transfer protein

OFC open food challenge

sIgE speci� c immunoglobulin E
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play a role [9, 10, 11, 12]. However, there are few data 
on the sensitization pattern of speci� c peanut aller-
gens in sensitized infants and young children whose 
diet does do not yet contain peanut. � erefore, the 
aim of this study was to investigate by component-
based diagnosis, an allergen pro� le of peanut-sen-
sitized infants and young children with eczema who 
had not yet consumed products containing peanuts, 
as well as to assess any its clinical relevance.

Methods
Patients
Sera taken from peanut-sensitized infants and 
young children during allergy diagnosis at the 
pneumology/immunology unit of the pediatric clin-
ic at the Charité University Hospital in Berlin be-
tween 2007 and 2011 were used for analysis in this 
study. Patient history, skin status and nutritional 
status of the child at the time of blood collection 
were obtained from medical records. Inclusion cri-
teria comprised the following:

 —Speci� c immunoglobulin E (sIgE) to peanut 
≥ 0.35 kU/l
 —Age: ≤ 20 months
 —Eczema [suspected atopic dermatitis (AD)]
 —No known introduction of peanut or peanut-con-
taining products in the child’s diet
Furthermore, medical records are reviewed for 

standardized in-patient oral challenges with peanut 
at a later point in time or whether an objective al-
lergic reaction a� er an accidental peanut consump-
tion had been reported during an out-patient con-
sultation. Oral challenge test results, reaction dose 
and objective clinical symptoms were obtained 
from medical records.

� e study was approved by the ethics committee 
of the Charité Universitätsmedizin, Berlin.

Laboratory investigations
� e detection of sIgE to food allergen extracts was per-
formed using the ImmunoCAP � uorescence enzyme 
immunoassay (FEIA) system (Phadia, Uppsala, Swe-
den). Next to sIgE to peanut, sIgE to hen’s egg, cow’s 
milk, wheat, soy, � sh and hazelnut were measured. 
� e detection of sIgE to individual peanut components, 
other foods and aero-allergens was performed using 
microarray immunoassay (ImmunoCAP ISAC, Phad-
ia, Uppsala, Sweden) and performed according to the 
manufacturer’s instructions. Results were expressed 
as in ISAC standardized units (ISU)/l and the cut-o�  
level speci� ed by the manufacturer was 0.3 ISU/l.

Results
Patient characteristics
In total, sera from 53 patients were included. � e me-
dian age of the children at the time of blood collec-
tion was 9 months. Details are provided in Tab. 1.

At the time of blood collection, 38 children (72 %) 
were receiving their � rst solid foods, primarily fruit 
and vegetable purees, 12 infants (23 %) were still ful-
ly breastfed and three (6 %) received exclusively in-
fant formula. Peanut or peanut-containing products 
had not been knowingly introduced into the child’s 
diet in any child.

� e majority of children (87 %) showed a sensiti-
zation to at least one other foods in addition to pea-
nut, as detailed in Table 1.

Pattern of sensitization
Speci� c IgE to peanut seed storage proteins nAra h 
1, nAra h 2 and nAra h 3, as well as to nAra 8, the 
Bet-v-1 homologoue in peanut, were measured us-
ing microarray.

Speci� c IgE to at least one of the peanut allergens 
were detected on the microarray in 33 (62 %) of the 
53 sera from peanut-sensitized children investigated 
(detected using CAP-FEIA) (Table 2). All these 33 
children were sensitized to at least one peanut seed 
storage protein. Speci� c IgE to the 7S globulin Ara h 1 
was detected in 40 %, to the 2S albumin Ara h 2 in 
30 %, whilst 23 % showed sensitization to the 11S 
globulin Ara h 3. Only one child demonstrated sIgE 
to the Bet-v-1 homologoue Ara h 8 and concurrent 
reactivity to Bet v 1 without having clinical symp-
toms during pollen season. Aged 20 months, this par-
ticular child was the oldest of all patients.

Over 50 % of the children in whom sIgE to peanut 
were detected on microarray demonstrated a mono-
sensitization to peanut allergen components (Tab. 2). 
Ara h 1, followed by Ara h 2 and Ara h 3 were most 
commonly detected. � ese children had a median 
age of 11.5 (range, 5–17) months. 15 out of 33 chil-
dren showed sIgE reactivity to at least two peanut al-
lergens (primarily Ara h 1 and Ara h 2) and were 

 |  Table 1
Characteristics of the patient collective (n = 53)
Patient characteristicsPatient characteristics

Age in months, median (range) 9 (3–20)

Males (%) 34 (64)

sIgE to peanut in kU/l, median (range) 4,01 (0,58–75)

Skin status

Atopic dermatitis (%) 50 (94)

Suspected atopic dermatitis (%) 3 (6)

Sensitization to other foods (%) 46 (87)

Hen’s egg, number (%) 42 (79)
Hazelnut, number (%) 37 (70)
Cow’s milk, number (%) 34 (64)
Wheat, number (%) 25 (47)
Soy, number (%) 22 (42)
Fish , number (%) 3 (6)

kU/l, kilounits/liter; sIgE, specifi c immunoglobulin E
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therefore poly-sensitized. � ese children had a me-
dian age of 12 (range, 5–17) months. Only two pa-
tients (median age, 18 months) showed a sensitiza-
tion to three peanut allergens.

Children who had not yet received solid foods at 
the time of blood collection primarily demonstrat-
ed a mono-sensitization to Ara h 1 (Tab. 3). In cases 
where solid foods had already been introduced, 
 children showed increasingly sIgE to various aller-
gen components, most commonly Ara h 2. Of the 
53 children with peanut sensitization (detected 
 using CAP-FEIA), 20 children (38 %) showed no re-
activity to the four peanut allergen components on 
the microarray. Five of these 20 children had sIgE 
to peanut <1 kU/l measured using Immuno Cap 
FEIA, and in six of these 20 children sIgE to at least 
one peanut allergen component on the microarray 
was detected at a level just below the  manufacturer’s 
speci� ed cut-o�  level (values between 0.2 and 
0.3 ISU/l).

Clinical relevance
Data on the clinical relevance of peanut sensitiza-
tion were available for 24 of the 53 patients (45 %) 
(Table 4). � e median age of children at the time of 
oral food challenges was 17 months. In total 13 chil-
dren (54 %) had objective clinical symptoms during 

oral food challenge, whereas 10 children (42 %) pro-
duced no response. Since patient 40 underwent a 
food challenge at an external clinic, no further de-
tails were available. Patient 12 had a clear allergic 
reaction a� er the consumption of peanut pu� s, 
therefore no food challenge was performed in this 
child. More than one organ system was a� ected 
upon allergic reaction in eight children (57 %), in 
� ve of these children (29 %) the respiratory tract was 
involved.

Approximately only half of the 14 children (57 %) 
with clinically relevant peanut sensitization and 
none of the eight peanut-tolerant children showed 
sIgE reactivity to the seed storage protein Ara h 2 
on the microarray. Sensitization to the seed stor-
age protein Ara h 1 was found in eight children 
with peanut allergy (57 %), but also in three chil-
dren with oral tolerance to peanut (30 %). 50 % of 
children with peanut allergy had sIgE to at least 
two seed storage proteins. � ree children with pea-
nut allergy were monosensitized, whereby one 
child was sensitized to Ara h 1, Ara h 2 and Ara h 
3 repectively (Tab. 4) Sera from 50 % of the chil-
dren with oral tolerance to peanut, as well as 21 % 
of children with peanut allergy, tested negative for 
sIgE to the relevant peanut allergen components 
on the microarray.

 |  Table 2
Sensitization pattern in 53 peanut-sensitized children measured using ImmunoCAP ISAC 
(Phadia, Uppsala, Sweden)

Allergen 
components

Sensitization pattern Number of sensitized 
patients

Poly-sensitization Mono-sensitization
nAra h 1 X X X X 21 (40 %)
nAra h 2 X X X X X 16 (30 %)
nAra h 3 X X X X X 12 (23 %)
nAra h 8 X 1 (2 %)
Number of 
sensitized patients

1
(2 %)

1
(2 %)

8
(15 %)

4
(8 %)

1
(2 %)

8
(15 %)

5
(9 %)

5
(9 %)

Number of 
sensitized patients 2 (4 %) 13 (25 %) 18 (34 %) 33 (63 %)*

aNumber of all patients sensitized to at least one allergen component

 |  Table 3
Sensitization patterns in 53 peanut-sensitized children depending on infant nutrition 
to date

Infant formula (n = 3)Infant formula (n = 3) Fully breastfed (n = 12)Fully breastfed (n = 12) First solid foods (n = 38)First solid foods (n = 38)
sIgE to Ara h 1 2 (77 %) 5 (42 %) 14 (37 %)
sIgE to Ara h 2 1 (33 %) 2 (17 %) 14 (37 %)
sIgE to Ara h 3 0 1 (8 %) 10 (26 %)
sIgE to Ara h 8 0 0 1 (3 %)
sIgE to no allergen 
components

1 (33 %) 5 (42 %) 14 (37 %)

Polysensitization 1 (33 %) 1 (8 %) 13 (34 %)
sIgE, specifi c immunoglobulin E
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Discussion
� e present study demonstrates that infants and 
young children with eczema show primarily a sen-
sitization to the peanut seed storage proteins. � ese 
seed storage proteins belong to the major peanut al-
lergens [8]. Compared with pollen-related peanut 
allergens, seed storage proteins are resistant to heat 
and digestive enzymes and are associated with par-
ticularly severe allergic reactions [13, 14, 15]. Spe-
ci� c IgE to the 7S globulin Ara h 1 was most com-
monly detected in the children (40 %), and many 
children demonstrated mono-sensitization to pea-
nut allergen components (34 %). A broader sensiti-
zation pattern emerged upon introduction of solid 
foods and with increasing age.

To date there are no further data on the sensitiza-
tion pattern in patients in this age group. School-
age patients with manifest peanut allergy predomi-
nantly show sIgE to Ara h 2 and Ara h 6 [16, 17, 18, 
19]. � e Bet-v-1 homologous peanut allergen Ara h 8 

is one of the most frequently detected allergens in 
adults and children with pollen-related peanut al-
lergy [11]. Also in Germany, the high prevalence of 
peanut sensitization in children aged between three 
and 17 years appears to be due to cross-reactivity to 
grasses and birch pollen [20]. On the other hand, 
sensitization to these aeroallergens is rare in infants 
and young children.

It remains unclear which alternative route for 
sensitization underlies early sensitization to pea-
nut. Primary sensitization as a result of exposure 
in the uterus and via breast milk could be one pos-
sibility [21, 22, 23]. Cross-sensitization between 
homologous peanut proteins and other legumes or 
tree nuts is a further possibility. [24, 25]. In total, 
70 % of our patients showed a sensitization to ha-
zelnut and 42 % to soy, even though these foods are 
usually introduced in the child’s diet at a later time. 
Another possible route for peanut sensitization 
might be via skin exposure. � is hypothesis, which 

 |  Table 4
Data on clinical relevance and comparison of speci� c IgE to peanut allergen components
PatientPatient
n = 24

Total IgE (kU/l)Total IgE (kU/l) Specifi c IgE to peanut Specifi c IgE to peanut 
(kU/l),
ImmunoCAP

Peanut Peanut 
challenge 

Age 
(months)

Reaction dose Reaction dose 
(gram)

Objective Objective 
symptoms

sIgE to peanut allergen sIgE to peanut allergen 
components, microarray

Clinically relevant peanut allergy
3 27,5 44,4 DBPCFC 40 1,2 Urticaria, vomiting, 

breathing diffi  culties
Ara h 1, Ara h 2

4 4,5 3,65 DBPCFC 21 12 Vomiting Ara h 1, Ara h 2
6 25,5 1,82 DBPCFC 15 0,4 Urticaria Ara h 1, Ara h 2
7 111 0,87 DBPCFC 21 12 Urticaria –
21 1,34 DBPCFC 24 4 Urticaria, eyelid swelling, 

rhinoconjunctivitis
Ara h 2

29 13,5 2,53 DBPCFC 16 4 Urticaria
33 93 11,7 OFC 27 12 Urticaria, conjunctivitis
35 k. A. 75 DBPCFC 16 1,2 Urticaria
36 68,5 24,6 DBPCFC 15 1,2 Rhinoconjunctivitis, 

sneezing, coughing
37 > 100 12,6 DBPCFC 34 0,12 Urticaria, coughing, 

wheezing
40 69,2 1,56 k. A. k. A. k. A. ns –
44 k. A. 29,9 DBPCFC 22 1,2 Urticaria, vomiting Ara h 2, Ara h 3, Ara h 8
49 k. A 9,33 DBPCFC 11 4 Urticaria, fatigue Ara h 1
12 9,93 1,87 Accidental 

exposure
15 k. A. Urticaria, angioedema, 

wheezing
Ara h 3

Oral tolerance to peanut
9 362 4,39 OFC 17 – – –
15 300 19,4 DBPCFC 12 – – Ara h 1
17 6848 50,9 OFC 12 – – Ara h 1, Ara h 3
20 k. A. 2,69 OFC 17 – – –
27 >100 46,7 DBPCFC 11 – – Ara h 3
30 244 1,56 DBPCFC 17 – – -
34 67,2 3,52 DBPCFC 19 – – Ara h 3
41 70,8 3,44 DBPCFC 10 – – –
45 k. A. 1,6 DBPCFC 17 – – –
50 46,5 2 DBPCFC 11 – – Ara h 1
DBPCFC, double-blind placebo-controlled food challenge; IgE, immunoglobulin E; ns, not specifi ed; kU/l, kilounits/liter; OFC, open food challenge
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is currently under discussion, appears to play a 
role particularly in children with AD due to the 
impaired skin barrier function [26, 27, 28], and we 
recently showed that peanut proteins can be de-
tected in German households, particularly in bed 
dust [29].

No peanut allergens could be identi� ed on micro-
array in approximately one third of children with 
peanut sensitization (sIgE to peanut ≥ 0.35 kU/l 
measured using ImmunoCap). � e same was ob-
served in other studies investigating patients with 
peanut or hazelnut sensitization [12, 30, 31]. One 
possible explanation for this could lie in the low sen-
sitivity of the microarray assay in terms of detect-
ing lower sIgE concentrations in serum samples 
compared with the ImmunoCAP assay [31, 32]. On 
the other hand, the range of the four allergens spot-
ted on the microarray (Ara h 1, Ara h 2, Ara h 3 and 
Ara h 8) does not cover the complete allergen pro-
� le of the peanut. It is possible that sIgE to other 
peanut allergens [the S2 albumins Ara h 6 and Ara 
h 7, the lipid transfer protein (LTP) Ara h 9, the pro-
� lin Ara h 5 or the oleosin/seed storage proteins) 
could have been detected. However, sensitization to 
peanut LTP is predominantly relevant in patients in 
the Mediterranean region [33]. � e S2 albumin Ara 
h 6 appears to play a crucial role in children with 
peanut allergy [16, 19]. � e allergen spectrum of the 
ISAC microarray has now been expanded to include 
Ara h 6 and Ara h 9.

Peanut seed storage proteins are associated with 
severe allergic reactions. Ara h 2 in particular ap-
pears to correlate best with the clinical relevance of 
peanut allergy [9]. Due to the young age of our pa-
tient collective, data on clinical relevance were 
available for approximately only 50 % of patients. In 
contrast to previous studies, sIgE to the seed stor-
age protein Ara h 2 was not detected in 43 % of chil-
dren with clinically relevant peanut allergy. Never-
theless, the sensitization pattern in children with 
oral tolerance to peanut di� ered notably from that 
of patients with peanut allergy: far fewer peanut al-
lergens were detected (primarily mono-sensitiza-
tion) and Ara h 2 was not detected in any child with 
oral tolerance. It has already been shown that the 
detection of various IgE epitopes is associated with 
clinical relevance [34, 35].

Conclusion
It has been shown that peanut-sensitized infants 
and young children with eczema primarily show 
sIgE to peanut seed storage proteins; sIgE to Ara h 1 
was most frequently detected, followed by Ara h 2 
and Ara h 3. In contrast, sensitization to pollen-re-
lated peanut allergens (Ara h 8) does not appear to 
play a role in this patient group. Compared with 
pollen-related allergen components, peanut seed 

storage proteins are resistant to heat and digestive 
enzymes and appear to be closely associated with 
severe systemic reactions. Interestingly, it would ap-
pear that not only Ara h 2, but also Ara h 1 in par-
ticular are clinically relevant in this age group.

Prof. Dr. Kirsten Beyer
Department of Pediatric Pneumology and Immunology
Charité-Universitätsmedizin Berlin
Augustenburgerplatz 1
13353 Berlin
E-Mail: kirsten.beyer@charite.de

Con� ict of interest
The authors Valérie Trendelenburg, Alexander Rohrbach, 
Gabriele Schulz and Veronika Schwarz state that there are 
no con� icts of interest. Kirsten Beyer has received consul-
ting or speaker’s fees from Danone, MedaPharma, ALK, 
Novartis, Unilever, Allergopharma, MedUpdate, HAL, Hipp, 
Mead Johnson, ECARF Institute, Infectopharm and fund-
ing from the European Union, German Research Founda-
tion, ThermoFisher, Danone, DST, FAAN and the 
Foundation for the Treatment of peanut allergy.

Acknowledgement
This study was supported by a grant from the German 
 Research Foundation (DFG–BE 3991/1–1).

Cite this as
Trendelenburg V, Rohrbach A, Schulz G, Schwarz V, 
Beyer K. Molecular sIgE pro� les in infants and young 
 children with peanut sensitization and dermatitis. 
Allergo J Int 2014; 23: 152–7
DOI 10.1007/s40629-014-0018-0

References 
1. Sicherer SH, Sampson HA. Food allergy. J Allergy Clin Im-

munol 2010; 125:116–25
2. Sicherer SH. Clinical update on peanut allergy. Ann Allergy 

Asthma Immunol 2002;88:350–61
3. Grundy J, Matthews S, Bateman B, Dean T, Arshad SH.  Rising 

prevalence of allergy to peanut in children: Data from 2 se-
quential cohorts. J Allergy Clin Immunol 2002;110:784–9

4. Hourihane JO, Aiken R, Briggs R, Gudgeon LA, Grimshaw 
KE, DunnGalvin A et al. The impact of government advice 
to pregnant mothers regarding peanut avoidance on the 
prevalence of peanut allergy in United Kingdom children 
at school entry. J Allergy Clin Immunol 2007;119:1197–202

5. Sicherer SH, Muñoz-Furlong A, Godbold JH, Sampson HA. 
US prevalence of self-reported peanut, tree nut, and sesa-
me allergy: 11-year follow-up. J Allergy Clin Immunol 
2010;125:1322–6

6. Moneret-Vautrin DA, Rance F, Kanny G, Olsewski A, Gueant 
JL, Dutau G et al. Food allergy to peanuts in France – evalu-
ation of 142 observations. Clin Exp Allergy 1998; 28: 1113–9

7. Sicherer SH, Furlong TJ, Muñoz-Furlong A, Burks AW, Samp-
son HA. A voluntary registry for peanut and tree nut aller-
gy: Characteristics of the � rst 5149 registrants. J Allergy Clin 
Immunol 2001;108:128–32

8. Burks AW. Peanut allergy. Lancet 2008;371:1538–46
9. Nicolaou N, Poorafshar M, Murray C, Simpson A, Winell H, Ker-

ry G et al. Allergy or tolerance in children sensitized to peanut: 
Prevalence and di� erentiation using component-resolved di-
agnostics. J Allergy Clin Immunol 2010;125:191–7.e13

10. Vereda A, Hage M van, Ahlstedt S, Ibañez MD, Cuesta-Her-
ranz J, Odijk J van et al. Peanut allergy: clinical and immu-
nologic di� erences among patients from 3 di� erent geo-
graphic regions. J Allergy Clin Immunol 2011;127:603–7

156  Allergo J Int 2014; 23: 152–7  

Original article Peanut sensitization and eczema



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

12. Asarnoj A, Movérare R, Östblom E, Poorafshar M, Lilja G, 
Hedlin G et al. IgE to peanut allergen components: relation 
to peanut symptoms and pollen sensitization in 8-year-
olds. Allergy 2010;65:1189–95

13. Maleki SJ, Chung SY, Champagne ET, Raufman JP. The ef-
fects of roasting on the allergenic properties of peanut 
proteins. J Allergy Clin Immunol 2000;106:763–8

14. Lehmann K, Schweimer K, Reese G, Randow S, Suhr M, Be-
cker WM et al. Structure and stability of 2S albumin-type 
peanut allergens: implications for the severity of peanut al-
lergic reactions. Biochem J 2006;395:463–72

15. Beyer K, Morrow E, Li XM, Bardina L, Bannon GA, Burks AW 
et al. E� ects of cooking methods on peanut allergenicity. J 
Allergy Clin Immunol 2001;107:1077–81

16. Codreanu F, Collignon O, Roitel O, Thouvenot B, Sauvage C, 
Vilain A et al. A novel immunoassay using recombinant all-
ergens simpli� es peanut allergy diagnosis. Int Arch Allergy 
Immunol 2011;154:216–26

17. Bernard H, Paty E, Mondoulet L, Burks AW, Bannon GA, Wal 
JM et al. Serological characteristics of peanut allergy in 
children. Allergy 2003;58:1285–92

18. Koppelman S, Wensing M, Ertmann M, Knulst A, Knol E. 
Relevance of Ara h1, Ara h2 and Ara h3 in peanut-allergic 
patients, as determined by immunoglobulin E Western 
blotting, basophil-histamine release and intracutaneous 
testing: Ara h2 is the most important peanut allergen. 
Clin Exp Allergy 2004;34:583–90

19. Flinterman AE, Ho� en E van, Hartog Jager den CF, Koppel-
man S, Pasmans SG, Hoekstra MO et al. Children with peanut 
allergy recognize predominantly Ara h2 and Ara h6, which 
remains stable over time. Clin Exp Allergy 2007;37:1221–8

20. Niggemann B, Schmitz R, Schlaud M. The high prevalence 
of peanut sensitization in childhood is due to cross-reacti-
vity to pollen. Allergy 2011;66:980–1

21. Vadas P, Wai Y, Burks W, Perelman B. Detection of peanut aller-
gens in breast milk of lactating women. JAMA 2001; 285: 1746–8

22. Sicherer SH, Wood RA, Stablein D, Lindblad R, Burks AW, Liu 
AH et al. Maternal consumption of peanut during pregnan-
cy is associated with peanut sensitization in atopic infants. 
J Allergy Clin Immunol 2010;126:1191–7

23. DesRoches A, Infante-Rivard C, Paradis L, Paradis J, Haddad 
E. Peanut allergy: is maternal transmission of antigens du-
ring pregnancy and breastfeeding a risk factor? J Investig 
Allergol Clin Immunol 2010;20:289–94

24. Leon MP de, Drew AC, Glaspole IN, Suphioglu C, O’Hehir RE, 
Rolland JM. IgE cross-reactivity between the major peanut 
allergen Ara h 2 and tree nut allergens. Mol Immunol 2007;
44:463–71

25. Leon MP de, Glaspole IN, Drew AC, Rolland JM, O’Hehir RE, 
Suphioglu C. Immunological analysis of allergenic cross-re-
activity between peanut and tree nuts. Clin Exp Allergy 
2003;33:1273–80

26. Brough HA, Santos AF, Makinson K, Penagos M, Stephens 
AC, Douiri A et al. Peanut protein in household dust is rela-
ted to household peanut consumption and is biologically 
active. J Allergy Clin Immunol 2013;132:630–8

27. Fox AT, Sasieni P, Du Toit G, Syed H, Lack G. Household 
peanut consumption as a risk factor for the development 
of peanut allergy. J Allergy Clin Immunol 2009;123: 
417–23

28. Lack G, Fox D, Northstone K, Golding J; Avon Longitudinal 
Study of Parents and Children Study Team. Factors associa-
ted with the development of peanut allergy in childhood. 
N Engl J Med 2003;348:977–85

29. Trendelenburg V, Ahrens B, Wehrmann AK, Kalb B, Nigge-
mann B, Beyer K. Peanut allergen in house dust of eating 
area and bed – a risk factor for peanut sensitization? Allergy 
2013;68:1460–2

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

31. De Knop KJ, Verweij MM, Grimmelikhuijsen M, Philipse E, 
Hagendorens MM, Bridts CH et al. Age-related sensitization 
pro� les for hazelnut (Corylus avellana) in a birch-endemic 
region. Pediatr Allergy Immunol 2011;22:e139–49

32. Wohrl S, Vigl K, Zehetmayer S, Hiller R, Jarisch R, Prinz M et 
al. The performance of a component-based allergen-mic-
roarray in clinical practice. Allergy 2006;61:633–9

33. Krause S, Reese G, Randow S, Zennaro D, Quaratino D, Pa-
lazzo P et al. Lipid transfer protein (Ara h 9) as a new peanut 
allergen relevant for a Mediterranean allergic population. J 
Allergy Clin Immunol 2009;124 :771–8.e5

34. Flinterman AE, Knol EF, Lencer DA, Bardina L, Hartog Ja-
ger CF den, Lin J et al. Peanut epitopes for IgE and IgG4 
in peanut-sensitized children in relation to severity of 
peanut allergy. J Allergy Clin Immunol 2008;121:
737–43.e10

35. Shre�  er WG, Beyer K, Chu T-HT, Burks AW, Sampson HA. Mi-
croarray immunoassay: association of clinical history, in vitro 
IgE function, and heterogeneity of allergenic peanut epito-
pes. J Allergy Clin Immunol 2004;113:776–82

Allergo J Int 2014; 23: 152–7  157


