4

EUROPEAN JOURNAL OF ALLERGY :%
AND CLINICAL IMMUNOLOGY EAACI

Allergy

ORIGINAL ARTICLE

IgE recognition patterns in peanut allergy are age
dependent: perspectives of the EuroPrevall study

B. K. Ballmer-Weber', J. Lidholm?, M. Fernandez-Rivas®, S. Seneviratne*, K.-M. Hanschmann®,

L. Vogel®, P. Bures', P. Fritsche', C. Summers’, A. C. Knulst®, T.-M. Le®, I. Reig?,

N. G. Papadopoulos®'?, A. Sinaniotis®, S. Belohlavkova'', T. Popov'?, T. Kralimarkova'?,

F. de Blay', A. Purohit'®, M. Clausen’, M. Jedrzejczak-Czechowcz'®, M. L. Kowalski'®, R. Asero'®,
R. Dubakiene'’, L. Barreales'®, E. N. Clare Mills'?, R. van Ree®® & S. Vieths®

TAllergy Unit, Department of Dermatology, University Hospital, Ziirich, Switzerland; 2Thermo Fisher Scientific, Uppsala, Sweden; Allergy
Department, Hospital Clinico San Carlos,|dISSC, Madrid, Spain; “Department of Clinical Immunology, Royal Free Hospital and University
College, London, UK; Division of Biostatistics, Paul-Ehrlich-Institut; ®Division of Allergology, Paul-Ehrlich-Institut, Langen, Germany;
’Manchester Royal Infirmary, Manchester, UK; ®Department of Dermatology/Allergology, University Medical Center, Utrecht, The
Netherlands; 9AIIergy Department, 2nd Pediatric Clinic, University of Athens, Athens, Greece; 1°Centre for Paediatrics and Child Health,
Institute of Human Development,University of Manchester, Manchester, UK; "Pediatric Department, Faculty Hospital Bulovka, Prague,
Czech Republic; "?Clinic of Allergy & Asthma, Medical University of Sofia, Sofia, Bulgaria; '*Allergy division, Chest disease department,
University Hospital of Strasbourg, Strasbourg, France; '*Department of Allergy, Respiratory Medicine and Sleep,Landspitali University
Hospital, Reykjavik, Iceland; "®Department of Immunology, Rheumatology and Allergy, Faculty of Medicine, Medical University of Lodz,
Lodz, Poland; "®Ambulatorio di Allergologia, Clinica San Carlo, Paderno Dugnano, Italy; ’Medical Faculty Vilnius University, Vilnius, Lithuania;
"8Clinical Epidemiology Unit, Preventive Medicine Department, Hospital Clinico San Carlos, 1dISSC, Madrid, Spain; "®Institute of
Inflammation and Repair and Manchester Institute of Biotechnology, Manchester Academic Health Sciences Centre, The University of
Manchester, Manchester, UK; 2°Department of Experimental Immunology and Department of Otorhinolaryngology, Academic Medical
Center of the University of Amsterdam, Amsterdam, The Netherlands

To cite this article: Ballmer-Weber BK, Lidholm J, Ferndndez-Rivas M, Seneviratne S, Hanschmann K-M, Vogel L, Bures P, Fritsche P, Summers C, Knulst AC,
Le T-M, Reig |, Papadopoulos NG, Sinaniotis A, Belohlavkova S, Popov T, Kralimarkova T, de Blay F, Purohit A, Clausen M, Jedrzejczak-Czechowcz M, Kowalski
ML, Asero R, Dubakiene R, Barreales L, Clare Mills EN, van Ree R, Vieths S. IgE recognition patterns in peanut allergy are age dependent: perspectives of the
EuroPrevall study. Allergy 2015; 70: 391-407.

Keywords Abstract
component-resolved diagnosis; food allergy;

food challenge: peanut: threshold dose. Background: We tested the hypothesis that specific molecular sensitization pat-

terns correlate with the clinical data/manifestation in a European peanut-allergic

Correspondence population characterized under a common protocol.

Barbara K. Ballmer-Weber, Allergy Unit, Methods: Sixty-eight peanut-allergic subjects and 82 tolerant controls from 11 Euro-
Department of Dermatology, University pean countries were included. Allergy to peanut and lowest symptom-eliciting dose
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Zurich, Switzerland lactic subjects. Information of early or late (before or after 14 years of age) onset of
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gens rAra h 1-3, 6, 8-9, profilin and CCD was determined using ImmunoCAP.

Results: Seventy-eight percent of peanut allergics were sensitized to peanut extract
and 90% to at least one peanut component. rAra h 2 was the sole major allergen
for the peanut-allergic population. Geographical differences were observed for
rAra h 8 and rAra h 9, which were major allergens for central/western and
southern Europeans, respectively. Sensitization to rAra h 1 and 2 was exclusively
Edited by: Reto Crameri observed in early-onset peanut allergy. Peanut-tolerant subjects were frequently
sensitized to rAra h 8 or 9 but not to storage proteins. Sensitization to Ara h
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2 > 1.0 kUA/1 conferred a 97% probability for a systemic reaction (P = 0.0002).
Logistic regression revealed a significant influence of peanut extract sensitization
and region on the occurrence of systemic reactions (P = 0.0185 and P = 0.0436,

respectively).

Conclusion: Sensitization to Ara h 1, 2 and 3 is usually acquired in childhood.
IgE to Ara h 2 > 1.0 kU4/I is significantly associated with the development of
systemic reactions to peanut.

Peanut allergy is one of the most important food allergies in
industrialized countries, with prevalence rates estimated to be
1-3% in the UK, USA, Canada and Australia (1-4). Most
data on prevalence of peanut allergy, however, are collected
from selected, mainly Anglo-American paediatric populations.

The EU-funded integrated project EuroPrevall comprised a
multidisciplinary partnership aiming to address major issues
of food allergy in Europe (5). Cohorts representing the main
climatic regions of Europe were established through a birth
cohort (6), a community survey in school children and adults
(7) and an outpatient clinical study (8). We report here data
on peanut allergy elaborated within the outpatient clinical
study and the community survey.

All patients in this study from 12 European allergy centres
underwent a standardized diagnostic workup that comprised
assessment of sensitization to peanut extract and inhalant
allergens and confirmation of clinical reactivity by means of
standardized double-blind placebo-controlled food challenges
(DBPCFC) (9) or by means of a consistently recorded case
history of anaphylaxis to peanut. A number of recent studies
have used purified allergen components to study IgE anti-
body responses in peanut-allergic subjects in order to
improve diagnostic sensitivity and refine the correlation
between in vitro diagnosis and clinical parameters (10-17). In
our present study, the highly characterized population
described above and appropriate control subjects were used
to evaluate routine and molecular diagnostic approaches by
means of single peanut allergens (rAra h 1, rAra h 2, rAra h
3, rAra h 6, rAra h8, rAra h 9, profilin and CCD), and to
compare such results with the severity of the clinical
response, the amount of peanut eliciting allergic reaction
(threshold dose), the geographical origin and age of the
patients. In summary, we tested the hypothesis that allergen-
specific IgE testing will lead to an improved sensitivity and
specificity of peanut allergy diagnosis and that specific sensiti-
zation patterns will correlate with the clinical data/manifesta-
tion in an European peanut-allergic population.

Design and methods
Study design and subjects

Twelve allergy clinics in Bulgaria (BG, Sofia), Czech Repub-
lic (CZ, Prague), France (FR, Strasbourg), Greece (GR, Ath-
ens), Iceland (IS, Reykjavik), Italy (IT, Milan), the
Netherlands (NL, Utrecht), Poland (PL, Lodz), Lithuania
(LT, Vilnius), Spain (ES, Madrid), Switzerland (CH, Ziirich)
and UK (Manchester) participated in this prospective multi-

centre study. LT did not contribute patients fulfilling the
inclusion criteria and was not considered for further analysis.
The clinical part of the study took place between 2006 and
2009. The study was approved by each centre’s local ethical
committee, and all patients gave written informed consent
before entering the study.

In total, 150 individuals were included into the study. All
patients underwent the same clinical evaluation, including an
extensive interview (such as on age at the primary manifesta-
tion of peanut allergy, last allergic reaction, type of reaction)
using a standardized questionnaire, specifically developed for
the EuroPrevall study (8). Serum samples of the included
patients were stored at —20°C and sent to the Paul-Ehrlich-
Institut (Langen, Germany) for further analysis.

Eighty-eight patients were recruited within the cross-sec-
tional study of EuroPrevall in an outpatient clinic popula-
tion. Of these, 48 were included after volunteering for a
DBPCEFC for which they were selected on the basis of a sug-
gestive case history of an allergic reaction to peanut, that is
the development of symptoms to peanut within two hours
after ingestion. The remaining 40 patients were included on
the basis of a case history of an anaphylactic reaction,
defined as severe life-threatening reaction such as drop of
blood pressure, severe bronchospasm, or laryngeal oedema
within two hours after ingestion of peanut (18) without per-
forming a food challenge. Inclusion was subject to a prior in-
tercentre review process at three different sites (Madrid by
Montserrrat Fernandez-Rivas, Utrecht by Andre Knulst and
Ziirich by Barbara Ballmer-Weber) and was accepted without
food challenge if all three centres agreed. In 17 patients, ana-
phylactic reaction to peanut occurred within the last year, in
five within 2 years, in five between 2-5 years and in the
remaining over 5 years before inclusion into the study. In
addition, six patients from the EuroPrevall community sur-
veys in adults and school-age children (7) were selected for
DBPCFC on the basis of a positive case history and sensiti-
zation to peanut. Final inclusion criteria for the group of
peanut-allergic patients were a positive DBPCFC or a case
history of anaphylaxis. Forty-four atopic controls were
recruited from CH (n = 10), GR (n = 12), NL (» = 11) and E
(n=11) and 12 nonatopic controls from NL (n =5) and E
(n = 7). The atopic controls had a convincing history of pol-
len allergy with a positive SPT and/or positive sIgE test to
relevant pollen allergens and were tolerant to peanuts. The
nonatopic controls had no history of pollen or food allergy
and negative skin prick tests (SPT) and/or sIgE tests to a
panel of food and inhalant allergens (see also fig. 7 in the
online repository).
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Food challenges

Double-blind placebo-controlled food challenge was per-
formed according to a common, harmonized protocol and
consisted of the patient ingesting increasing doses of a food
matrix with or without [placebo] the addition of peanut. The
matrix consisted of the EuroPrevall chocolate dessert (9),
except for the top dose of peanut which was delivered in a
chocolate bar to maintain blinding. Challenges were per-
formed in nine steps at an interval of 20 min, starting with
3 pg of peanut protein and progressing to a cumulative dose
of 4.43 g of peanut protein as recently described by Mackie
et al. (19). The active and placebo challenges were performed
about 1 week apart. Twenty symptoms were monitored and
classified as either objective (blister of the oral mucosa, rhini-
tis, conjunctivitis, flush, urticaria, cough, angio-oedema, eme-
sis, diarrhoea, laryngeal oedema, bronchospasm, drop of
blood pressure, shock), or subjective (oral allergy syndrome
(OAS), defined as itch restricted to the oral cavity), localized
pruritus of skin, generalized pruritus, dysphagia, nausea, gas-
tric pain and/or burning and dyspnoea). The challenge proce-
dure was stopped if the patient developed either objective
(externally observable) symptoms or reported severe and/or
persistent (lasting >45 min) subjective symptoms. The cumu-
lative dose of peanut inducing such symptoms, that is the
lowest observed adverse effect level (LOAEL) (20), was cal-
culated for each patient. As long as no objective or severe
subjective symptoms occurred, the challenge continued until
all doses were consumed.

Specific IgE measurements

For all patients and controls, serum IgE to peanut, timothy
grass pollen, birch pollen, rAra h 1, rAra h 2, rAra h 3, rAra
h 8, rAra h 9, rPhl p 12 (profilin) and CCD was determined
by ImmunoCAP tests (Thermo Fisher Scientific, Uppsala,
Sweden). IgE to rPru p 3 was determined for all patients with
a positive case history of peanut allergy. IgE to rAra h 6 was
analysed using experimental ImmunoCAP tests prepared as
described (21, 22). All IgE measurements were carried out on
an ImmunoCAP 250 instrument at the Paul-Ehrlich-Institut
and IgE values >0.35 kU 4/l were regarded as positive.

Statistics

Geographical differences between the four climatic regions
with respect to sensitization to individual peanut allergens,
correlations between sensitization and systemic reactions and
differences in sensitization pattern between early- and late-
onset groups (first manifestation of peanut allergy before or
after 14 years of age) were analysed with Fisher’s exact test.

A logistic regression model was applied with clinical sever-
ity (occurrence of systemic reactions) as dependent variable
and sex, age at onset of peanut allergy (younger/older than
14 years), geographical region (eastern (BG, CZ, PL), north-
ern (IS, UK), southern (IT, ES, GR), western/central (F, CH,
NL) Europe) and sensitization to peanut components (below/
above threshold 0.35 kU /1) as independent variables.

Peanut allergy in Europe

Results
Patients’ characteristics and food challenges

Hundred and fifty patients from the EuroPrevall allergy cen-
tres were enrolled in this study. Twenty-eight patients (15
males, 13 females, age 28 + 12 years) were included on the
basis of a positive DBPCFC (DBPCFC+ve); 26 patients (9
males, 17 females, age 29 + 10 years) passed DBPCFC with-
out symptoms and were included as tolerant but history-posi-
tive controls; 40 patients (14 males, 26 females, age
21 + 10 years) passed intercentre review processing and were
included as anaphylactic patients. Furthermore, 44 atopic
controls with a history of peanut tolerance and 12 nonatopic
controls were analysed. In 18 DBPCFC+ve patients (64%)
and in 30 anaphylaxis patients (75%), the onset of peanut
allergy was before their 14th birthday (< 13 years), at
4 + 3 years (average +SD) in both groups. Ten
DBPCFC+ve patients and 10 anaphylaxis patients acquired
peanut allergy after their 14th birthday (=14 years), at
25 + 8 years and 20 + 7 years, respectively. The 68 peanut-
allergic patients were recruited in BG (n=4), CZ (n =4),
FR n=3), GR (n=4), IS n=2), IT (n=2), NL (n=15),
PL (n=1), ES (n=3), CH (n=17) and UK (n = 23). The
patients were grouped into four European regions: northern
Europe (IS, UK, n = 25), western/central Europe (F, CH,
NL, n = 25), eastern Europe (BG, CZ, PL, n = 9) and south-
ern Europe (IT, ES, GR, n =9).

Twenty-five of the 28 DBPCFC+ve patients (89%)
reported OAS as an initial symptom under challenge and 13
of these (52%) additionally developed a systemic reaction.
Table 1 summarizes the clinical reactivity in response to
DBPCFC with peanut and the cumulative dose of ingested
peanuts leading to subjective or objective symptoms (lowest
observed adverse effect level, LOAEL). Methods and more
information on LOAEL values in peanut-allergic patients will
be published elsewhere.

Sensitization to peanut extract and individual allergens

Tables 2-3 (see online repository) summarize the IgE results
of DBPCFC+ve and anaphylactic patients, their age at inclu-
sion into the study and at onset of peanut allergy. Table 4
(see online repository) provides the corresponding informa-
tion for the peanut-tolerant controls, who had a positive case
history of peanut allergy but a negative challenge. Figure 1
shows the percentage of patients and challenge-negative but
history-positive controls with sensitization to extract and
components and Fig. 2 the concentrations of specific IgE
antibodies. The overall sensitivity of IgE measurement to
peanut extract in all allergic patients was 78%.

Among the 15 peanut-allergic patients without detectable
IgE to peanut extract, five were sensitized to rAra h 8, three
to rAra h 9, one to rAra h 3, whereas seven were negative to
all components tested. Thus, the inclusion of rAra h 8, rAra
h 9 and rAra h 3 into the serological investigation of peanut-
allergic patients increased the sensitivity to 90%.

rAra h 2 was recognized by IgE of 56% of the peanut al-
lergics and was therefore the sole major allergen among these

Allergy 70 (2015) 391-407 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 393



Peanut allergy in Europe

Table 1 Symptoms under DBPCFC and lowest observed adverse
effect level (LOAEL) for objective and subjective symptoms

LOAEL LOAEL

Symptoms subjective objective
Patient ID (DBPCFC) (ug protein) (ng protein)
610183* OAS. AE, F, C, G, 33.333 433.333
610195* OAS, AE, U, F, C, 3.333 1433.333

Dph, G, Lpru
610223 OAS 0.033
610262* OAS, AE, BI 33.333 33.333
610266* OAS, AE 0.003 4283.333
610271 OAS 4433.333
610279 OAS 433.333
610309* OAS, tght, C, G, N 0.333 0.633
710083* OAS, erythema, E 4323.333 4323.333
710157 OAS, BI, perioral 33.333 883.333

erythema
2010002 OAS 4433.333 no
2010069* OAS; BIl, AE 0.003 33.333
2010102* OAS, U, F, G, N 0.003 0.033
2010160 OAS 0.333 no
2010209 OAS 0.333 no
3810088 OAS 3.333 no
4710161% OAS, U, C, G 0.333 433.333
4810055* OAS, F 133.333 133.333
610012 OAS 33.333 no
610078 OAS 433.333 no
610301 OAS 433.333 no
710134* U 4433.333 no
3210255* U, AE, G no 433.333
3710114* AE, G, itching 433.333 433.333
3710134 OAS 1433.333 1433.333
4510001 OAS 3.333 no
4710154 OAS 0.333 no
4810002 OAS 3.333 no

LOAEL, lowest observed adverse effect level; subj, subjective; obj,
objective; AE, angioedema; B, blisters of oral mucosa; C, conjuncti-
vitis; E, emesis; Dph, dysphagia; F, flush; G, gastrointestinal pain;
Lpru, localized pruritus of the skin; N, nausea; OAS, oral allergy
syndrome; tght, tightness of the chest; U, urticarial.

*Patients with systemic reaction

European patients. Of the 30 rAra h 2-negative patients with
peanut allergy, two were sensitized to rAra h 1 and two to
rAra h 3. All patients sensitized to rAra h 6 were also sensi-
tized to rAra h 2 and the concentrations of IgE to Ara h 2
and Ara h 6 were strongly correlated (r = 0.861, Fig. 3). We
observed statistically significant differences between anaphy-
lactic and DBPCFC+ve patients in regard to concentration
of IgE to peanut extract (median value 7.4 kUx/l vs 0.7
kU/l; P =0.0009) and rAra h 2 (median value 3.9 kU4/I vs
0.3 kU/I; P =0.0283).

Higher level of IgE to rPru p 3 than to rAra h 9

rAra h 9 was recognized by IgE of 27% of the peanut aller-
gics and rPru p 3 by 37%. All patients with IgE to rAra h 9

Ballmer-Weber et al.

were also positive to rPru p 3 and the concentrations of IgE
were on average three times higher (P < 0.0001) to rPru p 3
than to rAra h 9 (correlation: r = 0.758, Fig. 4). Only two al-
lergics displayed higher levels of IgE to rAra h 9 than to rPru
p 3.

Sensitization profile in atopic and nonatopic controls

All nonatopic controls tested negative to peanut extract and
peanut components. Ten of 44 atopic controls (23%) with
the history of peanut tolerance were sensitized to peanut
extract. The sensitization comprised sIgE to rAra h 8 (n = 3,
7%), tAra h 9 (n =1, 2%), profilin (n =4, 9%) and CCD
(n =3, 7%). In addition, 4 atopic controls without detectable
IgE to peanut extract were sensitized to rAra h 8 and one to
profilin. Of the 26 controls with the history of peanut allergy
but negative challenge (Table 4), 14 (54%) were sensitized to
peanut extract. This sensitization was due to sIgE to rAra h
9 (m=9,64%), rAra h 8 (n =2, 14%) and to profilin (n = 3,
21%). In six of the 12 subjects of this control group, with no
detectable IgE to peanut extract, three were sensitized to
rAra h 8 and three to rAra h 9. No IgE to the peanut stor-
age proteins or to CCD was detected in any of the peanut-
tolerant controls, with or without the history of peanut
allergy.

Geographical differences in sensitization pattern

Table 5 summarizes the sensitization pattern of patients from
the four geographical regions to the extract and the single
components. Particularly, prominent differences were
observed for sensitization to rAra h 9, which was significantly
higher in southern Europe than in other parts of Europe and
for rAra h 8, which was highest in western/central Europe
(52%).

Age dependency of the sensitization pattern to peanut
allergens

Figure 5 summarizes the prevalence of sensitization to peanut
components in peanut-allergic patients (anaphylaxis and
DBPCFC+ve) who acquired peanut allergy before (early
onset, n = 48) or after (late onset, n = 20) their 14th birth-
day. All patients with late-onset peanut allergy were negative
for all peanut storage proteins except one patient with sensiti-
zation to rAra h 3. Eighty-five per cent of patients with
early-onset peanut allergy had elevated sIgE to peanut stor-
age proteins. Differences in sensitization to peanut storage
proteins between early- and late-onset patients were statisti-
cally significant for patients with anaphylaxis as well as for
those with a positive DBPCFC (P <0.01 and P < 0.05,
respectively). Furthermore, prevalence of positive IgE mea-
surement to peanut extract was significantly lower in late-
onset peanut allergy than in early-onset allergy (45% vs
92%, P <0.0001). This was particularly evident in
DBPCFC+ve patients with late-onset allergy, among which
sensitization to peanut extract was detected only in 20%. In
60% of these latter patients (n = 10), however, IgE specific to
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€y - < individual peanut components was detectable. IgE to peanut
Sl —-mo it i i
2slssdsg o extr.act was positive in 70% of late-on§et anaphylactic
ooV ® © patients (n = 10), whereas 90% of these patients had IgE to
at least one of the peanut components tested.
S| = ;r)_ N
< © o O N OO O O
o s |V ™ < V Vo Lo . .
5 > Are there any predictive parameters for systemic reactions to
peanut?
e - o o All patients with a history of anaphylaxis to peanut and the
2l-cdcScszoo 5 13 patients with objective symptoms under DBPCFC such as
urticaria, flush, angio-oedema, gastrointestinal or respiratory
c symptoms were included into the group of patients with sys-
£l == — - temic reactions. Systemic reactions were observed more fre-
= o O O O O O O : H 0, 0,
a|VvVVVVVV~=— quently in the northern and eastern regions (96% and 89%,
respectively) than in the southern and western/central regions
o - (67% and 60%, respectively). No pairwise comparisons were
Slgeeooece performed because of statistical limitations due to the rela-
tively low number of patients per region. Logistic regression
o revealed a significant influence of peanut extract sensitization
pall IRV - < and region on the occurrence of systemic reactions
= — — O O O W O .
< V.V Vv © (P =0.0185 and P = 0.0436, respectively). Gender, age at
onset of peanut allergy and sensitization to peanut compo-
ﬁ nents (>0.35 kU,/1) all showed no influence on clinical sever-
clSSh2SSo ity (P> 0.05). However, a level of IgE to rAra h
LV Veoo vV 2> 1.0 kUa/l conferred a 97% probability for a systemic
reaction (P = 0.0002; Fisher’s exact test) (Fig 6).
o | @ . . . . Lo
Cloooo oo The risk of developing systemic reactions was significantly
[eleNeNeNeiNelNe) . o .
© VvV V.V higher for peanut extract-sensitized patients (=0.35 kU,/l)
< than for nonsensitized patients (odds ratio (OR): 16.7; 95%
confidence interval: 1.6 — 167, P = 0.0185). Results for global
Clo s S S oo and univariate regression logistic modelling, the odds ratios,
S oo oo oo . .
g VvV VvV their 95% confidence intervals and the P values are summa-
rized in Table 6 (online repository).
- o - For rAra h 2-sensitized patients (=0.35 kUx/l), the risk
2 SSSSSSo was inf:reased, although not significantly (OR 2.6; 95% confi-
g v vV dence interval: 0.4-17.5; P = 0.3219).
- - « - Comparison of threshold dose and sensitization pattern
€ |locooooooo
g VvV VY The threshold dose of peanut eliciting symptoms during chal-
lenge (LOAEL) among the 28 DBPCFC+ve patients (18 early
0 — ~ o onset, 10 late onset) was analysed in relation to their quanti-
g S5S2 % p o tative IgE test results. Some patients with higher level of IgE
5 to rAra h 2 (or extract) showed lower LOAEL for subjective
symptoms and vice versa, but no clear correlation could be
- detected (Spearman’s rank correlation coefficient: -0.077 and
© K
o 3 -0.135, respectively). The same was observed for IgE level to
O c|© ©OwWwos o . . T
<o | =-—-®—=d rAra h 2 or extract and LOAEL for ‘any (i.e. subjective and
objective) symptoms’ (correlation: -0.195 and -0.264, respec-
s tively).
T 0
o =2
_ | E]Q erg . .
3 Discussion
=}
% Y9N8 This study represents a comprehensive CRD analysis quanti-
8 o 8885 § g 5|9 fying IgE concentration to peanut allergens by the Immuno-
™ - 18383352 é = CAP method in 150 European individuals recruited within
‘j: .é X ¥x¥x9 § @ ﬁool two EuroPreyall cohorts, the outpatient clinica.I study (8) an.d
- a H the community survey (7). The full data set is presented in
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Figure 1 Percentage of patients and controls with sensitization to
peanut extract and to the different components in peanut-allergic
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[ Anaphylactic (n = 40)
DBPCFC positive (N = 28)
[ Tolerant (n = 26)

patients (DBPCFC+ve plus anaphylaxis patients) and in tolerant
controls with a negative DBPCFC but a positive case history.
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Figure 2 Concentration of IgE antibodies (kUp/l) to extract and to
different components in peanut-allergic patients (A: DBPCFC+ve

detail in Tables 2—4. Sixty-eight patients with a confirmed
peanut allergy were included, 48 of whom acquired the dis-
ease before and 20 patients after the age of 14. The popula-
tion comprised 13 children (aged <I4 years) and 55
adolescents or adults (aged >14 years). A subgroup of the
study population appeared to have not a primary but a pol-
len-related (PR-10) or LTP-related peanut allergy, with their
IgE response directed to cross-reactive peanut protein present
in low amounts in peanut extract. Some patients with such a
cross-reactive sensitization tested negative to peanut extract.
The overall sensitivity of IgE measurement to peanut extract

Allergy 70 (2015) 391-407 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Peanut tolerant (n = 26)

plus anaphylaxis patients) and in controls with a negative DBPCFC
but a positive case history (B).

was 78% in this study, indicating that almost one quarter of
mainly adult European peanut-allergic patients may be
missed by conventional testing with peanut extract. Similar
results with a sensitization rate to peanut extract of 80%
were obtained in challenge-positive children from the UK
with a mean age of 7 years (23). In contrast, 96% of a popu-
lation of peanut-allergic paediatric patients from the United
States showed positive IgE test results to peanut extract (24).

Sera of all patients and controls in this study were analy-
sed for IgE to the majority of peanut allergens identified so
far, including the four storage proteins, rAra h 1 (7S globu-
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Figure 3 Concentration of IgE antibodies (kUa/l) to rAra h 2 and rAra h 6 in peanut allergics (DBPCFC+ve and anaphylaxis) and in tolerant

but history-positive controls.
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Figure 4 Concentration of IgE antibodies (kUa/l) to rAra h 9 and to rPru p 3 in peanut allergics (DBPCFC+ve and anaphylaxis) and in tolerant

but history-positive controls.

lin), rAra h 2 and 6 (2S albumins) and rAra h 3 (11S globu-
lin), as well as rAra h 8 (Bet v 1 homologue or PR-10 pro-
tein), rAra h 9 (lipid transfer protein, LTP) and additionally,
IgE to profilin (rPhl p 12) and cross-reactive carbohydrate
determinants (CCD). For reasons of availability, relevance or
redundancy, no measurements of IgE to Ara h 7, a low-
abundant 2S albumin related to Ara h 2 and Ara h 6 (25),
Ara h 4, reclassified by the WHO/IUIS Allergen Nomencla-
ture Subcommittee as an isoform of Ara h 3 (26), and peanut
oleosins Ara h 10 and Ara h 11 (27,28) were performed. The
use of molecular allergens in this study population led to an
increase in diagnostic sensitivity from 78% to 90%, mostly

400

due to rAra h 8 and rAra h 9 and less prominently to rAra h
3.

The frequency of sensitization to rAra h 2 and rAra h 6
among the patients studied here was 56% and 50%, respec-
tively, making peanut 2S albumins the only major allergen for
these European patients. This finding is consistent with those
of several other studies (10, 11, 14-16). Concentrations of IgE
to rAra h 2 and rAra h 6 correlated strongly in this study
(Fig. 3). Even though a recent case report described a patient
with an isolated sensitization to Ara h 6 (29), our results show
such an extensive overlap in IgE reactivity to these two 2S
albumins that Ara h 6 appears not to be an essential part of

Allergy 70 (2015) 391-407 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Table 5 Prevalence of sensitization to peanut extract and components in different climatic regions in the peanut allergic population

All patients North West/Central East South
n =68 (%) n=25 (%) n=25 (%) n=9(%) n=9(%) P-value*
Allergens (sIgE >0.35 kU/I)

peanut extract 78 80 84 56 78 0.3838
rAra h 1 44 52 56 22 11 0.0505
rAra h 2 56 64 56 56 33 0.4971
rAra h 3 25 32 32 0 11 0.1495
rAra h 6 50 60 48 44 33 0.5758
rAra h 8 34 28 52% 33 0 0.0286
rAra h 9 26 24 12 33 67t 0.0159
Profilin 16 16 24 1 0 0.4852
CCD 10 8 16 11 0 0.7865
>1 component 90 96 92 56 100 0.0140

* P-values for comparison of overall differences among all 4 climatic regions, Fisher's exact test.
Significant differences (P-values adjusted for multiple comparisons according Bonferroni-Holm) between single climatic regions.
tMarks significant differences between West/Central vs South, placed at the highest value.

the component-based diagnostic work-up in peanut allergy.
Being available for IgE testing in any routine laboratory,
rAra h 2 is clearly the most important screening tool for the
detection of sensitization to peanut storage proteins.

While sensitization to multiple peanut storage proteins has
been linked to higher probability of symptoms (10, 30), mea-
surement of IgE to rAra h 1 and rAra h 3 does not contrib-
ute significantly to diagnostic sensitivity, and in the present
study, only four peanut-allergic patients were sensitized to
rAra h 1 or rAra h 3 in the absence of IgE to rAra h 2. Our
finding of a high rate of co-sensitization to rAra h 1 and
rAra h 3 in rAra h 2-positive patients might to some extent
be explained by the presence of IgE-binding peptides with
similar sequences in these three otherwise nonhomologous
peanut allergens (31), potentially conferring some degree of
cross-reactivity.

Most importantly, all of the 70 atopic controls, with or
without the history of peanut allergy, and the nonatopic con-
trols were negative to all four peanut storage proteins tested.
Thus, sensitization to storage proteins was 100% specific for
clinical peanut allergy in this study. Similar results have been
published recently. In French patients with peanut allergy, a
cutoff level of sIgE to Ara h 2 of 0.29 kU L/l was 100% spe-
cific for peanut allergy (10), whereas cutoff levels of
1.63 kUA/l in a Danish population (11) and 0.55 kU 4/l in a
British population (14) were required to obtain a specificity
of 100%.

Of the 40 patients with a history of anaphylactic reactions
to peanut, two were negative to all allergen components
tested, and four had detectable IgE only to components unli-
kely to cause severe reactions (3/40 to Ara h 8 und 1/40 to
profilin). We speculate that peanut oleosin (27, 28, 32), which
was not included in our allergen panel, may have caused the
severe reactions in these patients. Most importantly, sensiti-
zation to storage proteins is not a prerequisite to develop an
anaphylactic reaction.

A particularly important finding in this study was that the
vast majority of the patients (85%) with early-onset peanut

Allergy 70 (2015) 391-407 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

allergy were sensitized to storage proteins, whereas all but
one patient with a late-onset peanut allergy were negative to
all four storage proteins. Patients in the latter group were
instead predominantly sensitized to peanut components
cross-reactive to pollen (e.g. Ara h 8) or plant-derived food
(Ara h 9). Our results indicate that sensitization to storage
proteins mainly occurs in childhood and is rarely acquired in
adolescence and adulthood. These findings promote the spec-
ulation that an affected intestinal barrier and an increased
intestinal permeability as observed in young children geneti-
cally predisposed to allergic diseases are prerequisites for the
onset of sensitization towards storage proteins.

We observed significant differences in the sensitization pat-
tern of the atopic controls, depending on the presence or
absence of a positive case history of peanut allergy. Of those
with a positive case history and a negative challenge, 77%
were sensitized to peanut extract and/or components, as com-
pared to only 23% of the controls with a reported tolerance
to peanut. Among the DBPCFC-negative controls with a his-
tory of peanut allergy and sensitization to peanut extract
and/or components, IgE to rAra h 9 was detected in 60%
and to rAra h 8 in 25%. It is possible that these individuals
have previously been peanut allergic but unknowingly devel-
oped tolerance, that they suffer from other food allergies and
falsely perceive allergy also to peanut, or that they need a co-
factor to trigger the allergic reaction.

Even though allergic symptoms to peanut are associated
with isolated sensitization to Ara h 8§ or Ara h 9 in many
patients across Europe, the majority of individuals sensitized
to these allergens tolerate peanut. In our study population,
IgE antibodies to LTP were present in 27% of all peanut-
allergic patients and in 19% of all atopic controls. Thus, sen-
sitization to rAra h 9 or Ara h 8 did not discriminate between
peanut-allergic and tolerant subjects in this study. In the
absence of other diagnostic criteria, IgE to Ara h 8 or Ara h
9 is therefore not predictive of clinical reactivity to peanut.

All subjects with IgE to rAra h 8 were positive to birch
pollen extract, and all subjects with sIgE to rAra h 9 were
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Figure 5 Age dependency of sensitization pattern to peanut extract and to peanut components in anaphylactic patients (A) and in

DBPCFC+ve patients (B). *< 0.05; **<0.01; ***<0.001

positive to rPru p 3. The IgE concentrations were signifi-
cantly higher to rPru p 3 than to rAra h 9 (P < 0.0001) in all
but five patients, three of which were peanut tolerant. Our
findings suggest that primary sensitization to LTP had in

402

most cases been induced by peach and that IgE binding to
peanut LTP occurred due to cross-reactivity with Pru p 3.
Similar findings have been published for patients with hazel-
nut allergy and IgE to Cor a 8, the LTP of hazelnut (33).

Allergy 70 (2015) 391-407 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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History of peanut allergy

P

no

yes

v v

Atopic background?

Anaphylactic reaction to peanut?

yes no yes no
DBPCFC
Positive Negative
\ v \’ A
Peanut allergic Peanut allergic Tolerant but history Tolerant and history Nonatopic
(anaphylaxis) (DBPCFC positive) positive control negative control control
n=40 n=28 n=26 n=44 n=12
Figure 7 Flow chart for the grouping of patients and controls.
To compare the sensitization pattern across Europe, we NL), eastern Europe (BG, CZ, PL) and southern Europe
attributed our patients to four climatically different regions: (IT, ES, GR). Significant differences were only detected
northern Europe (IS, UK), western/central Europe (F, CH, between western/central Europe and southern Europe. As a
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Table 6 (a) Global logistic regression model for systemic reactions (n = 68 subjects) sensitization against extract, (b) Univariate logistic
regression model for systemic reactions (n = 68 subjects), (c) Global logistic regression model for systemic reactions (n = 68 subjects), sen-

sitization against rAra h 2

Effect Comparison OR 95% ClI P value
(a)
Gender female vs male 2.068 0.420-10.174 0.3714
Age group <14 years vs >14 years 1.867 0.268-12.983 0.5282
Region East vs West/Central 32.884 1.403-770.812 0.0436
North vs West/Central 39.374 2.435-636.730
South vs West/Central 1.880 0.212-16.688
Extract >0.35 vs <0.35 16.667 1.605-166.67 0.0185
Effect Comparison N OR 95% CI P value
(b)
Gender female vs male 68 1.742 0.549-5.522 0.3461
Age group <14 years vs >14 years 68 2.692 0.818-8.866 0.1034
Region East vs West/Central 34 5.333 0.575-49.477 0.5684
North vs West/Central 50 15.995 1.855-137.888 0.0572
South vs West/Central 34 1.333 0.269-6.606 0.1704
Extract >0.35 vs <0.35 68 4.926 1.393-17.544 0.0134
Effect Comparison OR 95% ClI P value
(c)
Gender female vs male 2.417 0.546-10.696 0.2448
Age group <14 years vs >14 years 2.362 0.276-20.237 0.4328
Region East vs West/Central 7.498 0.636-88.384 0.0693
North vs West/Central 14.646 1.681-135.686
South vs West/Central 2.010 0.212-14.531
rArah 2 >0.35 vs <0.35 2.611 0.391-17.544 0.3219

consequence of the overall high sensitization rate to birch
pollen in western/central Europe (34), rAra h 8 was the
major allergen for peanut-allergic patients from France, Swit-
zerland and the Netherlands. In contrast, rAra h 9 was the
major allergen in peanut-allergic patients from Spain and
Greece.

These findings are consistent with a retrospective analysis
of paediatric subjects from the United States, Spain and Swe-
den. Sensitization to one or more of the peanut storage pro-
teins was more prevalent in Swedish and US children (up to
74% and 90%, respectively), whereas children from Spain
were primarily sensitized to Ara h 9 (60%) (17).

To identify risk factors for systemic reactions in our pea-
nut-allergic population, a logistic regression model was
applied with clinical severity as dependent variable (incidence
of systemic reactions) and sex, age at onset of peanut allergy
(younger/older than 14 years), geographical region and sensi-
tization to peanut extract or components (below/above
threshold 0.35 kUa/l) as independent variables. Logistic
regression revealed a significant influence of peanut extract
sensitization and region on the occurrence of systemic reac-
tions (P = 0.0185 and P = 0.0436, respectively). Gender or
age at the onset of peanut allergy showed no influence on
clinical severity (P > 0.05). Furthermore, the severity of clini-
cal reactions was not associated with the presence of IgE

(>0.35 kU /1) to any of the single peanut components tested.
This was also true for rAra h 2 sensitization (>0.35 kU4/I)
which was not indicative of the type of clinical manifestation.
Thus, our results are in line with other studies where a
dichotomous readout (positive or negative) of sIgE to rAra h
2 correlated with the presence or absence of peanut allergy
but not with the severity of clinical manifestations (10, 11,
14). However, at a level of sIgE >1.0 kU /1 to rAra h 2, there
was a 97% probability (P = 0.0002) for a systemic reaction
among our peanut-allergic subjects. Hence, while the mere
presence of detectable IgE to rAra h 2 was not in itself pre-
dictive of a severe reaction phenotype in this population, sys-
temic reactions to peanut occurred almost invariably in
subjects with high concentrations of IgE to rAra h 2. Apart
from Ara h 6, which appeared highly cross-reactive with Ara
h 2, this was not the case for any of the other peanut compo-
nents in this study.

The expected (negative) correlation between the lowest
symptom-eliciting dose of peanut protein (LOAEL) and the
sensitization pattern (regarding rAra h2 or peanut extract)
was only barely detectable.

In summary, we report a study of molecular sensitization
patterns in a large and well-characterized peanut-allergic
population representing different European regions and in
peanut-tolerant atopic and nonatopic controls. Our findings
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point towards a higher sensitivity for the CRD approach
as compared to peanut extract, underline the importance of
IgE to storage proteins, particularly Ara h 2 for the diag-
nosis of clinical peanut allergy, and indicate that the most
commonly occurring sensitization to peanut proteins in
individuals who tolerate peanut is directed to Ara h 8 and
Ara h 9. According to our results, sensitization to storage
proteins is usually not acquired in adolescent and adult
patients. Peanut components cross-reactive with pollen or
fruit (peach) were also identified as the main IgE-binding
components in subjects with late-onset peanut allergy
(>14 years). In a broader perspective, the study illustrates
how allergy to a particular food may vary both within and
between geographical regions in regard to characteristics
and origin of sensitization, demonstrating that the use of
diagnostic tools and the interpretation of laboratory results
need to be locally adapted. A potential drawback of our
study is that we did not have ethical approval to challenge
the patients with an anaphylactic reaction to peanut. How-
ever, this particular group of patients has been included in
a predefined careful review process performed in three cen-
tres with particular experience in food allergy on the crite-
rion of a severe life-threatening reaction.

The uniqueness of the study is reflected by the following
facts:

1 Patients were prospectively recruited on the sole criterion
of a history of peanut allergy and were not preselected on
the presence of IgE to peanut which might affect the out-
come of CRD analysis.

2 Patients recruited into this multicentre study underwent a
completely harmonized diagnostic procedure.

3 This is the first study reporting a comprehensive pan-
European characterization of peanut allergy demonstrat-
ing differences in sensitization pattern to peanut allergens
and a significant impact of region on the severity of mani-
festation.

4 This study included children and adults and demonstrated
a potential age dependency on the acquisition of sensitiza-
tion to peanut storage proteins.

5 This is the first study suggesting that levels of IgE to Ara
h 2 are indicative for the severity of the clinical response.
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