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Abstract

Background: Peanut allergy develops after primary sensiti-
zation to peanut allergens and/or IgE cross-sensitization
with homologous allergens from various plants. Therefore,
heterogeneous patterns of sensitization to individual pea-
nut allergens are observed in different countries. The aim of
this study was to examine the IgE sensitization patterns of
Austrian peanut-allergic patients. Methods: Sera from 65
peanut-allergic patients and 20 peanut-tolerant atopics
were obtained in four Austrian allergy clinics. Sensitization
patterns against peanut allergens Ara h 1-3, 6, 8 and 9 were
identified by ImmunoCAP and ImmunoCAP ISAC. Results:
Austrian peanut-allergic patients were sensitized to Ara h 2
and 6 (71%), followed by Ara h 1 (62%), Ara h 8 (45%), Ara h
3 (35%) and Ara h 9 (11%). All sera containing Ara h 2-spe-
cific IgE were also positive for Ara h 6, with Ara h 6-specific
IgE levels significantly (p < 0.05) higher compared with Ara
h 2. Twelve percent displayed IgE reactivity exclusively to Ara
h 8. Peanut extract and Ara h 8 showed low diagnostic spec-

ificities of 25 and 10%, respectively. The other peanut aller-
gens showed 100% specificity. Diagnostic sensitivities deter-
mined by ImmunoCAP ISAC and ImmunoCAP were highly
similar for Ara h 2, 3 and 8. Conclusions: The majority of
symptomatic peanut-allergic patients are sensitized to Ara h
2 and Ara h 6. In peanut-symptomatic patients with addi-
tional birch pollen allergy, other peanut allergens, especially
Ara h 8, should be tested when IgE reactivity to Ara h 2 is ab-
sent. ©2015 S. Karger AG, Basel

Introduction

By using component-resolved diagnosis (CRD) het-
erogeneous patterns of sensitization to peanut allergens
have been reported across different areas of the world.
Furthermore, marked differences in the allergen recogni-
tion profiles could be related to distinct clinical manifesta-
tions of peanut allergy. The peanut seed storage proteins
Arah1,Arah2,Arah3and Arah 6 arelargely recognized
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as the major allergens in patients who are primarily sensi-
tized to peanut. Among them, Ara h 2 has been described
as the most important peanut allergen, with a sensitization
rate of 42-100% depending on the study population,
whereas the sensitization rate to Ara h 1 and Ara h 3 is
lower, in the range of 30-80 and 16-61%, respectively [1-
6]. The diagnostic value of Ara h 6, which has only recent-
ly become available on ImmunoCAP ISAC, has been
shown to be equivalent to Ara h 2 with a positive predic-
tive value of 95% [7]. Although only Ara h 2 is considered
as a predictor of clinical reactivity to peanut [8-10], poly-
sensitization to Ara h 2 and Ara h 1 and/or Ara h 3 ap-
peared to be predictive of more severe reactions [11-13].

Ara h 8, a homologue of the major birch pollen aller-
gen Betv 1,and Arah 5, a profilin, are mostly involved in
pollen-associated peanut allergy due to cross-reactivity
with their homologues in birch and grass pollen. Conse-
quently, high sensitization rates to Ara h 8 were primar-
ily found in patients allergic to Fagales tree pollen such as
birch in Central and Northern Europe (65-70%) [2, 3, 5]
or alder in Japan (42%) [6]. Ara h 8 sensitization usually
indicates tolerance to peanuts or occasionally only causes
mild oral symptoms [14]. Sensitization rates to profilin
among peanut-sensitized patients were reported to be
3.3% in the USA, 9-16% in Northern and Central Europe,
and 24% in Spain [5, 11].

The nonspecific lipid-transfer protein Ara h 9 is in-
volved in the so-called nsLTP-syndrome, mainly in
peach-allergic patients from the Mediterranean area, but
also in some nsLTP-sensitized patients from Central
Europe [5]. A recent study showed that asymptomatic
peanut-sensitized children from sub-Saharan Africa had
IgE almost exclusively specific to cross-reactive carbohy-
drate determinants (CCDs) induced by glycoproteins
from parasitic Schistosoma species [15].

Although the oral food challenge is considered to be
the most accurate test for the diagnosis of peanut allergy,
evaluating IgE binding to individual peanut allergens
provides additional diagnostic information over peanut
extract testing, such as the differentiation of IgE binding
to allergens predictive of clinically relevant peanut sensi-
tization or to cross-reactive peanut allergens with a small-
er risk of severe reactions [16].

To date, no information regarding CRD and clinical
characteristics of peanut-allergic patients in the Austrian
population has been available. Therefore, we investigated
the profile of IgE antibody responses from peanut-aller-
gic patients to individual peanut allergens and compared
them with the IgE response to total peanut allergen ex-
tract. Furthermore, CRD results obtained by traditional
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singleplexed ImmunoCAP were compared with those ob-
tained by the multiplexed ImmunoCAP ISAC microarray
technology.

Methods

Study Population

Serum samples from 65 patients (33 adolescents/adults and 32
children) with a convincing clinical history of peanut allergy and
20 peanut-tolerant atopic patients were evaluated in this study.
Subjects were enrolled in four Austrian specialized outpatient al-
lergy clinics. Peanut allergy was assessed based on the combination
of a clinically convincing history and sensitization to peanut (posi-
tive skin prick test or positive sIgE to peanut). Symptoms suggestive
of allergy were classified into groups according to Sampson et al.
[17]. Two of the patients had no detectable peanut-specific IgE but
a positive clinical history of peanut allergy. An additional control
group consisted of 8 nonatopic subjects. At the time of inclusion,
all control patients indicated consuming peanut regularly without
allergic symptoms. Ethical approval was obtained by the respective
institutional review boards and signed informed consent was ob-
tained from the patients. The clinical data and demographic and
clinical characteristics of the two groups are summarized in table 1.

Serological Analysis

All sera were subjected to allergen-specific IgE determination
by using the InmunoCAP and ImmunoCAP ISAC 112 according
to the manufacturer’s recommendations. Total IgE, peanut ex-
tract-specific IgE and IgE reactivity to individual peanut individu-
al allergensrArah 1,rArah2,rArah 3,rArah 8 and rArah 9 were
tested using the ImmunoCAP system (Thermo Fisher Scientific,
ImmunoDiagnostics, Uppsala, Sweden). The measuring range was
between 0 and 100 kU /1. IgE antibody concentration >100 kU /1
were assigned the value of 100 kU 4/1 for statistical evaluations. At
the time of the study, the ImmunoCAP ISAC microarray con-
tained 112 allergens, including the following peanut allergens:
rArah1,rArah2,rArah3,nArah6,rArah8andrArah 9. MUXF;
was used as a marker of sensitization to CCDs and Phl p 12, and
Bet v 2 as markers of profilin sensitization. IgE levels >0.35 kU /1
for the ImmunoCAP and >0.3 ISU-E for the ImmunoCAP ISAC
were considered positive.

Statistics

The nonparametric Wilcoxon rank-sum test was applied to
compare the distributions of unpaired scale variables. According-
ly, the Wilcoxon signed-rank test was used in paired situations.
Correlations were calculated by the Spearman’s rank correlation
coefficient. Absolute coefficients >0.5 were considered to be mod-
erate and >0.7 as strong correlation. p values <0.05 were consid-
ered significant. Fisher’s exact test was employed to compare
groups with binary outcome (anaphylaxis/no anaphylaxis) and
low frequencies. Sensitivities were calculated as TP/(TP + FN),
where TP is the number of true positives (patients with peanut al-
lergy and positive CAP/ISAC results) and FN is the number of false
negatives (patients with peanut allergy and negative CAP/ISAC
results). Specificities were calculated as TN/(TN + FP), where a
true negative (TN) result is defined as a patient without a reported
peanut allergy and negative CAP/ISAC results, and a false positive
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Table 1. Clinical data of Austrian peanut-allergic and peanut-tolerant patients

Peanut allergic (n = 65)

Peanut tolerant

adults (n = 33) children (n = 32) all =20
Age, years 29.6£11.5 7.4%2.9 18.7£14.0 32.5%£9.5
Range 52 11 65 32
Sex
Male 16 (48.5) 25(78.1) 41 (63.1) 9 (45)
Female 17 (51.5) 7 (21.9) 24 (36.9) 11 (55)
Total IgE
Median/mean + SD 309.0/531.4+808.1  343.5/970.2+1,487.9 340/747.0+1,194.5 88.7/180.2+242.2
Range 4,335.7 4,941.7 4,978.7 1,068.0
Symptoms to peanut
OAS 7 3 10 0
Anaphylaxis 15 16 31 0
Gastrointestinal symptoms only 0 7 7 0
Other symptoms only
(e.g. urticaria, dyspnea, angioedema) 13 4 17 0
Peanut extract-specific IgE, kU /1
Median/mean + SD 8.1/27.0£36.6 19.4/38.3+38.3 12.5/32.7+37.6 0.7/1.7£1.9
Range 99.3 99.6 99.6 6.0
Positive 31(93.9) 32 (100) 63 (96.9) 15 (75)
Negative 2(6.1) 0(0) 2(3.1) 5(25)
Sensitization to inhalant allergen sources
Birch pollen 28 19 47 20
Grass pollen 22 18 40 16
House dust mite 13 12 25 11
Animal dander 9 9 18 3
Food allergy
Hazelnut 15 9 24 3
Other nuts 5 4 9 0
Soy 4 7 11 1
Milk 2 6 8 0
Egg 1 9 10 0
Apple 4 3 7 7
Carrot 0 3 3 1
Sesame 0 4 4 0
Fish 0 2 2 1
Pineapple 2 0 2 0

Values are presented as n (%) or mean + SD, unless otherwise indicated.

(FP) as a patient without peanut allergy but with positive CAP/
ISAC. The range is a measure of dispersion and is calculated by
subtracting the minimum from the maximum value. Data analysis
was performed using SPSS (SPSS Inc., Chicago, IIl., USA).

Results

Patient Characteristics
The study population, comprising 65 Austrian pea-
nut-allergic patients, included 33 adults (mean age

CRD in Austrian Peanut-Allergic Patients

29.6 = 11.5 years) and 32 children (mean age 7.4 + 2.9
years). There was a female predominance in adults and
a male predominance in children. Table 1 summarizes
the patients’ demographical and clinical characteristics.
All 65 patients were sensitized to one or more aeroaller-
gen source, such as birch and grass pollen, house dust
mite or animal dander. In addition to peanut allergy,
patients had allergy to hazelnut (37%), soy (17%), other
nuts, such as almond, walnut and/or cashew (14%), ap-
ple (11%) and sesame seeds (6%). Ten patients reported
symptoms after exposure to peanut localized to the oral
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cavity (itching lips, throat and face), 24 patients had gas-
trointestinal symptoms (abdominal pain, diarrhea,
vomiting) or other systemic reactions (e.g. urticaria, an-
gioedema, dyspnea). Of 65 patients with clinical signs of
peanut allergy, 31 fulfilled the criteria of anaphylaxis
(i.e. skin symptoms and involvement of the respiratory
and/or gastrointestinal tract) following the consump-
tion of traces of peanut. Of those, 11 had asthma, 20 were
also sensitized to other food and 28 to inhalant allergen
sources. No anaphylactic reactions to foods other than
peanut were reported in the history. However, most of
the patients with peanut-induced anaphylaxis were also
sensitized to birch and/or grass pollen with clinical
symptoms of pollen allergy. In addition, 20 peanut-tol-
erant atopic controls with a mean age of 32.5 £ 9.5 years
were included. Three patients had allergy exclusively to
birch pollen, 5 patients had both birch and grass pollen
allergy and 12 patients had additional house dust mite
and/or animal dander allergy in addition to birch and
grass pollen allergy. Nine patients experienced Bet v
1-related oral allergy syndrome (OAS) to apple (35%),
hazelnut (15%), soy or carrot (5% each).

Performance of Two Commercially Available in vitro
Techniques, ImmunoCAP and ImmunoCAP ISAC, in
the Diagnosis of Peanut Allergy

Conventional ImmunoCAP analysis detected peanut
extract specific-IgE in 63 (97%) peanut-allergic patients
and in 15 (75%) atopic controls, resulting in high sensitiv-
ity but low specificity of the commercial ImmunoCAP
peanut extract. Nevertheless, the control group showed
significantly lower levels (p < 0.001) of peanut-specific
IgE atameanlevel of 1.7 kU /1 (range 6.0) compared with
the peanut-allergic group with a mean level of 32.7 kU /1
(range 99.6; table 3). Peanut-allergic children had higher
peanut-specific IgE levels than peanut-allergic adults
(mean 38.3 kU /1, range 99.6 vs. mean 27.0 kU /1, range
99.3).

Peanut-specific IgE, as quantified by traditional Im-
munoCAP, was moderately but significantly correlated
(p < 0.01) with IgE specific to Ara h 1 (CAP: r = 0.63
and ISAC:r=0.55), Arah 2 (CAP:r=0.66 and ISAC:r =
0.63), Arah 3 (CAP:r=0.67 and ISAC: r = 0.65) and Ara
h 6 (ISAC: r = 0.64). No correlation between peanut-spe-
cific IgE and IgE specific to Ara h 8 or Ara h 9 was ob-
served.

A high degree of correlation was demonstrated when
comparing the ISAC and CAP data among each other for
all 5 peanut allergen components, with particularly high
correlation coefficients in the cases for Arah 2 (r = 0.95),
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Table 2. CRD analysis comparing ImmunoCAP and ImmunoCAP
ISAC: the number of positive subjects and levels of allergen-spe-
cific IgE antibodies in peanut-allergic subjects

Allergen  CAP-specific IgE data ISAC-specific IgE data
(>0.35 kU/1) (>0.3ISU-E)

Peanut

extract 63 (97) 12.5/32.7(99.6) - -
Arahl 44 (68) 3.8/20.28(99.8) 40(62) 6.6/19.4 (167.4)
Arah?2 44 (68) 9.0/30.9(99.4) 46(71) 7.6/17.4(107.7)
Arah3 25(39) 2.6/14.2(99.6) 23(35) 4.5/22.4(165.1)
Arah8 28 (43) 2.3/12.0(99.5) 29(45) 3.0/11.2(79.9)
Arah9 10 (15) 1.4/5.2(31.0) 7(11) 1.5/2.5(6.4)
Arah6 - - 46 (71) 17.6/36.0 (177.4)

Values are presented as n of positive (%) and median/mean
(range).

followed by Arah 1 (r=0.93), Arah 8 (r=0.91) and Ara
h 3 (r = 0.86; fig. 1; table 2). A weaker, although still sig-
nificant correlation between the two methods was de-
tected for Ara h 9 (r = 0.65). All correlations were sig-
nificant at the 0.01 level. None of the sera from nonatop-
ic controls reacted with either the extract or with
individual peanut allergens tested by ImmunoCAP and
ImmunoCAP ISAC.

Specific IgE was detected against at least one of the five
tested peanut allergens by ImmunoCAP (Arah 1, Ara h
2, Arah 3, Arah 8 and Arah 9) in 62 of 65 (95%) sera of
patients with peanut allergy. Sera of 59 (91%) peanut-al-
lergic subjects contained specific IgE against at least one
of the six peanut allergens by ImmunoCAP ISAC and of
62 (95%) when sera containing Phl p 12 or MUXF;-spe-
cific IgE as markers of sensitization to profilin or CCDs
were included. The high diagnostic sensitivity was how-
ever not accompanied by diagnostic specificity, as all sera
from peanut-tolerant patients recognized pollen-associ-
ated allergens such as Ara h 8 (95%) and/or Phl p 12 and
CCDs.

All peanut-tolerant but birch pollen-allergic subjects
had IgE specific for Ara h 8 with a mean of 9.3 versus 11.2
ISU-E for peanut-allergic subjects, resulting in very low
specificity for this allergen. All sera containing Ara h
8-specific IgE also had Bet v 1-specific IgE and the levels
of IgE strongly correlated with those against Bet v 1 (r =
0.82,p <0.01). A diagnostic specificity of 100% and a sen-
sitivity of 72% were observed for the related peanut seed
storage protein allergens, Arah 1, Arah 2, Arah 3 and
Arah 6 as no IgE was detected in sera of control individ-
uals (table 3).
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Recognition Patterns of Specific IgE to Individual

Peanut Allergens

The frequencies of sensitization and means of IgE lev-
els for individual peanut allergens tested by InmunoCAP
and ImmunoCAP ISAC are shown in table 2. Due to high
qualitative correlation between the two assays, the aller-
gen sensitization patterns (fig. 2) and diagnostic sensi-
tivities and specificities of individual peanut allergens are
only shown for data obtained by ImmunoCAP ISAC (ta-
ble 3 ).

Peanut-allergic patients were mainly sensitized to Ara
h2and Arah 6 (71% for both), followed by Arah 1 (62%)

CRD in Austrian Peanut-Allergic Patients

and Ara h 8 (45%). IgE reactivity to Ara h 3 was found in
35% and to Ara h 9 in 11% of peanut-allergic patients. In
addition to Ara h 8, the two other pollen allergy-associat-
ed allergens, Phl p 12 and CCDs, were recognized by 22
and 31%, respectively. Both peanut-allergic patients with
a positive history but negative peanut-specific IgE were
sensitized to Ara h 8.

Polysensitization to more than 3 allergens was ob-

served for 72% of patients and monosensitization to Ara

h 8 was observed in 4 patients. Three patients were sensi-
tized exclusively to Arah 2 and Ara h 6. All sera contain-

ing Ara h 2-specific IgE were also positive for Arah 6 and
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vice versa. Levels of Ara h 6-specific IgE (mean 36.0 ISU-
E, range 177.4) were significantly (p < 0.05) higher com-
pared with IgE levels of Ara h 2-specific IgE (17.4 ISU-E,
range 107.7; fig. 3). IgE levels to Ara h 9 were low with a
specific IgE mean value of 2.5 ISU-E and associated with
sensitization to other peanut components or to CCDs.

Forty-seven (72%) peanut-allergic patients were posi-
tive for at least one of the peanut allergens belonging to
families of seed storage proteins (Arah 1, Arah 2, Arah
3 and Ara h 6). All but 1 of the patients sensitized to Ara
h 1 also had IgE specific to Ara h 2, and all of the patients
sensitized to Ara h 3 were also sensitized to Ara h 2
(fig. 2).

These patients also had a higher prevalence of ana-
phylaxis (i.e. cutaneous plus cardiorespiratory and/or
GI involvement) after peanut exposure as compared
with patients without sIgE to any of these allergens (p <
0.05). Ninety percent (28 of 31) of patients who experi-
enced anaphylactic reactions after peanut exposure had
specific IgE against Ara h 2. The 3 patients monosensi-
tized to Ara h 2 and Ara h 6 had anaphylaxis, urticaria
or OAS, respectively. Interestingly, 7 peanut-allergic pa-
tients were negative for all tested peanut allergens but
positive for peanut extract ImmunoCAP. Two of those
7 were sensitized to CCDs and to CCDs and profilin,
respectively.

When comparing symptom severity and sIgE levels
for the different peanut allergens, we observed that pa-
tients experiencing anaphylaxis after exposure to pea-
nut had significantly higher levels of sIgE (p < 0.01)
against Arah 1, Arah 2, Arah 3 and Ara h 6 compared
with patients suffering from milder symptoms such as
OAS (fig. 4). These patients also had significantly high-
er amounts of sIgE against Ara h 6 (sIgE mean 36.2 ISU-
E, range 178.3) compared with patients showing reac-
tions such as gastrointestinal symptoms, urticaria, dys-
pnea or angioedema (sIgE mean 19.3 ISU-E, range
102.2, p < 0.05). The levels of Ara h 3-specific IgE were
significantly higher in the anaphylaxis (sIgE mean 15.4
ISU-E, range 165.1) and the systemic allergic symptom
(sIgE mean 1.2 ISU-E, range 12.1) groups compared
with the OAS group (sIgE mean 0.2 ISU-E, range 1.9,
p <0.01).

All 4 patients monosensitized to Arah 8 had OAS. Ara
h 8 sIgE levels were the highest (sIgE mean 9.0 ISU-E,
range 46.9) in patients suffering from OAS after exposure
to peanuts, although this was not statistically significant
(anaphylaxis group: sIgE mean 5.6 ISU-E, range 80.2, and
systemic symptoms group: sIgE mean 3.2 ISU-E, range
31.2).

CRD in Austrian Peanut-Allergic Patients

IgE Sensitization Patterns to Homologues of Peanut

Allergens

We evaluated IgE-binding patterns to homologues of
peanut allergens which have been immobilized on the
ImmunoCAP ISAC (fig. 5). Five of 40 rAra h 1-positive
sera contained IgE specific to both of two other members
of the vicilin family, nGly m 5 from soy and nJug r 2 from
walnut, while 9 recognized only nGly m 5 and 8 only nJug
r2.Sixof the 8 rArah 1- and nJug r 2-positive sera showed
a simultaneous positivity to the CCDs marker, nMUXF3.
Sensitization to nJug r 1 but not to rAra h 1 was strongly
associated with sensitization to nMUXF3 and also pres-
ent in the group of atopic peanut-tolerant patients. Sen-
sitization to other 2S albumins was observed only with
20% of rArah 2- and nArah 6-positive sera, most of them
sensitized to rJug r 1 from walnut (8/46) followed by nSes
i1 from sesame (4/46) and rBer e 1 from Brazil nut (1/46).
None of the rAra h 2- and nAra h 6-positive sera con-
tained IgE specific to nFag e 2 from buckwheat. Legumin-
like allergens such as nGly m 6 from soy were recognized
by 65% of rAra h 3-positive sera. Only 2 Ara h 3-positive
sera were positive to all three legumin-like allergens pre-
sented on the ImmunoCAP ISAC, namely nGly m 6 from
soy, rAna o 2 from cashew and nCor a 9 from hazelnut.

The three pollen Bet v 1 homologues (rAln g 1, rBet v
1, rCor a 1.0101) presented on the ImmunoCAP ISAC
were recognized by all rAra h 8-positive sera, with one
serum recognizing only Bet v 1. The same sera also con-
tained IgE specific to the Bet v 1 homologues from foods
such as rMal d 1 from apple, rCor a 1.0401 from hazelnut
and rPru p 1 from peach. Exceptions were rApi g 1 from
celeriac and rGly m 4 from soy, which were recognized by
48 and 76% of the Ara h 8-positive sera, respectively. No
differences in sensitization to Bet v 1 homologues be-
tween peanut-allergic and peanut-asymptomatic atopic
controls were observed (fig. 5). Among nsLTPs, all 7 rAra
h 9-sensitized patients were also sensitized to rPru p 3,
and 6 of them to nJug r 3. Only one serum contained IgE
specific to pollen nsLTPs, such as nArt v 3 from Artemis-
ia and nOle e 7 from olive pollen.

Discussion

In this study we analyzed the peanut allergen recogni-
tion patterns of 65 Austrian allergic patients with a con-
vincing history of clinical immediate hypersensitivity to
peanut. Specific IgE against peanut allergens was identi-
fied by the ImmunoCAP system for 5 single recombinant
peanut allergens (Arah 1-3, Arah 8 and Arah 9), and by
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the ImmunoCAP ISAC, which at present includes 6 pea-
nut allergens (Arah 1-3, Arah 6, Arah 8, Arah 9). Fur-
thermore, we compared the performance of those two as-
says to the traditional extract-based ImmunoCAP (f13)
for in vitro diagnosis of peanut allergy.

Peanut allergen-specific IgE recognition patterns and
diagnostic sensitivities of individual allergens determined
by ImmunoCAP ISAC and singleplexed ImmunoCAP
were highly comparable. Similarly, good correlations be-
tween these two techniques were obtained by Klemans et
al. [2], who evaluated the sensitization patterns of 22

20 Int Arch Allergy Immunol 2015;166:13-24
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adults and 15 children with a positive double-blind, pla-
cebo-controlled peanut challenge. However, in our study
we used convincing clinical history and sensitization to
peanut to define peanut allergy, which could have influ-
enced the diagnostic performance of the two assays.

The sensitivity of more than 90% of both CRD-based
tests (atleast one allergen positive) approached that of the
peanut extract-based ImmunoCAP analysis (97%). Our
findings confirm observations from other peanut CRD
studies that have demonstrated that this allergen panel
enables the majority of peanut-allergic patients to be
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identified [1, 18]. However, although the peanut extract
was absolutely discriminative between patients with sus-
pected peanut allergy and nonatopic controls, a positive
sIgE result for peanut extract did not reflect the clinical
relevance as it was also found in 75% of individuals with-
out an apparent peanut allergy. The major cause for these
false-positive peanut sIgE results seems to be the presence
of cross-reactive IgE due to sensitization to Bet v 1, pro-
filin or CCDs. In contrast, none of the sensitized but pea-
nut-asymptomatic subjects demonstrated specific IgE re-
activity to the peanut seed storage proteins Ara h 1, Ara
h2, Arah 3 and Arah 6, resulting in specificities of 100%
for those allergens. In contrast, recent studies have shown
that 26% of sensitized but tolerant patients’ sera con-
tained IgE specific to Ara h 2 [19], and that a 95% prob-
ability of a positive peanut challenge could only be estab-
lished for sIgE specific to Ara h 2 with a threshold of 42.2
kU 4/l and above [20]. We showed that 72% of Austrian
peanut-allergic subjects had IgE specific to at least one of
those four allergens. Most common was IgE specific to
Ara h 2 and Ara h 6. All but 1 of the patients who were
sensitized to Ara h 2 and Ara h 6 showed concomitant
sensitization to Ara h 1 and/or Ara h 3. Our findings are
in line with others showing that Ara h 2 is the most im-
portant peanut allergen [1-6, 11, 21, 22]. Data about the
prevalence and diagnostic value of Ara h 6 are rare, but in
accordance with our results two studies showed that both
peanut 2S albumins are recognized by IgE from the same
patients in almost all cases and that the diagnostic accu-
racy of IgE specific to Ara h 6 in adults is as good as for
Arah 2 [1, 7]. The study performed by Klemans et al. [7]
identified similar IgE levels for those two allergens when
performing ImmunoCAP ISAC [1, 7]. Interestingly, we
found significantly higher levels of Ara h 6-specific IgE
compared with IgE levels specific for Arah 2, possibly due
to the higher IgE affinity and IgE epitope availability of
the purified natural Ara h 6 compared with recombinant
Arah 2 presented on the ImmunoCAP ISAC 112. In con-
trast to earlier studies, recent studies have increasingly
suggested a positive correlation between the severity of
symptoms and the level of specific IgE, especially to Ara
h2,butalsoto Arah1and Arah3[3,6,9,23]. We showed
that patients experiencing anaphylaxis after exposure to
peanut had significantly higher levels of sIgE against Ara
h 1, Arah2, Arah 3 and Ara h 6 as compared to patients
suffering from milder symptoms such as OAS, although
not all patients with severe reactions had high IgE levels
to Ara h 2. This is in line with the general statement to
date that peanut-specific or Ara h 2-specific IgE levels do
not clearly predict the severity of symptoms, and other
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variables not related to the in vitro test might be more
relevant, such as target organ reactivity, exposure to al-
lergen dose or the state of health [16].

It emerged that patterns of IgE binding to peanut pro-
teins may vary according to geographical location [1-6,
11, 21, 24]. Sensitization to Ara h 8 is more prominent in
peanut-allergic patients exposed to pollen from Fagales
trees, such as birch or alder, and, according to recent
studies from Sweden, isolated Ara h 8 sensitization is a
marker of a mild reaction if any [11, 14]. While 42-70%
of peanut-allergic patients from Sweden, Japan or the
Netherlands were sensitized to Ara h 8, only 19% of the
patients from the USA and 2-7% of Spanish patients had
Arah 8-specific IgE. In a study of children from a Swedish
population-based cohort, only 18% of children with IgE
reactivity exclusively to Ara h 8 had peanut allergy con-
fined to mild symptoms [11]. In our study, 45% of pea-
nut-allergic patients were sensitized to Ara h 8, but only
12% (8/65), almost all with mild symptoms, had IgE reac-
tivity to Ara h 8 without concomitant sensitization to Ara
h1,Arah2, Arah 3, Arah 6 and Ara h 9. Four of them
were sensitized exclusively to Ara h 8 and 4 also had IgE
against profilin and/or CCDs. On the other hand, our re-
sults also clearly indicate that the presence of IgE antibod-
ies to Ara h 8 is in most cases not sufficient for the diag-
nosis of peanut allergy as most of the peanut-tolerant but
birch pollen-allergic subjects showed IgE reactivity to Ara
h 8. Ara h 8 testing might add important additional diag-
nostic information, but evaluation of the medical history
and, if applicable, oral food challenges are necessary for
the accurate diagnosis of peanut allergy in these cases.

In our study, 7 subjects with allergic symptoms to peanut
and with peanut extract-specific IgE displayed no IgE reac-
tivity to any of the tested peanut allergens. The analysis of
ImmunoCAP ISAC data revealed that 4 of them were sen-
sitized to CCDs and 2 of those 4 were sensitized to profilins,
but the remaining 3 subjects showed no sensitization to al-
lergens with potential cross-reactivity to peanut. This ob-
servation, also reported by others [11, 14, 18], indicates that
additional peanut allergens might be implicated in peanut
hypersensitivity in these patients. Although the peanut ole-
osins (Ara h 10, Arah 11), peanut defensins (Arah 12, Ara
h 13) and an additional 2S albumin (Ara h 7) have been
identified as allergens, data about their clinical relevance for
peanut-allergic patients are very scarce [25], suggesting that
large-scale studies to evaluate the sensitization patterns to
these components in peanut-allergic patients are required.

The evaluation of sensitization patterns to allergens re-
lated to peanut presented on the ImmunoCAP ISAC
showed that about half of the patients’ sera positive to Ara

22 Int Arch Allergy Immunol 2015;166:13-24
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h 1 and Arah 3 were also positive to related allergens from
soy, Gly m 5 and Gly m 6. The high sequence identities
between these allergens [26] indicate the presence of
cross-reactive IgE antibodies. A study by Peeters et al.
[27] revealed that 87% of peanut-allergic patients were
sensitized to soy, but based on DBPCFC only 35% had
symptoms to soy. IgE-binding to Jug r 2 was in nearly all
cases accompanied by IgE-binding to MUXF3, a marker
of CCDs without clinical significance [28]. Interestingly,
only 20% of Arah 2- and Ara h 6-positive sera recognized
other members of the 2§ family. Although sharing a well-
conserved characteristic structure, 2S albumins have low
or almost no overall sequence identity, suggesting that
IgE reactivity to these allergens indicates cosensitization
rather than IgE cross-reactivity. On the other hand and in
line with previous studies, high sequence identitiesamong
Bet v 1-homologous allergens were accompanied by a
high IgE cross-reactivity, with similar frequencies of sen-
sitization to Bet v 1-related allergens in peanut-allergic
and peanut-tolerant patients [29, 30]. Among nsLTP,
sensitization to Ara h 9 was strongly associated with sen-
sitization to Pru p 3, but not with the pollen nsLTPs, cor-
roborating the hypothesis that Pru p 3 in peanut-allergic
patients acts as a primary sensitizer [31].

For the in vitro diagnosis of peanut allergy especially in
children, ImmunoCAP ISAC may provide additional
benefit compared to the ImmunoCAP as it permits simul-
taneous assessment of specific IgE to six different peanut
allergens, including the major allergen Ara h 6, with a
minimal amount of serum (0.04 ml of serum for each in-
dividual allergen on ImmunoCAP vs. 0.02 ml for Immu-
noCAP ISAC). Recently, a high reproducibility of the Im-
munoCAP ISAC analysis, in intra- as well as in inter-lab
assays, has been shown for peanut allergens, suggesting
the applicability of the technique for diagnosis and the
follow-up of peanut-allergic patients [32]. However, due
to its higher costs, the application of the ImmunoCAP
ISAC is especially recommended in polysensitized pa-
tients for risk assessment or selection for immunotherapy,
with the potential to not only identify symptom-related
allergens, but also to rule out cross-reacting allergens
without clinical relevance in one single measurement.

In conclusion, similar to other populations, the major-
ity of Austrian peanut-allergic subjects are sensitized to
Arah 2. Additional tests for other peanut allergens, espe-
cially Ara h 8, should be considered when Ara h 2 is neg-
ative in peanut-symptomatic patients with birch pollen
allergy. We found that results obtained with the Immu-
noCAP ISAC assay are highly comparable to data ob-
tained by CRD using the traditional ImmunoCAP. The
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results of this study clearly demonstrate the greater abil-
ity of CRD in distinguishing between clinically relevant
peanut allergy and asymptomatic sensitization to peanuts

Science Fund.

as compared with the diagnosis of peanut allergy based
only on the peanut extract.
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