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Abstract

Background: 2S-albumins Ara h 2 and Ara h 6 are the most potent peanut allergens and levels of
specific IgE toward these proteins are good predictors of clinical reactivity. Because of structural
homologies, Ara h 6 is generally considered to cross-react extensively with Ara h 2.

Objective: We aimed to quantify the IgE cross-reactivity between Ara h 2 and Ara h 6.

Methods: Peanut 2S-albumins were purified from raw peanuts. The IgE cross-reactivity between
Arah 2 and Ara h 6 was evaluated with 32 sera from French and US peanut-allergic patients by
measuring the residual 1gE binding to one 2S-albumin after depletion of IgE antibodies
recognizing the other 2S-albumin. The IgE cross-reactivity between Ara h 2 and Ara h 6 was
further investigated by competitive inhibition of IgE binding and by a model of mast cell
degranulation.

Results: A highly variable level of IgE cross-reactivity was revealed among the patients. The
mean fraction of cross-reactive IgE antibodies represented only 17.1% of 2S-albumins-specific
IgE antibodies and was lower than the mean fraction of IgE specific to Ara h 2 (57.4%) or to Ara h
6 (25.5%). The higher level of Ara h 2-specific IgE was principally due to the IgE-binding
capacity of an insertion containing the repeated immunodominant linear epitope DPYSPCHS, The
impact of IgE cross-reactivity on diagnostic testing was illustrated with a serum displaying an Ara
h 6-specific IgE response of 26 Ul/mL that was not associated with the capacity of Arah 6 to
trigger mast cell degranulation.

Conclusions & Clinical Relevance: IgE antibodies specific to peanut 2S-albumins are mainly
non-cross-reactive but low-affinity cross-reactivity can affect diagnostic accuracy. Testing IgE
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binding to a mixture of 2S-albumins rather than to each separately may enhance diagnostic
performance.
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1. INTRODUCTION

IgE-mediated peanut allergy is a potentially life-threatening disease that affects 1 to 3% of
the children. While allergy to cow’s milk or hen’s egg are generally outgrown before
adulthood, peanut allergy persists in more than 80% of cases.

The peanut 2S-albumins, Ara h 2 and Ara h 6, are the most potent peanut allergens. While
Ara h 2 was immediately recognized as a major allergen, Ara h 6 was first considered as a
minor allergen because its IgE reactivity had been evaluated on a denatured recombinant
form.2:3 Afterwards, studies with native or correctly refolded recombinant proteins
demonstrated that Ara h 2 and Ara h 6 display comparable allergenic potencies.*10
Accordingly, levels of specific IgE to Ara h 2 and Ara h 6 are equally good predictors of
clinical reactivity to peanut.11-14

Because of a sequence identity of 59% and similar tertiary structures between peanut 2S-
albumins, Ara h 6 is considered to cross-react extensively with Ara h 2.15-18 |gE binding to
Ara h 6 has even been suggested to result essentially from cross-reactivity with other peanut
allergens.® Such cross-reactivity would then question the usefulness of testing both 2S-
albumins for the diagnosis of peanut allergy. Nevertheless patients sensitized to only one
peanut 2S-albumin have been reported thus demonstrating the presence of non-cross-reactive
IgE-binding epitopes on Ara h 2 and Ara h 6.1%-21 In this regard, Ara h 2 isoforms differ
from Ara h 6 by an insertion of either 14 or 26 residues containing the repeated linear
epitope DPYSPOHS (Fig. E1). In a previous work, we showed that proline hydroxylation of
DPYSPOHS motifs was required for high affinity IgE-binding to this major linear epitope of
Ara h 2.22 In contrast, the presence of such an immunodominant linear epitope in Arah 6
was not detected, thus confirming the importance of conformational IgE-binding epitopes in
peanut 2S-albumins.22-24

Considering the structural homologies between 2S-albumins, but also their sequence
dissimilarities, we then aimed to quantify the IgE cross-reactivity between Ara h 2 and Ara h
6 by two different approaches, one using solid-phase coated allergens and the other one
using fluid-phase competition.

2. METHODS

2.1. Human sera

Sera were collected from 20 French peanut-allergic children recruited at the Paediatric
Allergy Clinic of Hospital Necker-Enfants Malades after informed consent from patient’s
parents (Table E1, sera 1 to 20).22:25 All samples were collected during routine clinical
practice and were studied in accordance with the purpose of the initial study. Based on their
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medical history, symptoms of the IgE-mediated peanut allergy involved skin, respiratory
tract, gastrointestinal tract and cardiovascular system. Twelve sera from US peanut-allergic
patients with a strong history of peanut-induced immediate hypersensitivity and peanut-
specific IgE = 13 KAU/L (ImmunoCap, Thermo Fischer Scientific) in serum were also
included (Table E1, sera 21 to 32). All adult patients and the parents or guardians of minors
signed informed consent. Minors who were >6 years of age, signed an assent. The
University of Colorado Denver Institutional Review Board approved this study.

2.2. Allergens and peptide preparation

The 2S-albumins Ara h 2 and Ara h 6 were purified from whole peanut protein extract
prepared with raw peanuts of a typical blend consumed in Europe (50% Chinese Hsuji’s and
Red Skins varieties, 50% Argentinian Runners variety), as previously described.26:27
Recombinant 2S-albumins were obtained by expression of genes optimized for bacterial
expression (Genscript USA Inc., Piscataway, NJ, USA) and inserted into the £.coli
expression plasmid pET9c (Novagen-Merck, Damstadt, Germany).2228 The variant rAra h
2./ was obtained by replacing the domain GRDPYSPSQDPYSPSP of rAra h 2.01 by the
dipeptide DS occurring naturally in Ara h 6. Expression, purification and refolding of
recombinant proteins were performed as previously described.22-2° Correct refolding of the
recombinant proteins was verified by circular dichroism spectroscopy.22 The peptide
containing three hydroxyprolines (pep 3P°PH,
DPYSPOHSQDPYSPOHSQDPDRRDPYSPOHSPY) corresponds to the major linear epitope
found in Ara h 2.02 isoform. The peptide was synthesized using a standard solid phase
synthesis by the Fmoc (9-fluorenyl-methoxycarbonyl) continuous-flow method (peptide
synthesizer 433A, Applied Biosystems, Foster City, CA). After standard procedure including
TFA cleavage and ether precipitation, crude peptides were purified by RP-HPLC and
characterized by MALDI-TOF.22

2.3. IgE-binding measurement by solid-phase assay

IgE levels to individual native 2S-albumins were quantified using a direct enzyme
allergosorbent test in which purified antigens (2.5 pg/mL) were passively adsorbed on
microtiter plates as previously described (Fig. 1A; Ara h 2, red triangle; Ara h 6, blue
triangle).2> After overnight incubation with 2 or 3 dilutions of sera (50 pL/well, Fig. 1A,
step 1), IgE binding was revealed by the addition of a labeled anti-human IgE monoclonal
antibody (clone BS17). Tracer was prepared by covalent linkage of the monoclonal antibody
to the tetrameric form of acetylcholinesterase.2> After washing, Ellman’s reagent was used
as the enzyme substrate and absorbance was measured at 414 nm.

Cross-reactivity between Ara h 2 and Ara h 6 was evaluated by measuring the residual IgE
binding to one 2S-albumin after depletion of IgE antibodies recognizing the other 2S-
albumin. After overnight incubation of 50 uL of diluted sera in microtiter plate coated with
one 2S-albumin (Fig. 1A, step 1), 45 pL of the resulting depleted serum was transferred into
another microtiter plate (Fig. 1A, step 2) coated either with the same 2S-albumin (in order to
measure the efficacy of IgE depletion) or with the other 2S-albumin (in order to evaluate the
decrease of IgE binding to that 2S-albumin, Fig. 1A, step 3). Depletion efficacy of Ara h 2-
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specific IgE antibodies was 96.5 + 6.2% and depletion efficacy of Ara h 6-specific IgE
antibodies was 98.3 + 3.8% (n=32, data not shown).

IgE levels to both 2S-albumins (Ara h 2/6¢4c) were calculated by adding the level of Ara h
2-specific IgE (after IgE-depletion on Ara h 6, in red, Fig. 2), the level to Ara h 6-specific
IgE (after IgE-depletion on Ara h 2, in blue) and the level of cross-reactive IgE
(corresponding to the mean decrease of IgE-binding induced by IgE-depletion on Ara h 2
and on Ara h 6, in green).

In addition, IgE binding to a mixture of Ara h 2 and Ara h 6 was assessed by binding both
proteins (each at 1 ug/mL) on the solid-phase and IgE binding was measured as previously
described. The experimental IgE level toward the mixture, Ara h 2/6peas Was compared to
the sum of IgE levels measured separately against Ara h 2 and Arah 6 () and to Ara h
2/6ca)c (see above).

2.4. IgE-binding analysis by fluid-phase assay

We performed a second set of experiments by using a reverse enzyme allergo-sorbent test
that measures the binding of labeled allergens by patients’ IgE antibodies captured by an
anti-human IgE monoclonal antibody immobilized on the solid phase.30 Here, plates were
first coated with an anti-human IgE monoclonal antibody (clone LE27). Fifty puL/well of
serum from each patient at adequate dilutions were incubated overnight at 4°C. After
washing, 25 pL of inhibitors (i.e. increasing concentrations of native 2S-albumins) and 25
uL of biotinylated native 2S-albumins were added and incubated for 4 h at room
temperature. After washing, neutravidin labeled with acetylcholinesterase was added for 15
min at room temperature and acethylcholinesterase enzymatic activity was revealed after
extensive washing and addition of Ellman’s reagent.30-31 Results were expressed as B/BO:
B0 and B represent the amount of labelled 2S-albumin bound to immobilized IgE antibodies
in the absence or presence of a known concentration of inhibitor, respectively.

2.6. Mediator release assay

Degranulation assay was performed with rat basophilic leukemia (RBL) SX —-38 cells as
previously described.8 Cells were passively sensitized with IgE antibodies immunopurified
from individual serum.22 Mediator release was induced by incubation with different
concentrations of native 2S-albumins and was measured by assaying the p-hexosaminidase
activity in cell culture supernatant. Results were expressed as the percentage of the reference
release, determined for each serum and induced with anti-human IgE (LE27 clone; 100 ng/
mL).

2.7. Statistical analysis

Data were analyzed using the non-parametric Friedman’s test with Dun’s multiple
comparison test and correlation was assessed with the non-parametric Spearman correlation
test. Statistical analyses were performed with GraphPad Prism 5.04 software. A p<0.05 was
considered as significant.
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3. RESULTS

3.1. IgE cross-reactivity between Ara h 2 and Ara h 6 investigated with a solid-phase
assay

Using allergens purified from raw peanut and coated on the solid-phase (Table E1), the
levels of Ara h 2-specific IgE (median 33.7 IU/mL, interquartile range (IQR) 14.1-109.2)
were on average higher than the levels of Ara h 6-specific IgE (median 23.2 IU/mL, IQR
7.7-63.4) but IgE responses to the two 2S-albumins remained highly correlated (Spearman r
value = 0.89, p<0.0001, data not shown). We then measured the relative decrease of IgE
binding to one 2S-albumin after depletion of IgE antibodies recognizing the other 2S-
albumin (Fig 1A). As shown in Fig 1B, a highly variable level of IgE cross-reactivity was
revealed among patients. Overall, depletion of Ara h 6-specific IgE antibodies induced a
mean decrease of IgE binding to Ara h 2 of 24% (median 19%) thus indicating that about
76% of IgE binding to Ara h 2 was mediated by non-cross-reactive antibodies. Depletion of
Ara h 2-specific IgE antibodies induced a higher mean decrease of IgE binding to Ara h 6 of
46% (median 47%). Subsequently, IgE levels to both 2S-albumins were calculated for each
patient by summing levels of IgE recognizing Ara h 2, Ara h 6 and both (see Methods). As
shown in Fig 2, the mean fraction of cross-reactive antibodies represented only 17.1% of 2S-
albumins-specific IgE antibodies and was thereby lower than the mean fraction of IgE
specific to Ara h 2 (57.4%) or to Ara h 6 (25.5%). The IgE level against a mixture of Arah 2
and Ara h 6 was also measured in order to validate our calculation of the 2S-albumin total
IgE levels (Table 1). As expected, IgE levels to the mixture (Ara h 2/6peqs) Were lower than
the mere sum of Ara h 2 and Ara h 6-IgE levels since these latter encompassed the binding
of common cross-reactive IgE antibodies. In contrast, the calculated IgE levels to 2S-
albumins, Ara h 2/6¢5)c, were in excellent correlation with the experimental IgE levels to
Ara h 2/6 mixture (Spearman r value = 0.998, linear regression slope = 1.018, Fig. 3).

3.2 Contribution of the DPYSP®HS motifs to the higher IgE-binding capacity of Ara h 2

The fraction of Ara h 2-specific IgE was strikingly two-fold higher than that of Ara h 6.
Since a major structural difference between Ara h 2 and Ara h 6 is the presence of the
repeated DPYSPOHS motif inserted on a surface loop of Ara h 2 (Fig. E1), we further
investigated the IgE-reactivity of a synthetic peptide containing three DPYSPOHS motifs
(pep3POH) that overlapped the natural insert found in the isoform 2.02. The solid-phase
assay revealed that IgE-binding to pep3P°H accounted for about half of the overall IgE-
binding capacity of Ara h 2 (Fig. 4). The IgE level to Ara h 2 was then fully recapitulated by
adding the IgE level to pep3P°H to that of a complementary construct, rAra h 2.A, which
was generated by deleting the DPYSPOHS motifs (Fig 4). The difference of IgE reactivity
between Ara h 2 and Ara h 6 was thus largely due to the IgE-binding capacity of
DPYSPOHS motifs.

3.3. IgE cross-reactivity between Ara h 2 and Ara h 6 investigated with a competitive
fluid-phase assay
Solid-phase assays are performed in excess of coated allergens, which allows maximum
binding of IgE (and 1gG) antibodies but without distinction between low- and high-affinity
bindings. This absence of distinction is illustrated in Fig 4 with nArah 2 and rAra h 2
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displaying similar IgE-binding capacities although the absence of hydroxyproline in rAra h
2 has been shown to reduce the binding affinity of IgE recognizing the DPYSPPHS motifs in
nAra h 2. In contrast, assays such as IgE-binding competitive inhibition or /n vitro mast cell
degranulation can evidence differences of binding affinity and could thus demonstrate the
higher allergenic activity of nAra h 2 compared to rAra h 2.22:32 We therefore investigated
cross-reactivity between 2S-albumins with a competitive fluid-phase assay (Fig 5A). This
assay confirmed that IgE reactivity of Ara h 2 and Ara h 6 was mainly mediated by non-
cross-reactive antibodies. Indeed, some sera, such as serum 18, exhibited a very low cross-
reactivity between the two 2S-albumins (Fig 5B) and in most cases, half-inhibition of IgE
binding to one 2S-albumin was not achieved with the other 2S-albumin at the concentration
sufficient for complete self-inhibition (Figs E2 and E3). Otherwise, about 10- to 100-fold
higher concentrations of Ara h 6 than of Ara h 2 were required for half-inhibition of IgE
binding to Ara h 2. Nevertheless, we observed that for some sera, such as sera 11, 17 or 26
(Fig 5C and Fig. E3), Ara h 2 and Ara h 6 inhibition curves of IgE-binding to Ara h 6 were
partially overlapping, probably because of a fraction of cross-reactive IgE antibodies
primarily directed toward Ara h 2. However the presence of non-cross-reactive epitopes was
almost always established for both allergens since one 2S-albumin could not totally inhibit
IgE binding to the other one (Figs E2 and E3). Complete inhibition of IgE binding to Arah 6
by Ara h 2 was observed only for serum 8 (Fig 5D). In this case, Ara h 2 was even a better
inhibitor of IgE binding to Ara h 6 than Ara h 6 itself, thus suggesting that IgE binding to
Ara h 6 was only due to cross-reactive IgE antibodies. Indeed, conversely to Arah 2, Arah 6
was unable to induce an efficient degranulation of mast cells passively sensitized with IgE
antibodies immunopurified from serum 8 (Fig 5D). The same difference of potency between
Ara h 2 and Ara h 6 was also observed with serum 15 (Fig E4), in which nearly 99% of the
2S-albumins-specific IgE antibodies recognized Ara h 2 (Fig 2). Comparatively, both 2S-
albumins triggered an efficient degranulation of mast cells sensitized with IgE antibodies
from serum 18 (Fig 5B) or from other sera exhibiting various levels of IgE cross-reactivity
between Ara h 2 and Ara h 6 (Fig E4). Therefore, although an IgE response higher than 20
IU/mL pointed to Ara h 6 as a harmful allergen for patients 18 and 8, the mast cell assay
suggested that patient 8 was sensitized to Ara h 6 only because of low-affinity cross-
reactivity of anti-Ara h 2 specific IgE.

4. DISCUSSION

Diagnostic testing of food allergies have been significantly improved by the use of purified
or recombinant allergenic components for identification of the offending food allergens.33
However, diagnostics based on serum IgE measurements are still hampered by their inability
to discriminate clinically relevant IgE binding from clinically irrelevant sensitization.34
Evaluation of IgE cross-reactivity between two homologous proteins also required to
consider the IgE epitope specificity, critical epitopes and affinity relevant for the capacity of
a cross-reactive allergen to induce or not mast cell degranulation.24:3435 |n this regard,
peanut allergens have been extensively studied and structural homologies between Ara h 2
and Ara h 6 seemed to ensure a high level of IgE-cross-reactivity between these two
proteins. Nevertheless, the report of peanut-allergic patients sensitized only to Ara h 6 or
with highly variable ratio between Ara h 2-specific IgE and Ara h 6-specific IgE suggested
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that cross-reactivity between peanut 2S-albumins was not as consistent as previously
considered.12:38 We thus aimed to provide a quantification of the 1gE-cross-reactivity
between these two homologous allergens.

For this purpose, we used two different assays to characterize the IgE-cross-reactivity
between Ara h 2 and Ara h 6. Solid-phase and fluid-phase assays showed both that the IgE-
cross-reactivity was not as exhaustive as initially expected and that the IgE-reactivity of Ara
h 2 and Ara h 6 was mainly due to the binding of non-cross-reactive antibodies. Moreover,
when a significant cross-reactivity was evidenced, the 2S-albumin that was not primarily
targeted by the cross-reactive IgE antibodies generally exhibited a 10- to 100-fold lower
inhibitory capacity than the other 2S-albumin. A strong correlation between IgE levels to
Arah 6 and to Ara h 2 has been nevertheless consistently observed (here and 11-13.23) This
was usually attributed to an exhaustive cross-reactivity between 2S-albumins, with Ara h 2
generally considered as the most allergenic protein. However, our results suggest that this
strong correlation was rather due to the similar intrinsic allergenic properties of Ara h 2 and
Ara h 6 that resulted in comparable levels of co-sensitization. In this regard, the two-fold
higher fraction of Ara h 2-specific IgE was unexpected. However, as previously reported,
around half of the Ara h 2 IgE-reactivity corresponded to the IgE-binding to DPYSPCHS
motifs which was not associated or correlated with that to a corresponding epitope in Ara h
6.18.22:23 Thereby, when considering only the IgE-binding to the remaining folded parts of
Ara h 2 that also contains the potentially cross-reactive epitopes, the IgE-reactivity of Ara h
2 was then comparable to that of Ara h 6. Why the natural insertions containing the
DPYSPOHS motifs are such an immunodominant linear epitope in Ara h 2 remains an
important question whose answer would certainly provide critical insights in predicting IgE-
binding epitopes in food allergens. It would be also interesting to determine whether the
level of sensitization to this particular epitope could be associated with the severity of the
allergic reaction or with a pattern of peanut processing and/or consumption.

We also found an example of sensitization to Ara h 6 only due to cross-reactive IgE
antibodies primarily directed against Ara h 2. In this case, Ara h 6 was unable to induce an
efficient mast cell degranulation. This result sheds some light on the sensitization to a food
allergen without clinical reactivity. Since even an IgE response higher than 20 Ul/mL could
be clinically irrelevant, it confirmed the difficulty to establish an accurate risk estimation of
the IgE-cross-reactivity between allergenic proteins. This question is particularly critical for
the assessment of potential cross-reactivity between “novel” food proteins and already
known allergenic food.

In conclusion, since each 2S-albumins display non-cross-reactive IgE-binding epitopes, Ara
h 6 should be considered as allergenic as Ara h 2 and thereby, using both allergens remains
the optimal strategy for diagnostic testing. Furthermore, we suggest that IgE responses to
peanut 2S-albumins could be also considered collectively instead of individually and that
measurement of IgE specific to a mixture of peanut 2S-albumins could offer significant
advantages. First, as shown in Table 1, the sensitivity of IgE-binding detection would be
improved since the IgE level to a mixture of Ara h 2 and Ara h 6 was higher than those
against only one 2S-albumin. Even if a positive IgE response to Ara h 2 is usually
conclusivell:13, further research should also evaluate whether the level of sensitization to the
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mixture of 2S-albumins can be more insightful than that to Ara h 2 only, in predicting the
severity of the allergic symptoms. Accordingly, van Erp et al. proposed to assess the clinical
relevance of the sensitization to peanut 2S-albumins in a stepwise approach including a
basophil activation test to a mixture of Ara h 2 and Ara h 6.13 Secondly, patients sensitized
to only one 2S-albumin could be all identified with one test, which should then limit the
production of false negative. Finally, IgE cross-reactivity would not affect IgE measurement
since cross-reactive IgE antibodies would be detected regardless of their primary specificity.
Moreover, Ara h 7, another peanut 2S-albumin which is present in about 10- to 30-fold
lower amounts than Ara h 2 and Ara h 6, has been reported to exhibit some non-cross-
reactive IgE-binding epitopes and could then be also included in the mixture of 2S-albumins.
37 Thus, in addition to being less expensive by reducing the number of tests, using a mixture
of peanut 2S-albumins may result in improved diagnostic performance. Future clinical
studies should then assess whether increasing the sensitivity of IgE measurements by using a
mixture of 2S-albumins, in detriment of the specificity of the IgE response toward only one
representative member of the 2S-albumin family, could improve the accuracy of peanut
allergy diagnosis.
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IgE cross-reactivity between Ara h 2 and Ara h 6 investigated with a solid-phase assay. A,
schematic principle of the solid-phase assay (Ara h 2, red triangle; Ara h 6, blue triangle, see
Methods); B, relative decrease of IgE binding to one 2S-albumin after depletion of IgE
antibodies recognizing the other 2S-albumin (n=32, mean is indicated).
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Fractions of 2S-albumin-specific IgE antibodies recognizing nAra h 2 (red), nAra h 6 (blue)
or both (green), n=32.
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Correlation between the IgE levels Ara h 2/6¢4c (calculated as described in Methods) and
Ara h 2/6peqs (determined experimentally against a mixture of Ara h 2 and Ara h 6).
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Figure 4.
IgE-binding capacity of rAra h 2, rAra h 2A and pep 3PCH relatively to that of nAra h 2. The

sum of IgE binding to rAra h 2.A and pep 3PCH is shown (n=12, median with interquartile
range). Data were analyzed using the non-parametric Friedman test with Dunn’s multiple
comparison test.
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IgE cross-reactivity between Ara h 2 and Ara h 6 investigated with a competitive fluid-phase
assay. A, schematic principle of fluid-phase assay (see Methods); B, an example of serum
displaying co-sensitization with very low IgE-cross-reactivity to Ara h 2 and Ara h 6 and the
corresponding capacity of 2S-albumins to trigger mast cell degranulation; C, an example of
serum displaying high IgE-cross-reactivity between Ara h 2 and Ara h 6; D, an example of
serum displaying IgE reactivity to Ara h 6 (as detected by solid-phase assay) only due to
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cross-reactive IgE specific to Ara h 2 and the corresponding capacity of 2S-albumins to
trigger mast cell degranulation.
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Serum IgE concentrations to a mixture of Arah 2 and Arah 6

Table 1.

Specific IgE levelsto 2S-albumins (I1U/mL)

Patient no. Arah2yes Arah Gyes Egﬁ;ahhesi"z)s Arah 2/6yes Arah /6,
1 77.8 45.0 122.8 89.6 98.8
2 3.7 0.4 4.1 3.8 4.0
3 114.0 66.4 180.4 120.0 129.8
4 90.7 43.3 134.0 109.9 122.3
6 30.3 25.6 55.9 394 45.3
7 94.6 81.1 175.7 106.7 110.6
8 52.2 26.4 78.6 64.7 65.1
10 29.8 29.7 59.5 33.0 40.1
11 35.1 234 58.5 36.4 41.6
12 324 20.7 53.1 43.6 47.3
13 12.6 0.9 135 12.2 129
14 18.8 15.1 33.9 21.7 26.1
15 15.6 2.2 17.8 15.2 17.0
16 4.7 19.0 23.7 16.9 18.7
17 122.8 88.9 2117 180.7 193.0
18 122.0 23.0 145.0 144.9 144.9
19 293.0 124.0 417.0 390.0 396.9
20 241 145 38.6 28.1 31.8
21 40.2 54.2 94.4 58.9 735
22 55 3.6 9.1 6.8 7.6
23 5.2 3.8 9.0 7.2 7.8
24 34 1,0 4.4 4.3 4.2
25 19.2 17.2 36.4 315 35.6
26 48.7 18.7 67.4 55.4 55.3
27 140.7 146.8 287.5 249.2 239.8
28 213.3 66.3 279.6 225.2 2221
29 30.5 6.1 36.6 36.2 34.6
30 119.8 75.0 194.8 135.0 132.8
31 13.6 125 26.1 224 21.2
32 35.8 254 61.2 53.8 53.1
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%, sum of IgE levels to Ara h 2 and Ara h 6; Ara h 2/6\eas, measured IgE levels to a mixture of Arah 2 and Ara h 6; Ara h 2/6Ca|c, calculated

IgE levels to Ara h 2 and Ara h 6 by taking into account IgE cross-reactivity (see supplementary Methods).
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