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Predictive value of skin prick tests using
recombinant allergens for diagnosis of
peanut allergy
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Background: Current diagnosis of peanut allergy relies on

natural extracts that lack standardization. Recombinant DNA

technology allows production of pure biochemically

characterized proteins. Their usefulness for peanut allergy

diagnosis is not established.

Objective: This study aimed to evaluate the diagnostic value of

the 3 major recombinant peanut allergens.

Methods: Recombinant (r) Ara h 1, rAra h 2, and rAra h 3

were produced according to the recommendations of good

manufacturing practice for recombinant allergens. Skin prick

tests (SPTs) and IgE ELISA assays were performed in 30

patients with peanut allergy and 30 control subjects without

food allergy: 15 nonatopic and 15 sensitized to birch pollen.

Disease severity was graded by clinical scoring.

Results: All patients with peanut allergy showed positive SPT

results to rAra h 2; 40% reacted with rAra h 1 and 27% with

rAra h 3. No control subjects reacted with any of the

recombinant allergens. Monosensitization to rAra h 2 was

observed in 53% of patients. Neither SPT size nor levels of

specific IgE were correlated with the disease severity. However,

patients with monosensitization to rAra h 2 had a significantly

lower severity score than polysensitized subjects and a lower

level of specific IgE against peanut extract and rAra h 2.
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Moléculaire, 15 rue du Bois de la Champelle, 54500 Vandoeuvre-lès-

Nancy, France. E-mail: gisele.kanny@mtm.nancy.inserm.fr.

0091-6749/$32.00

� 2006 American Academy of Allergy, Asthma and Immunology

doi:10.1016/j.jaci.2006.04.053
250
Conclusion: Skin prick tests to individual recombinant peanut

allergens appear to be a safe and effective diagnostic tool.

Cosensitization to rAra h 2 and rArah 1 and/or rAra h 3 is

predictive of more severe reactions.

Clinical implications: Recombinant peanut allergens can be

used by SPTs for diagnosis and evaluation of allergy severity.

(J Allergy Clin Immunol 2006;118:250-6.)
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Peanut food allergy (FA) is a major public health
problem because of its severity and prevalence, which is
estimated to be 0.5% to 1%.1,2 Peanut is the most common
food to cause fatal and near-fatal food allergy.3-5 The
threshold of clinical reactivity can be very low: 18% of pa-
tients react at a dose less than 65 mg.6,7 In addition, peanut
allergy is characterized by its persistency.8

Diagnostic methods (skin prick tests [SPTs], basophil
activation tests, and measurement of specific IgE [sIgE])
are based on natural peanut extracts that contain both
allergenic and nonallergenic molecules. The extract com-
position depends on the origin of raw material and extrac-
tion, purification, and storage procedures. This leads to a
great deal of variability and difficulty of standardization.9,10

Production of recombinant peanut allergens leads to
standardized reagents that are biochemically characterized
and that can be produced on a large scale. Eight allergens
of peanuts have been identified from Ara h 1 to Ara h 8.11

Ara h 1, Ara h 2, and Ara h 3 are the 3 main allergens.12

Shreffler et al12 have demonstrated using in vitro studies
that 97% of subjects with peanut allergy recognized at
least 1 of these allergens, whereas 77%, 75%, and 77% rec-
ognized rAra h 1, rAra h 2, and rAra h 3, respectively.
Before peanut recombinant allergens can be used as a diag-
nostic tool, their immunologic reactivity and ability to in-
duce skin reactions need to be established and compared
with natural allergens. Here, we report the results of this val-
idation step on the basis of in vitro and in vivo methods.13

In vitro methods (CAP-System FEIA, Pharmacia,
Sweden; immunoblot methods, or ELISA) are designed
to demonstrate the capacity of binding of sIgE of patients
with allergy to the allergens. Elevated levels of sIgE char-
acterize patient biological sensitization status. It has been
proposed that the risk of FA in patients with atopic derma-
titis could be estimated by the level of sIgE: a level higher
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Abbreviations used
AU: Arbitrary unit

CPE: Commercial peanut extract

DBPCFC: Double-blind placebo-controlled food challenge

FA: Food allergy

LAL: Limulus Amoebocyte Lysate

sIgE: Specific IgE

SPT: Skin prick test

than 15 kU/L has a positive predictive value superior to
95%.14 If sIgE levels are between 0.35 kU/L and 15 kU/L,
however, it is not possible to predict accurately the risk of
FA. An undetectable peanut-specific IgE level may corre-
spond to a true FA in 27% of the cases, a level of sIgE <2
kU/L to a 33% chance of a true FA, and a level <5 kU/L to
a 39% chance of FA.15 The level of sIgE does not correlate
with the severity of allergy and cannot be used as a predic-
tive tool of severity.16 The difficulty of interpretation of
the level of specific IgE may be explained in part by the
variability of the natural extract used for the biological
tests, the techniques used, and the studied population.
These biological tests cannot currently be substituted for
the oral challenge test that is the current standard for FA
diagnosis. A better standardization of biological tests us-
ing recombinant allergens would allow the improvement
of their diagnostic value.

The in vivo technique of SPT provides information re-
garding direct activation of skin mast cells by any given al-
lergen mixture, thereby inducing a specific histamine release.

Until now, the diagnostic value of skin tests to recom-
binant peanut allergens has not been established. The
current study defines the recognition profile of peanut
recombinant allergens (rAra h 1, rAra h 2, and rAra h 3)
in vivo (SPT) and in vitro (sIgE) and compares native
peanuts and commercial extract in 30 patients allergic to
peanuts.

METHODS

Patients

Thirty patients (age 3-20 years old) allergic to peanuts, 15

nonatopic subjects, and 15 patients allergic to birch pollen without

food allergy were included. The study was reviewed and approved by

the local ethical committee, and all patients or their parents provided

written informed consent forms.

Food allergy to peanuts was assessed by clinical history, positive

SPT, and/or sIgE levels (CAP-System FEIA) greater than 15 kU/L14

or a positive double-blind placebo-controlled food challenge

(DBPCFC).17

The clinical severity of the allergy reaction was evaluated on a

scale between 0 and 5 with slight modifications to that reported

by Ewan and Clark.18 This grading system used in our clinical de-

partment is the following: 0, no symptoms; 1, abdominal pain that

resolved without requiring medical treatment, rhinoconjunctivitis,

urticaria fewer than 10 papulas, rash (eczema onset); 2, one organ

involved, abdominal pain requiring treatment, generalized urticaria,

nonlaryngeal angioedema, mild asthma (cough or fall of peak
expiratory flow < 20%); 3, two organs involved; 4, three organs in-

volved or asthma requiring treatment or laryngeal edema or hypoten-

sion; 5, cardiac and respiratory symptoms requiring hospitalization in

intensive care.

Production of recombinant peanut allergens
rAra h 1, rAra h 2, and rAra h 3

pET-24 expression vectors containing the sequences of peanut al-

lergens Ara h 1, Ara h 2, and Ara h 3 in fusion with a Histidine (His)

tag at the C terminal extremity19-22 were used to transform competent

Escherichia coli Rosetta (DE3) (Novagen, Madison, Wis). The 3 dif-

ferent E coli strains were grown in Lennox Broth medium containing

the appropriate antibiotics (kanamycin and chloramphenicol) at 37�C.

When OD600nm reached 0.6, the expression of recombinant protein

was induced by adding 1 mmol/L isopropylthiogalactoside. After

induction, cultures were incubated at 37�C for 4 or 12 hours. The

cell pellet was collected by centrifugation and frozen.

Purification of rAra h 1, rAra h 2,
and rAra h 3 from E coli

His-tagged rAra h 1, 2, 3 fusion proteins overexpressed in E coli
Rosetta (DE3)/pET-24-Ara h-(His)6 were purified from inclusion

bodies as follows. Cell pellets were resuspended and sonicated in

lysis buffer (50 mmol/L sodium phosphate and 50 mmol/L NaCl,

pH 7.8) containing protease inhibitor cocktail (Sigma, St Louis,

Mo) and lysozyme. Inclusion bodies recovered by centrifugation

(12,000g, 20 minutes, 4�C) were incubated in a shaker overnight

at room temperature in solubilization buffer (50 mmol/L sodium

phosphate containing 300 mmol/L NaCl, 10 mmol/L imidazole, 8

mol/L urea, 10% glycerol, 1 mmol/L phenylmethylsulfonyl fluoride,

and 2 mmol/L b-mercaptoethanol, pH 7). The solubilization buffer

was exchanged for binding-washing buffer (50 mmol/L sodium

phosphate containing 500 mmol/L NaCl, 8 mol/L urea, 20 mmol/L

imidazole, 1 mmol/L phenylmethylsulfonyl fluoride, and 2 mmol/L

b-mercaptoethanol, pH 7.8) using PD-10 desalting columns (Amer-

sham Biosciences, Buckinghamshire, UK). rAra h 1, 2, and 3 were

then purified by liquid chromatography on an Akta Explorer 10 sys-

tem using His-Trap prepacked columns (Amersham Biosciences).

Protein refolding was performed directly on the column by removing

urea from the washing buffer. Bound proteins were eluted with an

increasing gradient of imidazole. Protein concentrations were deter-

mined by using a Bio-Rad Protein Assay commercial kit (Hercules,

Calif) on the basis of the method described by Bradford.23

SDS-PAGE

Recombinant protein purity and stability during storage at –20�C

was monitored by SDS-PAGE electrophoresis under reducing con-

ditions using 12% polyacrylamide NuPage Bis-tris gels (Invitrogen,

Carlsbad, Calif) followed by Coomassie blue staining.

Immunoblotting analysis

After protein transfer and blocking in TRIS-buffered saline with

Tween (TRIS 0.1 mol/L, pH 7.5, 0.15 mol/L NaCl and 0.1% Tween)

containing 5% defatted dry milk (blocking buffer), membranes were

incubated with allergic patient sera diluted in blocking buffer. Bound

immunoglobulins were detected by peroxidase-conjugated goat

antihuman IgE (Kirkegaard & Perry Laboratories, Gaithersburg,

Md) using ECL Plus Western blotting kit (Amersham Biosciences).

Endotoxin determination by Limulus
Amoebocyte Lysate

Levels of endotoxin in the purified recombinant proteins solutions

were evaluated by the semiquantitative gel-clot method using the
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End-point gel commercial kit (Endosafe, Charles River Laboratories,

Wilmington, Mass). Briefly, samples were incubated 1 hour at 37�C

with Limulus Amoebocyte Lysate (LAL). Serial dilutions of sample

were mixed in equal volumes with LAL reagent of known sensitivity.

After incubation for 1 hour at 37�C, the formation of a firm gel was

indicative of an endotoxin amount in the sample at least equal to

the LAL reagent sensitivity. The endotoxin concentration was then

calculated by multiplying the reciprocal of the greatest dilution of

the test solution that gave a positive response by the sensitivity of

the LAL reagent. Results were expressed in EU/mL. Endotoxin levels

in the purified recombinant proteins solutions were assayed and esti-

mated to be below the authorized limit of 5 EU/kg/h described in

European Pharmacopoeia,13 thus allowing a clinical study.

SPTs

Skin prick tests to common inhalant allergens (Dermatophagoides

pteronyssinus, Dermatophagoides farinae, birch pollen, grass, plan-

tain, artemisia, cat and dog epithelia, and latex) were performed. Main

food allergens (milk, egg, fish, soy, wheat), nuts (hazelnuts, macad-

amia, Brazil nut, walnut, pistachio, almond, pecan, cashew, chestnut),

legumes (green peas, beans, lentils, lupine, carob, blond peas, chick

peas), and particular foods incriminated by the clinical history of

the patient were tested by using the prick-in-prick method.24

Skin prick tests for standardization of peanut recombinant aller-

gens were performed on the back using (1) crushed roasted peanut,

(2) commercial protein extract (CPE) of roasted peanut (Allerbio,

Varennes en Argonne, France) containing 600 mg/mL of proteins, and

(3) rAra h 1, 2, 3 at increasing concentrations: 1, 10, and 100 mg/mL,

with the exception of rAra h 1, which could be used only to 60 mg/mL

because of limited solubility. The positive control was 9% codeine.

The negative control was phenol glycerol diluted in physiological

saline solution. A wheal diameter equal to at least 50% of that

obtained with the positive control codeine was considered positive.

ELISA

IgE specific binding to CPE (Allerbio, Varennes-en Argome,

France) and recombinant proteins was determined by ELISA.

Microtiter plates (Nunc Maxisorp; Nalge Nunc International,

Roskilde, Denmark) were coated (100 mL/well) with CPE and recom-

binant proteins at 0.5 mg/mL in PBS pH 7.4. Plates were blocked with

10% FBS in PBS and incubated with control and patient sera that

were diluted in blocking solution. Bound sIgE was detected by perox-

idase-conjugated goat antihuman IgE antibody (KPL) and revealed

with 3,39,5,59-tetramethylbenzidine (Pierce, Rockford, Ill). The enzy-

matic reaction was stopped by 2 mol/L H2SO4, and the absorbance was

FIG 1. Biochemical characterization of peanut recombinant aller-

gens: control of purity and in vitro immunoreactivity. A, SDS-PAGE

followed by Coomassie staining. Lanes 1 to 3, rAra h 1, rAra h 2,

rAra h 3. B, IgE immunoblotting with peanut allergic patient serum.

Lanes 1 to 3, rAra h 1, rAra h 2, rAra h 3.
immediately read at 450 nm with an automated microplate reader.

sIgE levels were considered positive when measured OD450 nm was

at least equal to 2 times the mean OD obtained with the 30 sera of

control subjects. IgE levels were expressed in arbitrary units (AU)

and correspond to the OD450 nm corrected by the dilution factor of

the serum.

Statistical analysis

Data are expressed as means 6 SEMs. Statistical analyses were

performed by using the Student t test for comparison between 2

groups. A p value < .05 was considered statistically significant.

RESULTS

Biochemical characterization of peanut
recombinant allergens

rAra h 1, rAra h 2, and rAra h 3 produced in E coli
appeared as single bands on SDS-PAGE with apparent
molecular masses of 72 kd, 20 kd, and 40 kd, respectively
(Fig 1, A). This corresponds to their predicted molecular
masses. Purity was judged greater than 98% estimated us-
ing SDS-PAGE followed by Coomassie staining. IgE-
binding capacity to rAra h 1, rAra h 2, and rAra h 3 was
investigated by immunoblots. Fig 1, B, shows that sIgE
from serum of a patient allergic to peanut recognized all
3 peanut recombinant proteins.

Patients

Thirty patients with peanut allergy (12 female and 18
male subjects) were enrolled (Table I). The mean age was
9.2 6 0.8 years (range, 3-20 years). The clinical features
occurring after accidental ingestion were scored for 3 pa-
tients at grade 1, six others at grade 2, three at grade 3, and
seven at grade 4. The DBPCFC induced symptoms of
grade 1 in six patients, grade 2 in three, grade 3 in five,
and grade 4 in three.

Twenty patients presented cross-sensitization to other
nuts, 10 patients to others legumes. Seven patients were
monosensitized to peanuts.

SPT

No subject from the control group reacted with any
recombinant allergen. One control subject with sensitiza-
tion to birch pollen reacted by SPT to native peanut, with
negative SPT result to CPE and recombinant allergens. On
the other hand, rAra h 1, 2, and 3 were all able to induce
cutaneous reactions characteristic of mast cell degranula-
tion in patients allergic to peanut (Fig 2, A). Intensity of
this reaction as determined by the wheal diameter in-
creased concomitantly with the concentration of the prep-
aration (Fig 2, B). At the highest concentration tested, all
patients with peanut allergy reacted by SPT to rAra h 2,
40% to rAra h 1, and 27% to rAra h 3 (Fig 2, C).

Native peanut gave a positive SPT result with papules
significantly larger than those observed with CPE (15.4 6

1.2 vs 7.6 6 0.7 mm; P < .001). The size of the wheal re-
sulting from the SPT with rAra h 2 was comparable to that
of the size of the wheal resulting from the SPT with CPE
(Fig 3, A).
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TABLE I. Clinical data for patients with peanut allergy

Clinical history

of peanut allergy DBPCFC to peanut

Patient

no.

Age

(y) Sex

Atopy clinical

manifestations

Foods

sensitization* Symptoms

Clinical

score

CD

(mg) Symptoms

Clinical

score

PsIgE

(kU/L)

1 20 F AD, RC, A n, l U, LAO 4 965 U, OAS, G, A — 67.8

2 3 M AD n U 1 500 — 5.87

3 10 F AD, RC n — 965 P, G, AST 1 1.83

4 15 F AD l U 2 7000 U, G 3 91.9

5 7 M AD U 2 44.4 — 1.82

6 4 M AD n — 44.4 A 2 15.3

7 15 F AD n U, RC, G, A 4 3500 U, G, RC 4 45.6

8 7 M AD n — 7000 G 2 2.18

9 5 M AD n U 1 44.4 — 2.69

10 7 M AD, RC, A n — 500 G, RC — 14.3

11 14 F AD, RC, G n, l U, G, LAO 3 500 G, OAS 1 100

12 4 M AD 2 500 P, G, RC 4 3.87

13 9 F AD, G, A n U, A 2 965 U, OAS 1 9

14 6 M AD n U, RC 3 44.4 — 2

15 19 F AD, RC, A — 500 G, A 3 42.3

16 6 M AD, RC n, e U 2 215 A 1 39.90

17 5 F e, m, mu — — 100

18 6 M AD n, e, l — 500 PL, G, RC, AST 4 100

19 6 M AD, RC n, l A 3 1500 G, AST 3 100

20 11 M AD, RC e, f G, AS 4 265 PL, OAS 2 42.3

21 3 F AD, A e, m — 500 U, G, AST 1 95

22 13 F AD, A n, l U 2 44.4 — 10.4

23 8 M AD, RC, A n, e, m, w — 15 RC — 28

24 10 M A l A 4 44.4 — 66.3

25 8 F AD, RC, A n, l A 4 215 G — 13

26 10 M AD, A n — 500 U, PL 3 4.80

27 10 M AD, RC n, f, l U 4 265 U — 7.62

28 9 F AD n, l U 1 500 — 1.31

29 11 M AD, RC U, RC, A 4 215 U, RC 3 14.5

30 14 M AD n, ef, f, s — 65 G 1 25.5

M, Male; F, female; Symptoms: AD, atopic dermatitis; RC, rhinoconjunctivitis; A, asthma; G, gastrointestinal symptoms; U, urticaria; LAO, laryngeal

angioedema; AS, anaphylactic shock; OAS, oral allergy syndrome; AST, asthenia; P, pruritus; PL, laryngeal prurit. Food allergy: e, egg; ef, exotic fruits;

f, fish; l, legumes; m, milk; mu, mustard; n, nuts; s, sesame; w, wheat; CD, Cumulative dose; PsIgE, peanut-specific IgE, determined using the CAP-RAST

system (Pharmacia).

*Determined using SPT. Clinical scores were defined as described in Methods.
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Sixteen patients reacted only to rAra h 2 and 14 to more
than 1 recombinant allergen. Out of 8 theoretical possible
combinations, 4 were observed (Fig 4, A). The profile of
sensitization did not differ between patients monosensi-
tized to peanut and those polysensitized to legumes or
other nuts.

There was no correlation between the size of the SPT of
rAra h 2 and the clinical score of severity (data not shown).
However, patients who were monosensitized to rAra h 2
had a significantly lower severity score than polysensi-
tized patients (P < .02; Fig 4, C).

Specific IgE to peanuts

The profile of recognition of recombinant allergens by
sIgE exhibited a similar pattern to that of the SPT. All
patients had sIgE against rAra h 2, 50% against rAra h 1,
20% against rAra h 3 (Fig 2, C). The mean levels of sIgE
recognizing CPE, rAra h 2, and r Ara h 1 were comparable,
whereas they were lower for rAra h 3 (Fig 3, B). sIgE bind-
ing to recombinant proteins followed a distribution pattern
similar to that resulting from SPT (Fig 4, B). There was no
correlation between the level of sIgE and severity of al-
lergy (data not shown). However, patients monosensitized
to rAra h 2 had a less severe disease than patients who
were polysensitized (Fig 4, D). The levels of sIgE were
significantly higher in polysensitized than in monosensi-
tized patients for both CPE (29.2 6 8.3 vs 5.2 6 3.9
AU; P < .02, respectively) and rAra h 2 (17.3 6 5.1 vs
4.4 6 3.4 AU; P < .04, respectively).

DISCUSSION

Currently, the only way to assess a peanut sensitization
is the use of native peanut or commercial extracts derived
from native peanut. Because of variability of the raw
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material linked to its origin and conditions of production
and storage, investigators are confronted with a lack of
standardization of the material used both in skin and
biological testing.9,10 The technology of recombinant
allergens appears a promising way to produce biological
material with consistent and standardized properties. All
patients with peanut allergy included in this study reacted
to rAra h 2, and no false positives were observed. Thus,
this recombinant protein appears to be the most interesting
candidate for use in the diagnosis of peanut allergy. The
high sensitivity and specificity of SPT to rAra h 2 needs
to be confirmed in a larger population. Skin reactivity to
rAra h 2 at the concentration of 100 mg/mL is comparable
to that to CPE. The higher responsiveness of SPT to native
peanut compared with commercial extracts has been pre-
viously observed,25 which could be explained either by
the cross-reactivity with carbohydrate determinants and
some pollen or vegetable allergens.

FIG 2. Peanut recombinant allergen reactivity. A, Representative

SPT reactions of 1 patient allergic to peanut. B, Wheal diameters

(mm). C1, 1 mg/mL; C2, 10 mg/mL; C3, 60 m;g/mL for rAra h 1 and

100 mg/mL for rAra h 2-3. n 5 30. C, Patients (%) with positive

SPT and sIgE to recombinant allergens. n 5 30.
Another main problem encountered with SPT to peanut
is that positive SPT results to peanut are observed
in pollen-sensitized patients.26 In a recent study, Mortz
et al27 underlined the high rate of peanut sensitization as-
sociated with pollen sensitization. The rate of sensitization
reaches a level of 5.8% for sIgE (CAP-System FEIA) and
3.4% for SPTs, whereas the diagnosis of true allergy is es-
timated at 0.5%. The authors show that 96% of these ado-
lescents are sensitized to grass pollen and attribute the high
rate of sensitization to peanut detected by sIgE and SPT to
the cross-reactivity between peanut and pollen allergens.

Cross-reactivity between peanut and pollen can be a
result of carbohydrate determinants or homology of
allergenic proteins. This could explain the positive skin
test to native peanut in 1 control subject sensitized to birch
pollen. Indeed, cross-reactivity with birch pollen allergen
(Bet v 1, Bet v 2) has been demonstrated with Ara h 5 and
Ara h 8.28 Recombinant allergens produced in E coli lack
carbohydrate determinants, thereby eliminating the risk of
false-positive results because of these determinants.29

Moreover, the absence of carbohydrate determinants
could affect refolding and thus the tertiary structure of re-
combinant proteins. This would modify the recognition of
recombinant allergens by sIgE compared with the wild-
type allergen. This could explain why there is no cross-
sensitization with birch pollen allergen. The skin reactivity
and recognition of recombinant allergens by sIgE is more
reflective of epitope peptides, and it is not surprising that
our findings agree with those of Beyer et al30 and
Shreffler et al12 concerning clinical reactivity and severity.

One of the main problems for physicians is having
diagnostic tools sufficiently effective to evaluate the
severity of the disease without the use of oral food
challenge tests that require a specialized clinical platform
and that are time-consuming. Sampson14 has defined

FIG 3. Reactivity to peanut extracts and peanut recombinant

allergens. A, Wheal diameters (mm) obtained by SPT. rAra h 1,

60 mg/mL; rAra h 2 and 3, 100 mg/mL. B, Levels of sIgE determined

by ELISA (n 5 30 subjects/group).
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FIG 4. Spectrotypes of recombinant allergen reactivity and clinical score of patients monosensitized to rAra h 2

and polysensitized. Spectrotypes as defined by SPT (A) and by sIgE (B). Peanut allergy severity in rAra h 2

monosensitized and polysensitized patients as defined by SPT (n 5 16 rAra h 2 monosensitized and n 5 14

polysensitized patients; C) and sIgE (n 5 14 rAra h 2 monosensitized and n 5 16 polysensitized patients; D).
Fo
o
d

a
ll
e
rg

y
,
d
e
rm

a
to

lo
g
ic

d
is

e
a
se

s,
a
n
d

a
n
a
p
h
y
la

x
is
levels of sIgE with a positive predictive value of 95%. This
threshold of sIgE is useful to avoid food challenge tests in
patients with higher levels. The remaining problem is to
determine whether a patient with a sIgE level less than
15 kU/L has or does not have a true allergy to peanut.
In the same way, the threshold of diameter of SPTs with
a predictive positive value of 95% has been defined as
�8 mm for commercial extract.31 However, no relation-
ship has been demonstrated between the size of SPT or
sIgE and the severity of the disease. The fact that poly-
sensitization could be associated with the severity of
symptoms has previously been proposed by Beyer et al.30

Using synthetic peptides, the authors demonstrated that
the cumulative IgE binding to the peanut peptides was sig-
nificantly higher in patients with peanut allergy than in tol-
erant patients. The recent study published by Lewis et al32

showed that the total number of bands recognized by sIgE
per patient is correlated with challenge score. Our current
data fully support this conclusion: sensitization estab-
lished either by SPT or sIgE to rAra h 1 and/or rAra h 3
in addition to rAra h 2 is associated with more severe
symptoms. This observation offers the possibility of de-
veloping reagents predictive of disease severity that can
be used by the practitioner. By bioinformatic annotation
of sequences closely related to currently identified im-
munodominant allergenic epitopes,20,22,33 we located epi-
topes predominantly on Ara h 2, whereas Ara h 1 and
Ara h 3 contained fewer of these. This could explain
why all subjects with clinically proven peanut allergy in-
deed reacted to rAra h 2. Additional reactivity to others,
rAra h 1 and rAra h3, is associated with high clinical
scores, suggesting that disease severity is related to epi-
tope spreading. These data are consistent with the higher
epitope diversity found by Shreffler et al12 in patients
with a history of more severe allergic reactions.

One of the main public health problems of FA to
peanuts is its persistency: the spontaneous recovery rate is
estimated between 18% and 21.5%,8,34 and the recurrence
rate after recovery at 7.9%.35 The severity of symptoms,
the deterioration of the quality of life, the risk of recur-
rence, and the weak percentage of spontaneous recovery
have prompted different research teams to develop thera-
peutic strategies other than avoidance diet and emergency
kits containing self-injectable epinephrine.36 The previous
trials of immunotherapy using peanut extract increase the
tolerance of patients with peanut allergy to oral ingestion
of peanuts, but the high rate of repeated severe systemic
reactions in most patients, even during maintenance injec-
tions, led to the cessation of this kind of treatment.37 For
allergy immunotherapy, a modified peanut product with
reduced allergenic activity is needed.22,38 The use of re-
combinant allergens allows the definition of the spectro-
type of sensitization of each patient and the design of
individual immunotherapy adapted to their sIgE recogni-
tion profile without the injection of antigenic components
not implicated in the allergic reaction. Immunotherapy
trials using modified recombinant allergens selected for
inducing a tolerance without adverse reaction can be envi-
sioned. The knowledge of the profile of skin and biologi-
cal recognition of recombinant allergens is the preamble to
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the development of vaccines based on modified recombi-
nant allergens and targeted on the basis of the spectrotype
of the patient.39
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