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Abstract
Aim: The aim of the present pilot study was to investigate to what extent children in Norway

sensitized to lupin had clinical lupin allergy, and to compare sensitization to lupin with sensitization to

other legumes.

Methods: Thirty-five children with food allergy referred to a national referral hospital were evaluated

with skin prick test (SPT) and analysis of serum-specific IgE to lupin, peanut, pea and soy. The

children with positive SPTs to lupin were offered oral food challenges with lupin flour.

Results: Fifteen children (43%) had positive SPT and 17 children (49%) had serum-specific IgE to

lupin. Ten SPT-positive children underwent oral food challenges and one experienced an allergic

reaction to lupin flour. This child was one of six challenged children with IgE antibodies to peanut

>15 kUA/L. There was a strong relationship between positive SPT to lupin flour and positive SPT to

soy and between positive SPT to lupin and specific IgE to soy, pea and peanut.

Conclusions: Children with sensitization to lupin are not likely to have a clinical lupin allergy. Avoidance of lupin

on the basis of lupin sensitization or peanut allergy would lead to unnecessarily strict diets. Food challenge is

currently necessary to diagnose lupin allergy.

INTRODUCTION
Food allergies are likely to be influenced by regional dietary
habits and may be altered by changes in diet. Introducing
new foods or food ingredients into a population may result
in the development of new food allergies.

Lupin flour is a new food ingredient in Norway and
has lately become increasingly used in food production in
Europe due to its nutritional and technical properties and
low cost. The first case of lupin allergy was reported in 1994
(1). Since then several cases, also from Norway, have been
documented (2–4). Lupin allergy may produce a variety of
symptoms (5), also anaphylactic reactions (6,7).

The European Food Safety Authority (EFSA) recognized
lupin as a food allergen in December 2005 (8) and lupin was
recently added to the EU food allergen list (9).

Sensitization to food allergens without allergic symptoms
upon ingestion of the food items is common (10). Children
allergic to one legume are often sensitized to other legumes
because of cross-reactive IgE-antibodies, but only a few have
clinical allergy to more than one legume (11). Oral food chal-
lenge may be necessary to distinguish those allergic to more
than one legume from those just sensitized. The prevalence
of lupin allergy and its relationship to lupin sensitization
is unknown. It is of importance to differentiate those who
are truly allergic to lupin from those sensitized, but with-
out clinical allergy. The frequency of clinically significant
peanut-lupin cross-allergy has been reported to be high in
comparison with the frequency of cross-allergy between
other legumes (5,12).

The aim of the present pilot study was to investigate to
what extent children sensitized to lupin had clinical symp-
toms of lupin allergy and to compare sensitization to lupin
with sensitization to other legumes.

MATERIAL AND METHODS
Patients
Thirty-five children, 11 girls and 24 boys, of age 2–17 years
(median age 6 years) all referred to Voksentoppen, Depart-
ment of Pediatrics, Rikshospitalet-Radiumhospitalet Medi-
cal Center, primarily for evaluation of known or suspected
IgE-mediated food allergy were included in the study over a
3-month period. One of the children was referred because of
suspected lupin allergy. Children referred primarily for eval-
uation of asthma or atopic eczema were not included. Ex-
clusion criteria were other serious chronic illness and acute
disease. Written informed consent was obtained from all par-
ents. Parents of five children withdrew their consent when
their child was eligible for oral food challenge. The study was
performed in collaboration with the National Veterinary In-
stitute and the Norwegian Institute of Public Health and was
approved by the Ethical Committee for Southern Norway.

Skin prick tests
Skin prick tests (SPTs) were performed with Lupipan®,
a flour from Lupinus angustifolius seeds (Soja Austria,
Vienna, Austria), Lopino®, a processed crude protein prepa-
ration (heat-treated by boiling) from L. albus seeds (Lupina,
Visbek, Germany), peanut 5000 PNU (protein nitrogen
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units)/mL, pea 5000 PNU/mL (Allergopharma, Reinbek,
Germany) and soy 1:20 W/V (Solu-prick, ALK-Abello Lab-
oratories, Copenhagen, Denmark). The lupin flour prepa-
ration for SPT was made by mixing natural lupin flour
(Lupipan) with the negative control (see below) directly
on the skin, and SPT was performed by pricking through
the material. For Lopino® the prick-prick method was used
(13). Testing was performed on the volar side of the under-
arm, in duplicate for children 4 years of age and older. A
positive SPT result was defined as a wheal with a diame-
ter (mean of longest and the midpoint orthogonal diameter)
≥3 mm larger than the negative control (13). Mean of
duplicate tests was calculated. Histamine dihydrochlo-
ride (10 mg/mL) (ALK-Abello Laboratories, Copenhagen,
Denmark) served as a positive control and Allergopharma’s
diluent as a negative control. SPT with the lupin flour prepa-
ration was performed in the same manner on a number of
nonatopic children without any positive results.

Blood samples
Venous blood was drawn in the morning and sera were an-
alyzed for specific IgE to lupin seeds (L. albus), peanut, pea
and soy at Voksentoppen according to the manufacturer’s
specifications (ImmunoCAP 100, Phadia AB, Uppsala,
Sweden). Single analyses were performed. The cut-off value
for a positive result was set at 0.35 kUA/L.

Oral food challenges
Children with positive SPT to lupin flour (Lupipan®) or
the processed lupin preparation (Lopino®) were offered
an open oral food challenge. Food challenge was re-
garded as positive if objective symptoms such as rhinocon-
junctivitis, asthma, urticaria, angoioedema, exacerbation of
atopic dermatitis, vomiting or diarrhoea occurred. Double-
blind placebo-controlled food challenges were planned for
confirming open oral food challenges when positive. For
practical reasons, children with positive specific IgE, but
negative SPT to the two lupin preparations, were not of-
fered an oral food challenge with lupin flour. Challenge was
performed with pancakes containing 10 g lupin flour each
with increasing doses: 1/4 pancake (2.5 g lupin flour), 1/2 pan-
cake (5 g lupin flour) and 11/4 pancake (12.5 g lupin flour;
cumulative dose 20 g) at hourly intervals. The children were
observed in the hospital for at least 4 h after the last chal-
lenge dose. Outpatients were told to contact the investigator
if symptoms occurred after leaving the hospital.

Electrophoresis and IgE immunoblotting
Protein extractions and electrophoresis of lupin flour and
Lopino protein extracts were performed as previously de-
scribed (14). In brief, lupin flour and Lopino® protein
extracts were separated by sodium dodecyl sulphate poly-
acrylamide gel electrophoresis (SDS-PAGE) under reduc-
ing conditions using 4–12% Bis-Tris pre-cast gels. The
gels were either stained with SimplyBlue Safestain (In-
vitrogen, Carlsbad, CA, USA), or the separated proteins
were electrophoretically transferred from the gel onto a ni-
trocellulose membrane. The membrane was blocked with

Table 1 Overview of skin prick tests and specific IgE results to legumes in
children (n = 35) with known or suspected food allergy

Lupipan® Lopino® Lupin Peanut Pea Soy
seed

Positive skin prick test 15 4 - 22 6 10
(>3 mm)

Negative skin prick test 20 31 - 13 29 25
(<3 mm)

Specific IgE > 0.35 kUA/L - - 17 28 15 20
Specific IgE < 0.35 kUA/L - - 18 7 20 15

tris-buffered saline containing 0.05% Triton X 100 and 5%
horse serum and incubated overnight at 4◦C with patient
serum (diluted 1:20). For detection of IgE, the membrane
was first incubated with rabbit anti-human IgE (Dakocy-
tomation, Glostrup, Denmark), followed by incubation with
goat anti-rabbit IgG HRP conjugate (Zymed, San Fran-
cisco, CA, USA), and binding was finally made visible
with 3,3′,5,5′-tetramethylbenzidine (TMB) substrate solu-
tion (Zymed). For the protein staining 18 �g protein was
loaded onto the gel, while 5 �g protein was applied for the
immunoblot.

RESULTS
Skin prick tests and serum-specific IgE
Fifteen of 35 children (43%) had positive SPT to Lupipan®,
four of these had also positive SPT to Lopino® (Tables 1 and
2). Seventeen children (49%) had specific IgE to lupin seeds
ranging from 0.4 to 20.2 kUA/L, of whom five had negative
SPT to Lupipan® or Lopino®.

All children sensitized to lupin were also sensitized to one
or more of the other legumes tested for. Of the 15 children
with positive SPT to lupin nine had positive SPT to peanut,
five to pea and eight to soy. Regarding the 17 children with
positive specific IgE to lupin, all had positive specific IgE
to peanut, 13 had positive specific IgE to pea and 16 had
positive specific IgE to soy.

Of the 22 children with positive SPT to peanut nine had
positive SPT to Lupipan®, four to pea and nine to soy.
Twenty-eight children had positive specific IgE to peanut,
of these 17 children had positive specific IgE to lupin seed,
15 to pea and 20 to soy. Sixteen children had specific IgE to
peanuts >15 kUA/L, eight of whom were also SPT positive
to lupin flour.

Oral food challenges
Ten of the 15 children with positive SPT to lupin flour un-
derwent oral food challenges. The parents of five children
rejected food challenge and withdrew their consent from
that part of the study. One child (patient 3) experienced an
allergic reaction to lupin flour during challenge. This boy
had a positive SPT to lupin flour (7 mm), a negative SPT to
Lopino®, positive specific IgE to lupin flour (6.0 kUA/L)
and to peanut (>100 kUA/L) (Table 2). Five minutes af-
ter ingestion of 2.5 g lupin flour he complained of itching
in the throat and difficulty in swallowing. Urticaria, facial
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Table 2 Skin prick tests (mm) and serum specific IgE (kUA/L) to legumes in sensitized children∗

Patient Gender Age SPT Lupipan® SPT Lopino® SPT soy SPT pea SPT peanut Specific IgE Specific IgE soy Specific IgE Specific IgE Challenge
(year) (mm) (mm) (mm) (mm) (mm) lupin seed (kUA/L) (kUA/L) pea (kUA/L) peanut (kUA/L) symptoms†

1 m 3.5 14 5 3.5 0 4.5 3.1 <0.35 <0.35 41.3 n.d‡

2 m 17 11 4 4.5 3.5 6.5 16.8 21.8 19.1 >100 no
3 m 12 7 2 3 3 7 6 7 5.8 >100 yes
4 m 5.5 5.5 2.5 5 3.5 7.5 6.1 5.6 4.6 54.2 no
5 m 2.5 5 2 2.5 1.5 0 2.5 0.9 3.1 0.5 no
6 m 6.5 5 3.5 5 11 5 6.2 6.8 11.6 16.4 no
7 f 7 5 0 0 0 1 <0.35 <0.35 <0.35 2.1 n.d‡

8 f 5.5 5 3 1 2 0.5 3.1 2.6 1.8 3.1 n.d‡

9 m 16 4.5 0 1 1.5 2.5 <0.35 0.4 <0.35 2.5 no
10 m 4 4.5 0.5 2 0 5.5 <0.35 2.3 <0.35 4.6 n.d‡

11 m 8 4.5 0 2.5 4 0 2 1.3 0.7 19.7 no
12 f 4 4.5 0.5 3 1 7 20.2 25.8 19.4 >100 no
13 m 2.5 4 0 0 0 11 1.4 1.3 1.4 >100 n.d‡

14 m 9.5 3 0 3 1 5 1.4 1 6.1 12 no
15 f 14.5 3 0 3.5 1 0 1.8 1.1 0.4 3.7 no
16 f 6 2.5 0 1.5 2 0 <0.35 1 <0.35 2.6 no
17 m 2 2 0 0 0 11 <0.35 0.4 0.4 16.5
18 m 4 2 0 3 0 7.5 0.6 0.6 <0.35 89
19 m 3 2 0 2 0 0 7.8 4.6 2.7 23.8
20 f 5 2 0 1.5 0 3.5 <0.35 <0.35 0.35 <0.35
21 f 9.5 2 0 0 1 6.5 <0.35 <0.35 <0.35 1.2
22 m 7 1.5 0 2.5 1 4 <0.35 <0.35 <0.35 0.7
23 m 6 1 0 2.5 1.5 5 <0.35 <0.35 0.4 0.7
24 m 6 1 0 3.5 0 6 <0.35 <0.35 <0.35 0.6
25 m 7 1 0.5 0.5 1.5 6 1.4 0.5 <0.35 64.8
26 f 3 1 0 0 0 5.5 0.8 0.8 0.8 21.2
27 m 5 0 0 0 0 4.5 <0.35 <0.35 <0.35 <0.35
28 m 7 0 0 0.5 3.5 1 <0.35 <0.35 <0.35 <0.35
29 m 4 0 0 0 0 8 <0.35 <0.35 <0.35 45.2
30 m 10.5 0 0 0 0 7 <0.35 <0.35 <0.35 53.1
31 f 6.5 0 0 0 0 5.5 0.4 0.4 <0.35 25.2

∗Four children participating in this study (two boys and two girls) were not sensitized to any of the legumes tested and are not included in the table.
†Ten children were selected for oral food challenge on the basis of results from SPT to lupin flour, one child with a negative SPT to lupin flour also underwent oral
food challenge.
‡n.d.: not done. Children with positive SPT to lupin flour who were not challenged with lupin flour.

angioedema and cough were observed. He was treated with
an antihistamine. This child had been referred to Voksentop-
pen with suspected lupin allergy after having experienced a
serious allergic reaction one year earlier when eating a roll
containing lupin flour. It was, however, not possible for logis-
tic reasons to repeat the challenge in a double-blind fashion.

Thus, no child out of nine unselected children sensitized
to lupin developed symptoms during food challenge, while
the suspected clinical allergy of one child was verified.

Electrophoresis and IgE Immunoblotting
To investigate the protein composition in the two lupin
preparations used for SPTs, the extracts were analyzed by
SDS-PAGE. The protein staining of lupin flour and Lopino
extracts revealed a complex pattern of components with
molecular weights from 4 to 64 kDa (Fig. 1a). A decrease in
high-molecular weight bands above 49 kDa and between 16
and 38 kDa were observed in the Lopino® extract, compared
to in the lupin flour extract. Additionally, differences in band

intensities of common bands in the two extracts were seen.
Immunoblotting with serum from the lupin-allergic patient
revealed IgE-binding components with molecular weights
from 18 to 60 kDa (Fig. 1b). In the lupin flour extract, several
IgE-binding bands were recognized, particularly at approxi-
mately 49, 56 and 60 kDa. In the Lopino® extract, only one
IgE-binding component at 56 kDa was strongly stained.

DISCUSSION
In the present study the occurrence of symptomatic lupin
allergy in SPT positive, unselected food allergic subjects was
not found in nine subjects. Additionally, a lupin-sensitized
case was referred because of suspected lupin allergy devel-
oped symptoms when challenged orally. Thus, in this small
patient cohort we have demonstrated a marked discrepancy
between the number of children sensitized to lupin and the
number of children demonstrating allergic symptoms in con-
trast to two previously published studies (5,12).
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Figure 1 Lupin flour (lane 1) and Lopino® (lane 2) extracts separated by SDS-
PAGE. Protein staining (A) and IgE immunoblot obtained with serum from a
lupin-allergic patient (patient 3, see Table 2) (B). Protein sizes (kDa) are indi-
cated on the left side of the gel and blot.

All children participating in our study were referred be-
cause of food allergies and they therefore constituted a
selected group with high likeliness of having legume sensi-
tization and allergy. For practical reasons the children were
selected for open food challenge on the basis of results from
skin prick testing to lupin, and not from lupin-specific IgE.
Five children with lupin-specific IgE, without positive SPT
did not undergo oral food challenge, and we may therefore
have missed one or more allergic individuals. However, our
results are valid in relation to clinical allergy and skin prick
testing.

All the children sensitized to lupin were sensitized to other
legumes as well. Thus, sensitization to lupin could be due to
cross-sensitization to other legumes, and if so none of the
included children were primarily sensitized to lupin. Positive
SPTs and detectable serum IgE to pea or soy, but not to
peanut, were seen more often in the children sensitized to
lupin. At the present time, there are few data in the literature
on lupin-pea and lupin-soy cross-allergic reactions.

Peanut challenges were not performed. Consequently, it
is not known which peanut-sensitized children were actu-
ally symptomatic on exposure to peanuts. The high inci-
dence of peanut sensitization probably reflects the selected
group of children. Sixteen children had IgE antibodies spe-
cific to peanut >15 kUA/L and were thus likely (>95%)
to be peanut challenge positive according to some stud-

ies (15). Eight of the peanut-sensitized children had posi-
tive SPT to lupin flour. This is in agreement with a study
of peanut-allergic children in France, where it was found
that 11 of 24 (44%) had a positive SPT to lupin (5). We
challenged five unselected children with IgE antibodies to
peanut >15 kUA/L with lupin flour and none experienced
an allergic reaction, only the sixth child with IgE antibodies
to peanut >15 kUA/L referred because of suspected clinical
allergy to lupin reacted to challenge. This is in contrast to a
French study where it was found that seven of eight peanut-
allergic children, of whom seven had positive SPT to lupin,
showed an allergic reaction to lupin (5). This discrepancy,
if not a random effect due to small numbers, may either be
due to the fact that lupin flour has been used to a lesser
extent or for a shorter period of time in Norway than in
France. In addition, the skin test allergen preparations were
different.

We performed SPTs with two different lupin preparations.
The main differences between them were the species of ori-
gin and the degree of protein processing. Also in other stud-
ies different lupin preparations and various SPT methods
have been used (1,4). Only four out of 15 of the children with
positive SPT to lupin flour, had a positive SPT to Lopino®.
These four children also had positive specific IgE to lupin.
Furthermore, the difference in allergen preparations and the
performance of clinical tests may also explain the discrepan-
cies between results obtained in other clinical studies with
lupin (5,12). Our observations underline the fact that the
choice of allergen preparations used in SPTs may have a
considerable effect on the outcome of the test, and demon-
strate the need for standardized allergen preparations and
testing procedures.

To further investigate the difference observed between
lupin flour and Lopino®, the two protein preparations were
analyzed by electrophoresis. Although the staining patterns
appeared to be quite similar, some differences in the num-
ber and intensity of protein bands were seen. This sug-
gests that processing had altered the lupin proteins (e.g.
by agglutination or degradation), or there may be differ-
ences between the two species of lupin. An immunoblot
with IgE from the lupin-allergic patient was performed. This
patient had positive lupin flour SPT, but the Lopino® SPT
was negative. Despite this fact, IgE to both lupin flour and
Lopino® were detected in the patient’s serum. However,
the IgE-binding patterns differed considerably, and while
the patient’s IgE recognized only one dominant band in the
Lopino® extract, the corresponding band in the lupin flour
extract was only weakly recognized. This finding confirms
the data from the electrophoresis, and indicates differ-
ences in epitope structure or availability between the two
preparations.

In conclusion, our study indicates that children with al-
lergic sensitization to lupin are still not very likely to have
clinical lupine allergy. Furthermore, we demonstrated that
the choice of allergen preparations for use in SPTs may
have a considerable effect on the outcome of the test, which
emphasizes the need for standardized allergen preparations
and testing procedures. We studied a small number
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of children and thus definite conclusions should not be
drawn. However, in food-allergic children in Norway, clin-
ical lupin allergy seems to be uncommon even in the pres-
ence of sensitization to lupin. In order to evaluate changes
in the prevalence of clinical lupin allergy associated with
dietary changes, further studies are needed. If all lupin-
sensitized and peanut-allergic children were advised to avoid
lupin, many would have an unnecessarily restrictive diet. At
present food challenge is necessary to diagnose lupin allergy
in sensitized patients.
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