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José-Javier Sánchez, MD, PhD‡; Jerónimo Carnés, PhD§; and Enrique Fernández-Caldas, PhD§

Background: Lentils, chickpeas, beans, and peas are the most common consumed legumes in the Mediterranean area.
However, there is little information about allergy to these legumes.

Objectives: To describe the clinical features of a Spanish pediatric population allergic to legumes (lentils, chickpeas, peas,
white beans, and peanuts), to evaluate the clinical allergy to several legumes, and to determine which legume extract is most
appropriate to use in the diagnosis of legume allergy by skin tests.

Methods: Fifty-four children with allergic reactions after exposure to legumes were studied. The diagnosis of legume allergy
was confirmed by positive skin prick test results with legume extracts and food challenges or a recent convincing history of severe
reactions.

Results: The onset of allergic reactions was at approximately the age of 2 years (median, 22 months). Skin prick test results
were positive for at least 3 legumes in 38 children (70%). Positive results were more frequent to boiled extracts than to raw
extracts in children with a positive oral challenge. Allergy to lentil was the most frequently diagnosed legume allergy (43 children
[80%]), followed by allergy to chickpea (32 children [59%]). Oral challenges with more than 1 legume (median, 3 legumes) were
positive in 37 children (69%). The most frequent induced symptoms on challenge were respiratory (rhinitis and/or asthma) and
cutaneous.

Conclusion: In this population, lentils and chickpeas are the legumes that cause most allergic reactions, clinical allergy to more
than 1 legume is common, and boiled legume extracts are most appropriate to discriminate between allergic and tolerant
sensitized children.
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INTRODUCTION
Legumes are an important source of proteins. They are
common ingredients in the Mediterranean diet, which is
characterized by a large consumption of cereals, legumes,
olive oil, fresh fruits, and vegetables. In Spain, where the
Mediterranean diet is common, lentils, chickpeas, beans,
and peas are the most common consumed legumes.1 The
consumption of legumes in Spain is estimated to be 4.8 kg
per person per year: 1.8 kg corresponds to chickpeas, 1.6
kg corresponds to beans, and 1.4 kg corresponds to lentils.2

Among Spanish children, the consumption of legumes
starts at approximately the first year of age and at school
age they eat legumes about once a week. In children
younger than 5 years, sensitization to these legumes is the
fifth cause of food allergy.3 Legume allergy is also prev-
alent in some Asian countries, such as India, where chick-
pea is a major food allergen.4 In contrast, in the United

States and in some European countries, the consumption of
legumes other than peanuts or soybeans is uncommon. In
these countries, peanuts are often introduced in early life
via peanut butter, baked goods, and other products adul-
terated with peanuts. Peanut allergy is, therefore, quite
common in these countries; however, clinical allergy to
legumes other than peanuts is rare.5–9 Furthermore, sero-
logic cross-reactivity among legumes has been demon-
strated.10,11 However, clinical allergy to more than 1 le-
gume is rare among North American children.12 Symptoms
of food allergy are mainly caused by ingestion, but allergic
reactions by contact or inhalation of steam from cooked
legumes have also been described.13–15 There is little in-
formation about the value of skin prick tests with raw
extracts compared with boiled ones to predict legume
allergy. In a recent study,16 skin tests with raw or roasted
peanuts provided similar diagnostic information. Skin
prick tests with boiled lentil extracts show greater diag-
nostic values than those with raw extracts17; also, in vitro,
boiled extracts from chickpea18 and lentil19 retain their
allergenicity.

There is little information about allergy to legumes, such
as lentils, chickpeas, peas, and beans, in pediatric patients.
The objectives of this study were to describe the clinical
features of a cohort of pediatric patients in Spain allergic
to the most commonly consumed legumes, to evaluate the
clinical reactivity to several legume species, and to inves-
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tigate whether the use of raw or boiled extracts in skin tests
adds additional information for predicting clinical legume
allergy.

METHODS

Patient Population and Inclusion Criteria
This study was performed at the Allergy Department, Niño
Jesus Universitary Hospital, Madrid, Spain. To be included in
the study, patients had to fulfill the following inclusion cri-
teria: (1) be aged between 1 and 15 years, (2) have a history
of previous allergic reaction (by ingestion, contact, and/or
inhalation) to at least 1 legume (lentils, chickpeas, peas, white
beans, or peanuts), (3) have a positive skin test and/or serum-
specific IgE result to legumes, and (4) have a positive oral
legume challenge or a recent history of severe allergic reac-
tion to the legume that the patient is sensitized to.

During the first visit, a complete clinical history was ob-
tained and a physical examination was performed. Previous
to inclusion in the study, the parents or person responsible
signed the appropriate consent forms. Fifty-four children
were included in the study.

This study was performed with the approval of the Ethics
Committee of Niño Jesús Universitary Hospital.

Legume Extracts
Lentils, chickpeas, peas, and white beans (100 g) were
ground in a blender for 3 minutes and extracted in 2 L of a
0.85% sodium chloride solution in a shaker for 16 hours at
4°C, separately. Afterward, 2 types of extracts of each le-
gume were prepared following the methods previously de-
scribed.17,18 Briefly, half of the legumes remained raw and the
other half was boiled for 60 minutes. After these steps were
completed, all extracts were centrifuged at 10,000 rpm for 15
minutes and the supernatants were sterile filtered. The protein
concentration in all legume extracts was estimated by the
Lowry method (Sigma Diagnostics, St Louis, Missouri), fol-
lowing the manufacturer’s instructions. After lyophilization,
2 types of skin prick test solutions of each legume (raw and
boiled) were prepared. Freeze-dried material, 5 mg/mL, was
reconstituted in a solution containing 50% glycerine, 0.5%
phenol, and phosphate-buffered saline, 0.01M.

Skin Tests
All patients underwent skin prick tests with ALK lancet
(ALK-Abello, Madrid) on the volar surface of the forearm
with commercial legume extracts, including lentil, chickpea,
pea, white bean, green bean, soybean, and peanut (at 10
mg/mL; Laboratorios LETI, SL, Madrid), and a battery of
common aeroallergens, including Dermatophagoides ptero-
nyssinus, Dermatophagoides farinae, Lolium perenne, Olea
europea, Artemisia vulgaris, Betula alba, Alternaria tenuis,
and cat and dog dander (ALK-Abello). Furthermore, 47 of
these patients underwent skin tests with raw and boiled lentil,
chickpea, pea, and white bean extracts. All skin tests were
performed according to the European Academy of Allergol-

ogy and Clinical Immunology guidelines.20 A result was
considered positive when the mean diameter of the wheal was
at least 3 mm longer than the wheal of the negative control.
Histamine, 10 mg/mL, and 50% glycerinated isotonic sodium
chloride solution were used as positive and negative controls,
respectively.

Oral Food Challenges
Oral food challenges were performed with cooked or roasted
(peanuts) legumes in an open fashion, as previously de-
scribed.17 Children were challenged with lentils, chickpeas,
peas, white beans, and peanuts if they had a history of adverse
reactions with 1 or more of these legumes (no recent severe
reaction) or if they did not know their tolerance. Briefly, the
legumes were given in increasing amounts, which were dou-
bled every 30 minutes until the children presented convincing
symptoms or until the standard dietary dose for their ages was
reached. A positive challenge was defined as cutaneous (ur-
ticaria and/or angioedema) and/or respiratory symptoms (rhi-
nitis, conjunctivitis, and/or asthma) as single manifestations
or associated with other signs and symptoms of anaphylaxis.
When the results of the open food challenges were not con-
clusive (mild and/or equivocal or ambiguous symptoms), a
double-blind, placebo-controlled, oral food challenge was
performed. Up to 8 g of a boiled and lyophilized legume
extract was administered in orange juice. As a placebo, only
orange juice was used, because its taste and texture were not
altered with the lyophilized food. Doses were gradually in-
creased every 30 minutes. Food challenges were performed
by trained personnel (M.M.S.I. and M.D.I.) under continuous
observation. Equipment to treat anaphylactic reactions was
readily available.

Statistical Analysis
The primary end point was to estimate the prevalence of
legume allergy. The quantitative variables were summarized
by the median and range, and the qualitative variables were
described as percentage of the total sample. To verify the
normal distributions of quantitative variables, the Kolmog-
orov-Smirnov test was used. �2 Yate correlation and Fisher
exact tests were used for qualitative variables, and the Mann-
Whitney test was used for quantitative variables. P � .05
(2-tailed test) was considered statistically significant. The
sensitivity, specificity, positive predictive value, and negative
predictive value of skin tests as a predictor of a positive
challenge were calculated. Analyses were performed using
SPSS 11.0 (SPSS Inc, Chicago, Illinois) for calculations.

RESULTS
The clinical features of children allergic to legume are given
in Table 1. There were 43 boys and 11 girls. All patients
tolerated green been in the diet. Lentils and chickpeas were
responsible for most allergic reactions. Forty-two patients
(78%) reported allergic reactions to 2 or more legumes. The
first allergic reactions with legumes occurred at approxi-
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mately the age of 2 years (median, 22 months; range, 4–192
months). Thirty children (56%) were allergic to another food:
15 to egg, 13 to fish, 11 to tree nuts, and 4 to shellfish (some
were allergic to �1 food).

Skin Prick Tests
A total of 43 children (80%) were sensitized to pollen (39
[72%] to grass, 34 [63%] to olive, 20 [37%] to mugwort, and
16 [30%] to birch), 14 (26%) to molds, and 13 (24%) to
mites. Thirty-eight children (70%) had positive skin prick test
results with 3 or more commercial legume extracts. Forty-six
(85%) were sensitized to lentils, 41 (76%) to chickpeas, 36
(67%) to peanuts, and 31 (57%) to peas. Green and white
beans elicited a positive skin prick test result in 12 children
(22%) and 19 children (35%), respectively. In children with
positive food challenges, positive skin prick test results were
more frequently found with the boiled extracts than with the
raw extracts, except for white beans. Furthermore, in children
with positive challenges, the mean diameter of the wheal
sizes was significantly greater with boiled extracts than with
raw extracts (lentils, 7.6 vs 4.6 mm [P � .003]; chickpeas, 5.4
vs 4.0 mm [P � .001]; peas, 8.0 vs 6.0 mm [P � .003]) (Fig
1). Furthermore, sensitivity, specificity, positive predictive
value, and negative predictive value were greater with the

boiled than with the raw extracts (except for the sensitivity
and negative predictive value of white bean) (Table 2).

Figure 1. Mean diameter of the wheal sizes of skin prick test results
performed with raw extracts (REs) and boiled extracts (BEs) of legumes in
children with positive and negative oral challenges. CP� indicates positive
oral challenge to chickpea; CP�, negative oral challenge to chickpea; L�,
positive oral challenge to lentil; L�, negative oral challenge to lentil; P�,
positive oral challenge to pea; P�, negative oral challenge to pea; WB�,
positive oral challenge to white bean; WB�, negative oral challenge to white
bean; *P � .003; **P � .001; ***P � .01.

Table 1. Clinical Features of the 54 Children Allergic to Legumes in This Studya

Feature
Total

(N � 54)
Lentil

(n � 43)
Chickpea
(n � 32)

Pea
(n � 27)

White
bean

(n � 6)

Peanut
(n � 18)

Age, y 5 (1–15) 4 (1–15) 7 (1–15) 5 (1–15) 3 (1–9) 6 (2–15)
Male to female ratio 43:11 36:7 28:4 23:4 5:1 11:7
No. with other atopic diseases (A/AD/R) 38/29/35 30/26/27 24/16/22 21/16/17 3/2/2 14/10/11
Sensitization to pollen, No. (%) 43 (80) 34 (79) 25 (78) 20 (74) 4 (67) 14 (78)
Age of onset, mo 22 (4–192) 15 (4–84) 18 (8–108) 36 (9–168) 28 (18–60) 36 (12–192)
No. of implicated legumes per childb 3.0 (1–5) 3.0 (1–5) 3.0 (1–5) 3.0 (2–5) 3.5 (1–5) 2.0 (1–5)
No. of reactions per child 2.0 (1–10) 3.0 (1–10) 2.5 (1–10) 1.0 (1–5) 1.5 (1–5) 1.0 (1–8)
Children with symptoms at first known exposure,

No. (%)
41 (76) 27 (63) 19 (59) 8 (30) 4 (67) 9 (50)

Exposure route, No. (%)
Ingestion 53 (98) 36 (84) 31 (97) 14 (52) 5 (83) 9 (50)
Contact 24 (44) 10 (23) 12 (38) 1 (4) 1 (17) 9 (50)
Inhalation 19 (35) 13 (30) 11 (34) 5 (19) 0 4 (22)

Abbreviations: A, asthma; AD, atopic dermatitis; R, rhinitis.
a Data are given as median (range) unless otherwise indicated.
b Demonstrated by oral food challenges or a convincing history of a severe reaction.

Table 2. Comparison of the Sensitivity, Specificity, and Predictive Values of Skin Testing With Different Extracts

Legume
Sensitivity Specificity

Positive predictive
value

Negative predictive
value

RE BE CE RE BE CE RE BE CE RE BE CE

Lentil 91 100 98 58 73 58 83 88 89 75 100 87
Chickpea 85 97 100 55 85 64 72 89 80 73 89 100
Pea 74 96 74 35 48 57 59 66 63 80 92 70
White bean 83 67 83 72 98 72 24 80 26 96 95 97

Abbreviations: BE, boiled extract; CE, commercial extract; RE, raw extract.
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Oral Food Challenges
A total of 143 food challenges were performed on 51 chil-
dren; 105 (73%) were positive. Three children were not
challenged with any legume because they had a recent history
of severe reaction with 1 legume (2 with peanuts and 1 with
lentils) and reported good tolerance to the other legumes.
Children with a recent history of severe reaction to a legume
(defined as urticaria, wheezing and vomiting, and/or laryn-
geal edema after ingestion, contact, or inhalation) were not
challenged with this legume. These included 6 patients with
a reaction to lentils, 3 with a reaction to chickpeas, 3 with a
reaction to peas, and 9 with a reaction to peanuts. All these
children had positive skin prick test results to these legumes
(mean wheal diameter, �5 mm). The results of oral food
challenges to legumes are given in Table 3. In short, 43
children were allergic to lentils, 32 to chickpeas, 27 to peas,
18 to peanuts, and 6 to white beans. Thirty-nine children were
challenged with 2 or more legumes. Twelve children were
challenged with only 1 legume (6 with peanuts, 2 with white
beans, 2 with lentils, and 2 with chickpeas) because they had
a recent history of severe reaction with the other legumes or
reported good tolerance. Six double-blind, placebo-con-
trolled, oral food challenges were performed: 3 with chick-
peas, 2 with lentils, and 1 with peas. Two of them were
positive. Overall, 17 children (31%) were only allergic to 1
legume (7 to peanuts, 8 to lentils, 1 to white beans, and 1 to
chickpeas) and 37 (69%) were allergic to 2 or more legumes
(median, 3 legumes). The most frequent associations were
allergy to lentil and chickpea (31 children [57%]), lentil and
pea (29 children [54%]), and lentil, chickpea, and pea (23
children [43%]). Nine of the children allergic to peanut were
also allergic to lentil, and 7 were allergic to peanut and pea.
Seven children were allergic exclusively to peanuts, with
good tolerance to other legumes. These patients represented
39% of the patients diagnosed as having peanut allergy. Only
8 children were allergic exclusively to lentils (19% of patients
allergic to lentils).

Respiratory symptoms (rhinoconjunctivitis and/or asthma)
were the most common symptoms observed during oral chal-

lenges, mainly associated with cutaneous reactions. Gastro-
intestinal complaints were observed less frequently. Oral
allergy syndrome was present in 28 positive challenges.
Eleven challenges resulted in severe reactions, defined as
manifestations that affected 2 or more systems (cutaneous,
respiratory, and/or gastrointestinal), that resolved immedi-
ately after administration of epinephrine and antihistamines.
These manifestations were more frequent with peanut and
chickpea. All of these children have an asthma history. No
children had an exacerbation of atopic dermatitis during food
challenges (Table 4).

DISCUSSION
In Spain, several varieties of legumes are consumed. This
study describes the clinical characteristics of a cohort of
Spanish children allergic to legumes, confirmed by oral chal-
lenges. Among Spanish children, legume allergy is the fifth
most common cause of food allergy.3 In this study of 54
patients, we confirmed that lentils were the most common
cause of legume allergy (80%), followed by chickpeas (59%)
and peas (50%); green beans and white beans were the most
frequently tolerated legumes. Despite the fact that peas are
commonly consumed, few cases of pea allergy have been
reported.12,21 In this study, we found that allergy to peas is
also common among Spanish children and is frequently as-
sociated with lentil and chickpea allergies.

In our studied population, legume allergy started at approx-
imately the age of 2 years and began earlier with lentils and
chickpeas (median, 15 and 18 months, respectively) than with
peas and peanuts (median, 36 months). This difference could
be explained owing to the later introduction of peas and
peanuts in the Spanish diet. Most children had their first
reaction on their first known exposure to a certain legume.
Other authors22,23 have reported similar findings with other
food allergens. There is not a clear explanation for it, but it
may be owing to prenatal sensitization (in uteri exposure), in
the postnatal period through the breast milk or by hidden
ingestion.23,24 A total of 19 and 24 children reported symp-
toms after inhalation of steam from cooked legumes or skin
contact with legumes, respectively. These symptoms were
more frequent with lentils, chickpeas, and peanuts than with
other legumes. Several studies15,22,25 have also reported cases
of allergic reactions after skin contact with lentils, chickpeas,
beans, and peanuts. Bronchial asthma after inhalation of
steam from cooked legumes and after specific bronchial
challenges with lentil and chickpea extracts has also been
described.13,14,26,27 Most of our patients were male, were sen-
sitized to pollens (80%), and had other allergic diseases.
Sensitization to other foods was also common among our
studied population, mainly to egg, fish, and tree nuts, the
most frequent causes of food allergy in Spanish children older
than 2 years.3 These findings showed that our cohort included
highly atopic children. This could be a clinical characteristic
of patients allergic to legume in Spain.

Lentils, chickpeas, peas, and beans are consumed after
cooking. However, food extracts commonly used for skin

Table 3. Results of Oral Legume Challenges in 54 Children Allergic
to Legumes and Final Diagnosis

Legumea No. of
children

Positive
challengesb

Final
diagnosisc

Lentil 39 37 (95) 43 (80)
Chickpea 39 29 (74) 32 (59)
Pea 32 24 (75) 27 (50)
Peanut 15 9 (60) 18 (33)
White bean 18 6 (33) 6 (11)

a A total of 6, 3, 3, and 9 children were not challenged to lentils,
chickpeas, peas, and peanuts, respectively, owing to a recent con-
vincing history of severe reactions with these legumes.
b Data are given as number (percentage) of the total number of
children given in the second column for each legume.
c Data are given as number (percentage) of the 54 children.
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testing in clinical practice are prepared from crude materi-
als.28 In a previous study,17 boiled lentil extracts were re-
ported to be significantly better than raw extracts for identi-
fying clinically sensitive individuals. In that study, skin prick
tests performed with boiled lentil extract at 0.5 mg/mL were
positive in 31% (4/13) of the patients tolerant to lentil and in
96% (22/23) of the patients nontolerant to lentil, confirmed
by oral challenges in children with adverse reactions to len-
tils. At the same concentration, skin prick tests performed
with raw lentil extract were positive in similar frequencies in
both groups.17 In the present study, skin prick test results with
boiled extracts were more frequently positive in children with
positive challenges than in tolerant children. Furthermore, the
mean wheal diameter was significantly greater with boiled
extracts than raw extracts for lentils, chickpeas, and peas in
the nontolerant patients. In general, boiled extracts provide
better predictive values than raw or commercial extracts.
These results demonstrate that legume boiled extracts are the
most appropriate for discriminating between allergic and
tolerant sensitized children. Lentil and chickpea extracts
maintain strong allergenicity after boiling.18,19 Heat treatment
of lentil extract produces a strong increase in bands that
correspond to major allergen Len c 1 in sodium dodecyl
sulfate—polyacrylamide gel electrophoresis experiments.29

Most of the children reported allergic reactions to more
than 1 legume. We confirmed clinical allergy to 2 or more
legumes (median, 3 legumes) by oral food challenges in
almost 70% of the children (37 children). These results are in
disagreement with the results obtained by Bernhisel-Broad-
bent and Sampson,12 who reported the results of double-blind,
placebo-controlled, oral food challenge to 5 legumes in 69
children sensitized to legumes. Only 2 (5%) of the 41 chil-
dren with positive results had positive challenges to 2 le-
gumes (both to peanut and soybean).12 In that study, most of
the children were allergic to peanuts, whereas in our study,
most of the children were allergic to lentils. The difference in
the sensitization pattern identified in the patient population
sensitized to peanuts vs other legumes deserves further in-
vestigation, but we suggest that a different dietary exposure
leads to a different clinical reactivity. In Spain, where the
Mediterranean diet is common, more species of legumes such
as lentils, chickpeas, peas, and beans are consumed and
introduced early in life. In contrary, peanuts are introduced
later in life. However, major allergens from lentil and pea

belong to the storage proteins of the vicilin family, which
have homology with the peanut allergens, such as Ara h 1.30

Respiratory symptoms were the most commonly observed
symptoms during legume challenges, mainly rhinitis and/or
conjunctivitis, followed by cutaneous symptoms, such as
urticaria and angioedema. Atopic children frequently experi-
ence nasal symptoms during oral food challenges (30%–80%
of positive challenges), mostly associated with cutaneous or
gastrointestinal symptoms31,32 and more frequently observed
in infants and young children than in adults.33 In our study,
many patients referred symptoms after inhalation of steam
from cooked legumes. This is in agreement with the fact that
legume allergens are thermostable and become aerosolized
during the cooking process.

In summary, allergies to lentils and chickpeas were the
most frequent legume allergies among our cohort of Spanish
children, but these findings cannot be extrapolated to popu-
lations with different dietary habits. The most frequent symp-
toms observed during the oral challenges were respiratory
and cutaneous. This study has demonstrated that skin prick
tests with boiled legume extracts provide better information
than raw extracts for the prediction of the outcome of a
legume challenge in the population studied. Clinical allergy
to more than 1 legume is common in our patient population.
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