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Abstract

Background: Buckwheat allergy is a rare food allergy in Europe and North Amer-
ica, whereas it is often described and studied in Asia. The aim of this study was to
describe a series of patients with proven buckwheat allergy evaluated in an Italian
allergy clinic. Co-sensitization to other food and inhalant allergens and immuno-
blotting profiles of buckwheat-allergic patients were studied.

Methods: Patients with suspected buckwheat allergy who attended the allergy clinic
between January 1, 2006, and September 30, 2008, were evaluated. All patients
underwent skin prick tests for a standard panel of inhalant and food allergens,
prick-by-prick with buckwheat flour, buckwheat-specific IgE determinations, and
double-blind placebo-controlled food challenge (DBPCFC) with buckwheat flour.
Immunoblotting with buckwheat flour extract was performed on sera from buck-
wheat-allergic patients.

Results: Among 72 patients with suspected buckwheat allergy, 30 (41.7%) were sen-
sitized to buckwheat and 24 had a positive DBPCFC. The mean buckwheat IgE
level was 6.23 kUA/1 (range, 0.16 to >100 kUA/I). Several IgE-binding proteins
were identified and grouped into three patterns: a 16-kDa band in patients with pre-
dominantly gastrointestinal symptoms with grass and wheat flour co-sensitization, a
25-kDa band in patients with predominantly cutaneous symptoms and a low
frequency of co-sensitization, and a 40-kDa band in patients with anaphylaxis and a
low frequency of co-sensitization.

Conclusions: Buckwheat allergy is an emerging food allergy in Italy. We identified
three distinct patterns of clinical and laboratory characteristics, suggesting that
specific allergens could be more frequently associated with clinical manifestations of
different severity.

Buckwheat (Fagopyrum esculentum), a member of Polygona-
ceae family, is a crop that is taxonomically unrelated to
wheat and frequently used to obtain a dark flour that is the
main ingredient of several Asiatic and Russian dishes. In
Europe, buckwheat flour is used mostly for regional tradi-
tional dishes like ‘french gallettes’ (a type of crepe from
Brittany), Dutch ‘poffertjes’ (small pancakes) or Italian
‘pizzoccheri’ (a kind of pasta from a small regional area,
Valtellina, in northern Italy), and ‘Polenta Taragna’ (a hot
porridge from northern Italy). Buckwheat flour is gluten-free
and commonly serves as a supplement for patients with celiac
disease.
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Several cases of buckwheat allergy have been described,
including occupational allergy in patients working in the
production of buckwheat-containing foods (1, 2) and food
allergies in patients who had hypersensitivity reactions
after ingesting dishes containing buckwheat (3). Manifes-
tations include skin reactions like urticaria (4), angioedema
(5), and atopic dermatitis exacerbation (6); gastrointestinal
involvement; respiratory symptoms like asthma (7) and
Heiner syndrome (8), interstitial cystitis (9), and anaphylaxis
(10-12).

Buckwheat is estimated to be the causative allergen in
about 3.4% and 2.9% of all anaphylaxis in Japan (13) and
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Korea (14), respectively. In France, the prevalence of buck-
wheat-induced food allergic reactions was about 4.5% of all
food allergies recorded by the French Allergy Vigilance Net-
work between 2002 and 2006 (15). In Italy, buckwheat
allergy has rarely been reported, accounting about 1% of
type I food allergies according to a recent epidemiological
survey of Italian adults attending Allergy Clinics (16).

Buckwheat is also described as a possible hidden allergen
in dishes that were not supposed to contain it, like wheat-
burgers in one case (17), a pepper compound in another (18),
and pizza in a case of anaphylaxis in a young woman we
recently described (10).

Several buckwheat proteins are described as being able to
bind IgE in allergic patients, and those proteins with molecu-
lar weights of 9, 16, 19, and 24 kDa are considered major
allergens. The 19-kDa protein was also described as being rel-
atively specific for buckwheat-allergic patients (19).

Cross-reactions between buckwheat and latex (Hevea bra-
siliensis) (20), rice (21), and poppy seeds (22) have been
described. Most of the patient series reported are in non-
European populations, who may have specific patterns of
allergic sensitization.

In this study, we describe 24 patients with allergic reac-
tions to buckwheat confirmed by double-blind placebo-con-
trolled food challenge (DBPCFC). This case series consists
mostly of patients with suspected allergy for unknown foods
who received a diagnostic workup of suspected flour allergies
after we became aware of buckwheat as a possible hidden
allergen contained in pizza dough prepared from a mixture
of wheat and buckwheat flours (10). Sensitization/allergy to
other foods and/or inhalant allergens, and the buckwheat
IgE-binding profile determined by SDS-PAGE/immunoblot-
ting were investigated in all patients.

Methods
Patients

Among patients referred to the Allergy Clinic of Mauriziano
Hospital in Turin (Italy) from January 1, 2006, until Septem-
ber 30, 2008, buckwheat allergy was suspected in 72 consecu-
tive patients based on symptoms elicited by ingestion of
foods containing buckwheat (Polenta Taragna, pizzoccheri,
french gallettes) or foods that could potentially contain a
mixture of flours (pizza, multi-grain bread, muesli bars, etc.).
Twenty-four patients (19 women with a mean age of
30.6 years; range, 17-57 years) were diagnosed with buck-
wheat allergy and were included in the study. The diagnosis
was based on clinical history, prick-by-prick with buckwheat
flour, specific buckwheat IgE, and positive DBPCFC with
buckwheat flour. According to the major clinical manifesta-
tions reported in their clinical histories and recorded during
DBPCFC, patients were classified into three groups: isolated
cutaneous symptoms (urticaria and/or angioedema, or exacer-
bations of atopic dermatitis), prevalent gastrointestinal symp-
toms (nausea/vomiting, and/or abdominal pain with diarrhea,
with or without mild cutaneous symptoms, erythema with
few wheals), or anaphylaxis diagnosed according to the
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involvement of two or more organ systems (skin, respiratory,
gastrointestinal, and cardiovascular) (23).

All patients provided informed consent for DBPCFC, and
the study was approved by the Institutional Ethics Review
Board.

Skin prick tests

All patients underwent skin prick tests for a standard panel
of 12 inhalant allergens (Betula verucosa, Corylus avellana,
Lolium spp, Parietaria judaica, Ambrosia artemisifolia, Arte-
misia vulgaris, Dermatophagoides pteroyssinus, Alternaria alt-
ernata, Aspergillus fumigatus, and cat and dog dander), 10
food allergens (peanuts, walnuts, hazelnuts, soybeans, pea-
ches, wheat, rice, corn, hen’s eggs, and cow’s milk), and latex
(H. brasiliensis). All patients also underwent prick-by-prick
with buckwheat flour (diluted 1:1 in saline). To exclude
non-specific irritant reactions, prick-by-prick with buckwheat
flour was also tested in 10 atopic and 10 non-atopic control
subjects who did not exhibit any reaction. Histamine and sal-
ine served as positive and negative control solutions, respec-
tively. A wheal that was 3 mm larger than the negative
control was considered a positive skin-prick test.

Determination of allergen-specific IG-e antibodies

IgE-specific antibodies for buckwheat were determined in all
patients according to the manufacturer’s instructions (Phadia,
Uppsala, Sweden). The results were expressed in kUA/I, and
a positive value was considered one greater than 0.10.

Double-blind placebo-controlled food challenge

All patients sensitized to buckwheat underwent the DBPCFC
for buckwheat flour.

The patients were given test meals in our Hospital Allergy
Clinic on separate days after an overnight fast and with-
drawal of all anti-allergy drugs. The physician and patient
were both blinded to the protocol. The test meal was pre-
pared by dieticians at the Mauriziano Hospital. The ingredi-
ents used to prepare the active meal were raw buckwheat
flour, potato starch, bitter cocoa powder, sugar, water, and
peppermint oil. The same ingredients were used for the
placebo meal apart from the addition of buckwheat flour,
which was replaced by an equivalent amount of potato starch
instead. A DBPCFC with up to 25 g of buckwheat flour was
performed in all study patients. Precautions were taken for
possible systemic reactions. Intravenous access was obtained
for all the patients. Before administering the test meal, the
skin was carefully inspected for pre-existing lesions, and
blood pressure and forced expiratory volume in 1s (FEV))
were measured in all patients. Spirometry was performed
before each subsequent dose if there was a history of asthma
and whenever respiratory symptoms were reported during the
challenge. A positive reaction for asthma was defined as a
decrease in FEV, of at least 15% compared with baseline.
Active and placebo test meals were administered on separate
days under the supervision of one trained nurse and one
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physician. Doses were delivered at 20-min intervals. A mini-
mum starting dose of 100 mg of raw buckwheat flour was
administered; subsequently, the following doses were adminis-
tered (cumulative dose is shown in parentheses): 500 mg
(600 mg), 1 g (1.6 g), 1.5g (3.1 g), 3.5g(6.6g), 6.4 g (13 ¢g),
and 12 g (25 g). The total cumulative dose administered was
25 g of raw buckwheat flour. All doses were administered
unless convincing symptoms appeared. As indicated by the
European Academy of Allergy and Clinical Immunology
position paper (24), patients with negative DBPCFC under-
went open challenge with 25 g of cooked buckwheat flour
(Polenta Taragna).

Allergen extract

Raw buckwheat flour was defatted with ethyl ether, then
extracted with 20% (w/v) 1.5M NaCl containing 0.05%
NaNj for 2 h at room temperature. The extract was centri-
fuged at 18 000 g for 30 min at 4°C to remove the preci-
pitate. The supernatant was dialyzed (cutoff molecular weight
of 3.5 kDa; Spectrum, Prodotti Gianni, Milan, Italy) against
distilled water for 48 h. The protein concentration of
this extract, determined by the Lowry method (25), was
8.32 mg/ml. The extract was then concentrated using mem-
brane ultrafiltration with Amicon cells (Amicon Inc, Beverly
Millipore Corp, Bedford, MA, USA) with a molecular weight
cutoff of 3500 Da to reach a protein concentration of
approximately 12 mg/ml.

Identification of buckwheat allergens; SDS-PAGE
immunoblotting

In all patients with proven buckwheat allergy, the IgE-bind-
ing profile of buckwheat was determined using SDS-PAGE/
immunoblotting. Briefly, the serum sample was diluted 1 : 2
with SDS sample buffer (Nupage Bis-Tris, Novex, Prodotti
Gianni, Milan, Italy) and 5% beta-mercaptoethanol. Electro-
phoresis was run at 180 mA for 1 h in a 10% polyacrylamide
precast gel (Nupage Bis-Tris, Novex, Prodotti Gianni). The
separated proteins were transferred onto a nitrocellulose
membrane (0.4 mm; Amersham, Buckinghamshire, UK)
according to Towbin et al. (26), saturated with 0.1 mol/L
tris-buffered saline containing 5% fat-free milk powder, and
incubated for 16 h at 4°C with each patient’s serum. After
washing, a second incubation was performed with peroxi-
dase-conjugated anti-human IgE antibodies (Biospacific,
Emeryville, CA, USA) diluted 1 : 3500 in saturation buffer
using an ECL western blotting kit (Amersham, Milan, Italy).

The results of the immunoblotting analysis were evaluated
by a reader blinded to the patient’s allergy results.

Statistical analysis

Descriptive analyses were performed. Continuous variables
were evaluated with the normality test of Kolmogorov—Smirnov
and compared with ANOvVA or the Mann-Whitney test,
depending on the normality of distribution. Categorical vari-
ables were compared using Fisher’s exact test.
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All data were analyzed using spss v. 16.0 software (SPSS,
Chicago, IL, USA).

Results

Patient selection and clinical manifestations of buckwheat
allergy

Among 72 patients with suspected buckwheat allergy, 30
(41.7%) exhibited sensitization to buckwheat (by means of
prick-by-prick and/or specific IgE). Twenty-four of the 30
patients sensitized to buckwheat had a positive DBPCFC and
were included in the study. The mean age of enrolled patients
was 30.6 years (range, 17-57 years), 19 (79.2%) were women,
and 16 (66.7%) had a previous diagnosis of allergic rhinitis,
which was associated with asthma in 6 (37.5%) patients. The
clinical and demographic characteristics of the patients are
listed in Table 1.

Reported allergic manifestations in the patients’ clinical
history were cutaneous (urticaria, angioedema, exacerbation
of atopic dermatitis) in eight patients (33.3%), gastrointesti-
nal (nausea, vomiting, abdominal pain with diarrhea, which
was associated with mild cutaneous involvement in three
patients) in 7 (29.2%), and anaphylaxis in 7 (29.2%). Ana-
phylaxis consisted of the combination of hypotension, gener-
alized urticaria, and abdominal pain in four patients;
laryngeal oedema, generalized urticaria, dyspnea, and dys-
phagia in one patient; and generalized urticaria, facial
angioedema, abdominal pain, diarrhea, and nausea and vom-
iting in two patients. Two patients (8.3%) reported respira-
tory symptoms only, which consisted of dyspnea with
wheezing and severe nasal obstruction.

It is noteworthy that buckwheat was the main ingredient
of the ingested food that caused the allergic reaction in only
three cases, whereas in the remaining 21 cases, buckwheat
was a hidden allergen in dishes that were not supposed to
contain it, like pizza, in 13 patients (Table 1).

Double-blind placebo-controlled food challenge

All the test meals were well accepted by all patients, and no
severe reaction was manifested during any of the challenges.
All patients with positive challenge tests developed symptoms
either during the challenge or immediately after test comple-
tion. The symptoms, which were documented during the posi-
tive buckwheat DBPCFCs, were consistent with those
reported in the patient’s clinical history and are reported
together with provocation doses in Table 2. The mean provo-
cation dose was 11.4 + 2.0 g.

Clinical manifestations occurring during DBPCFC were
treated with oral anti-histamines in all 24 patients, salbuta-
mol MDI in two patients; i.m. 20 mg joscine N-butyl-
bromide for relief of abdominal pain in five patients; and i.v.
saline, oxygen supplementation, i.v. 40 mg prednisolone, i.m.
0.3 ml epinephrine, and a 6-hour observation period in four
cases of anaphylaxis (patients 4, 5, 13, and 24 in Table 2),
who recovered completely. No patient required hospitaliza-
tion.
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Table 2 Positive double-blind placebo-controlled food challenge results

Buckwheat allergy in a series of 24 patients

DBPCFC DBPCFC

ID A P Clinical involvement PD (g) ID A P Clinical involvement PD (g)
1 + - AP, D, E, Pr 3.1 13 + - AN (H, U, AP) 0.6
2 + - N, V 13.0 14 + - N, V, AP, Pr 1.6
3 + - DPN, W, NO 25.0 15 + - AP, D 25.0
4 + - AN (H, U, AP) 25.0 16 + - U, AE 25.0
5 + - AN (H, U, AP) 0.6 17 + - N, V, U 6.6
6 + - U, AE 6.6 18 + - N, V, AP, D 13.0
7 + - N, V 25.0 19 + - DPN, W, NO 25.0
8 + - AN (U, AE, DPG, DPN) 13.0 20 + - U 13.0
9 + - u 1.6 21 + - U, AE 3.1
10 + - AN (U, AE, AP, D, N, V) 1.6 22 + - AN (U, AE, AP, D, N, V) 13.0
11 + - AD, Pr 25 23 + - AD, E, Pr 1.6
12 + - u 6.6 24 + - AN (H, U, AP) 0.6

DBPCFC, double-blind placebo-controlled food challenge; A, active meal; P, placebo meal; PD, provocation dose; AD, atopic dermatitis flare;
AE, angioedema; AN, anaphylaxis; AP, abdominal pain; D, diarrhea; DPG, dysphagia; DPN, dyspnea; E, erythema; H, hypotension; N, nausea;
NO, nasal obstruction; Pr, pruritus; U, urticaria; V, vomiting; W, wheezing.

Skin prick tests

The vast majority of patients had multiple food allergen
sensitizations (soybean, 20/24, 83.5%; peanuts, 16/24,
66.7%; wheat, 14/24, 58.3%; walnut, 8/24, 33.3%; peach,
6/24, 25.0%), as well sensitization to inhaled allergens
(grass pollen, 13/24, 54.2%; weeds, Artemisia absinthium and
Ambrosia artemisifolia, 13/24, 54.2%; birch, 8/24, 37.5%; and
house dust mites, 8/24, 37.5%). Only two patients were
monosensitized to buckwheat, and one patient was also
sensitized to latex.

IgE and immunoblotting

The mean specific IgE value for buckwheat was 6.23 kUA/I,
ranging from 0.16 to > 100 kUA/L. There was no statistically
significant difference in mean specific IgE levels in patients
reporting cutaneous symptoms (2.42 + 0.87 kUA/I), gastro-

intestinal manifestations (1.47 £ 0.63 kUA/I), or anaphylaxis
(17.0 + 13.9 kUA/I). Nevertheless, the two patients with the
most elevated specific IgE reported anaphylaxis (Table 1).

The SDS-PAGE results for buckwheat extract showed dif-
ferent proteins with apparent molecular weights ranging from
10 to 67 kDa. Buckwheat IgE immunoblotting profiles for
each single patient are reported in Table 1 (also see Fig. 1).
Twelve of 24 patients (50%) had specific IgE against a pro-
tein band at 67 kDa. Other allergens were detected at 16 kDa
(12 patients; 50%), 25 kDa (six patients; 25%), 30 kDa (six
patients; 25%), 40 kDa (five patients; 20.8%), and 10 kDa
(five patients; 20.8%). Sera from patients 4 and 19, who were
monosensitized to buckwheat, recognized the 10-, 16-, 25-,
and 30-kDa proteins and the 10- and 67-kDa proteins,
respectively.

All patients with predominant gastrointestinal symptoms
were sensitized to wheat and grass pollen and recognized the
16-kDa allergen more often than the other two groups (6/7

94
67—
43 m—
30 —
20 =—
14 —
10 =—

1 12 13 14 15 16 17 18 19 20 21 22 2

Figure 1 IgE immunoblotting of buckwheat extract in sera from 24 patients with positive double-blind placebo-controlled food challenge

results.
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Figure 2 Distribution of buckwheat IgE-binding proteins (Panel A) and main co-sensitizations (Panel B) in patients with buckwheat allergy

according to different clinical manifestations. *P < 0.05.

patients, 85.7%, compared with 4/8 [50%] in the cutaneous
group and 2/7 [28.6%] in the anaphylaxis group; P = 0.03).
Patients reporting anaphylaxis had IgE that recognized the
40-kDa protein more frequently than patients in the other
two groups (4/7 [57.1%] compared with 1/8 [12.5%] patients
with cutaneous symptoms, and none of those with gastro-
intestinal or respiratory symptoms; P = 0.01). The 25-kDa
protein was more frequently recognized by IgE from patients
reporting cutaneous symptoms (4/6 [66.7%] compared with
1/7 [14.3%] in the gastrointestinal and 1/7 [14.3%] in the
anaphylaxis groups; P = 0.05) (Fig. 2).

Discussion

This is, to our knowledge, the largest case series of buck-
wheat allergy reported outside of Asia. In this study, we
describe 24 consecutive patients with proven food allergy to
buckwheat, representing 7.3% of all newly diagnosed food
allergy patients we observed during the same study period
(33 months, data not shown). It is remarkable that the vast
majority of our patients experienced food allergy to buck-
wheat as a hidden allergen in common Italian foods such
as pizza or pasta. The prevalence of buckwheat-induced
allergy we report is higher than that reported in the Italian
EpidemAAITO study (16). In this study, the authors under-
lined that buckwheat is typically used in limited, Alpine
areas of the country but virtually unknown in Southern
Italy. We believe another explanation for our results is the
increasing use of buckwheat flour as an ingredient in pizza
dough in Northern Italy (10). The prevalence of buckwheat
allergy we found in this study is similar to that reported
by the French Allergy Vigilance Network (15). In France,
several dishes commonly eaten by a large proportion of the
population (such as french gallettes) are made with buck-
wheat flour, increasing the risk of sensitization. Our study
shows that in buckwheat DBPCFCs symptoms were

induced at a dose <1.6 g in 7/24 patients, a percentage
quite similar to that observed for wheat-allergic patients
(27).

The immunoblotting analysis showed that there were six
buckwheat-specific IgE-binding bands in our patients, most
of which probably correspond to previously identified
buckwheat allergens; the 10-kDa Fag e protein (28) and the
Fag e 16-kDa protein (29), both members of the 2S-albumins
family that are structurally homologous to other 2S-albu-
mins-like allergens in peanuts, soybeans, or walnuts; the Fag
e 1 24-kDa protein (19) or the Fag e 19-kDa proteins (30),
both members of the cupins family; and the 40- and 67-kDa
allergen bands previously described by Nair et al. (31).

The different clinical manifestations of buckwheat allergy
reported by our patients seem to be associated with charac-
teristic patterns of pollen and foods co-sensitization, and
immunoblotting profiles. This observation indicates that
some allergens may be able to elicit reactions that are more
severe than others, as reported for fruit allergy where lipid
transfer protein sensitization is responsible for the more
severe reactions (32). Further studies must be performed to
better characterize buckwheat allergens and to understand
the mechanisms involved in the generation of different clini-
cal manifestations in allergic patients.

In conclusion, this study shows that, at least in Northern
Italy, buckwheat is an emerging and intriguing allergenic
source, often a hidden allergen, which can cause systemic
reactions ranging from isolated cutaneous manifestations to
anaphylaxis in 30% of cases. We recommend that clinicians
suspect and test for buckwheat allergy during the evaluation
of patients presenting with systemic reactions suggestive of
food allergy.
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