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a b s t r a c t

Background: Natto (fermented soybeans)-induced hypersensitivity is characterized by delayed symptom
onset that hampers diagnosis. We aimed to clarify the clinical utility of the basophil activation test (BAT)
in the diagnosis of natto-induced hypersensitivity.
Methods: Five patients with a history of anaphylaxis and chronic urticaria suspected of natto-induced
hypersensitivity and seven with chronic spontaneous urticaria clinically unrelated to natto were
enrolled in the patient and control groups, respectively. The BAT was performed with two incubation
times, 15 min and 1 h, in combination with various concentrations of natto-mucilage extract.
Results: In controls, CD203c levels in basophils remained low in the 15-min incubation but were
significantly increased in the 1-h incubation. In the patient group, in the 15-min condition, basophil
CD203c was significantly upregulated by natto mucilage but not by soybean vs controls (P ¼ 0.001). Low
concentrations of natto mucilage were sufficient to upregulate basophil CD203c in the anaphylaxis cases,
but high concentrations were required to induce the same effect in the urticaria cases. Finally, the dose-
dependent pattern of the BAT results differed significantly between the anaphylaxis and urticaria cases
(P ¼ 0.006). Thus, a strong background reaction was observed in the BAT with 1 h incubation; 15 min of
incubation was sufficient to identify patients with natto-induced hypersensitivity and may distinguish
the clinical phenotype of natto-induced hypersensitivity, i.e., anaphylaxis or urticaria.
Conclusions: The BAT with a 15-min incubation period is useful in diagnosing natto-induced
hypersensitivity.
Copyright © 2021, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Bacillus subtilis-fermented soybeans products are widely
consumed as a local food in Asia and Africa.1 Natto, one such
product, is a traditional Japanese fermented soybeans food.2 The
natto mucilage produced during fermentation gives natto its
characteristic flavor and is a component unique from the soybean
itself. Natto has recently been reported to cause anaphylaxis3,4 and
urticaria.5 Natto-induced hypersensitivity is characterized by its
late onset, with symptoms occurring 5e12 h after ingestion. This
delay in symptom onset makes it difficult to diagnose natto-
gy, Keio University School of
8582, Japan.
hashi).
ety of Allergology.

rgology. Production and hosting by Else
induced hypersensitivity in patients merely from medical in-
terviews due to the interval between natto ingestion and symptom
onset.

Type I allergies are generally diagnosed via allergen-specific IgE
detection, skin tests, and oral food challenges. However, while
allergen-specific IgE detection and skin tests are highly sensitive,
they are only modestly specific, and skin tests and oral food chal-
lenges can be burdensome for both patients and physicians.6 In
contrast, the basophil activation test (BAT), an in vitro assay, is
generally accepted as a safe and reliable diagnostic assay for food
allergies.6 Unlike regular food, the handling of natto mucilage for
diagnostic purposes is rare and its unusual stickiness can contribute
to methodological differences between studies. Moreover, in
addition to the technical issues, the usefulness of BAT and other
in vitro methods for diagnosing natto-induced hypersensitivity
remains limited.7e9
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In this study, the practical utility of BAT was investigated using a
detailed constant diagnostic method for natto-induced hypersen-
sitivity. Importantly, a technical pitfall that affects natto-mucilage
antigenicity was uncovered.

Methods

Patients

This study was performed in five patients with natto-induced
hypersensitivity and seven control patients. The patients pre-
sented at the Department of Dermatology, Tokyo Dental College
Hospital and Keio University Hospital between February 2017 and
June 2021.

The five patients were initially diagnosed with anaphylaxis or
chronic urticaria and were suspected to have natto-induced hy-
persensitivity. Consequently, they were enrolled in the natto-
induced hypersensitivity group (Table 1). Cases 1 and 2 experi-
enced anaphylaxis, while Cases 3, 4 and 5 developed only urticaria.
Case 3's detailed clinical history and examination results were re-
ported previously.5 The natto-induced hypersensitivity group
exhibited obvious allergic symptoms after natto consumption and/
or had a positive scratch test for natto mucilage. In all cases,
symptomatic improvement was clinically observed once intake of
natto and poly g-glutamic acid (PGA), the main component of natto
mucilage used in many foods, was avoided.10,11 Notably, the pa-
tients were negative for soybean-specific IgE and did not develop
allergic symptoms on soybeans ingestion.

The control group consisted of patients with chronic urticaria.
These patients did not develop any symptoms following natto or
soybeans ingestion and had negative results for soybean-specific
IgE and in natto-mucilage and soybean skin tests.

This study was approved by the institutional ethics committees
of Tokyo Dental College (approval number I 18e52) and Keio Uni-
versity (approval number 20110133). Informed consent was ob-
tained from all participants.

Laboratory tests

Serum levels of total IgE and soybean-specific IgE (ImmunoCAP;
Thermo Fisher Scientific, Waltham, USA) were measured.
Table 1
Clinical characteristics and test results of the four patients enrolled in this study.

Patient number 1 2 3 4 5

Age, sex 50, M 52, M 16, F 65, F 38, F
Symptoms U, Dy, Di U, Dy U U U
Serum total IgE

(IU/mL)
230 650 23 240 72

Interval between natto
ingestion and onset (h)

First
time: 5
Second
time: 8

7 NM NM NM

History of jellyfish stings Yes Yes No No No
Soybean-specific IgE (IU/mL) <0.1 <0.1 <0.1 <0.1 <0.1
Scratch tests

(wheal/erythema [mm]) at 15 min
Histamine chloride 7.5/15 NT 8/16 7/21 NT
Saline 0/0 NT 0/0 2/0 NT
Natto mucilage 22.5/25 NT 0/3 at 15 min

5/18 at 3 h
7/13.5 NT

Soybean 0/0 NT 4.5/7.5 5/10.5 NT
Reference NA NA 5 NA NA

U, urticaria; Dy, dyspnea; Di, diarrhea; NM, not measured; NT, not tested; NA, not
applicable. Mean wheal diameter �3 mm was defined as positive based on the
recommendations of the American Academy of Allergy, Asthma, and Immunology
and the American College of Allergy, Asthma, and Immunology.6
Skin tests

Scratch tests were performed on the flexor surface of the pa-
tients’ forearms using lancet needles. Fifteen minutes later, the
evaluations were performed following the standard methods rec-
ommended by the American Academy of Allergy, Asthma, and
Immunology and the American College of Allergy, Asthma, and
Immunology.6 The elicited responses were considered positive
when the average allergen-induced wheal diameter was 50 % or
greater than that induced by histamine dihydrochloride (10 mg/
mL), the positive control. Physiological saline was used as the
negative control.

The skin tests were performed using commercially available
natto (Takanofoods, Ibaragi, Japan) and soybeans (Torii Pharma-
ceutical, Tokyo, Japan). The natto was gently stirred in a circular
motion approximately 30 times, without crushing the beans, until
it became sticky. A small amount of the natto mucilage was applied
to the skin, which was then scratched with the lancet. All allergens
were introduced to the seven control participants.
BAT

The BAT was performed in BML, Inc. (Saitama, Japan) using an
Allergenicity Kit (Beckman Coulter, Brea, CA, USA). After incubating
whole blood and antigen, basophil activation was assessed using
antibodies against CD3, CRTH2, and CD203c. CD203c expression
levels were measured in basophils identified in flow cytometry as
CD3�CRTH2þ cells.

The BATs were performed under two different incubation times
(15 min and 1 h). The allergen solution (50 mL), heparinized whole
blood (50 mL), and antibodies (15 mL) were incubated at 37 �C for
15 min. In cases where the incubation time was 1 h, the antibodies
were added in the last 15 min. The anti-IgE antibody was used as a
positive control, and phosphate-buffered saline was used as a
negative control. At least 550 basophils were analyzed using a FACS
Calibur (BD Biosciences, Franklin Lakes, NJ, USA).

Natto-mucilage extract, frozen natto-mucilage extract, and
soybean extract were used as antigens. The natto-mucilage extract
was prepared by gently stirring the natto (Takanofoods, Ibaragi,
Japan) approximately 50 times until it became sticky. Afterwards,
30 mL distilled water at room temperature was poured into 30 g of
the stirred natto. It was thenmixed gently an additional 20 times in
a figure-eight motion until smooth, and left to stand for one hour at
room temperature. All procedures were performed carefully to
create a natto-mucilage solution without crushing the soybeans.
Then, the supernatant was filtered using a 0.45-mm Millex-HP sy-
ringe filter unit (Merck Millipore, Germany). The concentration of
the filtered supernatant was 36.0 ± 5.0 mg/mL (n¼ 4) measured by
NanoDrop 2000c (Thermo Fisher Scientific, Waltham, USA). Serially
diluted samples weremixedwith patients' whole blood resulting in
final dilution factors of 1/2, 1/8, 1/20, 1/80, 1/200, or 1/800,
depending on the assay. Filtered supernatant that was stored
at�80 �Cwas used as frozen natto-mucilage extract. Dilution of the
frozen extract was performed in the same manner as that for the
natto-mucilage extract. As for the soybean extract, 0.3 g of mashed
commercially available boiled soybeans (Marusan-Ai, Aichi, Japan)
were stirred with 30 mL distilled water. A concentration of
10,000 mg/mL was filtered. Next, serially diluted samples were
mixed with patients’ whole blood resulting in final concentrations
of 1000, 300, 100, 30, 10, and 3 mg/mL, depending on the assay.
Antigen-induced basophil activation rate was calculated as: (anti-
gen-induced CD203cþ basophils (%) - spontaneous CD203cþ baso-
phils (%))/(CD203cþ basophils with anti-IgE antibody stimulation
(%) - spontaneous CD203cþ basophils (%)). If (antigen-induced



Fig. 1. Upregulation of basophil CD203c in the BAT was detected after 1 h, but not
15 min, of incubation in the control group. BAT results for the control patients under
the 15-min (pink line) and 1-h (light blue line) incubation conditions are shown as
means ± SEMs. Significant differences were evaluated by ManneWhitney U test for
each dilution factor (15 min vs 1 h). See Supplementary Figure 2 for the reference of
raw data (% of CD203cþ cells in basophils) and original FACS plots.
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CD203cþ basophils (%) - spontaneous CD203cþ basophils (%)) is less
than 0, the value was set as 0.

Statistical analysis

Statistical analyses were performed using paired t test,
ManneWhitney U test and two-way repeated measures ANOVA
with GraphPad Prism 9 (San Diego, CA, USA). Two-sided P-values of
less than 0.05 were considered statistically significant.

Results

Clinical characteristics of natto hypersensitive patients

Five patients ranging from 16 to 65 years old (mean age, 44.2
years) were suspected of having natto-induced hypersensitivity
based on their clinical courses and their laboratory or scratch test
results (Table 1). Based on their current main symptoms after natto
ingestion, the patients were classified into two categories. The
anaphylaxis patients (Cases 1 and 2) developed anaphylactic re-
actions involving more than two symptoms in different organs
including the skin, mucosa, or the respiratory, gastrointestinal, or
circulatory systems, as defined previously.12 In contrast, the urti-
caria patients (Cases 3, 4 and 5) usually developed urticaria over a
long period of time.

The anaphylaxis patients (Cases 1 and 2) experienced anaphy-
laxis once or twice after ingesting natto. The average interval be-
tween natto ingestion and symptom onset was 6.6 h. Both patients
experienced generalized urticaria and dyspnea, while Case 1 also
developed diarrhea. Notably, the stings from jellyfish nematocysts
contain PGA and can cause PGA sensitization.9 Both patients surfed
often and had been stung several times by jellyfish. Importantly,
the anaphylaxis patients could consume soybeans with no adverse
effects. After their consumption of natto and PGA-containing foods
was restricted, anaphylaxis no longer reoccurred.

The urticaria patients (Cases 3, 4 and 5) were initially, and for a
lengthy period, considered as having chronic urticaria with an
unknown etiology. Soybeans intake did not result in urticaria
symptoms in all patients, and none of them had experienced jel-
lyfish stings. After their consumption of natto and PGA-containing
foods was restricted, their weekly urticaria activity scores (UAS7)
and the urticaria control tests (UCTs) improved markedly, with the
scores changing from 28 to 0 in the UAS7 and from 3 to 16 in the
UCT in Case 3, from 42 to 7 in the UAS7 and from 0 to 12 in the UCT
in Case 4 and from42 to 2 in the UAS7 and from1 to 14 in the UCT in
Case 5, respectively (P ¼ 0.01 for UAS7, P ¼ 0.007 for UCT, paired t
test, Supplementary Fig. 1).13

Laboratory tests and skin tests

The total IgE concentration was 23e3200 IU/mL (overall mean,
887 IU/mL; patient group mean, 243 IU/mL; control group mean,
1347 IU/mL). The control group displayed significantly higher levels
of total serum IgE than the patient group. Soybean-specific IgE was
negative in both groups (Table 1). Moreover, the anaphylaxis pa-
tients tested negative for specific IgEs against testable ingredients
consumed half a day prior to the episodes. The urticaria patients
tested negative for specific IgEs against ingredients frequently
consumed in their daily lives based on food diaries and medical
interviews. All patients were able to eat these food items without
any problems.

Scratch tests were performed on all patients and controls except
for Case 2 and Case 5 (Table 1). In the scratch tests for natto
mucilage, Cases 1 and 4 were positive, while Case 3 was negative
15 min after scratching. However, as previously described, Case 3
developed a more pronounced reaction to the natto mucilage 3 h
after the test.5 This delayed reaction is consistent with the gradu-
ally enhancing and long-lasting reactions following skin tests pre-
viously reported.5,14,15 The scratch tests for soybeans were negative
in Case 1 and positive in Cases 3 and 4. After eating soybeans, Case 3
experienced only slight itching but did not develop wheals, while
Case 4 was able to consume soybeans without any allergic symp-
toms. Meanwhile, the results of all scratch tests were negative in
the control group.

BAT

BATs with a 15-min but not 1-h incubation period detected
hypersensitive states in patients with natto-induced
hypersensitivity

Various durations have been previously reported for the allergen
incubation time in the BAT.16,17 In this study, 15-min and 1-h incu-
bation periods, in which whole-blood samples were exposed to an-
tigens for 15 min and 1 h, respectively, were investigated. First, the
BAT results for natto mucilage in the control group between the 15-
min and 1-h incubation periods were compared. The proportion of
CD203cþ cells in basophils remained low in the 15-min condition but
was significantly increased in the 1-h condition (P ¼ 0.02 for 1/20
and 1/2 dilution,ManneWhitneyU test, Fig.1, Supplementary Fig. 2).
This result implies that non-specific eosinophil activation in controls
occurred after 1 h of incubation. Therefore,15min of incubationmay
be more appropriate for evaluating natto-induced hypersensitivity
than 1 h.

After 15 min of incubation with natto mucilage, CD203c was
upregulated in the patient group but not in the control group
(P ¼ 0.001, two-way repeated measures ANOVA, Fig. 2A,
Supplementary Fig. 3A, B). Prominent reactions were not observed
for soybeans (Fig. 2B). These results indicate that CD203c upregu-
lation in basophils was detected in the BAT following 15 min of
incubation with natto mucilage in patients with natto-induced
hypersensitivity.

Anaphylaxis and urticaria cases displayed different patterns in dose-
dependent responses of BAT following a 15-min incubation with
natto mucilage

The dose-dependent responses of the BAT results following a 15-
min incubation with natto mucilage showed two distinct patterns



Fig. 2. The results of basophil activation rate in the BAT for natto mucilage and soybeans under the 15-min incubation condition. Doseeresponse curves for natto mucilage (A) and
soybeans (B) in the 15-min condition are shown in anaphylaxis cases (red line), urticaria cases (green line) and control patients (blue line). Data from control patients are shown as
means ± SEMs. Significant differences were evaluated by two-way repeated measures ANOVA (anaphylaxis and urticaria vs controls). See Supplementary Fig. 3A for the reference of
raw data and original FACS plots.
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that depended on the main clinical phenotype, i.e., anaphylaxis or
urticaria, of natto-induced hypersensitivity. CD203cwas upregulated
at the lowest natto-mucilage concentration (1/800) in the anaphy-
laxis cases but not in the urticaria cases. The urticaria case required
higher concentration of natto mucilage (at least, more than 1/20
dilution) to obtain upregulation of basophil CD203c (Fig. 2A).
Furthermore, basophil activation rates were standardized by setting
basophil activation rates at the lowest antigen concentration as 100 %
to readily see the difference in the dose-dependent response pattern
among tested cases (Supplementary Fig. 4). Indeed, the dose-
dependent response patterns were significantly different between
the anaphylaxis and urticaria cases (P ¼ 0.006, two-way repeated
measures ANOVA). These results imply that the clinical-phenotype-
dependent patterns in the BAT results for natto-induced hypersen-
sitivity may be useful for clinical diagnoses.

Antigenicity of natto mucilage was lost by freeze-and-thaw
To perform the BAT against natto mucilage under constant

conditions, it was considered useful to determine whether the
natto-mucilage extract can be frozen and stocked and used as an-
tigens of the same lot. Therefore, the antigenic properties of freshly
prepared and frozen natto mucilagewere comparedwith respect to
their ability to induce CD203c upregulation in basophils in the BAT.
In the anaphylaxis group, dose-dependent response patterns of BAT
results were almost identical between the freshly prepared and
frozen natto mucilage (Fig. 3A). However, in the urticaria group,
CD203c upregulation was significantly reduced when frozen natto
mucilage was used as antigen compared with freshly prepared
natto mucilage (P ¼ 0.001, two-way repeated measures ANOVA,
Fig. 3B). These results indicate that natto-mucilage antigenicity is
affected by freeze-and-thaw procedures and that frozen-stocked
natto mucilage may be inappropriate to use in diagnosing natto-
induced urticaria.

Discussion

In this study, the BAT for natto mucilage under the 15-min in-
cubation condition was demonstrated to be effective in detecting
natto-induced hypersensitivity in patients in vitro. Depending on
the clinical phenotype of natto-induced hypersensitivity, i.e.,
anaphylaxis or urticaria, the BAT results after 15 min of incubation
with natto mucilage displayed two distinctive dose-dependent
patterns. Additionally, the antigenicity of the natto mucilage was
affected by the freeze-and-thaw process, indicating that freshly
prepared natto mucilage is more appropriate for diagnosing natto-
induced hypersensitivity, especially for natto-induced urticaria.

In this study, five cases of natto-induced hypersensitivity were
enrolled. Case 1 was a typical case of natto-induced, late-onset
anaphylaxis with positive scratch test results. In Case 2, the skin test
was not performed because the patient had relocated. However, she
had a convincing history of anaphylaxis developing 7 h after
ingesting natto. Moreover, she was able to consume other food
items, including soybeans, that she had consumed half a day prior
to symptom onset, and she had negative results in IgEs specific to
them. Also, the patient had a history of jellyfish stings, supporting
possible sensitization to PGA. After restriction of only natto and
PGA-containing foods, the symptoms did not recur. Together with
the typical clinical course of natto allergy and routine blood tests,
she was highly suspected of natto-induced anaphylaxis. The posi-
tive BAT results obtained in this study was very consistent with the
clinical information and was useful for making the diagnosis in this
case. In Case 3,5 the urticaria developed in the past decade without
any extracutaneous symptoms. An anaphylactic reaction did occur
after ingesting a meal including natto once about 2 years ago. But it
is doubtful whether natto induced anaphylaxis or not, because
there has been no recurrence of anaphylaxis since then despite
frequent natto intake. In this patient, however, restriction of only
natto and PGA-containing foods dramatically improved her urti-
caria. Therefore, together with the long-lasting skin reaction in the
scratch test14,15 and the positive BAT results, Case 3 was, at least,
considered to have urticaria by natto. In Case 4, the scratch test for
natto was positive, and natto restriction markedly improved her
urticaria. Therefore, Case 4 was diagnosed with natto-induced ur-
ticaria. Together, these four cases imply that even if natto-induced
hypersensitivity is clinically suspected, it may be difficult to obtain
typical findings from conventional skin tests. However, the BAT can
overcome the diagnostic difficulties in natto-induced hypersensi-
tivity. In Case 5, she had suffered from urticaria every day. Her
symptom develops throughout the day, since starting to eat natto
for her health three years ago. Soybeans and other food stuffs
usually consumed did not induce urticaria, and soybean-specific
IgE was also negative. After restricting the intake of natto and
other food items containing PGA, her urticaria almost disappeared.
Although we were unable to perform the skin test, we suspected



Fig. 3. Basophil activation from frozen natto mucilage versus freshly prepared antigen was reduced in urticaria cases but not in anaphylaxis cases. (A, B) Doseeresponse curves to
freshly prepared (red and green lines) and frozen (yellow and dark green lines) natto mucilage in the 15-min condition are shown in anaphylaxis (A) and urticaria cases (B). The data
for the freshly prepared antigen shown in Figure 2Awere re-used. Each mark (triangles, squares and circles) represents each case. Significant differences were evaluated by two-way
repeated measures ANOVA (fresh vs frozen natto mucilage).
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that her symptoms were caused by natto based on her clinical
course and the results of BAT.

Generally, IgE-mediated food allergies are diagnosed based on
clinical history and assays such as specific IgE detection, skin prick
test, and oral challenge test. However, the skin and oral challenge
tests risk the development of allergic reactions, and the specific IgE
detection do not distinguish between allergic and tolerant patients.
In natto-induced hypersensitivity, typical results from skin tests are
sometimes difficult to obtain compared to common food allergies.
Therefore, other diagnostic tools are required to assist in patient
diagnosis and management. Regarding in vitro tests for detecting
natto-induced hypersensitivity, an ELISA usually detects IgE with
high sensitivity, but it is still under development.8 The BAT has
shown positive results against jellyfish and PGA in patients with
natto-induced anaphylaxis,7,9 suggesting that the BAT is a possible
tool for efficiently diagnosing natto-induced hypersensitivity as a
simple, low-risk test method that requires only small blood sam-
ples that could be performed prior to the skin tests. Indeed, in this
study, the BAT applied to natto mucilage under a 15-min incubation
period was demonstrated to discriminate between the patients and
the controls.

One of the other advantages of the BAT is the flexibility of
testable antigens. The BAT can essentially examine any antigen of
interest.18 However, this aspect is also a disadvantage since it is
necessary to establish a standard method for each antigen prepa-
ration. This requirement is difficult to meet when the antigen is
rare. Here, an appropriate method to prepare natto-mucilage
extract of sufficiently high quality to obtain proper BAT results
was described; its stickiness makes it difficult to handle when
making an extract for use as an antigen.

Regarding incubation times, a 15-min incubation period is
generally considered sufficient for the BAT,19 but some antigens have
been incubated for 1 h or even longer.16,19 The basophil activation
markers, CD203c and CD63, were upregulated and reached a steady
state after 1 h of incubation.16 In previous cases of natto-induced
hypersensitivity, the BAT for jellyfish and PGA was positive after
1 h.7,9 However, in this study, upregulation of CD203c in basophils
after exposure to natto mucilage was observed in both the patient
and control groups after 1 h of incubation. A variety of metabolites
produced in the natto mucilage during fermentation likely induced
the non-specific basophil activation in the 1-h condition. However,
the non-specific reaction was not observed in a shorter incubation
time, which in this study was at least 15 min, thereby highlighting
the antigen-specific basophil activation. Accordingly, the BAT for
natto mucilage in the 15-min incubation condition is an appropriate
method to detect natto-induced hypersensitivity.

Notably, the responses in the BAT differed between patients
with anaphylaxis versus those with urticaria. The anaphylaxis cases
responded to lower concentrations of natto mucilage compared to
the urticaria cases. This result is consistent with previous studies
reporting that patients with severe reactions to allergens tend to
have higher basophil sensitivity in the BAT, with patients reacting
to lower doses being more at risk of severe symptoms.20 In addi-
tion, ideal BAT results were obtained in the anaphylaxis cases,
which showed a bell-shaped curve.21 In contrast, although the BAT
results in the urticaria cases except Case 5 were not ideal, basophil
activation was detected in a high concentration of natto mucilage,
suggesting the BAT can, at least, assist in diagnosing natto-induced
urticaria. Compared to the anaphylaxis cases, natto-mucilage-
specific IgE on basophil surfaces in the urticaria may be less
abundant or have lower affinity.21,22 Taken together, the 15-min
BAT results may be associated with patients’ clinical symptoms,
and over multiple antigen concentrations, they may cover the
spectrum of immediate-type natto hypersensitivity ranging from
urticaria to anaphylaxis. Patients who react to lower dosesmight be
more at risk of severe symptoms even in natto-induced hyper-
sensitivity, as previously suggested.

The structure and properties of PGA can change depending on
the environmental conditions, such as pH, polymer concentration,
and ionic strength.10,23 Temperature is no exception. As shown in
Figure 3, CD203c upregulation was similar to the levels observed in
the negative controls when frozen natto mucilage was tested in the
urticaria group. Therefore, the freeze-and-thaw procedure may
affect natto-mucilage antigenicity and reduce the detection sensi-
tivity of the reaction, especially in patients with natto-induced
urticaria. Unfortunately, frozen natto is exported overseas from
Japan. Accordingly, it may be difficult to prepare the appropriate
natto antigens from fresh natto for the BAT outside Japan, although
frozen natto remains useful for diagnosing anaphylaxis. The future
use of PGA as an allergic component is one option to overcome this
technical hurdle. The suitable chemical form of PGA for BAT needs
to be characterized in further investigations.

Natto-induced hypersensitivity is not a local clinical issue, such
as only in Japan. PGA sensitization can be caused via stings by jel-
lyfish nematocysts, which contain PGA, as well as via oral ingestion
of natto.9,14 Therefore, people who engage in marine activities tend
to have a higher risk of PGA sensitization due to exposure to jel-
lyfish stings. Additionally, the consumption of natto has increased
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worldwide due to its reputation as a health food. Moreover, PGA is
contained inmany Asian fermented soybeans products11 and is also
widely used industrially in food, beverages, cosmetics, and medi-
cine.10 Therefore, patients with natto-induced hypersensitivity may
exist worldwide. In this study, the utility of the BAT to diagnose
patients with natto-induced hypersensitivity, including both
anaphylaxis and urticaria, was demonstrated. Although the number
of patient samples was limited due to their rarity, the data from this
study may help improve the identification and management of
patients that physicians in other countries may encounter.
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