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Background: Poly(g-glutamic acid) (PGA) is an allergen in natto, fermented soybeans, which causes late-
onset anaphylaxis. We hypothesized that jellyfish stings sensitize adults to PGA because a surfer had
allergies to both natto and jellyfish, whose sting contains PGA. The aim of the study was to identify
behavioral factors, such as marine sports, associated with PGA sensitization.
Methods: Outpatients diagnosed with food allergies based on relevant clinical history, positive skin test
and/or food challenge test answered a questionnaire during a regular visit in 2016.
Results: Questionnaire data from 140 outpatients were analyzed. These patients were divided into two
groups: natto allergy group (13 patients, M:F ¼ 10:3, mean age 40.6 years) and non-natto allergy group
(127 patients, M:F ¼ 46:81, mean age 44.5 years). All patients with natto allergy had positive results in
skin prick test and basophil activation test with PGA. Of these, 92.3% had a marine sport hobby, especially
surfing (84.6%). PGA sensitization was independently associated with marine sports (odds ratio, 278.0, 95
percent confidence interval, 36.9e6315.9, p < 0.001) adjusted for male sex and sea bathing, but not with
male sex or sea bathing. In addition, although there was no significant difference in the experience of
marine sports between natto and non-natto allergy groups, the natto allergy group participated signif-
icantly more frequently in marine sports than the non-natto allergy group (p < 0.001). There was no
significant difference between natto consumption amount and PGA sensitization.
Conclusions: Surfing is a risk factor for PGA sensitization in those with allergy to natto.
Copyright © 2017, 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

Natto is a Japanese traditional food made from soybeans fer-
mented with natto bacteria, Bacillus subtilis. Fermented soybeans,
such as natto and miso, are generally considered hypoallergenic
foods for patients with soybean allergy because the fermentation
process degrades allergen components.1 However, in recent years,
several cases of natto-induced late-onset anaphylaxis have been
reported.2e6 The major natto allergen is a polypeptide, poly(g-
glutamic acid) (PGA), which is a constituent of natto mucilage
produced by B. subtilis during fermentation.7 PGA is a water-
soluble, biodegradable biopolymer consisting of D- and L-glutamic
acid and has a high molecular weight ranging from 100,000 to over
1,000,000.7 We speculated that the time required to digest and
absorb high molecular weight PGA in the gastrointestinal tract
accounted for the late-onset anaphylaxis.2

Natural PGA has only been detected intracellularly in cnidarian
nematocyst capsules, although it is present extracellularly in some
prokaryotes, including natto bacteria.8 The cnidarians, such as
jellyfish and sea anemone, produce PGA in nematocysts when
stinging. In jellyfish, PGA attracts cations within the capsule and is
critical for nematocyst discharge, which involves rapid changes in
intracapsular osmotic pressure. Therefore, PGA in venoms might
be in contact with skin via jellyfish stings while in the sea.

Recently, we reported a surfer who had allergy to both natto and
jellyfish.9 In addition, we noticed while checking their food diaries
that most of our patients had marine sport hobbies, especially
surfing. Furthermore, most reported cases of natto-induced late-
onset anaphylaxis lived in a limited area, especially Shonan and its
neighboring areas, which is a famous surfing destination in Japan.
Therefore, we hypothesized that surfing is a risk factor for sensiti-
zation to PGA in natto allergy because of the increased chance of
jellyfish sting.9 To date, no other studies have reported an associ-
ation between PGA sensitization and surfing.

To investigate a relationship between surfing and PGA sensi-
tization, we performed a questionnaire survey of demographic
and behavior factors, including experience of marine sports, in
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patients with food allergy, and statistically analyzed the replies by
comparing natto allergy patients to non-natto allergy patients.

Methods

This study enrolled consecutive outpatients with food allergies
who visited Yokohama City University Hospital for regular follow-
up between November 1, 2015, and December 31, 2016. These pa-
tients were diagnosed with food allergies if they had a convincing
history of allergic reactions after the ingestion of the causative food
and had positive results on skin prick tests (SPTs) and/or challenge
tests with the causative food. Open food challenges were per-
formed as previously described, except in cases with a recent his-
tory (within 1 year) of anaphylaxis after ingestion of the causative
food and SPT positive to it.10,11

We evaluated each patient's clinical history to determine the
involvement of cofactors. The time period accepted for considering a
potential relationship with food-allergic reaction was 2 h before
food ingestion, combined with the simultaneous intake of nonste-
roidal anti-inflammatory drugs and the food.12 For exercise, a 4-h
period after food ingestion was established.

This study was designed to determine demographic and behav-
ioral factors that might be associated with natto allergy with PGA
sensitization. The data sources included questionnaires completed
by patients and their medical records. Questionnaires regarding
their clinical features and behavior were administered at the
moment of enrollment (Supplementary Table 1). This study protocol
(B151105001) was approved by the Institutional Review Board of
Yokohama City University Hospital.

Statistical analysis

Fisher's exact test, chi-squared test and the ManneWhitney U-
test were used to compare differences in the distributions of patient
demographic and behavioral factors between the natto allergy and
non-natto allergy groups.

Associations between demographic and behavior factors, and
PGA sensitization were assessed using a logistic regression model,
resulting in the estimation of adjusted odds ratios (ORs) and 95
percent confidence intervals (% CIs). In a stepwise process, all fac-
tors with a trend toward an association with natto allergy on uni-
variate analysis (p < 0.05) were included in the multivariate model.
JMP version Pro 12 software (Cary, NC, USA) was used for all
analyses.

Results

Clinical characteristics and marine sport experience of patients

One hundred and forty patients (56 males and 84 females) were
enrolled in the study (Table 1). The mean age of the patients was
44.3 years (range, 1e84 years). Thirteen patients (9.3%) had natto
allergy. All 13 patients in the natto allergy group had positive re-
sults for SPT and basophil activation test with PGA performed as
previously described.9

Other causative foods included hen eggs (n ¼ 9, 6.4%), cow milk
(n¼ 3, 2.1%), wheat (n ¼ 48, 34.3%), crustaceans (n ¼ 5, 3.6%), fruits
(n ¼ 37, 26.4%), peanuts (n ¼ 3, 2.1%), and tree nuts (n ¼ 6, 4.3%).
Based on the causative foods, participants in this study were
divided into two groups: natto allergy group (n ¼ 13, M:F ¼ 10:3,
mean age 40.6 years) and non-natto allergy group (n ¼ 127,
M:F ¼ 46:81, mean age 44.5 years).

Analysis of questionnaire data

In the natto allergy group, 12 patients (92.3%) had a marine
sports hobby: surfing (n ¼ 11, 84.6%) and scuba diving (n ¼ 1, 7.7%),
and in the non-natto allergy group, 4 patients had experienced
marine sports: scuba diving (n ¼ 2, 1.6%), surfing (n ¼ 1, 0.8%) and
windsurfing (n ¼ 1, 0.8%) (Fig. 1). In unadjusted comparisons, there
was a significant association of experience of marine sports (OR,
369; 95% CI, 38.1e3571.9; p < 0.005) and surfing (OR, 693; 95% CI,
58.1e8261.1; p < 0.005) with PGA sensitization (Table 1). The un-
adjusted comparisons also showed a significant association be-
tweenmale sex (OR, 5.87; 95% CI, 1.70e27.2; p < 0.005), sea bathing
(OR, 10.7, 95% CI, 2.68e42.1; p < 0.005), and occupation related to
marine sports (p < 0.01), and PGA sensitization. However, therewas
no statistically significant association between the mean amount of
natto consumed per month for 5 years prior to the onset of food
allergy or age, and PGA sensitization (p ¼ 0.14 and 0.29, respec-
tively) (Table 1).

Next, the significant factors listed in Table 1 were entered into a
regression analysis. PGA sensitization was independently associ-
ated with marine sports (OR, 278.0, 95% CI, 36.9e6315.9, p < 0.001)
after controlling for potential confounders, such as male sex and
sea bathing (Table 2). However, there was no association of PGA
sensitizationwith male sex (p¼ 0.14) or sea bathing (p¼ 0.56) after
adjustment for each potential confounder.

Furthermore, detailed data regarding the experience of marine
sports were analyzed. In both groups, years of marine sport expe-
rience varied from less than 1 year to more than 20 years (Fig. 2).
The mean number of weeks per year of marine sport experience
ranged from more than 2 weeks to approximately 24 weeks in the
natto allergy group, and from less than 1 week to 2 weeks in the
non-natto allergy group (Fig. 3). Thus, although there was no sig-
nificant difference in years of marine sport experience between the
natto and non-natto allergy groups (p ¼ 0.08), the mean number of
weeks per year inmarine sport experience prior to the onset of food
allergywas significantly higher in the natto allergy group compared
with the non-natto allergy group (p < 0.05) (Fig. 3). In terms of
natto consumption, the mean amount of natto consumed for 5
years prior to the onset of food allergies was 378.2 g and 259.6 g in
the natto allergy group and non-natto allergy group, respectively.
There was no significant difference between natto consumption
prior to the onset of natto allergy and PGA sensitization (p ¼ 0.14).

Discussion

This questionnaire survey showed that marine sports, especially
surfing, are a major risk factor for PGA sensitization in natto allergy.
Marine sports were consistently and statistically associated with
PGA sensitization after adjustment for potential confounders, such
as male sex and sea bathing, which were not associated with PGA
sensitization. In addition, marine sport enthusiasts in the natto
allergy group, had a significantly greater frequency of experiencing
marine sports than those in the non-natto allergy group. Therefore,
more frequent surfing experiences may contribute to PGA sensiti-
zation. To our knowledge, this is the first study demonstrating the
impact of marine sports on PGA sensitization, resulting in the onset
of natto allergy.

The routes of PGA sensitization are unclear for natto-induced
late-onset anaphylaxis. Considering the distribution of PGA in na-
ture, there are two potential routes for its contact and sensitization
of subjects: oral ingestion of PGA derived from natto, or epicuta-
neous stings from Cnidaria. Our study showed that PGA sensitiza-
tion was significantly associated with an experience of marine
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sports but not with the amount of natto consumed prior to the
onset of natto allergy. Therefore, epicutaneous PGA exposure by
cnidarian stings might significantly affect PGA sensitization rather
than oral exposure by ingesting of natto.

Jellyfish envenomation causes local and systemic injuries in
humans and may also provoke immunological responses.13,14

Thousand jellyfish tubules penetrate human skin and release
toxin combined with other constituents while stings. Although the
effect of each venom component on the human immune system is
unclear, there are potential stimuli in nematocyst envenomation:
the venom components, such as porins and secretion substances
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Fig. 1. Frequency in experience of marine sports in all participants and each group. The natto group had a significantly greater experience of marine sports compared with the non
natto-group (p < 0.005). Among marine sports, surfing, but not scuba diving and windsurfing, had a significant association with natto allergy. Some of the replies by a responding
patient from a single group overlapped. Statistical analysis was performed by Fisher's exact test.

Table 1
Unadjusted Odds ratios and 95% confidential intervals measuring association between natto allergy and subject demographic, clinical and behavior factors.

Reply All patients
(n ¼ 140)

Natto allergy
(n ¼ 13)

Non-natto allergy
(n ¼ 127)

Unadjusted OR 95% CI P value

Male sex Yes 56 (40%) 10 (76.9%) 46 (36.2%) 5.87 1.70e27.2 0.004
Noy 84 (64%) 3 (23.1%) 81 (63.8%) 1.00

Age group (years) Average 44.3 40.6 44.5 0.29*
0e19 20 (14.3%) 0 (0%) 20 (15.7%)
20e39 31 (22.1%) 6 (46.2%) 25 (19.7%)
40e59 56 (40.0%) 7 (53.8%) 49 (38.6%)
60e79 31 (22.1%) 0 (0%) 31 (24.4%)
80- 2 (1.4%) 0 (0%) 2 (1.6%)

Experience of marine sports Yes 16 (11.4%) 12 (92.3%) 4 (3.1%) 369 38.1e3571.9 <0.0001
Noy 124 (88.6%) 1 (7.7%) 123 (96.9%) 1.00

Experience of surfing Yes 13 (9.3%) 11 (84.6%) 2 (1.6%) 693 58.1e8261.1 <0.0001
Noy 127 (90.7%) 2 (15.4%) 125 (90.7%) 1.00

Experience of sea bathing Yes 14 (10.0%) 5 (38.5%) 7 (5.5%) 10.7 2.68e42.1 <0.0001
Noy 126 (90.0) 8 (61.5%) 120 (94.5%) 1.00

Occupation related to marine sports Yes 2 (1.4%) 2 (15.4%) 0 (0%) N.D. N.D. <0.01**
No 138 (98.6%) 11 (84.6%) 127 (100%)

Amount of natto consumed
(gram per month)z

Mean 286.8 (n ¼ 45) 378.2 (n ¼ 13) 259.6 (n ¼ 32) 0.14*
0 6 (13.3%) 0 (0%) 6 (18.8%)
1e200 27 (60%) 8 (61.5%) 19 (59.3%)
201e400 5 (11.1%) 1 (7.7%) 4 (12.5%)
401- 7 (15.6%) 4 (30.8%) 3 (9.4%)

p values were calculated by the chi-square test, unless otherwise noted. OR denotes odds ratio, and CI confidence interval.
*p values were calculated by Mann Whitney U test.
**p values were calculated by Fisher's exact test.

y This group served as the reference category.
z Total samples were different from other variables because not all participants answered all questions.

Table 2
Adjusted ORs and 95% CIs measuring association between PGA sensitization and
demographic and behavioral factors.

Adjusted OR 95% CI p value

Male sex 4.7 0.59e51.1 0.14
Experience of marine sports 278.0 36.9e6315.9 <0.0001
Experience of sea bathing 2.0 0.19e26.2 0.56

PGA, poly(g-glutamic acid); OR, odds ratio; and CI, confidence interval.
In stepwise process, all factors with a trend toward an association with PGA
sensitization allergy on univariate analysis (p < 0.05) were included in multivariate
model. p Value was calculated by the chi-square test, unless otherwise noted.
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(bioactive lipids and amines), the components of the nematocyst
tubule, and physical changes (hypo-osmolarity, acidification, and
reactive oxygen species) at the sting site.15,16 Especially, porin is the
main constitute of venom and activates keratinocytes and dermal
mast cells.13 Repeated stings may induce IgE-mediated allergic re-
actions to toxin or tubule components.13 Indeed, the stings of
pelagic jellyfish, which inhabit all oceans, cause wheals and pru-
ritus.17 The case of anaphylaxis after a jellyfish sting was reported.
In that case, the patient's basophils immediately released histamine
in response to exposure to a crude extract of venom derived from
tentacles of another jellyfish Chrysaora quinquecirrha, suggesting
the presence of triggers, which induce degranulation from mast
cells and basophils, in the venom, or the development of IgE-
mediated allergic response to a venom-derived antigen.18 Thus,

jellyfish envenomationmay have an adjuvant effect in sensitization
to venom constituents, containing PGA.

Surfing is more significantly associated with PGA sensitization
than other marine sports. However, the reason for this strong as-
sociation between surfing and PGA sensitization is unclear. Surfing
is a surface watersport and jellyfish are surface dwellers. Therefore,
surfers might have a greater chance to be stung by jellyfish
compared with other marine sports. Indeed, all surfers in the natto
allergy group often experienced jellyfish stings, especially in the
summer. Surfers wait for an ideal wave for several hours per visit
and often only wear sea bathing suits rather than wetsuits; there-
fore, most of the body is exposed in the sea for long time, increasing
the risk of jellyfish stings. In contrast, scuba divers regularly wear
wetsuits and windsurfers only float in the sea for short time.
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The present study revealed that the mean number of weeks per
year in marine-sport experience was significantly greater in the
natto allergy group than in the non-natto allergy group. All surfers
constantly participated in surfing all year around. We speculated
that the reason why surfers had the greatest PGA sensitization
among marine sports might be because of the long floating time in
the sea without a wetsuit. However, further investigations are
needed to elucidate the association between surfing and PGA
sensitization.

Sea bathing is more common than surfing and other marine
sports. In the present study, there was no significant association of
sea bathing with PGA sensitization after adjustment for marine
sports and male sex. Although years of sea bathing experience in
the natto allergy group was comparable to the non-natto allergy
group, the mean number of weeks per year of sea bathing experi-
ence in the natto group was significantly longer than in the non-
natto group. Therefore, occasional sea bathing has no risk for PGA
sensitization.

One female patient had experienced neither marine sports nor
sea bathing in the present study. In this case, the sensitization route
of PGA is unknown. In a previous study, two pediatric cases, a 12-
year-old boy and a 7-year-old girl, had also no experience of ma-
rine sports, including surfing.5,6 Currently, a commercial particle of
PGA is widely used in cosmetics, drug vehicles, soft drinks, dress-
ings, and seasonings to thicken their texture and enhance their
taste.7 Indeed, one of our patients diagnosed with PGA allergy
developed an anaphylactic reaction after the ingestion of com-
mercial noodles with soup containing the commercial PGA.19

Therefore, exposure to the commercial PGA might induce allergic
sensitization and induction through various routes: skin exposure
of cosmetics and intravascular exposure of drugs. However, our
female patient did not use cosmetics or other products containing
PGA.

Meat can cause delayed-onset anaphylaxis in a similar manner
to natto. The major allergen in meat-induced allergy is a protein
containing oligosaccharide composed of galactose -a-1,3-galactose
(a-gal) molecules.20 Many meat allergy subjects live in areas with
an epidemic of tick bites. Commins et al. suggested that bites from
ectoparasitic ticks are the sensitizing event that leads to the
development of IgE specific to the oligosaccharide a-gal, which
results in a loss of tolerance to non-primate mammalian meat and
related food products in some individuals.20 Recently, there has
been increasing evidence that the skin is an important route for IgE
sensitization to proteins such as peanut and wheat.21,22 In 2008,
Lack proposed a new “dual-allergen exposure hypothesis” that
suggested the ingestion of food promoted immune tolerance to
food antigens, whereas exposure to food antigens through inflamed
skin facilitated allergic sensitization.23 Interestingly, natto and red
meat allergies share several clinical characteristics. First, sensiti-
zation to allergens might be induced by animal stings and bites in
both allergies. In the case of red meat allergy, bites of larval lone
star ticks, similar to adult ticks, can be intensely pruritic. However,
bites from the deer tick Ixodes scapularis, which transmits Lyme
disease, do not generally induce a pruritic skin response. In fact,
itching after tick bites was associated with an increase in the risk of
developing allergic sensitization to a-gal.24 Some substances in tick
saliva may induce Th2 responses, which promote IgE sensitization
to a-gal.20 Likewise, in PGA allergy, Cnidaria venom may have a
similar adjuvant effect for PGA sensitization. Second, there is cross-
reactivity between creatures belonging to unrelated categories by
biological classification: insects and non-primate animals in a-gal
allergy, and bacteria and cnidarians in PGA allergy. Third, many
patients live in limited areas where there is an epidemic of the
causative animal sting or bite. Furthermore, the causative allergens
are simple structures such as a sugar chain consisting of galactose

in red meat allergy and a polymer consisting of glutamic acids in
PGA allergy. Finally, the time frame from food ingestion to the onset
of symptoms is longer in both allergies than in typical IgE-mediated
food allergies. Therefore, considering natto and red meat allergies
together may lead to a new category of epicutaneous sensitization
as a mechanism of food allergy. In this category, stings and bites of
animals induce the epicutaneous sensitization of antigens in their
saliva and venom, resulting in cross-reactivity to food allergens and
the consequent onset of food allergy. However, the process through
which these antigens enter the skin and the time frame from
exposure to antibody response is currently unknown.

This study had some limitations including the small number of
subjects enrolled. To date, only a few cases of natto allergy have
been reported because the late onset of natto allergy might make
its diagnosis difficult. In addition, commercial diagnostic proced-
ures for PGA allergy are unavailable at present. Another limitation is
the small number of patients with other food allergies because of
the investigation was set in a single hospital setting. Therefore,
further investigation of a large number of subjects from various
areas of Japan is required to clarify whether PGA sensitization
might be associated with marine sports and be promoted by Cni-
daria stings.

In conclusion, this study identified surfing as a major risk factor
for PGA sensitization by statistically comparing a natto allergy
group with a non-natto allergy group. PGA sensitization may occur
via inflamed skin following cnidarian stings while floating in the
sea. If marine sport enthusiasts, especially surfers, visit clinics
because of suspected food-induced anaphylaxis, natto allergy with
PGA sensitization should be considered for allergic examinations.
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1. What kinds food cause your food allergy?
1.1 Hen egg
1.2 Cow milk
1.3 Wheat
1.4 Peanuts
1.5 Tree nuts
1.6 Crustaceans
1.7 Fruits/vegetables
1.8 Natto
1.9 Others

2. Had you taken part in any marine sports prior to the onset of food allergy ?
2.1 Yes
2.2 No

3. What type of marine sports do you often take part in?
3.1 Surfing
3.2 Scuba diving
3.3 Others (                                )

4. How long have you been taken part in marine sports?
4.1  <1 years
4.2 1years ≤, <5 years
4.3  5 years ≤, < 10years
4.4 10 years ≤, < 20 years
4.5 20 years ≤

5. How many weeks per years do you take part in marine sports?
5.1 <1 week
5.2 1 week ≤, <2weeks
5.3 2 weeks ≤, <4 weeks
5.4 4 weeks ≤, <8 weeks
5.5 8 weeks ≤, <12 weeks
5.6 12 weeks ≤, < 24 weeks
5.6 24 weeks≤

6. Dose your occupation involve marine sports?
6.1 Yes
6.2 No

7. How often had you consumed natto in the 5 years prior to the onset of food allergy?

8. How much natto do you consume in one serving?

Supplementary Table 1 Questionnaire
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