lergies can also experience an immediate food allergy re-
action when they eat foods containing HWP. In Japan, we
reported 5 patients who were primarily sensitized to
HWP present in facial soap and experienced wheat-de-
pendent exercise-induced anaphylaxis (WDEIA) after
the ingestion of normal wheat products [2]. After our re-
port, more than 600 patients with such an allergy had
been reported to date (June 10, 2012) from various insti-
tutes all around Japan. Importantly, the majority of the
patients used the same facial soap (Cha no Shizuku®;
Yuuka Co. Ltd., Fukuoka, Japan) containing acid-hydro-
lyzed wheat protein (acid-HWP).

Gluten is a salt-insoluble protein complex of wheat and
exhibits viscoelastic properties. As for HWP, in most cas-
es hydrolyzed gluten (HG) has been widely used in cos-
metics. HG is a mixture of variously sized polypeptides.
Their sizes depend on the condition of hydrolysis. The
commercial acid-HWP contained in the facial soap (Glu-
pearl 195®; Katayama Chemical Industries Co. Ltd., Osa-
ka, Japan; described as HWP1 in this article) was pro-
duced from gluten after partial hydrolysis with hydrogen
chloride at 95°C for 40 min. Based on the SDS-PAGE pat-
tern of HWP1, the molecular weight of a main band was
40-50 kDa.

In the present study, we focused on the allergenicity,
as an ability to elicit mast cell activation, of acid-hydro-
lyzed gluten (acid-HG), which was generated by acid
treatment under heated conditions, and intended to ac-
quire new data about the reactivity of various time-treat-
ed acid-HGs and commercial acid-HWP (HWP1) using
serum IgE from sensitized subjects as follows: sera from
10 subjects with wheat allergy accompanied by skin and
rhinoconjunctival sensitization to HWP1 in the facial
soap, 8 pediatric subjects with food allergy to native
wheat, 9 adult subjects with WDEIA food allergy to na-
tive wheat, and 8 nonatopic healthy subjects.

Materials and Methods

HWPI and Gluten

Glupearl 198 (HWP1) was supplied by Katayama Chemical In-
dustries. Gluten was purchased from Sigma-Aldrich (catalog No.
G5004).

Five hundred milligrams of HWP1 and gluten were suspended
with 5 ml of 1 M Tris solution (pH 11.4) and left standing for more
than 24 h at room temperature, and these suspensions were kept
at 4°C and used as stock solutions.

Acid Hydrolysis of Gluten
One milligram of gluten was hydrolyzed in 1 ml of 0.1 N HCI
at100°Cfor 0.5, 1, 3, 6, 9, 12, 24, and 48 h. After a fixed time, the
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acid solution was neutralized with 0.1 N NaOH. At a point.of 0 h,
gluten was added to the neutralized solution and not heated.

- Each sample was separated in 15-25% acrylamide gel (DRC
Co., Ltd., Tokyo, Japan) according to the Laemmli method; the gel
was then stained with CBB.

Sera

Sera was collected from 10 subjects with wheat allergy accom-
panied by skin and rhinoconjunctival sensitization to HWP1 in
the facial soap (HW1-10 in table 1), 8 pediatric subjects with food
allergy to natural wheat (CW1-8), 9 adult subjects with exercise-
induced anaphylaxis after ingestion of native wheat (AW1-9), and
8 nonatopic healthy persons (NA1-8). The presence of specific
IgEs in the sera was determined using ImmunoCAP® (Phadia
AB, Uppsala, Sweden). All of the patients with wheat allergy who
had an obvious clinical history and/or a gluten-specific Immuno-
CAP class of 3 or above were enrolled into this study. Informed
consent was obtained from all patients and volunteers. Our study
was approved by the Ethics Review Committee of the National
Institute of Health Sciences.

Dot Blot

One microgram of nondenatured gluten or acid-HG was spot-
ted onto a BA83 nitrocellulose membrane (Whatman™; GE
Healthcare UK Ltd., Little Chalfont, UK). After being blocked
with 0.1% casein/PBS, the membrane was incubated with patients’
sera (5- to 10-fold diluted with 0.1% casein/PBS) overnight at 4°C.
The membrane was then washed and gently shaken in 500-fold
diluted HRP-linked anti-human IgE (Nordic Immunology, Til-
burg, The Netherlands) solution for 90 min at room temperature.
Binding of serum IgE and dotted samples was detected as HRP
conjugates using color-developing Konica Immunostain (Konica
Minolta, Tokyo, Japan).

In vitro Elicitation Test

An in vitro elicitation test was performed by assessing IgE
crosslinking-induced luciferase expression (EXiLE) using human
FceRI genes- and nuclear factor of activated T-cell (NF-AT)-de-
pendent luciferase reporter gene-introduced rat mast cells (RS-
ATLS cells), as previously described [9].

Briefly, RS-ATLS cells (5 x 10* cells/50 wi/well) were sensi-
tized with 1:100 diluted patients’ sera overnight. After washing,
the cells were stimulated with 100 ng/ml of acid-HGs suspended
in 10% FCS-containing minimum essential medium at 37°C for
3 hina 5% COj; incubator. Then, 50 wl of luciferase substrate so-
lution containing cell lysis reagent (ONE-Glo, Promega Corp.,
Tokyo, Japan) was added to the cells, and chemiluminescence was
measured using an EnVision multilabel plate reader (PerkinEl-
mer, Waltham, Mass., USA). Luciferase expression levels were
represented as the fold increase of light units compared with those
of nonstimulated cells.

Statistical Analysis

The statistical significance of the differences between each pe-
riod of the experimental groups was determined using the Steel
test versus the NA group at individual time points. p < 0.05 was
considered statistically significant.
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Results

Binding of IgE from HWP- or Gluten-Sensitized

Subjects to Various Time-Treated Acid-HGs

To determine the effect of the extent of the acid hy-
drolysis of gluten on allergenicity, gluten was treated
with 0.1 N HCl at 100°C for various times up to 48 h. Fig-
ure la shows the CBB-stained pattern of the acid-HGs.
The CBB-stained patterns changed to a smear-like pat-
tern after acid treatment, and the molecular weight of the
main protein bands gradually decreased from 40-70 kDa
(0.5-1 h of treatment) to 6 kDa (9-12 h of treatment); af-
ter 24-48 h of treatment, CBB-stained bands larger than
6 kDa were no longer detected.

We then examined the binding of serum IgE to these
acid-HGs. We performed immune dot blot tests using se-
rum samples of subjects sensitized with HWP1 (HW1, 2),
pediatric subjects with wheat allergy (CW1, 2), and an
adult WDEIA subject (AW3). As shown in figure 1b,
HW1 reacted only to acid-HGs [0.5- to 6-hour-treated
acid-HGs and HWP1 (spot H)], while HW2 reacted to
gluten and acid-HGs (0.5- to 3-hour-treated acid-HGs
and HWP1). In contrast, CW1 and CW2 reacted to native
gluten (acid-hydrolyzed for 0 h) more strongly and showed
only slight reactions to 0.5- to 1-hour-treated acid-HGs.
Minimal IgE binding was observed in the sample from
the adult WDEIA subject (AW?3).

We also examined the molecular sizes of IgE-binding
proteins in acid-HGs and native gluten using Western
blotting under denatured conditions (fig. 2). After 0.5
1 h of acid treatment, IgE immunoblotting with a serum
sample from subject HW1 showed smears at around 40-
to 70-kDa proteins, the molecular weight of which was
relatively higher than that of main bands of native gluten
on SDS-PAGE (around 30-50 kDa), producing the same
binding results for the HWP1. However, after 3 h of acid
treatment, the IgE-bindings to the 40- to 70-kDa proteins
were time-dependently decreased. In contrast, a Western
blot analysis using serum from a native-wheat-sensitized
subject (CW1) showed clear binding to native gluten, and
acid hydrolyzation decreased the binding in a time-de-
pendent manner. On the other hand, the sample from the
AWS3 subject showed IgE binding to a 60-kDa protein,
which corresponds to w-5 gliadin (fig. 2¢), although a
weak signal was obtained using the dot blot test.

Elicitation Test of Various Time-Treated Acid-HGs

Using Mast Cells Sensitized with Patients’ Sera

We next performed an in vitro elicitation test to deter-
mine the ability of IgE from subjects sensitized with

In vitro Elicitation Test of Acid-HWP

Table 1. Information about sera from subjects with wheat-allergy
in the study

Patient - Age, Gen- Total Wheat- Gluten- -5 gliadin-
No. years der IgE specific specific IgE  specific IgE
i IU/ml - IgE, UA/ml - UA/ml UA/ml

HW1 42 F 4,050 234 314 2.06
Hw2 22 F 412 9.23 12.4 <0.35
HW3 25 F 1,510 179 3.12 <0.35
Hw4 55 F 123 4.38 6.15 <0.35
HW5 41 F 285 218 36.2 7.01
HW6 51 F 210 2.28 3.65 <0.35
Hw7 45 F 3,170 146 24.2 <0.35
HW8 23 F 1,510  1.79 3.12 <0.35
HW9 38 F 485 1.93 1.94 <0.35
HWI0 50 F 229 076 1.27 <0.35
CW1 2 M 1,050 19 50.4 1.83
CW2 3 M 512 ND 66.6 0.4
CW3 4 M 1,199 59 >100 6.38
CwW4 1 F 191 17.6 ND ND
CW5 4 M 226 15.9 20 0.44
CW6 7 M ND 11.4 15.4 0.49
CW7 8§ M 5321 636 9.25 <0.35
Ccws 4 F ND ND ND ND
AW1 20 M 283 248 3.09 22.8
AW2 16 F 2,120 4.84 7.7 24.9
AW3 62 M 1480 1.04 3.74 11.1
AW4 5 M ND <0.35 0.7 4.3
AW5 49 M 182 43 14.2 30.4
AW6 38 M 2,160 1.16 6.63 13.5
AW7 42 M 43 <0.35 0.5 1
AW8 54 M ND <0.35 <0.35 10.7
AWS 69 M 1,990 992 11.3 26.4

ND = Not determined; HW1-10 = subjects with wheat allergy
accompanied by skin and rhinoconjunctival sensitization to
HWPI in the facial soap; CW1-8 = pediatric subjects with food
allergy to native wheat; AW1-9 = adult subjects with excise-in-
duced anaphylaxis after ingestion of native wheat.

HWP1 or native gluten to induce mast cell activation af-
ter the addition of acid-HGs. The humanized rat mast cell
line RS-ATLS, which was established by introducing the
NE-AT-responsive luciferase gene into human FceRI-
expressing RBL-SX38 cells, was used to measure IgE
crosslinking-induced luciferase expression (EXiLE) [9].
A two-fold increase in luciferase expression relative to
those without any stimulation is considered to be a clini-
cally relevant cut-off level according to our very recent
study [10], and this level is superimposed in figure 3.

As shown in figure 3, commercial acid-HWP (HWPI)
induced a significant increase in luciferase expression in
the HW and CW groups, but not in the AW group. Acid
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Fig. 1. Binding of IgE from subjects with wheat allergies to acid-HGs. a Coomassie brilliant blue-stained pattern of heat- and various
time-treated acid-HGs on a 15-25% acrylamide gel. b Dot immunoblots of the gluten hydrolysates using sera from subjects sensitive
to acid-HGs (HW1, 2), child wheat allergy (CW1, 2), adult WDEIA (AW3), and a nonatopic healthy person (NA1). M = Molecular

weight marker; H = HWP1; N = PBS.
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Fig. 2. Immunoblots of gluten hydrolysates using sera from subjects with wheat allergies. HWPs and gluten were separated on 10%-20%
SDS-polyacrylamide gels and electronically transferred to nitrocellulose membranes, which were then incubated with serum diluted
5- (CW1, AW3) or 10-fold (HW-1). IgE-binding proteins were detected as HRP conjugates using color development. M = Molecular
weight marker; H = HWP1; G = native gluten.
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Fig. 3. In vitro elicitation (EXiLE) test us-
ing IgE in sera from subjects with wheat
allergies. RS-ATL8 cells were sensitized
with 1:100-diluted sera overnight and
stimulated for 3 h with 100 ng/ml of acid-

Luciferase (folds)

6—- ®BO0h
B 0.5h

*¥

*¥

HGs or HWP1 suspended/dissolved in
culture medium. Data are means = SD
(NA,n=8;HW,n=10; CW,n=_8,and AW,
n=9), shown as fold increases. The cut-off
level (2-fold increase) is indicated by the
gray line. * p < 0.05, ** p < 0.01 according
to Steel’s test vs. the NA group at a specific

T
[

hydrolyzation period.

hydrolyzation of the gluten attenuated antigen-induced
luciferase expression in a time-dependent manner for sera
from native-wheat-sensitized pediatric subjects (CW4).
On the other hand, in the sera samples from HW subjects,
acid hydrolyzation of the gluten for 0.5 h dramatically in-
creased luciferase expression, whereas native gluten had
little effect on mast cell activation, suggesting the contri-
bution of neo-epitopes. Even after prolonged hydrolyza-
tion for 6 h, acid-HG still retained the ability to activate
mast cells, with an activity level that was only slightly de-
creased. Contrary to the pediatric subjects, in the case of
the adult WDEIA subject (AW), none of the HG, includ-
ing HWPI, was capable of inducing mast cell activation.

Discussion

Although it is generally believed that hydrolysis reduces
the allergenicity of allergenic protein, the number of stud-
ies that have shown that HWP induces immediate hyper-
sensitivity via skin contact and/or food ingestion has in-
creased [1-8]. The immunoreactivity of HWP has been re-
ported by us and other groups [2, 6, 7]. Lauriere et al. [7]
reported that the immunoblotting analysis of European
patients’ sera showed strong IgE binding to w-1, »-2, and
v-gliadin, but not to w-5 gliadin. Bouchez-Mahiout et al.
[6] reported that acid-HGs contained highly IgE-reacting
high molecular weight entities and they have been suggest-
ed to have neo-epitopes which would be produced by rear-
rangements of hydrolyzed peptides. In the case of Japanese
patients with HWP, their sera showed a low level of IgE-

In vitro Elicitation Test of Acid-HWP

positive binding to w-5 gliadin, and it seems that they were
sensitized by gliadins other than w-5 (or glutenins), which
can be clearly distinguished from conventional WDEIA
[2]. However, the detailed allergenicity of HWP has not yet
been examined. In our present study, the acid hydrolyza-
tion of gluten has generated not only prolonged IgE binding
activity but also an ability to elicit mast cell activation in
cases of sera from HW subjects (fig. 1-3). In contrast, IgE
from native gluten-sensitized pediatric subjects showed
gradually decreased reactivities to gluten acid hydrolysates
time dependently, suggesting that native gluten epitopes,
which were recognized by these IgE, were labile by acid-
and heat-treatment. Acid lability of native gluten epitopes
is consistent with previous reports that wheat proteins
which were extensively hydrolyzed by acid could not in-
hibit the binding ability between the IgE antibodies in the
patient sera and wheat proteins [11]. These results also sug-
gested that the neo-epitopes in acid hydrolysates are rela-
tively stable after prolonged acid- and heat-treatment.
There have been some previous reports regarding as-
sessments of the allergenicity of processed foods. Diaz-
Perales et al. [12] reported that some pepsin digestion-
resistant peptides (MW, 1,400-5,100 Da) could bind to a
patient’s IgE, inducing allergic symptoms. Takagi et al.
[13] also kinetically analyzed the digestion of ovomucoid
in simulated gastric fluid and showed that in 21% of the
examined patients, the capacity of their IgE to bind to the
small 4.5-kDa fragment was retained. Furthermore, an-
other reference reported an increase in allergenicity after
the transglutaminase-mediated crosslinking of -5 glia-
din [14]. In the case of HWP1I, acid hydrolyzation seems
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to have induced the physicochemical changes in gluten
proteins after acid and heat treatment and some modifi-
cations to the amino acid molecules and protein aggre-
gates. These changes may lead to an increase in the aller-
genicity of gluten. The remaining allergenicity of the
6-hour-treated acid-HG, as shown in figure 3, can be ex-
plained by the trace amount of persistent protein aggre-
gates with a high molecular weight or by acid treatment-
resistant peptide fragments with a lower molecular
weight.

The results of the in vitro elicitation test (fig. 3) were
consistent with those of the dot blot analysis (fig. 1b), sug-
gesting that the antigen-specific IgE that bound to the
hydrolyzed proteins with a lower molecular weight in the
dot blot analysis might have the ability to crosslink to
FceRI on mast cells in the HW subjects. On the other
hand, the AW3 subject had negative results for both the
dot blot analysis (fig. 1b) and the EXILE test (fig. 3), al-
though strong IgE binding to w-5 gliadin was observed
in the Western blotting analysis (fig. 2c). This discrep-
ancy can be explained by the difference in IgE accessibil-
ity to the antigen under denatured (Western blot) and
nondenatured (dot blot and EXiLE) conditions. In addi-
tion, in previous studies describing allergenicity assess-
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that are stable after prolonged acid and heat treatment.
How such epitopes were generated by acid hydrolysis re-
mains to be determined.
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resulted in an improved PROM. However, this underscores our

conclusion that future developers of asthma-specific PROMs

should be attentive to appropriate patient involvement at all stages

of the development cycle, and to documenting the nature of this

involvement, if PROMs are to reflect health outcomes relevant to
the patient.
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Tissue transglutaminase generates deamidated
epitopes on gluten, increasing reactivity with
hydrolyzed wheat protein-sensitized IgE

To the Editor:

Exercise-induced systemic allergy after wheat ingestion
experienced by “Cha no Shizuku” facial soap users has become
a serious problem in Japan.'” The soap contained the acid-
hydrolyzed wheat protein (HWP) Glupearl 19S (Glp19S), and
soap sensitization can be diagnosed by using Glp19S-specific
IgE measurement, a skin prick test (SPT) for Glp19S, or both.
HWP-sensitized subjects are generally less responsive to wheat
extract on SPTs, although they exhibit obvious clinical symptoms
after wheat ingestion and some exercise.' However, it is unclear
why HWP-sensitized subjects exhibit systemic allergic reactions
after ingestion of normal wheat that does not contain HWP.

We recently developed a cell-based IgE reactivity (mast
cell-activating) assay that measures IgE crosslinking-induced
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FIG 1. Typical EXILE responses of serum IgE from HWP-sensitized subject (A} and patient with PedWA (B) to
various treated glutens and EXILE responses of all subjects (HWP-sensitized subjects, patients with PedWA,
and healthy subjects) presented in Table E1 to gluten, gluten treated with tTG (tTG-Glu), and GlIp19S (C).
Values are presented as mean = SEMs. *¥, 17P <.01, n-way ANOVA and the post hoctest with the Bonferroni

correction.

Glp19S-coated microplate B

#4

tTG-Gla-coated microplate

Beads |
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(*P<0.050) (P=0.368)
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(*P<0.050)

PedWA
(P=0.097)

FIG 2. IgE ELISA inhibition with antigen-coated beads. Diluted sera-from HWP-sensitized subjects and
patients with PedWA were treated with antigen-coated beads for 2 hours, followed by centrifugation. The
Glp19S-specific (A) or tTG-Glu-specific {B) IgE remaining in the supernatants was measured by using
ELISA. Data are means of triplicate measurements and are shown as percentages of binding inhibition.

P values of the Friedman test are shown.

luciferase expression (EXILE).* This new method demonstrated
that the IgE reactivity of the HWP-sensitized subjects to acid-
hydrolyzed gluten differed from that of patients with pediatric
wheat food allergy (PedWA).” HWP IgE was less reactive to native
gluten but strongly reactive to hydrolyzed gluten, whereas IgE from
patients with PedWA reacted to both. Binding of IgE of the HWP-
sensitized subjects to gluten increased markedly after 30 minutes of
0.1 N hydrochloric acid treatment at 100°C, indicating neoepitope
generation on the gluten molecules. These results suggest that
orally ingested gluten might be metabolized in vivo to acquire
cross-reactivity with the industrially generated acid HWP Glp19S.

We therefore compared the IgE reactivities of HWP-sensitized
subjects and patients with PedWA using EXiLE assays with
glutens treated with gastrointestinal enzymes, such as pepsin,
pancreatin, and tissue transglutaminase (tTG). Gluten was treated
with these enzymes according to the method of Palosuo et al®
with some modifications (see the Methods section in this article’s
Online Repository at www.jacionline.org). Clinical profiles of
the study subjects are summarized in Table E1 in this article’s
Online Repository at www.jacionline.org. Three (60%) of the
HWP-sensitized subjects had negative SPT responses to wheat,
although all presented with systemic allergic reactions after wheat
ingestion. Humanized rat RS-ATLS8 mast cells’ were sensitized
with 1:100 dilutions of the subjects” sera overnight and stimulated
for 3 hours with the treated glutens and Glpl9S (Katayama
Chemical Industries, Osaka, Japan) suspended in minimum
essential medium supplemented with 10% FCS.

Pepsin and pancreatin digestion did not increase the reaction of
the gluten with IgEs from either of the subject groups (Fig 1).
HWP IgE showed low and no responses to intact and digested
gluten, respectively, but IgE from patients with PedWA reacted
strongly to both. Surprisingly, however, tTG treatment dramati-
cally increased the reactivity of HWP IgE to intact and digested
gluten without affecting the response of IgE from patients with
PedWA. IgE immunoblotting also showed strong binding of
HWP IgE to high-molecular-weight (HMW) components of
tTG-treated glutens (tTG-Glu), with a characteristic smear
pattern similar to that of Glp19S binding (see Fig El in this
article’s Online Repository at www.jacionline.org). Although
the IgE of this patient (patient 2; gluten IgE, 36.2 UA/mL) recog-
nized not only HMW components but also a 12- to 13-kDa
undigested protein, which was considered to be an a-amylase
inhibitor, she was less responsive to natural gluten, as revealed
by using the EXILE test (Fig 1, A). Considering that the EXiLE
test can distinguish between binding and cross-linking of IgE
with the antigen,” it appears reasonable to conclude that the
IgE-responsive antigens were the HMW components rather
than the 12- to 13-kDa proteins. These results indicate that tTG
treatment generates neoepitopes on gluten molecules (even after
digestion) in HWP-sensitized subjects, and these epitopes have
sufficient affinity to cross-link IgE and induce mast cell
activation.

Next, we performed inhibition ELISAs by using serum samples
from selected patients and antigen-coated polystyrene beads
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(see the Methods section in this article’s Online Repository).
Antigen-specific IgE was adsorbed to antigen-coated beads, and
the remaining IgE in the supernatant was measured by using
ELISA. When Glp19S was coated on an ELISA microplate, the
binding of HWP IgE was strongly inhibited (71% to 92%) by
the Glpl9S-coated beads and moderately inhibited (41% to
63%) by the tTG-Glu—coated beads; however, untreated gluten-
coated beads were less effective (<27%) at inhibiting the binding
(Fig 2, A). In contrast, all the beads exhibited strong inhibition
(68% to 108%) with IgE from patients with PedWA. However,
when tTG-Glu was coated on the plates, the gluten- and
tTG-Glu—coated beads inhibited the binding of HWP IgE moder-
ately (38% to 46%) and strongly (78% to 88%), respectively
(Fig 2, B). Glp19S-coated beads used in HWP-sensitized subjects
and gluten/tTG-Glu/Glp19S~coated beads used in patients with
PedWA (Fig 2, B) exhibited inhibition similar to that seen in
Fig 2, A. These results indicate that tTG treatment of gluten
generates IgE epitopes that cross-react with Glp19S, although
tTG-Glu at least partially retains gluten-like structures. These
results also suggest that IgE from patients with PedWA binds to
tTG-insensitive structures in gluten, which are distinct from
HWP IgE epitopes.

Many celiac disease studies have shown that digestion-resistant
peptide fragments of wheat gluten can access the lamina propria
and be deamidated by tTG.” However, it is also well known that
gluten is deamidated during hydrolysis under acidic and heating
conditions.® Therefore we performed limited proteolysis of
gluten, tTG-Glu, and Glp19S with the endoproteinase Glu-C,
which cleaves at glutamic acid residues in peptides (see the
Methods section in this - article’s Online Repository). tTG
treatment induced a mobility shift of gluten with a smear pattern,
which was completely eliminated by Glu-C treatment (see Fig E2
in this article’s Online Repository at www.jacionline.org). An
increase in negatively charged glutamyl residues because of
deamidation of glutamine residues might induce conformational
changes in gluten, causing the observed mobility shift in
SDS-PAGE.® The Glu-C-resistant components in the gluten and
tTG-Glu were similar, suggesting that part of tTG-Glu remains
unaffected by tTG treatment.

In Japan more than 1800 subjects have been confirmed as being
sensitized to Glp19S-containing “Cha no Shizuku” soap as of
February 2013. After recall of the soap by the distributor, gluten- and
Glp19S-specific IgE levels have decreased in the sera of most
patients.” However, many patients continue to experience allergic
symptoms elicited by wheat ingestion, even after having negative
serum gluten-specific IgE levels. We propose that patients with
high Glp19S-specific IgE levels should avoid wheat ingestion,
even if their gluten-specific IgE levels have decreased, because orally
ingested wheat gluten can be deamidated by tTG after digestion, re-
sulting in the generation of IgE epitopes that cross-react with Glp19S.
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Acid-suppressive drug use in pregnancy and
the toddler's asthma risk: A crossover, case-
control study

To the Editor:

Acid-suppressive drugs (ASDs) are considered effective and
safe to use during pregnancy to treat gastroesophageal reflux
disease. Three recent studies reported a causal relation between
prenatal exposure to ASDs and the development of childhood
asthma, but unmeasured confounding could not be ruled out.'?
We applied a bidirectional case-crossover design to minimize
time-invariant confounding influences using siblings from the
same mother as control subjects and compared our findings
with those of a case-control design.

The studies were performed with data from a pregnancy
database as part of the University Groningen IADB.nl pharmacy
prescription database (for more information, see the Methods
section in this article’s Online Repository at www.jacionline.
org).* Because case-crossover designs can be vulnerable to time
trends, we first examined the time trend in exposure to ASDs
(Anatomical Therapeutic Chemical [ATC] code A02B) among
all registered singleton pregnancies in the database between
1995 and 2006. For both the bidirectional case-crossover and
case-control designs, the study population was restricted to
toddlers of singleton birth between 1995 and 2006 who could
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Historical background of the Japanese Society of
Pediatric Allergy and Clinical Immunology

Abstract

The Japanese Society of Pediatric Allergy and Clinical Immunology (JSPACI) was
started in 1966 and currently has 3613 members as of August 1, 2012. The number of
pediatricians specializing in allergies who have been certified by the Japanese Society of
Allergology is 817. Among these, there are 125 training directors and training facilities
for allergy and clinical immunology. The JSPACI first published an asthma guideline
specific for children in 2000, and this has been revised every 3 yrs, contributing to better
control of pediatric asthma. Food allergy management guidelines were first developed in
2005, which have helped to improve the care of food allergy patients. Among 514
pediatric training programs by the Japanese Society of Pediatrics, there are 312 facilities
routinely performing oral food challenges. Among these, there were already 53 facilities
performing oral immunotherapy at the end of 2011, treating 1400 cases of food allergy.
The prevalence of pediatric allergic diseases has increased in Japan over the past 50 yrs.
A number of International Study of Asthma and Allergies in Childhood surveys have
been conducted in the past at specific times. The prevalence of wheezing among children
aged 13~14 yrs in 2002 was 13.0%. Multi-year surveys found a 1.5- to 2-fold increase
every 10 yrs until 2002. However, according to the latest data in 2012, asthma prevalence
seems to have slightly decreased in Japan. Food allergy mainly associated with infantile
atopic eczema among infants younger than 1 yr of age is the most common form as with
other developed countries. The estimated food allergy prevalence based on data from
several surveys is 5-10% among infants (0-6 yrs) and 1-2% among schoolchildren
(6-15 yrs). A variety of patients suffering from primary deficiency syndrome have been
actively analyzed. Previously, antibody defects and well-defined syndromes with
immunodeficiency were analyzed, but recent research is focusing on not only acquired
immune disorders but also on innate immune disorders. In contrast to the widespread use
of oral immunotherapy, one immediate issue is to develop and reassess subcutaneous and
sublingual immunotherapies for mite and Japanese cedar pollen antigens that have been
disused in Japan since the 1990s.

has been revised nearly every 3 yrs (1) and the latest version is
JPGL2012. ‘Japanese Pediatric Guideline for Food Allergy’
was first published in 2005 (2) and revised in 2011. ‘The
General Guideline for Pediatric Allergic Diseases’, a synthe-

The Japanese Society of Pediatric Allergy and Clinical Immu-
nology (JSPACI) was started in 1966 under the name of
‘Pediatric Allergy Meeting’ as a sectional meeting of the
Japanese Society of Pediatrics (Table 1). It was renamed
JSPACT in 1986 and commenced biannual publication of a
domestic journal in 1987. The journal was published four times
a year from 1991 and then subsequently increased to five times
a year in 2001. ‘Japanese Pediatric Guideline for the Treatment
and Management of Asthma (JPGL)* was published in 2000; it

sized guideline for bronchial asthma, allergic rhinitis, atopic
dermatitis, and food allergy, was published in 2011.

The first academic meeting was held in 1966 in Tokyo, and
the 50th anniversary meeting will be in Yokohama in October
2013. The sixth and present JSPACI President is Professor N.
Kondo (Gifu University); the first president was T. Matsumura,
followed in succession by Y. Nakayama, M. Baba, S. Nishima,
and A. Morikawa.
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Table 1 Japanese Society of Pediatric Allergy and Clinical Immunology chronology

Journal Annual meeting
Year Events President JSPACI journal Guideline, etc. Place
1966 Pediatric Allergy Matsumura T 1st Tokyo
Association was founded
1975 Nakayama Y 12th Fukuoka
1981 Baba M 18th Yokohama
1986 Renamed as JSPACI 23rd Kitakyushu
1987 2 Journals/yr 24th Tokyo
1991 4 Journals/yr 28th Saitama
1994 Otsuka academic article 31st Utsunomiya
award started
1997 Nishima S 34th Tokyo
1998 Office relocation 35th Osaka
(Tokyo to Fukuoka)
2000 JPGL2000 37th Maebashi
2001 5 Journals/yr 38th Kitakyushu
2002 The Web site of JSPACI JPGL2002 39th Morioka
was established
2004 The best article award of 41st Tokyo
JSPACI started
2005 The clinical research Morikawa A JPGL2005 42nd Fukui
encouraging award was JPG for Food Allergy 2005
established
2006 Office relocation (Fukuoka 43rd Chiba
to Gunma)
2008 Kondo N JPGL2008 45th Yokohama
2009 Office relocation JPG for OFC in 46th Fukuoka
(Gunma to Gifu) Food Allergy 2009
2011 Office relocation Pediatric Allergy 48th Fukuoka
(Gifu to Tokyo) Guideline 2011
Joint congress with JPGL2012
16th APAPARI JPG for Food Allergy 2012
Brochure for Allergic
children during disaster
2013 50th Yokohama

JSPACI: Japanese Society of Pediatric Allergy and Clinical Immunology; JPGL: Japanese Pediatric Guideline for the Treatment and Management
of Asthma; APAPARI: Asia Pacific Association of Pediatric Allergy, Respirology & Immunology; JPG: Japanese Pediatric Guideline.

Overview of JSPACI

JSPACI aims to help the science and medicine of pediatric allergy
and related areas to advance and to disseminate information.
The society also aims to promote pediatric health. Studies are
conducted in a wide variety of areas: allergic diseases such as
bronchial asthma, atopic dermatitis, food allergy, drug allergy,
allergic rhinitis, and anaphylaxis, as well as immune disorders
such as autoimmune disease, hereditary immunodeficiency
disease, infectious disease, and respiratory disease. Its constit-
uent members are general practitioners interested in the area of
pediatric allergy, clinical doctors specializing in pediatric allergy,
clinical and basic researchers, and paramedical staff. Through
basic research, clinical research, and epidemiologic studies, the
society makes efforts to explicate the causes and states of
diseases; to develop systems of diagnosis, therapeutic manage-
ment, and prognostic factors, as well as precautions; to coop-
erate with nurses, pharmacists, and dieticians; and to

communicate with patients. It also takes part in preventive
medicine such as vaccinations, in maternal and child health, and
in school health.

To achieve its goals, the society performs the following
activities:

Holding an academic meeting once a year,

Publishing journals (five times a year),

Holding research meetings, short courses, and lectures,
Facilitating communication between members,
Coordinating with related organizations, both domestic
and abroad, and

6 Performing other tasks necessary to achieve its goals.

The society had 3613 members as of August 1, 2012, and the
number of members has been increasing annually. The organi-
zation consists of a board of directors, a board of councilors, and
the general assembly. To promote its tasks efficiently, ten
committees have been established: the Editorial Committee,
Rules and Regulations committee, Epidemiology Committee,

w1 B W N e
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Health Insurance Committee, Food Allergy Committee, Phar-
maceutical Affairs Committee, Guideline Committee for Ther-
apeutic Management of Asthma, Research Promotion
Committee, International Exchange Committee, and Conflict
of Interest Committee. In addition, the society has set up formal
working groups to correspond quickly and appropriately to
occasional situations, such as a working group to cope with the
new influenza strain in 2009, another group responsible for
drawing up ‘The General Guidelines for Pediatric Allergic
Diseases’ in 2010, and another for coping with the Great East
Japan Earthquake in 2011. This last working group not only
provided support for the victims of the earthquake but also
created a pamphlet titled “The Treatment of Pediatric Allergic
Diseases in Times of Disasters (Japanese and English version)’
(JSPACI: http://www.jspaci.jp/). The editor in chief at PAI
(Prof. U Wahn) also generously expressed sympathy over this
tragedy, and we were deeply impressed by his message (3). The
secretariat moved from Gifu to Tokyo, and at present, there are
only a few staff members.

The number of pediatricians specializing in allergies who
have been certified by the Japanese Society of Allergology (JSA)
is 817 in Japan, and among these, there are 125 training
directors in allergy. There are 126 training facilities in Japan,
and the distribution of these training facilities and specialists in
pediatric allergy is shown in Fig. 1. The present population of
Japan is about 127 million. The figure shows that specialists
and training facilities are centered around large cities, and the
distribution of allergy training programs is closely related to
population distribution. Pediatric board-certified doctors
become eligible to be allergy specialists after 3 yrs’ training at
allergy training facilities. JSA also requires a board examination

Total number of pediatric allergy specialists = 817

Ebisawa et al.

qualification after the training. JSA board-certified pediatric
allergy specialists are required to renew their certification every
5 yrs by collecting continuing medical education credits.

Allergy practice in Japan
The Japanese medical system and the position of allergists

The system of public health insurance for the whole nation has.
been maintained in Japan for 50 yrs and is effective in the
restraint of medical expenses. The ratio of medical expenses to
the total gross domestic product in Japan is low in rank among
member nations of the Organization for Economic Cooperation
and Development. The fee a doctor receives is fixed regardless of
doctor’s length of experience. Thus, doctors are being unfairly
compensated to achieve control of medical costs. Although
private practice is customary in Europe and the United States, it
is seldom found in Japan except in the field of cosmetic surgery. -
While 4000 or more allergy specialists are authorized by JSA,
insurance institutional financial incentives to medical specialists
do not exist in Japan. Even without a referral from a primary
physician, a patient is able to consult an allergist freely; this is
called a free-access system. It enables quite recently medical
specialists to advertise the possession of specialist medical
qualifications. In Japan, when doctors start their own clinic,
they are allowed to advertise freely their practice in any field of
medicine other than anesthesiology. Some practitioners adver-
tise as allergists, and patients are consulting these doctors
without realizing that they lack specialty training and proper
qualification. Because JSA and JSCAPI have prepared
guidelines for the treatment of a variety of allergic diseases,

4
The number of specialists in each prefecture
[[]=1-10 [J=11-20 []= over20
n = actual number
Total number of Pediatric allergy / Immunology
Clinics at education and training hospitals = 126
Figure 1 Number of training programs
and speciafists. The number of
pediatricians specializing in allergies in
Japan who have been certified by the
Japanese Society of Allergology is 817.
There are 126 training facilities in the
whole country. The distribution of
training facilities and specialists in
ﬁi pediatric allergy in Japan is shown.
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over the past 10 yrs, general practitioners have been able to treat
allergic diseases to some extent.

Allergy diagnosis and allergen-specific immunotherapy

By global standards, a doctor who diagnoses allergic disease
correctly and performs allergen-specific immunotherapy is
usually regarded as an allergist, but not necessarily in Japan.
In Japan, allergenic extracts for diagnostic and treatment
purposes have been manufactured and sold since 1963 by only
one company (TORII Pharmaceutical Co., Ltd. Tokyo, Japan)
in the domestic supply system. Because a wide range of antigen-
specific IgE antibody tests is covered by health insurance, these
tests are more commonly conducted than skin prick tests. The
targets of antigen-specific subcutaneous immunotherapy
(SCIT) are atopic asthma (caused by house dust mites) and
allergic rhinitis (caused by house dust mites and Japanese cedar
pollen) in Japan, and immunotherapy has been widely used
from the 1960s to the middle of the 1980s. The development of
oral anti-allergic drugs prospered in the 1980s in Japan, led by
disodium cromoglycate to treat bronchial asthma. Allergen-
specific immunotherapy gradually went out of use in the mid-
1980s, although the medical cost of the therapy remained low
for many years and the therapy required regular injections.
After the 1990s, topical steroids such as inhaled corticosteroids
(ICS), second-generation antihistamine drugs, and leukotriene
receptor antagonists (LTRA) were recommended by profes-
sional society guidelines and the use of SCIT waned. Although
oral immunotherapy (OIT) for food allergies is widely per-
formed in Japan (see section ‘Current Treatment Approaches’),
the efficacy of SCIT for aeroallergens should be re-evaluated;
furthermore, sublingual immunotherapy (SLIT) is still emerg-
ing.

History
Bronchial asthma

From a historical point of view, the treatment for pediatric
bronchial asthma in Japan has greatly changed over time. In
the 1960s, asthma prevalence began to rise, and its causes were
mainly attributed to its relationship with air pollution or
psychosocial aspects. Treatment was mostly directed at allevi-
ating symptoms with the inhalation of a short-acting B-agonist
or oral administration, injection, or intravenous infusion of
aminophylline. Subcutaneous immunotherapy (SCIT) at low
doses for house dust was used as a long-term treatment for
bronchial asthma. At that time, there was the first epidemic of
asthma deaths in developed countries, including Japan.

In the 1970s and 1980s, long-term hospitalization treatment
expanded throughout the country for patients with severe
asthma for whom treatment at outpatient clinics was difficult.
Over 3000 schoolchildren received such treatment in hospitals.
The mainstream treatment was SCIT at low doses for house
dust, inhalation of disodium cromoglycate, slow release of
theophylline, and oral administration of an anti-allergic drug
that is unique to our country. After the second epidemic of
asthmatic deaths around 1990 (4), ICS began to be used. After

PAl in Japan

publication of JPGL in 2000 (5), ICS became established as the
first-choice treatment. As a result, the number of hospitaliza-
tions due to asthma attack and the number of asthmatic deaths
decreased dramatically, coupled with the appearance of LTRA
on the market and its increased use.

Food allergy

In addition to pediatric asthma, issues related to food allergy
were also taken up at the Pediatric Allergy Meetings from the
beginning of its establishment in 1966. However, bronchial
asthma was the central subject of this society from those days
until the early 2000s, and food allergy remained in the
background with only a small number of doctors seeing patients
in their own way. Antigen-specific IgE antibody measurements
came to be covered by insurance in the 1980s. Because this test
was positive for various food antigens, many doctors advised
avoiding these foods without confirmation of efficacy. The
turning point in food allergy practice in our country occurred at
the beginning of the 21st century. This was the result of many
activities such as a nationwide survey of immediate types of
food allergy, the start of food allergy labeling in 2001 (6), the
establishment of an oral food challenge (OFC) network
supported by a research grant from the Ministry of Health,
Labor, and Welfare (MHLW), the publication of food allergy
management guideline in 2005 by a research grant from MHLW
(7), and the approval of OFC by the national health insurance
system. Since the 2000s, the practice, but not research on food
allergy diagnosis and treatment in our country, has become one
of the most advanced in the world.

Pediatric clinical immunology

Primary immunodeficiency syndromes (PID) are now classified
into eight disease categories by the International Union of
Immunological Societies (IUIS) (8). A variety of patients
suffering from primary deficiency syndrome have been actively
analyzed in Japan. In the past, antibody defects and well-
defined syndromes with immunodeficiency such as Bloom
syndrome and ataxia-telangiectasia syndrome were analyzed
(9-11). However, recent research is focusing not only acquired
immune disorders but also innate immune disorders such as
IRAK4 deficiency, anhidrotic ectodermal dysplasia with immu-
nodeficiency (EDA-ID), and autoinflammatory disorders.

Epidemiology

Bronchial asthma

Prevalence

Asthma prevalence has been rapidly increasing in recent years.
The International Study of Asthma and Allergies in Childhood
survey was conducted in Fukuoka City and Tochigi Prefecture
and across Japan to examine the prevalence of asthma at
specific times (12). The prevalence in Japan was comparable
with or slightly lower than the prevalence in the United
Kingdom, Australia, New Zealand, Canada, and USA (e.g.,
Fukuoka City, 13%; Tochigi Prefecture, 19%). According to a
survey conducted over several years, in which the same
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physicians used the same protocol in subjects with the same
background, a 1.5- to 2-fold increase was reported every 10 yrs
(Fig. 2) (12). However, according to the latest data, asthma
prevalence seems to be decreasing, as shown in Fig. 2.
Regarding other allergic diseases, the prevalence of atopic
dermatitis is also decreasing among school children. Con-
versely, the prevalence of allergic rhinitis and allergic conjunc-
tivitis is increasing, and the reason for the increase can be
attributed to a sharp increase in pollinosis prevalence.

Asthma death

The incidence of childhood death due to asthma has
decreased dramatically in the past 10 yrs (Fig. 3). In 2012,
there were only three deaths of about 16.7 million children
(aged 0-14 yrs) (the death rate was 0.02 per 100,000). The
main reasons for the phenomenon are thought to be as
follows: (i) the regularly published JPGL contributes to equal
accessibility of medical treatment; (ii) the use of controllers,
mainly ICS and LTRA, has become widespread, especially as
early treatment; (iii) an emergency medical treatment system
during nighttime and holidays has been provided throughout
the country; (iv) medical expenses for children are free or
reduced.

Food allergy

Prevalence

Food allergy is common among infants younger than 1 yr of
age and decreases with aging, which indicates that tolerance
develops with aging. The estimated prevalence in Japan is
5-10% among infants and 1-2% among schoolchildren (7).

Causative food allergens

We prospectively investigated the immediate-type food allergy
cases in collaboration with more than 2000 doctors between
2001 and 2002 (6). The contributing doctors included those

(%)
7.
61
3
g °
S
Qo 41 A
-3
g <© Mikawa
% 2 a Furusho
< ; A Yoshida
1 o O Nishima
1960 1965 1970 1975 1980 1985 1990 1995 2000 2012

Year

Figure 2 Changes over years in the prevalence of bronchial asthma
in Japanese elementary school children reported by four
investigators. According to a multi-year survey in which the same
physicians used the same protocol in subjects with the same
background, a 1.5- to 2-fold increase was reported every 10 yrs.
According to the latest data in 2012, asthma prevalence seems to be
decreasing.
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Figure 3 Mortality from asthma in children of 10-14 yrs of age from
1960 to 2011. The incidence of childhood death due to asthma has
decreased dramatically in the past 10 yrs. In 2012, there were only
three deaths of about 16.7 million children (age 0-14 yrs) (the death
rate was 0.02 per 100,000).

working in hospitals with more than 200 beds as well as allergy
specialists working in clinics. Contributing doctors were asked
to respond to a questionnaire every 3 months for 2 yrs from
2001 to 2002 and report immediate-type food allergy cases by
mail. By only focusing on the immediate-type food allergy,
cases were restricted to those in which symptoms occurred
within 60 min after ingestion of the suspected food. A total of
3882 cases were reported within the 2-yr period (Table 2). The
patients ranged in age from 0 to 80 yrs, with 50% (1969) of
them <2 yrs of age. The most common cause of food allergy
was hens’ eggs (38.3%), followed by cows’ milk (15.9%), wheat
(8%), shellfish (6.2%), fruits (6%), buckwheat (4.6%), fish
(4.4%), and peanuts (2.8%). Notably, the cause of food allergy
differed greatly among age groups.

Food-induced anaphylaxis was seen in 10.9% of the
reported cases. Hens’ eggs, cows’ milk and dairy products,
wheat, buckwheat, and peanuts were the major causes of food-
induced anaphylaxis in Japan. This prospective investigation
into immediate-type food allergies has been repeated every
3'yrs as a means of monitoring the condition of food allergies
in Japan.

The prevalence of other allergic diseases in elementary school

Total population questionnaire surveys were conducted 15
times from 1975 to 2006 for all children attending public
elementary schools in Japan, with the number of subjects
ranging from 460,000 to 900,000. The lifetime prevalence of
atopic dermatitis increased to 24% by 1993 and then
decreased. The prevalence of rhinitis increased to 25% by
2003, whereas the prevalence of non-seasonal symptoms
plateaued from 1993 onwards at 11% and vernal symptoms
increased. The prevalence of itchy eyes continued to increase
to 21% in 2006, and vernal symptoms increased sharply (13).
The most common cause of seasonal rhinitis is Japanese
cedar pollen (vernal), and its prevalence exceeds 30% of
total population.
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Table 2 Causative food allergens in each age group in 2001 and 2002 survey

Causative foods Total cases (%) 0 year 1 year -3 year —6 year —19 year >20 year
Eggs 1486 (38.3) 789 (62.1) 312 (44.6) 179 (30.1) 106 (23.3) 76 (15.2) 24 (6.6)
Milk products 616 (15.9) 255 (20.1) 111 (16.9) 117 (19.7) 84 (18.5) 41 (8.2) 8(2.2)
Wheat 311 (8.0 90 (7.1) 49 (7.0 46 (7.7) 24 (5.3) 48 (9.6) 54 (14.8)
Fruits 232 (6.0) 40 {3.1) 30 (4.3) 30 (5.1) 40 (8.8) 45 (9.0) 47 (12.8)
Buckwheat 179 (4.6) 4 (0.3 23 (3.3) 45 (7.6) 27 (6.9) 54 (10.8) 26 (7.1)
Fish 171 (4.4) 21(1.7) 32 (4.6) 22 3.7) 18 (4.0) 37 (7.4) 41 (11.2)
Shrimp 161 (4.1) 4(0.3) 10 (1.4) 20 3.4 29 (6.4) 59 (11.8) 39 (10.7)
Peanuts 110 (2.8) 4 {0.3) 22 (3.1) 31 (6.2 28 (6.2) 22 (4.4) 3 (0.8)
Soybean 76 (2.0 22 (1.7) 16 (2.3) 9 (1.5) 8 (1.8) 9(1.8) 12 (3.3)
Meat 71 (1.8) 13 (1.0 6 (0.9) 7(1.2) 7 (1.5) 19 (3.8) 19 (6.2)
Others 469 (12.1) 28 (2.2) 88 (12.6) 88 (14.8) 83 (18.3) 89 (17.8) 93 (25.4)
Total 3882 1270 699 594 454 499 366

Current treatment approaches

Japanese pediatric guidelines for the treatment and
management of asthma (JPGL)

JPGL was published in 2000 and revised in 2002, 2005, 2008,
and 2012. A summary of the 2008 edition of the guidelines can be
read in English in ‘Japanese Guideline for Allergic Disease’ (1).
Compared with the severity classifications of adults and of
foreign countries, the JPGL version has differed by one rank
since 2002 (1, 5, 14): For example, the mild persistent type of
asthma in Japanese children is equivalent to the intermittent
type of asthma in the GINA guidelines, and the moderate
persistent type in Japan is equivalent to the mild persistent
type. This is because the goal of treatment for achieving a
level of control is relatively high in Japan and treatment with
a long-term controller is commenced earlier than other
countries.

In Japan, for a severe asthma attack in which hospitalization
management is needed, continuous inhalation of isoproterenol
is given under the monitoring of heart rate and SpO2, together
with systemic steroid and inhaled oxygen (15, 16). This
common treatment contributes to the remarkable decrease in
the number of cases of tracheal intubation with mechanical
ventilation.

Treatment plans involving a long-term controller are not so
different from the guidelines around the world. Some minor
differences are related to the frequency of medication of LTRA
for asthma exacerbations induced by viral infection. Anti-IgE
antibody treatment is not available yet, but it will be released
soon upon the completion of clinical trials.

Food allergy

Guidelines for food allergy

In 2005, as a result of research activity supported by grants
from the MHLW, the ‘Food Allergy Management Guidelines
2005’ was posted on the Internet (7). These guidelines were
created to help general practitioners improve their diagnosis
and treatment of food allergies and to improve the quality of
life of patients with food allergies. To encompass food allergy

from infancy to adulthood, the project committee included not
only pediatricians but also internists, dermatologists, and
otolaryngologists. After the release of the guidelines, OFC
tests were approved as a medical examination on hospital
admission by the national health insurance system. In 2008 and
2011, the ‘Food Allergy Management Guideline’ was revised to
include recent advances (7). '

“The Japanese Pediatric Guideline for Food Allergy’ was
also published in 2005 (2) and then fully revised in 2011
(Japanese Pediatric Guideline for Food Allergy 2012) to have
partial unification with ‘Food Allergy Management Guideline
2011°. JSPACI also published guidelines for conducting oral
food challenges in 2009.

Oral food challenges and oral immunotherapy

The MHLW research group and JSPACI together play an
important role in the progression of food allergy practice. As
shown in Fig. 4, among 514 pediatric training programs
approved by the Japanese Society of Pediatrics, there are 312
facilities (58.3%) performing OFC, which means that OFC is
already part of the routine diagnostic procedure for food
allergy in our country. Based on another survey on OIT by the
MHLW research group, there were already 53 facilities
performing OIT either in an inpatient setting or in an
outpatient setting by the end of 2011, treating 1400 cases of
food allergy (mostly hens’ eggs, cows’ milk, wheat, and
peanuts). There are a variety of protocols for OIT. The target
subjects’ age is usually above 3 yrs, and a majority are 5 yrs
and older. We have realized that most of the food allergy
patients can be ‘desensitized’ as far as they can ingest causative
foods periodically and that OIT for cows-milk allergy is the
most difficult among them.

Other allergic diseases

Atopic dermatitis guidelines

Given the importance of appropriate diagnosis and
appropriate assessment of cutaneous symptoms in treatment
of atopic dermatitis, the basics of treatment in these guidelines
are composed of (i) investigation and countermeasures of
causes and exacerbating factors, (ii) correction of skin dys-
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functions (skin care), and (iii) pharmacotherapy, as three
mainstays (17).

Allergic rhinitis guidelines

The most common pharmacotherapy is non-sedative antihis-
tamine with nasal spray steroids. Allergen avoidance is
recommended, but sometimes impossible. Subcutaneous aller-
gen immunotherapy for Japanese cedar is available, but not so
widely used (18).

Pediatric clinical immunology

First, several diagnostic approach methods were established in
Japan. Recently, rapid screening methods were developed for
severe combined immunodeficiency (SCID), hyper-IgE syn-
drome (HIES), familial hemophagocytic lymphohistiocytosis
(FHL), chronic granulomatous disease (CGD), innate immune
defects, and cryopyrin-associated periodic syndrome (CAPS)
using real-time PCR or flow cytometer. The measurements of
T-cell receptor excision circles (TREC) and immunoglobulin
k-deleting recombination excision circles (KREC) are used
as screening method for antibody deficiency syndromes (19).
The cytokine production measurement from mitogen-stimu-
lated blood cells is useful for diagnosis of HIES, AD-CMC,
and innate immune defects such as IRAK4 deficiency and
EDA-ID (20-23). The detection of LPS-induced monocyte cell
death is useful for rapid diagnosis of CAPS (24). Intracellular
staining is a useful tool for rapid diagnosis of FHL and CGD
(25, 26).

Secondly, for the suspected patients of PID and the common
physician treating PID patients, PID Japan (PIDJ) was
organized, and a genetic analysis center for pathogenic genes
of PID was started in 2008 in collaboration with RIKEN
Research Center for Allergy and Immunology (http://pidj.rcai.
riken.jp/). Precise diagnosis and the accumulation of disease
phenotypes may contribute to the developments of future novel
treatments for each specific disease. For example, in innate
immune defects, because IRAK4 deficiency and MyD8S§
deficiency showed the immune-deficient tendency against
narrow species of pyogenic bacteria only in infancy, defense
against bacterial infection is important only in infancy, but not
in adulthood. On the other hand, EDA-ID has more severe

%%ﬁ:? Inpatient and Outpatient OFC/OIT
%;,; Outpatient OFC/OIT

’ Inpatient or Qutpatient OFC/OIT
| _OFC()orOIT()

% No reply

* Inpatient OIT = mainly rush OIT
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OFC: Oral Food Challenge
OIT: Oral Immunotherapy
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Inpatient OFC/OIT

Figure 4 Number of facilities per-
forming OFC and OIT. Among 514
pediatric training programs by the
Japanese Society of Pediatrics, there
are 312 facilities (58.3%) performing
OFC. Based on another survey on
OIT, there were already 53 facilities
performing OIT either in an inpatient
setting or in an outpatient setting by
the end of 2011, treating 1400 cases
of food allergy {mostly hens’ eggs,
cows'’ milk, wheat, and peanuts).

phenotypes than IRAK4 deficiency, and hematopoietic stem
cell transplants have been tried. Now, in Japan, many disease
groups for rare diseases have been investigéted in conjunction
with the MHLW. The results of these research studies have
been or will be published elsewhere (27, 28).

Internationally reported research results from Japan
in the field of pediatric allergy and immunology

This section presents the internationally reported human
research results in pediatric allergy and immunology field over
the past 5 yrs. As many other research results from Japan have
been reported in the international journal of JSA (Allergol Int),
please refer to the journal Web site (http://ai.jsaweb.jp/).

In the rapidly progressing area of genome research, genetic
polymorphisms relevant to allergy or asthma are reported by
genomewide association studies and functional analysis
research (29-33). In basic research, the pathogenesis of virus
infections of the respiratory tract epithelium cells (34) and
eosinophil activation by Staphylococcus aureus (35) have been
studied. The molecules of innate immune system, pathogenesis
of autoinflammatory reactions, and molecular mechanisms of
MyD88 in TLR4 signaling have been clarified (36). Five
Japanese patients with four kinds of gene variations in NLRP3
were given a diagnosis of cryopyrin-associated periodic syn-
drome or juvenile idiopathic arthritis (37). A rapid screening
method to detect autosomal-dominant ectodermal dysplasia
with immune deficiency syndrome was reported (23). It should
be noted that several pathogenic genes were first identified in
Japan, such as IgG2 selective deficiency (CI'2), hyper-IgE
syndrome (STAT3 and Tyk2), autosomal-dominant chronic
mucocutaneous candidiasis (STAT1), and autoinflammatory
disorder with lipodystrophy (PSMB8) (38-41). Furthermore,
the existence of somatic gene mosaicism of NEMO and
NLRP3 has been established (24, 42). Kanegane et al. (27)
described the clinical characteristics and outcomes of Japanese
patients with X-linked lymphoproliferative syndrome (XLP)
type 1 and suggested rapid and accurate diagnosis of XLP with
the combination of flow cytometric assay and genetic analysis
was important.

Research results on the pathogenesis of infantile asthma (43)
and respiratory syncytial virus-associated lung diseases have
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been reported (44), including the possibility of early interven-
tion for asthma by suplatast tosilate (45). Concerning the
management of asthma, the results of a survey of 34,699
children were published by Okabe et al. (46), showing that
obesity was associated with asthma in preschool children. A
nighttime sleep diary was a useful instrument to monitor daily
asthma status in infants and young children with asthma (47).
The pandemic HINT influenza viral infection can easily induce
a severe asthma attack in atopic children without any history of
either an asthma attack or an asthma treatment (48). A study
showing the close association between rhinitis and nocturnal
cough in young children has also been published by Higuchi
et al. (49).

Regarding research on atopic dermatitis, the importance
of TARC (thymus and activation-regulated chemokine)/
CCL17 was reported (50), and coenzyme A contained in
breast milk was reported to be associated with its pathogenesis
(51).

In Japan, research on the pathogenesis of food allergy, its
diagnosis, and treatment has been undertaken by many
organizations and facilities for research, and the results have
been reported worldwide. The mechanisms of neonatal and
infantile non-IgE-mediated digestive food allergies have been
reported (52, 53). Regarding the diagnosis of food allergy,
using the advantage of OFC as a routine procedure, the
probability and component-resolved diagnosis for hens’ eggs
(54), cows’ milk (54), wheat (55-57), soybeans (55, 58), and
peanuts (59) have been reported. In addition, studies have
also shown the usefulness of basophil activation tests such as
the histamine-releasing test and measurement of CD203c (60,
61).

Aside from these reports, there have been many other papers
from Japan. Determination of risk factors for the development
of allergic sensitization, asthma, and atopic dermatitis is in
progress (62~67), and studies have shown the prevalence rates
of allergic symptoms in Japanese children (13).

Social countermeasures for pediatric allergy

Japanese regulations for the labeling of food allergenic
ingredients

According to a national survey of food allergy cases, the food-
labeling system for specific allergenic ingredients (i.e., eggs,
milk, wheat, buckwheat, and peanuts) in Japan was mandated
under law in 2002 (6). In addition, the ministerial notification
recommends the labeling of any food that contains the
following 18 ingredients: abalone, squid, salmon roe, orange,
kiwifruit, beef, walnut, salmon, mackerel, soybean, chicken,
banana, pork, matsutake mushroom, peach, yam, apple, and
gelatin. To the best of our knowledge, Japan is the first country
to set up mandatory food allergy labeling and regulate it under
national law. Additional labeling of shrimp/prawn and crab
has also been mandatory since 2008. To monitor the validity of
the labeling system, the Japanese government announced
official methods for the detection of allergens in a 2002
ministry notification. The details of Japanese food allergen
labeling are described in the review article (6).

PAl in Japan

Countermeasures for allergy in schools

The Research Study Committee on Allergic Diseases of the
Ministry of Education, Culture, Sports, Science, and Technol-
ogy reported the prevalence rates of various allergic diseases
among approximately 12 million schoolchildren in elementary,
Jjunior high, and senior high schools throughout Japan in 2004.
According to this report, the prevalence was 35.7% for
bronchial asthma, 5.5% for atopic dermatitis, 2.6% for food
allergies, 0.14% for anaphylaxis, 9.2% for allergic rhinitis, and
3.5% for allergic conjunctivitis (7).

Although it is presumed that these prevalence rates failed to
cover mild cases of atopic dermatitis and allergic rhinitis or
conjunctivitis, children who have some type of allergic disease
seem to account for more than 20% of all schoolchildren, even
when overlapping cases of multiple allergic diseases are
discounted. The number of schoolchildren with allergic
diseases is increasing, and various considerations are necessary
to secure the safe school lives of such children. Medical
specialists and school officials have developed a school life
management certificate for children with allergic diseases,
which can serve as a tool for communication between medical
facilities and schools in cases where such children need special
care (7). Children with asthma require special attention during
exercise, in dusty environments, when in contact with animals,
and during out-of-school activities involving overnight stay.
Concerns for children with atopic dermatitis include stimulants
that worsen skin eczema, such as perspiration, chlorine in
swimming pools, and ultraviolet rays. School lunches are the
most serious concern for children with food allergies. Even
classes involving the handling of foodstuffs may cause health
hazards, thus necessitating caution in this arena. Food allergies
are the most frequent cause of anaphylaxis, but it should be
noted that anaphylaxis may also occur after a combination of
food and exercise or even after exercise alone. It is important
that schools are aware of children needing reliever drugs for
anaphylaxis and asthmatic attacks.

Future issues of pediatric allergy immunology in Japan

Regarding asthma, the curative effect is increased by the recent
development of long-term controllers and the publication of the
guidelines for therapeutic management, which have brought
about sharp decreases in asthma deaths, serious cases, and
emergency room visits. While long-term controllers control
asthma symptoms, the prevention of onset, early correspon-
dence (diagnosis and treatment), and the derivation of remission
have not yet been controlled. One immediate issue is to develop
and reassess subcutaneous and sublingual immunotherapies for
mite antigen that have been disused in our country. We also need
to reassess the efficacy of SCIT for Japanese cedar pollen and to
develop SLIT for the allergen. Although our standards of
medical practice for food allergy are thought to be advanced
compared with the world standards, all of the expectations from
patients with food allergies have not yet been met. Another
urgent issue is to fill the gap on allergy practice between
advanced medical institutions and less progressive ones. Coun-
termeasures against anaphylaxis and the enhancement of
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correspondence for allergies in nursery schools and grade
schools will be important as well. JSPACT will make every effort
to continue taking responsibility for public health measures.
Future issues in pediatric allergy are the prevention of onset,
early correspondence (diagnosis and treatment), the prevention
of aggravation, and the derivation of remission. It is necessary
to further improve medical services and promote research. The
standards by which a doctor is determined to be an allergy
specialist are important because allergies are very common.
The Japanese system of allergy specialists is currently at a
turning point. JSPACI, in cooperation not only with Japanese
professionals but also with international organizations and

Ebisawa et al.

practitioners, will work on these issues for patients with
allergies all over the world.
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