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ABSTRACT

Five years have passed since the Japanese Pediatric Guideline for Food Allergy (JPGFA) was first revised in
2011 from its original version. As many scientific papers related to food allergy have been published
during the last 5 years, the second major revision of the JPGFA was carried out in 2016. In this guideline,
food allergies are generally classified into four clinical types: (1) neonatal and infantile gastrointestinal
allergy, (2) infantile atopic dermatitis associated with food allergy, (3) immediate-type of food allergy
(urticaria, anaphylaxis, etc.), and (4) special forms of immediate-type of food allergy such as food-
dependent exercise-induced anaphylaxis and oral allergy syndrome (OAS). Much of this guideline
covers the immediate-type of food allergy that is seen during childhood to adolescence. Infantile atopic
dermatitis associated with food allergy type is especially important as the onset of most food allergies
occurs during infancy. We have discussed the neonatal and infantile gastrointestinal allergy and special
forms of immediate type food allergy types separately. Diagnostic procedures are highlighted, such as
probability curves and component-resolved diagnosis, including the recent advancement utilizing
antigen-specific IgE. The oral food challenge using a stepwise approach is recommended to avoid
complete elimination of causative foods. Although oral immunotherapy (OIT) has not been approved as a
routine treatment by nationwide insurance, we included a chapter for OIT, focusing on efficacy and
problems. Prevention of food allergy is currently the focus of interest, and many changes were made
based on recent evidence. Finally, the contraindication between adrenaline and antipsychotic drugs in
Japan was discussed among related medical societies, and we reached an agreement that the use of
adrenaline can be allowed based on the physician's discretion. In conclusion, this guideline encourages
physicians to follow the principle to let patients consume causative foods in any way and as early as
possible.
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/).

1. Definition of a food allergy

The Japanese Pediatric Guideline for Food Allergy 2016 (JPGFA
2016),! published by the Japanese Society of Pediatric Allergy and
Clinical Immunology (JSPACI) in 2016, ratifies the definition used in
JPGFA 2012 “a phenomenon in which adverse reactions are caused
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through antigen-specific immunological mechanisms after expo-
sure to a given food.”

2. Mechanisms of food allergy

The most common mechanism of food allergy is IgE-mediated
reactions, which cause immediate reactions within 2 h after the
exposure to food allergens. Non-IgE mediated reaction is a food
allergic reaction that occurs independent of IgE.

3. Clinical symptoms

Food allergy symptoms occur in various organs, as shown in
Table 1. They are classified into immediate and non-immediate
allergic reactions. Symptoms described in Table 1 are mostly im-
mediate allergic reactions.
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Table 1
Symptoms of food allergies.
Organ Symptoms
Skin Erythema, urticaria, angioedema, pruritus, burning

sensation, eczema

Mucous membrane Conjunctival hyperemia and edema, pruritus,

lacrimation, blepharedema

Rhinorrhea, nasal congestion, sneezing

Discomfort/swelling of the oral cavity/pharynx/lips/
tongue

Respiratory organs Discomfort/itch/tightness in the pharyngolarynx,
hoarseness, dysphagia, coughing, wheezing, retractive

breathing, feeling of chest tightness, dyspnea, cyanosis

Digestive organs Nausea, vomiting, abdominal pain, diarrhea,

hematochezia

Nerve Headache, lowered vigor, unrest, impaired

consciousness, incontinence

Decreased blood pressure, tachycardia, bradycardia,
arrhythmia, coldness of limbs, pallor (peripheral
circulatory failure)

Circulatory organs

4. Definition of anaphylaxis

Of the symptoms, anaphylaxis is defined as “severe hypersen-
sitivity reaction that may cause a life-threatening risk with sys-
temic symptoms induced at several organs.”

The European Academy of Allergy and Clinical Immunology and
the American Academy of Allergy, Asthma & Immunology proposed
the combination of symptoms that are diagnosed as anaphylaxis.>

5. Clinical types of food allergies
Food allergies are roughly classified into 4 representative clinical
types (Table 2).4

5.1. Neonatal and infantile gastrointestinal allergy

Neonatal and infantile gastrointestinal allergy is one type of
food allergy that induces digestive symptoms such as emesis,
hematochezia, and diarrhea in neonates and infants mainly
through non-IgE-mediated (cell-mediated) mechanisms. A classi-
fication of this type of food allergy has already been proposed in the
United States. However, this classification cannot be immediately
introduced in Japan, because there are many cases in Japan that do
not meet this classification. In light of this situation, the JPGFA 2012

Table 2
Clinical type of food allergy.

tentatively named this disease “neonatal and infantile gastroin-
testinal allergy.” The most common causative food is cow's milk.
Other causes include soybeans and rice. Children who are exclu-
sively breast-fed may develop this disease. The number of reported
cases has increased rapidly in the last 10 years. In both a multi-
center survey conducted in Tokyo in 2009 and case-accumulation
study at facilities for neonate infants, the disease incidence was
reportedly 0.21%.>° Allergen-specific lymphocyte stimulation tests
are positive for most patients. This indicates that the allergy is cell-
mediated. The diagnosis is based on (i) the development of diges-
tive symptoms after causative food ingestion, (ii) the disappearance
of symptoms by eliminating causative foods, and (iii) a positive food
challenge test. Approximately 30% of the cases are C-reactive pro-
tein (CRP) positive. An increased CRP level has been reported in
cases presenting with systemic symptoms such as fever, which also
differentiates it from septic poisoning.”® The prognosis is favorable.
Approximately 70% of patients acquire tolerance at 1 year of age,
and approximately 90% acquire tolerance by their second birthday.

5.2. Infantile atopic dermatitis associated with food allergy

Infantile atopic dermatitis associated with food allergy, as a
name, was proposed by the study group of the Ministry of Health,
Labour and Welfare.* This type is the most common food allergy
during childhood. It is associated with infantile atopic dermatitis.
Eczema often remits with the elimination of allergenic foods. The
food allergy often outgrows as age increases. Common causative
foods include egg, cow's milk, wheat, and soybeans.

5.3. Immediate-type food allergy

This type develops immediate symptoms after ingestion
through IgE-dependent mechanisms. Infants may develop imme-
diate symptoms when they ingest hen's egg, cow's milk, wheat, and
other causative foods for the first time. In periods other than in-
fancy, the common causative foods are crustaceans, fish, peanuts,
buckwheat, and fruit. Tolerance acquisition may be less common in
adolescents and adults.

5.4. Special forms

5.4.1. Food-dependent exercise-induced anaphylaxis (FDEIA)
Food-dependent exercise-induced anaphylaxis (FDEIA) is

induced by exercise after food ingestion, but does not occur after

either food ingestion or exercise alone. The pathogenesis is IgE-

mediated. FDEIA is mostly induced by exercise within 2 h after

Clinical type Age of onset

Common causative foods

Mechanism of
food allergy

Acquisition of tolerance
(remission)

Possibility of
anaphylactic shock

Neonatal and infantile Neonatal Cow's milk (baby formula) Mostly remittable (+) Mainly non-IgE
gastrointestinal allergy period mediated type
Infancy
Infantile atopic dermatitis Infancy Hen's egg, cow's milk, Mostly remittable (+) Mainly IgE
associated with food allergy wheat, soybean, etc. mediated type
Immediate-type food allergy Infancy Infancy to young child: Hen's egg, cow's milk, wheat, (++) IgE-mediated type
(urticaria, anaphylaxis, etc.) adulthood Hen's egg, cow's milk, soybean, etc. are mostly
wheat, buckwheat, fish, remittable.
peanut, etc. Other allergens are mostly less
School-aged children to remittable
adults: Crustacean, fish,
wheat, fruit, buckwheat,
peanut, etc.
Special type Food-dependent- exercise School age Wheat, Crustacean, etc. Less remittable (+++) IgE-mediated type
induced anaphylaxis (FDEIA)  adulthood
Oral allergy syndrome (OAS) Infancy Fruit, vegetable, etc. Less remittable (%) IgE-mediated type

adulthood
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food ingestion. It is a relatively rare disease that occurs most often
among junior high and high school adolescents. In surveys of junior
high school students in Yokohama city in 1998 and 2012, the
prevalence was reported to be 0.017% and 0.018%, respectively
(approximately 1 per 6000 students), indicating an unchanged
disease prevalence. The prevalence was 0.0046% among elemen-
tary school students (2003; approximately 1 per 20,000 students)
and 0.0086% among senior high school students (2001; approxi-
mately 1 per 12,000 students).” Common causative foods are wheat
products and crustaceans in Japan. FDEIA is mostly induced after
high-intensity exercise. Non-steroidal anti-inflammatory drugs,
such as aspirin, can exacerbate the condition.

It is desirable to narrow down the causative foods through
history taking, allergy testing, and conducting a provocation test.
No drug has been determined to prevent FDEIA.

Currently, no methods exist to predict the initial episode of
FDEIA; thus, the emphasis is on the prevention of second or later
episode(s). Lifestyle guidance for disease prevention instructs not
to consume any causative food within 2 h prior to exercising.
However, caution is required to avoid instructing complete elimi-
nation of the causative foods and restriction of physical exercise.

5.4.2. Oral allergy syndrome (OAS)

Oral allergy syndrome (OAS) is an immediate food allergy
localized to the mucous membrane via IgE antibodies. Common
causative foods are fresh fruit, vegetables, and legumes. OAS is
often complicated by pollinosis. OAS complicated by pollinosis is
also called pollen food allergy syndrome (PFAS). PFAS is established
through sensitization to the pollen allergen protein, and a hyper-
sensitivity reaction develops after ingestion of fruit or vegetables
that share cross reactivity with the pollen allergen protein. Causa-
tive allergens include Bet vl homologs and profilin, which show
cross-antigenicity with pollens and others. A definitive diagnosis
can be reached through history taking and identifying antigen-
specific IgE antibodies. A prick—prick test using fresh vegetables
and fruit to identify specific IgE antibodies is superior to the mea-
surement of antigen-specific IgE antibodies in the blood.'” In the
oral challenge test for definitive diagnosis, a fresh food is sub-
lingually administered. While an elimination diet is the basis of
treatment, many heat-treated foods can be orally ingested. The
symptoms are alleviated by administration of histamine H1 re-
ceptor antagonist. Antigen-specific oral immunotherapy (OIT) for
pollinosis has also been initiated to treat PFAS. However, a
conclusion has not yet been reached regarding the therapeutic ef-
fect. Since 30—50% of patients with latex allergy are reported to
have some form of hypersensitive reaction (immediate symptoms
including anaphylaxis and OAS) to fruit or vegetables, these cases
are also called latex-fruit syndrome.'!

6. Diseases associated with food allergies

Urticaria, atopic dermatitis, eosinophilic gastrointestinal disor-
ders (EGIDs) protein-losing enteropathy, celiac disease, and pri-
mary pulmonary hemosiderosis (Heiner syndrome) complicated
with milk allergy have been associated with ingestion of specific
foods, but an immunological mechanism has not necessarily been
established. When these diseases are diagnosed, the causal rela-
tionship between the ingestion of a specific food and the disease
condition should be analyzed with the involvement of a food al-
lergy taken into consideration. EGIDs are roughly segregated into
eosinophilic esophagitis (EoE), eosinophilic gastritis (EG), eosino-
philic gastroenteritis (EGE), and eosinophilic colitis (EC) on the
basis of the affected sites. In Europe and the United States, EoE has
increased rapidly, so that the disease is no longer rare. In Japan,
adult EoE cases have tended to increase, and the prevalence rate is
17.1 per 100,000 persons.® The endoscopic disease-detection rate in

Asia is about 20 per 100,000 persons,” which is significantly less
than the rate observed in Europe and the United States (about 500
per 100,000 persons). Only a small number of pediatric EoE cases
have been reported in Japan, and the characteristic symptoms of
EoE are known to vary depending on patient age. Pediatric EoE is
likely to present with suckling disorders in babies and toddlers,
vomiting in infants and school-age children, abdominal pain and
swallowing disorder in school-age children and children in their
early teens, and deglutition disorder and food impaction in teen-
agers, adults, and older people. In Europe and the United States,
EGE is rarer than EoE, while in Japan, there are more reported cases
of EGE than EoE; approximately 24 cases of adult EGE are reported
annually.'? Pediatric EGID, as a whole, is more common in children
of school age or older ages, and there have been approximately 100
published cases in Japan since 2005, as revealed on a search of the
Igaku Chuo Zasshi (ICHUSHI).

7. Epidemiology of food allergies
7.1. Prevalence

On the basis of a large-scale epidemiological survey in Japan, the
prevalence of food allergy is estimated to be 5—10% in infants,"> 5%
in young children, and 4.5% in school children.” To the best of our
knowledge, no epidemiological survey has been conducted
regarding food allergies among adults.

7.2. Nationwide survey of immediate-type food allergies

According to the national survey on immediate food allergy
conducted by the Consumer Affairs Agency, Government of Japan in
2011, total of 2954 cases were reported from 1079 doctors who
agreed to participate in the study.'* The category of food allergy
cases was “the case whose onset was within 60 min after ingestion
of a certain food, and which was seen by doctors.”

7.2.1. Incidence rate at different ages (Fig. 1)

The highest incidence of immediate type food allergies occurred
in the children aged <1 year, 34.1% (1009 cases), and then decreased
gradually with age — 20.4% (600) in the 1-year-old and 10.1% (297)
in the 2-year-old. Food allergy incidence was 64.5% in <2-year-old
children, 80.3% in <5-year-old children, and 90.1% in <10-year-old
children. The incidence was 5.4% (160) in people aged >18 years. The
ratio of male to female food allergy patients was 1.4 (1724:1230).

7.2.2. Proportion of causative foods (Fig. 2)

Most frequent causative foods were hen's egg (1153 cases,
39.0%), cow's milk (645 cases, 21.8%), and wheat (347 cases, 11.7%).
The top 10 antigens included these three in addition to peanut,
fruit, fish roe, crustacean, nut, buckwheat, and fish. The three top-
ranking antigens accounted for 72.5%; the five top-ranking antigens
accounted for 81.7%; and the 10 top-ranking antigens accounted for
95.4%, of all food allergy cases.

7.2.3. Causative foods in different ages

(1) Initial onset (Table 3)

The initial-onset food allergy accounts for 58.1% of all cases. The
highest rate of initial-onset food allergy is seen in <1-year-old
children (88.1%); the rate decreases rapidly thereafter, and most
food allergy cases in older age groups are a result of accidental
ingestion. Three major causative foods were predominant in the
<1-year-old age group, while various other causative foods were
seen in the older age groups.

Fish roe was the second-ranking causative food in the 1-year-old
age group. Fish roe was ranked first in the 2—3 years age group,
while peanut was ranked third. Causative foods in other age groups
were fruit (first) and peanut (third) in the 4—6 years age group;
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Fig. 1. Number of patients with immediate-type food allergy by age. The number of patients aged >20 years is shown in 10-year increments.

Buckwheat

Crustacean
3.4%

Fish roe
3.7%

Fruit
4.0% Hen’s egg

39.0%

Cow’s milk
21.8%

Fig. 2. Breakdown of causative foods of immediate-type food allergy.

Table 3
Causative foods of new-onset food allergies.

crustaceans (first) and fruit (second) in the 7—19 years age group;
and wheat (first), fish (second), and crustaceans (third) in the >20
years age group.

(2) Accidental ingestion (Table 4)

Accidental ingestion occurred in 41.9% of the food allergy cases,
and the causative foods did not differ among the age groups. Hen's
egg, cow's milk, and wheat were the most common causative foods
in infants and toddlers, while peanuts and buckwheat were more
common in early childhood and older ages.

7.2.4. Symptom appearance rate in different organs

The manifestation of food allergies occurs most frequently as
skin symptoms, appearing in 92.0% of the cases, followed by res-
piratory symptoms in 33.6%, mucosal symptoms in 28.0%, digestive
symptoms in 18.6%, and shock in 10.4%.

8. Natural history and allergic march
8.1. Natural history

The progression of food allergy is very diverse. Most patients
with food allergy that developed during infancy achieve tolerance as
they age. The acquisition of tolerance in food allergy depends on
factors such as the causative food, age of onset, severity of hyper-
sensitivity, and recognition of allergen ingredients. In general,
tolerance to allergens in hen's egg, cow's milk, wheat, and soybeans

Table 4
Causative foods of accidental ingestion.

<1 year 1 year 2—3 years 4—6years 7—19years >20 years <1 year 1 year 2—3years 4—6years 7-—19 years >20 years
old (884) old (317) old(173) old(109) old (123) old (100) old (119) old (280) old (311) old (265) old (203) old (50)
1 Hen'segg Hen'segg Fish roe Fruit Crustacean Wheat 1 Hen'segg Hen'segg Hen'segg Hen'segg Hen'segg Wheat
57.6% 39.1% 20.2% 16.5% 17.1% 38.0% 49.6% 48.6% 37.0% 40.0% 19.2% 34.0%
2 Cow's milk Fish roe Hen's egg Hen'segg  Fruit Fish 2 Cow's milk Cow's milk Cow's milk Cow's milk Cow's milk Crustacean
24.3% 12.9% 13.9% 15.6% 13.0% 13.0% 32.8% 34.3% 36.3% 30.6% 17.2% 22.0%
3 Wheat Cow's milk Peanut Peanut Crustacean 3 Wheat Wheat Wheat Peanut Peanut Buckwheat
12.7% 10.1% 11.6% 11.0% Hen'segg  10.0% 16.8% 11.4% 14.1% 11.7% 16.3% 10.0%
Wheat
4 Peanut Nuts 9.8% Fruit 4 Wheat Wheat
7.9% 11.0% Buckwheat 7.0% 9.8% 11.3% Fruit
- N Fish roe Fish
5 Fruit Fruit o Buckwheat 5 Crustacean o
9.2% 8.0%
6.0% 8.7% 8.9% 9.4%

This table lists the causative foods that account for >5% in each group, ranked from
1st to 5th, from the top. N = 1706.

This table lists the causative foods that account for >5% in each group, ranked from
1st to 5th, from the top. N = 1228.
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is more likely to be acquired. However, tolerance to allergens in
buckwheat, peanuts, nuts, crustaceans, and fish is less likely to be
acquired. The time to acquire tolerance for the same food differs
significantly between reports, probably owing to differences in al-
lergy severity in the study patients and the diagnostic techniques
that were used.””~'® Common factors for delayed tolerance acqui-
sition include complications with multiple food allergies, high levels
of specific IgE antibody titers, a history of anaphylaxis, and com-
plications with other allergic diseases (e.g., atopic dermatitis).!>”~2°

The time to tolerance acquisition for each food depends on the
allergen proteins recognized by specific IgE antibodies and anti-
body binding sites (epitope). For example, in cases of high levels of
ovomucoid-specific IgE antibodies, hen's egg allergy is less likely to
spontaneously remit. In addition, specific IgE antibodies in pedi-
atric patients with persistent cow's milk allergy primarily recognize
a certain epitope.

On the other hand, some infant-onset cases of peanut allergy, for
which tolerance is less likely to be acquired, may acquire tolerance.
However, the peanut allergy may recur with later ingestion, if the
patient restricts ingestion after tolerance acquisition.

8.2. Food allergy and allergic march

Childhood allergic disease exhibits a natural course, in which
various diseases, such as food allergy, atopic dermatitis, asthma,
and allergic rhinitis, develop with age. This natural course is called
the allergic march. Food allergy occurs at an early stage. Progression
of the allergic march may be inhibited by alleviating the sensiti-
zation to the food allergen. Percutaneous sensitization is increas-
ingly being recognized as an onset risk for food allergies as well as
atopic dermatitis. In fact, the allergic march can be explained by
this pathologic condition. For instance, the breakdown of the skin
barrier accompanied by a mutation in the Filaggrin gene is
reportedly associated with an odds ratio of 5.3 for the onset of
peanut allergy, 3.1 for atopic dermatitis, and 1.5 for asthma.?"%?

9. Prediction and prevention
9.1. Risk factors for food allergy

Studies have investigated family history, genetic predisposition,
skin barrier function, and the season of birth as risk factors for food
allergy onset. Especially, the presence of atopic dermatitis is an
important risk factor. Recently, Tsakok et al. reported in a system-
atic review that children with atopic dermatitis were 6.18 times
more easily sensitized against food than healthy children.”* Based
on a large-scale cohort study, Flohr reported that the severity of
eczema increased the risk of food sensitization in 3-months old
infants.”* These reports indicated that the presence of dermatitis
poses a risk of percutaneous sensitization.

9.2. Prevention of food allergy (Table 5)
9.2.1. Primary prevention

Guidelines do not recommend food elimination as a prevention
measure to pregnant and lactating mothers. Previous cohort
studies have demonstrated that peanut consumption by mothers
during pregnancy or lactation did not influence peanut sensitiza-
tion or the clinical onset of peanut allergy in their 4- to 6-year-old
children.?® Similarly, the Cochrane reviews noted that food elimi-
nation in pregnant and lactating mothers confers no preventive
benefits on the onset of food allergies in their children.?’ There are
both positive and negative reports on the impact of complete
maternal feeding in preventing food allergies, and sufficient evi-
dence does not exist to support either.>*~>* As delaying the intro-
duction of specific foods into the diet of high-risk infants did not
reduce the onset risk,>*> this measure is not recommended.

The Learning Early About Peanut allergy (LEAP) study, a ran-
domized comparison study reported in 2015, investigated whether

Table 5
A summary of prevention measures for the onset of food allergy.

Items Comments by JPGFA 2016

It is not recommended to conduct food elimination
for prevention of the onset of food allergies in
pregnant and lactating mothers as it may cause
harmful nutritional disorders in the mother and
baby.

Food elimination in
pregnant or
lactating mothers

Complete breast feeding Although breast feeding has significant benefits,
sufficient evidence to indicate its superiority in the

prevention of allergic diseases is not available.

There is insufficient evidence on the usefulness of
hydrolyzed milk in preventing the onset of food
allergies.

Artificial formula

Timing of weaning foods Weaning is appropriate at 5—6 months of age
(according to the Support Guidelines for Breast-
feeding and Complementary feeding, 2007).
Delaying in weaning due to concerns regarding the
onset of food allergies is not recommended. '

Moisture retention from
the early stages
of infancy

Although the use of moisturizing agents from early
infancy may prevent atopic dermatitis in 30—50% of
the cases, its preventive effect on the onset of food
allergies has not been proven.

Probiotics/prebiotics Although the use of probiotics during pregnancy
and lactation reportedly reduces infantile eczema,
there is insufficient evidence supporting its role in

the prevention of food allergy onset.

It was reported that delayed peanut consumption might increase the risk of
developing peanut allergy,”>?°® and in countries where peanut allergy occurs
frequently, the early peanut consumption (4—10 months after birth) is
recommended.

i Although it was reported that the intake of foods which may induce allergies
(peanut, hen's egg) from 3 months after birth may reduce the onset risk of food
allergies in comparison with the start at 6 months or later after birth,”” the amount
and quality of foods to safely induce tolerance are still unknown and under study.

peanut intake or avoidance was effective in preventing the onset of
peanut allergy in high-risk infants (infants with atopic dermatitis or
hen's egg allergy along with a risk of peanut allergy onset, even
though allergy was absent at the start of the study).?” The study
reported a significantly lower incidence of peanut allergy at 5 years
of age in the intake group (3.2%) compared to the avoidance group
(17.2%), and this effect persisted for a year after complete elimi-
nation at the age of 5 years.”® On the basis of this report, an in-
ternational consensus statement advised that in countries with a
high onset risk of peanut allergy, the introduction of peanuts after
weaning should be sooner rather than later.

Moreover, the Enquiring About Tolerance (EAT) study conducted
in infants who were not high-risk, the early introduction (3—5
months of age) of foods associated with high onset risk decreased
the sensitization rates in skin prick tests (SPTs) with hen's egg and
peanut compared with a standard introduction (6 months of age or
later). Further, early introduction had a preventive effect on the
onset of food allergies, as assessed using the oral food challenge
(OFC) test, in compliant subjects compared with a standard intro-
duction. However, when a group of dropped out subjects was
included in the analysis, the difference in prevention no longer
remained significant, and seven subjects in the early introduction
group tested positive in an OFC test at 3 months. Thus, caution
should be exercised in analyzing and interpreting the efficacy and
safety of early introduction.?’ In another study assessing the impact
of introducing raw hen's egg to infants, cases of anaphylaxis were
reported in some high-risk infants.>® Thus, an indiscriminate and
careless early introduction of onset risk-associated foods is not
recommended.

In a randomized comparison study conducted in Japan on chil-
dren with atopic dermatitis (Prematurity's Effect on Toddlers,
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Infants and Teens; the PETIT study), the group of children in whom
cooked hen's egg was introduced stepwise in very small amounts,
starting at 6 months of age, demonstrated a significant decrease in
the onset of hen's egg allergy compared to a group of children in
whom cooked hen's egg was eliminated until 12 months of age. In
this study, no adverse events were reported, and atopic dermatitis
was maintained in remission through active eczema control,
including proactive therapy.>’

9.2.2. Secondary prevention

Few studies have assessed intervention strategies for the pre-
vention of food allergy onset in food-sensitized infants with no
history of causative food intake. Although two possible interven-
tion methods have been reported, the insufficient supporting evi-
dence makes the assessment of their preventive effects difficult.

(1) Oral tolerance induction

In the LEAP study mentioned previously, for the 98 subjects with
a positive peanut SPT result (indicated by a wheal of 14 mm
diameter; cases with larger diameters and cases positive for OFC
test were excluded), the intake group showed a higher inhibitory
effect on the onset of peanut allergy.”” In the PETIT study for egg-
white specific IgE antibody-positive group at 6 months of age, the
earlier introduction group of cooked hen's egg showed higher
prevention of the onset of hen's egg allergy. However, in cases
where a food allergy onset is suspected, caution should be exer-
cised in introducing food at home; OFC tests may also be
considered.>’

(2) Active anti-inflammatory treatment for eczema and the

maintenance of remission.

As a compromised skin barrier and the presence of dermatitis
constitute percutaneous sensitization risk to food antigens, the
possibility that skin cares aiming at active eczema control against
atopic dermatitis decrease allergen sensitization and subsequent
allergy march has been considered.>® However, at present, sup-
porting evidence is scarce.

Table 5 shows a summary of the recommended prevention
measures.

10. Food allergens
10.1. Structure of food allergen

Most food allergens are proteins contained in the food. Proteins
consist of about 20 different amino acids, which string together like
a chain (primary structure). The primary structure is folded into
spirals (a-helix) or arranged as sheets (p-sheet) (secondary struc-
ture), which is then configured into specific three-dimensional
structures (tertiary structure). Moreover, multiple protein mole-
cules may bind (quaternary structure) to form a large molecule. A
specific IgE antibody recognizes a specific site of these structures
(an antigenic determinant or epitope) to bind. An epitope with a
linear alignment of amino acids is called a linear epitope, and an
epitope with a three-dimensional, discontinuous alignment of
amino acids is called a conformational epitope. When the epitopic
structure is shared by more than one protein, the antibody binds to
all common epitopic structures, a phenomenon called cross anti-
genicity. Among the multiple proteins composing any food, the
protein molecules with allergenicity (IgE antibody binding ability)
are called the allergenic component of the food.>? An allergenic
component recognized by specific IgE antibodies to induce symp-
toms in 50% or more of allergy patients is called a major allergen.

The three-dimensional structure of food proteins changes on
heating, or on treatment with acids and hydrolytic or other en-
zymes during food processing or cooking (alteration). Proteins are
cleaved through the actions of digestive enzymes (proteases) such
as pepsin, trypsin, and chymotrypsin (digestion). The change in the
structure of the epitope decreases its IgE antibody binding ability,

and the attenuation of an allergic reaction due to decreased IgE
antibody binding ability is termed hypoallergenicity.

Recently, the bioinformatic analysis of allergen structure and
function has revealed that food allergens belong to limited protein
families. Sixty percent or more of plant-derived food allergens
belong to four protein families (prolamin, cupin, Bet vl homologs,
and profilin),*° while animal-derived food allergens belong to three
protein families (tropomyosin, parvalbumin, and casein).*!

10.2. Food allergens in medicinal products and personal care
products

Food-derived components may be present in medical care
products, general medicinal products, or personal care products
(oral care products, cosmetics, bath agents, and soaps among
others). Specifically, these components are hen's egg white-derived
lysozyme chloride and cow's milk-derived albumin tannate.
Lactose is a disaccharide consisting of glucose and galactose and is a
component of raw cow's milk, and thus contains several micro-
grams of milk protein. Lactose is used to blend powdered medicines
and is added to various drugs (inhalants, capsules, tablets,
powdered medicines, and intravenous products). In patients who
are highly allergic to cow's milk, symptoms may be induced on rare
occasions.*?

11. Diagnosis and examination

Two types of flowcharts demonstrating the steps in the diag-
nosis of food allergy for infantile atopic dermatitis associated with
food allergy (Fig. 3) and for immediate-type reaction (Fig. 4) are
proposed by the research group of the Ministry of Health Labour
and Welfare,* since the diagnostic procedure differs between the
two types of food allergies. In an elimination test, the potential
causative foods are eliminated for approximately 1—2 weeks. Then,
observation of the symptoms is made to determine if there are
improvements. In infants receiving mother's milk or mixed feeding,
the potential causative foods are eliminated from the mother's diet.
In cases where symptoms are alleviated by food elimination (pos-
itive by elimination test), an OFC test is recommended to obtain a
definitive diagnosis.

11.1. History taking

Key points in history taking are causative foods and their in-
takes, age at symptom onset, reproducibility, the last time when
symptoms occurred, details of the induced symptoms, time from
food ingestion to onset of symptoms, other causative conditions
(exercise, medication, etc.), past test results, and present ingestion
of the causative foods.

11.2. Immunological examination

The presence of specific IgE antibodies can be confirmed
through specific serum IgE antibody test, SPT, basophil histamine
release test, etc. Although the diagnostic values of these tests have
been evaluated in many studies, their results vary depending on the
selection of the general population and the diagnostic methods
used. The presence of specific IgE antibodies indicates sensitization
to the relevant food allergen, which is not always the actual
allergen involved in the onset.

11.2.1. Antigen-specific IgE antibodies in the blood

At present, the ImmunoCap® assay is widely used to detect
blood IgE antibodies. The assay increases the efficacy of converting
allergen into solid phase using cellulose polymer and has a high
detection sensitivity through the use of fluorescent enzyme-labeled
antibodies (fluorescent enzyme immunoassay, FEIA). The AlaSTAT
3 g Allergy® also detects specific IgE antibodies, and in this test, the
liquid phase allergen binds to the solid-phased beads and detection
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[Confirm tolerance acquisition, antigen-specific IgE antibody test, food challenge test, etc)

Implementation
by specialized physicians

Timing of referral to specialized physicians in case of infantile atopic dermatitis associated with food allergy

1) In case eczema is repeated or not alleviated even by ordinary skin care and topical steroid therapy.
2) In cases positive for sensitization to multiple antigens (3 antigens or more; introduction by start of weaning food).

3) In case oral food challenge test is required to diagnose and confirm the acquisition of tolerance.

Fig. 3. Flow chart for diagnosis of food allergy (Infantile atopic dermatitis associated with food allergy). ‘Instruction for skin care. Fundamentals of skin care are skin cleansing and
moisturizing. The details are discussed in the “Guidelines for the Management of Atopic Dermatitis 2012.” *Positive for specific IgE antibody. As infants aged <6 months may have

negative value for blood antigen specific IgE antibody, the prick test is useful.

is based on a chemiluminescent enzyme immunoassay (CLEIA).
Both testing methods have nearly equivalent accuracies. Another
assay, the Oriton IgE®, uses a porous glass filter as the solid phase. In
either assay, the relative antigen-binding capacity is measured
based on a World Health Organization-provided IgE standard. As
the antibody measurement is not a direct quantitative estimation of
the antibody molecules, the results used for diagnosis and moni-
toring are concentration-dependent.

To interpret the results of a specific IgE antibody test, information
on the probability curves, sensitivity, and specificity serve as useful
references.>~*’ In addition to a crude antigen, measurement of the
allergen component-specific IgE antibody confers higher diagnostic
accuracy.*® 3! Table 6 shows food allergen components for which
testing is covered by nationwide insurance in Japan, including ovo-
mucoid of egg white, w-5 gliadin of wheat, and Ara h2 of peanut.

11.2.2. Skin test

A SPT is recommended to determine the causes of food allergy.
Avoid intradermal tests using food antigens, because they are more
likely to yield false positive results and cause anaphylactic reactions
than the SPT. Reportedly, an atopy patch test, in which a food an-
tigen is applied on the skin, is useful for predicting non-immediate
reactions in the diagnosis of atopic dermatitis. However, no
consensus has been reached on this finding. Before testing, the use
of agents such as antihistamines, antiallergics, and steroids should
be withdrawn for at least 3 days, because these influence in vivo
tests. While a positive SPT indicates the presence of antigen-
specific IgE antibodies, this result alone does not substantiate the
diagnosis of a food allergy. However, even if the blood test is
negative for antigen-specific IgE antibodies, a positive SPT may
provide helpful information for the diagnosis of food allergy. Of
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Timing of referral to specialized physicians in case of immediate type food allergy

1) In case identification of the causative foods is difficult or anaphylaxis of unknown etiology is repeated.

2) In case it is necessary to reconsider the diagnoses of sustained food allergies and to conduct nutrition instruction.
3) In case it is necessary to confirm acquisition of tolerance or conduct oral food challenge test for risk assessment.

255

Fig. 4. Flow chart for diagnosis of food allergy (Immediate-type). {Generally, patients who demonstrate immediate-type reaction in later childhood are less likely to acquire

tolerance.
note, during early infancy, some patients negative for antigen-
specific IgE antibodies in the blood may have a positive SPT.>%>3
Table 6 Fresh fruit and vegetables, which cause OAS, are unstable aller-

Food allergen component-specific IgE tests covered by nationwide health insurance.

gens. Thus, a prick—prick test is performed using fresh fruit and

Crude antigen

Allergenic component

vegetables (the skin is pricked with the needle that has pricked the

suspected food). More than 95% of SPT-negative patients do not

Egg white Gal d 1 (Ovomucoid) present with immediate food allergy. However, as infants are less
Cow's milk Bos d 4 (a-Lactoalbumin) responsive to SPT, symptoms may be actually induced in infants
: 52,53

Bos d 5 (B-Lactoglobulin) negative for SPT.

Bos d 8 (Casein) 11.2.3. Basophil histamine release test
Wheat Tri a 19 (0-5 gliadin) A basophil histamine release test (HRT) is used to measure the
Soybean Gly m 4 (PR-10) amount of histamine released from peripheral blood basophils after
Peanut Ara h 2 (25 albumin) a reaction to an allgrgen. ThlS.IS an 1n.v1tr0' tfest, which II.IO.St accu-

rately reflects specific IgE antibodies in a living body. Clinical lab-

Latex Hev b 6.02

oratory tests covered by health insurance include HRT Shionogi®

and Allerport® HRT, which use an automatic analysis system based
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on the same measurement principle. HRT Shionogi® allows
simultaneous testing for egg white, cow's milk, wheat, soybean,
and rice. Allerport® HRT allows for measurement of 18 items,
including the foods listed above. HRT Shionogi® is useful for diag-
nosis of egg, cow's milk, and wheat allergies.”* It is also useful as an
ancillary test for diagnosis of causative foods without challenge
tests in patients who are at a higher risk of severe symptoms.>” This
kit is expected to have higher specificity than antigen-specific IgE
antibody tests for other foods, but sufficient information has not yet
been obtained for clinical assessment.

11.2.4. Basophil activation test, BAT

Similar to HRT, this is a quantitative estimation of IgE-
dependent basophilic activation. In place of histamine release, the
expression of activation markers CD63 and CD203c are measured
by flow-cytometry. For quantitative estimation of CD203c, the
Allegenicity kit® (Beckmann Coulter) is often used.’®”” Although
not covered by nationwide insurance, a CD203c test can be
entrusted to an laboratory company.

11.2.5. Antigen-specific IgG4 antibodies in the blood

The IgG4 antibody is not usable for diagnosis of food allergies as
it can be detected in asymptomatic patients and healthy persons as
well.”°? Due to the false-positive test results, some non-causative
foods may be eliminated, which for multiple food items, may cause
health damage. Ingesting specific foods might lead to decondi-
tioning, and it is named as “delayed food allergy”, which is not an
established pathologic condition and examination method. The
specific IgG4 antibodies may be used as markers of treatment ef-
ficacy for OIT.

12. Oral food challenge test

An OFC is the most reliable for identifying the causative foods of
a food allergy. However, there is a risk for adverse reactions
including anaphylaxis; therefore, it is important to ensure the pa-
tient's safety. Criteria for facilities are determined to conduct food
challenge tests as healthcare services provided by health insurance.
Thus, it is necessary to notify them.

12.1. Definition and objectives

OFC is an examination to investigate the presence or absence of
induced symptoms in a subject following the administration of an
ascertained or suspected causative food in single or multiple
doses.! The objectives for OFC are summarized in Table 7.

12.2. Risk assessment

When an OFC is indicated, the medical history, the kind of
planned challenge food, results of immunological examinations,
and presence of underlying diseases are evaluated as risk factors,
and the implementation schedule, challenge foods, and total chal-
lenge amounts are decided. Table 8 shows factors that may induce
critical symptoms during an OFC.

12.3. OFC in practice
12.3.1. Preparation
(1) Ensuring safety
a) Conduct the tests under the supervision of physicians and
nurses. OFC should be conducted by physicians skilled in the
treatment of food allergies and anaphylaxis. For OFC con-
ducted at outpatient departments or clinics, it is recom-
mended to prepare for immediate hospitalization.
b) Prepare agents for emergency, such as adrenaline (Bosmin®,
Adrenaline Syringe®), steroids, antihistamines, bronchodila-
tors (inhaled B2 stimulants), and transfusion sets.

Table 7
Objectives of oral food challenge test.

1. Definitive diagnosis of a food allergy (identification of the causative allergen)
(1) Identification of the foods that have been proven of sensitization but
have not been ingested
(2) Identification of foods suspected as causes of immediate reaction
(3) Definitive diagnosis of infantile atopic dermatitis associated with food
allergy (Conduct subsequently after elimination test)
(4) Evaluation of symptom-inducing threshold level
2. Determination of the safe intake quantity and judgement of tolerance
acquisition
(1) Determination of the safe intake quantity (Small to medium dose)
(2) Judgement of tolerance acquisition (Full dose)

(2) Before OFC, discontinue the use of agents that could influ-
ence OFC results (Table 9).

(3) Control basic allergic diseases, such as bronchial asthma and
atopic dermatitis, since symptom induced by OFC may be
difficult to judge and can be severe.

(4) Explain the objectives, methods, risks, and measures for
hypersensitivity and obtain informed written consent.

12.3.2. OFC methods
(1) Open or blinded OFC

a) Open test: Both the examiners and the subjects know the
contents of the challenge food. However, if the symptoms are
subjective, the test should be performed in a blind manner. In
preschoolers, as the possibility of a psychogenic reaction can
be neglected, the open OFC method is acceptable.

b) Single-blind food challenge: The examiners know the content
of the challenge food, while the subjects do not. For blinding,
mix the challenge food with masking vehicle, such as juice,
puree, oatmeal, or hamburger. Powdered food materials may
be used as challenge food. The challenge test is conducted
using a placebo (e.g., masking vehicle alone or a mixture of
masking vehicle and food, other than the challenge food) in
addition to the challenge food of interest on different days.

c) DBPCFC (double-blind placebo-controlled food challenge test):
Both the subjects and examiners who assess the symptoms are

Table 8
Factors associated with inducing severe symptoms.

1. Medical history associated with food intake
(1) Medical history of severe symptoms such as anaphylaxis, anaphylactic
shock, and respiratory symptoms
(2) Short period from the experience of induced severe symptoms
(3) History of induced symptoms by a small dose
2. Item of foods
Cow's milk, wheat, peanut, buckwheat, etc., often cause severe symptoms.
3. Immunological tests
(1) High specific IgE antibody titer
(2) High release percentage in a basophilic histamine release test
4. Underlying diseases and complications
(1) Bronchial asthma
(2) Exacerbations of asthma, allergic rhinitis, or atopic dermatitis
(3) Underlying diseases such as cardiac, respiratory, and psychotic diseases

Table 9
Drugs to be discontinued before an oral food challenge test and the discontinuation
periods.

Histamine H1 receptor antagonists 72 h
Leukotriene receptor antagonists 24 h
B> stimulants 12h
Th2 cytokine inhibitors 12h
Theophylline 48 h
Oral sodium cromoglycate (DSCG) 48 h

Oral steroids 7—14 days
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blinded to the challenge food. The challenge food should be
prepared by people (controller) other than the examiners. In
addition to the challenge tests using the foods of interest, a test
using a placebo should be conducted on a different day.

(2) Total challenge dose (Tables 10 and 11)

The total allergen amount administered as a single dose, or as
several fragmented doses, is called as the total challenge dose.
Table 10 shows examples of total challenge doses used for common
food items, and Table 11 shows examples of total challenge doses
used for other foods.! In high-risk cases where symptoms may be
induced by a small dose, a low total dose is recommended for an
OFC test, while for negative cases, the OFC should be conducted
subsequently with a medium or full dose.®°

(3) Administration intervals and dividing method
Table 12 shows examples of administration intervals and
dividing method for the total dose. Generally, the allergen is

Table 10
Examples of total challenge doses in oral food challenge test (open method).
Doses Hen's egg Cow's milk Wheat
Low dose One cooked egg About 3 mL Udon noodle (50
yolk, about 1/32 —75 mg wheat
cooked whole egg protein)
Medium dose About 1/8—1/2 15-50 mL Udon noodle (375
cooked whole egg —1250 mg wheat
protein)
Full dose One cooked whole 200 mL Udon noodle 200 g,
egg 50 g one of six slices of
(corresponding to 5000 mg wheat
one egg) protein

The full challenge dose is assumed a dose to confirm the tolerance acquisition, as
assuming single meal amount in elementary-school pupils. In infants, it is taken into
consideration to reduce the total challenge dose when necessary. The low challenge
dose is set a dose that may mix in case of accidental ingestion and initial challenge
test in high risk cases is assumed. As for administration interval, 20 min or longer is
desirable.

Table 11
Examples of total challenge doses in an oral food challenge test (open method).

Total challenge dose

Special instructions

Fish Fish stock (Dashi), fish 50 Most patients do not react
—-100 g to fish stock.

Shrimp 20-40¢g

Potatoes 50-100 g

Fruit 50—100 g

Shellfish/Molluscs  10-20 g

Meats 20-50 g Very few patients react to

meats.

Soybeans Boiled soybeans 5—-10 g, Very few patients react to
Tofu 50—100 g, soy milk soy sauce and miso.
200 mL

Buckwheat 2—80 g (boiled) Severe reactions may occur.

Peanut, sesame,
and other nuts

0.1-10 g

As a measure against
accidental ingestion, the

test may be conducted with
a total challenge dose of 0.1

—0.5 g. Food elimination

can be released at school in

a case that patient can
intake 10 g. Each peanut
weighs approximately 1 g.

Table 12
Administration intervals and dividing methods in oral food challenge tests.

Dosing method  Administration interval Dose dividing method

Single dose - 17

Two doses 60 min 1/4 — 3/4,1/3 — 2/3

Three doses 30—60 min 1/8 — 3/8 — 1/2

Five doses 20—40 min 1/16 - 1/16 — 1/8 — 1/4 — 1/2

administered at 20—60-min intervals.®"%? In cases where safely
administered doses have been already known or to determine
whether a small dose can be administered safely, a single dose OFC
test can be considered.

(4) Observation period after the final intake: Immediate re-
actions primarily occur within 1-2 h after intake. Thus, even
if no symptoms occur, patients should remain in the hospital
for approximately 2 h after the last intake. Explain to pa-
tients that symptoms may occur within the following 24 h.
Then, instruct them about what measures to take before
going home. If non-immediate reactions are predicted,
prolong the observation period as needed (e.g., hospitali-
zation for 1 day).

12.3.3. Handling OFC-induced symptoms

If symptoms are induced after administering the first dose of an
OFC test, the next administration is discontinued, and necessary
treatment is started based on the symptoms. Following appropriate
treatment, the patient is followed up until symptoms settle down
(see Evaluation of symptoms induced by foods and treatment).

12.3.4. Evaluation of the results of an OFC test and instruction
for patients

(1) Evaluation of a positive result

In cases where obvious symptoms are induced within several
hours after the administration in the OFC test, the OFC test result is
interpreted as positive.

(2) Diagnosis of indeterminate cases

In cases where slight or subjective symptoms are induced, a
food allergy diagnosis may not be confirmed using a single OFC test.
In such indeterminate cases, the OFC test is repeated, or the
reproducibility of symptoms is investigated by repeated concerned
food administration at home.

(3) Diagnosis of negative cases

Following negative results in an OFC test, the dose administered
at the challenge is repeatedly taken at home to confirm that the
food can be safely consumed.

(4) Instruction for the patient after an OFC

Based on the results of the OFC test, the patient is instructed on
foods that are safe to consume and on efforts required to improve
the quality of life (QOL). The patient is permitted the consumption
of sp]eciﬁc food up to a ceiling of the total challenge dose in the OFC
test.

13. Dietary and nutritional instruction
13.1. Principle of dietary and nutritional instruction
13.1.1. Minimum avoidance of causative foods

Although eliminating causative foods is the principal treatment
for food allergies, caution should be exercised in not eliminating
these foods excessively. Even for foods that demonstrate confirmed
positive results in an OFC, the patient is instructed to take in lower
amounts or hypoallergenic forms (heated or cooked).>> %
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13.1.2. Consideration of nutritional aspects and QOL

Food elimination may sometimes result in nutritional imbal-
ance. Patients are instructed to supplement nutrients that become
insufficient in their diets due to the elimination. Where sufficient
nutritional management cannot be provided by a physician alone,
instructions are provided in cooperation with nationally registered
dietitians. An elimination of foods decreases the QOL of the patients
as well as their families. The dietitian instructs the patient on food
elimination, taking into consideration the non-allergic family
members living with the patient. The patient is instructed on ways
to share meals with family or reduce food preparation burden
through the use of commercially available products.

13.2. Dietary instruction for safe ingestion
13.2.1. Prevention of accidental ingestion

In successfully executing food elimination from daily life, it
becomes necessary for the patient's family members to take pre-
ventive measures against accidental eating. As preventive mea-
sures, two methods are commonly employed: preventing the
mixing of allergens into the foods consumed by the patients and
not eating allergen-mixed food.

13.2.2. Labeling of foods containing allergenic substances

With the aim of preventing health hazards caused by processed
foods containing allergic substances, the labeling of allergic sub-
stances in packed processed foods was institutionalized in April
2002 by the Food Sanitation Act. Table 13 shows the items for
which labeling is mandatory and items for which labeling are
recommended. It should be noted that the items for which labeling
is recommended are not always labeled. Instruct patients to check
food labels for processed foods prior to their purchase in order to
prevent accidental ingestion.®®

13.3. Evaluation of nutritional status

To prevent iatrogenic malnourishment after initiating food
elimination, the nutritional status of the patient is regularly eval-
uated, and appropriate instruction is to be imparted.

13.3.1. Evaluation of physical development

The simplest method of nutritional status evaluation is the
evaluation of physical growth. The patient's height and body
weight are measured at the initial examination and are assessed at
each follow-up visit to evaluate the growth curve.

13.3.2. Evaluation of diet

A direct estimation of the nutrients consumed during a meal
may also be made to assess patient's nutritional status. For
example, the content of the meals consumed during 3 days are
calculated to determine the nutritional value, which then enables

Table 13
Allergenic ingredients designated by the Consumer Affairs Agency, Government of
Japan.

Allergenic ingredients

Mandatory by ministerial
ordinance

Egg, milk, wheat, shrimp/prawn, crab,
buckwheat, peanut

Recommended by ministerial Abalone, squid, salmon roe, orange, cashew nut,
notification kiwi fruit, beef, walnut, sesame, salmon,
mackerel, soybean, chicken, banana, pork,
matsutake mushroom, peach, yam, apple,
gelatin

The subjects for labeling are those that allergens of ingredients in foods are con-
tained with concentration levels of several pg/g or several ug/mL as total protein
value.

the evaluation of the total amount consumed of various nutrients
such as calcium and vitamins.

13.3.3. Confirmation of abnormal findings

The following points are to be kept in mind: the presence or
absence of nutritional disorder signs should be assessed during
physical examinations, and blood tests should be performed to
effectively evaluate nutritional condition by monitoring hemoglo-
bin and albumin levels, etc.

13.3.4. Nutritional guidance by dietitian

When a nutritional deficiency is suspected, a prompt and ac-
curate nutrient evaluation is conducted in cooperation with the
dietitian. Nutritional instructions are given to supplement the
shortfall by alternative foods. In cases where multiple food items
need to be eliminated, the dietary menu becomes limited, and can
easily result in malnutrition. In fact, reports from various countries,
including Japan, have noted an impairment in gain in height with
the prolonged elimination of cow's milk.

13.4. Dietary instruction to aim at eating
13.4.1. Dietary instruction after evaluating the possible intake
amount

In the case where an OFC test or history taking has ascertained
that the patient can take a certain amount of the causative food, the
amount, as well as specific examples of eatables are presented to
the patient, in cooperation with a dietitian, if possible.

13.4.2. Dietary instruction after the OFC test

In the case where an OFC test has been conducted, dietary in-
structions and safe consumption amounts are presented based on
the results.

(1) In the case of a negative OFC test result

Following a negative OFC test result, the patient repeatedly
takes the causative food at an amount not exceeding the total
challenge dose at home to confirm its safety. Moreover, to increase
the intake amount, repeat OFC test with a higher total challenge
dose is desirable.

(2) In the case of a positive OFC test result

Following a positive OFC test result, taking the severity of
symptoms and the intake amount into consideration, a complete
elimination or limited elimination of the causative food is advised.
However, in cases where the symptom-inducing threshold level is
small, even if the induced symptoms are mild, allowable amounts
should be decided carefully.

(3) Intake exceeding the threshold level

In most children with food allergies, the symptom-inducing
threshold level increases with time, and acquisition of tolerance
may be anticipated in such cases. The daily intake amount is esti-
mated through accurate history taking, the allergen amount that
can be safely taken and its reproducibility are evaluated, eatable
amounts are advised, and further challenge tests are conducted
when necessary. Physicians should not advise intake of amounts
exceeding these thresholds unless the patient's safety has been
considered sufficiently. In severe cases where an early acquisition
of resistance is not expected, instructing intake exceeding the
threshold level corresponds to OIT.!

14. Oral immunotherapy
14.1. Current situation and problems
14.1.1. OIT in Japan

In Japan, OIT in children with allergies to hen's egg, cow's milk,
wheat, and peanuts has been reported. However, currently, in Japan,
OIT has widely been conducted as investigative care using the
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causative food products. In a nationwide survey conducted in 2011 to
assess the state of implementation of OIT in training and teaching
facilities of the Japan Pediatric Society, OIT with inpatient manage-
ment was conducted at 20 facilities with 511 patients, and OIT with
only outpatient management was conducted at 32 facilities with 889
patients. Subsequently, the JPGFA 2012 positioned OIT and advised to
not implement the therapy carelessly. However, in similar nation-
wide surveys conducted in 2015, OIT with inpatient management
was conducted at 27 facilities with 1544 patients, and OIT with only
outpatient management was conducted at 67 facilities with 6429
patients, with an increase of 5.7 times the number of OIT cases.

14.1.2. Problems
Table 14 shows problems in OIT at the current time.

14.2. Theory and mechanisms
14.2.1. Definition

OIT is defined as a treatment method for cases where the early
acquisition of tolerance during the natural course cannot be antic-
ipated. After a symptom induction threshold has been determined
during an earlier OFC, causative foods are taken under a physician's
instruction aiming to acquire the conditions of increased threshold
or desensitization. The therapy is ultimately aimed at acquiring
tolerance to the causative foods. Accordingly, OIT should be con-
ducted after conditions set forth in Table 15 are met.

14.2.2. Mechanisms

The mechanism of action of OIT is not clarified yet in many as-
pects. The reactive changes observed in antigen-specific IgE, IgG,
and IgG4 antibodies, mast cells, basophils, and lymphocytes are
similar to changes seen during immune response to subcutaneous
immunotherapy of inhalant antigens.’’ % These responses are
thus considered to be associated with the treatment effects of OIT
(Table 16). During OIT, a desensitization condition (no symptom-
induction with causative food) can be achieved by daily or peri-
odically consuming the causative foods.°®’® However, in some of
the desensitized patients, if causative foods have not been taken in
a while, symptoms may appear when the causative food is
consumed again.”® Thus, a challenge test is conducted after caus-
ative foods intake has been discontinued to evaluate the treatment
effect. However, even in cases where symptoms are not induced in
these challenge tests, as desensitization is not the same as acquiring
tolerance during the natural course, it is reasonable to assume that
the treatment-induced desensitization is obtained temporarily.”!

14.3. Indication for OIT
In international guidelines, clear standards for the selection of
subjects for OIT have not been described. Thus, based on the natural

Table 14
Problems with oral immunotherapy.

Problems in treatment
(1) In most cases, although treatment effects could be seen, the evidence level is
low.
(2) Induction of symptoms are unavoidable during treatment.
(3) Anaphylaxis may be induced unexpectedly.
(4) After completion of oral immunotherapy, symptoms may be induced by
intake of treatment foods in some cases.
Problems associated with oral immunotherapy specifically in Japan
(1) Some facilities provide oral immunotherapy as a research-oriented care
which has not been approved by an ethics committee.
(2) Safety measures during the treatment course are insufficient at some
facilities.
(3) In cases where the symptom induction threshold is unknown, patients are
sometimes imprudently instructed to increase intake at home by some
doctors.

Table 15
Requirements for facilities where oral immunotherapy is conducted.

(1) Specialized physicians familiar with the medical care of food allergies (who
routinely conduct OFC tests and are sufficiently capable of dealing with
induced symptoms) are present.

(2) Physicians have experience and are knowledgeable in oral immunotherapy,
the selection of subjects, mechanism of action, efficacy, associated side ef-
fects, and management of these side effects.

(3) After approval by the ethics committee, therapy is administered only with
informed consent from the patient or his/her guardian.

(4) All possible emergency treatments and measures are available whenever
the therapy-induced symptoms appear.

history of food allergies and previously reported clinical studies, the
Food Allergy Committee states that the current indications of OIT in
Japan are cases of (1) patients with immediate-type food allergy
diagnosed by an OFC test, and (2) patients in whom early acquisi-
tion of tolerance during the natural course is not expected.

14.4. Method

International guidelines and systematic reviews do not propose
a unified method of the OIT, and various treatment periods,
methods of dose escalation, and foods used have been reported.”>”>
Most of studies report that after desensitization has been achieved
through periods of escalation- and maintenance-dose administra-
tion, an OFC test is conducted after discontinuation of treatment for
a certain period of time to evaluate treatment efficacy.

14.5. Efficacy

Based on the results obtained from previous clinical studies, we
know that many patients can achieve increased symptom-
induction threshold or desensitization through OIT.6707475
Moreover, in a subset of these patients, it is apparent that desen-
sitization can be maintained even when the continuous intake of
causative food is discontinued. However, as symptoms may be
induced in some cases after treatment completion, it is inferred
that the desensitization obtained through OIT in severe food allergy
is different from the tolerance obtained in the natural course.”®
Thus, it is necessary to carefully follow up the patients after suc-
cessful completion of OIT.

14.6. Adverse reactions

Some OIT-induced symptoms are seen in many cases during the
treatment. Although the most of induced symptoms were mild to
intermediate, there were some reported cases in which severe
symptoms were induced that required an intramuscular injection

Table 16
Immune response to oral immunotherapy.

Factors Immunological changes
Humoral Specific IgE Temporal increase after treatment
antibody initiation, followed by decrease
Specific IgG Increase several months after treatment
antibody initiation
Specific IgG4 Increase several months after treatment
antibody initiation
Cellular Mast cell Reduction in wheal diameter in a skin prick
test
Basophil Reduction in the expression of CD63 and
CD203c
Reduction in the spontaneous histamine
release level
Lymphocyte Reduction in the production of IL-2, IL-4, IL-5,

IL-13
Increase in the production of IL-10 and TGF-f
Increase in the number of FOXP3™ T cells
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of adrenaline.®”’# Although these symptoms appear mainly during
the dose-escalation period, symptoms may also be induced during
the dose-maintenance period in some cases. In addition, exercise or
bathing before or after causative food intake, acute infections, the
pre-menstrual period, and the use of analgesics may induce
treatment-related side effects. Reported side effects include non-
immediate eosinophilic esophagitis and enterocolitis as well as
immediate symptoms. In a systematic review by Lucendo et al.,”’
eosinophilic esophagitis occurred in 2.7% of patients who
received OIT, and also occurred following OIT with hen's egg, cow's
milk, or peanuts. The risk factors associated with non-immediate
adverse effects have not yet been clarified, and it is thus difficult
to predict the side effects in advance.

15. Evaluation of symptoms induced by foods and treatment
15.1. Symptom severity and treatment

It is necessary to appropriately evaluate the severity of
immediate-type symptoms of food allergies in each organ in order
to be able to promptly start treatment, and re-evaluate changes in
symptoms over time. Early treatment of anaphylaxis with adrena-
line improves hospitalization rate and mortality.

15.1.1. Grading symptom severity

Immediate-type symptoms in each organ (skin/mucosa, respi-
ratory system, digestive system, nerves, and the circulatory system)
are classified as follows: grade 1 (mild), grade 2 (moderate), and
grade 3 (severe), based on the classification of severities detailed in
Table 17.>787° The symptom severity grading is performed on the
basis of the most severe symptoms observed for each affected organ.

15.1.2. Treatment based on symptom severity

The severity of induced symptoms in each organ is evaluated
appropriately, and treatment is administered according to the
severity (Fig. 5). An intramuscular injection of adrenaline is indi-
cated in cases with grade-3 symptoms. However, in cases of grade-

Table 17
Classification of severities according to clinical symptoms.
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2 symptoms with a history of severe anaphylaxis, rapidly pro-
gressive symptoms, circulatory symptoms, or respiratory symp-
toms that cannot be alleviated by inhalation of bronchodilating
agents, adrenaline administration should be considered.

15.1.3. Evaluation of organ specific symptoms

(1) Skin/mucosal symptoms

In the case of skin or mucosal symptoms, second-generation
histamine H1 receptor antagonists with low intracerebral transi-
tivity and low sedative action are desirably administered orally as
treatment.

(2) Respiratory symptoms

In the case of life-threatening critical respiratory symptoms,
caution should be paid in detecting and diagnosing them. The up-
per respiratory tract symptoms include tightness in the phar-
yngolarynx, barking cough, and hoarseness; pharyngeal edema is
suspected with these findings, and asphyxia may occur rapidly in
some cases. In cases where this sign is seen, it is regarded as a
grade-3 symptom, and intramuscular injection of adrenaline,
administration of oxygen, and airway stabilization, as needed, are
administered as soon as possible. In cases of sporadic coughing as a
lower respiratory tract associated symptom, patient should be
followed-up carefully, and the patient with a history of critical
immediate respiratory symptoms or asthma should be treated with
inhalation of 2 stimulants at an early stage. Grade-2 symptoms
such as mild wheezing and intermittent coughing should be
promptly treated with inhalation of B2 stimulants, and the patient's
respiratory rate and blood oxygenation (SpO,) should be checked,
and oxygen should be administered if necessary. If symptoms are
not alleviated by inhalation of B2 stimulants, adrenaline should be
injected intramuscularly.

(3) Digestive symptoms

Although nausea and vomiting may occur immediately after
causative food intake, the symptoms may also occur several hours
later in some cases. Mild abdominal pain, a single vomiting/

Grade 1 (Mild)

Grade 2 (Moderate) Grade 3 (Severe)

Skin/mucosal symptoms  Erythema, urticaria, and wheal Localized

Generalized -

Pruritus

Mild itch (self-controlled)

Severe pruritus —
(out of self-control)

Swollen lip or eyelid Localized

Swollen whole face -

Discomfort, itch of the
oral cavity or throat

Discomfort of the oral
cavity or throat

Gastrointestinal symptoms

Throat pain -

Abdominal pain

Mild abdominal pain

Severe abdominal
pain (Self-controlled)

Continuous severe
abdominal pain
(out of self-control)

Vomiting, diarrhea

Nausea, single vomiting,
diarrhea

Recurrent vomiting, diarrhea

Continuous vomiting,
loss of bowel
control

Respiratory symptoms

Cough, rhinorrhea,
nasal congestion, sneezing

Intermittent cough, rhinorrhea,
nasal congestion, sneezing

Repetitive cough

Persistent severe cough,
“barking” cough

Wheezing, dyspnea

Wheezing detectable via
auscultation, mild feeling of
smothering

Audible wheezing, dyspnea,
cyanosis, asphyxia,

Sp02 <92%, throat tightness,
hoarseness, dysphagia

Cardiovascular symptoms

Pulse, blood pressure

Tachycardia
(increase >15 beats/min),
mild hypotension', pale face

Dysrhythmia, hypotension’,
severe bradycardia, cardiac arrest

Neurological symptoms

Consciousness status

Change in activity level,
tiredness

Somnolence, mild headache, fear

Fatigue, anxiety, incontinence,
loss of consciousness

f Mild hypotension: <80 mmHg in age of less than one, <[80 + (2x age)] mmHg in age of 1-10, <100 mmHg in age of 11-adult.

 Hypotension: <70 mmHg in age of less than 1, <[70 + (2x age)] mmHg in age of 1-10, <90 mmHg in age of 11-adult.
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[Application of intramuscular injection of adrenaline based on severity classification]
P Grade 3
P Even in grade 2 cases, the adrenaline administration is taken into consideration.
* |n case of a history of severe anaphylaxis
¢ In case of rapidly progressive symptoms
¢ In case of circulatory symptoms
¢ In case of respiratory symptoms that cannot be alleviated by inhalation of bronchodilating agents

‘ Not applicable Applicable ‘

P Treatment of each organ Intramuscular injection of adrenaline

P In case symptoms worsen or do not alleviate, administra- Administration site: anterolateral aspect of the mid-thigh
tion of adrenaline is taken into consideration.

Standard adrenaline concentration: 1 mg/mL

Treatment of each organ Recommended dose: 0.01 mL/kg (0.01 mg/kg)
[Skin/mucosal symptoms] Maximum single dose:
* Oral administration of a histamine H receptor antagonist z12-year old patients 0.5 mL (0.5 mg)
[Respiratory symptoms] <12-years old patients 0.3 mL (0.3 mg)
* Inhalation of Bz stimulants '
* Oxygen should be administered, as needed.
e |f the effects are not adequate, the Bz stimulants should be e Administration of a h|gh concentration of oxygen (using an

repeatedly inhaled. oxygen mask with a reservoir bag at 10 L/minute)
[Digestive symptoms] Supine position with both the lower extremities lifted up

* In case oral intake is difficult, fluid therapy is conducted. about 30 cm
Rapid rehydration (physiological saline or isotonic fluids
such as Ringer solution) administered at 10 mL/kg for

5-10 minutes

As additional treatment, oral administration or intravenous Reevaluation for 5-15 minutes
injection of adrenocortical steroids (steroids) are taken into
consideration.

[Oral administration]

In case of a stable condition, organ specific treatment is
taken into account.
In case symptoms are not alleviated

Prednisolone 1 mg/kg Intramuscular injection of adrenaline

Dexamethasone Elixir 0.1 mg/kg (1 mL/kg) Rapid rehydration: The same dose is administered
[Intravenous injection] again.

Hydrocortisone 5-10 mg/kg '

Prednisolone , methylprednisolone 1 mg/kg
*Does not exceed the maximum prednisolone dose of 60 In case no reaction to the treatment is observed and the
mg/day. blood pressure does not increase

Continuous intravenous injection of adrenaline 0.1-1
pg/kg/min (An initial dose of 0.1 pg/kg/min, increased
according to the reaction).

e For an unstable respiratory condition, endotracheal
intubation is taken into consideration.

{Adjustment method for continuous intravenous injection
of adrenaline)

Standard adrenaline concentration=1 mg/mL. When the
body weight (kg) x 0.06 mL is made to become a total of 20
mL by physiological saline, it became 0.1 pg/kg/min at 2
mL/hour.

Fig. 5. Treatment based on the severity.

diarrhea constitute grade 1 symptoms that may be alleviated described as below) to “Body position of the anaphylaxis patients”
without treatment. However, for grade-2 symptoms, control with (15.2.4.) are conducted simultaneously.
fasting and rehydration is taken into consideration. For grade-3

symptoms, adrenaline should be injected intramuscularly. 15.2.1. Confirmation of vital signs
Administration of oxygen, wearing a SpO, monitor and an
15.2. Management of anaphylaxis in a health care setting electrocardiographic monitor is directed, and based on the ABCDE

Following a diagnosis of anaphylaxis, the affected patient should approach (Airway, Breathing, Circulation, Disability, Exposure) of
be treated immediately, according to the procedure outlined in Pediatric Advanced Life Support (PALS), the presence or absence of
Figure 5. The procedures from “Confirmation of vital signs” (15.2.1. physiologic abnormalities and abnormalities in vital signs are
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assessed and severity of respiratory and circulatory symptoms is
evaluated.

15.2.2. Ensuring staffs and treatment by a team

In the case of respiratory failure or shock, as endotracheal
intubation and securing the infusion route must be conducted
concomitantly, the patient should be treated by a team of medical
staff. To the extent possible, specialized resuscitation and emer-
gency medical teams should be ensured.

15.2.3. Intramuscular injection of adrenaline

Adrenaline is the first-line treatment option for anaphy-
laxis.>’88% Its administration at the early stage is known to
decrease anaphylaxis-related mortality and hospitalization rates.®’

Thus, once anaphylaxis is diagnosed, adrenaline administration
is conducted as soon as possible.®? The administration site is the
anterolateral aspect of the mid-thigh. Compared to a subcutaneous
injection, intramuscular injection results in a rapid increase in the
blood concentration, allowing for a rapid effect.®> The recom-
mended dose is 0.01 mL/kg (0.01 mg/kg), and the maximum single
dose is 0.5 mL (0.5 mg) in >12-year-old patients and 0.3 mL
(0.3 mg) in <12-year-old patients. If symptoms are not alleviated by
multiple intramuscular adrenaline injections (~three times), a
continuous intravenous injection of adrenaline should be
considered.

15.2.4. Body position of the anaphylaxis patients

At the onset of anaphylaxis, as the blood pressure may change
rapidly due to postural changes, as a rule, the patient is placed in a
dorsal position with the lower extremities lifted up to about 30 cm.
If an increased respiratory rate is present, the patient's upper body
may be lifted slightly. If the patient has vomiting, his/her face
should be turned sideways.

15.2.5. Administration of oxygen

Respiratory and circulatory symptoms, as well the impaired
consciousness should be treated with oxygen administration using
an oxygen mask with a reservoir bag. The oxygen is started at a high
flow volume (10 L/min) to meet the patient's immediate oxygen
demand.

15.2.6. Securing the intravenous infusion route and rapid
rehydration

At the onset of anaphylaxis, maintenance of an effective circu-
lating blood volume is difficult due to vascular dilation and
hyperpermeability, and can easily result in a hypovolemic shock. A
decrease in the circulating blood volume would decrease the effect
of adrenaline. Therefore, an intravenous infusion route is secured,
and rapid rehydration is conducted with 10 mL/kg of Ringer's so-
lution or physiological saline for 5—10 min.

15.2.7. Cessation of respiration

If the patient has no pulse or if his/her respiration ceases, car-
diopulmonary resuscitation should be started in accordance with
the Basic Life Support (BLS) protocol.

15.2.8. Measurement of vital signs: reevaluation
As an anaphylaxis patient's condition changes over time, it is
necessary to evaluate vital signs frequently and regularly.

15.3. Contraindication of adrenaline

The package inserts included with adrenaline injections (Bos-
min® injection, adrenaline 0.1% injection syringe [Thermo®], Epi-
Pen®) in Japan state that its concomitant use with antipsychotic

drugs such as butyrophenones and phenothiazines, or with a
blockers, may cause hypotension due to the reversal of the adren-
aline vasopressor action. These combinations are thus
contraindicated.

The incidence of pediatric food allergies and developmental
disorders has increased in recent years. In cases of anaphylactic
reactions in patients being treated with a receptor-blocking anti-
psychotic drugs (such as risperidone), the administration of
adrenaline is contraindicated as per the drug's package insert, as
mentioned previously. The Committee for Food Allergy of the Jap-
anese Society of Pediatric Allergy and Clinical Immunology directed
the relevant pharmaceutical companies to provide background
data regarding this contraindication. The following was concluded
after discussion among the committee. Furthermore, the commit-
tee contacted several medical societies relevant to this issue and
asked their views.

“Physicians must recognize that a combination of a receptor-
blocking antipsychotic drugs and adrenaline are contraindicated
as per the package insert. Adrenaline is thus contraindicated in food
allergy patients with a high risk of anaphylaxis and who are treated
with antipsychotic drugs, which are the contraindication for the
combined use with adrenaline, in close communication with rele-
vant medical organizations, care should be taken to avoid this
contraindicated situation as much as possible by using alternative
drugs. However, if anaphylaxis develops in a patient who treated
with the antipsychotic drugs mentioned above, the use of adrena-
line is considered allowable based on the physician's discretion. In
case that adrenaline is administrated, vital signs (cardiac rate, blood
pressure, respiratory rate, body temperature, etc.) and SpO, should
be monitored to control anaphylaxis. If adrenaline administration
does not result in an increase in blood pressure, a resuscitation
team should provide an alternative treatment using noradrenaline
or dopamine.”!

16. Measures at nurseries, kindergartens, and schools'’

The “Certificate for school life management” is now being used
at kindergartens and schools, and the “Certificate for nursery life
management” is being used at nurseries. On the basis of the
“Research Report on Allergic diseases” published in 2007, the
Ministry of Education, Culture, Sports, Science and Technology
stated that “Measures need to be taken based on the recognition
that allergic diseases are not rare but many children with various
allergic diseases are enrolled in schools.” In light of the above, the
“Certificate for school life management (for allergic diseases)”
(hereinafter referred to as the “Certificate”) was prepared for
schools to advance activities for school children with allergic dis-
eases, and the “Guideline on Measures for Allergic Diseases at
Schools” was prepared to enable kindergartens and schools to cope
with food allergies and anaphylaxis.

In a manner pursuant to the Certificate for school life manage-
ment, the “Guideline on Measures against Allergy at Nursery” and
the “Certificate for nursery life management” were published in
March 2011 by the Ministry of Health, Labour and Welfare. As a
result, kindergartens and schools share a similar philosophy and
methods to deal with allergic symptoms and anaphylaxis.

It is desirable for physicians involved in the medical care of food-
allergic patients to be able to sufficiently recognize the ways for
lunch boxes provided at schools, preschools, and nurseries in a
community and be able to advise individual patients. At schools
and nurseries, it is mandatory to provide lunch boxes to all children
with food allergies. As the ways providing lunch boxes in schools
differ from the necessary minimum elimination conducted in the
home setting, it places the highest priority in ensuring food safety,
the alternative of complete elimination or release of food elimi-
nation is recommended.
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