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Recent topics on gastrointestinal allergic disorders
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Gastrointestinal (GI) allergies are broadly associated with
food allergies and divided into groups based on the degree of
allergen-specific immunoglobulin E (IgE) involvement: IgE-
mediated, non-IgE-mediated, and mixed. Non-IgE-mediated
GI food allergies are mostly observed in neonates and infants
and include food protein-induced enterocolitis syndrome
(FPIES), food protein-induced allergic proctocolitis (FPIAP),
and food protein-induced enteropathy (FPE). In addition to the
classical phenotype, unique phenotypes such as vomiting and
bloody stool, suspected sepsis, and overlapping eosinophilic
GI disorders (EGIDs) have increased in Japan over the past 2
decades. Some of these cases were defined as having chronic
FPIES. More recently, cases of hen’s-egg FPIES in Japan have
increased dramatically since 2018, albeit for unknown reasons.
Typical mixed-type food allergies are EGIDs, characterized
by prominent eosinophil infiltration in the GI tract leading to
GI symptoms. EGIDs are broadly classified into eosinophilic
esophagitis (EoE) and non-EoE EGIDs that involve the GI tract
with the exception of the esophagus. Of the EGIDs, EoE is the
best known, as the number of cases has increased dramatically
in Western countries, whereas pediatric EoE remains rare in
Asia and non-EoE EGIDs may be more prevalent in Japan. A
recent Japanese national survey showed that pediatric non-EoE
EGIDs were persistent and severe compared to those in adults,
possibly requiring further effective therapeutic options. Among
the EGIDs, FPIAP is pathologically diagnosed as an infantile
form of eosinophilic colitis. In addition, recent FPIES and FPE
cases also involved eosinophilic inflammation. Recent cases
of Gl allergies may be associated with type 2 inflammation. A
better understanding of the interactions between GI allergies
and type 2 inflammation may clarify the pathogenesis of the
recentincrease in Gl allergies.
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Key message

Gastrointestinal (GI) allergies are divided into immunoglobulin
E (IgF)-mediated, non-IgE-mediated, and mixed types. In addi-
tion to non-IgE-mediated, overlapping eosinophilic GI disorders
(EGIDs) have increased in Japan. EGIDs, a mixed-type allergy
category, include eosinophilic esophagitis (EoE) and non-EoE
EGIDs. The number of EoE cases has increased in Western
countries, followed by Asian countries. Recent GI allergies may
also be associated with type 2 inflammation.

Introduction

Since the late 1990s, neonates and infants with vomiting and
bloody stool associated with cow’s milk protein—based formulas
have often been observed in Japan.!?) These infants were con-
sidered to have a type of food protein-induced enterocolitis syn-
drome (FPIES) that might differ from the classical type. Such a
unique phenotypic FPIES sometimes shows marked eosinophilic
infiltration, indicating its overlap with eosinophilic gastrointe-
stinal (GI) disorders (EGIDs).? EGIDs, except for eosinophilic
esophagitis (EoE), may be more common in Japan,>* even from
an international perspective. Subsequently, some cases were
defined as chronic FPIES according to published international
consensus guidelines.” These guidelines also state that chronic
FPIES is more common in Korea and Japan. During the same
period, the number of patients with EoE rapidly increased in
Western countries.” GI food allergies have recently attracted
increasing attention worldwide. This review briefly discusses
the features of non-immunoglobulin E (IgE)-mediated GI food
allergies (non-IgE-GIFAs), including recent unique Japanese
FPIES and EGIDs.

Recent classification of Gl allergic disorders
within adverse reactions to food

Adverse reactions to foods vary and include non-immune
and immune reactions indicating food allergies (Fig. 1).” Toxic
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Graphical abstract. Relationship between non-Ige-mediated gastrointestinal food allergies and eosinophilic
inflammation. Non-IgE-mediated gastrointestinal food allergies (non-IgE-GIFAs) are classified as classical
3-disease entities. In addition, non-IgE-GIFAs is also divided into 4 groups according to the presence or
absence of bloody stool and vomiting (indicated by small tables). Recently, more patients with non-IgE-
GIFAs possess eosinophilic inflammation resembling EGIDs. FPIES, food protein-induced enterocolitis
syndrome; FPIAP, food protein-induced allergic proctocolitis; FPE, food protein-induced enteropathy; EGIDs,
eosinophilic gastrointestinal disorders; EoE, eosinophilic esophagitis; Non-EoE EGIDs, non-eosinophilic

esophagitis eosinophilic gastrointestinal disorders.
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Fig. 1. Adverse reactions to foods. Differential diagnoses of adverse reactions to food. Among the adverse food
reactions, toxic reactions and non-immune-mediated reactions should be excluded from the diagnoses of allergies.
Gl allergies are schematized by locating the point defined by IgE detectability on the abscissa and the involvement
of eosinophilic inflammation on the ordinate. In terms of FPIES, detailed classifications based on international
consensus guidelines is presented. EC, eosinophilic colitis; EG, eosinophilic gastritis; EGE, eosinophilic gastroenteritis;
EGIDs, eosinophilic gastrointestinal disorders; EoE, eosinophilic esophagitis; FA, food allergy; Gl, gastrointestinal; IgE,
immunoglobulin E; FPE, food protein-induced enteropathy; FPIAP, food protein-induced allergic proctocolitis; FPIES, food
protein-induced enterocolitis syndrome; Non-IgE-GIFAs, non-IgE-mediated gastrointestinal food allergies; sIgE, specific

IgE.
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reactions, such as toxic mushrooms and puffer toxins, are first
excluded by differential diagnosis before investigations into
the broader category of food allergies. Thus, neither toxic nor
immune-mediated reactions, such as food intolerance (e.g.,
lactose intolerance) and reactions to pharmacologically active
food substances (e.g., vasoactive amines such as serotonin and
histamine from fruits and fish, respectively), are distinguished
from immune-mediated reactions, a broad category of food
allergies. In particular, GI food allergies are the focus of digestive
symptoms. GI food allergies are divided into 3 categories based
on the involvement of allergen-specific IgEs: IgE-mediated,
non-IgE-mediated, and mixed types.® The most common IgE-
mediated GI food allergy is the immediate type, termed “food
allergies,” in the presence of GI symptoms. Non-IgE-mediated
types, collectively called non-IgE-GIFAs, are mostly observed in
neonates and infants. This category includes FPIES, food protein-
induced allergic proctocolitis (FPIAP), and food protein-induced
enteropathy (FPE).” Typical mixed-type GI allergies that fall
between IgE- and non-IgE-mediated types are EGIDs, which are
characterized by aberrant eosinophil infiltration in the GI tract,
leading to GI symptoms. EGIDs were recently broadly classified
into EoE and non-EoE, which involve the GI tract except for the
esophagus.” Although EGIDs have been observed in persons of
all ages, pediatric EGIDs occur mainly after school age.

Gl allergic disorders common in neonates and
infants

1. Non-IgE-GIFAs

1) Epidemiology of non-IgE-GIFAs

Japanese pediatricians have observed an increase in the unique
phenotype of non-IgE-GIFAs since the late 1990s."? The inci-
dence of non-Igk-GIFAs, including FPIES, FPIAR FPE, and
unclassified, was 0.21% (approximately 0.13% of the cases were
considered FPIES after excluding cases of suggested FPIAP) in a
national survey of neonatal care units at that time." In the United
States, the percentage was 0.023% in the 2005-2009 survey,'?
lower than that in Japan. However, it increased to 0.42% in pati-
ents born in 2015-2018, and the cumulative total increased to
0.14% between 2000 and 2018.!? In recent years, the incidence
of FPIAP has also increased in the United States,'” reaching the
same levels as in Japan. More interestingly, although its etiology
remains unknown, the number of patients with solid FPIES,
especially boiled egg yolk FPIES, has drastically increased in
Japan over the past few years.'>!13

2) Features of nonsolid non-IgE-GIFAs in Japan

The rapidly increasing Japanese phenotype of non-IgE-GIFAs
in the 2000s comprised both unexplained and classical pheno-
types, resulting in these types of non-IgE-GIFAs being treated as
a single entity in Japan.? The overall picture of non-IgE-GIFA in
Japan over the past 2 decades is discussed below.>!¥ Non-IgE-

GIFAs occur mostly from the neonatal period to early infancy.
They are nonimmediate allergies (onset within 24 hours) that
are mainly caused by cow’s milk protein and characterized by
vomiting and subsequent diarrhea with occasional bloody stool.
They can also be caused by breast milk.

Cluster classification based on the presence or absence of vomi-
ting and/or bloody stool in Japanese cases has been performed.?
In addition, a mixed type of FPIES and FPIAP, characterized
by bloody stool and vomiting,'? as well as a sepsis-like group
with fever and elevated C-reactive protein levels, have also
attracted attention. Eosinophilic inflammation, peripheral blood
eosinophilia, and Th2-skewed cytokine profiles are frequently
observed. Although approximately 30% of patients show
allergen-specific IgE positivity,>!®!” Specific IgEs are generally
undetectable; therefore, the allergy is categorized as the non-IgE-
mediated type. To confirm allergen sensitization, the allergen-
specific lymphocyte stimulation test (ALST) has been conducted
almost exclusively in Japan.'®) In the ALST, the stimulation index
(% of stimulated cells) is calculated as lymphocyte proliferation in
a culture of peripheral blood mononuclear cells after stimulation
with a food antigen that reflects the activation and expansion of
allergen-specific memory T cells.!” This can be a useful approach
when allergen-specific IgEs are undetectable owing to non-IgE-
mediated allergies.®’ The elimination of causative foods is highly
effective. The vast majority of cases develop tolerance by 3 years
of age at the latest.”

2. Three types of non-IgE-GIFAs

1) Food protein-induced allergic proctocolitis

Bloody stool is often the only symptom of FPIAD which is
generally mild."”?9 The histopathological findings are charac
terized by eosinophil infiltration, which is recognized as infantile
eosinophilic colitis (EC).2! In addition to those fed cow’s milk
formula, exclusively breastfed infants can develop this type of
allergy. A physician-supervised oral food challenge (OFC) test is
not necessary in mild cases.'” The elimination of causative foods
improves symptoms and allows patients to develop tolerance
relatively early, indicating a good prognosis. The incidence of
this disease seems to have increased in Japan'® ahead of that in
Western countries. A recent report showed that the prospectively
defined incidence of FPIAP in the United States was markedly
higher than that previously reported.'?

2) Food protein-induced enteropathy

FPE, characterized by diarrhea lasting for 2 weeks or more,
poor weight gain, and failure to thrive due to impaired digestion
and nutrient malabsorption,'” is relatively rare. It may take 1-2
weeks to improve after the avoidance of causative foods. The his-
topathological findings of FPE, such as villus atrophy of the small
intestinal mucosa, crypt hyperplasia, and lymphocyte infiltration,
are well-known and should be of definitive diagnostic value. FPE
is generally diagnosed by improvement after the elimination of
causative foods and characteristic pathological findings. An OFC
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test after a period of avoidance cannot result in acute symptoms,
unlike in chronic FPIES, meaning that interpreting the OFC test
results may be difficult. Additionally, FPE can develop after infec-

tious gastroenteritis.”?)

3) Food protein-induced enterocolitis syndrome

FPIES is the most well-recognized non-IgE-GIFA, and its
new classifications were presented in international guidelines in
2017.9 FPIES is characterized by protracted repetitive vomiting,
pallor, and lethargy, beginning within 1-4 hours of ingestion of
the causative food. Subsequent diarrhea can occur within appro-
ximately 5-10 hours, occasionally with bloody stools. This con-
dition was defined as “acute FPIES” in the new classification.
Cow’s milk or soy formula (nonsolid foods)-induced FPIES is
typically present in early infancy (<6 months) compared with
solid food allergies.” The FPIES (6-12 months) reflects the
introduction of solid foods.

In contrast, newly classified chronic FPIES occurs with the daily
ingestion of triggering foods and presents as chronic or inter-
mittent emesis, watery diarrhea, and failure to thrive.” Chronic
FPIES generally develops in infants younger than 4 months of
age fed cow’s milk or soy formula (nonsolid foods). Chronic
FPIES should be diagnosed by the improvement of symptoms
within days after the avoidance of the offending foods and acute
symptoms that resemble acute FPIES by the reintroduction (OFC
test) of offending foods. Surprisingly, chronic FPIES is a relatively
rare condition that is encountered more frequently in Korea
and Japan than elsewhere,”*® although the reason remains
undetermined.

In addition to the classification of symptom timing and duration,
novel detailed classifications have been shown in guidelines
based on age at onset, severity, and IgE positivity (Fig. 1).” Unlike
in IgE-mediated immediate food allergies, oral or intravenous
saline bolus infusions—not intramuscular adrenaline injection—
effectively treat acute FPIES episodes.”) International guidelines
address clinical issues, resulting in better practices for FPIES.

The remaining issues that should be addressed are as follows.”
First, tests that prove the sensitization of specific foods to deter-
mine immunologic mechanisms, such as the ALST in Japan,
should be established; otherwise, the diagnosis is just clinical.
Second, although chronic FPIES is a meaningful concept to ex-
plain some unique phenotypes, some cases have not yet been
categorized (unclassified). For example, some patients show GI
inflammation soon after birth before feeding, although this may
be similar to FPIAP?¥ In addition, there are suspected cases of
chronic FPIES that do not show acute symptoms upon the reintro-
duction of suspected foods, suggesting that they might be a clinical
condition that falls between FPIES and FPE or FPIAR >15:16)

Among patients with mixed phenotypes of FPIES and FPIAR'Y
sepsis-like phenotypes® were included in the unclassified group.
Although cow’s milk is the most common cause of FPIES, solid
FPIES is another controversial entity.?® Causative foods for solid
FPIES vary geographically, with most internationally reported
solid FPIES cases being caused by rice and oats.?*?” Fish-induced

FPIES is more common in Italy*® and Spain.?? In Japan, soy-

beans, wheat, rice, and hen’s eggs have been mentioned as cau-
sative foods, but the mention of egg yolks has been notably

increasing.>")

3. Infant hen's-egg FPIES in Japan

An overall increase in solid FPIES was observed in Japan.’? Of
them, there has been a dramatic increase in the cases of hen’s-
egg FPIES in Japan since 2018.12133132 Although the diagnosis
of milk FPIES may be complicated, as mentioned above, solid
FPIES can be clearly diagnosed according to international
guidelines. Although better awareness of solid FPIES appeared
affected by the increase, it may be unable to explain it. One
report speculated that this increase may be associated with
a change in policy regarding the early introduction of hen’s
eggs to infants at high risk of food allergies.!? However, such
an early introduction could be used in a relatively confined
location owing to the uneven distribution of allergists in Japan,*®
implying the possibility of other reasons. Most cases of boiled
or cooked hen’s-egg FPIES have been associated with egg yolks
rather than egg whites. Compared to cow’s milk-induced non-
IgE-GIFAs, including FPIES, those of hen’s eggs are exclusively
typical FPIES and rarely accompanied by bloody stool and peri-
pheral blood eosinophilia.>'*? Interestingly, patients generally
experience a normal consumption of boiled egg yolks before
onset.*) Tolerance acquisition earlier than the generally recom-
mended timing of an OFC test has been reported in boiled egg

yolk FPIES, suggesting better prognosis.>")

Common Gl allergic disorders after early
childhood

1. Pediatric eosinophilic Gl disorders

EGIDs occurring at all ages are clinicopathological diseases
characterized by allergic/eosinophilic inflammation leading to
GI dysfunction.>¥ EGID is a typical mixed-type GI allergy with
both IgE- and non-IgE-mediated characteristics.” EGIDs consist
of EoE and EGIDs observed in areas other than the esophagus.
Although pediatric EGIDs (pEGIDs) have been observed mainly
in children older than school age as mentioned above, FPIES
(nonsolid), FPE, and FPIAP have often been associated with eosi-
nophilic inflammation in Japanese neonates and early infants.'
3 EoE is a relatively common disease with a prevalence of
0.05%-0.10% in Western countries.>® In contrast, more EGIDs,
except for EoE, have been reported in Japan.¥ However, trans-
criptome analyses of EoE in Japan are not very different from
those in Western countries®”; recently, the incidence of EoE has
been increasing in Japanese adults.>**® However, pediatric EOE
(pEoE) is rare in Asian children.

1) Classification of pEGID
EGIDs include GI eosinophilic inflammation secondary to
various underlying diseases as a broad category.*” Primary EGID
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isa Gl allergic inflammatory disease. It develops at all ages and is
more common in children after school than in infants.**¥ EGIDs
are classified according to the affected site and mainly include
EoFE, eosinophilic gastritis, eosinophilic gastroenteritis (EGE),
and EC. EGE was used as an umbrella term for EGIDs, except for
EoE, by some experts.”** However, since the majority of EGIDs
are EoE in Western countries, and EoE is clearly identified from
other EGIDs, as an international agreement, a novel classification
of EGID was published in 2022,” in which EGIDs are divided
into 2 categories: EoE and non-EoE EGID, which means EGID
other than EoE. This classification can be applied not only to
adults but also to children. Non-EoE EGID have also been
classified into predominant mucosal, muscular, and subserosal
depending on the degree of eosinophil infiltration in layers of the
bowel wall, although these 3 types can often be mixed.*?

2) Pediatric eosinophilic esophagitis

Most EGIDs in Western countries are EoEs. The number of
patients with EoF has increased rapidly over the past 2 decades,*®
resulting in a well-known disease in Western countries. A meta-
analysis comparing pediatric and adult EoE reported a higher
pooled incidence in adults versus children (7/100,000 vs. 5/
100,000) in North America, Europe, and Australia.*" In contrast,
EoE is less prevalent in Asia than in Western countries.>® In
addition, more patients had non-EoE than EoE EGIDs in Japan
in a national survey conducted among adults 10 years ago.”
Moreover, pEoE was extremely rare in Japanese children at the
time (unpublished data*?) according to another national survey.
Even with the recent advanced awareness of EoE, the proportion
of children and adults with EoE, as per Japanese national EGIDs
surveys, was 11.8% and 62.2%, respectively.® In addition, 95%
of patients with EoE were adults.” Nevertheless, its prevalence in
Asia has been increasing, especially among adults.>**® EoE has a
strong male predominance with a prevalence of approximately
0.05%~0.10% internationally.>®)

(1) Symptoms of pEoE

The symptoms of EoE are due to esophageal stenosis and
dysfunction. Symptoms in children vary depending on age
because infants and toddlers may not fully complain.*?) The main
symptoms are a broad category of feeding disorders in infants
and toddlers, vomiting and abdominal pain in early childhood,
and dysphagia in late childhood and adolescence. Food impaction
and dysphagia in adults have been observed in teens and young
adults.*®) Interestingly, food impaction is extremely rare in Asian
adults; dysphagia is the predominant symptom, and heartburn
and epigastric or chest pain are relatively common. Most Asian
cases, in individuals of all ages, do not progress severely.>® More-
over, the detection of asymptomatic esophageal eosinophilia
during medical examinations in adults has been a controversial
issue in Japan.*» Although the natural history of Japanese EoE
and asymptomatic esophageal eosinophilia remains unclear, one
report demonstrated that 62.1% of patients with asymptomatic
esophageal eosinophilia developed progressive diseases,*) im-

plying that more attention should be paid to the potential presence
of pEoE.

(2) Diagnosis of pEoE

EoE is suspected due to the presence of esophageal symptoms,
and histopathological assessments using biopsies are essential for
its diagnosis, even in children. Its diagnosis is based on clinical
symptoms and histopathological findings of clinicopathologic
disease.**”) Notably, peripheral blood eosinophilia is uncommon.
EoE shows extremely specific endoscopic findings such as edema,
esophageal rings, linear furrows, whitish exudates, and strictures.
Histopathological findings showed an increased number of eosi-
nophils in the esophageal mucosal epithelium (defined as =15
eosinophils/high-power field [HPF]) with basal epithelial cell
hyperplasia. Guidelines recommend that at least 4-6 biopsies
be obtained from different locations*®) with focus on areas with
characteristic endoscopic findings to ensure an accurate diagnosis.

(3) Treatment of pEoE

Since EoE now encompasses a concept, proton-pump inhibitor
(PPI)-responsive esophageal eosinophilia (PPI-REE) and PPIs
have become its first-line therapy, although PPI therapy is a diag:
nostic tool for EoE that excludes patients with PPl-responsive
esophageal eosinophilia (PPI-REE).**) PPI therapy is more
effective in Asian than Western adults. When treated with PPIs,
73% of patients showed clinical and histological remission.>")
Patients who do not respond significantly to a standard dose of
PPIs can achieve remission with double doses of PPIs or vono-
prazan. Indeed, unlike in Western countries, where there are
many more severe cases, most adult patients in Japan have
been controlled with standard or double doses of PPIs or
vonoprazan.’? According to the results of a systematic review
and meta-analysis, the efficacy of PPIs for histological remission
and symptom improvement did not significantly differ based
on patient age, study design, or PPI type assessed.’” PPIs can
generally be used at doses higher than the usual pediatric dose.
Topical steroid therapy (steroid swallowing) is recommended for
nonresponders to acid blockers, while systemic steroid therapy is
considered only in severe cases.***”

Dietary therapies, including elemental and elimination diets,
are also effective and can occasionally be definitive,*? which may
be recommended for nonresponders to PPIs. Among the elimi-
nation diets, an empirical elimination diet has sometimes been
chosen. In this dietary modification, the most common trigger
foods for food allergies are eliminated until remission is achieved
and then gradually reintroduced.’® Although pediatricians cer-
tainly have to consider the disadvantages, the success rates of
dietary modifications in children were 90%), 72%, and 45%—77%
using elemental, empiric elimination, and targeted elimination
diets based on allergy testing, respectively.’® Balloon dilatation

was performed in patients with esophageal fibrotic stenosis.>®

3) Pediatric non-EoE EGIDs
Non-EoE EGIDs are relatively rare in Western countries,
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with a prevalence of approximately 0.018%°® in individuals of
all ages. However, more cases have been reported in Japan than
in other countries. In fact, 5.5 times more patients had non-EoE
EGIDs than EoE among Japanese adults approximately 10 years
ago,” and a recent nationwide Japanese survey showed that 41%
of patients with non-EoE EGIDs were children. In addition, the
number of pediatric patients with non-EoE EGIDs is 7.5 times
higher than that of pediatric patients with EoE.?

(1) Symptoms of pediatric non-EoE EGIDs

These symptoms are nonspecific and depend on the affected
Gl site and degree of eosinophil infiltration in the layers of the
bowel wall.*” Eosinophil infiltration localized to the mucosa can
induce vomiting, diarrhea, and malabsorption. Muscular eosi-
nophil infiltration may cause obstructive symptoms, and ascites
can be observed in eosinophil infiltration on the serosal side.
Restricted activity, weight loss, surgery, and hypoproteinemia
are more frequent in pediatric patients with non-EoE EGIDs
compared to in adult patients and those with EoE, resulting in
persistent and severe disease.?

(2) Diagnosis of pediatric non-EoE EGIDs

Unlike EoFE, peripheral blood eosinophilia is observed at a
high rate in non-EoE EGIDs,” providing clues to suspect non-
EoE EGIDs. However, when peripheral blood eosinophilia is
detected, it is important to distinguish non-EoE EGIDs from
secondary GI eosinophilia because of systemic eosinophilic
disease. Making the diagnosis of non-EoE EGIDs may be more
difficult than that of EoE EGIDs. One reason is that, unlike EoE,
endoscopic findings are nonspecific, such as edema, redness,

Fig. 2. Mechanisms of gastrointestinal allergies. Gl

and erosion.*® Another reason is that physiological tissue eosi-
nophils are observed exclusively in the GI tract except for the
esophagus.’? They sometimes even exhibit degranulation.
Twenty eosinophils per HPF should be the lowest number to
suspect non-EoE EGIDs during screening.*”) There was a clear
trend in the physiological distribution of GI eosinophils: they
were detectable in the stomach, rose toward the anus, peaked in
the ascending colon, and decreased toward the anus.’®’”) This
trend in children was similar to that observed in adults.*®) More
recently, Pesek’s criteria for tissue eosinophilia of the GI tract
were used: stomach =30 eosinophils/HPF, small intestine =50
eosinophils/HPF, and colon =60 eosinophils/HPE*%) Taken
together, the clinicopathological diagnosis is more important in
non-EoE EGID.

(3) Treatment of pediatric non-EoE EGID

Although there are cases of improvement with temporary
fasting or no treatment, systemic steroids are the first-line
therapy. However, non-EoE EGIDs relapse in approximately
60% of patients after treatment with systemic steroids.’¢? A
trial using montelukast for pediatric non-EoE EGIDs was the
only randomized controlled study®® according to a systematic
literature search using the PubMed and Cochrane databases
until 2016 in the Japanese guidelines for EGIDs®" and showed
symptomatic improvement. Therefore, patients with pediatric
non-EoE EGID in the absence of severe or rapidly progressive
conditions can be treated with montelukast as first-line therapy
in Japanese guidelines.®) The therapeutic effects of food elimi-
nation and elemental diets have been reported in many cases.®*
65) However, further research is required because of the lack of

IgE- Classical pathway %
- IgE-mediated immediate response
med |ated followed by late and delayed reactions pasicel
- CRTH2 \
i IL-25R 7 HH
Innate Immunity 5| '@-TSLPR L5 13 \ EOSInOphI|IC
sT12 \ Eosinophil
group 2 innate
lymphoid cell —) Gl tract
TARC <. =
IL-5 "; TGF-g
CRTH2 receptor *
TSLPR CCRs
i IL-25R
Non-IgE- ] Pathogenic Th2 or nﬁL;ns TNE-
mediated a4p?
Pathogenic z
Th2 cell @1‘ ‘/
_4 ‘
Cytotoxic TNF-a*
T cell Tcell
Cell-mediated

allergies are associated with the IgE-mediated

pathway followed by chronic eosinophilic inflammation, innate immunity, pathogenic Th2 cells,

and cell-mediated mechanisms. Gl, gastrointestinal;

chemoattractant receptor-homologous molecule e

IgE, immunoglobulin E; IL, interleukin; CRTH2,
xpressed on Th2 cells; TSLPR, thymic stromal

lymphopoietin receptor; ST2, suppression of tumorigenicity 2; CR, chemokine receptor; hPGDS,

hematopoietic prostaglandin D synthase; TNF-q,
activation-regulated chemokine.

tumor necrosis factor-a; TARC, thymus and

245 Yamada . Gastrointestinal allergic disorders

www.e-cep.org



well-designed high-quality studies based on the results of a sys-
tematic review in which approximately 90% of patients were
children.®® A large-scale Japanese national survey reported that
most pediatric cases of non-EoE EGIDs were persistent and
severe, as their restricted activity, weight loss, surgery, and hypo-
proteinemia were more frequent than those of adult patients.¥
Further effective therapeutic options, such as molecular targeting
approaches, are required for this condition.

Mechanisms of pediatric Gl allergies

For a comprehensive understanding of the pathophysiology
of GI allergy, the latter should be approached from 2 angles:
the strength of involvement of the IgE-mediated mechanism
and eosinophilic inflammation (Fig. 2).” Classical eosinophilic/
allergic inflammation is a common pathophysiological feature of
allergic disorders and consists of 3 temporal phases: IgE-mediated
early, eosinophil-associated late, and delayed-phase reactions
resulting in chronic inflammation.®” This is also known as late
and delayed type I allergic hypersensitivity reactions characteriz
ed by the interaction of mast cells and Th2 cells with eosinophils
that are recruited later.®”)

Among GI allergies, EGIDs are also allergic inflammation,
while FPIAP a type of non-IgE-GIFA, is infantile EC.?? In addi-
tion, specific IgEs have been detected in approximately 30%
of non-IgE-GIFA cases, including FPIES.>'®!) Interestingly,
0.16% of patients who received oral immunotherapy (OIT) for
IgE-mediated immediate food allergies developed EGIDs, the
most common adverse reactions other than immediate allergic
reactions.®® The prevalence of EoE after the initiation of OIT
in Western countries is 2.7%-30% in patients with digestive
symptoms resembling EoE.®>79 In addition, most patients do
not undergo biopsy, leading to possible underestimation of the
diagnosis. Therefore, a concept termed OITIGER (OIT-induced
GI and eosinophilic response) has been proposed for GI symp-
toms experienced during OIT.”) Taken together, IgE-mediated
immediate food allergies, non-IgE-GIFAs, and EGIDs may not
be independent; rather, they may overlap.

Classical mechanisms as well as various novel mechanisms
associated with innate immunity or the pathogenic Th2 response
have been proposed in Gl allergies to date. Elevated serum levels
and GI tissue mRNA expression of interleukin (IL)-33 and
thymic stromal lymphopoietin (TSLP) were demonstrated in in-
fants with non-IgE-GIFAs along with EGIDs,”? suggesting that
non-IgE-GIFAs may be associated with type 2 innate lympho-
cytes (ILC2). In addition, the levels of eosinophil-derived neuro-
toxins in fecal mucus are increased in patients with FPIES’ and
FPE.”® Moreover, the cow’s milk-induced production of Th2
cytokines IL-4, IL-5,and IL-13 wasssignificantly greater in patients
with cow’s milk FPIES with versus without bloody stool.”
Taken together, non-IgE-GIFA, at least when accompanied by
bloody stool, may be associated with type 2 inflammation.

Among the EGIDs, EoE has been elucidated in detail. Consis

tent with this mechanism, the identified genetic variants are
associated with epithelial barrier dysfunction (FLG, DSGI,
CAPN14, SPINKS, and SPINK7) and Th2-mediated immune
responses (CCL26, POSTN, and TSLP).”® Notably, ILC2 may
also play a pathogenic role in pediatric EGIDs via type 2 cytokine
production induced by epithelium-derived cytokines.””’® Patho-
genic Th2 cells were defined as CRTH2*hPGDS*CD161"
CD4" T cells, detectable in the antrum, duodenum, and eso-
phagus of patients with EGID 18-60 years of age.”” However,
other mechanisms, in addition to type 2 inflammation, are known
in non-IgE-GIFAs, which include heterogeneous subtypes.
Increased tumor necrosis factor-o-producing cells and decreased
transforming growth factor-B receptor expression have long been
observed in the pathology of FPIES,*? and increased intestinal
intraepithelial cytotoxic CD8* T cells can be detected in FPE.8V

Conclusion

With regard to other allergic/eosinophilic inflammatory dis
eases, the prevalence of chronic rhinosinusitis with type 2 inflam-
mation has dramatically increased in several Asian countries,
following Western countries, over the last 20 years. Zhang et
al.3? named this condition “eosinophilic shift.” This condition is
associated with Staphylococcus aureus, and the same may apply
to GI allergies. Notably, the number of patients with EoE has
also increased in Western countries over the past 2 decades,*®
followed by Asian adults.*® Presumably, this increase could not
be explained only by improved awareness of this disease entity
but could also be associated with other etiologies. Especially in
children, non-IgE-GIFAs, at least when induced by cow’s milk,
FPIES, FPE, and FPIAP are involved in eosinophilic inflamma-
tion.? Even FPIAR, which clearly overlaps with EGIDs, has re-
cently increased in the United States.'? In addition to non-IgE or
mixed allergies, IgE-mediated food allergies can induce EGIDs as
complications of OIT, implying that they are more eosinophilic
in children.®® The cause of the “eosinophilic shift” in the GI tract
remains a mystery, which is speculated to result from an increased
number of patients with allergies and/or stronger interactions
between eosinophils and pathogens such as bacteria, leading to
dysbiosis.®¥ A better understanding of the eosinophilic shift may
provide clues to clarify the pathogenesis of the recent increase in
Gl allergy.
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