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Update on eosinophilic gastrointestinal disease beyond
eosinophilic esophagitis in children

Hye Ran Yang, MD, PhD"2

"Department of Pediatrics, Seoul National University Bundang Hospital, Seongnam, Korea; “Department of Pediatrics, Seoul National University College of Medicine,

Seoul, Korea

Eosinophilic gastrointestinal disease (EGID) is an emerging
condition worldwide in both children and adults, although it
is considered rare. EGID has been underestimated owing to
its underdiagnosis in the past, and its prevalence has recently
increased. The diagnosis of EGID is based on histopathologic
findings of endoscopic mucosal biopsy in which the total
number of infiltrating eosinophils in each segment of the
gastrointestinal tract is determined in patients with chronic or
recurrent gastrointestinal symptoms despite a lack of consensus
or guidelines on the definition of tissue eosinophilia except for
eosinophilic esophagitis. Laboratory findings, including peri-
pheral eosinophilia and increased fecal calprotectin levels,
may be additional clues for detection of EGID in practice. Indi-
vidualized treatment strategies, including adequate dietary mo-
dification and pharmacological therapy, may improve clinical
outcomes of pediatric patients with EGID.
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Key message

- Eosinophilic gastrointestinal disease (EGID) is uncommon,
with a prevalence of 1-30/100,000 in the general population;
however, it is increasing worldwide.

- The diagnosis of EGID is based on histopathological findings
of endoscopic mucosal biopsy in which tissue eosinophils are
counted in each gastrointestinal tract segment of patients with
chronic or recurrent gastrointestinal symptoms.

- Individualized treatment strategies, including adequate dietary
and pharmacological therapy, may help improve outcomes of
children with EGID.

Introduction

Eosinophilic gastrointestinal disease (EGID) was first described
in 1937 by Kaijser.” EGID is a rare heterogeneous disease

group of mixed type of gastrointestinal (GI) allergic disease that
selectively affect one or more segments of the GI tract with eo-
sinophilic inflammation in the absence of other causes.?

Although eosinophilic esophagitis (EoE) is a well-defined dis
ease entity with recommended guidelines, EGID distal to the
esophagus, such as eosinophilic gastritis (EoG), eosinophilic
enteritis (EoN), and eosinophilic colitis (EoC), remains unclear,
with limited evidence and no consensus guidelines for adults or
children.®

Therefore, this article reviews EGID with focus on EGID
beyond EoE with updated evidence, particularly in pediatric
patients.

Epidemiology

Since international consensus is lacking on the diagnostic cri-
teria of EGID except EoFE, its exact prevalence is unknown
and difficult to estimate, although the prevalence of EoE is re-
portedly 34.4-52 per 100,000 in the general population of
Western countries.* Nevertheless, the prevalence of EGID was
estimated at 1-30 per 100,000 people in the general population.?
Furthermore, a study published in 2016 reported the estimated
prevalence of EoG, EoG/EoN, and EoC as being 6.3/100,000,
8.4/100,000, and 3.3/100,000, respectively, in the United States.”

Except for the serosal type of EGID, there is a sex-based
difference in the prevalence of EGID with a male to female ratio
of 3:2.8) In addition, EGID is more prevalent in adults than in
children and more common in Caucasians than in other races.?

However, in a recent study, the prevalence of EGID was
reportedly 19.4/100,000 in children, similar to the 17.9/100,000
in adults.” In this study, while the prevalence of EoG was higher
in adult patients, there was no age difference in EoC; moreover,
the prevalence of EoG/EoN was highest in children younger than
5 years of age.”

Although the prevalence of EoE in Asia is approximately
20/100,000, data are lacking on the prevalence of EGID inclu-
ding EoG, EoG/EoN, or EoC in Asian countries.” However, it is
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assumed to be less common than in Western countries.”
Since EGID has been underdiagnosed to date, data on its
prevalence have been underestimated. However, it seems to be
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rising due to better recognition and increasing interest
nationwide multicenter study of Korean children published in
2020, EoE was diagnosed in 1.5% (14 of 910 pediatric patients)
based on upper endoscopy and mucosal biopsies, whereas EoG/
EoN involving the esophagus was detected in 1.3% (12 of 910
children).'” Both EoE and EGID distal to the esophagus are
uncommon but emerging disease conditions of interest world:

wide.”

Clinical features of EGID in children

EGID causes GI symptoms such as nausea, vomiting, abdomi-
nal pain, and diarrhea in pediatric patients.” Therefore, it may be
one of important organic causes of consideration when a child
complains of these nonspecific GI symptoms.

In children, EGID usually presents with various GI symptoms
depending on the involved GI segment and the extent of
eosinophilic inflammation. EGID is generally classified into mu-
cosal, muscular, and serosal types according to the most involved
layer of the intestinal wall because the anatomic distribution
of eosinophilic inflammation is related to its clinical features.®)
The mucosal type of EGID is the most common, manifesting
with nonspecific GI symptoms such as nausea, vomiting,
diarrhea, weight loss, anemia, and protein-losing enteropathy.
The muscular type of EGID, the second most common, often
leads to intestinal obstruction or intussusception. The serosal
type is uncommon and develops abruptly in a single episode
accompanied by eosinophilic ascites. Unlike the serosal type,
the disease course of the mucosal and muscular types of EGID is
chronic and relapsing. As only mucosal biopsies are taken during
endoscopy and overlap can occur between 2 or 3 types of EGID,
itis often difficult to classify the exact type.®

Pathogenesis of EGID

The etiology and pathogenesis of EGID have not yet been
confirmed. EGID is a mixed type of food allergy.!V It may in-
volve both immunoglobulin E (IgE)- and non-IgE-mediated
hypersensitivity to food allergens because of hypereosinophilia
in the peripheral blood and Gl tissue, increased serum IgE levels,
the presence of elevated inflammatory mediators produced by
eosinophils such as eotaxin, eosinophilic cationic protein (ECP),
interleukin (IL)-3, IL-5, and granulocyte macrophage colony-
stimulating factor (GM-CSF) in GI tissue, delayed Th2 type
allergic reactions, and clinical response to steroid therapy.'!-1?)

Eosinophils, which normally comprise approximately 19%-4%
of leukocytes in the blood, are multifunctional cells that play
an essential role in innate and adaptive immunity during the
initiation, progression, and resolution of immune responses.
Eosinophilic inflammatory activity and selective eosinophil
recruitment from the bloodstream into the tissue of the GI tract
in EGID are complex processes regulated by inflammatory
mediators, including IL-3, IL-4, IL-5, IL-13, and GM-CSE.'>»% In
particular, IL-5 regulates eosinophilic recruitment and infiltration
into the Gl tract in association with eotaxin.'> Eosinophils release
4 cytotoxic granule proteins, including ECB major basic protein
(MBP), eosinophil-derived neurotoxin, and eosinophil pero-
xidase on degranulation. MBP and other inflammatory mediators
directly activate mast cells, which may act as the eosinophil-mast
cell axis, causing tissue inflammation and damage as part of
the pathogenesis of EGID.'® IgE may be involved in mast cell
degranulation in EGID through IgE-induced mast cell-mediated
mechanisms of eosinophilic chemotaxis.'>!”

Therefore, eosinophil-mediated immune responses in the
pathogenesis of EGID is a complex process related to the produc
tion of food antigen-specific IgE antibodies, Th2 cell activation,
and eosinophil-activating inflammatory cytokine overexpression
with an excessive tissue eosinophil load in the tissues of the GI
tract.'®
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Laboratory findings of EGID in children

Increased peripheral eosinophil counts and serum total IgE
levels were suggested as laboratory clues for detecting EGID in
about half of affected patients.!? While peripheral eosinophilia
is not a sensitive marker for tissue eosinophilia in patients with
functional GI disorders, an increased peripheral eosinophil count
may be a beneficial finding in those with EGID.!"Y However,
the significance of this finding is limited because peripheral
eosinophil counts or serum IgE levels can be within the normal
range in other patients.'¥

In our study published in 2020, increased fecal calprotectin
(FCal) levels indicated a higher possibility of EGID'® FCal is an
intracellular cytoplasmic protein of neutrophils with bacterio-
static properties.'” The FCal level is proportional to neutrophil
migration into the GI tract and positively correlates with
leukocyte excretion in the feces.?” Because exposure to specific
food allergens leads to GI inflammation in patients with EGID,
and an increased FCal level was shown in EGID.' Thus, FCal
may be a useful noninvasive marker for intestinal inflammation
that can differentiate between organic GI diseases, including
EGID, and inflammatory bowel disease.'® Further evaluations
including endoscopy with mucosal biopsy can be considered in
patients with increased FCal levels.

Diagnosis of EGID in children

In practice, it is difficult to detect and diagnose EGID since the
diagnosis requires histological confirmation of tissue eosinophilia
on invasive endoscopic biopsy (Fig. 1).?" Furthermore, endo-
scopic findings of EGID except EoE can be normal or nonspecific,
although non-Helicobacter pylori and nongastrotoxic drug ulcers

may be detected during endoscopy in some pediatric patients
with EGID.??

In 1990, Talley et al.?®) suggested the following 3 criteria for
the diagnosis of EGID: (1) presence of chronic or recurrent
GI symptoms; (2) histopathological findings of significant
eosinophilic infiltration into the mucosa or muscle layer of the
GI tract in at least one biopsy sample or the presence of a high
eosinophil count in ascites fluid in serosal type cases; and (3) the
exclusion of other causes of tissue eosinophilia of the GI tract
for the differential diagnosis (Fig. 1).%%?>2% Nevertheless, well-
defined criteria for the diagnosis of EGID (except EoE) are still
lacking.

For the histopathologic diagnosis of EGID, it is essential to
confirm tissue eosinophilia of the GI system.”” However, a
universal consensus is lacking on the exact number of tissue
eosinophils in each GI segment to fulfill the diagnostic criteria of
EGID except for EoE. Previous studies suggested that the total
number of infiltrating eosinophils per high-power field (HPF) in
the GI mucosa should be =15/ HPF for EoE, >20-30/HPF for
EoG, =20/HPF for EoN, and =25-30/HPF for EoFE in at least
one biopsy specimen in suspected cases.”® Nevertheless, debate
persists about the exact numbers of infiltration eosinophils
in each segment of the GI tract for confirming the diagnosis
of EGID beyond EoE. For example, the U.S. Food and Drug
Administration has accepted =30 eosinophils/HPF in =5 HPF in
the stomach and in =3 HPF in the duodenum as cutoff values for
diagnosing EoG/EoN in some clinical trials, while other studies
suggested lower or higher cutoffs.? The criteria for the diagnosis
of EGID in the terminal ileum and colon also varied widely
(20-50 eosinophils/HPF) depending on the detailed location
of intestinal eosinophil infiltration and the study design.®*1-26:2
A recent pediatric study of EGID in children applied =50/HPF
for the right-sided colon, =35/HPF for the transverse colon, and
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Fig. 1. Diagnostic approach to eosinophilic gastrointestinal diseases in children. HPF,
high-power field; EGID, eosinophilic gastrointestinal disease.
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=25/HPF for the left-sided colon.?”

Furthermore, it should not be overlooked that eosinophils
can normally be present to some extent in the intestinal mucosa
of GI biopsy specimens in children and adults and in any acute
or chronic inflammatory disease conditions as a component of
mixed inflammation.?$%)

Due to the lack of published international guidelines or establi-
shed diagnostic criteria for EGID, its diagnosis should be made
carefully. However, the diagnosis would be relatively easy to
make in cases of clinical symptoms with prominently infiltrating
tissue eosinophils in the GI mucosa on biopsy.> Moreover,
histological findings of eosinophils infiltrating the epithelium, the
presence of eosinophil aggregates or microabscesses, eosinophils
showing extensive degranulation, and eosinophils within the

crypt or muscularis mucosae can be additional clues supporting
the diagnosis of EGID.?)

Treatment of EGID in children

There are no universally accepted treatment strategies for
EGID because international consensus and clinical guidelines
are lacking except for EoE. In practice, the treatment of EGID is
usually individualized for each patient and determined according
to symptoms and response time, using a step-up or step-down
process in pediatric EGID patients.?

Despite the lack of confirmed treatment options, recom-
mended timing for initiating treatment, and treatment duration
owing to limited data, dietary and/or pharmacologic therapies
have been applied in practice to manage EGID in pediatric
patients (Table 1).

1. Dietary therapy

Because EGID is a food allergy, dietary modification strategies
such as a targeted elimination diet, the empirical 6-food elimi-
nation diet, and an elemental diet have been used to treat it.'32%39
The targeted elimination diet is based on positive results from

food allergy tests such as a specific IgE and skin prick test, whereas
an empirical elimination diet known as the 6-food elimination diet
targets the restriction of 6 foods including milk, soy, egg, wheat,
nuts, and seafood.®) In clinical practice, the targeted elimination
diet may be beneficial when a small number of food allergens test
positive, while empirical 6-food elimination diets may be helpful
when no allergens are detected or too many are positive on a food
allergy test.'® The elemental diet may be indicated in severe cases
that are refractory to targeted or empirical elimination diets.>?

However, to date, randomized controlled studies are lacking
on dietary therapy of EGID, and most are small or case series. 3"
Therefore, well-designed studies of the dietary management of
EGID are lacking. Accordingly, the efficacy of dietary therapy in
managing EGID beyond EoE is controversial.'¥ Nevertheless,
there is some evidence that dietary modifications may effectively
treat EGID. Clinical and histological remission was shown with
both the 6-food elimination diet and the elemental diet for
6 weeks in an adult study.>" In a pediatric study, about 82% of
30 children with EoG/EoN showed a clinical response without
histological confirmation when the empirical elimination diet or
elemental diet was applied.?

The clinical approach of dietary therapy and modification to
manage EGID in pediatric patients should be carefully decided
on a case-by-case basis considering the clinical features and EGID
type in the individual, positive results of food allergy tests, and
compliance and adherence to different elimination diets.

2. Pharmacologic therapy

Drug therapy strategies for EGID in pediatric patients are
controversial owing to insufficient data.

Proton pump inhibitors (PPIs) can be used to manage EGID,
even in children. In a pediatric study, PPI therapy with lanso-
prazole 10 mg/day improved tissue eosinophilia of the duodenum
in children with EoG/EoN.3? The mechanism of the effect of
PPI in EGID has been suggested that acid suppression improves
clinical symptoms and mucosal inflammation regardless of
the presence of gastroesophageal reflux disease and leads to a

Table 1. Therapeutic options for eosinophilic gastrointestinal disease in children

Treatment option

Dietary therapy
Targeted elimination diet
Elemental diet

Pharmacological therapy Proton pump inhibitor

Empirical elimination diet (e.g., 6 food elimination - milk, soy, egg, wheat, nuts, and fish/shellfish)

Selective leukotriene-4 receptor antagonist (montelukast)

Antihistamine (ketotifen)

Mast cell stabilizer (sodium cromolyn)

Systemic steroid (prednisone)

Immunosuppresant (azathioprine, 6-mercaptopurine) [experimental]

Anti-tumor necrosis factor monoclonal antibody (infliximab, adalimumab) [experimental]
Anti-IgE antibody (omalizumab) [experimental]

Anti-IL-5 antibody (mepolizumab) [experimental]

Th2 inhibitors (suplatast) [experimental]

IgE, immunoglobulin E; IL, interleukin.
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reduction of tissue eosinophils and inhibition of IL-4 and 1L-13
activity. 13,32)

Montelukast is a selective leukotriene-4 receptor antagonist
that was previously used to treat allergic rhinitis and asthma.>¥ It
also effectively induces and maintains the remission of EoG/EoN
in both adult and pediatric patients at a daily dose of 4-10 mg/
day, although results vary among different age groups.>® Clinical
and histological responses were noted within 2—4 weeks after
the start of montelukast therapy, and remission was maintained
for more than 12 months in most studies, but this remains
controversial.>*3® Therefore, further studies are needed to
ensure the long-term efficacy and safety of montelukast therapy
for EoG/EoN. Nevertheless, montelukast monotherapy and/or
its combination with low-dose systemic steroids may be beneficial
in practice for managing EoG/EoN in both adults and children.®

Ketotifen is a first-generation antihistaminic drug that has
clinical and/or histological effects in some case reports or case
series in conjunction with montelukast or steroids, but additional
data are required to confirm its long-term efficacy.***® Ketotifen
monotherapy is not recommended in EGID due to a lack of
evidence.!3?

Oral sodium cromolyn, a mast cell stabilizer that blocks the
release of mast cell mediators, can be used for weeks to more
than 12 months, but its efficacy is controversial, as clinical and
histological remission was observed in some cases but not in
others.3®)

Systemic steroids are key pharmacological therapies that can
induce but not maintain remission in EGID. Systemic steroids
may act in EGID by suppressing cytokines such as IL-3, IL-4,
IL-5, and GM-CSE, induce eosinophil apoptosis, and reduce
peripheral eosinophilia and tissue eosinophil infiltration. 33640
Although debate persists on the proper treatment dosage and
duration, oral prednisone 0.5-2 mg/kg/day (initial dose of
3040 mg/day; max, 60 mg/day) for 2 weeks tapered over 6-8
weeks may be used in practice.'>9 Systemic steroids are the most
effective treatment, with clinical remission occurring within 2-3
weeks after the initiation of therapy in more than 80%-90%
of patients with EGID in most studies, while the other 20%
remained steroid-dependent.!33¢*) In Korean children, while
systemic steroid treatment resulted in a clinical response without
relapse in 11 of 19 patients with EGID, relapse was noted in
21.1% after the cessation of steroid therapy, and no response to
steroid therapy was also noted in another 21.1%.4? Despite the
strong therapeutic effect of systemic steroid therapy, it should
be cautiously prescribed because of the lack of randomized
controlled studies and clinical guidelines to support its use in
practice in addition to potential serious adverse drug effects.'
Moreover, a low dose of prednisone to maintain remission is
not recommended due to a variety of adverse effects despite the
possibility of disease relapse.'3-3¢)

Other potential experimental drugs introduced in a few case
reports may include immunosuppressant, such as azathioprine
or 6-mercaptopurine in steroid-dependent refractory EoG/EoN
cases, anti-tumor necrosis factor monoclonal antibody (infli-

ximab or adalimumab), anti-IgE antibody (omalizumab), anti-
IL-5 antibody (mepolizumab), and Th2 inhibitors (suplatast
tosilate). 304344

Individualized appropriate therapeutic strategies, including
dietary modifications such as the targeted elimination diet, empi-
rical elimination diet, and elemental diet, as well as medications
such as montelukast, ketotifen, or systemic steroid therapy, may
be beneficial for managing pediatric patients with EGID despite
insufficient data.®!34)

Natural history of EGID in children

To date, limited data are available on the natural course of
EGID. According to a recent report by de Chambrun et al.* in
2018, 43 adults with EoG/EoN were followed up from 1988
to 2009. In this study, patients with EoOG/EoN showed a benign
disease course, but recurrent and chronic diseases were observed
in more than 50% of them; spontaneous remission without
relapse in 409, relapse in 37%, and chronic disease in 21%.*
Peripheral eosinophilia at the initial diagnosis was related to an
increased risk of relapse.*” In a Korean study in children with
EGID, relapse was observed in 21.19%, and the presence of
gastroduodenal ulcer as well as steroid resistance were related to
relapse in pediatric patients with EGID.*?)

Unfortunately, no studies have examined the long-term
prognosis of EGID except EoE. The majority of EoE cases in
children may persist throughout adulthood; in fact, relapse was
present in 32.5%-49.2% of patients based on the data from
several studies.”) Moreover, a higher risk of esophageal stricture
was associated with delayed diagnosis.’*® The interval of a delay
in diagnosis after symptom onset was 1.2-3.5 years in children
versus 3.0-8.0 years in adults,” and the risk of esophageal stric
ture increased about 9% annually until EoE was diagnosed.*?)
Another small group study of the long-term natural history
of childhood-onset EoE reported that esophageal stricture
developed in 83% of 6 pediatric EoE patients after a mean 7.8
years of follow-up.*”

To ensure better clinical outcomes, it may be important to
diagnose and treat EGID properly as early as possible, especially
in pediatric patients since their symptoms may not improve
without treatment and may lead to malabsorption, malnutrition,
and growth failure.”

Conclusion

Although EGID has been underestimated, its prevalence
is recently increasing worldwide, even in children. Although
consensus is lacking on the definition of tissue eosinophilia except
for EoE, the diagnosis of EGID is based on histopathologic
findings of the affected GI tract segment by counting of the
number of infiltrating eosinophils in patients with GI symptoms.
As a delayed diagnosis and treatment of EGID may lead to
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poor outcomes in children, the early detection of its occurrence
and relapse may be important. Noninvasive markers such as
peripheral eosinophilia and increased FCal concentration may be
helpful in the early detection of EGID in children. Because overall
data from well-designed high-quality studies are still limited and
standardized clinical guidelines for pediatric EGID are lacking
except for EoF, individualized treatment including dietary and
drug therapy may be beneficial for pediatric EGID patients.
Furthermore, large-scale well-designed studies as well as clinical
guidelines with international consensus may be required in the
future to increase our understanding of EGID in children.

Footnotes

Conflicts of interest: No potential conflict of interest relevant to
this article was reported.

Funding: This study received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

ORCID:
Hye RanYang ' https:/orcid.org/0000-0002-3423-6922

References

1. Liacouras CA, Furuta GT, Hirano I, Atkins D, Attwood SE, Bonis PA, et
al. Eosinophilic esophagitis: updated consensus recommendations for
children and adults. J Allergy Clin Immunol 2011;128:3-20.e6; quiz 21-
2.

2. Ko HM, Morotti RA, Yershov O, Chehade M. Eosinophilic gastritis in
children: clinicopathological correlation, disease course, and response to
therapy. Am J Gastroenterol 2014;109:1277-85.

3. Licari A, Votto M, D'Auria E, Castagnoli R, Caimmi S, Marseglia GL.
Eosinophilic gastrointestinal diseases in children: a practical review. Curr
Pediatr Rev 2020;16:106-14.

4. Spergel JM, Book WM, Mays E, Song L, Shah SS, Talley NJ, et al.
Variation in prevalence, diagnostic criteria, and initial management
options for eosinophilic gastrointestinal diseases in the United States. |
Pediatr Gastroenterol Nutr 2011;52:300-6.

5. Shaheen NJ, Mukkada V, Eichinger CS, Schofield H, Todorova L, Falk
GW. Natural history of eosinophilic esophagitis: a systematic review of
epidemiology and disease course. Dis Esophagus 2018;31:doy0135.

6. Uppal V, Kreiger B Kutsch E. Eosinophilic gastroenteritis and colitis: a
comprehensive review. Clin Rev Allergy Immunol 2016;50:175-88.

7. Jensen ET, Martin CE, Kappelman MD, Dellon ES. Prevalence of
eosinophilic gastritis, gastroenteritis, and colitis: estimates from a national
administrative database. ] Pediatr Gastroenterol Nutr 2016;62:36-42.

8. Ridolo E, Melli V, De’ Angelis G, Martignago 1. Eosinophilic disorders of
the gastro-intestinal tract: an update. Clin Mol Allergy 2016;14:17.

9. Kinoshita Y, Ishimura N, Oshima N, Ishihara S. Systematic review:
eosinophilic esophagitis in Asian countries. World J Gastroenterol
2015;21;21:8433-40.

10. Lee KS, Choe BH, Kang B, Kim S, Kim JY, Shim JO, et al. Nationwide
multicenter study of eosinophilic esophagitis in Korean children. Pediatr
Gastroenterol Hepatol Nutr 2020;23:231-42.

11. Rothenberg ME. Eosinophilic gastrointestinal disorders (EGID). J Allergy
Clin Immunol 2004;113:11-28.

12. Cianferoni A, Spergel JM. Eosinophilic esophagitis and gastroenteritis.
Curr Allergy Asthma Rep 2015;15:58.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Sunkara T, Rawla B, Yarlagadda KS, Gaduputi V. Eosinophilic gastroen-
teritis: diagnosis and clinical perspectives. Clin Exp Gastroenterol 2019;
12:239-53.

Desreumaux B, Bloget F, Seguy D, Capron M, Cortot A, Colombel JF,
et al. Interleukin 3, granulocyte-macrophage colony-stimulating factor,
and interleukin 5 in eosinophilic gastroenteritis. Gastroenterology 1996
110:768-74.

Collins PD, Marleau S, Griffiths-Johnson DA, Jose PJ, Williams TJ.
Cooperation between interleukin-5 and the chemokine eotaxin to induce
eosinophil accumualtion in vivo. ] Exp Med 1995;182:1169-74.

Patella V, de Crescenzo G, Marino I, Genovese A, Adt M, Gleich GJ, et al.
Eosinophil granule proteins activate human heart mast cells. J] Immunol
1996;157:1219-25.

Opyaizu N, Uemura Y, Izumi H, Morii S, Nishi M, Hioki K. Eosinophilic
gastroenteritis. Immunohistochemical evidence for IgE mast cell-me-
diated allergy. Acta Pathol Jpn 1985;35:759-66.

Yoo IH, Cho JM, Joo JY, Yang HR. Fecal calprotectin as a useful non-
invasive screening marker for eosinophilic gastrointestinal disorder in
Korean children. ] Korean Med Sci 2020;35:¢120.

Konikoff MR, Denson LA. Role of fecal calprotectin as a biomarker of
intestinal inflammation in inflammatory bowel disease. Inflamm Bowel
Dis2006;12:524-34.

Montalto M, Gallo A, Santoro L, D'Onofrio F, Landolfi R, Gasbarrini
A. Role of fecal calprotectin in gastrointestinal disorders. Eur Rev Med
Pharmacol Sci 2013;17:1569-82.

Alhmoud T, Hanson JA, Parasher G. Eosinophilic gastroenteritis: an
underdiagnosed condition. Dig Dis Sci2016;61:2585-92.

Joo JY, Cho JM, Yoo IH, Yang HR. Eosinophilic gastroenteritis as a cause
of non-Helicobacter pylori, non-gastrotoxic drug ulcers in children. BMC
Gastroenterol 2020;20:280.

Talley NJ, Shorter RG, Phillips SF, Zinsmeister AR. Eosinophilic gastro-
enteritis: a clinicopathological study of patients with disease of the mucosa,
muscle layer, and subserosal tissues. Gut 1990;31:54-8.

Guajardo JR, Plotnick LM, Fende JM, Collins MH, Putnam PE,
Rothenberg ME. Eosinophil-associated gastrointestinal disorders: a
world-wide-web based registry. ] Pediatr 2002;141:576-81.

Turner KO, Collins MH, Walker MM, Genta RM. Quantification of
mucosal eosinophils for the histopathologic diagnosis of eosinophilic
gastritis and duodenitis: a primer for practicing pathologists. Am J Surg
Pathol 2022;46:557-66.

Koutri E, Papadopoulou A. Eosinophilic gastrointestinal diseases in
childhood. Ann Nutr Metab 2018;73:18-28.

Egritas Gurkan O, Ozturk H, Karagol HIE, Ceylan K, Duztas DT, Ekinci
O, etal. Primary eosinophilic gastrointestinal diseases beyond eosinophilic
esophagitis in children. ] Pediatr Gastroenterol Nutr 2021;72:294-9.
Yantiss RK. Eosinophils in the GI tract: how many is too many and what
do they mean? Mod Pathol 201528 Suppl 1:57-21.

Lucendo A], Serrano-Montalban B, Arias A, Redondo O, Tenias JM.
Efficacy of dietary treatment for inducing disease remission in eosinophilic
gastroenteritis. ] Pediatr Gastroenterol Nutr 2015;61:56-64.

Gonsalves N, Doerfler B, Yang GY. Hirano 1. A prospective clinical trial of
six food elimination diet or elemental diet in the treatment of adults with
eosinophilic gastroenteritis. Gastroenterol 2009;136:5S1861.

Nelson TH, Klein GL, Galant SP. Severe eosinophilic gastroenteritis
successfully treated with an elemental diet (Vivonex). ] Allergy Clin
Immunol 1979;63:198.

YamadaY, Toki F, Yamamoto H, Nishi A, Kato M. Proton pump inhibitor
treatment decreased duodenal and esophageal eosinophilia in a case of
eosinophilic gastroenteritis. Allergol Int 2015364 Suppl:S83-5.

Neustrom MR, Friesen C. Treatment of eosinophilic gastroenteritis with
montelukast. ] Allergy Clin Immunol 1999;104(2 Pt 1):506.

Schwartz DA, Pardi DS, Murray JA. Use of montelukast as steroid-
sparing agent for recurrent eosinophilic gastroenteritis. Dig Dis Sci
2001;46:1787-90.

Vanderhoof JA, Young R]J, Hanner TL, Kettlehut B. Montelukast: use
in pediatric patients with eosinophilic gastrointestinal disease. ] Pediatr
Gastroenterol Nutr 2003;36:293-4.

238 Yang HR. Eosinophilic gastrointestinal disease in children

www.e-cep.org


http://www.e-cep.org

36.

37.

38.

39.

40.
41.

42.

43.

Rached AA, Hajj WE. Eosinophilic gastroenteritis: approach to diagnosis
and management. World ] Gastrointest Pharmacol Ther 2016;7:513-23.
Melamed I, Feanny SJ, Sherman PM, Roifman CM. Benefit of ketotifen in
patients with eosinophilic gastroenteritis. Am ] Med 1991;90:310-4.
Bolukbas FF, Bolukbas C, Uzunkoy A, Baba F, Horoz M, Ozturk E. A
dramatic response to ketotifen in a case of eosinophilic gastroenteritis
mimicking abdominal emergency. Dig Dis Sci 2004;49:1782-5.

Di Gioacchino M, Pizzicannella G, Fini N, Falasca F, Antinucci R,
Masci S, et al. Sodium cromoglycate in the treatment of eosinophilic
gastroenteritis. Allergy 1990;45:161-6.

Rothenberg ME. Eosinophilia. N Engl ] Med 1998;338:1592-600.

Chen MJ, Chu CH, Lin SC, Shih SC, Wang TE. Eosinophilic gastroen-
teritis: clinical experience with 15 patients. World J Gastroenterol 2003;
9:2813-6.

Choi JS, Choi SJ, Lee KJ, Kim A, Yoo JK, Yang HR, et al. Clinical
manifestations and treatment outcomes of eosinophilic gastroenteritis in
children. Pediatr Gastroenterol Hepatol Nutr 2015;18:253-60.

Netzer B, Gschossmann JM, Straumann A, Sendensky A, Weimann R,
Schoepfer AM. Corticosteroid-dependent eosinophilic oesophagitis:
azathioprine and 6-mercaptopurine can induce and maintain long-term
remission. Eur ] Gastroenterol Hepatol 2007;19:865-9.

44,

45.

46.

47.

Turner D, Wolters VM, Russell RK, Shakhnovich V, Muise AM, Ledder
O, et al. Anti-TNF, infliximab, and adalimumab can be effective in
eosinophilic bowel disease. ] Pediatr Gastroenterol Nutr 2013;56:492-7.
de Chambrun GB, Dufour G, Tassy B, Riviére B, Bouta N, Bismuth M,
et al. Diagnosis, natural history and treatment of eosinophilic enteritis: a
review. Curr Gastroenterol Rep 2018;20:37.

Warners NJ, Nijhuis R, de Wijkerslooth L, Smout A, Bredenoord A. The
naturnal course of eosinophilic esophagitis and long-term consequences
of undiagnosed disease in a large Cohort. Am J Gastroenterol 2018;113:
836-44.

Koutlas NT, Dellon ES. Progression from an inflammatory to a fibro-
stenotic phenotype in eosinophilic esophagitis. Case Rep Gastroenterol
2017;11:382-8.

How to cite this article: Yang HR. Update on eosinophilic
gastrointestinal  disease beyond eosinophilic esophagitis in
children. Clin Exp Pediatr 2023;66:233-9.

www.e-cep.org

https://doi.org/10.3345/cep.2022.01046 239


http://www.e-cep.org
https://doi.org/10.3345/cep.2022.01046

