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Abstract

Primary eosinophilic gastrointestinal disorders (EGID) are increasingly prevalent,

immune‐mediated, chronic conditions which primarily affect pediatric and young

adult patients, leading to substantial disease burden, and poor quality of life. EGID

may either involve single portions of the gastrointestinal tract (i.e., esophagus,

stomach, small bowel, and colon) or a combination. Their strong association with

allergic disorders has been recently recognized, and although their shared patho-

physiological basis remains partly elusive, this feature greatly impacts the diagnostic

and treatment work‐up. We herein critically discuss the current knowledge on the

association of EGID and allergic disorders, including atopic dermatitis, allergic

rhinitis, allergic asthma, and food or drug allergy. In particular, we reviewed the

literature focusing on their epidemiology, pathophysiological basis and mechanisms,

and diagnostic strategies. Finally, we discuss the currently ongoing clinical trials

targeting EGID and allergic diseases, including, among others the monoclonal an-

tibodies dupilumab, mepolizumab, benralizumab, and lirentelimab.
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1 | INTRODUCTION

Primary eosinophilic disorders of the gastrointestinal tract (EGID)

encompass a spectrum of diseases characterized by prominent

eosinophilic inflammation affecting different regions of the gut that

occur in the absence of secondary causes (e.g., infections, drug re-

actions).1,2 Eosinophils typically show an activated phenotype, and

their infiltration leads to symptoms related to organ dysfunction.

EGID include some major entities according to the topographical

localization of the inflammation, namely eosinophilic esophagitis

(EoE), eosinophilic gastritis/gastroenteritis, and eosinophilic colitis,

and both the pediatric and adult populations can be affected by these

conditions, although with different manifestations in the pediatric

and adult populations.3,4

Eosinophilic gastrointestinal disorders are increasingly recog-

nized conditions, the prevalence of which has been probably under-

estimated so far due to poor awareness and lack of standardized

diagnostic criteria.5,6 Also, given that endoscopic examinations are

needed for making a definitive diagnosis, the entity of underdiagnosis

in pediatric patients is probably more relevant. More in depth, EoE,

Abbreviations: EGID, eosinophilic gastrointestinal disorders; EoE, eosinophilic esophagitis.
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with a prevalence of 0.5 to 1/1000 individuals in the general popu-

lation, is the most frequent among EGID, and hence it is the most

studied.7 It represents the most common cause of chronic dysphagia

in children and the most common cause of dysphagia with bolus

impaction in adults.8 In a recent study by Cianferoni et al. conducted

in the United States, the prevalence of concomitant atopic diseases

was significantly higher in both adults and children, compared to non

EoE patients.9

Due to their supposed rarity and the paucity of data, the preva-

lence of the other disorders belonging to the EGID spectrum is more

difficult to ascertain. According to a recent US registry‐based study by
Dellon et al., the prevalence of eosinophilic gastritis, gastroenteritis

and eosinophilic colitis, after the introduction of specific ICD‐9 codes,
can be estimated to be as high as 6.3/100,000, 8.4/100,000, and 3.3/

100,000, respectively.10 However, this figure is probably under-

estimated, as this commonly occurs in administrative data‐driven
studies.11 As recently reported in a systematic review with meta‐
analysis, non‐esophageal EGIDs affect about 2% of patients referred

to the hospitals for gastrointestinal symptoms and the prevalence of

atopic comorbidities ranges from 25% to 54% of affected patients.12

Eosinophilic esophagitis is a chronic immune‐mediated, antigen‐
driven, disease, and results from the complex interplay between ge-

netic and environmental factors, also including early life exposures to

certain factors, leading to epithelial barrier dysfunction, allergic

sensitization, and prominent Th2 inflammation.8,13,14 On the contrary,

the pathogenesis of EGID not affecting the esophagus is still largely

uncertain. Some cellular and molecular features of Th2 inflammation

have been demonstrated, particularly with reference to eosinophilic

gastroenteritis, but autoimmune factors are also believed to exert a

role.15,16 However, a comprehensive view of their pathogenesis is still

lacking, and this contributes, along with other factors, to the sub-

stantial diagnostic delay and therapeutic uncertainty.17,18 Moreover,

the association with allergic disorders must be considered when

managing patients with EGID, as they may share a common etio‐
pathological background and hence some clinical features.2,9,17 In

fact, some patterns of disease association are common in these pa-

tients, such as the co‐occurrence of allergic asthma, rhinitis, and

esophageal symptoms, or the occurrence of gastrointestinal symp-

toms in patients receiving oral immunotherapy for food allergy, or

else the occurrence of isolated diarrhea in atopic patients.6,19,20 All

these clinical patterns should raise the suspicious of EGID.

Apart from the common association with allergic manifestations,

the clinical features of EGID vary according to the gut segment and

the layer of the gut wall involved, that is, the mucosa, the muscular

layer, or the serosa, and the diagnostic work‐up of EGID is primarily

based on endoscopy and histopathology.21 The main clinical features,

diagnostic criteria, and currently available therapies for EGID are

summarized in Table 1.

The aim of the present review is to provide in a narrative and

concise fashion an updated overview about the association between

EGID and the whole spectrum of allergic disorders in adults and

children, in order to improve diagnosis and treatment of allergic

comorbidities in patients with EGID. We also provide a critical

update of the ongoing clinical trials regarding therapies for EGID,

highlighting potential advantages for concomitant allergic disorders.

2 | METHODS

In June and September 2021, we performed a computer‐assisted
literature search for relevant studies using PubMed. The aim of the

search was to find papers dealing with the association of EGID with

allergic disorders, focusing on the clinical and therapeutical implica-

tions. The research was restricted to papers published in English. The

medical subject heading terms used were “EoE,” “eosinophilic

gastritis,” “eosinophilic gastroenteritis,” “eosinophilic colitis,” and

“atopy,” “asthma,” “allergic rhinitis,” “atopic dermatitis,” “drug al-

lergy,” “eczema,” “environmental allergy.” By using these terms, we

found more 3000 papers. Of these, most were unrelated to the re-

view topic and hence were discarded by all authors. We focused on

the original, review articles, and case reports/series since database

inception, dealing with the association of allergic disorders in EGID,

in both the pediatric and the adult settings. We also searched for

relevant papers cited in authoritative reviews dealing with EGID in

relation to other allergic disorders. Given the narrative, expert‐
based, nature of the review we did not carry out a systematic re-

view of the literature.

2.1 | Eosinophilic esophagitis

Eosinophilic esophagitis has proteiform manifestations and symp-

toms, which vary with age.4 While young children and toddlers usu-

ally experience vomiting, regurgitation, abdominal pain, feeding

refusal, and failure to thrive, adolescents and adults often report

dysphagia and food impaction that may be the expression of

advanced tissue remodeling.22–24 EoE may affect people of any age

and gender, but it is more common in young male individuals. It is

characterized by the presence of esophageal infiltration in both the

proximal and distal esophagus. The disrupted function of the mus-

colaris mucosa layer, which can be shown by ultrasonography, results

in symptoms of esophageal dysmotility.25

Most of the studies considering the relationship between EGID

and asthma are focused on EoE, probably because EoE is the most

frequent form of EGID, paralleling the epidemiologic surge of allergic

diseases.7,26 Several studies have shown that patients with EoE suffer

from a significant burden of allergic comorbidities, such allergic

rhinitis, asthma, atopic dermatitis, and IgE‐mediated food‐allergy.
The prevalence of asthma in adult series of EoE patients varies

from 25% to 50%, and reaches 60% in pediatric series.26–28 More-

over, in a previous meta‐analysis considering a large number of in-

dividuals it was found that patients with EoE had a significantly

increased probability of having asthma (OR 3.01, 95% CI 1.96–4.62,

OR 5.09, 95% CI 3.91–8.90, respectively) and allergic rhinitis

compared to controls.29 This strong association has led some authors

to consider EoE as “the asthma of the esophagus.”30
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Food allergy has been traditionally linked to EoE, given the

strong epidemiologic link between these disorders, the clinical and

histological response of EoE to elemental diets, and, more recently,

the increased recognition of EoE in patients being treated with oral

immunotherapy.8 The prevalence of IgE‐mediated food allergy varies
between 25% and nearly 70%.29,31 The most frequently implied foods

are milk, wheat, soy, egg, nuts, and shellfish. Eczema was also

significantly more frequent in patients than controls, (OR 2.85, 95%

CI 1.87–4.34).

Finally, in a large cross‐sectional, population‐based survey con-

ducted in the US, a high prevalence of allergic disorders was

observed among 74 EoE children and 89 EoE adults, namely 32.4%

TAB L E 1 Clinical and endoscopic features, diagnostic criteria, current therapeutic options in eosinophilic gastrointestinal disorders

Eosinophilic esophagitis Eosinophilic gastritis/enteritis Eosinophilic colitis

Clinical features Symptoms vary with age

Gastroesophageal reflux disease (heart-

burn, acid regurgitation), epigastric/

chest pain, dysphagia, food impaction,

vomiting, weight loss

Mucosal form: vomiting, abdominal pain,

diarrhea malabsorption, protein‐losing
enteropathy, iron‐deficient anemia,
failure to thrive (children), melena

Muscolaris layer form: obstructive

symptoms

Serosal form: eosinophil‐rich ascites

Abdominal pain

Diarrhea

Weight loss

Anorexia

Endoscopic

features

Edema

Linear oriented creases (furrowing)

Mucosal rings (feline esophagus)

Exudates and whitish papules

Polyps

Strictures

Micronodules

Erosion

Mucosal hyperemia

Erythema

Loss of vascularity

Lymphonodular hyperplasia

Diagnostic

criteria

≥15 Eo/HPF from at least one site (distal,

mid, or proximal esophagus)
≥30 Eo/HPF in ≥5 HPF or ≥70 Eo/HPF in

≥3 HPF (stomach)

≥52 Eo/HPF (duodenum)

≥56 Eo/HPF (ileum)

≥100 Eo/HPF (cecum/ascending colon)

≥84 Eo/HPF (transverse/descending

colon)

≥64 Eo/HPF (sigma/rectum)

Histopathological

features

Eosinophilic inflammation, eosinophil ab-

scess, eosinophil surface layer, basal

zone hyperplasia, dilated intercellular

spaces, dyskeratotic epithelial cells,

lamina propria fibrosis.

Immunostaining for MCP, ECP, IgE,

tryptase

Eosinophilic inflammation in different

layers

Blunt villi

Immunostaining for MCP, ECP, IgE,

tryptase

Eosinophil cryptitis/crypt abscesses, crypt

architectural abnormalities, increased

intraepithelial eosinophils, and eosin-

ophils in muscularis mucosa and

submucosa

Immunostaining for MCP, ECP, IgE,

tryptase

Laboratory

parameters

Peripheral blood eosinophilia (not always

present)

Peripheral blood eosinophilia (not always

present)

Peripheral blood eosinophilia (not always

present)

Differential

diagnoses

Infection

HES

Neoplasm

CTD/SS

Small vessel vasculitis

Drug reaction

Infection

HES

Celiac disease

Crohn's disease

CTD/SS

Small vessel vasculitis

Systemic mastocytosis

Drug reaction

Infection

HES

Ulcerative colitis

Crohn's disease

CTD/SS

Small vessel vasculitis

Systemic mastocytosis

Drug reaction

Association with

allergic

disorders

+++ ++ +

Predominant

allergic

phenotype

IgE IgE T‐cell

T‐cell T‐cell

Therapeutic

options
Elemental diet, 6, 4, and 2 FED

Topical glucocorticoid

Proton pump inhibitors

Elemental diets

Topical and systemic glucocorticoid

Elemental diet

Topical and systemic glucocorticoid

Evolution Esophageal stenosis, bleeding,

perforation/rupture, especially if left

untreated

Poorly characterized in the long term Poorly characterized in the long term

Abbreviations: CTD, connective tissue disease; FED, food elimination diet; HES, hyper‐eosinophilic syndrome; HPF, high power field; SS, systemic

sclerosis.
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and 37.3%, respectively, had ≥1 current IgE‐food allergy, 27.8% and

47.8%, respectively, had asthma, 27.5% and 22.9%, respectively, had

atopic dermatitis/eczema, and 43.5% and 41.6%, respectively, had

seasonal rhinitis.9

Overall, these findings have led many researchers to include EoE

in the spectrum of disorders making up the atopic march, often rep-

resenting the final step of this progression.32 Of note, the association

between food allergy and EoE has been found to be the strongest.32

Several pathophysiological theories have been put forward to

explain the association between EoE with atopic disorders, however

a consistent picture is still lacking.33 A possible role of aeroallergens

in terms of EoE diagnosis/exacerbation has been suggested by clin-

ical studies, showing an association between pollen season and

incidence of EoE diagnosis.34 Besides, cases of EoE after sublingual

immunotherapy for respiratory allergies have also been

observed.20,35,36 The exact mechanistic interpretation of these

findings is still incomplete. A direct effect of pollen allergens, but also

of food allergens that are cross‐reactive to pollens, could be present.
A common pathophysiologic feature of EoE and food allergy

could be the presence of a shared allergen‐restricted Th2 specificity.

However, despite these similarities, these conditions display peculiar

features, as EoE is usually a life‐long disease, whereas food allergy is
usually transitory, so it is not uncommon to encounter patients with

EoE with a history of food allergy. Moreover, the anti‐IgE therapy

seems to exert a marginal role in EoE.37,38 These findings imply that

the eosinophilic inflammation in EoE is independent of a classical

Th2‐response and other still unknown factors play a role.

2.2 | Eosinophilic gastritis and gastroenteritis

Gastritis, enteritis, and gastroenteritis are usually considered as a

whole nosologic entity given their clinical similarities and paucity of

pathogenetic knowledge. They may show concomitant eosinophilic

infiltration of other gut regions, such as the esophagus and the large

intestine. Clinical manifestations are proteiform, as already shown in

Table 1, depending on which layer of the gut wall is mostly affected.

Symptoms could be mild and often overlooked, or could be serious

and potentially life‐threatening, including abdominal pain, diarrhea,

and frank malabsorption.39

Asthma and other allergic diseases, such as allergic rhinitis, have

also been described in patients with eosinophilic gastritis or

gastroenteritis, but with less convincing evidence compared to EoE.

Nonetheless, the frequency of self‐reported allergic rhinitis and

asthma is still relevant, as high as 63% and 39%, respectively, in a

questionnaire‐based registry study assessing the prevalence of

atopic conditions in 107 patients, adults and children, with these

conditions.40

More recently, some case reports have described the association

between asthma and eosinophilic gastritis in a few patients with

severe asthma, treated with dupilumab or mepolizumab.41,42 Few

data pertaining the association between eosinophilic gastritis with

food allergy are available, while the majority of the studies hasT
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evaluated mainly sensitization to food allergens alone. Another lim-

itation is represented by the inclusion of cases of concomitant EoE.

The presence of food allergy was ascertained in a pediatric US series

in one‐ninth of patients with isolated eosinophilic gastritis and one‐
third in those with eosinophilic gastritis with duodenal eosino-

philia.43 in an another US study including 44 patients, children and

adults, with eosinophilic gastroenteritis (associated EoE in 30% of the

cases) the prevalence of food allergy was 42%. Interestingly, drug

allergy was also found in 31% and eczema in 16%.44

Overall, the prevalence of atopic disorders in patients with

eosinophilic gastritis and gastroenteritis appears to be high, being

estimated at 38.5% and 45.6%, respectively.10

2.3 | Eosinophilic colitis

Primary eosinophilic colitis is the least frequent disorder among

EGID. The absence of internationally agreed diagnostic criteria,

including a clear eosinophilic infiltrate threshold, has hampered its

identification for a long time. Eosinophilic colitis frequently presents

with diarrhea, abdominal pain, anorexia, and weight loss. It has a

bimodal age presentation, namely in infancy (at approximately

60 days of age) and during adolescence and early adulthood.45 Also, it

has been associated with a wide range of atopic disorders, including

drug allergy, allergic rhinitis, asthma, and food allergy.46,47

In a US administrative database study, Jensen et al. evaluated

404 adult patients with eosinophilic colitis, finding that co‐existing
allergic conditions were common, being present in 41.8% of the pa-

tients.10 The most commonly reported allergic condition was allergic

rhinitis (30%). Asthma was reported in 15% and atopic dermatitis in

6.2% of the patients. In a smaller series of adult patients (n = 22), a

lower incidence of both asthma and allergic rhinitis (18%) was

reported.47

The prevalence of atopic conditions seems to be high also in

children, according to the only case series available, which includes

almost 50 individuals, and reports that 40% displayed one or more

signs of atopy.48 The same estimate of comorbid atopic conditions

has been calculated by Dellon et al. in the aforementioned register‐
based study.10

3 | OUTLOOK

Allergic manifestations are a frequent comorbidity in patients with

immune‐mediated disorders of the gastrointestinal tract, including

classical autoimmune diseases and EGID.49 The current evidence of

the association between EGID and allergic disorders, as discussed

above, is summarized in Tables 2–4, for adults, children, and both,

respectively.

Allergens can lead to disease exacerbation and allergen elimi-

nation results in disease control in a significant proportion of pa-

tients. Besides, the control of atopic conditions is important to

control EoE.77 Patients living with EGID should be carefullyT
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evaluated from a multidisciplinary team, made up by an allergist, a

pediatrician, and a gastroenterologist, considering all aspects of Th2

inflammation. Treatment modalities should possibly be tailored to

tackle shared molecular pathways.

Notably, a number of clinical trials regarding treatmentmodalities

for EGID are currently ongoing (Table 5). Apart from a few unspecific,

non‐biologic, molecules, most of the drugs under investigations are

monoclonal antibodies, all of them targeting different pathogenic

TAB L E 5 The currently ongoing clinical trials for the treatment of primary eosinophilic gastrointestinal disorders

Agent

Route of

administration Mechanism of action Condition

Clinical trial

number Phase

Antihistamines (loratadine and

famotidine)

Oral Histamine‐1 (H1) and Histamine‐2 (H2)

receptor antagonists

EoE NCT04248712 2

Febuxostat Oral Non‐purine‐selective inhibitor of xanthine

oxidase

EoE NCT02873468 2

Omeprazole Oral PPI EoE NCT04149470 4

Fluticasone and omeprazole versus

fluticasone alone

Oral Anti‐inflammatory PPI EoE NCT03781596 4

Budesonide Oral Anti‐inflammatory EoE NCT03245840 3

Fluticasone propionate Oral Anti‐inflammatory EoE NCT04281108 3

Mometasone furoate Oral Anti‐inflammatory EoE NCT04849390 2

Mepolizumab s.c. Anti‐IL5 mAb EoE NCT03656380 2

Benralizumab s.c. Anti‐IL5Rα mAb EoG NCT03473977 2–3

EoGE

Benralizumab s.c. Anti‐IL5Rα mAb EoE NCT04543409 3

Dupilumab s.c. Anti‐IL4/13 mAb EoG NCT03678545 2

EoGE

Dupilumab s.c. Anti‐IL4/13 mAb EoE NCT03633617 3

Dupilumab s.c. Anti‐IL4/13 mAb EoE NCT04394351 3

Cendakimab s.c. Anti‐IL3 mAb EoE NCT04753697 3

CALY‐002 i.v. Anti‐IL15 mAb EoE NCT04593251 1

Celiac

disease

Lirentelimab i.v. Anti‐Siglec‐8 mAb EoE NCT04322708 2–3

Lirentelimab i.v. Anti‐Siglec‐8 mAb EoG NCT04322604 3

EoGE

EoD

Lirentelimab i.v. Anti‐Siglec‐8 mAb EoG NCT03664960 2

EoGE

EoD

Lirentelimab i.v Anti‐Siglec‐8 mAb EoG NCT04620811 3

EoGE

EoD

Lirentelimab i.v. Anti‐Siglec‐8 mAb EoGE NCT04856891 3

EoD

Etrasimod Oral Sphingosine 1‐phosphate (S1P) receptor EoE NCT04682639 2

Benzimidazolylpicolinoyl Oral Active lanthionine synthetase C‐like 2

(LANCL2)

EoE NCT04835168 1

Abbreviations: EoD, eosinophilic duodenitis; EoE, eosinophilic esophagitis; EoG, eosinophilic gastritis; EoGE, eosinophilic gastroenteritis; mAb,

monoclonal antibody; PPI, proton pump inhibitor.
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pathways that, in some cases, are shared with allergic diseases. For

example, dupilumab, an anti‐interleukin 4 (IL4) receptor alpha mono-

clonal antibody, has already been approved for the treatment of atopic

dermatitis and allergic asthma, while mepolizumab, an anti‐IL5
monoclonal antibody, has already been approved for allergic

asthma.78,79 Moreover, lirentelimab, a monoclonal antibody targeting

an inhibitory receptor Siglec‐8, could represent an interesting ther-

apeutical agent targeting both the allergic disorders and EGID, since

this receptor is present only onmastcells, basophils, andeosinophils, all

key players in both disease groups.18,80,81 The main molecular targets

of monoclonal antibodies are shown in Figure 1.

We do feel that EGID and allergic disorders should be better

managed by a multidisciplinary team, given their complex nature,

which is not only confined to their possible shared pathophysiological

bases, but also includes (i) the high clinical burden, due to their

potentially long diagnostic delay and poor quality of life, (ii) the difficult

diagnostic work‐up, and (iii) the need for specific expertise and com-

petences for their diagnosis. The future clinical research agenda should

focus on the identification of non‐invasive biomarkers for their diag-
nosis and their early recognition. Themain keymessages mentioned in

the outlook are summarized in Table 6.82
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F I GUR E 1 Main molecular targets of monoclonal antibodies in primary eosinophilic gastrointestinal disorders (EGID). Monoclonal
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main cellular effectors of Th2 response (i.e., dendritic cells, mast cells, Th2 cells, and eosinophils). The red lines denote an inhibitory action,
such as for mAbs against interleukin (IL)5 (mepolizumab) or IL5 receptor (benzalizumab), IL4/IL13 (dupilumab), and IL3 (cendakimab), whereas
the green lines denote a modulatory effect, such as for etrasimob on sphingosine 1‐P receptor and lirentelimab on Siglec‐8

TAB L E 6 Key messages

1. A multidisciplinary approach for the diagnosis and treatment of

EGID is warranted to tackle all the diverse organ manifestations of

Th2 inflammation (i.e., skin, nose, and lungs, gastrointestinal tract).

2. The identification of the causal allergen(s) improves disease control.

3. Pathogenesis‐targeted therapies aimed at controlling the whole

burden of allergic comorbidities within the same patient should be

considered.

4. Non‐invasive diagnostic biomarkers to enable early diagnosis are

needed.
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