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Original Article

Epidemiology of Nonesophageal Eosinophilic ®
Gastrointestinal Diseases in Symptomatic Patients:
A Systematic Review and Meta-Analysis

Amelia Licari, MD ®* | Martina Votto, MD ®*, Luigia Scudeller, MD", Annalisa De Silvestri, MSc °, Chiara Rebuffi, MD €,
Antonella Cianferoni, MD, PhD ¢, and Gian Luigi Marseglia, MD? Pavia, Italy; and Philadelphia, Pa

What is already known about this topic? ~ Nonesophageal eosinophilic gastrointestinal diseases (non-EoE EGIDs) are
rare, but they are emerging gastrointestinal diseases that might affect adults and children. The exact epidemiology is still
unclear.

What does this article add to our knowledge?  We found a higher prevalence of hon-EoE EGIDs than what is estimated
in existing populations-based studies.

How does this study impact current management guidelines? Management guidelines of non-EGIDs in adults and
children are still lacking.

BACKGROUND: Primary eosinophilic gastrointestinal diseasesand risk of bias using items derived from the Strengthening the

(EGIDs) are increasingly described disorders that include Reporting of Observational Studies in Epidemiology statement.
eosinophilic esophagitis (EoE), eosinophilic gastritis, RESULTS: A total of 576 articles were idergd. Ten studies
gastroenteritis, and colitis. The exact epidemiology of with 13,377 participants were included in the analysis, with the
nonesophageal EGIDs (non-EoE EGIDs) is still unclear. results showing high heterogeneity. No sigoant publication

OBJECTIVE: To evaluate the epidemiology of non-EoE EGIDs bias was found. The overall prevalence of non-EoE EGIDs in
in adults and children referred to outpatient clinics for gastro- patients with gastrointestinal symptoms was 1.9% (95% con
intestinal symptoms. dence interval: 0.575-3.8942 [ 92.72%:P < .001). Because
METHODS: We conducted a systematic review and meta- none of the examined studies were prospectively designed,
analysis using a protocol registered and published with the in- incidence rates could not be determined.
ternational prospective register of systematic reviews (PROS- CONCLUSIONS: More prospective, large-scale, multicenter
PERO CRD42018111437). We searched PubMed, EMBASE, studies are needed to evaluate reported data and to further
Web of Science, Scopus, and CINAHL for cohort or cross- investigate the epidemiology of non-EoE EGIDs and their
sectional studies published since 1990, evaluating the incidencpossible risk factors and comorbidities. 2020 American
and prevalence of non-EoE EGIDs. We assessed study qualityAcademy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2020;8:1994-2003)

Key words: Primary eosinophilic gastrointestinal diseases;

3Department of Pediatrics, Fondazione IRCCS Policlinico San Matteo, University oEpidemiology; Prevalence; Incidence; Gastrointestinal symptoms
Pavia, Pavia, Italy
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9Division of Allergy and Immunology, Department of Pediatrics, Childretios- disordersy characterized by a prevalent eosinopbﬂimn'ation

g;?llagfe;:;l:dgg)hla, Perelman School of Medicine, University of Pennsylvanla,in specic gastrointestinal (G|) tra&l%]’he exact pathogenesis

No funding was received for this work. is still unknown; however., T helper. 2 imr.nlur!e response may play
Con icts of interest: The authors declare that they have no relevanictomf a central role in dysfunctional eosinophiliaritrmation against
interest. allergens or with autoimmune etiopatholGgyGIDs include
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publication January 29, 2020. i . .

Available online February 12, 2020. _(EoGI_E), ar_1d colitis (EoC). Nonesophageal eosinophilic gastro-

Corresponding author: Amelia Licari, MD, Department of Pediatrics, FondaziondNtestinal diseases (non-EoE EGIDs) areedéby the abnormal

IRCCS Policlinico San Matteo, viale Golgi 19, 27100 Pavia, ltaly. E-maitlia. ~ eosinophilic inltration in the GI tract not limited to the

| Jicari@unipv.it | esophagus and in the absence of secondary causes of Gl eosin-
ZZEE;E;”lyggom”b““”g co-rst authors. ophilia (food hypersensitivity, drug reactions, parasite infections,
= . . . . 7
2020 American Academy of Allergy, Asthma & Immunology mallgnanqles, and mmatqry bowel diseases [leéf)
https://doi.org/10.1016/].jaip.2020.01.060 Since their rst description in 1937few case reports, case
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TABLE I. Inclusion criteria

Abbreviations used
CEGIR- Consortium of Eosinophilic Gastrointestinal
Researchers
CI-Con dence interval

Criteria Specifics

Population Adult/pediatric patients referred to outpatient clinics
for gastrointestinal symptoms

EGID- Eosinophilic gastrointestinal disease Study design Cross-sectional and cohort studies
EoC- Eosinophilic colitis Outcome Prevalence or incidence of eosinophilic gastroenteritis
EOE- Eosinophilic esophagitis and eosinophilic colitis
EoG- Eosinophilic gastritis Description of diagnostic criteria in studies
EoGE- Eosinophilic gastroenteritis Description of therapy in studies (dietary treatment,
GI- Gastrointestinal corticosteroids, other drugs)

HPF- High power eld
IBD-In ammatory bowel disease
Non-EoE EGID- Nonesophageal eosinophilic gastrointestinal

Explore variation of prevalence estimates according to:
Age (adult vs pediatrics)
Gender (males vs females)

disease
STROBE- STrengthening the Reporting of OBservational Country (developing vs developed countries; US vs
studies in Epidemiology European countries)

Symptoms (Gl symptoms: abdominal pain, nausea,
vomiting and diarrhea, gastrointestinal bleeding,
anemia,

protein-losing enteropathy, malabsorption; pediatric
symptoms: failure to thrive, amenorrhea, delayed
puberty; complications: ascites, pancreatitis, bowel

series, and retrospective studies have been reported on non-EoE
EGIDs; *® with rare studies often limited to specjeograph-
ical areas in the discussion of incidence and prevalence of the

disea'sée? Therefore, the exact epidemiology of non-EoE EGIDs obstruction, bowel perforation, intestinal ulcer, cystitis,
remains still unknown. There are no systematic reviews or meta- hepatitis)
analyses on the global epldgmlology of EGIDs at any age. Allergic diseases (asthma, allergic rhinitis or atopic

We performed a systematic review and meta-analysis to dermatitis, and food or drug allergy)
mate the incidence and prevalence rates of non-EoE EGIDs in Age at symptom onset
adults and children referred to outpatient clinics for C Age at diagnosis
symptoms. Localization of eosinophilic immmation (stomach,

duodenum, jejunum, ileum, large intestine; mucosal
METHODS or muscular or serosa involvement)

The protocol of our systematic review and meta-analysis was | Diagnostic criteria (endoscopy, number of eosinophils/
tered and published with the international prospective register of HPF, peripheral eosinophilia, allergy tests [skin prick
tematic reviewsht{ps:/iwww.crd.york.ac.uk/prospero/display_recor test, total IgE level, allergen specilgE], capsule
php?Recordin111437 register number CRD42018111437) before CEIEETY, MECMENS (EEERENEE, EEmpiEs el

starting the study. We followed the Preferred Reporting Itelis \t(omogriggg)zooo 2010-2018
for Systematic Reviews and Meta-Analyses guidelines to report_our ears ( i} ) ) )
result§.7 Gl, GastrointestinatPF, high power eld.

Outcomes independently screened the reference lists of eligible articles. Full
Primary outcomed ¢ble ) for the systematic review were thetexts of records deemed eligible were retrieved and independently
incidence and prevalence of non-EoE EGIDs in adult and pedia@$sessed for inclusion by the same investigators. Any discrepancies
patients referred to outpatient clinics for GI symptoms. The maiere resolved by discussion and consensus. The authors of publi-
analysis focused on overall prevalence, whereas secondary afaligsreporting unclear data, subjected to multiple interpretations,

included prevalence estimates based on demographic data, syafg-contacted by e-mail for claation or to request supplemental
toms, allergic comorbidities, and diagnostic criteria. information.Figure lillustrates the search strategy process.

Search strategy Study selection (inclusion/exclusion criteria)

A highly sensitive and extensive search strategy was designedafe included cohort and cross-sectional studies about the epide-
retrieve all articles combining the terms of EoG, EoGE, and Eafiology of primary non-EoE EGIDs, reporting prevalence/incidence
and epidemiology from the major electronic bibliographic databagigs a 95% condence interval (95% ClI). Our analysis excluded
(PubMed, EMBASE, Web of Science, Scopus, and CINAHLlinical guidelines, case reports, consensus documents, clinical trials,
Conference proceedings were acquired from abstract books angrii&eviews that did not provide epidemiological data and studies
annual Digestive Diseases Week, American College of Gastroei@iat the secondary causes of intestinal hypereosinophilia. We also
ology Meetings, United European Gastroenterology Week, and fi@kgluded electronic surveys and epidemiological studies based on
the European Society for Pediatric Gastroenterology Hepatologytailth plan claims databases to obtain a more reliable estimate of the
Nutrition Congresses. We included all articles and conference pisidemiology of non-EoE EGIDs in patients referred to clinics for

ceedings published in all languages from 1990 to 2018. The se@rBymptoms. The inclusion criteria are describédhite |
strategy used generic terms to avoid excluding possible eligible ar-

ticles Table E]available in this artidenline Repository atvw.  Risk of bias assessment

jaci-inpractice.oygSearch results were compiled using the citation Eligible articles were assessed for risk of bias, according to the
management software Refworks. According to the quality stand&idengthening the Reporting of OBservational studies in Epide-
for reporting meta-analysis of observational stiilieesearchers miology (STROBE) stateméfitMoreover, for cohort and cross-
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Records identified through database
searching (PubMed, EMBASE, Web of Additional records identified through other sources
Science, Scopus, and CINAHL) d (n=0)
(n=576)
y
R ds after duplicat d Excluded based on title and abstract (secondary cauyses
ecoras atter @ ;géca es remove > of intestinal eosinophilia)
(n = 208) (n=78)
v Full-text articles excluded (n = 92)
® Case reports (n = 31)
Records screened * Review and systematic review (n = 29)
(n=128) ® Case control studies (n = 30)
® Survey (n=1)
®  Oral communications (n = 1)
v
Full-text articles assessed for eligibility Full-text articles excluded (n = 17)
(n=36) » ® Bias of population selection (n = 11)
®  Bias of outcome measures (n = 6)
v
Studies included in qualitative synthesis | Full-text articles excluded (n = 9)
(n =19) d *  No adherence with primary outcome (n =9
Studies included in quantitative|
synthesis (meta-analysis)
(n=10)
FIGURE 1. Study flowchart from identification to inclusion of final articles.
sectional studies, risk of bias was assessed through a questioRAIGE Il. Quality assessment of included studies
developed specally for this review and derivgd from the STROBE_ Risk of bias for cross-sectional studies
statement: (1) Were more than 90% of patients followed up until n
. Author, year 1* 2
the end of the study? (2) Were all patients free of the outcome—=
Tilma et al, 2018" Yes Yes

interest at baseline included? (3) Were the diagnoses/exclusion.’.. S ) @
from outcome misclassation? The last 2 items were used to assé&4d and Hui, 201 es es

the included cross-sectional studiesl¢ E2 available in this ar- Bonaguraetal, 2017 Yes Yes
ticlés Online Repository atww.jaci-inpractice.grg Alhmoud et al, 2018’ Yes Yes
Two investigators independently assigned an overall risk of bi/Al Quorain et al, 2000’ Yes Yes
each eligible study, and if they disagreed, a third reviewer GRannaiah et al, 2017 Yes Yes
consulted. All studies with 1 or more risks of bias were excludeGuo and Abassa, 2016 Yes Yes
Kusakari et al, 2072 Yes Yes

Data extraction Panackel et al, 2010 Yes Yes
Two reviewers independently extracted information from eal%(?]rdsmhawat etal, 2080 ves Yes

eligible study using a standardized data extraction sheet and aetfoE EGID Nonesophageal eosinophilic gastrointestinal disease.

proceeded to cross-check the results. We extracted the fOllO\?&iwﬁe all pa_tlents f_ree ofthg outcome of interest at the time of the study included?

. L i L 2: ere diagnosis/exclusion of non-EoE EGIDs free from outcome
information: rst author name; year of publication; type of study. .. cication?

(cross-sectional or cohort study); country and language; type of

patients (children or adults); age and gender of participants; sample

size; prevalence and/or incidence with 95% CI; localization of

eosinophilic inammation; number of eosinophils per high poweperforation, intestinal ulcer, cystitis, hepatitis); and atopic comor-
eld (Eo/HPF); peripheral eosinophilia; allergy and imaging tesisljities (asthma, allergic rhinitis, atopic dermatitis, food and drug

therapies; symptoms (abdominal pain, nausea, vomiting and dillergy). If not directly reported, the prevalence rate was calculated.
rhea, Gl bleeding, anemia, protein-losing enteropathy, malabs&igk of bias assessment for all included studies was also evaluated.

tion, failure to thrive, amenorrhea, delayed puberty); cliniddisagreements between reviewers regarding data extraction were
complications (ascites, pancreatitis, bowel obstruction, boresblved through discussion and consensus.
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FIGURE 2. Funnel plot for publication bias.
Data synthesis and statistical analysis Quality assessment

We estimated prevalence or incidence and their correspondinghe 10 included cross-sectional studies showed low risks of
95% Cl, as calculated as an exact binomial proportion (from affedtes {able I). Publication bias was not deteckedi(e 2, but
and the total of enrolled patients). Prevalence was estimated¢dymon methodologicabws included the method of data
pooling results of cross-sectional studies or cohort studies at basetiection and the deition of the study period.

Incidence was estimated by pooling results of cohort studies that
were free of non-EoE EGIDs at baseline. Estimations of prevalépiédy characteristics
and incidence were calculated with the aicketh or random-effects ~ None of the articles included for the analysis were published
meta-analysis weighted for inverse variance following DerSimoBgfere 2000. Two studies were conducted in the United
and Lairts method. Heterogeneity between studies was evaluséates;*® 2 in Europe (1 in Denmatkand 1 in Italy”), 5 in
with ac 2 test and quanted with the # statistic.3is a measure of the Asia (2 in Indid** 1 in China;’ in Malaysid;’ and in
level of heterogeneity, expressed in 3 categories on the basis of@@f), and 1 study was conducted in Saudi AfaBizotal of
moderate, and high values (25%, 50%, and 75%, respectively). 13,377 patients (adults and children) were enrolled, and all of
Publication bias was evaluated by means of a funnel plot. Forthm were affected by primary non-EoE EGIDs diagnosed by
secondary outcomes, planned subgroup analyses were based 8AdRgCOPY and histology. Three studies reported the diagnostic
geographic origin of studies (developed vs developing countriesPHiff value of tissue eosinophils for FPFZ* While 2 studies

age (adults vs children). We used the statistical software packgge based only on pediatric pafiefitand 5 on adult patients
MedCalc (Statistical Software 19.1, Ostend, Belgium). with non-EoE EGIDS;***%*"*° 3 studies were characterized

by mixed populatiofi:*>*° The distribution of the population

by sex was reported only in 4 articles, and male sex ranges from
RESULTS 38% to 100% of affected patients. Male sex is prevalent in

A total of 576 articles were found. After removing 370 dighildren with non-EoE EGIDs (64% vs 36%¥5tudy charac-

plicates, 206 were reviewed on title and abstract, and of thisstics are summarizedrable II1.
group, 78 articles were excluded because they focused on sec-
ondary causes of non-EoE EGIDs. One hundred and twenBrevalence and incidence of non-EoE EGIDs and
eight full texts were screened, and 92 were excluded onahalysis of subgroups
basis of the speciarticle type (reviews, systematic reviews, casdn the 10 retrieved studies, the overall prevalence of non-EoE
control studies, case reports, oral communication, surv&GIDs among patients referred to clinics for GI symptoms was
Thirty-six articles were assessed for eligibility (cross-sectional & (95% Cl: 1.035-2.992;? 1%, 92.70%; P < .0001)
cohort studies). Only 10 articles met the inclusion criteria a(feigure 3. Data on the prevalence of non-EoE EGIDs in adults
were included in thenal meta-analysisidure ). were obtained from 5 studies. In adults with GI symptoms, the
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TABLE lll. Characteristics of included studies

Prevalence of
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ClI, Con dence intervaln.a, not availablenon-EoE EGID nonesophageal eosinophilic gastrointestinal disease.

*People with non-EoE EGIDs were enrolled as a cohort-study; measures of prevalence were evaluated as a cross-sectional study.
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prevalence of non-EGIDs was 1.9% (95% Cl: 0.575-33894; |
92.72%;P < .0001 for heterogeneity)able 1\). The limited
number of available studies did not allow us to analyze the prev-
alence of non-EoE EGIDs in children. Pooling results by patient
country indicate that the prevalence of non-EoE EGIDs was 2.4%
(95% CI: 0.723-5.5152%/,92.7%;P < .001 for heterogeneity)
in developed countries and 1.5% (95% CI: 0.703-2.886; |
94.16%;P < .0001 for heterogeneity) in developing countries
(Table \j.

Because none of the included articles were prospectively
designed, we were unable to assess the incidence rate.

Description of clinical features, endoscopic findings,
and therapies in included studies

The limited number of available studies and the lack of details
in reports did not allow us to analyze the prevalence of non-EoE
EGIDs according to the planned subgroups (gender, age at
diagnosis and symptoms onset, clinical symptoms, therapies,
allergic comorbidities, localization of eosinophienimation,
and diagnostic tests).

Symptoms reported in the 10 studies included in our analysis
are summarized ihable VI Abdominal pain is the main Gl
symptom in children with non-EoE EGIDs (94%jyhereas
diarrhea is the most prevalent symptom (100%) in &dults.
Only 1 study conducted by Alhmoud €t' ah pediatric pa-
tients and 1 in adult patients reported this information. In their
retrospective cohort study of 13 non-EoE EGID cases, they
noted the following clinical presentations: nausea (31%), vom-
iting (31%), Gl bleeding (8%), anemia (15%), weight loss
(15%), and failure to thrive (15%) reported in adults and
children.

Constipation is described in 3% of patients with non-EoE
EGIDs?? Ascites and bowel obstruction are also reported as
clinical complicatiorié.Atopic comorbiditiesT@ble V1) range
from 25% to 54% of patients with non-EoE EGDS***
Asthma, allergic rhinitis, and eczema are reported in 54% of
patients and food allergy in 38% of patients with non-EoE
EGIDs?*

Regarding the diagnostic management, 4 studies reported
endoscopicndings’?>?*?? A normal mucosa is the prevalent
endoscopic nding reported in the included studies (35% to
100%), as describedTlinble Eavailable in this artitdeOnline
Repository atvww.jaci-inpractice.QrgNone of the included
studies reported other diagnostic tests, such as spean IgE
levels, skin prick test, imaging, or blood tests.

Therapies are described in only 3 sfidies (Table VII)).

Steroid therapy was reported with 100%eefy in children with
non-EoE EGIDS! Effective response test-line therapy (ste-
roids, diet, montelukast, and ketotifen) was reported in 89% to
100% of all patients with non-EoE EGID$>%*

DISCUSSION

Our study represents thest systematic review and meta-
analysis of prevalence for non-EoE EGIDs in patients referred
to outpatient clinics for GI symptoms. The included studies were
conducted in Europe, North America, and Asia. Epidemiological
data from Central and South America, Australia, and Africa are
still lacking.

We found a higher overall prevalence of non-EoE EGIDs
(1.9%) in symptomatic patients than that estimated from
population-based studies that were mainly realized in the United
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FIGURE 3. The overall prevalence estimates of non-EoE EGIDs. Summary estimates are expressed as a percentage of patients with non-
EoE EGIDs.Non-EoE EGID Nonesophageal eosinophilic gastrointestinal disease.

States using survey or health plan claims databases. Speégjgt V. Prevalence of non-EoE EGIDs in adults referred to
et af’' reported an overall prevalence of 28/100,000 people éotpatient clinics for gastrointestinal symptoms

non-EoE EGIDs by administering an electronic survey to glgqy Sample size  Proportion (%) 95% Cl *

lergists and gastroenterologists. In addition, in a retrospeq i and Au? 2469 2592 2.002-3.298
analysis of a large population-based database of more thaé'or?é’gura ot & 105 1.905 0.232-6.712
million US people, Mansoor et“aleported a prevalence rate - .nnaiah et & 309 0.647 0.0785-2.318
for EOGE and EoC of 5.1/100,000 and 2.1/100,000 peopley "\ oo 12 5:738 2:338_11:465

respectively. Finally, using diagnostic (The International Clc  ci-iiar or a7 2388 0.419 0.201-0.769

si cation of Diseases, Ninth Revision) codes through a heau,

plan claims database, Gupta®tzald Alhmoud and Qeaddn 018! (xed effects) 5393 1.373 1.080-1.721
reported an overall prevalence of 6/100,000 and 1.7/100,(\O! (random effects) 5393 1872 BRSSO 4
patients, respectively, whereas Jenser® etstimated the Cl, Con dence intervalnon-EoE EGIDnonesophageal eosinophilic gastrointestinal
prevalence of EOGE and EoC as 8.4/100,00 and 3.3/100,008gase.

respectively. An older study estimated that the prevalencéClofas calculated as an exact binomial proportion.

EoGE in the United States was 2.5/100,000 people, using an

electronic survéy.The differences in the prevalence betweeFhey offer insight to alert clinicians to suspect and diagnose
these large studies can be attributed to the discrepancy inetindy these emerging disorders.

study design (retrospective studies on the prevalence of non-E@ir analysis revealed that the prevalence of non-EoE EGIDs
EGIDs in US people), methods of data collection (electroniaries widely among studies and by locale. The prevalence of non-
surveys and databases), data analyses, and sample size. |[E@@8@GIDs reported in developing countries is lower (1.5%) than
tion, as described in a retrospective study of Consortiumwdfat is described in developed countries (2.4%). In a single large
Eosinophilic Gastrointestinal Researchers (CEGIR), non-Eaéan retrospective cross-sectional study, Yoomegiatked an
EGIDs have increased in frequency over the past Hecadmerall prevalence for non-EoE EGIDS of 0.6/100,000, lower
Despite the heterogeneity of the studies, wdings add to thanwhat has been described in earlier US studies. Environmental
the literature by more accurately depicting the prevalence rédies, lifestyle, intestinal microbiome, allergen exposition) and
in real-life situations of patients with GI symptoms accessganetic factors might explain the different prevalence of non-EoE
health care, rather than what is seen in the general populati®IDs in Caucasians than in African Americans and Asfans.
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TABLE V. Prevalence of non-EoE EGIDs in developing and developed countries

Developing countries Developed countries
Study Sample size Proportion (%) 95% ClI Study Sample size Proportion (%) 95% ClI
Hui and Huf? 2469 2.592 2.002-3.298 Tilma ef'al 381 2.887 1.450-5.107
Al Quorain et al® 1590 0.126 0.0152-0.454  Bonagura et al 105 1.905 0.232-6.712
Channaiah et & 309 0.647 0.0785-2.318  Alhmoud efal 361 3.601 1.931-6.079
Guo and Abassa 122 5.738 2.338-11.465  Kusakari etal 552 3.986 2.514-5.972
Panackel et &l 5100 1.196 0.916-1.534 Kerdsirichairat eCal 2388 0.419 0.201-0.769
Total ( xed effects) 9590 1.269 1.055-1.514 Totatdd effects) 3787 1.245 0.917-1.651
Total (random effects) 9590 1.462 0.513-2.886 Total (random effects) 3787 2.446 0.723-5.151

Cl, Con dence intervalnon-EoE EGID nonesophageal eosinophilic gastrointestinal disease.

Our results indicated that the prevalence of non-EoE EGIDE montelukast and ketotifen in EGIDs remains controversial
in adults is 1.9%. Mansoor et“aleported the prevalence of and is limited to a few case séries.
EoGE in children as slightly higher than in adults (5.3/100,000 We found extensive heterogeneity among the included studies
and 5.1/100,000, respectively), whereas the prevalence of B the few subgroups that we could assess, withouasigni
was higher in adults than in children (1.6/100,000 and 2.Rlublication bias. Heterogeneity is probably due to several factors:
100,000, respectively). However, a high prevalence (10.i8t, the sample size varied from 105 to 5100 patients. Second,
100,000 people) of non-EoE EGIDs in the United States hasly 2 studies included just pediatric patiéritswhereas the
been described in people less than 20 yearsoFamgdly, the  others included adult only and mixed population?®°
age at onset of EGIDs varies widely, and large epidemiolodicadlly, different diagnostic histological criteria might have

studies in children are needed. been used. In fact, management guidelines for non-EoE EGIDs
Unfortunately, none of the selected studies were prospectivelgll ages are still lacking, and different cutoffs of intestinal
designed to evaluate the incidence rate. eosinophils for the histological diagnosis are reported in litera-

Surprisingly, our results showed that the prevalence of name**° Unfortunately, the cutoff of intestinal eosinophils per
EoE EGIDs among symptomatic patients is higher than th#F is specid in only 3 included studies (in all>320 Eo/
prevalence rates estimated for IBD in all ages. The highesHiF)?-#>?*
ported prevalence rates of IBD were in Western countries
(especially in Europe and North America) and corresponded_to
505/100,000 people for ulcerative colitis and 322/100,000 fgtON_Cl_-USDNS ) ) ) )
Crohris diseas¥.This highlights the clinical relevance of these 1hiS is the rst systematic review and meta-analysis focusing
emerging conditions. on the epidemiology of nonesophageal Gl diseases in adults

The low number of selected studies with complete epider"i’ﬂri‘-d children referred to outpatient clinics for GI' symptoms.
ological data did not allow us to analyze the stigirevalence OUr research showed that non-EoE EGIDs seem to be highly
or meta-regression, according to all planned secondary anaﬂfﬁéalfnt disorders, with rising prevalence rates in recent

We could therefore only describe data on symptoms, allel§Giérs- Non-EoE EGIDs affect approximately 1.9% of pa-
comorbidities, endoscopic features, and therapies in the inclJifgYs referred to the hospitals for GI symptoms, so physicians
studies. The main reported symptoms were unspéf® — may recognlz% these d_|sorders and_conS|d_er the_|r4$revalent
The prevalence of allergic comorbidiies (asthma, allefdlEonic natur€; and the impact on patiehtuiality of life
rhinitis, eczema, and food allergy) was similar to those repoft@lly, our results may lead researchers to develop shared

by Mansoor et #l and Pesek et #l,and conrms the strong Management guidelines i_n adults ar)d children. More pro-
association between EGIDs and atopic diseases. spective, large-scale, multicenter studies are needed to evaluate

A normal mucosa is the prevalent endoscogiing re- reported data and to further investigate the epidemiology of

ported, particularly in patients with EoGE and EoC, who migi®n-EOE EGIDs and  their possible risk factors and
present nonspeci endoscopic patterifs:° comorbidities.

First-line therapy (diet, oral steroids, montelukast, and keto-
tifen) was considered effective in most included studies. Diet and
steroids were therst-line therapies in patients with EoE-Acknowledgments
EGIDs"*** Food-elimination diet and elemental diet M. Votto and A. Licari contributed equally to study
improved clinical symptoms and reduced mucosal eosinophilsanception, data extraction, risk of bias rating, and manuscript
more than 75% of children with non-EoE EGD%. Retro-  writing. L. Scudeller and A. De Silvestri contributed to study
spective studies have reported clinical remission in 50% to 9%Bfiception and design, analysis and interpretation of data, and
of patients with EGIDs treated with oral corticosteroids (prestatistical analyses. C. Retmanducted the article retrieval. A.
nisone and budesonidé):**** In the CEGIR study, the Cianferoni and G. L. Marseglia revised the manuscript critically
therapeutic approach varied widely across centers and dif@@aggportant intellectual content. All authors approvechtie
localization (EoG, EoGE, and EoC); however, the responseséosion of the manuscript, including the authorship list. The
therapies was achieved in most enrolled patidims.ef cacy guarantor of the article was A. Licari.



TABLE VI. Summary of clinical symptoms reported in included articles

Delayed
puberty Other
Abdominal Gastrointestinal Protein-losing Weight Failure and Bowel clinical

Author, year pain Nausea Vomiting Dysphagia Diarrhea bleeding Constipation Anemia enteropathy Malabsorption loss to thrive amenorrhea Ascites obstruction complication *

Tilma et al, 2018" 94% n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Hui and Hui, 36% n.a. n.a. n.a. 47% 0 3% n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
2018%

Bonagura n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
et al, 2017°

Alhmoud 62% 31% 31% n.a. 31% 8% n.a. 15% n.a. n.a. 15% 15% n.a. 23% 8% n.a.
et al, 2016"

Al Quorain n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
et al, 2006°

Channaiah n.a. n.a. n.a. n.a. 100% n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
et al, 2017°

Guo and Abassa, n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
20167

Kusakari et al, n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
20128

Panackel et al, 63% n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
2010

Kerdsirichairat n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
et al, 2016°

n.a, Not available.
*Other clinical complications: bowel perforation, pancreatitis, intussusception, intestinal ulcer, eosinophilic cystitis, and hepatitis.
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TABLE VII. Summary of comorbidities described in included articles
Author, year Atopy Asthma Sinusitis Allergic rhinitis Eczema Urticaria Food allergy Drug allergy
Tilma et al, 2018 25% n.a. n.a. n.a. n.a. n.a. n.a. 0%
Hui and Hui, 2018° 33% 17% n.a. n.a. n.a. n.a. n.a. n.a.
Bonagura et al, 2017 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Alhmoud et al, 201¢' 54% 54% n.a. 54% 54% n.a. 38% n.a.
Al Quorain et al, 2008 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Channaiah et al, 2017 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Guo and Abassa, 2016 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Kusakari et al, 2012 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Panackel et al, 2010 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Kerdsirichairat et al, 20£0 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

n.a, Not available.

TABLE VIII. Therapeutic management and its efficacy in included articles

First-line therapy

Response to first-line therapy

Second-line therapy Response to second-line therapy

Other Other
Author, year Steroids Diet therapies Yes No Steroids Diet therapies Yes No
Tilma et al, 2018 100% na. n.a. 100% n.a. n.a. na. n.a. n.a. n.a.
Hui and Hui, 2018 n.a. na. 100% 89% 11% 100% n.a. na. 100% n.a.
Bonagura et al, 2017 n.a. na. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Alhmoud et al, 201%' 46% 23% 11% 90% 10% 100% na. n.a. 100% n.a.
Al Quorain et al, 2000 n.a. na. n.a. n.a. n.a. n.a. na. n.a. n.a. n.a.
Channaiah et al, 2017 n.a. n.a. n.a. n.a. n.a. n.a. na. na. n.a. n.a.
Guo and Abassa, 2016 n.a. na. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Kusakari et al, 2012 n.a. n.a. n.a. n.a. n.a. n.a. na. n.a. n.a. n.a.
Panackel et al, 2010 n.a. na. n.a. n.a. n.a. n.a. na. n.a. n.a. n.a.
Kerdsirichairat et al, 2020 n.a. na. n.a. n.a. n.a. n.a. na. n.a. n.a. n.a.
n.a, Not available.
*Montelukast and ketotifen.
tMontelukast.
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ONLINE REPOSITORY

TABLE E1. Search strategy

Search strategy

PubMed (“Eosinophilic gastrointestinal disorde@R “Eosinophilic
gastrointestinal disorde©OR “Eosinophilic gastroenteritiOR
“Eosinophilic coliti8) AND (“prevalenc§mesh] OR
“incidencé[mesh] OR prevalence OR incidence). Filters: Publication
date from 1990/01/01 to 2018/05/28.

Web of Science Core CollectioRS ¥ (“Eosinophilic gastrointestinal
disorder* OR “Eosinophilic gastroenteritiOR “Eosinophilic coliti8)
AND (prevalence OR incidence). Filters: Publication date from 1990/
01/01 to 2018/05/28.

Scopus TIABKW (“Eosinophilic gastrointestinal disordet®R
“Eosinophilic gastroenteritiOR “Eosinophilic coliti8) AND
(prevalence OR incidence). Filters: Publication date from 1990/01/01 to
2018/05/28; publication type: article, review, conference paper,
editorial, note, letter, short survey.

CINAHL: (“Eosinophilic gastrointestinal disordem®R “Eosinophilic
gastroenteritisOR “Eosinophilic coliti8) AND (“prevalenceMH OR
“incidencéMH OR prevalence OR incidence). Filters: Publication date
from 1990/01/01 to 2018/05/28; academic journals.

Embase (‘ eosinophilic gastroenteritiexp OR'‘eosinophilic coliti¥exp
OR ‘eosinophilic gastrointestinal disorde®R ‘eosinophilic
gastroenteritisOR ‘eosinophilic colitis) AND (‘prevalencdexp OR
‘incidencé&/exp OR prevalence OR incidence). Filters: [1990-2018]/py.

TABLE E2. Risk of bias assessment of included studies

Cohort studies Cross-sectional studies

Selection bias of the cohort: were Selection bias: were all patients
all patients free of the outcome free of the outcome of interest
of interest at baseline included? at the time of the study

included?

Losses to follow-up: were all Outcome ascertainment: were
patients (or a relevant diagnosis/exclusion of non-
proportion>90%) followed up EoE EGIDs free from outcome
until the end of the study? misclassication?

Qutcome ascertainment: were
diagnosis/exclusion of non-
EoE EGIDs free from outcome
misclassication?

non-EoE EGID Nonesophageal eosinophilic gastrointestinal disease.
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TABLE E3. Endoscopic findings

Macroscopic findings

Author, year Normal Abnormal
Tilma et al, 2018" 100% 0%
Hui and Hui, 20182 92% 8%
Bonagura et al, 20£7 n.a. n.a.
Alhmoud et al, 2018’ 54% 46%
Al Quorain et al, 2006 n.a. n.a.
Channaiah et al, 207 n.a. n.a.
Guo and Abassa, 2016 n.a. n.a.
Kusakari et al, 2012 n.a. n.a.
Panackel et al, 2010 35% 65%
Kerdsirichairat et al, 20£6° n.a. n.a.

n.a, Not available.
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Eosinophilic esophagitis (EOE) is a chronic antigen-meded inBammatory disease that
affects the esophagus. In the last 20 years, a large number of epidemiological studies
showed a signibcant increase in the incidence and prevaleacof EoOE, especially in
developed countries. This phenomenon might correlate to thoverall increase in pediatric
allergic diseases or might be a result of improved medical awareness and knowledge
through modern diagnostic instruments. Since 1993, when EB was Prst recognized
as a distinct clinical entity, several signs of progress inhe pathophysiology of EoE
were achieved. However, a few studies reported data on earlyisk factors for pediatric
EoE and how these factors may interfere with genes. Currentlthe most debPned risk
factors for EOE are male sex, Caucasian race, and atopic comorbidities. Other putative
risk factors may include alterations in epithelial barrier function and Pbrous remodeling,
esophageal dysbiosis, variation in the nature and timing afral antigen exposure, and
early prescription of proton pump inhibitors and antibiotics. Notably, the timing and nature
of food antigen exposure may be fundamental in inducing or kersing immune tolerance,
but no studies are reported. This review summarized the cuent evidence on the risk
factors that might contribute to the increasing developmen of EoE, focusing on the
possible preventive role of early interventions.

Keywords: eosinophilic esophagitis, allergy, risk factors , early life exposures, food allergens, microbiome,

prevention

INTRODUCTION

EoE is a chronic, antigen-mediated, inBammatory diseasth®fesophagus characterized by
symptoms due to esophageal infammation, dysmotility, and $ib1(b, 2). EOE occurs in children
and adults, and symptoms are often non-specibc and dependingeoage of onsetl( 2). While

in toddlers and children EoE presents with inBammatory symmsanimicking gastroesophageal
relBux disease (GERD), in adolescents and adults EoE frdywapyears with food impaction,
dysphagia, odynophagia, or esophageal strictures, as a cemsepf the ongoing Pbrosis process
(1, 2). EoE is a multifactorial disorder resulting from the comation of genetic predisposition,
epithelial barrier dysfunction, environmental risk facto(Table 1), and allergen sensitization,
leading to a T helper type 2 (Th2) atopic infammation of the esgpisa?).
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Since 1993, when EoOE was Prst recognized as a distincetlini®bers, a diet high in saturated fats, and more frequent use
entity, several signs of progress in the pathophysiology of Eo&f antibiotics. An impaired microbiota might also result from
were achieved; however, few studies reported data on edkly risarly life events such as cesarean section, premature bautly, e
factors and how these factors might interfere with the généise  antibiotic exposure, and formula feedingiable 2 (27). Patients
disease onset and evolution. EOE is strictly associatédatopic ~ with EOE showed dierences in the esophageal microbiome and
disorders (asthma, atopic dermatitis, IgE mediated fooergll, an increase of bacterial load compared to patients with GERD
allergic rhinitis), suggesting that EoE and allergic ds&sashare and healthy controls48, 29, 62). Harris et al. have demonstrated
the same environmental risk factors and early life exposures. that the esophageal microbiome in children with untreated an

We reviewed the recent evidence about the well-knowractive EoE is characterized by the predominanddagmophilus
risk factors of EoE, also reporting the less-investigatetly ea strain, compared to patients with disease-remission and hgalt
exposures, to open future ideas of investigation in the limitectontrols @9). Also, Benitez et al. characterized the bacterial
beld of prevention. Finally, we speculate about the possibEmposition of the oral and esophageal microenvironmentsifro

strategies for EOE prevention. children with EOE and healthy controls, showing that specibc
bacterial strains (mainly Firmicutes) were more abundamthie
esophagus compared to the oral cavity in EOE pati€ifs These

WHY IS EOE A MODERN DISEASE OF data suggest that eosinophilic inBammation might specifpcall

WESTERN COUNTRIES? alter the esophageal microbiota, and the oral microbiotal@ou

R Vi . d that EoF 1/2.000 . not be used as a surrogate for monitoring the disease activity
ecently, it was estimated that Eoteats ' patients Evidence on the role of the microbiome in EOE pathogenesis

in the United States, with higher prevalence rate in adultsi;S still limited to a few studies. However. two :
. . . ) . ) possible hyests
(43.4/100,000; 95% Cl, 22.5071.2) than in children (2305000; ould explain the relationship between the gut microbiome an

95% Cl, 17.5D44.7), prevailing in Caucasian patients and malee. 1y eany Jife risk factors might specibcally inRuence th

scf‘—:x (T%ble 'D|(l" 3,|19). (:n thehlast 30 years, a large number .o o ot development of the esophageal microbiome, predisgosin
ot epidemiological studies showed a signibcant increase EoE, (2) eosinophilic infammation could lead to esophageal

inciden_ce and p_reval_ence of EoE especiallyi_n children in &ast dysmotility and decrease the esophageal compliance; thus EoE
Countries, varying widely across North America and Eurai# itself might induce esophageal microbiome alteratiafi)( Both

21). This interesting phenomenon might be related to (1) anhypotheses might coexist in a vicious circle, and the brst one

overall increa_sed _incidence of allergic and non-allerg@dises, opens the unexplored beld of the early prevention of EoE.
(2) the chronic disease-course of EoE, and (3) the |mprovee

. . Currently, only a single study in a murine model showed
medical awareness and knowledge through modern diagnos y y g y

. ) ) . ,tfﬁe benebcial leect of the probioticLactococcus lactidCC
instruments (L8). Although EOE is associated with some genetic, g7 on the esophageal inBammaticsd)( Although raising

po_lym(_)rp_hlsms €2 29, this rapid Increase n EOI_E frequt_ancy evidence explained the pivotal role of the well-balanced gut
might indicate a prevalent role of environmental risk fa®on i ohiome in the correct development of the immune system
disease development. (29, the precise mechanisms whereby hygienic environment
. . .. and dysbiosis interact with each other and result in allergi
Hygienic Hypothesis, Dysbiosis, and and autoimmune disease is still understood4)( Moreover,
Esophageal Infection further studies are needed to clarify the role of dysbiosiEdfE
The hygienic hypothesis postulated for the brst time in 198pathogenesis and to identify possible preventive strategies.
by Strachan Z4), and recently reviewed2f), has explained Infectious diseases might act as promotive or protective
the global rise of allergic and autoimmune diseases. Animdhctors for atopic diseases, including the EoE. Studies tegtie
and human studies demonstrated that the increased frequenelevelopment of EoE after herpes simplex virus (HSV) infection
of allergic diseases in developed countries is a consequerineimmunocompetent adults and children. These data suggest
of the modern hygienic conditions and fewer bacterialthat HSV esophagitis might predispose to EoE, impairing the
viral, and parasitic infections during infancy and childitbo esophageal barrier, and increasing the epithelial perméabili
(26). Although fundamental to reduce infectious diseases, afi1, 12).
excessively hygienic environment in early life might induce In Western countries, the overall prevalenceHslicobacter
adverse keects on the host microbiome, altering certain étisa  pylori infection was decreased in the last decades, probably
of necessary commensal bacteria (dysbiosis). Furthermoreontributing to the rise of allergic diseasés) Experiments in
microbial dysbiosis might arise from the modern lifestyfeat ~murine models demonstrated that the. pylori infection early
is characterized by limited physical activity, low intake ofin life was protective against asthma through the inductidn o
regulatory T cells (T-regs)6€). Furthermore, epidemiological
Abbreviations: AA, arachidonic acid; ADHD, attention debcit hyperactivity data showed that thel. pyloriinfection was negatively associate
disorder; CAPN14, calpain 14; DHA, docosahexaenoic acid; Edphegeal with EOE, demonstrating the potential protective role in EoE
atresia; EOE, eosinophilic esophagitis; EPA, eicosapentaemii; GERD, pathogenesis6(70). The decrease of Hpylori infection in

gastroesophageal refux disease; HSV, herpes simplex virus; NICUataleon . . -
intensive care unit; OIT, oral immunotherapy; PPI, proton pump inhilsitPUFA, Western countries might also be a consequence of better higgien

polinsatured fatty acid; SLIT, sublingual immunotherapy; Th2, T hetppe 2; Condi_tionS; furthermore, its possible _ protective_ role mig_ht
TLSP, thymic stromal lymphopoietin; T-regs, regulatory T cells. explain the lower prevalence of EoE in developing countries,
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TABLE 1 | Risk factors of eosinophilic esophagitis [adapted from Diin and Hirano 8)].

Male sex

Family members of
patients with EoE

Geneticloci

Non-atopic diseases
Atopic diseases

OIT for foods and
aeroallergens

Infectious Esophagitis
(HSV)

GERD

Aeroallergens

Food allergens
Cold climate regions

Gene encoding for thymic stromal lymphopoietin (TLSP), a cgral mediator of eosinophilic inBammation, is located on a
pseudo-autosomal region of the X and Y chromosomes (Xp22.3r&d Yp 11.3). A single nucleotide polymorphism of this
region predisposes male patients to develop EoE4)

Monozygotic twins had a 44% disease concordance, a 2-fold inrease compared with dizygotic twins §, 6). Also, the
relative risk to develop this disease in dizygotic twins mig increase more than 10-fold compared to siblings%)

Studies of Genome-wide association studies (GWAS) identiBelifferent geneticloci that are likely contributing to the
development of EOE and mainly include thymic stromal lymphopoietin (TSLP), calpain 14 (CAPN14Y|%Y, LRRC32,
STAT6 and ANKRD27 7). These genetic loci are mainly involved in T-helper 2 typeflammation (allergic inBammation) and
epithelial barrier function and integrity

EOE prevails in patients with conneate tissue disorders, coeliac disease, autoimmune diseasesutism, and ADHD 8)
EoE may be a late manifestation of the atopimarch Q)

EOE is a complication of oral immunotherapy (OIT) in 3D5% ofsms. EOE is also reported during sublingual
immunotherapy (SLIT) for respiratory allergie$ )

HSV might impair the esophageal barrier and increase the dpilial permeability 11, 12)

GERD alters the esophageal barrier function, increases the epithelial permeability, and the passage of food allerghas
might trigger EoE. Furthermore, GERD might induce the expssion of inBammatory molecules and eosinophil
chemoattractants (L3B15)

Environment allergens might increase diss@ activity and explain the seasonal variation of EOE reagc#itions and
diagnosis (L6, 17)

Food allergens directly trigger EoB)

Higher exposition to aeroallergens.§)

TABLE 2 | Putative early risk factors of eosinophilic esophagitis ¢E).

Microbial gut dysbiosis

Monogenic diseases

Esophageal atresia (EA)

Esophageal injury in
childhood, and fetal
chest malformations
Western diet and
obesity

Low level of vitamin D

Early life exposures

Early prescription and
long-term therapy with
proton pump inhibitors
(PPI)

Early prescription of
antibiotics

Formula feeding

Microbial dysbiosis might arise @m a modern lifestyle (limited physical activity, low intakof Pbers, high saturated fats in
the diet, and frequent use of antibiotics) and early life emgs (cesarean section, premature birth, early antibioticx@osure,
and formula feeding) 5, 27829)

Hyper-IgE syndrome, Ehlers-Danlos symdme, ERBIN debciency, Loeys-Dietz syndrome, NethertonOsdyome, PTEN
hamartoma tumor syndrome, severe atopy syndrome associatéwith metabolic wasting syndrome ()

EA and EoE might share same risk facs: genes, early life factors (prematurity, NICU admissipnearly exposure to acid
suppressants and antibiotics, GERD and esophageal dysmdiiy and epithelial injury30B33)

Caustic damage and diaphragmatic hernia might allow the deslopment of EOE with mechanisms not well-understood
and investigated B4, 35)

A recent study in mice demonstrated that a high fat diet and obsity aggravated the immune histopathological
characteristics and increased inBammatory cells in the EoExperimental model 86)

The supplementation of vitamin b utero and early life seems to reduce the risk of atopy3(7£43)

Cesarean section, preterm birth, NICWanission, formula feeding, early prescription of PPI, and aibiotics might impair
the host microbiome and the developing immature immune sysim (44£49)

PPIs prevent the digestion of food allergens, increase the géric permeability, and alter the intestinal microbiome
(27, 49E66)

Antibiotics might impair the immature gut microbiome, thats essential for the developing of immune system
(27, 49, 57E59)

Human milk shows potentially anti-aller@immune properties and is fundamental for the correct devepment of a

well-balanced gut microbiome 27, 60, 61)

where the infection is usually acquired in childhood. On the otheDiseases of Modern Life and Phenotypes
hand, Molina-Infante et al. recently published the resultsaof of EgQE

large prospective case-control study conducted in 23 cerdBts  Recent advances in disease pathogenesis and prognosis

showed that the prevalencetdfpyloriinfection was notdierent  have demonstrated that EoE could be classiped Irergint

between EOE cases and controls (37 vs. 40%0,0.3; OR 0.97;
95% CI 0.73D1.30), neither in children (42 vs. 46%;0.1) nor

in adults (36 vs. 38%y = 0.4) (/1). Therefore, there are already atopic comorbidities (asthma, allergic rhinitis, IgE-maiid
insu’ cient and conficting data to support the protective role offood allergy, atopic dermatitis)3( 9, 72) to follow allergic

H. pyloriinfection, and several issues are still open.

conditions in the atopic march, as a late manifestatior®)(
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However, a signibPcant number of EoE patients do not preserGERD, acid ref3ux alters the epithelial barrier of the esophagus
allergic diseases, suggesting a possible non-atopic phenotyipereasing the permeability and the passage of food allergens
(2). Interestingly, several reports have suggested that EOE mthat might trigger EoE. Furthermore, acid re3ux in GERD may
be more frequently associated with some non-allergic dised induce the expression of inBammatory molecules and eosinophil
including connective tissue disorders74, autoimmune chemoattractants 13 83). On the other hand, eosinophilic
diseases (coeliac diseas®) @nd contradictorily inBammatory inBammation produces tlierent molecules (vasoactive intest
bowel diseases (IBDB(75D77), that are increased in the last peptide and interleukine-6) that might impair the esophageal
decades, especially in Western countrigs The pathogenetic peristalsis and delay the esophageal acid clearah§e The
mechanisms explaining the association between these ngieato subepithelial Pbrosis, a delayed complication of EoE, might
diseases and EoE are poorly understood and investigated. Epeomote esophageal dysmaotility%). Further studies are needed
and coeliac disease (CD) are two inBammatory diseasesadducto understand if this possible pathogenetic correlation might
by food allergens. Although CD resulted more frequent in EoEearly predispose children with GERD to develop the EoE.
patients than controls (5.6% of EoE, 0.9% of non-EBE Interestingly, the 10D15% of children with EOE presented
0.0001) 8), Lucendo et al. did not bnd a common genetic basi¢so the otolaryngologist before to be referred to the
between these two diseaség)( The frequency of the HLA DQ2 gastroenterologist 84), and the 33% of these patients
and DQ8 alleles predisposing to CD was not observed in adufequired one or more otolaryngologic surgical intervenso
EoE patients compared to controlgg). Also, type 1 diabetes, (20% bilateral myringotomy, 14% tonsillectomy, 18.5%
cystic bbrosis, adrenal insSwiency, autism, attention deit adenoidectomy, 1.4% sinus irrigation, 3.3% bronchoscopy,
hyperactivity disorder (ADHD) §), and monogenic diseased ( and 1.4% laryngotracheoplasty), suggesting that EOE might
appear to be signibcantly associated with a non-atopic phenotypeerlap with otolaryngologic patholog$%).
of EOE @). . .

An increasing amount of evidence showed that children withWVestern Diet and Lifestyle
esophageal atresia (EA3(P32) or with diaphragmatic hernia Although foods are the primary triggers of EOE, there are
(34) are at higher risk to develop EoBF 34, 79). Several risk limited data about the role of the Western diet in the
factors have been associated with the development of EoE @@ntribution of the EoE pathogenesis. Higher levels of fatty
children with EA, such as early life factors, early exposueetd acids characterize the Western diet and could be related to
suppressants and antibiotics, GERD, esophageal dysmotility, athe increased risk of developing allergic diseases. In a recen
epithelial injury (79). Interestingly, Krishnan et al. demonstrated study in mice, Silva et al. demonstrated that high-fat diedi an
that children with EoE+ EA share the same dysregulated genegbesity aggravated the immune histopathological charesties
(that encode for proteins involved in epithelial barrier fulnms ~ and increased inBammatory cells in the EOE experimental model
and Th2 inRammation) compared to patients with EoE and(36). These fascinating data provide new insights about obasity

without EA (33). a possible risk factor, impairing EOE symptoms; however, further
Although not widely demonstrated, another possible riskprospective studies are needed.
factor for EOE might be childhood exposure to caustic ingesti No studies evaluated tobacco exposure in children and

Homan et al. reported a case of EoE development aftédolescents with EOE. Only a recent case-control study oit ad
caustic damage in a child with allergic comorbidity5(. The patients showed that smoking was inversely associated with E
authors proposed two possible explanations for this assoniatiocompared to controlsg6).
(1) the caustic ingestion primarily triggered the eosinoghili . . . .
inRammation of the esophagus or (2) after caustic damage tHe€0graphic Risk Factors and Vitamin D
esophageal lesion might allow the trigger exposure (mairdgfo Levels
allergens) that might lead to EoBX). Although fascinating, this As previously reported and already described for other
report is characterized by some bias (child presented aflergin@ammatory gastrointestinal diseases, EOE prevails in Bpeci
diseases); however, further and extensive studies ar@eeljo ~ geographic areas of the world. Prevalence rates of EoE were
conbrm this data. higher in Western regions of Europe, North America, and
The diagnosis of gastroesophageal reBux disease (GERD) wasstralia than Asia and Africa3]. These geographic!dérences
also increased in the last two decades in Western countrigsetween Western countries (high prevalence) and Eastern
(80), in parallel to allergic diseases, and, as a result of conddsintries (low prevalence) suggest that environmentalofact
milk allergy in the half of infants with refractory GER81). might play a signibcant role in etiological mechanisms. The
Some authors reported that GERD might play a role in thee! ects of people migration on the future development of EoE
pathogenesis of esophageal eosinophilia, more relevant in PPlave not yet been investigated.
responsive case84). GERD, esophageal eosinophilia, and EOE A few and conficting studies evaluated the geographic
are not mutually exclusive and may coexist in the same patiendistribution of EoOE, based on the population density. An
However, there was no precise data about this associati@h, aextensive US survey of Spergel et al. showed that EOE prevalence
four mechanisms were proposed to explain it. (1) GERD causegas higher in urban (0.58) and suburban (0.44) compared with
esophageal eosinophilia in the absence of EoE, (2) GERD and Efal settings (0.36P < 0.0065) 87). Lee et al. demonstrated
coexist but are unrelated, (3) EOE contributes to or caudeRI3;  no signibcant dierence in the incidence of EoE between people
(4) GERD contributes to or causes Eof) In patients with living in the rural area (50.9%) vs. patients from the urban
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ones (49.1%)89. On the other hand, more recently, Jenseninhibitor (PPI) use in infancy showed the most consistent
et al. found a strong inverse association between the populaticevidence of a positive correlation with the future developmen
density and development of esophageal eosinophilia or EoBf EOE.
demonstrating that EOE was more common in rural areas, in
contrast with the hygienic hypothesigq). A possible explanation .
of these results might be the geographic variation of specilrlgf'fect of Early-Life Use of PPIs and
environmental allergens. Antibiotics
Eosinophilic esophagitis prevails in cold climate zonesAlthough PPIs are used to treat GERD and esophageal
suggesting a possible association with specibc aeroallergeasinophilia, some studies paradoxically showed that they earl
(tree or grass pollens) and with low serum vitamin D PPl use might predispose to the development of autoimmune
levels (). Increasingly signibcant evidence showed a linlgastrointestinal diseases (celiac disee®®) food allergies13),
between vitamin D debciency (maternal diet during pregnancyand EoE §0). Physiologically, digestion of food proteinsband
early childhood diet, lack of exposure to sunlight) and riskpotential food allergensbbegins into the stomach through pepsi
of atopy, as described for asthma, allergic rhinitis, foodproteinases, that are activated by the gastric awilieu. PPI
allergy, and atopic dermatitis3{P39). This association is therapy might inactive proteinases and facilitate the digest
generally strongest in early life; in fact, interventiosélidies escape of food allergens, increasing the gastric pH. Also, PPI
showed that the supplementation of vitamin [h utero mightincrease the gastric mucosal permeability and the prssa
and early life reduces the risk of recurrent wheeze andf allergens through the gastric mucosa, allowing their sxpe
asthma {0P43). Although vitamin D enhances antimicrobial to immune cells and the activation of atopic infBammation
pathways, promotes peripheral immunological tolerance, an¢b1E53). Finally, PPl might alter the esophageal microbiota,
maintains mucosal barrier integrity, no studies have eatdd and the modulation of immune respons&4 55. The risk
its possible preventive role in EOE development or its help io develop EoE after PPI therapy later in life has minimally
disease remission. been evaluated and could be higher after a long-term therapy
Climate zones might alsd act the season of EoE diagnosis.(56, 111, 112. However, these data suggest that the immune
Several single-center studies have evaluated the seiasaial system of infants might be more susceptible to PPI exposure,
symptoms and new diagnoses of EoE. In pediatric cohonvhich might trigger the allergen-mediated infBammation of
studies, the seasonal exposure to aeroallergens increased HoE. Since 1989 when the brst PPl (Omeprazole) has been
esophageal eosinophilic infammation in children with EOE andntroduced into clinical practice, a worldwide escalatiofi o
allergic rhinitis @0, 91). However, the association between EoOEPPI prescriptions was described at any age. Surprisingly,
relapse and season is still unclear, and available resulis we pediatric study documented an 11-fold increase of new

contradictory (L6, 17, 92807). PPI prescriptions under 12 months of age in the last two
decadesi(13.
The use of antibiotics in pregnancy is related to the
EARLY LIFE RISK FACTORS OF EoE: treatment of several infections, such as bacterial vagnosi
STATE OF ART and urinary tract infections. Alsantrapartum and peripartum

antibiotic prophylaxis are fundamental to decrease the risk
Early life is a critical period during the immune system andof Group B Streptococcumfection in positive mothers and
microbiota mature, becoming susceptible to early environtabn newborns. However, antibiotics might alter the immaturet gu
exposures. A well-balanced microbiome is fundamental fomicrobiome of the newborn. Studies in rodents demonstrated
the correct development of the immune systeG89100, and that the administration of antibiotics in pregnancy decreds
numerous early life exposures, including prenatal (maternathe microbiota diversity and permanently altered the immiyni
diseases, mother diet, and lifestyle), intrapartum (cesare (57, 58). In newborns, the early administration of antibiotics
section, maternal fever, and infections, prematurity), andesulted in decreasdBibPdobacteriunand increased enterococci
postnatal factors (early antibiotic and acid suppressants usstrains £9). The worldwide increase of antibiotics prescriptions,
formula feeding), might impair the gut microbiome, and especially in infancy, might partially explain the rise of
predispose to allergic disease$0109. The association allergic diseases. Observational studies demonstratedtiiba
between early impaired microbiota and risk of atopy isearly life antibiotic administration was associated withhash,
widely described for asthma, allergic rhinitis and fooceally atopic dermatitis, and allergic rhinitisL(4D116). As previously
(44, 45 110. A few studies postulated that early life mentioned, Jensen et al. founded a signibcant association
exposures might also predispose to EoE in childhotable 2.  with early antibiotic use and the development of EoE in
However, few studies focalized on early life exposures anzhildren (27). Although an exact causé-ect mechanism cannot
their € ects on the future development of EoBE7( 46049). be deducted, these data suggest that the early exposure to
The available studies reported that formula feedizg, (60), antibiotics potentially might alter the immature microbiam
neonatal intensive care (NICU) admission, prematurig7,( and the developing immune system, allowing the risk of
49), maternal fever 47), antibiotic and acid suppressants useEoE (L17).
in infancy (7, 49, cesarean delivery2{, 47) were putative The worldwide increase of PPl and antibiotic prescriptions
early risk factors of EoE. The antibiotic and proton pumpin early life, associated with their possible pathogenetie ol
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allergic disease and EoE, suggests a conscious and ratgenal  interplay between genic loci and environmental exposures,

these drugs, especially in childhood. through epigenetic mechanisms that are partially understood

) o (6). Also, the relative risk to develop this disease in dizygotic
Breastfeeding and Timing of Food twins might increase more than 10-fold compared to siblings.
Introduction in Children The increased rate of EoE development in dizygotic twins

Breastfeeding might be a possible factor that could preverfould be attributed to the same early-life environmental factors,
the development of food allergy through! @girent mechanisms. previously mentioned.
Human milk shows potentially anti-allergic immune properties  The inheritance mechanism of EoE could be related to the
in particular, the presence of maternal antibodies might préve € ects of multiple single nucleotide gene polymorphisms (SNPs)
exposure to food allergens and induce oral immuno-tolerancéhat increase disease risk, depending on the environmental
(118. However, there is limited evidence on the direct coriielat  €xposures and disease risk-modifying factdrsq 124). Several
between breastfeeding and the development of EoE. In a pidiatstudies, including candidate-gene identibcation and ge®o
case-control study, Jensen et al. identibed a strong irtterac Wwide association studies (GWAS), have identiPetledint
between the calpain14 (CAPN14) gene variant (rs6736278) aggneticloci that are likely contributing to the development of
breastfeeding, suggesting the possible protective role miahu EOE and mainly include thymic stromal lymphopoietin (TSLP),
milk against EOE. CAPN14 is a cysteine protease and playscalpain 14 (CAPN14), EMSY, LRRC32, STAT6, and ANKRD27
fundamental role in the integrity of the esophageal epithelia(7). These genetic loci are mainly involved in T-helper 2
barrier. Furthermore, its expression is only limited to thetype inBammation (allergic inBammation) and epithelial barr
esophageal mucosal9. CAPN14 expression was almost 4-foldfunction and integrity. Interestingly, EoOE is also assaat
increased in EoE patients compared to controls. Higher lesfels with several monogenic inherited diseases, especially with
CAPN14 expression are associated with the downregulation epnnective tissue disorders and skin diseases. Connearest
desmoglein 1, blaggrin, and zonulin, which are pivotal priei disorders, such as Marfan and Ehlers Danlos Syndromesg shar
of the epithelial barrier {19. Although the exact mechanism of a common pathogenic mechanism through the dysregulation
interaction between breastfeeding and CAPN14 is still wum, of the TGF! signaling. Children with autosomal dominant
human milk with its immunological properties might protect Hyper-IgE Syndrome (HIES) and Netherton Syndrome have also
the esophagus from the epithelial barrier impairment and thesigniPcantly increased the incidence of EQEF 126). Defects in
development of EOE in patients with specibc genotye§)( PTEN, dehydrogenase E1, and transketolase domainbcimgain
Over the last decade, food allergy research mainly focusdd(DHTKD1) genes are also associated with EDE/(129.
on the timing of food introduction and oral tolerance. Murine
models well-explained the concept of oral tolerance, and
previous works showed how early and regular oral exposurel OW COULD WE PREVENT EoE?
to food allergens induced clinical tolerance and immunological
changes. A large amount of evidence demonstrated that abhe rise of EoE diagnosis, especially in children, is an actual
early introduction of allergens might protect against thekrio ~ Problem, and preventive strategies are needed to limit this
develop IgE-mediated food allerg$i( 121, 129. In the last Phenomenon. Although there are no published studies about the
years, an increasing scientibc interest focused on thendiag Prevention of EoE, we could speculate that possible strategies
of non-IgE mediated food allergy, which often presents withPrimary prevention of EoE might be:

a delayed onset of gastrointestinal symptoms. The EAT study g gtaining breastfeeding in the brst 6 months of life, ciafig
evaluated data of non-IgE mediated symptoms (colic, voritin i, yeterm babies and newborns from mothers that underwent
regurgitation, diarrhea, and constipation), demonstratithat cesarean section

infants in the early |ntervent|0|;] armh.Tgportelzd Elgmbca:jntlyéz_ Limiting the uncontrolled prescriptions of acid suppressants
more non-Igk type symptoms than children in the standard 4 aniibiotics only in specibc and right circumstances.

intervention arm. However, rates of non-IgE mediated symp$o 3 - ot delay the introduction of food allergens in infants.
were equivalent in both groups at any time point, suggesting Providing adequate levels of vitamin D in infant and chéd,
that the reporting of these symptoms did not depend on the especially in those from cold climate regions.

introduction of the specibc food allergeridl, 123. Further 5 £h06raging a well-balanced diet and a healthy lifedtyth
research is needed to understand if early food introduction ;. pregnant women both in children.

could prevent non-IgE mediated food allergies, including=Eo
Although the understanding of the EoE pathogenesis achievethis work has several strengths. Firstly, this is a comprsiven
notable progress, there are no published studies about thiagim review, summarizing the current knowledge on EoE risk fex;to
of food introduction in infancy and the future development and focusing on the role of early exposures. Also, this review

of EOE. tried to answer to two main clinical issues: (1) the increased
_ ) prevalence and incidence of EOE in Western countries, edpecia
Genetic Risk Factors in children; (2) the lack of knowledge on early risk factorsla

EoE has a strong familiar hereditability pattern. Monozygoti possible preventive strategies.
twins had a 44% disease concordance, a 2-fold increase cechpar There are several limitations. First of all, the lack of
with dizygotic twins b, 6). These data underly a complex extensive and prospective studies evaluating the real buoélen
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environmental risk factors, particularly the pathogenetaer mechanisms, and activate the Th2 inRammation of EoE. Furthe

of early exposures. Secondly, the vast majority of genetic arstudies are needed to identify risk factors of EoE, undedsthe

epidemiological studies were realized in Western Countiie$  interaction between genes and environment, bnally Pnd plessi

mostly in the US. Finally, a few studies evaluated the genearly preventive strategies.

environmental interactions and the possible preventivetegizs

for EOE. Therefore, the lack of prospective and extensvAUTHOR CONTRIBUTIONS

studies from Eastern and developing Countries did not allow to

draw reliable conclusions on the role of early risk factorsl an MV and MD reviewed the literature and wrote the manuscript.

preventive strategies in EOE. AL, SC, IB, and GM reviewed the literature and helped with
In conclusion, EOE is an emerging atopic disease thatts the writing of the manuscript. All authors approved the Pnal

people at any age and characterized by symptoms due
esophageal inBammation, dysmotility, and Pbrosis. As desar
for allergic diseases, several environmental risk factord
early-life exposures might interfere with genes, alter tolee
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Eosinophilic esophagitis (EoE) is a chronic, immune-mediated disease
characterized by eosinophilic in Itration, leading to esophageal dysfunction,
in ammation, and brotic remodeling. In the last few decades, there has been
an increased prevalence of EOE at an alarming rate in the pediatric age. The
pathogenesis of EOE is still largely unde ned, and this limits the de nition of
effective strategies for the prevention and management of this condition. EoE is
considered a multifactorial disease arising from a negative interaction between
environmental factors and genetic background, causing an impaired esophageal
epithelial barrier with subsequent abnormal allergen exposure activating type 2
(Th2) in ammation. Food antigens have been suggested as key players in Th2
in ammation in pediatric patients with EoE, but emerging evidence suggests a
potential role of other dietary factors, including ultraprocessed foods, as
possible triggers for the occurrence of EOE. In this paper, we discuss the
potential role of these dietary factors in the development of the disease, and we
propose a new approach for the management of pediatric patients with EoE.

KEYWORDS

Th2 in ammation,
ultraprocessed foods

esophageal barrier, advanced glycation end products, alarmins,

Food allergy (FA) in children is a major health concern, with an increased prevalence in
the past two decades—{). Different clinical phenotypes of FA have been described, all
deriving from the alteration of the mechanisms of immune tolerance to dietary antigens
(5). Concomitantly, a similar increase in the prevalence of eosinophilic esophagitis (EOE)
has been observed in the pediatric ageS). Children affected by FA present an
increased risk of developing EoE later in life, and now EOE is considered as a component
of the allergic march9). EoE is a chronic disease characterized by an eosinophilic
in ammation of the esophagus and symptoms of esophageal dysfunttjonl). Like
FA, EoE is considered a condition deriving from a negative interaction between genetic
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background and environmental factors, leading to esophagqagssons from genetic ndings
barrier dysfunction. The epbageal barrier alteration
facilitates an abnormal exposure to dietary antigens and the The role of genetic factors in EOE pathogenesis was postulated
consequent activation of type 2 (Th2) ammatory response yth the observation that disease prevalence varies among sex and
(6, 19). EoE has evolved from a rare condition to &gthnicity. Epidemiological studies show that EOE is most common
commonly encountered disease in pediatric clinical practiGg \white males, in children, and in adult£4-26). Genetic
and a signicant cause of upper gastrointestinal morbiditysysceptibility is also supported by the evidence that having a
(19. The global prevalence of EoE is 4l5cases/1,000 (st-degree family member affected by EoE increases the risk for
persons {3). In children, the pooled incidence of EOE is 6.Gjisease occurrence (OR, 16.3; 95% CI;28.8) (7). The
cases/100,000 person years, whsrthe pooled prevalence isyglevance of the genetic background has also been supported by
34 cases/100,000 childreri”). During the last few years, the results of candidate-gene and genome-wide association
several studies reported a dramatic increase in Eafdies (GWAS), highlighting the role of differdatiinvolved in
prevalence, especially in children in Western Countriés (the Th2 in ammatory response, and in the regulation of
—16). Although this evidence might be related to improvedypithelial barrier structure and function in patients with EdE,
medical awareness and knowledge, it could also be related to ). The integrity of the esophageal epithelial barrier is
the global increase in allergic disorders. Despite some gen&lisured by desmosomes, tight and adherence junctions, as well
factors have been associated with an increased risk 9f py several genes involved in epithelial cell differentiation,
developing EoE, environmental factors seem to be the MAfkluding laggrin (FLG) and desmoglein 1 (DSG1). A genetic
relevant players facilitating the occurrence of the disea3e ( variation in these genes was detected in patients with EQE (
In the last few years, one of the most impressive changes Re most powerful association has been found in the alteration
the exposure to environmental factors concerns dietary habitg: calpain 14 (CAPN14) production, an enzyme involved in
The  consumption of ultraprocessed foods (UPFsgsophageal barrier regulation via the IL-13 pathway, ¢1).
rapidly spread in the last few decades among children livingstly, two other variations in serine peptidase inhibitors, kazal
in Westernized countries1{, 18). Increased exposure to type 5 and 7 (SPINK5 and SPINK7), were also detected in

UPFs is considered a facilitating factor for the occurrencgarrier integrity maintenancel, 28, 29).
of several chronic non-communicable diseases, including FA EqoE is characterized by a Th2 ammatory response and a
(19, 20). high prevalence of other atopic comorbidities, (33). Several

In this paper, we discuss the potential role of UPFs and FA igenetic alterations were detected in patients with EoE, mainly
the development of the disease, and we propose a new approachépited to the Th2 response, resulting in the upregulation (up to
the management of pediatric patients with EoE. 53-fold) of eotaxin-3 (CCL26), TGF-and Periostin (POSTN),

respectively, involved in eosinophil chemotaxis and adhesion,
with the consequent production of TSLP.2( 34). TSLP is
considered a crucial mediator involved in the EoEammatory
cascade. Although TSLP is also expressed in other atopic
disorders, TSLP production seems unrelated to other
concomitant allergic diseases in patients with E& {9).

Despite this evidence, twin studies reporting a low disease

The pathogenesis of EoE is still largely unt. It is  concordance in both monozygotic (41%) and dizygotic (22%)
commonly considered a multifacial disease in which genetic wins suggest the greater importance of environmental factors as

and environmental factors may play a role. These factorg, major driving force for the occurrence of EOE in genetically
through intricate and bidirectional interactions, are responsiblgredisposed childrersg, 36).

for esophageal barrier impairment, with loss of cell-to-cell

adhesion mechanisms (dessomnes, tight, and adherence

junctions), increased permedty, and consequent abnormal

exposure to dietary antigens?i( 27). Alteration of the The potential role of environmental factors
esophageal barrier leads to the epithelial release it facilitating the occurrence of EoE

in ammatory molecules such as thymic stromal lymphopoietin

(TSLP) and interleukin (ILB3, also called alarmins. These Growing evidence underlines that early life exposure to several
mediators drive the differentiation of Th2 effector cells, witldetrimental factors, as already reported for FA pathogenesis, could
the consequent production of sal Th2 cytokines (IL-4, IL- promote esophageal barrier dysfunction and Th2ammatory

5, IL-9, and IL-13) and massiveecruitment of eosinophils response in EOE 3(-39. In contrast, several bengal
(239). Simultaneously, luminal antigens encountering antigerenvironmental factors, such as breastfeeding and the
presenting cells (APC), activate speci antigen Th2 Mediterranean diet, showed a protective role against these
differentiation, induce additional release of @mmatory conditions ({C-42).

cytokines, eosinophils recroient, and plasma cell activation Several environmental agents could induce esophageal barrier
with specic IgE production £3). dysfunction. This could be the case of the detergents that altering
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the epithelial barrier, induced mucosal ammation and the with specic receptor (RAGE) expressed by epithelial cells,
typical histological features of EoE in a preclinical mode).( peripheral blood mononuclear cells, human esophageal mucosal
Immortalized esophageal epithelial cells (EPC2) exposed dells, and by human eosinophils7( 67/-69. The activation of
sodium dodecyl sulfate (SDS), a widely used detergent contaifRAGE induces several intracellular pathways that activate the
in domestic cleaning, cosmetic, pharmaceutical, and foadarmins signal with increased production of TSLP, IL-33, and
products, showed a sigmiant decrease in transepitheliallL-25 (70). These inammatory cytokines exert a pivotal role in
electrical resistance and a sigrant increase of FITC-dextran EoE and FA pathogenesis, and they induce differentiation of
ux. In addition, a proinammatory IL-33 mRNA expression innate lymphoid cells 2 in Th2 effector cells with a consequent
and a reduction of DSG1 expression were detected, wigmoduction of IL-4, IL-5, IL-9, and IL-131(). AGEs also activate
consequent alteration of epithelial barrier integrity. It was alsmast cells, via RAGE activation, with a consequent release of
observed that mice exposed to SDS showed a marked activagwain ammatory cytokines, and may induce the production of
of proin ammatory cytokine pathways and esophageapecic IgE against dietary antigensl{ 72). In addition, dietary
eosinophilia compared with not-exposed contrels) AGEs increase oxidative stress levels, and may also act at the

Like FA, infections have also been proposed as potential riglstrointestinal (Gl) level by impairing gut microbiome structure
factors for the occurrence of EOE. Some case series showesha function and tight junction protein expressiofnt( 73).
direct association between herpes simplex virus esophag€hése proteins are crucial in maintaining the esophageal and gut
infection and the development of Eof). barrier integrity; thus, an increased epithelial permeability allows

Data regarding different living areas are discordant. Sonan abnormal antigen passage,(74). In summary, the alteration
studies showed a positive association between EOE occurreotéhe gut and esophageal barrier integrity, the abnormal antigen
and suburban areasif, 45, 46). It is well known that rural vs. translocation, and the alarmin activation with a consequent Th2-
urban or suburban areas are characterized by a considerabléentated response, may allow an altered antigen presentation,
difference in pollution exposure, aeroallergen content, amesulting in a potentially harmful condition for the maintenance
climate temperature, which can modify the allergen aiof immune tolerance to dietary antigens(76).
concentration. Living in a cold climate zone seems related to a Lastly, it has been demonstrated that proton pump inhibitors
higher risk of EOE occurrence, but more studies are needed (Pls) could modulate both esophageal barrier integrity and
support this hypothesis 4(). Aeroallergens have long beenalarmin signal {7). This could be an additional mechanism of
proposed as a trigger or worsening factor for EGE {9, but action of PPIs in EoE treatment.
their role in the pathogenesis of EOE is still controversial. Indeed, Altogether, these data, from the epidemiological and
if it is well known that aeroallergens induce a Th2-orientatednmunological points of view, add plausibility to the potential
immune response in other allergic diseases (i.e., allergic rhinitdde of UPFs in facilitating the occurrence of EoE and FA.
or asthma), their role in EOE occurrence or exacerbation needs to
be better investigated>(-53). Recent studies on the role of
seasonality were unable to demonstrate sigmit differences in Food allergy-EoE links
EoE occurrence and disease coufs2K5).

New studies are now exploring the potential role of the As EOE is characterized by Th2 ammatory response, most
Western diet as a trigger for non-communicable diseageediatric patients have other coexisting atopic comorbidities,
occurrence, including FA1Q, 20, 56). Western diet is low in such as FA, allergic oculorhinitis, and asthniz, (33). This

bers and polyunsaturated fats and rich in UPES).(During clinical picture demands multidisciplinary management involving
the last few decades, the consumption of UPFs gigntly pediatric allergy, gastroenterology, and nutrition experti&®. (
increased in children living in Western countries. It wagObservational studies have demonstrated that the risk of
estimated that 65% of the total daily energy intake derives frodeveloping EoE increases in allergic children, especially in those
UPF consumption in children in the US and EW3( 19). with 1 allergic disease, and to date, EOE has been proposed as a

Smith and colleagues highlighted how dietary patterns could lsemponent of the allergic march9)( Moreover, allergic
related to FA occurrence in childrefi( 56). They linked different sensitization has been reported in most pediatric patients with
types of foods consumed by US children and fast-fooBoE (/9. According to recent FA classition, EOE can also be
consumption by Australian pediatric subjects, with the increasmnsidered a mixed (IgE- and non-IgE-mediated) FA, where food
in FA prevalence=@, 59). antigens have been proposed as triggers for esophageal Th2

Furthermore, countries with a huge increase in the EoE, FA ammation in genetically susceptible patierit§).(In 2017, a
and anaphylaxis rates were also the countries where Western digétematic review with the meta-analysis by Gonzalez-Cervera
rapidly spread among the child population in the same period (et al. reported that the frequency of FA in patients with EoE,

16, 66-65). compared with healthy controls, ranged from 0% to 44%, with a

One of the main UPF-derived compounds are the advancedlevant clinical heterogeneity in FA ddtion (81). Thereafter,
glycation end-products (AGEs), deriving from the non-enzymati€apucilli and Hill, assessing the prevalence of allergic diseases in
reaction between proteins and sugars via the Maillard reaciin ( patients with EoE, reported a 2488% prevalence from 2015 to

Dietary AGEs activate several @mmatory pathways, 2019 33). A more recent literature revision caomed that the
including the Th2 inammatory response, through interactionprevalence of IgE-mediated FA varies between 25% and379% (
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thus proposed a step-up approach
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that avoids

alteration, as in the case of FAl]. After this, the loss of immune unnecessary dietary restrictions and spare Gl endoscopies to

tolerance against allergens is crucial for FA developmzit Iy

assess histologic remissionc)( A recent prospective study in

the context of IgE-mediated disease, spetgG4 are generally children with EoE found that the single milk elimination diet
increased and considered a marker of immune toleranceas effective in more than 50% of patients, suggesting that this
Evidence shows that patients with EOE may also present hidretary intervention may be proposed asst-line treatment
levels of 1gG4, but their role in EoE pathogenesis and diagnobecause of the ease of implementation and adherérigeMore

is unclear. In fact, EOE shares some clinical features not ombcently, de Rooij et al. proposed a mixed dietary treatment in

with IgE-mediated FA but also with

IgG4-related diseasedults with active EoE, combining the empirical four-food

characterized by progressivbrosis ¢2). In 2014, Clayton et al. elimination diet with an amino acidbased formula. The authors
showed increased IgG4-positive plasma cells (IgG4-PC) in tfmund that, although the combined dietary treatment sigantly
lamina propria and granular extracellular IgG4 deposits in adulismproved the quality of life in adult patients with EoE, it did not
with EoE. In addition, the authors reported high 1gG4 seruntead to a more considerable decrease in the peak of eosinophil
levels against milk, wheat, egg, and nuts in these patientsunt at 6-week follow-up9(). As already reported in patients
demonstrating that the esophageal deposition of IgG4 wasth atopic dermatitis, children with EOE may develop IgE-
associated with food-specilgG4 antibodiesc(?). Recent studies mediated hypersensitivity to food antigens;,(99). On the other

con rmed the presence of total speciigG4 high serum level in hand, children who outgrow IgE-mediated FA and reintroduce

pediatric patients with EOE compared with healthy contrél§ ( the culprit food(s) in their diet,

). Unfortunately, despite this evidence, the pathogenetic role séime food {00).
IgG4 in EoE is still unclear and requires further research.

can later develop EoE for the

Unfortunately, the response to the food-elimination diet is not

FA and EoE have also been linked by the response to themplete or sustained over time in many children with E&8.(

elimination diet 82,

~38). However, despite the fact that a Several factors impacting clinical or histologic response should be

complete clinical response to the elimination diet is observed gonsidered in patients with EOE who are unresponsive to the

all children with FA, as this is mandatory for making a dige  elimination diet (
diagnosis of FAZY), the response to the elimination diet has not
been reported in all children with EoB(). The rst evidence

) (107).

that foods were the triggers of esophageaklfnmation were TABLE 1 Established and possible causes of unresponsiveness to food

reported by Kelly et al.9(). The authors highlighted the link

elimination diets and suggested solutions.

between FA and EoE by showing that children treated with 4

exclusive elemental (amino aeihsed) formula completely | Low diet compliance
recovered from Gl symptoms and showed a drastic decrease| inPoor palatability of amino acid-based
esophageal eosinophilialj. The elemental diet is effective in up formula
to 90% of pediatric patients with EoE(}.

The most frequently implied foods in pediatric patients with Expensive cost of amino acid-based
EoE are co® milk, wheat, soy and/or legumes, egg, tree nuts, formula or dietary alternatives
and shellsh. The elimination of these food allergens showed Psychosocial isolation with negative
different efcacy rates, depending on the number of foods Impacton the quality of life
removed and the rationale used to eliminate them from the diet Desire to consume trigger foods
(empirical vs. targetedp?, 93). The empirical elimination of all
these six food antigens produced effective results in— — -

. . Persistent bro-stenotic disease with

approximately 72% of patients, and the targeted one couldsgphageal stricture
induce a similar remission rate in patients with EOE when apersistent high exposure to other
combination allergy screening tests is performed [skin-prick testgnvironmental/ dietary factors
(SPT), atopy patch tests (APT), and/or spedgE] ©0, 94). The | (Ultraprocessed foods, deterggnts

Several dietary restrictions

irI\:ood contamination

Discuss with patient and his/her
family all possible therapeutic
strategies

Modi ed elemental diet (amino acid-
based formula + one or two less
allergenic foods, generally vegetables
or fruits)

Nasogastric tube or gastric tube in
candidate children*

Nutritional and psychological
counseling

Patient and family education
Esophageal dilatation

Patient and family education
Nutritional counseling

four-food elimination diet (cov® milk, wheat, soy, and egg) *Toddlers and young children with active disease complicated by severe failure to

. . . . . . thrive and malnutrition.
induces histological remission in above 53% of patients, with

higher efcacy in children than in adults (60% vs. 469%))(
Kagalwalla et al. performed a prospective observational study in
children with EoE treated with a four (c@avmilk, wheat, egg,
and soy)-food elimination diet nding that after food
reintroduction, the most common food triggers that induced

In the last few decades, the increased incidence and prevalence
histologic in ammation were cols milk (85%), egg (35%), wheatof pediatric EOE paralleled with the

increased incidence,

(33%), and soy (19%p%). Therefore, since milk and wheat areprevalence, and severity of the clinical manifestations of FA, in the
the most allergenic foods, Molina-Infante et al. proposed startirgediatric age. The origin of these parallel epidemiologic patterns is

with an empirical 2-food elimination diet, nding that this
approach was effective in 43% of treated patiepty. (The
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I Pediatric patients with confirmed EoE }—»‘m—-- Esophageal

| dilatation
| NUTRITIONAL COUNSELLING* |
| Discuss with the patient and his/her family the potential available treatments |
iy ! e,
| PPITHERAPY | | SWALLOWED TOPICSTEROIDS ELIMINATION DIET
(Allergy assessment)**
|
v
| No remission | Histologic remission, with Clinic and histologic
persistent symptoms remission
Check the efficacy of | Strictures/narrow caliber esophagus |
alternative anti-
inflammatory treatments
— l Endoscopic Rule out other co.nditions ur.lrelated to
No remission | : i esophageal inflammation
dilatation : o oo oon .
1 Re-evaluation of the initial diagnosis
Elemental diet ith e l R
Experimental drugs*** Long-term treatment with an effective anti-

inflammatory drug or diet

FIGURE 1
Toward an innovative strategy for the management of pediatric EOE. EoE, eosinophilic esophagitis; PPI, proton pump inhibitors. *Nutritional counseling
aims to assess the patient's diet, eating habits, potential nutritional de ciencies, and reduces exposure to ultraprocessed foods. **Skin prick test, speci ¢
IgE, and atopy patch test + nutritional counseling. ***Consider biological treatment (dupilumab was approved by the FDA in patients >12 years with EoE).

The role of dietary factors in EOE pathogenesis has been loagpphageal barrier dysfunction, mimicking the innate alarmin
considered only from the FA point of view, in which food antigenpathways and facilitating the occurrence of EoE in genetically
are considered triggers for the esophageal barrier dysfunction, foedisposed children. This hypothesis could drive innovative
the occurrence of Th2 irmmmatory response and the consequenpreventive measures to limit UPFs/AGEs exposure in the
clinical and histological features of EofE)( It is now time to pediatric age and provide a new strategy for EOE management.
speculate that the abnormal food antigen exposure could be just fhieis could be a reasonable, affordable, and easily applicable
consequence of arst hit, which could be mainly responsible for strategy against EoE.
the occurrence of EoE in genetically predisposed individGa)s ( Thus, we propose a new approach for pediatric EOE management,
Thus, dening which environmental factor could elicit thest hit  in which nutritional counseling aimed to reduce exposure to UPFs/
could be paramount for designing disrupting strategies against EOBGEs could facilitate better therapeutic outcomes in pediatric

The activation of alarmins is one of the initial signals in EoBpatients with EoE K ). Future preclinical and clinical studies
pathogenesis, driving a Th2 mmmatory response and esophageaire advocated to explore the potential of this approach.
barrier alteration (S ). Recent data suggest that selected
environmental factors could indecalarmins signal and esophageal
barrier dysfunction %0, ). Among these factors, the UPF

detrimental compounds, AGEs, seem to be relevant candidates able to

directly “switch ori EoE in ammation (0). AGEs directly activate LC and MV analyzed the literature, wrote the manuscript, and
the production of alarmins. Then, esophageal barrier impairmepgad the manuscript. RC designed and structured the review, wrote
could be responsible for increased epithelial permeability amfe manuscript, and read the manuscript. AL and GM analyzed the
abnormal exposure to food allergewith subsequent sensitization of |iterature and read the manuscript. All authors contributed to the
food antigens {4). This could explain why sensitization of food article and approved the submitted version.
antigens is commonly observed in pediatric patients with EoE. In the
light of this, sensitization of FA and food antigens cannot be the
trigger but just an epiphenomenon in several pediatric patients with
EoE. This could justify why the response to the food-elimination diet
may be ineffective in a number of children with EoE.

Altogether, it is possible to hypothesize that UPFs, and ig
particular dietary AGEs, could act as thmum movensgor the
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1 | INTRODUCTION

Primary eosinophilic disorders of the gastrointestinal tract (EGID)
encompass a spectrum of diseases characterized by prominent
eosinophilic inBammation affecting different regions of the gut that
occur in the absence of secondary causes (e.g., infections, drug re-
actions).>? Eosinophils typically show an activated phenotype, and
their inPltration leads to symptoms related to organ dysfunction.
EGID include some major entities according to the topographical
localization of the inBammation, namely eosinophilic esophagitis
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| Gian Luigi Marseglia®? ® |

| Stefania Merlit® |
Antonio Di Sabatino *

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.

allergy, asthma, atopic dermatitis, food allergy, rhinitis

(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.®*

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.>® Also, given that endoscopic examinations are
needed for making a debnitive diagnosis, the entity of underdiagnosis
in pediatric patients is probably more relevant. More in depth, EoE,

Abbreviations: EGID, eosinophilic gastrointestinal disorders; EoE, eosinophilic esophagitis.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, pro-

vided the original work is properly cited.

© 2022 The Authors. Clinical and Translational Allergy published by John Wiley & Sons Ltd on behalf of European Academy of Allergy and Clinical Immunology.

Clin Transl Allergy2022;e12146.
https://doi.org/10.1002/clt2.12146

wileyonlinelibrary.com/journal/clt2 1of 12



1%

20f 12

ROSSIET AL

EAACI

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.” It represents the most common cause of chronic dysphagia
in children and the most common cause of dysphagia with bolus
impaction in adults.® In a recent study by Cianferoni et al. conducted
in the United States, the prevalence of concomitant atopic diseases
was signibcantly higher in both adults and children, compared to non
EoE patients®

Due to their supposed rarity and the paucity of data, the preva-
lence of the other disorders belonging to the EGID spectrum is more
difpcult to ascertain. According to a recent US registry based study by

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 bnd 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

Dellon et al., the prevalence of eosinophilic gastritis, gastroenteritis medical subject heading terms used were OEoE,0 Oeosinophilic

and eosinophilic colitis, after the introduction of specibc ICD 9 codes, gastritis,0 Oeosinophilic gastroenteritis,0 Oeosinophilic colitis,0 and
can be estimated to be as high as 6.3/100,000, 8.4/100,000, and 3.3/

100,000, respectively.’® However, this bgure is probably under-

Oatopy,0 Oasthma,0 Oallergic rhinitis,0 Oatopic dermatitis,0 Odrug al-
lergy,0 Oeczema,O Oenvironmental allergy.O By using these terms, we

estimated, as this commonly occurs in administrative data driven
studies.** 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. 2

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 inRammation.®**1* On the contrary,
the pathogenesis of EGID not affecting the esophagus is still largely
uncertain. Some cellular and molecular features of Th2 inBammation
have been demonstrated, particularly with reference to eosinophilic
gastroenteritis, but autoimmune factors are also believed to exert a
role.*®*® 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. *”*® 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®®’ 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. ©°2° 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?* 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

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.* 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??®?* 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 inPltration 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.®

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!?® Several studies have shown that patients with EOE suffer
from a signibcant 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?®?® More-
over, in a previous meta analysis considering a large number of in-
dividuals it was found that patients with EoE had a signipcantly
increased probability of having asthma (OR 3.01, 95% CIl 1.96D4.62,
OR 5.09, 95% CI 3.91BP8.90, respectively) and allergic rhinitis
compared to controls.?® This strong association has led some authors
to consider EoE as Othe asthma of the esophagus’®
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TABLE 1 Clinical and endoscopic features, diagnostic criteria, current therapeutic options in eosinophilic gastrointestinal disorders

Clinical features

Endoscopic
features

Diagnostic
criteria

Histopathological
features

Laboratory
parameters

Differential
diagnoses

Association with
allergic
disorders

Predominant
allergic
phenotype

Therapeutic
options

Evolution

Eosinophilic esophagitis

Symptoms vary with age

Gastroesophageal reBux disease (heart-
burn, acid regurgitation), epigastric/
chest pain, dysphagia, food impaction,
vomiting, weight loss

Edema

Linear oriented creases (furrowing)
Mucosal rings (feline esophagus)
Exudates and whitish papules
Polyps

Strictures

! 15 Eo/HPF from at least one site (distal,
mid, or proximal esophagus)

Eosinophilic inBammation, eosinophil ab-
scess, eosinophil surface layer, basal
zone hyperplasia, dilated intercellular
spaces, dyskeratotic epithelial cells,
lamina propria bbrosis.

Immunostaining for MCP, ECP, IgE,
tryptase

Peripheral blood eosinophilia (not always
present)

Infection

HES

Neoplasm

CTD/SS

Small vessel vasculitis
Drug reaction

+++

IgE

T cell

Elemental diet, 6, 4, and 2 FED
Topical glucocorticoid
Proton pump inhibitors

Esophageal stenosis, bleeding,
perforation/rupture, especially if left
untreated

Eosinophilic gastritis/enteritis

Mucosal form: vomiting, abdominal pain,
diarrhea malabsorption, protein losing
enteropathy, iron debcient anemia,
failure to thrive (children), melena

Muscolaris layer form: obstructive
symptoms

Serosal form: eosinophil rich ascites

Micronodules
Erosion
Mucosal hyperemia

1 30 Eo/HPFin ! 5 HPF or ! 70 Eo/HPF in
! 3 HPF (stomach)

1 52 Eo/HPF (duodenum)

1 56 Eo/HPF (ileum)

Eosinophilic inBammation in different
layers

Blunt villi

Immunostaining for MCP, ECP, IgE,
tryptase

Peripheral blood eosinophilia (not always
present)

Infection

HES

Celiac disease
Crohn's disease
CTD/SS

Small vessel vasculitis
Systemic mastocytosis
Drug reaction

++

IgE

T cell

Elemental diets
Topical and systemic glucocorticoid

Poorly characterized in the long term

Eosinophilic colitis

Abdominal pain
Diarrhea
Weight loss
Anorexia

Erythema
Loss of vascularity
Lymphonodular hyperplasia

1 100 Eo/HPF (cecum/ascending colon)

! 84 Eo/HPF (transverse/descending
colon)

! 64 Eo/HPF (sigma/rectum)

Eosinophil cryptitis/crypt abscesses, crypt
architectural abnormalities, increased
intraepithelial eosinophils, and eosin-
ophils in muscularis mucosa and
submucosa

Immunostaining for MCP, ECP, IgE,
tryptase

Peripheral blood eosinophilia (not always
present)

Infection

HES

Ulcerative colitis
Crohn's disease
CTD/SS

Small vessel vasculitis
Systemic mastocytosis
Drug reaction

+

Tcell

Elemental diet
Topical and systemic glucocorticoid

Poorly characterized in the long term

Abbreviations: CTD, connective tissue disease; FED, food elimination diet; HES, hypereosinophilic syndrome; HPF, high power beld; SS, systemic

sclerosis.

Food allergy has been traditionally linked to EoE, given the are milk, wheat, soy, egg, nuts, and shellbsh. Eczema was also

strong epidemiologic link between these disorders, the clinical and signibcantly more frequent in patients than controls, (OR 2.85, 95%
Cl 1.87D4.34).

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

histological response of EoE to elemental diets, and, more recently,
the increased recognition of EoE in patients being treated with oral
immunotherapy.® The prevalence of IgE mediated food allergy varies ducted in the US, a high prevalence of allergic disorders was

between 25% and nearly 70%2°! The most frequently implied foods observed among 74 EoE children and 89 EoE adults, namely 32.4%
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TABLE 2 (Continued)

Author, year,
country

References

Allergy disease Comments

Pathology

Population

Study type

food allergy had not signibcant values

Atopic dermatitis
Food allergy

Atopy

controls (n = 62)

59

Higher asthma rates in patients with EoE than controls

EoE Asthma

Prospective. EOE Adults

Veerappan et al., 2009
United States

patients (n = 25)

controls (n = 360)

60

12% of patients had EoE pathological criteria. EOE

EoE Asthma

Prospective. EOE Adults

Mackenzie et al., 2008
United States

more common in patients with asthma and self

reported food allergy

Food allergy

patients (n = 31)

and non EoE patients

(n = 230)

Abbreviations: EoE, eosinophilic esophagitis; GERD, gastroesophageal reBux disease; OIT, oral immunotherapy.

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.®

Overall, these bndings have led many researchers to include EoE
in the spectrum of disorders making up the atopic march, often rep-
resenting the bnal step of this progression.? Of note, the association
between food allergy and EoE has been found to be the strongest.>2

Several pathophysiological theories have been put forward to
explain the association between EoE with atopic disorders, however
a consistent picture is still lacking.®* 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>™ Besides, cases of EoE after sublingual
immunotherapy for respiratory allergies have also been
observed?>*>3® The exact mechanistic interpretation of these
Pndings 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 specibcity.
However, despite these similarities, these conditions display peculiar
features, as EoE is usually a lifelong 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 EoE3"8 These bndings imply that
the eosinophilic inBammation 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
inbltration 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.3°

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.*®

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.***? Few
data pertaining the association between eosinophilic gastritis with
food allergy are available, while the majority of the studies has
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TABLE 3 (Continued)

Referen ces

Allergy disease Comments

Population Pathology

Study type

Author, year, country

70

Retrospective. Children EoE Food allergy One patient developed EoE after OIT

Hofmann et al., 2009
United States

Patients undergoing
oral immunotherapy

(OIT) (n = 28)

71

Atopic eczema, asthma, and rhinitis signiPcantly

Asthma
Rhinitis

Children EoE

Prospective. EOE

Sugnaman et al., 2007

Australia

increased in EOE patients than controls. Incidence of

anaphylaxis 24%

patients (n = 45) and
controls (n = 33)

Atopic dermatitis
Anaphylaxis

Abbreviations: EoE, eosinophilic esophagitis; GERD, gastroesophageal reBux disease; OIT, oral immunotherapy.

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.*® 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%*

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°

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 inPltrate threshold, has hampered its
identibcation 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?® Also, it
has been associated with a wide range of atopic disorders, including
drug allergy, allergic rhinitis, asthma, and food allergy.*®*’

In a US administrative database study, Jensen et al. evaluated
404 adult patients with eosinophilic colitis, Pnding that co existing
allergic conditions were common, being present in 41.8% of the pa-
tients.*® 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.*’

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.*® The same estimate of comorbid atopic conditions
has been calculated by Dellon et al. in the aforementioned register
based study®

3 | OUTLOOK

Allergic manifestations are a frequent comorbidity in patients with
immune mediated disorders of the gastrointestinal tract, including
classical autoimmune diseases and EGID? The current evidence of
the association between EGID and allergic disorders, as discussed
above, is summarized in Tables2b4, for adults, children, and both,
respectively.

Allergens can lead to disease exacerbation and allergen elimi-
nation results in disease control in a signibPcant proportion of pa-
tients. Besides, the control of atopic conditions is important to
control EoE.”” Patients living with EGID should be carefully
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TABLE 5 The currently ongoing clinical trials for the treatment of primary eosinophilic gastrointestinal disorders
Route of Clinical trial
Agent administration Mechanism of action Condition number Phase
Antihistamines (loratadine and Oral Histamine 1 (H1) and Histamine 2 (H2) EoE NCT04248712 2
famotidine) receptor antagonists
Febuxostat Oral Non purine selective inhibitor of xanthine EoE NCT02873468 2
oxidase
Omeprazole Oral PPI EoE NCT04149470 4
Fluticasone and omeprazole versus Oral Anti inBammatory PPI EoE NCT03781596 4
Ruticasone alone
Budesonide Oral Anti inBammatory EoE NCTO03245840 3
Fluticasone propionate Oral Anti inBammatory EoE NCT04281108 3
Mometasone furoate Oral Anti inBammatory EoE NCTO04849390 2
Mepolizumab s.C. Anti IL5 mAb EoE NCT03656380 2
Benralizumab S.C. Anti ILSR  mAb EoG NCTO03473977 2B3
EoGE
Benralizumab s.C. Anti ILSR  mAb EoE NCT04543409 3
Dupilumab s.c. Anti IL4/13 mAb EoG NCT03678545 2
EoGE
Dupilumab s.C. Anti 1L4/13 mAb EoE NCT03633617 3
Dupilumab S.C. Anti 1L4/13 mAb EoE NCT04394351 3
Cendakimab s.c. Anti IL3 mAb EoE NCT04753697 3
CALY 002 iv. Anti IL15 mAb EoE NCTO04593251 1
Celiac
disease
Lirentelimab i.v. Anti Siglec 8 mAb EoE NCT04322708 2Bb3
Lirentelimab i.v. Anti Siglec 8 mAb EoG NCTO04322604 3
EoGE
EoD
Lirentelimab iV, Anti Siglec 8 mAb EoG NCT03664960 2
EoGE
EoD
Lirentelimab iv Anti Siglec 8 mAb EoG NCT04620811 3
EoGE
EoD
Lirentelimab Lv. 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 EoE NCT04835168 1

(LANCL2)

Abbreviations: EoD, eosinophilic duodenitis; EoE, eosinophilic esophagitis; EoG, eosinophilic gastritis; EOGE, eosinophilic gastroenteritis; mAb,
monoclonal antibody; PPI, proton pump inhibitor.

evaluated from a multidisciplinary team, made up by an allergist, a Notably, a number of clinical trials regarding treatment modalities
pediatrician, and a gastroenterologist, considering all aspects of Th2 for EGID are currently ongoing (Table 5). Apart from a few unspecibc,
inBammation. Treatment modalities should possibly be tailored to non biologic, molecules, most of the drugs under investigations are
tackle shared molecular pathways. monoclonal antibodies, all of them targeting different pathogenic
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FIGURE 1 Main molecular targets of monoclonal antibodies in primary eosinophilic gastrointestinal disorders (EGID). Monoclonal
antibodies (mADbs) available in clinical practice for other Th2 disorders and under evaluation in clinical trials in EGID are shown along with the
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

TABLE 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 inBammation (i.e., skin, nose, and lungs, gastrointestinal tract).

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

3. Pathogenesistargeted 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.

pathways that, in some cases, are shared with allergic diseases. For

example, dupilumab, an anti interleukin 4 (I1L4) 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.”®"® 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 on mastcells, basophils, and eosinophils, all
key players in both disease groups®#°#! 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 conPned 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, (i) the difpcult
diagnostic work up, and (iii) the need for specibc expertise and com-
petences for their diagnosis. The future clinical research agenda should
focus on the identibcation of non invasive biomarkers for their diag-
nosis and their early recognition. The main key messages mentioned in
the outlook are summarized in Table 6.52
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Eosinophilic esophagitis (EoOE), the most studied eosinophiti gas
trointestinal disorder (EGID), is a chronic antigen-mediated digase
which affects people of any age! The eosinophilic inflammation
leads to a progressive esophageal dysfunction, characterized by
feeding and swallowing issues and recurrent vomiting in children. In

-
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relevant health problems worldwide and show an increasing prevalerce. Therapies
for food allergies are food avoidance and the prompt administration of intramuscular
epinephrine in anaphylaxis occurring after accidental exposure.However, allergen
blltmo|_;u-r< P $Q bv O;bm] bm~;v|b]-{t7cot-=rou%furelbmbv;”;u
food allergies. Effective oral immunotherapy (OIT) and epicutareous immunotherapy
(EPIT) induce desensitization and restore immune tolerance to the caual allergen.
)_bt; bll;7b-]; vb7; ;==;1|v -u; % ;tt hmo%mZ|v_otomddT;ul$ -u;
still underestimated. In this regard, eosinophilic gastrointeginal disorders (EGIDs),
mainly eosinophilic esophagitis, have been reported as putative conplications of OIT
=ou =007 -tt;u]l< -m7 viOtbm]t-t blltm-df;ulblic-R]_I$QrmdDwW_bm
tis. Fortunately, these complications are usually reversilie and the patient recovers
$ 7bviom|bmTt-|bom: $_ bv u;"bh%s ov%oltl;-1]h @& nv [L T, uro;\vp O t
1-fv-|b™; tbmh 0;|%;;m ;ovbmor_bihVouVjuebrm7v|b®v-t b]_ tb]
recent evidence and controversies.
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contrast, dysphagia and food bolus impaction prevail in adolescent
and adult patients.! The diagnosis of EoE requires (i) chronic symp
toms, (ii) suggestive endoscopic findings, such as esophageal rings
furrows, edema, stricture, narrowing, and crepe-paper mucosa, (i)
more than 15 eosinophils/high-power field (HPF) in esophageal bt
opsy specimens, and (iv) the exclusion of other causes of esopha
geal eosinophilia®® The overall prevalence of EOE has considerably

Martina Votto and Maria De Filippo equally contributed to this work.
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increased in the last few decades and is currently estimated to be
0.5-1/1000 subjects.*° However, EoE is detected in 2.4%-6.6% of
patients undergoing endoscopy for any gastrointestinal (Gl) ndica-

tion, and in about 50%, of patients showing food bolus impaction.®

EoE is a multifactorial disorder which results from the combination of
genetic predisposition, epithelial barrier dysfunction, environmen-

[-t ubvh =-1|ouv7 -m7 -tt;u];m v;mvHpuG-{bam|:
the type 2 inflammation of the esophagus.® Non-esophageal EGIDs

are uncommon inflammatory diseases caused by allergic and pos
sibly autoimmune inflammation, which affects the Gl tract distally

to the esophagus. The diagnostic work-up of these conditions re-
quires ruling out other causes of intestinal eosinophilia”® -v:;7 om
the Gl tract involved, non-esophageal EGIDs can be distinguished in
;ovbmor_btb1l ]J-v|jub|bv P o Q7 ]-v|uoLot|sjudbv B
&mtbh;tc _-1;-t
enigma for clinicians, and standardized guidelines for their diagnos

bl

07 momJ;vor

and treatment are still lacking 8

IgE-mediated food allergy is a global health issue, affecting from

|lo vw o= |_

classical therapeutical approaches for food allergy include allegen
avoidance and the prompt administration of intramuscular epineph-
rine in case of anaphylaxis. However, food avoidance significantly
impacts the allergic patients’ quality of life, mainly due to the fear of ‘
experiencing severe symptoms; moreover, life-threatening acciden-
tal exposure to the causal allergen limits its efficacy. In this context,
P $Q7 vtil]bopeq_;
os of the culprit allergen (oral immunotherapy), is being investigated
[bm] vm;u;nrfom?
2020, the oral immunotherapy (OIT) treatment for peanut allergy

ou-t -tt;u]l;m blltmo|_;u-r<
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u;1;b";7 -rruo”-t =uol |_; &" o007 -m7 ut] QLbm
tl_ot]l_ |_; 7;vimvb|bE&-|bom v1_;7tt;y_i-bm7Zh
"b7t-t ;m|;uv= 1tbmbl-t ;Sr;ub;m1;70}-v;;7 $nb

an initial rapid dose escalation phase followed by a buildup phase
lasting several weeks or months in order to reach the maintenance
dose %12 The aim of the OIT is the achievement of a temporary state
(immune tolerance) in which the patient can safely assume a speciti
amount of the culprit food allergen without life-threatening re ac-
tions (desensitization)1°*? To maintain the desensitization state,
patients should continue consuming the tolerated final dose of the
food allergen regularly. Mild-moderate side effects typically occur
during the administration and escalation of the initial doses and usu

vV 1tjud;intfdmiiZ -a

treatment for IgE-mediated diseases,

these conditions.
;v m

“eosinophilic gastrointestinal disorders” OR “allergen immunother-
-re?

performed in October 2020, including the publication years 1990-

ttteftmal dlsorders are rare disorders that might complicate

) <

yvv-1;

ruo”

0;
including food at

tt;ul;m blltmo|_;u-rc¢ _-v ;m |o

3

lergy, allergic rhinitis, and asthma. Eosinophilic gastroin

oral and—ln anecdotal cases—sublingual immunotherapy
protocols. However, significant esophageal eosinophilia

has been reported in allergic patients prior to the begin-
llou7bm] | |_
of knowledge, clinicians should always consider the risk of

mbm] o= ou-t blltmo|_;u-r«<:
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EGIDs in patients treated with allergen immunotherapy
and mptly perform diagnostic tests, in order to rule out
ndpromptly p 9
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Records identified through
database searchings

(n=124)

Records afer duplicates removed
(n=74)

Records screened
(n=32)

ally require no treatment or antihistamine.’®'? The medium- and
long-term complications of OIT are still unknown and little studied.
However, food OIT has been suggested as one of the possible risk

factors of EGIDs, mostly EoE; namely, 2.7% of patients who have re

6,13

Records excluded, not matching

the inclusion criteria
(n=11)

ceived OIT for food allergy developed esophageal inflammation:
vitolt]- $ P" $Q viOotbm]
emerged as an effective and safe alternative treatment in patients

o|_ m;otv -m7
with allergic rhinitis and well-controlled asthma and have been
shown to modify the underlying cause of these diseases with long-
term benefits.** $o 7-1;7 |_; | %o ;m

rhinitis and asthma and the subsequent development of EGIDs was
15,16

lomm;1l|bom O;

described in a few case reports:

Studies included in the revision
(n=21)

& ! indlusion criteria and search strategy
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$ e l|blt;v u;roulbm] 1tbmbl-t 1-v;v o= 7 Ttord{mju?7twbomd ojudtl;irb-|;7 =007 -tt;u]«
)-< lo
"elrt; -|lb;m|v %b|_ ]; -7lbmbv]|;ufu-|bom o=
tf]l_ou -m7 <;-u otmluc< vbE; v P<;-uvQ ";S tt;u];m $ $ Ju;-|l;m]|
=bmo];mo”"- ;| -t7&" 783 9 n.a. n.a. Peanut oIT n.a.
202077
Garcia-Rodriguez etal, "r-bm 90 3 n.a. n.a. Egg oIT 2.5-45y
2020%
Yee et al, 2019’ &" 13 1 8 M Peanut oIT 50 mo
tv_<«_;-7 ;| -t7 &" 1 1 34 F Peanut oIT 3 mo
20197°
Gomez Torrijos et al, "r-bm 57 3 n.a. n.a. Milk oIT 3y
2017%
Garcia Rodriguez etal, "r-bm 1 1 55 F Egg oIT 3y
20178%°
-0-b; ;| -t7%eee Jran 18 1 3 F Milk oIT n.a.
tuh ;| -t7%% ... &" 13 2 17-18 FandM Peanut oIT 8moand 1.5y
Echeverria-Zudaire "r-bm 128 8 3-14 M>F Milk and oIT 15-48 mo
etal, 20162 Egg
":I-mlbh -m7 "-<;f&" 3 3 6-11 M Peanut oIT 2 wk
201672
ou-bv "bt"- ;| -t7Portugal 1 1 3yand F Milk oIT 6 wk
2014 9 mo
t;m];vJ r-ublbo "f-btm 40 1 7 n.a. Egg oIT 6 wk
2013%°
"-m1l_;E&J -uld- ;lr-torm 110 3 3-14 M Milk oIT 29-39 wk
2012%°
Ridolo et al, 20118 Italy 1 1 11 M Egg oIT 5mo
Hofmann et al, 2009 &" 28 1 n.a. n.a. Peanut oIT n.a.

Note: EOGE, Eosinophilic Gastroenteritis; EOE, Eosinophilic Esopfutis; OIT, Oral Immunotherapy; PPI, Proton Pump Inhibitor.

V o tt 7b-1mov;v % ;u; r;u=oul;7 %b|_ Trr;u -m7_toke;;w¢m7ovior< %b]|
(i) case reports, clinical trials, cross-sectional and cohort stdies bm |_; &" v|T7<«<7 om; r-|b;m| 7;";tor;7 o;-vm7 -1
published in English in peer-reviewed journals, and (ii) participats remission after discontinuing peanut OITY’ Two years later, Ridolo

were children and adult patients with a diagnosis of EGIDs histo et al described the first Italian case of an 11-year-old boy who devel-
logically confirmed. Potentially eligible publications were manually oped dysphagia for solid foods and dyspepsia 5 months after com
screened and reviewed, and nonrelevant publications were excludel pleting the OIT protocol and recovered after an egg-free diet and
(Figure 1). oral steroid therapy.*® t-u]; u;luovr;1|b"; v|T7¢ 0= eee
children undergoing milk OIT reported three cases of EoE that re
covered after a complete milk-free diet combined with proton p ump
“Jd ! & $ ! + " 9 inhibitors (PPI) and swallowed corticosteroids!® u-m7olb@&:7 1tb
$ ! 9 ) cal trial comparing the efficacy of the OIT and elimination diet for
1"$5 egg allergy showed that in the OIT group, one developed EoE and
stopped the immunotherapy.20 The first Portuguese case report
The first case of EoE during OIT for peanut allergy was reported concerned a 3-year-old girl who developed EoE during milk OIT
by Hofmann et al in 2009 (Table )Y lom] ‘v 1_bt7u;m ;m awnd tedovered after the OIT discontinuation and administration of
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b-]lmovbv o=
"<lr]olv v m|;u”;m|bom tllol;
n.a. EoE n.a. n.a.
n.a. EoE Egg-free diet Egg was not the culprit food. Patients achieved

remission with milk-free diet and swallowed
corticosteroids

Vomiting and dysphagia EoE OIT discontinuation Initial disease remission.
Dysphagia to solids EoE OIT was stopped, and patient started Disease remission
viscous budesonide

Dysphagia to solids and chest EoE OIT discontinuation and milk-free diet Disease remission

pain
Dysphagia and heartburn upon EoE OIT discontinuation and PPI Disease remission

eating any food
Recurrent abdominal pain. EoE OIT discontinuation n.a.
Dysphagia and heartburn. One EoE OIT discontinuation bv;-v; u;lbvvbom: =|;u - r;ubo7 o= 7b

patient had weight loss remission, one patient experienced EoE relapse

and started swallowed corticosteroids

070lbm-t r-bm7 "“olb|bnkEpEwas In 3 patients, OIT was discontinued. Histological remission in 7 patients

dysphagia. The two patients diagnosed in The other 5 patients were treated

with EoOGE experienced more 6 patients; 2 with PPIs and swallowed steroids

intense symptoms, with had EoGE without OIT discontinuation

diarrhea
Emesis and dysphagia EoE OIT discontinuation and PPI therapy. Disease remission.
Emesis EoE Topical swallowed fluticasone and a Disease remission.

milk-free diet.

070lbm-t r-bm7 “olb|bBJE OIT discontinuation.

n.a.

Retrosternal pain and dysphagia EoE PPI, oral fluticasone, and OIT Disease remission
discontinuation.
Dysphagia for solid food and EoE Egg-free diet and 3 mo of oral steroid Disease remission
dyspepsia therapy
n.a. EoE OIT discontinuation Disease remission
swallowed corticosteroids.?t ";l-m1bh -m7 "-<;f 7;v1ub O patigntsuwere successfully treated with a milk-free diet and swal-

pediatric cases of EoE during peanut OIT22 Those children pre- lowed corticosteroids. 2

sented gastrointestinal symptoms a few weeks after the beginning 783 patients aged 3.5 to 48.3 years who were treated with peanut
of the peanut OIT, with clinical improvement after OIT discontinua - OIT, only nine patients developed EoE during the buildup and main
ruovr;1|b"; "r-mbv_ v|t7< o= «‘v 1_bthu; merfamceé phisdfm] Ibt

and egg OIT reported eight cases of EGID?® "bS r- |b;m|v % b|_ EonEisadisease characterized by symptoms related to esophageal
t|_ot]_
1o _ou|symptoms are required for the diagnosis of EoE, they may not ae

tion.??
developed vomiting and dysphagia, and two children with EoGE pre dysfunction and eosinophilic inflammation.?®
sented severe gastrointestinal symptoms and diarrhea
study of 18 children undergoing OIT for milk allergy reported the
first Iranian case of EoE in a 3-year-old gir® In a case series of 57 inconsistency between clinical and pathological findings has been
"r-mbv_ 1_bt7u;m tm7;ulobm] Ibth $7  or —% - wbaervdd’d Duindthe desensitization schedule, immediate and de
tients, who achieved remission after OIT discontinuation.?>  u;1;m | layed Gl symptoms are commonly reported, while the diagnosis of

curately reflect endoscopic and/or histologic findings, and possible

prospective study of 90 children who underwent egg OIT reported EoE, endoscopically confirmed, only occurs in 5.3% of OIT patiets.'®

EOE in three patients2® OIT discontinuation was not effective, and Gl symptoms associated with peripheral eosinophilia were describel

bm-tt<7 bm - t-u]; u;luovr;1|b"”;

svor_-1;-t
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$ ‘Julblt;v u;rou|bm] 1tbmbl-t 1-v;v o=
-lb;m|v %b]|_

fl_ou -m7 <;-u ofmjuc« "-lrt; vb@E;vVv ]; P¢;-uv@;$S
Kawashima et al, -r-m 1 1 53
2018

yittv | -t7 %eyv & 1 1 10
Rokosz et al, 2017° &" 1 1 9
Pmb ;| -t7° «eu France 1 1 10
m|blo -m7 -m]taly 1 1 23
201448

Miehlke et al, 2013%  Germany 1 1 44

Note: o 7 ovbmor_btbh1l vor_-]b|bv8 7 uo|dhid "TIXli-mOdtousltmo|_;u-r«8 "

o 7;7ttdrblitimojubml« f0tbnatt;u]lbl u_bmb|bv

F

M

tt;u];m

)_

-r-m;v; 1;7-u"

pollen

Grass pollen

Grass pollen and
Dust mite

Dust mites

Dust mites and
Grass pollen

-E;tmt|7 bul_ B

t7;u

V ott 7b-Imov;Vv % ;u; r;u=oul;7 %b|_ fTrr;u -m7_toBe;;w¢m7oviorc % b|

as adverse responses to OIT for different foods in 8% up to 14%
of children and have been defined as OIT-induced gastrointestinal
and eosinophilic responses (OITIGER). In addition to the most known
immediate IgE-mediated reactions, recurrent non-lgE-mediaed Gl
symptoms, mostly vomiting, during the OIT individualized regimen
have been reported 2-6 hours after the oral dose administration.3°-32
OITIGER symptoms appear in the first 2-3 months of OIT treatment
and are reversible or transient in most children, modifying the pro-
tocol with an individualized and slower dosing regimen3 t| ot]_
OITIGER patients may develop EoE, most of them can continue tie
desensitization protocol with complete remission of the Gl symp-
toms without requiring further endoscopies. Patients and their par-
ents were generally reluctant to perform Gl endoscopies, because
the reduction or discontinuation of dosing improves the symptoms,
and children do not show dysphagia or food impaction. Evaluation at
baseline, during symptom flares, and in the remission phase shodl
be performed to fully characterize this clinical entity and its possible
pathogenetic relationship with EoE.

patients undergoing OIT for food allergies,'® a preexisting esopha
geal eosinophilia was recently found before the beginning of the de-
sensitization in adults with IgE-mediated peanut aIIergy.33 Moreover,
a recent randomized placebo-controlled trial (clinicaltrials.gos no:

who underwent peanut OIT at week 52, that resolved at the end of
the maintaining phase>*

Despite different etiological mechanisms, IgE-mediated food at
lergy and eosinophilic GI disorders are strongly related®® Patients
with IgE-mediated food allergy have a significantly increased rik
(118 times) of developing EoE subsequently in their life, as a late

manifestation of the atopic march.*®3” On the contrary, it has been
proposed that after a period of a food elimination diet, patients w ith
EoE might develop IgE-mediated hypersensitivity when the food is
reintroduced.*® Interestingly, a common pathogenic mechanism be
tween EoE and food allergy is the intestinal epithelial barrier disup-
tion.3® Eosinophils are multifunctional cells that generally colonize
the Gl tracts, with the exception of the esophagus.’® tvo7 bm|;v|b
eosinophils are involved in pivotal homeostatic functions and play
essential regulatory roles in epithelial barrier maintenance throuch
ruo7t1|lbom7 |bvvt; u;fturadm7 u;
dition to EGIDs, several chronic diseases can be characterized by

ItT1tv -m7

increased Gl eosinophils, such as inflammatory bowel disese, celiac
disease, malignancy, vasculitis, and connective tissue disordst® It is
still unclear if esophageal or intestinal eosinophilia might eventually
progress to EoE or non-esophageal EGIDs without OIT or whether
or not the chronic exposure to the food allergen might increase the

preexisting eosinophilic inflammation.

The immunological effects of OIT are complex and concern
t]_ot]_ o bv -rovvbOt; tom]J|;ul 1olrvbbgbam-mmh;v0bm| 1<|]ohbm;
duced levels of allergen-specific IgE, increased levels of allerge-
specific IgG4 and regulatory T cells, and the downregulation of
the type 2 inflammation. % The increase of food-specific IgG4 and
its subsequent deposition in the esophagus was the most stud
$etee’eeQ u;roul;7 ;vor_-];-t ;ovbmor_bbhm pvmietlawechanism of EoE pathophysiology during OIT!* The immune
complexes are produced when the patient is exposed to high
amounts of relevant antigens, as is likely the case in EOE because
of local barrier dysfunction.
plexes further bind food allergens or other antigens or decrease
bm7t1lbm] 7bv;-v;
released by tissue eosinophils, might play a central rod in driving

44 .
)i

$7 "tOotbm]t-t I[Itm

u;vromv;v Pv%b|1Q70om; | _

_;uou mol| |_;v; blltm; 1

u;lbvvbom bv 1tuu;m|iesf7fmh

< |o -7lbmbv
$

$

$ -m7 -=|;u

341 295 *[€202/80/02] uo Areiqr aunuo A3|IM * 03BN UBS 031UI[JI|0d SI| BUOIZEPUOS - ONOA BUIRW AQ 8SKET Ted/TTTT 0T/I0p/W0d A3|im Arelquidul|uo//:sdny wouy papeojumod ‘G ‘TZ0Z ‘8E0E66ET

-t

MPUOD pUE SWISL

o
~

neai ajqedydde sy Aq paujagﬁ ale s9o(@e VO '9sn Jo sa|nJ Joj Areqi auljuo AS|IMm UO (SUDNIPUOD-pUE-SWISY/W0I A8|m Areiqijauljuo//:sdny) suol



VOTTO ETAL. TMI| Jve—
l;-vom |o fu-lbom o=
-7lbmbv|;u  $ |u;-|I;m|] “<r|olv b-]movbv o= wm|;u";m|bom tllol;
";7u; -tt;ulbl 13d ";7u; 7<vr_-]lb- -m7 EoE " $ 7bvliom]|bm T -|bHistofogical remission
rhinitis frequent vomiting (20 mg/die) after 8 wk
tt;ulbl ulwkb|bv - mGERD-like symptoms EoE was diagnosed "% -m7" $ tbmbl-t blruo™;I;m|

well-controlled

asthma age 8 steroid therapy and
elemental formula
Perennial allergic 17 mo olrt;]|; =;;7bm] u;=TEcE " $ 7bvlom|bmt-|Hismlogical remission
rhinoconjunctivitis
v|_1-7 -tt;u]lbl6wk Reflux vomiting, EoE " $ 7bvlom|bmT-|bHisto®gical remission
rhinitis retrosternal chest after 12 wk
discomfort and weight
loss
tt;ulbl 4 wk Retrosternal constriction, EoE " $ 7bvlom|bmt-|Hsological remission
rhinoconjunctivitis retrosternal pain and
and asthma dysphagia
v|_I- 4 wk Dysphagia EoE " $ 7bvliom|bmt-|Hislogical remission

IgG4 class-switch?* In the setting of chronic antigen stimulation
situations, such as those occurring in allergic epithelial barrier
diseases and conditions characterized by impaired gastrointesti
Itlov-7 t;";tv o= Jee 1 *“ Othefvige, O ;
IgG4 could represent an epiphenomenon linked to the immune

m-t -m7
response that leads to the esophageal inflammation** Therefore,
the pathogenetic role of IgG4 in EOE is still controversial and re
quires further research.

No studies have assessed the rate of non-esophageal EGIDs in
children and adults undergoing the OIT for food allergy. To date, only
anecdotal case reports have been described. The pathogenesis of
non-esophageal EGIDs is still unknown. However, non-esophagek
EGIDs can be considered a type 2 inflammatory disease, driven by
allergen exposure that leads to the pathological eosinophilic irtes-
tinal inflammation.®*° Indeed, empirical elimination and elemental
diets effectively improve Gl symptoms and intestinal inflammation,
suggesting that exposure to food allergens might be the possible
845 yvplmb=b1l-m]| Juotr o
with non-esophageal EGIDs shows a history of concomitant alle-
gic diseases, including IgE-mediated food allergy® In this context,
the initial treatment of non-esophageal EGIDs is usually the dietay

trigger in most affected patients.

approach, but oral corticosteroids have been reported as a second

therapeutical choice.®®
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after 4 wk
u_bmb|bv 7;%;tor;7 o 7fubm] " $ =ou-0buwi-t7 _-%;
lergies (Table 2 tbmb1l-t I-mb=;v|-|bomv -m7 _bv|ot§]b
U;vot ;7 “ % ;;hv -=|;u |_; 7bviom/[binfanpthem o= % S
vibllbt-u u;rou|7 m|blo -m7 -mj; 7;v1ulb0;; %o- 0'J <;§u.]
developed heartburn, retrosternal pain, and dysphagia 4 weeks after §
|_; bmb|b-|bom o= " $ =ou 7tv]| Ib[** Tieespphas v -tt;@]b
geal biopsy confirmed the diagnosis of EoE, and symptoms resolved §
~=l;u |_; 1;vv-|bofh 03 §-uJ ot7 ]but %bl|_ -v| 3-
lergic rhinitis developed severe Gl symptoms (vomiting and retros %
ternal chest discomfort) and weight loss 6 weeks after the beginning %
o= " $ =ou 7tv]| Ibf¥v&rnt;w]ixm7oviorc -m7 _bv|0t§]b
findings were suggestive of EOE*® =|;u 7bviom|bmt-|bom o:li ;
the patient achieved a complete resolution of symptoms and esoph g
ageal inflammation®® ou; u;1;m|t<7 );ttv ;| -t 7;v1ub0;7.§ 1
a 10-year-old boy with a previous diagnosis of EoE, who developed g
- m;% 7bv;-v; =t-u; -=|;u omt< e %o;;h 0=—]U;—U/]\b10tt§m
rhinitis and well-controlled asthma.>° §
= r$§|b;mfvt bmilb7;m1; u-|; o= o0 =otto% bmfb" $ :i)v
mated® 0% ;" ;u7 bm |_; &"7 lom|u-bm7bl-|bomyv :oi} "
- _bvlouc o= o0 : " $ l-< bm711; o %b|_;|bdv-I;Zr-]

mechanism of OIT that is related to the chronic antigenic exposure
%b|_ - uoOtv| -tt;ulbl v[{yrh;r{|bobkb
the IgE-mediated immune reactions, the progressive entrance of
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the culprit allergen might induce a chronic stimulation of the im-
mune system with the consequent activation of tissue eosinophils
and Foxp3-expressing T cells, and the release of cytokines, such
Jee -mPAATA95253 | ot]_

disease remission with a food elimination diet, the lack of an ade
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guateldieb @s@onkerin & significant number of subjects may sugest
-tima? aetdalleidehs other than food antigens can play a pathogenic
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role®%  -uo-tt;u]l;mv 1-m |ub]];u -m7 ;$-1;u0;|; rep@rtédnhat childreh could tolerate milk without developing Gl

" $ 7bviom|bmt-|bom blruo™;v ;vor_*T{0%%pm symptefis@iyears after the discontinuation of the EPIT protocol.”®

“;7u-t vbml]t;d1;ml;u v|t7b;v -7
the potential role of aeroallergens in EoE development and reactiva
tion, %962
EoE might develop exacerbations in esophageal inflammation during
the pollen season depending on the specific aeroallergens to which
they are sensitized ®>®* However, patients’ follow-up data are not

available, rendering the real cause-effect mechanism inconsistent.

Furthermore, the association between EoE relapse and season is still

;T-ttb s 7- h 7; Thesev data-suggest that EPIT may also be safe and effective in

treating non-IgE-mediated food diseases, and its immunological

o_ou| v|t7b;v u;roul;7 |_-] 1_bt7u;m -m7 -7 effects, mgy bBoduistained and persistent.
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The prevalence of IgE-mediated allergic diseases is increasing
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controversial, and available results were contradictory8:69:65-69 worldwide. These conditions significantly impact the patients’

Moreover, the latency between the inflammatory effects of in - -m7 |_;bu 1-u;]lb";uv= tt-tb|< o= tbh=;mt$o|d-{7 $
gested allergens and the appearance of GI symptoms can be excep ment that could modify the natural history of allergic diseases,
[bom-ttc "-ub-0t;: )_;|_s;u " $ bv |_; uu-thduhl]];ufageringptheotransition from the immediate IgE-mediated disease
asymptomatic eosinophilic inflammation is already present before I;2_-mbvl |o blltm; |ot;u-m1;: fTuu;m| ;"H7;m1ls v
|_; 7;v;mvb|b&E-|bom ruoflolot bv v|btmbIhnwbev: ltorbt77 Mo 4tbolrtbl-|bom o= $ ou " $-=o0ou =00

have currently assessed a latent esophageal inflammation in patiets

tory allergies, respectively. Non-esophageal EGIDs are curretly

O;=ou; |_; O;]bmmbm] o= " $ =ou -tt;ldm]uwtb;iepdtied asnah Bdrefukent side effect of OIT. However, available
asthma. 7-|1- -u; bmvt==blb;m| |o 7;lomv]u-|; n$Fv;i7tv-|h";
velopment of EGIDs.
The specific phase (dose escalation or maintenance therapy) of
“JJ $ ) $ $ $ $ $ ou" $bm %_bl_r-|b;m|v 0;10l; -| |_;v.b]_;V
$! $ (0] development needs to be defined. It is still unknown whether EoE

The cornerstone of pediatric EOE therapy is the off-label use of oral
topical steroids and the elimination of the culprit antigen(s) from
[_; 7hb;]:
remission in 53%-95% of patients® However, patients may develop
new EOE flares when the therapy is suspended. No data on the long
term safety of swallowed steroids are currently available. Potential
growth retardation, bone demineralization, and adrenal suppresson
have been reported as potential side effects of swallowed steroid
treatment. Food elimination diets are equally effective and are gen
erally based on avoidance of the most common food allergens (milk,
wheat, soy, egg, fish and shellfish, nuts) or the prescription of an ex
clusive elemental formula. The compliance to the elemental diet is
significantly impaired by taste, restricted meal variety, and lack of
insurance coverage’® Furthermore, restrictive diets may compro-
mise the patients’ growth and nutritional status, lead to nutritional
deficiencies, and decrease patients’ quality of life’°

"% -tt0%o;7 v|;uob7v -u; ];m;u@fttbmi=0l|b";vBmolt<

has been previously developed or is a consequence of the prolonged
allergen exposure during the maintenance phase or if it eventually
resolves® Providers should be aware of the risk of developing
7tubm] $:
|[olv -u; oOv;u”;7 7tubm] =007
should be promptly considered, and patients should undergo Gl en

doscopy or less invasive diagnostic tools, such as the esophageal
string test.”®”7 Fortunately, these complications seem to be revers

bOt; O«¢
strict and prolonged follow-up of the patients undergoing OIT is

c-utc

recommended to detect possible long-term adverse events.

Three possible hypotheses could explain the occurrence of
EGIDs during OIT and should be investigated: (i) The subclinical eo
sinophilic inflammation might exist before the desensitization proce-
dure, (ii) EGIDs might develop regardless of OIT, and (iii) OIT might
induce EGIDs®! Further studies are required in order to assess the
natural history and the specific management options of EGIDs in pa

Epicutaneous immunotherapy (EPIT) is an experimental im |b;m|v % _0 ru;"botvtc Tm7;u% ;m)| $:
munotherapy based on a low dose of allergen exposure through
the skin to induce desensitization and reduce cell activation in $ $ ! "$

response to food antigens. In animal models of EGIDs, the EFI
treatment for peanut allergy effectively prevented intestin al in-

The authors have no conflicts of interest.
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flammation due to chronic exposure to peanuts.’*’2 The EPIT &s$ ! $1 &S

protocol has been successfully used to desensitize children with -ulbm- (o||[e6®%b7-|bom P;tt-tQ8 )ub|bm]Joub]bm-t
cow's milk and peanut IgE-mediated food allergies’® Recently, -ub- ; btbrmo9v|b]-|bom P;tT-tQ8 )ub|bm]J®ub] bgm -
EPIT was proposed as a new treatment of EOE, showing exciting ttl1b- -lbmb||b®70to]« P;tT-tQ8 "fr;u"bvhoth- P; t% -t

and encouraging results in children’ In a phase 2 double-blind
lub-t7 "r;ul;t ;| -t u;rou|h7 -jtt:-d]c<
was safe and reduced esophageal inflammation<{15 eos/HPF) in

u-m1;v Valifation (equal); Visualization (equal). bo™-mm- ;
$v il |[btltu-|bom P;tt-tQ8 "Tr;u\bwihblom -Pn7Hot
"tr;u"bvbom P;tt-tQ8 (bvt-tdTEu|bonl Mot6altQ:
-m-t<vbv P;tt-tQ8 "tr;u”pwbhobl _P;tU@u "bvbom

lomjuott;7

47% of EoE enrolled children” The same research group recently
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(equal); Visualization (equal). bou]bo bru*tr7b9vbom PtsyzQ7oto 7 ; m];tbv 7 -tt= Jtbo _eMyimor-=hthll v
yub|bm]J u:"b; % S 7b|bml-[Bt;-7Qu0* b bvbom specific oral tolerance induction for egg protein. Ann Allergy Asthma g,
) o - Immunol 2011;106:73-74. g

(equal); Visualization (equal). ool ™M1 ;EJ -ul - "7 lo7u [TE it !-a: TowbOR UG T
eosinophilic esophagitis induced by milk oral immunotherapy. J §
Allergy Clin Immunol2012;129:1155-1157. ;f
I ( ) fe: t;m|;vJd r-ublbo (7 t"-u;E&J ;u;-t:7"rpib=|} 6W- il

The peer review history for this article is available at https:/publo ‘e: ou-bv "bt - 7 m|tm;v 7 _-10;t 7 ;£ -ia
ns.com/publon/10.1111/pai.13458. sinophilic esophagitis in an infant undergoing milk oral im

tolerance induction in paediatric patients with persistent egg al-
lergy. Allergol Immunopathol (MadrR013;41:143-150.
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munotherapy - a case report. Eur Ann Allergy Clin Immunol

| 2014,46:154-156.
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Eosinophilic esophagitis as a sideffect of allergen immunotherapy protocol for a systematic
review and metaanalysis
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ABSTRACT

Background; Sensitization to food ani aiihorne allergens is common in theritgapf patients with
eosinophilic esophagitis (EOE). Aiinouyh there is not a direct esffeset relatioship of IgE-
mediated allergy with the pathoger.»si, of EOE, theagiswing evidence that oral desensitization to
food and sublingual immunoth¢re «{SLIT) may induce the development of EOE dgeaseaeffect.
As part of the ‘EOE and Allergy=>11 Immunotherapy (AIT)" Task Force fdnbg the European
Academy of Allergy and C nical Immunolog§EAACI), a systematic approach will bellowed to

review the evidence fromrc ibushed scientific literature on the development of EoE in children and

adults under any type-of , T,

Methods; This syster:atic review will be carried out following the PRISMA statemaittetines.
Studies will be agsesscd for inclusion in the review according to thelaRopinterventions-
Comparatorgutcor:2s/(PICO) criteria

Results Expected or.tcomesill provideevidenceon theAlT -EoE development connection.

Conclusiort The 1ndings from this review will be used as a reference to progeiluguidelines for
physicians u2atng patients with EOE and/or are practicing AlT.

PROSFPZIRC registrationID: CRD42023425917
Key worc s eosinophilic esophagitis, allergen immunotherapy, oral desensitization.



Impact Statement

A continuously increasing incidence of eosinophilic esophafits) is noticed during the last 2
decades. In the same timefrgnpeotocolsof food desensitizatioforal tolerance induction with the
use of fresh food and immunotherapigh food extracts) have been developed for patients+:uffeiing of
food allergy.Many cases of EoE development in patients following food desensitizawtncols
have been reported in the literature, as well as cases of EoE follawtliggsial immunciherapy to
airborne allergens. A Task Force has been funded by EAACI to examinasiisiction. The
presernpaper describesthe methodology adopted to examitiee associatiorand is..thefirst one
produced byhe relevant TF.

BACKGROUD

Eosinophilic esophagitis (EOE) is a chronic inflammatory disedsesally characterized by
symptoms related to esophageal dysfunction and histologically . by eosipogihiiminant
inflammation (>15 eosinophils per high power fi€ld) Various EoEpheriatypes have been proposed,
based on response to therapy, atopic status and natural histev o' the, diddlashree different
endotypeshave also been identified, based on histological. endc=copic and raolézature®?).
Although EOE is not etiologically caused by an Jgiediate! pathomechanism, sensitization to
airborne and food allergens is common in these patients witti an undériielper 2 (Th2) cell
mediated pathophysiology (3,4).

Food allergens are considered common triggers foinEoE, and this hypothesis has heexd diysthe
fact that elimination diets are often an effective treatn.ant optionekawtheir effectiveness is not
noticed in all EOE patients. It appears that EoE is.a =ultifactorisdsiseaused by a combination of
genetic predisposition, epithelial barrier dy<function,environnhenigk factors and allergen
sensitizatior(5).

Airborne allergens have also been implicai2d i the pathogenesis of EmlEghlthere is no strong
evidence of a caussffect relationship. Ecc 1as Yeen developed experimentally in a murine loyodel
initial intranasal sensitization Wspergillusuriigatugpllowed by challenging mice with the relative
airborne allergerf6). Several singkeerer c'inical observations have also found correlations batwe
the onset or worsening of EOE syriptoiis with seasonal aeroallergen eXged0). These findings
have not been confirmed by other sturhesino significant variations in the seasonal distribution of
either the diagnosief EOE or iis ('inical recrudescence throughout the yeas reported bya
systematic review and megaalysi0n this topiq(11).

Regular contact of the esaniiageal mucosa with large amounts of food allergehs amduscule
exposure to airborne allerger s have been involved in the develophtesiE (12). This potential cau
relationship possthe auasuan on whether allergen immunotherapy (AIT) administgeecsmay
represent a risk facto: for the onset of EOE. There are case reports ofdnafiayed EoE developed
in patients undercoing. sublingual immunotherapy (SLIT) to pollen or khauste mites, but the
incidence rate is nn2and3-17).

The involvement cforal immunotherapy (OIT) to food allergens in the devetldpmh&oE has also
been descritbaflle,19) OIT has emerged as a promising therapy for patients witmigdiated food
allergy, witiarious tolerance induction protocols being developed andedyvaf food allergens
being adaiassed. The incidencecohfirmednewly developed EoE as a sidiect of OIT has been
reported. >capproximately 25.3% of patients with a 5.6%OIT discontinuationrate due to a
diagnosiz of EoE (or symptoms possibly related to E@B)}20). The clinical and histological
remissicn of EOE reported in caseries after the discontinuation of OIT is a further clue of this
IN&Rracdon.



Given the overarching principles of the European Academy of Allergy dnccal Immunology
(EAACI) to promote effective and safe medical care, EAACI created a Task Héicto(investigate
the caual relationship between EoE and AIT, conducting a systematic review andanadyeis.
Subjects with active EoE would rather rarely undergo SLIT or €bThe systematic review /ams to
evaluate theab initio manifestation of Eolih patients undergoing such treatments and 0 provide
useful guidelines for physicians treating patients with EoOE and/otigingcAlIT. The protr.cor o1 the
systematic review on the development of EoOE as aeffdetin patients treated with AT 2 2rborne
and food allergenis presented here.

METHODS
Study design

In this systematic review, the PRISMA (Preferred Reporting Items fcr. SyseeReviews and Meta
Analyses) statemerguidelineswill be followed (21,22). The methocalog has been reviewed and
approved by all authors in a TF meeting held on December 2022:

Search strategy

The electronic search of the literature will be performed=in three enginemeBRulscopus, and
Embase. Grey literature (e.g., conference abstracts) \ilbolse arched, and the list of references of
full-text articles will be screened to identify further relevat studies.

All databases will be searched from inception to ‘viai~Hy 2023. The following Medical Subject
Heading (MeSH) terms and text words will be nscd.in the queries: "eosinogdaphagitis’'OR
"eosinophilic oesophagitis" OR "EoE" combirer. with ("TAND") "Allergen immtlnerapy” OR
“Specific immunotherapy” OR "desensitizati.n" SR "AIT" OR "Sublinguaimiomotherapy” OR
"SLIT" OR "specific oral tolerance inductior” 2Kk 'SOTI" OR "oral immuresapy” OR "OIT" OR
"airborne allergen” OR "respiratory allerger.'.OF. "food allergeR “Bpicutaneous immunothepy”
("AND") "side effect" OR “adverse effect’.

Eligibility criteria

Studies will be assessed for inclusion in the review according to thelaRopinterventions-
Comparator@utcomes (PICO) siii2rida:

Population
Human studies, without ege,;.gender, or origin limits, will be included.
Intervention(s) / Exposuiaf(s,

Any type of AIT (prbbahly only oral or sublingual) reported to cause or exacerbate, histolpgicdll
clinically diagnosza =sE, will be considerddodalities used for AIT may include any protocol of
food desensitizeton or sublingual AIT and any fresh food or extract used foptirpsses.

Comparator(2) / ¢.ontrol(s)

Studies cemparing the assessment of EoE before and after AIT will be cedsilecomparator can
also b aroup of AFreated patients that have been histologically and clinically assegstt fo
devalopment of EOE, in parallel with the ones that developed EoE.

readutcome(s) / Additional outcome(sere are two similar but not identical questions that will be
adai=ssed, both regarding the development of EoE after starting AIT. The firstcientiection of
EoE development after sublingual AIT using extracts of airborne allergeshghe second is the
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connection of EoE development during oral desensitization to food alleffemgprimary outcome
for both will beany evidenceon AIT-EoE development connection. Indicating AIT and OIT as the
causal factor of EOE can be done with certainty only if patients have undergendascopy prior to
desensitization. The extended use of the-ingasive technique of sponge test, perform<d. during
endoscopy, has started facilitating the diagnostic procedure. Triggeringxaoerbation of pre
existing EoE after AIT can be examined as a secondary outcome. Another secondrng dsithe
course of EoE after the discontinuation of the culprit AIT, for both branchés study.

Inclusion criteria

Observational (prospective and retrospective) and interventionaéstegi&niriag wtne correlation of
AIT with the development of EoE in humans will be included in this sy*iei=view. Any type of
AIT, including different protocols of food desensitization and any exch&LiT, should have been
performed in the primary studies. In order to confirm AIT as the trigger.01 folifroed histological
diagnosis of EoE (>15 eosinophils/higbwer field) developed aiar 1ne start of AIT will be
considered. There will be no restrictions in terms of age, sex, ard roce. Ngkngstsictions of the
studies will be imposed.

Exclusion criteria
x Case reports, Case series, Reviews, Opiniorartietiorial articles
x Studies on laboratory animals
X In vitro — ex vivo studiesot directly refe “iny“w clinical data (EoE symptoms)

X Studies that do not include AIT &: described in the inclusion critedarefier to other
procedures; for example, the use’'u: fou supplements or herbal infusions.

x Studies on the use of AIT for the treatment of EOE are subject of anobiestmf our TF.

Study selection and Risk of Bi&s as.essment strategy

Two investigators will inde 2endently scrutinize the eligibility of identified titles and abstracts
based on the elements o7 ' coE as a-afthrt of SLIT with airborne allergens” question. A third
author will help rescive disi.,greements between the first two authors and rewmemsis. Two
investigators will alsowoic o the identified search results @E“Bue to the specific oral tolerance
induction / food immur.atherapy” question, with a third investigator hglpisa referee. The Rayyan
QCRI web tool wil. be Tused to assist in the study seled8) Data extraction will be done twice.
Excluded papergs will be published as an online supplementary Appendix.

Detailed inforriiatieit on the included studies will be provided in a table biegrstudy participants
(number anGage groups), research designs, interventions (allergg)testmparators, and outcomes.
The sourczs =f tunding for the studies included in the review will be eshort

Two investiyators will carry out an independent quality assegsome@ach eligible study of the final

list., AMSTAR 2 (A MeaSurement Tool to Assess systematic Reviews) will be used to assess the
guaitywor all studies that will be extracted from the litarat research, offering an accurate and
(umnieshensive summary of the resiitd,22).Moreover, different assessment tools will be used for
dificrent study designs. The risk of bias (RoB) of the included randomizdtblbed trials will be



evaluated using the Cochrane Collaboration RoB T24). To assess the quality of evidence innon
randomised interventionROBINS-| will be used(25). Two investigators will review the results.

Data extraction, analysis and synthesis

Separate analyses for each one of the outcomes will be undertaken. Where pagsittbt o ar alyses
by age group, food allergens, airborne extrastady design and risk of bias will beneriormed to
investigate potentially different effects on risk.

The heterogeneity of pooled results will be examined using the &osHp test, wih a v.10 level of
significance and the? statistic, which describes the percentage variatior” acruss studies due to
heterogeneity rather than chance (26,27). A narrative synthesis of theltdatean~.zone.

DISCUSSION

There are still unmet needs regarding the development of EoE ac=ffeideof AIT, age as a risk

factor, theimplication of each of the two differerfibod desensitizauxomodalities (sublingual and

oral) to the development of EoOE, the possibility that the pracu=e- dingpi{not swallowing) the
allergen during SLIT is a safest{ll efficacious) option, whethe: prelininary anamnesis of symptoms
posing the suspicion of EOE is enough or whether endoscan,.should be performed before the start of
desensitization protocols and if the treatment protoco!s (f EcE inates celated to AIT should be

the same with the already followed ones.

In a metaanalysisregardingatients undergoing Ol:»e overall rates per patient for symptoms
possibly related to Eolvere 34% for generalgastroii:tesinal symptoms, including 32% of reported
symptoms related t@bdominal pain and 12% ¢! reported vomiting. The overall rate of OIT
discontinuation was 14%, with 4.7% of these.reprting symptoms potenttalytable to EOE19).

In general, EoE clinically and histologically.rasolves after food Q@li$continuation.Food
desensitization protocols are proposed in.ases omigiated food allergy, mainly to patients that
have a history of anaphylaxis, so it is si2ar“nat a decision to sftbph& to be followed by an
updated anaphylaxis action plan.

It is certainly important to offer evide ¥ sed guidelines on whether EoE related to AIT prohibits
any future effort to desensitizatio/s, either to food or to airborne allergen, using the . r
Although it appears apparently ireicvant, it should be cleathgheesensitization can be performed
using other AIT routefor the saiar: patients.

In this paperye describe tho.nrotocol of the systematic review that haspbeemed. Thisystematic
review will mainly focus /urnexisting evidence i) on whether the severity and fregqueih&oE
presented during AlT is cim.ar ta comparator population without AIT and ii) how cessation or
prolongation of AIT afiecwa.trie clinical course of EdBe described option to treat EoOE (with proton
pump inhibitors and-swallowed corticosteroids) and continue the desensitizatiocopmwill be also
assesse(?0).
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Phenotypes

Background: To date, few studies have been conducted in Italy on pediatric eosinophilic gastrointestinal
diseases (EGIDs).

Aims: To assessclinical features of pediatric patients with EGIDswho are followed in a tertiary pediatric
center.

Methods: From January 2015 to December 2019, we retrospectively enrolled patients with EGIDs, and
collected clinical, endoscopic, and histological data.

Results: We enrolled 112 patients, 75.8%were male. Mean age was 9.3 + 4.8 years. Diagnosis of EGIDshas
increased in the last two years, with non-esophageal EGIDs more prevalent than eosinophilic esophagi-
tis (EOE) (5.1% vs. 4.4%). Approximately 30% of patients had allergic comorbidities, which prevailed in
children with EoE. Autism spectrum disorders were common in patients with non-esophageal EGIDs
(p = 0.007), a statistically signibpcant bnding. In addition, esophageal atresia was associated with EoE
(p = 0.04). Most EGIDs patients had normal Pndings or an inBammatory endoscopic phenotype. Pa-
tients with EOE were mainly treated with proton pump inhibitors (PPIs) alone or in combination with
swallowed steroids. PPIs,oral steroids, and food-elimination diets were prescribed to patients with non-
esophageal EGIDs.

Conclusion: This is the Prst Italian study revealing an increased frequency of EGIDsin a pediatric popu-
lation. Further studies are needed to characterize patients with these emerging diseases.

© 2021 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Primary eosinophilic

gastrointestinal

eosinophilic mucosal inPltration in the absence of secondary
causes of intestinal eosinophilia [1,2]. Although their pathogenic
disorders (EGIDs) are mechanisms are mostly unknown, EGIDs seems to be commonly

chronic inBammatory diseases of unknown etiology, which may associated with atopy and, to a lesser extent, autoimmunity [2].

involve any part of the gastrointestinal

(Gl) tract, and lead to While pediatric eosinophilic esophagitis (EoOE) is a well-debPned

disease with established guidelines [3,4], non-esophageal EGIDs,
including eosinophilic gastritis (EoG), gastroenteritis (EoGE), and
colitis (EoC), remain a clinical enigma [1]. EGIDs are increasingly

Abbreviations: ASD, Autism Spectrum Disorder; CD, Ceeliac Disease; EA,

Esophageal Atresia; EGID, Eosinophilic Gastrointestinal Disorder; EoC, Eosinophilic
Colitis; EoE, Eosinophilic Esophagitis; EoEn, Eosinophilic Enteritis; EoG, Eosinophilic
Gastritis; EoGE, Eosinophilic Gastroenteritis; GERD, Gastroesophageal ReBux Dis-
ease; Gl, Gastrointestinal; HPF,High Power Field; PPI, Proton Pump Inhibitor.

' Corresponding author at: Pediatric Clinic, Fondazione IRCCSPoliclinico San Mat-
teo, Pavia, Italy.

E-mail address: amelia.licari@unipv.it (A. Licari).
1 These authors are equally contributed to this work.
2 These authors are contributed equally supervised this work.
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prevalent over the past decade, and have a substantial impact on
the patientsOquality of life [5D7]. However, few observational stud-
ies have been conducted in Europe on the clinical and epidemio-
logical features of pediatric EGIDs. Specibcally, the handful of pub-
lished European and Italian studies have reported epidemiological
data on non-esophageal EGIDs in pediatrics [8]. In this context,
our retrospective study attempted to evaluate the epidemiological,
clinical, and endoscopic features of Italian children and adolescents

1590-8658/© 2021 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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with EGIDs,and characterize initial provider management of these
patients.

2. Materials and methods
2.1. Study design, patient cohort, and data extraction

We retrospectively analyzed all pediatric patients who under-
went digestive endoscopies for Gl symptoms from January 2015 to
December 2019 at our Pediatric Clinic in Pavia, Italy. Upper and
lower Gl endoscopies were performed by pediatric endoscopists
working in the Surgery Division.

Gastroscopy protocol required at least one tissue sample in the
distal, middle and proximal esophagus, one in the corpus and gas-
tric antrum, and two biopsies in the duodenum. Among patients
who underwent ileocolonoscopy, endoscopists took a single biopsy
from the distal ileum, cecum, right colon, transverse colon, left
colon, sigma, and rectum.

The diagnosis of EoE was made based on current guidelines put
forth by the American Academy of Allergy, Asthma & Immunol-
ogy [3], and a Working Committee of several European gastroen-
terology and allergy organizations [4]. The European group con-
sidered the histological threshold of " 15 eosinophils/high power
beld (eos/HPF): As there are no consensus guidelines for the di-
agnosis of non-esophageal EGIDs,pathology reports were reviewed
based on the pathological cut-offs proposed by Licari et al. (stom-
ach " 30 eos/HPF, small intestine " 50 eos/HPF, right colon " 100
eos/HPF, transverse and left colon " 80 eos/HPF, and rectosigmoid
colon " 60 eos/HPF) [1,9,10]. The term eosinophilic gastroenteri-
tis (EoGE)was used to debne patients with intestinal involvement
(duodenum and/or ileum) and diffuse pathological eosinophilic in-
Bammation of the stomach, small bowel, and colon. Exclusive small
bowel (duodenum and/or ileum) involvement was diagnosed as
eosinophilic enteritis (EoEn). For EOE, histological remission was
achieved when esophageal eosinophil count was < 5 eos/HPF [11].

Patients < 19 years with a diagnosis of primary EGIDs were
enrolled. All patients with a secondary cause of pathological
eosinophilic inBammation of the GI tract were excluded (Table
S1). Data collected from EGIDs patients included demographics
(date of birth, age at diagnosis, gender, and ethnicity), medical
history of atopic and other coexisting diseases, symptoms at di-
agnosis, and laboratory tests (serum total immunoglobulin E [IgE]
and peripheral blood eosinophil count). Endoscopic and histologi-
cal bndings were also reported. Data regarding treatments started
at the time of diagnosis were also collected, including medica-
tions (i.e., swallowed steroids, biological therapy, proton pump in-
hibitors, other drugs), food elimination diets, or combined ther-
apies. Finally, we analyzed and assessed treatment responses by
examining follow-up clinical records and endoscopic and histo-
logic reports at one, three, and bve years of follow-up. All data
were extracted from electronic medical records from Policlin-
ico San Matteo (Ormaweb ™ and Fenix™, Software) and entered
into a spreadsheet. We replaced every patient identiber (patient
name) with a specibc numeric code. The Ethical Committee of
the Policlinico San Matteo approved this study (Approval Num-
ber: P_20,210,023,100) and written informed consent was obtained
from parents or legal guardians.

2.2. Statistical analysis

Continuous variables were expressed as means and standard
deviation (SD), while categorical variables were reported as num-
bers and percentages. Frequencies were tabulated for categorical
variables. Bivariate analysis of categorical variables was conducted
with the chi-square test or FisherOsexact test. The StudentOst-test
was used to compare continuous variables. A p value less than
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0.05 was considered signibcant. All analyses were performed us-
ing GraphPad Prism 8 for Mac, Version 8.4.3 (GraphPad Software,
San Diego, CA, USA).

3. Results
3.1. Epidemiological and clinical features

A total of 1184 GI endoscopies (1122 with biopsies) were per-
formed at the Pediatric Surgery Division of our Hospital through-
out the study period. One hundred twelve (112) (9.5%) patients
met the diagnostic criteria of EGIDs.Notably, the diagnosis of non-
esophageal EGIDs was obtained in 60 (5.1%) patients, while EoE
was diagnosed in 52 (4.4%) subjects. In the cohort of patients
with non-esophageal EGIDs, 43 (71.7%) subjects had a diagnosis
of EoC, 12 (20%) had EoEn, four (6.7%) had EoGE, and only one
(1.6%) child had gastric involvement. The EGIDs cohort included
75.8% male subjects with a mean age of 9.3 + 4.8 years (Table 1).
The prevalence of Caucasian subjects was signibcantly high (92.0%,
p = 0.016) compared to other ethnicities.

From 2015 to 2019, there was a 65.6%increase in new EGID di-
agnoses (30.5% per year). In the same period, the rise of Gl biopsy
was 26.0% (8.0% per year). When analyzing time trends, the overall
EGIDs diagnosis frequency increased throughout the study period,
especially in the last two years (p = 0.06) (Table 2 Fig. S1).

Common presenting symptoms at diagnosis included abdominal
pain (54.4%), chronic diarrhea (35.7%), symptoms of GERD (27.7%),
and nausea/vomiting (11.6%). Abdominal pain and chronic diar-
rhea signibcantly prevailed in children with non-esophageal EGIDs
(p <0.0001 and p < 0.0001, respectively). As for EoE, GERD-like
symptoms (heartburn, epigastric/chest pain, gastric pyrosis, regur-
gitation), food impaction, and dysphagia were signibcantly preva-
lent in patients with EOE (p < 0.0001, p = 0.008, and p = 0.02,
respectively). Functional chronic diarrhea was also reported in bve
patients with  EoE who showed normal bndings at ileocolonoscopy
and histology. None of the EGIDs patients developed protein-losing
enteropathy, intestinal obstruction, and Gl bleeding.

EGIDs patients had a high frequency of atopy, with approxi-
mately 30% of subjects having a history of atopic conditions. Al-
lergic rhinitis was the most common atopic disorder in all EGIDs
patients, while the history of food allergy and asthma prevailed
in patients with EOE. Surprisingly, other medical histories included
autism spectrum disorders (ASDs) (23.5%), which signibcantly
prevailed in children with non-esophageal EGIDs (p = 0.007).
Four (7.7%) children with EOE reported a history of congenital
esophageal atresia (p = 0.04), while three (5.0%) patients with EoC
had a previous diagnosis of celiac disease (CD). Ten (8.9%) patients
had congenital malformations, such as situs viscerum inversus, poly-
cystic and horseshoe kidney, diaphragmatic hernia, esophageal
atresia, pontocerebellar hypoplasia, and lung cystic adenomatoid
malformation.

Full allergic assessment with skin prick tests and specibc serum
IgE levels was performed in 62 (55.4%) EGIDs patients (31 chil-
dren with EoE and 31 with non-esophageal EGIDs). Although not
statistically signibcant, the prevalence of children with peripheral
eosinophils " 500 mm?3 and IgE levels " 100 kU/L was higher
in EOE than non-esophageal EGIDs (Table S2). The four patients
with EoGE showed high levels of IgE (mean 640.0 kU/mL, min
15 kU/mL, max 2458 kU/mL), and peripheral eosinophils (mean
754.4/mm 3, min 200/mm 3, max 1810/mm 3) (Table S3).

3.2. Endoscopicand histological bndings

Most EGIDs patients underwent both upper and lower Gl endo-
scopies (56.3%). Also, 48 (80%) patients with non-esophageal EGIDs
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Table 1
Demographic and clinical features of EGIDs patients.
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Demographic features EGIDs EoE Non-esophageal EGIDs p value
Sample size, n (%) 112 (100.0) 52 (46.4) 76 (53.6) b

Age at diagnosis, mean + SD 9.3+ 438 9.7 + 5.0 89+ 47 0.5'
Male, n (%) 85 (75.8) 45 (86.5) 40 (66.7) 0.011
Caucasian, n (%) 103 (92.0) 44 (84.6) 59 (98.3) 0.016
Symptoms at onset EGIDs EoE Non-esophageal EGIDs p value
Abdominal pain, n (%) 61 (54.4) 17 (32.7) 44 (73.3) < 0.0001
Anemia, n (%) 3 (2.7) 1(1.9) 2 (3.3 > 0.99
Bloating, n (%) 2 (1.8) 1(1.9) 1(1.7) > 0.99
Chronic constipation, n (%} 4 (3.8) 1(1.9) 3 (5.0) 0.62
Chronic diarrhea, n (%) 40 (35.7) 5 (9.6) 35 (58.3) < 0.0001
Dysphagia, n (%) 5 (4.5) 5 (9.6) 0 0.02
Failure to thrive, n (%) 4 (3.8) 2 (3.8) 2 (3.3) > 0.99
Food impaction, n (%) 6 (5.4) 6 (11.5) 0 0.008
GERD-like symptoms, n (%) 31 (27.7) 25 (48.1) 6 (10.0) < 0.0001
Loss of appetite, n (%) 1 (0.9) 1(1.9) 0 0.46
Nausea and vomiting, n (%) 13 (11.6) 9 (17.3) 4 (6.7) 0.13
Weight loss, n (%) 4 (3.8) 0 4 (6.7) 0.12
Atopic comorbidities EGIDs EoE Non-esophageal EGIDs p value
History of atopic diseases, n (%) 33 (29.5) 19 (36.5) 14 (23.3) 0.15
Allergic rhinitis, n (%) 30 (26.8) 16 (30.8) 14 (23.3) 0.40
Anaphylaxis, n (%) 2 (1.8) 1(1.9) 1(.7) > 0.99
Asthma, n (%) 8 (7.4) 6 (11.5) 2 (3.3) 0.14
Atopic dermatitis, n (%) 6 (5.4) 4(7.7) 2 (3.3) 0.41
Food allergy, n (%) 9 (8.0) 7 (13.5) 2 (3.3) 0.08
Non-atopic comorbidities EGIDs EoE Non-esophageal EGIDs p value
Autism spectrum disorders, n (%}” 30 (23.4) 6 (11.5) 20 (33.3) 0.007
History of celiac disease, n (%) 3 (2.7) 0 3 (5.0) 0.25
Congenital malformations ', n (%) 10 (8.9) 7 (13.5) 3 (5.0) 0.18
Connective tissue disorders, n (%) 1 (0.9) 0 1(1.7) > 0.99
Epileptic encephalopathy, n (%) 5 (4.5) 4 (7.7) 1(1.7) 0.18
Esophageal atresia, n (%) 4 (3.8) 4 (7.7) 0 0.04
Genetic disorders i, n (%) 4 (3.8) 2 (3.8) 2 (3.3) > 0.99
Obesity, n (%) 3 (2.7) 1(1.9) 2 (3.3) > 0.99
Prematurity, n (%) 4 (3.8) 3 (5.8) 11.7) 0.33

EGID: Eosinophilic Gastrointestinal
Disease; Gl: Gastrointestinal; SD: Standard Deviation.
|

' unpaired t-test.

Disorder; EOE: Eosinophilic Esophagitis; GERD: Gastroesophageal Refux

i Heartburn, epigastric/chest pain, gastric pyrosis, regurgitation.

i Sjtus viscerum inversus, polycystic and horseshoe kidney, diaphragmatic hernia, esophageal atresia, ponto-
cerebellar hypoplasia, and lung cystic adenomatoid malformation.

iii Chr5g35.1 duplication, Cornelia De Lange Syndrome, Down Syndrome, and Ehlers Danlos Syndrome.

° Diagnosis of chronic constipation and diarrhea was made according to the Rome IV Criteria [37,38].

“2 Diagnosis of autism spectrum disorder was made according to the DSM-5 guidelines [39].

Table 2

Annual prevalence of EGIDsdiagnosis through the study period compared to the number of Gl endoscopies performed
from 2015 to 2019 at our Pediatric Clinic. The overall diagnosis of EGIDswas increased through the study period (Chi-

square test for trend p = 0.06).

Diagnosis < 2015 2015 2016 2017 2018 2019 Total
EOE,n (%) 8 () 6 (3.0) 7 (3.2) 8 (3.2) 9 (3.8) 14 (5.1) 52
Non-EoE EGIDs,n (%) 0 5 (2.5) 11 (5.1) 11 (4.4) 15 (6.1) 18 (6.6) 60
EGIDs,n (%) 8 () 11 (5.4) 18 (8.8) 19 (7.6) 24 (9.8) 32 (11.7) 112
Gl endoscopies, n (%) n.a 202 (17.0) 216 (18.2) 249 (21.0) 244 (21.0) 273 (23.0) 1184

EGIDs: eosinophilic gastrointestinal

and 15 (29.0%) with EoOE underwent a complete endoscopic as-
sessment. Upper Gl endoscopy was performed in 37 (71.2%) EoE
children and adolescents with suggestive symptoms of refractory
gastroesophageal relRux disease (GERD)or food impaction. Twelve
(20%) patients with EoC only underwent ileocolonoscopy because
of their exclusive history of persistent change in bowel movements.

In patients with EoE, endoscopic bndings included mucosal
edema and hyperemia (30.8%), furrowing (23.1%), esophageal rings
and trachealization (19.2%), and white exudates (13.5%) (Table 3).
Upper endoscopic bndings were completely normal in 18 (34.6%)
patients, with none of the enrolled patients showing esophageal
strictures.

Endoscopic bndings were reported in all patients with non-
esophageal EGIDs.As shown in Table 3, normal endoscopic bndings

disorders; EOE: eosinophilic esophagitis; Gl: gastrointestinal.

prevailed in patients with non-esophageal EGIDs (70.0%). Intesti-
nal edema with mucosal hyperemia was reported in four (25.0%)
patients with EoGEand 3 (7.0%) with EoC. Nodular lymphoid hy-
perplasia of colonic mucosa was the second most common endo-
scopic bnding in EoC patients (20%). Median values of intestinal
eosinophils are reported in Tables S3 and S4 of Supplemental Dig-
ital Content.

3.3. Therapeutic management

Data on therapy were available for 40 (77.0%) patients with
EOE, and 36 (60%) with non-esophageal EGIDs. For subjects with
EoE, the most commonly used medications were PPIs (46.2%) and
swallowed corticosteroids (21.2%), also in combination (Table 4).



JID: YDLD

M. Votto, A. Raffaele, M. De Filippo et al.

Table 3
Endoscopic Pndings in patients with EGIDs at diagnosis.
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Eosinophilic esophagitis

Non-esophageal EGIDs

Endoscopic bPndings Results Endoscopic bndings Overall EoG EoEn EoGE EoC
Normal endoscopic Pndings, n (%) 18 (34.6) Normal endoscopic bndings, n (%) 42 (70.0) 1 (100) 9 (75) 2 (50.0) 31 (72.1)
Edema and hyperemia, n (%) 16 (30.8) Lymphoid nodular hyperplasia, n (%) 12 (20.0) 0 1(8.3) 0 11 (25.6)
Esophageal furrows, n (%) 12 (23.1) Edema and hyperemia, n (%) 7 (11.7) 0 1(8.3) 1 (25.0) 3 (7.0)
Esophageal rings and trachealization, n (%) 10 (19.2) Ulcers and erosions, n (%) 3 (5.0) 0 1(8.3) 1 (25.0) 2 (4.6)
White exudates, n (%) 7 (13.5) Mucosal bleeding, n (%) 3 (5.0) 0 0 0 2 (4.6)
Strictures, n (%) 0 Intestinal polyp, n (%) 2 (3.3) 0 0 0 2 (4.6)

EoC: Eosinophilic Colitis; EoD: Eosinophilic Duodenitis; EoEn: Eosinophilic Enteritis;

Deviation.
i All patients with EoEnhad a specibc duodenal involvement.

Table 4
Therapies of EGIDs patients.

EoG: Eosinophilic Gastritis; EoGE: Eosinophilic Gastroenteritis; SD: Standard

Eosinophilic esophagitis Non-esophageal EGIDs

Therapies Results Therapies Overall EoG EoEn EoGE EoC
PPI,n (%) 24 (46.2) PPI,n (%) 11 (18.3) 0 8 (66.7) O 0
Swallowed steroids, n (%) 2 (3.8) Oral steroids, n (%) 10 (16.7) 1 (100) 1(8.3) 0 7 (16.3)
Empiric elimination diet, n (%) 1(1.9) Empiric elimination diet, n (%) 6 (10.0) 0 1(8.3) 0 5 (11.6)
Elemental formula, n (%) 0 Elemental formula, n (%) 0 0 0 0 0
Biological therapy, n (%) 0 Biological therapy, n (%) 0 0 0 0 0
Combination therapy, n (%) 13 (25.0) Combination therapy, n (%) 12 (20.0) 0 0 3 (75.0) 2 (4.7)
PPl + swallowed steroids, n (%) 9 (17.3) PPl + steroids, n (%) 1(1.7) 0 3(100.0) O
PPl + elimination diet, n (%) 0 PPl + elimination diet, n (%) 0 0 0 0
Swallowed steroids + elimination 4 (7.7) Steroids + elimination diet, n (%) 2 (3.3) 0 0 2 (4.7)
diet, n (%) Probiotics, n (%) 9 (15.0) 0 0 0 8 (18.6)
Mesalamine, n (%) 3 (5.0) 0 0 0 3 (7.0)
Montelukast, n (%) 1(1.7) 0 0 0 1(2.3)
No therapy, n (%) 0 No therapy, n (%) 0 0 0 0 0
Data not available, n (%) 12 (23.1) Data not available, n (%) 23 (38.3) 0 2 (16.7) 1 (25.0) 20 (46.5)

EoC, Eosinophilic Colitis; EoD, Eosinophilic Duodenitis;
Proton Pump Inhibitor.
' Probiotics were always prescribed in combination with other treatments.

Thirteen children with EoE (25.0%) received combination therapies,
whereas only one (1.8%) patient was treated with a food elimina-
tion diet. None of the EoE enrolled patients was on biological ther-
apy or elemental diet.

Most patients with EoEn (66.7%) were on PPI therapy. Three
(75.0%) patients with EoGEwere treated with PPland oral steroids.
For EoC,oral budesonide (16.3%) and food elimination diets (11.6%)
were the most commonly prescribed treatments. Multiple con-
comitant treatments were used in 4.7% of these patients. Thera-
peutic data were not available for 23 (38.3%) patients with non-
esophageal EGIDs.

3.4. Remissionrate

Of the 52 subjects with EoE, 30 (57.7%) had follow-up within
one year of the diagnosis (Table S5). Twenty-one (40.4%) subjects
had an endoscopic evaluation, and nine (43.0%) patients reported a
histological response to treatments. At three years of follow-up, 11
(21.2%) patients underwent an upper endoscopy, and four (36.4%)
were in remission. Only four (7.7%) patients with EoE were scoped
at pve years of follow-up. PPIswere the brst-line treatment and
were most effective in inducing clinical and histologic remission or
response in 57.1% of EoOE patients (Table S6).

Eight (13.3%) patients with non-esophageal EGIDs had follow-
up within one year of starting their diagnosis, and four (50.0%) had
a response to treatment (Table S5). Twenty-bve (41.7%) subjects
had clinical evaluation without endoscopy. Only one child with
EoEnwas in remission at three years of follow-up. None of the pa-
tients with non-esophageal EGIDs had a follow-up endoscopy be-
yond bve years from diagnosis.

EoEn, Eosinophilic enteritis;

EoG, Eosinophilic Gastritis; EoGE, Eosinophilic Gastroenteritis; PPI,

4. Discussion

This single-center retrospective study examined, for the Prst
time, the epidemiological, clinical, and endoscopic features of a co-
hort of Italian children and adolescents with EGIDs. There were
several notable Pndings, starting with the primary result, which
showed that the overall frequency of EGIDs increased through
the study period, and mostly in the last two years, despite a
lesser rise of the Gl endoscopy rate (65.6% vs. 26.0%). Since the
brst case identibed in the mid-1990s [12], EoE has evolved from
a rare condition to a commonly encountered disease in clinical
practice, and a signibcant cause of upper gastrointestinal mor-
bidity and rising health care costs [13,14]. Overall prevalence of
EoE is 0.5D1 cases/1000 persons [15]. Most of the estimates in
the United States ranges from 40 to 90 cases/100,000 persons,
with similar data reported from Australia (89/10 0,000), Switzer-
land (43/10 0,000), Spain (45/100,000), and Canada (34/10 0,000)
[14]. However, the frequency of EoE might be orders of magni-
tude higher in patients who underwent an endoscopy for Gl symp-
toms, as reported in our work (4.4%). Studies with a similar de-
sign found a high prevalence of EoE diagnosis, ranging from 2.4 to
6.6%]15,16].

Although the exact epidemiology is still unclear, the diag-
nosis of non-esophageal EGIDs has also increased in the last
decade [6]. In our cohort, the prevalence of non-esophageal EGIDs
was 5.1%, much higher than previously reported. A recent meta-
analysis found that non-esophageal EGIDs might affect approxi-
mately 2% of symptomatic patients, highlighting the growing in-
cidence of these emerging conditions [8]. Most of the patients
with non-esophageal EGIDs had colonic and intestinal involve-
ment with a high prevalence of EoC. We found only one case
of pediatric EO0G, unlike a report from a recent multi-center US



JID: YDLD

M. Votto, A. Raffaele, M. De Filippo et al.

study, in which this disorder was more common than EoOGE
and EoC [6]. This discrepancy could rel3ect differences in the
two study populations in terms of age, country, diagnostic ac-
curacy, and differing exposure to environmental and genetic risk
factors.

EGIDs patients had a remarkable prevalence of atopic diseases,
mainly allergic rhinitis, asthma, and food allergy. Recent studies
demonstrated that EoE might arise after atopic dermatitis, food al-
lergy, asthma, and allergic rhinitis, as a late manifestation of the
allergic march [17,18]. In our cohort, patients with EGIDs also had
higher rates of other coexisting non-allergic diseases, even con-
brming the existence of a possible non-atopic phenotype of EGIDs.

ASDs were signibcantly described in children and adolescents
with non-esophageal EGIDs. In children with ASDs, Gl symptoms
are widespread, and as shown in different studies, the preva-
lence of feeding dysfunction, chronic diarrhea, recurrent abdom-
inal pain, constipation, vomiting, gastroesophageal ref3ux, intesti-
nal infections may range from 17 to 86% [19,20]. Although a sig-
nibcant prevalence of ASDs was recently found in 7.5% of chil-
dren with EOE participating in a large retrospective study, to date,
only a few reports describe this putative relationship, especially in
patients with non-esophageal EGIDs [21,22]. Several pathogenetic
mechanisms occur in the onset of Gl disorders in children with
ASDs, and might involve high intestinal dysbiosis and increased
gut permeability associated with immune-mediated response to
luminal allergens [20]. We acknowledge a possible selection bias
in these Pndings. Namely, children with ASDs undergo more fre-
quent endoscopic evaluation for Gl disorders, feeding disorders,
or altered bowel habits, resulting in a more likely diagnosis for
EGIDs.

Three patients with EoC had a previous diagnosis of CD [21].
Although the exact relationship remains unclear, EGIDs might be
associated with autoimmune diseases, such as CD [21]. Moreover,
a high prevalence of EoE has been described in patients with
esophageal atresia (EA), and several putative pathogenetic mech-
anisms have been assumed, such as prematurity, Cesarean section,
admission to the neonatal intensive care unit, early administration
of antibiotics and PPIs, and the exposure to risk factors affecting
the mucosal barrier and the normal esophageal motility [23,24].

In children and adolescents with EoE, normal mucosa and in-
Bammatory lesions were the most common endoscopic Pndings
[25,26] . The second most common was the intestinal nodular lym-
phoid hyperplasia [1,6,8], which is a common Pnding during lower
Gl endoscopy in children. Its clinical signibcance has not yet been
clearly established, so starting from a recent retrospective study by
Raffaele et al., we focused on a possible classibcation of nodular
lymphoid hyperplasia based on morphological characteristics, and
assigning a score to each specimen [27].

Diagnosis of non-esophageal EGIDs was made according to
CollinsOscut-offs [9]. Pediatric colonic eosinophilia represents a
confounding Pnding with a broad differential diagnosis. It is of-
ten di! cult to determine which children may progress to IBD, have
EoC,or may have no underlying pathology or functional disorders,
suggesting that repeat colonoscopies may be required to reach the
bnal diagnosis, especially in doubtful cases [28]. In our cohort,
four patients had EoGE characterized by an extensive intestinal
inBammation and high levels of total serum IgEs and peripheral
eosinophils. Reed et al. reported that 30% of EoGE patients had
esophageal involvement, and 28% had colonic involvement [29].
Choi et al. described 24 children with EoGE and noted concomi-
tant esophageal involvement in 13%,colon involvement in 29%,and
multiple segments in 54% [30]. Caldwell et al. found that 87% of
EoG patients had eosinophilia at other Gl sites [31]. Other stud-
ies have found rates of eosinophilic inBammation at multiple sites
varying from 20 to 88% [32D34]. Despite these reports, the over-
all prevalence of this phenomenon is still unknown. Our Pnding
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suggests that diagnostic workup should include: (1) esophagogas-
troduodenoscopy and ileocolonoscopy, even in patients presenting
only with upper or lower Gl symptoms, (2) a complete allergic as-
sessment (skin prick tests and serum IgE, and (3) the exclusion of
hypereosinophilic syndrome in selected cases.

At diagnosis, most patients with EoE were on PPIsalone or in
combination with swallowed corticosteroids. Empiric elimination
diets were reported in a small number of patients with EoE, and
no children with EoE were treated with elemental formula or bio-
logics. Several limitations may impair the e! cacy of dietary treat-
ment [7]. These include the ways to identify food triggers, issues
of cross-contact and dose of food allergen required to trigger a
Rare, costs, patient and family burden, long-term e! cacy, risk of
developing subsequent IgE-mediated reactions, childOscompliance,
repeated endoscopies, and availability of expert nutritionists [7,35].
As for topical steroids, barriers are potential side effects on growth,
costs, and preferring a medication-free approach, especially in ado-
lescents [35]. Moreover, the immediate effects of elimination diets
and swallowed steroids are well described, but relatively little is
known about their long-term effectiveness [36].

After one year of follow-up, PPlsinduced disease remission in
about 57% of EOE patients. Laserna-Mendieta et al. recently re-
ported that PPIsprovided the most signibcant benebts for inducing
remission in inBammatory EOE phenotype compared to the stric-
turing phenotype [11]. Our bndings conPrm the effectiveness of
PPIsin young patients who show a prevalent inBammatory phe-
notype.

While clinical follow-up was achieved in more than 57% of EoE
patients, endoscopic follow-up occurred in only about 40%.Most of
the enrolled patients were followed in primary and secondary pe-
diatric centers inside and outside our region, and came to our hos-
pital only for the Gl endoscopy. We also experienced a high rate of
follow-up loss, especially in the adolescent group, illustrating the
need for proactive education on the importance of treatments and
regular monitoring with endoscopies. Finally, many diagnoses were
performed in the last year of the study period, meaning patients
were waiting for the revaluation scope at the time of data collec-
tion.

Considering the absence of standardized guidelines, the thera-
peutic management of non-esophageal EGIDs should consider var-
ious clinical factors, such as disease severity, presence of complica-
tions (anemia, Gl bleeding, protein-losing enteropathy, weight loss
and growth impairment, intestinal obstruction), patient and fam-
ily compliance, and physicianOsexperience [10]. If feasible, we gen-
erally start by proposing a food elimination diet to patients, and
reserve steroid therapy for non-responsive or severe diseases [10].
However, in our experience, food elimination diets are generally
less accepted by patients and their caregivers. Therefore, PPIsalone
or with oral budesonide were mainly administered in EoEn and
EoGE,while steroids were mostly prescribed for children with EoC.

Conclusions drawn from the analysis of treatment responses
were limited by the low follow-up rates, mainly due to the diag-
noses of non-esophageal EGIDsbeing performed in the last year of
the study period. Pesek et al. reported that only 29% of patients
had a follow-up endoscopy after six months from the diagnosis,
and 65D89% of these achieved disease remission, conbrming the
high drop-out rate [6].

4.1. Limitations

There are several limitations to this research (Table 5). First, this
was a retrospective study with the limitations inherent in this de-
sign. The increased prevalence of EGIDs diagnosis could be inf3u-
enced by the number of Gl endoscopies performed at our Pedi-
atric Hospital during the study period. Although most of the en-
rolled patients underwent a complete endoscopic assessment (with
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Table 5
Limitations, strengths, and future directions.
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Limitations Strengths

Future directions

Retrospective and monocentric pediatric
study.

pathological features of EGIDs.
The number of Gl endoscopies could
inBuence the prevalence of new EGIDs
diagnoses.
The different number of esophageal and
gastric biopsies taken in EOE patients
versus the number of those taken in
non-EoE EGID subjects.
Lack of consensus criteria for the
diagnosis and therapy of
non-esophageal EGIDs.

practice.

eosinophilic inBammation.

endoscopic phenotype .

the analysis.

First Italian pediatric study to assess
epidemiological, demographic, clinical, and

EGIDs are not such rare disorders in our clinical

EGIDs symptoms depend on the site of intestinal

Patients with doubtful diagnosis, secondary
causes of intestinal eosinophilia, and without a
precise histological diagnosis were excluded from

Prospective study to determine epidemiology, natural
history and response to therapies, especially for patients
with multiple eosinophilic inBammation sites (ongoing).
Italian multi-center study (in progress).

Complete endoscopic assessment in every patient with a
new diagnosis of EGIDs (ongoing).

EoE patients mainly show an inBammatory

Shared protocol for the management of affected patients
in our Pediatric Clinic (ongoing).

Multidisciplinary approach (pediatric allergists,
gastroenterologists, endoscopists, nutritionists) (ongoing).

Identibcation of a potential score for intestinal
nodular lymphoid hyperplasia , commonly
observed in patients with non-esophageal EGIDs

[27].
Limited number of patients who
underwent a complete allergic
assessment.

non-atopic phenotype).

High rates of patients lost to follow-up
and missing data on response to

therapies. phenotype of EoE.

EGIDs are common in patients with allergies but
also in children with ASD, EA, and other
congenital or genetic disorders, suggesting
different clinical phenotypes (atopic and

PPIs are effective in inducing disease remission ,
especially in patients with an inBammatory

Complete allergic assessment (skin prick tests and serum
IgE) in every patient with a new diagnosis of EGIDs
(ongoing).

Provide a disease classibcation, stratifying subjects into
phenotype subgroups having potential signibPcance in
prognosis, and response to therapy (ongoing).

Proactive education of affected patients and their
caregivers (ongoing).

Phone calls to assessresponse to therapy (ongoing).
Identibcation of non-invasive biomarkers (ongoing).

ASD: Autism Spectrum Disorders; EA: Esophageal Atresia; EGIDs: eosinophilic gastrointestinal disorders; EoE: eosinophilic esophagitis; PPIs: Proton Pumps Inhibitors.

esophagogastroduodenoscopy and ileocolonoscopy), another poten-
tial bias could be the difference between the number of upper Gl
biopsies taken in EOE patients versus the number taken in subjects
with non-esophageal EGID.

Diagnosis of non-esophageal EGIDswas also limited by the ab-
sence of standardized guidelines and pathological cut-offs of in-
testinal eosinophils. All unclear diagnoses were excluded to reduce
the potential risk of bias, mainly if intestinal eosinophils were not
counted and the number of intestinal biopsies proved inadequate.
However, these subjects could have met the criteria for this di-
agnosis. In other published studies, diagnosis of non-esophageal
EGIDs was made according to pathological cut-offs of intestinal
eosinophils different from those we arbitrarily decided to use in
our study. Therefore, patients with a potential diagnosis of non-
esophageal EGIDs may be lost or misdiagnosed.

The high rate of non-available data on therapies and the lim-
ited number of patients assessed at follow-up did not allow us
to perform statistical and comparative analysis and obtain more
information on the disease course. As the therapeutic approach
to non-esophageal EGIDs is not standardized and mainly results
from physiciansO experience, we did not obtain comparable data
on treatments at diagnosis and during the follow-up. Finally, this
study collected data from one Pediatric Center, so more general
conclusions on clinical and epidemiological features of EGIDs re-
quire multi-center studies.

4.2. Strengths

This study has several strengths, starting with being the brst at-
tempt to assessepidemiological, demographic, clinical, and patho-
logical features of Italian children with EGIDs at diagnosis and
through a bve year follow-up period. To limit overdiagnoses and
obtain more reliable data, we excluded patients with doubtful di-
agnosis, secondary causes of intestinal eosinophilia, and without a
precise histological diagnosis. Although the results cannot be gen-
eralized, we reported that EGIDs:

1. Are not rare disorders.

2. Are more common in male Caucasian children and adolescents,
not only with atopic comorbidities, but also in children with
ASD, history of esophageal atresia, and other congenital or ge-
netic disorders, suggesting different potential phenotypes.

3. Present with symptoms depending on the site of intestinal
eosinophilic inBammation.

In our cohort, children and adolescents with EoE mainly
showed inBammatory endoscopic phenotype, conbrming that
esophageal strictures are generally complications of adult patients.
This Pnding may explain the sustained response to PPl therapy at
one year of follow-up.

5. Conclusion

EGIDs are an emerging spectrum of heterogeneous Gl disor-
ders that might include different disease subgroups with vari-
ous inBammatory patterns and potentially different clinical phe-
notypes (atopic and non-atopic). Although intestinal inBammation
might sometimes involve more than the GI tract, EGIDs mainly
show normal Pndings or an infammatory endoscopic phenotype.
Finally, EGIDs have a chronic/remittent course with a high impact
on patientsO quality of life, including several limitations from im-
paired adherence to therapies and follow-up visits [7]. The long-
term and restrictive therapies, need for repeated endoscopies, and
small number of Italian pediatric reference centers with a multi-
disciplinary expert team could be the main limitations to follow-
up and excellent response to treatments. Future studies are needed
to:

1. Find non-invasive tools to assess intestinal inBammation and
response to therapy,

2. Standardize pathological values of intestinal eosinophils to ap-
ply in the diagnostic workup of non-esophageal EGIDs and
identify specibc treatments for their management,
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3. Provide a disease classibcation, stratifying subjects into pheno-
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Abstract: Primary eosinophilic gastrointestinal disorders (EGIDs) are emerging chronic/remittent
inBammatory diseases of unknown etiology, which may involve any part of the gastrointestinal
(G)) tract, in the absence of secondary causes of Gl eosinophilia. Eosinophilic esophagitis is the
prototype of eosinophilic gastrointestinal disorders and is clinically characterized by symptoms
related to esophageal inBammation and dysfunction. A few studies have assessed the nutritional
status of patients with eosinophilic gastrointestinal disorders, showing conBicting results. This
review summarizes the current evidence on the nutritional status of patients with EGIDs, focusing
on the pediatric point of view and also speculating potential etiological mechanisms.

Keywords: children; adolescents; eosinophilic esophagitis; eosinophilic gastrointestinal disorders;
growth; failure to thrive; malnutrition; undernutrition; obesity; vitamin

1. Introduction

Primary eosinophilic gastrointestinal disorders (EGIDs) are emerging chronic/remittent
inBammatory diseases of unknown etiology, which may involve any part of the gastroin-
testinal (Gl) tract, leading to eosinophilic mucosal inbltration in the absence of secondary
causes of intestinal eosinophilia [1E3]. While eosinophilic esophagitis (EoE) is a well-
characterized disease with established guidelines [4,5], nonesophageal EGIDs, including
eosinophilic gastritis, gastroenteritis, and colitis, remain a clinical enigma [ 1]. Although
their pathogenic mechanisms are still unknown, EGIDs seems to be commonly associated
with atopy and, to a lesser extent, autoimmunity [ 1,2]. EOE pathogenesis has been more
extensively studied, and advances concerning the genetic and environmental contributors
and cellular and molecular etiology have been achieved [ 6]. EGIDs seem to be multi-
factorial diseases resulting from genetic predisposition, environmental risk factors, and
intestinal dysbiosis, leading to the activation of T-helper type 2 (Th2) inBammation and
impaired epithelial barrier [ 1,7]. To date, no studies have extensively assessed malnutrition
in patients with EGIDs.

In all its forms, malnutrition includes undernutrition, inadequate intake of vitamins
and/or minerals, overweight, and obesity [ 8]. Undernutrition is a common complication of
several chronic inRammatory Gl diseases, mainly coeliac disease (CD) and CrohnOs disease,
often associated with weight loss, failure to thrive, malabsorption, and vitamin debciency.
However, obesity and overweight are the main comorbidities of gastroesophageal ref3ux
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disease (GERD) and functional Gl disorders, and are well-known risk factors of hepatic
steatosis P,10].

This review aims to summarize the current evidence on the nutritional status and
malnutrition in patients with EGIDs, mainly focusing on the pediatric patientsO population
and highlining the lack of nutritional management algorithms.

A review of articles was performed via the online database PubMed (Table 1), fol-
lowing PRISMA guidelines [ 11]. The literature review was performed in December 2020,
including all publication years. All studies that met the following criteria were included:

(1) case reports, case series, and cross-sectional and cohort studies published in English
in peer-reviewed journals; (2) participants were children and adult patients diagnosed
with EGIDs. Potentially eligible publications were manually screened and reviewed, and
nonrelevant publications were excluded (Figure 1).

Table 1. Search strategy.

PubMed: OEosinophilic gastrointestinal disordersO AND Omalnutrition.O Publication date:
all years.
PubMed: OEosinophilic gastrointestinal disordersO AND Oobesity.O Publication date: all years.
PubMed: OEosinophilic gastrointestinal disordersO AND Ovitamin.O Publication date: all years.

Figure 1. Process of literature screening.

2. Obese and Overweight EGID Patients

Obesity is a global public health problem associated with many chronic diseases,
including type 2 diabetes, arterial hypertension, cardiovascular diseases, and asthma [12].
Growing evidence supports the association between obesity and immune disorders, such as
cancer, autoimmunity, and atopy [ 13]. Some studies have suggested that pediatric obesity
epidemy and obesity-related inBammation might at least in part be responsible for the
signibcantly raised prevalence of allergic diseases [L3]. The relationship between asthma
and obesity in children is widely demonstrated, and several observational studies have
reported that obese children are more frequently affected by a severe phenotype of asthma,
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refractory to conventional therapies [ 14B17]. Additionally, data from the National Health
and Nutrition Examination Study Il (NHANES IIl) have described a positive association
between body mass index (BMI) and atopy rates [ 17]. However, a real link between obesity
and other allergic disorders, such as allergic rhinitis, atopic dermatitis, as well as EGIDs,
has not yet been extensively established [Lg]. A few studies have assessed the role of body
weight and BMI in children and adolescents with EoE, and no articles were published
on EGIDs distal to the esophagus (Table 2). There is evidence that most adults with EOE
mainly have a good nutritional status and expected BMI values [ 19E27]. Despite feeding or
swallowing issues, EoE children did not generally report nutritional debciency or impaired
growth [ 23]. Rezende et al. found that 82.8% of the enrolled EoE children had a good
nutritional state, 11.4% were overweight, whereas 5.7% were underweight [ 27]. Moreover,
Jensen et al., 2019 reported that EoE children might present a slight impairment of height at
diagnosis and achieve their expected growth, regardless of treatment modality [ 21]. Finally,
children with GERD and EoE had a weight-for-length (WFL) Z score at the 18thDB13th
percentiles; thus, they did not meet the criteria for failure to thrive (FTT) [ 24].

Table 2. Studies reporting a normal or high BMI of children and adult patients with EoE. No study has been published on
non-esophageal eosinophilic gastrointestinal disorders (EGIDs).

Author, Year

Country

Study Design Sample Size  Population Outcomes

Zdanowicz et al.,
2020 [L9]

Poland

No difference was observed in the prevalence
Children of failure to thrive between children with
EoE and controls (30.6% vs. 19.14%).

Single-center 36 EoE
retrospective study patients

Alexander et al.,
2020 Q]

US.A.

PPI non-responding EoE patients were
younger (p = 0.001), had a lower BMI (27.3 vs.
Retrospective 223 EoE Adults 28.6 kg/m 2, p = 0.04), and higher peripheral
cohort study patients eosinophil count (p = 0.006) than responders,
suggesting that these variables might be risk

factors for PPI non-response in EoE.

Jensen et al.,
2019 1]

U.S.A.

Children with EoE had a slight impairment

of height at diagnosis; thus, they were not

malnourished. Additionally, they generally
Retrospective 409 EoE Children maintained their expected growth regardless
multicenter study patients (<18 years) of treatment modality. Subtle changes were

noted for patients treated with elemental
diets in combination with other therapeutical
approaches.

Kovagig et al.,
2019 2]

Croatia

Most of the enrolled patients were
well-nourished, and a normal BMI Z score
Cross-sectional 32 EoE Children was found in 75% of the patients. There was
study patients (<18 years) no difference in BMI Z score between
baseline and 12 months follow-up (median
1 0.3vs.! 0.3SD,p=0.862).

Tanaka et al.,
2019 3

Japan

Subjects with EoOE had higher BMI values
than those without EoE (23.4 kg/m 2 vs.
22.3 kg/m 2, p = 0.005). Additionally, they
Adults had a higher proportion of bronchial asthma
and hiatal hernia compared to controls
(25.9% vs. 5.2%p < 0.00129.6% vs. 14.7%;
p = 0.049).

Cross-sectional 27 EoE
study patients

Mehta et al.,
2018 p4]

US.A.

Children with GERD and EoE had greater
eating issues than healthy controls and did
not report nutritional depciency or impaired
growth. Additionally, children with GERD
and EoE had a WFL Z score at the 18th and
13th percentiles; thus, they did not meet FTT
criteria.

91 patients
Prospective study (GERD = 38,
EOE = 53)

Children
(0B7 years)
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Table 2. Cont.

Author, Year Country Study Design Sample Size  Population Outcomes

BMI was lower in EOE cases than controls
(25 kg/m 2 vs. 28 kg/m 2, p=0.002), but it

417 patients was not in the underweight range.

Wolf et al., Prospective (EoE =120, Additionally, BMI was lower in EOE patients
U.S.A. healthy Adults - : .
2017 5] case-control study controls = with esophageal narrowing, suggesting that

a low weight in a patient suspected of having

297) .
EoE should raise concern for esophageal
remodeling.

The median BMI was 25.5 kg/m 2, debned as
overweight. There was no signibcant
difference between the mean ages at

Leeetal., USA Cross-sectional 57 EoE Adults diagnosis and different BMI categories (<25,
2015 p6) T study patients 25D30, and >30 kg/m?). Rural and urban
adult groups did not differ in BMI categories
(24 kg/m 2+ 8.2vs. 27 kg/m2 + 11.7,
p=0.271).
A good nutritional state was observed in
Rezende et al., Brazil Cross-sectional 35 EoE Children 82.8% of the enrolled children. In particular,
2014 7] study patients (<18 years) 11.4% of enrolled children were overweight,

whereas 5.7% were underweight.

BMI, body mass index; EoE, eosinophilic esophagitis; GERD, gastroesophageal rel3ux disease; PPI, proton pump inhibitor; WFL, weight-
for-length.

To date, no research has investigated the possible pathogenetic role of obesity in
EGID development. Putative explanations could probably be found in environmental
and genetic risk factors and EGID-related comorbidities. The overall prevalence of EGIDs
seems to higher in developed Western countries, where childhood obesity and atopic
diseases were signibcantly increased through time [7,28]. Indeed, obesity and the Western
lifestyle, mainly characterized by high calorie/fat consumption and reduced physical
activity, might be directly related to the increased risk of developing allergic diseases, such
as EGIDs [13]. In a study in mice, Silva et al. demonstrated that obesity aggravated the
immune histopathological characteristics of the EOE experimental model, reducing the
regulatory cytokines proble (low expression of forkhead box P3, FOXP3, and interleukin
10, IL-10), increasing the inBammatory mediators (IL-5 and thymic stromal lymphopoi-
etin, TSLP), and promoting tissue remodeling [ 29]. These fascinating data might provide
new insights about obesity as a possible EOE risk factor that might impair esophageal
inBammation and symptoms.

Another possible pathogenetic mechanism might be the relationship between EoE and
GERD. Diagnosis of GERD has also increased, especially in developed countries []. In half
of the infants with refractory vomiting and regurgitation, GERD was also expressed in the
underlying cowOs milk allergy, and improved with a hydrolyzed formula|[ 30]. Several stud-
ies reported that GERD might play a possible pathogenetic role in esophageal eosinophilia,
more relevant in PPI-responsive patients [31]. Indeed, EOE and GERD are not mutually
exclusive and might coexist [ 4]. Although there are no exact data, four mechanisms have
been proposed to explain this association: (1) GERD only causes esophageal eosinophilia;
(2) GERD and EoE coexist but are independent phenomena; (3) EoE induces GERD; (4)
GERD contributes to or induces EoE [7,31]. Acid reRux alters the esophageal epithelial
barrier, leading to high intestinal permeability, with a subsequent passage of food allergens
and release of inBammatory and eosinophil chemoattractant molecules might trigger EOE
in susceptible subjects [32].

On the other hand, the esophageal eosinophilic inBammation is also associated with
the production of different proinBammatory cytokines that might impair peristalsis and
the esophageal acid clearance 7,33]. The subepithelial Pbrosis, a delayed complication
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of EoE, might also promote esophageal dysmotility and GERD-related symptoms [ 31].
It is well described that being overweight and obese contribute to the development and
worsening of GERD frequency and symptoms [ 34,35]. Obesity is notoriously involved
in the pathogenesis of GERD [23]. Visceral fat might mechanically induce rel3ux events,
increasing the intra-abdominal pressure [ 36]. Additionally, abdominal fat is metabolically
active, activating macrophages, increasing and releasing proinBammatory cytokines and
adipokines such as leptin [ 23,36].

Genes, obesity, and atopic diseases are linked. This association is well described
in asthma patients, whereas no studies have been reported on EGID subjects. The! 2-
adrenergic (ADRB2) and glucocorticoid (NR3C1) receptor genes have been involved in the
development of asthma and obesity [ 13]. Similarly, polymorphisms of the fractalkine recep-
tor gene (CX3CR1) have been associated with asthma, atopy, and obesity [6]. However,
no studies have described a genetic correlation between obesity/overweight and EGIDs.

Finally, EOE is characterized by chronic inRammation, specibcally affecting the esoph-
agus and generally sparing other Gl tracts. This feature could clarify why EoE is not related
to intestinal malabsorption and does not affect the bodyweight of adult patients.

The relationship between EGIDs, overweight, and obesity is still speculative, and
further studies are required to conbrm these clinical Pndings.

3. Undernutrition and Failure to Thrive in EGIDs Patients

Although poorly investigated, EGIDs may also be complicated by undernutrition and
FTT for pathogenetic mechanisms similar to those reported in inBammatory bowel disease
(IBD) patients [37]. FTT is one of the most commonly described clinical complications
in children with EoE [ 3,38], although the exact prevalence has never been documented.
Retrospective studies have reported that the prevalence of FTT ranges from 10.5% to 24%
of EOE patients with different age-related rates (Table 3) [39P44]. In a large retrospec-
tive study, Spergel et al. demonstrated that FTT mainly characterized young children
(2.8+ 3.2 yearg [44]. Moreover, Alhmoud et al. reported FTT and weight loss only in
children with EOGE, and 15% of these had severe mucosal involvement leading to malab-
sorption [ 41].

Table 3. Studies reporting underweight and failure to thrive in children and adult patients with EGIDs.

Author, Year Country Study Design Sample Size Population Outcomes
Multicentric The most frequent indications for endoscopy were
Ho;(l;l%ng;]al., Europe retrospective 4;2;?5 Children dysphagia (38%), gastroesophageal reBux (31.2%),
study P food impaction (24.4%), and FTT (10.5%).

FTT was present in 21.3% of enrolled subjects and
was signibcantly common in children. Common

Chehade et al., USA Multicentric 705 EoE Children and pediatric comorbidities were
2018 E0] T study patients adults neurological/developmental disorders, gastric tube
placement, prematurity, atopic dermatitis, and food
allergy.
Alhmoud et al., Retrospective 13 EoGE Children and FTT an_d weight LOSS were observed only_ in children.
2016 1] U.S.A. study patients adults Two chlldren (15%) had severe mucosal mvolvement
leading to malabsorption, FTT, and weight loss.
Paquet et al., Retrospective . . Sixty-two children were enrolled. Of these, 15 (24%)
2016 2] Canada study 62 EoE patients Children met at least one criterion for FTT.
Most children had negative WFH z scores, and 10%
Colson et al Retrospective had nutritional indices compatible with moderate
2014 B3 v France stuF()j 59 EOE patients Children malnutrition. Nutrition therapy (elemental and six
y food elimination diets) did not impair nutritional
status.
2009 p4] e study patients P young

children. (118 patients).

EoE, eosinophilic esophagitis; EOGE, eosinophilic gastroenteritis; FTT, failure to thrive; GERD, gastroesophageal reBux disease; WFL,

weight-for-length.
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Several factors may negatively impact the nutritional status of EGIDs patients (Table 4),
mostly children. Firstly, children with EOE more likely present feeding disorders, recurrent
vomiting, or regurgitation due to the esophageal inBammation and dysfunction, which
can severely impair the adequate intake of foods and nutrients [ 2,3]. EGIDs are emerging
Gl disorders, therefore the diagnostic delay was often reported in adolescents and adults,
who can consequently develop esophageal strictures due to the chronic infBammation and
Pbrous tissue deposition, prolonging clinical symptoms and patient feeding discomfort[ 45].

Table 4. Potential factors that may negatively inBuence the nutritional status of patients with EGIDs.

Chronic esophageal inBammation leading to typical GI symptoms: recurrent vomiting and
regurgitation, loss of appetite, food impaction, GERD-like symptoms

Diagnostic delay may increase the risk of esophageal stricture and prolong Gl discomforting
symptoms

The low compliance to therapies may sustain esophageal inBammation, also allowing a low grade
of antigen exposure

Swallowing disorders and fear of food impaction may compromise feeding behavior, allowing the
development of food avoidance, anorexia, and anxiety

Restrictive food-elimination diets may reduce adequate food oral intake and lead to low levels of
vitamins

Atopic (IgE mediated food allergy, atopic dermatitis) and non-atopic comorbidities (CD, IBD,
type 1 diabetes mellitus, ASDs, CF) may be associated with FTT, low growth, reduced food oral
intake, vitamins debciency, and undernutrition

Multisite Gl eosinophilic inBammation with subsequent abnormal permeability may be a possible
reason for nutrients loss and higher caloric and protein requirements in patients with EGIDs
distal to the esophagus

ASDs, autism spectrum disorders; CD, coeliac disease; CF, cystic Pbrosis; FTT, failure to thrive; GERD,
gastroesophageal rel3ux disease; Gl, gastrointestinal; IBD, inBammatory bowel disease.

Secondly, low compliance to treatment is one of the main reasons for therapeutic
failure and persistent active EoE, especially in adolescents and adults [46]. Chronic Gl
symptoms and impaired oral food intake, due to the sustained esophageal inBammation
and continued low-grade antigen exposure, through limited dietary compliance are other
possible explanations for undernutrition.

Thirdly, children, adolescents, and adults with previous food impaction episodes may
have a high risk of developing anxiety and eating disorders, such as nervous anorexia and
food avoidance, leading to an inadequate nutrient intake [ 46,47]. In a case-control study,
Wu et al. found that most children with EGIDs had feeding behavioral problems compared
to healthy controls [ 48]. Another study showed that 16.5% of EGID children had feeding
issues, such as food refusal, low volume, and variety of intake, grazing, and spitting food
out [49]. Moreover, 21% of these children were also complicated by FTT, suggesting that
feeding issues may impair the regular childhood oral intake contributing to undernutrition
and growth failure [ 49].

Additionally, a retrospective multicentric U.S. study of Consortium of Eosinophilic
Gastrointestinal Disease Researchers (CEGIR) reported that 41% of children and adoles-
cents with nonesophageal EGIDs might have a multisite Gl inRBammation [ 50]. This Pnding
suggests that the persistent Gl inBammation and subsequent abnormal intestinal permeabil-
ity may be possible reasons for nutrients loss and higher caloric and protein requirements
in patients with EGIDs distal to the esophagus [ 24].

Moreover, the association between EoE and other allergic conditions is well established
and might be a potential further reason for FTT and undernutrition in EGIDs children.
Children with EGIDs have an excessive prevalence of atopic dermatitis, IgE-mediated
food allergy, asthma, and allergic rhinitis, potentially affecting the expected growth [ 51].
Moreover, several reports have suggested that EGIDs may also be frequently associated
with chronic non-allergic comorbidities that might compromise adequate child growth,
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feeding behavior, and quality of life [ 46]. In a cross-sectional study, Capuccilli et al.
demonstrated that children with EOE also had higher rates of coexisting non-atopic diseases,
including IBD (0.7%) and CD (5.6%), as well as a higher prevalence of autism spectrum
disorders (ASDSs) (7.5%), type 1 diabetes mellitus (1.2%) and cystic bbrosis (0.9%)42].

Finally, an important unanswered question is whether therapies can inBuence FTT.
Paquet et al. have reported that EoE-related FTT resolved in 62% of affected children,
suggesting that medical interventions might be helpful not only for disease-remission but
also for clinical complications [ 42]. However, these results cannot be generalized because
this study was retrospective and based on a small number of patients (15 patients with
EoE + FTT). On the other hand, it was widely described that impaired growth and inade-
quate intake of macro- and micronutrients are possible complications of restrictive food
elimination diets, which are pivotal therapeutical approaches of several pediatric illnesses,
including EGIDs [ 1]. Several clinical factors might induce proteinBcalorie malnutrition and
impaired food intake with weight loss, FTT, and delayed puberty. These Pndings underly
the importance of assessing potential risk factors that may bring dietary limitations and
normal growth of children with EGIDs.

4. Vitamin D Debciency in EGIDs

Low serum vitamin D levels have been proposed to explain the increased prevalence
of atopic and autoimmune diseases in Western countries [53]. Several efforts have focused
on the role of vitamin D in the contribution of chronic dysregulated inBammation and
its modulation [ 53]. Prevalence of EoE is higher in Western countries and cold climate
zones, suggesting a possible association with low serum vitamin D levels [ 7]. Increasingly,
signibcant evidence has shown a consistent link between vitamin D debciencyNdue to the
quality of diet, lack of exposure to sunlightNand the risk of atopy, as already described for
asthma, allergic rhinitis, food allergy, and atopic dermatitis [ 7].

A systematic review has reported that low vitamin D prevalence varied widely in
enrolled studies (0B52%) and did not improve with therapy [ 24,54] (Table 5). Low levels
of vitamin D were described in 42% of adults and 50% of children with EoE, prevailing in
patients with symptoms of food impaction [ 54,55]. In a case-control study of 69 children,
Waterhouse et al. reported that patients with EoE and GERD had low vitamin D levels
compared to normal controls, but without a signibcant difference [ 56]. To date, no study
assessed other vitamins in EGIDs and serum vitamin D in patients with EGIDs beyond the
esophagus.

Table 5. Studies reporting levels of vitamin D in children and adult patients with EoE.

Author, Year Country Study Design Sample Size Population QOutcomes
Mehta et al., . 91 patients (GERD Children Enrol!ed children had ade.quaFe
U.S.A. Prospective study _ — nutrient intakes, except for vitamin D
2018 p4]. = 38, EoE =53) (0D7 years) !
levels that were low in both groups.
The median vitamin D level was
28.9 ng/mL. Patients with low
vitamin D levels were older
. . (25.5 years) and had a higher body
Slack et al., Cross-sectional . Children and . N v .
2015 B4, US.A. study 69 EOE patients adults mass index (25.2 kg/m €). Vitamin D

insufbciency was not associated with

IgE and surrogate markers of severity

(dilation in adults or hospitalization
or emergency Visits in children).

EoE, eosinophilic esophagitis; GERD, gastroesophageal reBux disease.

Although there is emerging evidence of vitamin D in the development of the immune
system and pathogenesis of allergic diseases, such as asthma, atopic dermatitis, and food al-
lergy, no studies have evaluated its possible role in EGIDs development and remission [ 53].
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Furthermore, based on the design of available studies (cross-sectional data analysis) no
causebeffect relationship can be inferred. It is reasonable to argue that toddlers and young
children with EoE could present with feeding difbculty and refusal, with subsequent nutri-
ent debciencies, thus malnutrition. Besides, food elimination diets, mostly milk-free diets,
could increase the risk of vitamin D debciency in EoE patients, as reported in children with
cowOs milk allergy [57,59].

5. Management of EGIDs Patients: From Traditional Tools and Treatments to
Future Insights

Diagnoses of EGIDs are not always straightforward and require chronic Gl symptoms,
coupled with suggestive endoscopic bndings, prevalent eosinophilic inBammation ( " 15
eosinophils/high-power beld (HPF) for EOE) in biopsy specimens, and the exclusion of
other causes of Gl eosinophilia [1,4,5]. Symptoms of EGID are generally heterogeneous and
often overlap with other conditions and may occur concomitantly. In EoE, the eosinophilic
inBammation leads to progressive esophageal dysfunction, mainly characterized by feeding
refusal and vomiting in children, and dysphagia, heartburn, and food bolus impaction
in adolescents and adult patients [ 3]. Patients do not always appear to have feeding or
eating disorders; only 24% of younger patients showed a failure to thrive. As reported in
this review, most patients were normal weight or even obese. A meticulous evaluation of
the patientOs symptoms should be recommended, and the clinician should ask the right
questions to detect suspicious eating habits (Table 6) [59].

Table 6. Useful questions to ask patients with EoE (Adapted from Muir et al., 2019) [ 59].

Does the patient take longer than others to eat?

Does the patient have to be reminded to chew a lot?

Does the patient need to cut food, especially steak, into small pieces?

Does the patient always need to drink during the meals?

Does the patient eat steak or crusty bread?

Although several research efforts have produced fascinating progress in the diagnosis
and management of EGIDs, especially EoE, the only currently available tool to conbrm the
clinical suspicion is Gl endoscopy with a biopsy [ 4,5]. Nevertheless, surrogate measures
for EoE activity and response to therapy, such as the esophageal String test, transnasal
esophagoscopy, and Cytosponge, have emerged as effective, less invasive tools for obtain-
ing esophageal tissue samples p0,61].

Since EoE was initially identibed in the mid-1990s, multiple EoE treatment strategies
have been developed. Dietary treatment represented the brst-line therapeutical approach
for EGIDs [1,4,5]. Elemental (exclusive amino acid-based formulas) and six-food (milk,
wheat, egg, soy, bPsh and shellbsh, nuts) elimination diet (SFED) are the two main nutri-
tional methods for EGID management with high rates of remission [ 1,4,5]. Trials have
reported that a signibcant proportion of EOE patients achieved histologic remission on less
restrictive (two/four food elimination) diets. Thus, personalized dietary strategies might
offer the greatest success, improving the nutritional status and quality of life of affected
subjects [60]. Successful targeted removal of specibc foods based on allergy tests have been
reported as case reports. However, targeted food removal might not be effective and is not
recommended, because response to therapy did not seem to correspond to food allergies
identibed by skin prick testing or measuring serum food-specibc IgE concentrations [ 62].

Swallowed steroids are alternative EGID treatments to diet-based interventions. The
two most common approaches include swallowed [Ruticasone and viscous budesonide [ 4,5].
Comparisons between elimination diets and swallowed steroids are difbcult, due to the
heterogeneity of available studies. Meta-regression analyses showed that both therapeutical
approaches are generally equivalent at inducing histologic remission in EGIDs patients [ 63].
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Unfortunately, a signibpcant population of patients with EGIDs has persistent active
disease. Therefore, several ongoing efforts identify promising biological therapies beyond
diet or steroid strategies [60,64]. Future efforts should be targeted to particular EGID
endotypes using traditional and biologic therapies to achieve a new and high disease
control degree.

How to Manage Malnutrition in Children with EGIDs?

This study suggests that a multidisciplinary approach (allergist, gastroenterologist,
nutritionist, psychologist) is a key winner of EGIDs management (Figure 2), especially
in children with allergic and non-allergic phenotypes. Moreover, the nutritional status
assessment may help recognize patients with an inadequate nutrient intake, especially if
they require restrictive food elimination diets (Figure 3).

Figure 2. The multidisciplinary approach of children and adolescents with eosinophilic gastrointesti-
nal disorders.

Figure 3. Nutritional status assessment of children and adolescents with eosinophilic gastrointestinal
disorders.



Nutrients 2021, 13, 128 10 of 12

This review summarized evidence on pediatric EGIDs malnutrition and underly
conB3icting Pndings. While some studies have reported normal or high BMI, especially
in adults with coexisting GERD, FTT might mostly af3ict young children. As reported
for allergic diseases, EGIDs may also show vitamin D debciency. However, no study has
assessed how intestinal infammation or EGIDs therapies may impact serum vitamin D and
bone metabolism. Despite an inadequate investigation, EGID malnutrition is a relevant
clinical beld that requires further efforts to strengthen the efbcacy of therapies and improve
the patientsO quality of life.
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Abstract: Inborn errors of immunity (IEI) are disorders mostly caused by mutations in genes involved
in host defense and immune regulation. Different degrees of gastrointestinal (Gl) involvement have
been described in IEI, and for some IEI the Gl manifestations represent the main and characteristic
clinical feature. IEl also carry an increased risk for atopic manifestations. Eosinophilic gastrointesti-
nal diseases (EGIDs) are emerging disorders characterized by a chronic/remittent and prevalent
eosinophilic in ammation affecting the Gl tract from the esophagus to the anus in the absence of
secondary causes of intestinal eosinophilia. Data from the U.S. Immunode ciency Network (USID-
NET) reported that EGIDs are more commonly found in patients with IEI. Considering this element,
it is reasonable to highlight the importance of an accurate differential diagnosis in patients with IEI
associated with mucosal eosinophilia to avoid potential misdiagnosis. For this reason, we provide a
potential algorithm to suspect an EGID in patients with IEl or an IEl in individuals with a diagnosis
of primary EGID. The early diagnosis and detection of suspicious symptoms of both conditions are
fundamental to prevent clinically relevant complications.

Keywords: eosinophilic gastrointestinal disorders; eosinophilic esophagitis; inborn errors of immu-
nity; immunode ciency

1. Inborn Errors of Immunity and Gastrointestinal Manifestations

Inborn errors of immunity (IEI) are disorders mostly caused by mutations in genes
involved in immune host defense and regulation [ 1-3]. These conditions are characterized
by various combinations of increased susceptibility to infections, autoimmunity, autoin-
ammatory manifestations, lymphoproliferation, allergy, bone marrow failure, and/or
malignancy [ 1]. The recently updated IEI classi cation from the International Union of
Immunological Societies (IUIS) Expert Committee has increased the number of known
genetic defects identi ed as causing IEI to 485 [4]. According to the IUIS classi cation, IEI
are categorized into ten groups based on the speci c clinical and immunological pheno-
type: combined immunode ciencies (I); combined immunode ciencies with syndromic
features (Il); predominantly antibody de ciencies (lll); diseases of immune dysregulation
(IV); congenital defects of phagocytes (V); defects in intrinsic and innate immunity (VI);
autoin ammatory diseases (VII); complement de ciencies (VIII); bone marrow failure (1X);
and phenocopies of inborn errors of immunity (X) [ 5]. Although IEI present with a broad
spectrum of clinical features, in about one-third of them, various degrees of gastrointestinal
(GI) involvement have been described, and for some IEI, the GI manifestations represent the
characteristic clinical feature [6,7]. In addition, there has been an increasing understanding
of which IEI carry an increased risk for speci ¢ atopic manifestations, with most studies fo-
cusing on atopic dermatitis, allergic rhinitis, asthma, and immunoglobulin E (IgE)-mediated
food allergy [ 8]. Although eosinophilic esophagitis (EOE) is thought to co-occur with these
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atopic disorders following a common atopic pathophysiology, eosinophilic gastrointestinal
diseases (EGIDs) and their association with IEI are relatively poorly understood.

2. Eosinophilic Gastrointestinal Diseases

EGIDs are emerging disorders characterized by chronic/remittent and prevalent
eosinophilic in ammation affecting the Gl tract from the esophagus to the anus in the
absence of secondary causes of intestinal eosinophilia p,10]. Based on the site of the in-
ammation, EGIDs have been recently classi ed into EOE and non-EoE EGIDs (Table 1).
EoE affects approximately 1 in 1-2000 persons; however, it is currently considered one
of the major causes of upper gastrointestinal morbidity [ 11]. EoE is found in 12—-23% of
patients with dysphagia and 50% in those with esophageal food impaction [ 12,13]. Ac-
cording to current guidelines, diagnosis of EOE requires (1) suggestive clinical symptoms;
(2) an esophageal eosinophilic in Itrate greater than 15 eosinophils per high-powered
eld (HPF) (~60 eos/mm?2) in endoscopically obtained biopsies; and (3) the exclusion of
secondary causes of esophageal eosinophilia (gastroesophageal re ux disease [GERD],
hypereosinophilic syndrome, in ammatory bowel diseases, autoimmune disorders, vas-
culitis, hyper-IgE syndrome, drug hypersensitivity, infections, pill esophagitis, and graft
versus host disease). EOE symptoms are non-speci ¢ and vary with age. Feeding issues,
failure to thrive, and recurrent vomiting generally prevail in infants and toddlers, whereas
school-aged children present epigastric pain or GERD-like symptoms. Dysphagia and
esophageal food impaction are typically prevalent symptoms in adolescents and adults.

Table 1. Clinical features of EGIDs.

Symptoms Diagnosis Treatments
Symptoms mainly depend on the . Medical therapies
patient's age # Topical steroids

Slurry budesonide

- Infants and toddlers: food )
Oral uticasone

refusal, feeding issues, (1)  Suggestive clinical ;
recurrent vomiting, failure to symptoms ggg%i%rg;ie tablets (EMA
thrive ) 15 eos/HPF in Biologi .
; . cal therapy:
) - - - Children: esophageal re ux h | biopsi * og .
Eosinophilic esophagitis (EoE A ’ esopnageal biopsies dupilumab (anti-IL-4R, FDA
P phagits (EoE) not responding to conventional  (3)  Exclusion of secondary apgroved) ¢
therapy, epigastric pain, causes of intestinal L ’
vomiting eosinophilia - Food elimination diets
) Adolescgnts and adults: # Empirical food elimination
dysphagia, esophageal food diet
|rrl1pact|'0n. ] # Elemental diet
Change in eating behaviors R Esophageal dilatation
- Medical therapies
# Systemic steroids (oral
Non-EoE EGIDs Symptoms mainly depend on the site budesonide or prednisolone;
: " - and the depth of intestinal IV corticosteroids)
Eos!noph!l!c Gastr_lt_ls (EoG) in ammation 4 Immunosuppressants
Eosinophilic Enteritis (EoN) Biological therapies:
: - - Mucosal form: abdominal pain, ~ Stomach 30 eos/HPF # Biolog apies:
# Eosinophilic diarthea, vomiting, weight loss Small intestine 52 eos/HPF in iximab, adalimumab
Duodenitis (EoD) rotein-lé)sin entéro athy, Gl Y Right colon 100 eos/HPF (anti-TNF), mepolizumab,
# Eosinophilic Jejunitis p B 9 patny, Transverse and descending colon reslizumab and benralizumab
(Eo)) bleeding ~ 84 eos/HPE (anti-IL-5 and anti-IL5R),
# Eosinophilic lleitis - Mbustcletf_orm. intestinal Rectosigmoid 64 eos/HPF dupilumab (anti-IL-4R)
obstruction A )
) (?OI) » - Serosal form: eosinophilic Food elimination diets
Eosinophilic Colitis (EoC) ascites # Empirical food elimination
diet
# Elemental diet
Surgery

HPF: high power eld; IV: intravenous.

In contrast, non-EoE EGIDs are still less understood disorders. Epidemiology of
non-EoE EGIDs is limited to a few observational studies; however, in the general popula-

tion, prevalence is estimated at 3—8/100,000 cases, although it was approximately 2% in
patients with gastrointestinal symptoms [ 14]. Symptoms of non-EoE EGIDs depend on the
site (stomach, intestine, or colon) and the depth (mucosal, muscular, or serosal layer) of
the eosinophilic in ammation and are generally represented by abdominal pain, nausea,



J. Clin. Med.2023 12, 514

30f9

vomiting, and diarrhea [ 10]. In rare cases, patients with non-EoE EGIDs may develop
Gl complications, such as intestinal obstruction or eosinophilic ascites. However, they

may commonly experience malnutrition or weight loss [ 15]. Diagnosis of the non-EoE
EGIDs is challenging and often requires more endoscopies with potential misdiagnosis

and diagnostic delays. The diagnostic cut-offs of tissue eosinophils vary according to the

speci ¢ site of the Gl tract (Table 1).

Allergic comorbidities are prevalent in patients with EGIDs. However, several non-
allergic diseases have also been associated with EoE, including autism spectrum disorders,
coeliac disease, esophageal malformation, and in ammatory bowel disorders [ 16-18]. EoE
is now considered a type 2-mediated disease, developing from a genetic predisposition
and impaired esophageal barrier functioning [ 19]. In this context, the esophageal exposure
to allergens (mostly foods) elicits the local production of alarmins (interleukin [IL]-25,
IL-33, and thymic stromal lymphopoietin) and the typical type 2 (Th2)-driven eosinophilic
in ammation [ 20]. IL-4 has been characterized as one of the critical drivers of in ammation
in EoE since it is upregulated in the esophageal mucosa and blood of affected patients [21].
While eosinophilic gastritis and enteritis show the same pathogenetic mechanisms of EoE,
the pathogenesis of eosinophilic colitis is different from that of other non-EoE EGIDs and
is mainly related to apoptosis gene expression, reduced epithelial cell proliferation, and
minimal evidence of Th2 in ammation.

EGIDs are clinically heterogeneous diseases with symptoms depending on the age at
onset, the site of in ammation, response to treatments, and related comorbidities (allergic
and not allergic), thus, de ning a spectrum of different diseases [ 22]. Recently, data from
the USIDNET reported that EGIDs are more commonly found in patients with different
IEl, such as common variable immunode ciency (CVID) (43.2%), chronic granulomatous
disease (CGD) (8.1%), hyper-IgE syndrome (6.8%), and autoimmune lymphoproliferative
syndrome (6.8%) [23]. Nevertheless, more research is needed to con rm these ndings and
understand if patients with EGIDs and IEI may have distinct clinical features, responses
to therapies, and disease endotype. Therefore, this study aims to analyze the potential
relationship between these two entities, reviewing current evidence and proposing a
potential diagnostic algorithm to help clinicians suspect IEIl in EGID patients and vice-
versa.

3. Material and Methods

The literature review was performed in November 2022, including all publication
years. All studies that met the following criteria were included: (i) articles published
in English in peer-reviewed journals, and (ii) participants were children and adult IEI
patients diagnosed with EGIDs. Potentially eligible publications were manually screened
and reviewed, and non-relevant publications were excluded.

The literature search was performed via the online database PubMed, combining the

terms “eosinophilic gastrointestinal diseases AND primar y immunodeficiency”, “eosinophilic

"o

gastrointestinal diseases AND inborn errors of immunity”, “eosinophilic esophagitis AND

inborn errors of immunity”, “eosinophilic esophagitis AND primary immunode ciency”,
and “eosinophilic esophagitis AND immunode ciency”.

4. Results

The database search found 58 articles. Based on the title and abstract, fteen articles
met the inclusion criteria. After removing duplicates, seven articles were analysed for the
review (Figure 1).

In 2016, Yamazaki et al. reported the case of a 30-year-old man with a diagnosis of X-
linked agammaglobulinemia, who suffered from chronic diarrhea and persistent low serum
IgG, despite the intravenous immunoglobulin replacement (Table 2) [24]. He underwent a
colonoscopy with biopsies that detected eosinophilic in Itrate >20 eos/HPF, supporting
the diagnosis of eosinophilic gastroenteritis. Treatment with prednisolone was started and
led to a signi cant improvement in diarrhea.
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Records identified through the
database searching
n=58
Records selected, matching the
inclusion criteria
n=15
Records included after duplicates
removed
n=7
Figure 1. Search strategy.
Table 2. Summary of reviewed articles.
Author, Year Type of Age at EGID Family EGID Other EGID - EGID
[Ref] Study IEl EGID Diagnosis History Symptoms Comorbidities Diagnosis Complications Treatment
Yamakazi Chronic Recurrent
etal., 2016 Case report XLA EoC 27 years n.a. diarrhea, infections >20 eos/HPF n.a. Prednisolone
[24] emaciation
Dysphagia,
Chenetal recurrent Recurrent ?f;'fg?g:al
. i ilatation,
2016 Case report CVID EoE 28 years n.a. Ezfoﬁ:se(; sinopulmonary n.a. EsS(t)grl‘w:Sgigal PPI,
[25] fp dg infections FED, Oral
__food uticasone
impaction
Hannouch Weight loss, Burkitt's Oral inhaled
etal., 2016 Case report CVID EoE n.a. n.a. food lymphoma n.a. na. corticos-
[26] impaction ymp teroids
Eczema,
recurrent
Dixit et al., Abdominal res;::;gé&;rgfntsract
2021 Case report STAT3-HIES EoE n.a. n.a. pain, t ind na. na. Dupilumab
27 dysphagia cutaneous an
retropharyngeal
abscesses, and
mycosis.
Mother with Ball
choking Choking Vaginal dilatation
Scottetal., Late epéshﬁ?:ecs' aand episades, sffeﬂg'?ﬁsg'si Esophageal FED
2[25]2 Case report STAT1-GOF EoE adolescence daughter with szl)ih(t%nd infection, 22 eos/HPF stenosis Montg}l)ulkast
CMCC and d qh . Candida Slurry
re/;:gr’\r/(lent 'ysphagia esophagitis budesonide
. Anemia,
Tang etal., Mother and Abdominal respiratory tract
2020 Case report XIAP-de ciency EoC Infancy sister had the perianal ! infections, n.a. n.a. n.a.
[29 mutation impaired
abscess.
: growth
CVID (43.2%), 61/74 (82,5%)
combined im- patients with
Tran etal., : munode ciencies EoE and
2022 Retrospective 51 Gogy, CGD 13/74 (17.5%) na. na. na. na. na. na. na.
23 cohort study (8.1%), HIES with
(6.8%), and ALPS EoG, EoN,
(6.8%). and EoC.

ALPS: autoimmune lymphoproliferative syndrome; AOM: acute otitis media; CGD: chronic granulomatous dis-
ease; CMCC: chronic mucocutaneous candidiasis; CVID: common variable immunode ciency; EGID: eosinophilic
gastrointestinal disease; EoC: eosinophilic colitis; EOE: eosinophilic esophagitis; EoG: eosinophilic gastritis; EON:
eosinophilic enteritis; FED: food elimination diet; GOF: gain of function; HIES: hyper-IgE syndromes; HPF:
high power eld; IEI: inborn error of immunity; N.A: not available; PPI: proton pump inhibitor; XIAP: X-linked

inhibitor of apoptosis; XLA: X-linked agammaglobulinemia.
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A few cases reported the association between common variable immunode ciency
(CVID) and EoE [25,26]. Chen et al. described a 34-year-old woman affected by CVID
who was referred to a gastroenterologist for dysphagia, recurrent mild esophageal food
impactions, and hard-textured foods that worsened in the previous 5-6 years [ 25]. She un-
derwent an upper Gl endoscopy that showed macro- and microscopic ndings compatible
with EoE. The patient partially achieved control of their symptoms with oral uticasone.
Hannouch et al. described the case of Burkitt's lymphoma development in a patient affected
by CVID and EoE [ 26].

STAT3-hyper-IgE syndrome (HIES) has been primarily associated with Gl manifes-
tations, including gastroesophageal re ux disease, dysphagia, and abdominal pain. A
recent cohort study enrolling STAT3-HIES patients investigated the Gl manifestations
unexpectedly observing that EOE occurred in 65% (11/17) of patients who underwent
esophagogastroduodenoscopy [30]. Dixit et al. published the case of a 14-year-old boy
affected by STAT3-HIES with severe atopic dermatitis and EoE, clinically characterized
by dysphagia and abdominal pain. The patient was treated with dupilumab, effectively
controlling skin manifestations and resolving EOE symptoms [ 27).

Scott et al. reported the case of a 39-year-old woman with EoE refractory on a six-food
elimination diet, uticasone, montelukast, and proton pump inhibitor, but responsive to
subsequent therapy with slurry budesonide [ 28]. She probably developed the rst Gl
symptoms in late adolescence, but she was not formally investigated until she was 31.
The patient's family history revealed that her 70-year-old mother suffered from chronic
mucocutaneous candidiasis (CMCC) and had a 50-year history of dysphagia and choking
episodes, endoscopically evaluated at the age of 66 with biopsies demonstrating extensive
tissue brosis and rare eosinophils. Even her daughter had a history compatible with
CMCC but no symptoms suggestive of EoE. All three underwent a genetic evaluation,
demonstrating a novel heterozygous missense variant in the N-terminal domain of STAT1
(c.194A > C; p.D65A). Through immunoblotting studies, a gain of function STAT1 pheno-
type was demonstrated in all family members investigated. This report rst described a
STAT1 gain of function mutation characterized by severe and refractory EOE as presenting
clinical manifestation.

In 2020, Tang et al. reported the case of a 22-month-old boy with abdominal distension,
anemia, and recurrent respiratory tract infections diagnosed with an X-linked inhibitor of
apoptosis (XIAP) de ciency. He underwent a Gl endoscopy that showed chronic active
enteritis with different degrees of eosinophil in ltration compatible with eosinophilic
colitis. XIAP de ciency is associated with in ammatory bowel diseases (IBD); however,
this case report may extend the spectrum of chronic Gl diseases associated with this
immunode ciency [ 29.

5. Discussion

Recently, Tran et al. reviewed the U.S. immunode ciency Network (USIDNET), nding
that 74 IEI patients had a concomitant diagnosis of EGID [ 23]. In this study, 61 patients were
affected by EoE, and 27 (44.2%) had CVID. In 34.4% of patients, a speci cimmunode ciency
was identi ed, including HIES and chronic granulomatous disease (CGD). Thirteen (17.5%)
patients were affected by non-EoE EGIDs (eosinophilic gastritis, enteritis, and colitis). A
total of 38.4% had CVID, 46% had a combined immunode ciency, 15.3% had CGD, and one
patient had FOXP3-de cient immune dysregulation, polyendocrinopathy, and enteropathy
X-linked (IPEX) syndrome. These data suggest that EGIDs may be coexisting comorbidities
of patients with speci c IEI and seem more common than expected. According to these
results, CVID is the IEI most likely complicated by an EGID.

The potential link between IEl and EGIDs has not been elucidated yet. IEl are caused by
monogenic germline mutations associated with immune function. These diseases are rare,
but the prevalence is likely to be at least 1/1000-5000 [4]. Different IEI can manifest with
elevated serum IgE or eosinophilia and increased Th-2 cytokine production, such as IL-5,
which is an essential promoter of eosinophil differentiation, maturation, and survival [ 4,10].
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Eosinophils are multifunctional leukocytes that play an essential role against helminth infec-
tions and are considered pro-in ammatory cells because they release pleiotropic cytokines,
chemokines, lipid mediators, and cytoplasmic granule constituents [ 31]. Eosinophils are
considered the key effector cells in EOE, since, in the absence of eosinophils, disease features
(tissue remodeling, collagen accumulation, and gastric motility) are attenuated in animal
models [32]. Eosinophils are also involved in the pathogenesis of allergic disorders and
are implicated in EGIDs and IBD pathogenesis. Intestinal eosinophilia is not the hallmark
of EGIDs, because it has been described even in IBD and celiac disease33]. Eosinophils
are also implicated in IBD pathogenesis, probably playing a signi cant role in the chronic
in ammatory process. In recent years, a growing number of IElI manifesting with IBD
have been described [7]. XIAP de ciency is considered one of the mendelian causes of
inherited IBD in infancy [ 34]. When a XIAP de ciency patient shows recurrent and severe
abdominal pain, failure to thrive, Gl bleeding, and diarrhea, it is reasonable to suspect
an IBD and perform a Gl endoscopy. Despite this robust evidence, Tang et al. reported
the case of a patient with XIAP de ciency and eosinophilic colitis, thus extending the
spectrum of Gl manifestations potentially related to this immunode ciency [ 29]. However,
the authors did not report data on long-term follow-up or the diagnostic cut-off used for
EoC diagnosis [29]. Standardized international guidelines for EGID diagnosis are still
lacking. Most experts agreed that a de nitive diagnosis requires recurrent/chronic Gl
symptoms and increased intestinal eosinophilia, excluding secondary causes of EGIDs
(Table 1) [10]. Considering this element, it is reasonable to highlight the importance of an
accurate differential diagnosis in patients with IEI associated with mucosal eosinophilia
to avoid potential misdiagnosis. We provide a potential algorithm to suspect an EGID in
patients with IEI or an IEI in individuals with a diagnosis of primary EGID (Figure 2). The
early diagnosis and detection of suspicious symptoms of both conditions are fundamental
to prevent clinically relevant complications (severe or fatal infections, esophageal stenosis,
intestinal obstruction). Of note, it is still unclear if IEI patients experience a more severe
EGID phenotype than those without immunode ciency.
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Figure 2. Proposed diagnostic algorithm. The gure can be read from the top to the bottom and vice
versa. EGID: eosinophilic gastrointestinal disease; EOE: eosinophilic esophagitis; IEI: inborn errors
of immunity.

6. Conclusions

This review rst analyzed current evidence of a potential relationship between EGIDs
and IEIl. According to recent data, EGIDs seem more common in IEl patients than was
already reported in the literature. It is reasonable to speculate that EGID can worsen
the course of IEl, and vice versa. For this reason, early diagnosis is crucial to prevent
complications and de ne the best personalized treatment. In this context, several unmet
needs are still to be claried. The literature data are still limited, and more research
is needed to understand the pathogenetic relationship between these two chronic and
invalidating clinical entities. Multicentric prospective studies should be performed to
establish the real epidemiology of EGID in IEI patients, the disease-course phenotype, and
the response to available treatments.
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Abstract

Eosinophilic gastrointestinal disorders (EGIDs) are chronic/remittent inBammatory diseases associated with|a substan-
tial diagnostic delay, often attributable to misdiagnosis and variable clinical presentation in adults. In the pediatric
population, few studies have been conducted worldwide reporting EGID diagnostic delay and its consequences on
patients. This study aims to analyze and identify potential clinical factors and complications associated with a longer
diagnostic time. We performed a retrospective analysis of pediatric patients with EGIDs followed at the Center for
Pediatric EGIDs in Pavia, Italy. A total of 60 patients with EGIDs were enrolled. Thirty-nine (65%) patients had EoE,
and 21 (35%) non-esophageal EGIDs. EGID diagnosis was achieved about 2 years after the symptom onset, and the
median diagnostic time was 12 months (IQR 12D24 months). Diagnostic time was 12 months (IQR 12D69) in non-
esophageal EGIDs and 12 months (IQR 4D24 months) in EOE patients. EOE patients presenting with FTT and feeding
issues experienced a longer diagnostic tipye .02 angb= 0.05, respectively) than children without growth and
feeding impairments.

In this study, symptoms appeared about 2 years before the debnitive EGID diagnosis was reached, and this diagnostic
time was shorter than the delay observed in other published studies. Especially in EoE children, the diagnostic time

is signibcantly associated with impaired child growth, highlighting the importance of an early diagnosis to prevent
esophageal stenosis and failure to thrive.

Keywords Adolescents, Children, Diagnostic time, Eosinophilic esophagitis, Failure to thrive, Growth, Non-
esophageal eosinophilic gastrointestinal disorders
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To the Editor, Statistical signibcance was set at' p0.05.! e statistical
analyses were performed through Stata v17 (StataCorp
Eosinophilic gastrointestinal disorders (EGIDs) are clini- USA 2020).
cally heterogeneous chronic diseases with non-specibc A total of 60 patients with EGIDs were enrolledl. irty-
symptoms that vary with age and the site of patholegi nine (65%) patients had EoE, and 21 (35%) non-esoph
cal eosinophilic gastrointestinal (GI) inRBammationl]. —ageal EGIDs (Tabkl). Most enrolled EGID patients
As a consequence, EGIDs are associated with a substawere males (70%) and Caucasians (88%). Overall, 63%
tial diagnostic delay, often attributable to misdiagnosis of the enrolled patients showed other coexisting aler
and variable clinical presentation in adult]. Instead, gic diseases that were more evident in the EoE patients
in the pediatric population, only a few studies have been(70%) compared to non-esophageal EGID forms (52%).
conducted worldwide reporting EGID diagnostic delay, Food impaction, dysphagia, and feeding issues were
its risk factors, and its consequences on patien8 4]. only reported in patients with EoE (21%, 23%, and 18%,
I erefore, this study aims to analyze the time from symp respectively); on the other hand, diarrhea with weight
tom onset to EGID diagnosis and identify potential clini- loss specibcally depicted the non-esophageal EGID forms
cal factors or predictable complications associated with a(38% and 14%, respectively). Failure to thrive (FTT) was
longer diagnostic delay. found in 20% of all EGID patients (26% of EoE and 10%
We performed a retrospective analysis (from June 2020f non-esophageal EGID patients, respectively). About
to July 2022) of pediatric patients followed at the Center76% of all patients received an EGID diagnosis during
for Pediatric Eosinophilic GI Disorders (CPED) in Pavia, school age and adolescence; in particular, EOE and non-
Italy. Patients enrolled were younger than 19years aesophageal EGIDs were diagnosed in 35.9 and 52.4% of
the time of the EGID diagnosis. EGIDs have been-catpatients 6Dl11years old, respectively (Tablg. EGID
egorized into eosinophilic esophagitis (EoE) and non-symptoms appeared at a median age of 8years (IQR
esophageal EGIDs. Diagnosis of EoE was debnetl as3bPl1lyears). EGID diagnosis was achieved about 2 years
15 eosinophils/high power Peld identiped in at leastafter the symptom onset, and the median diagnostic
one esophageal biops¥][ ! ere are no universal guide time was 12 months (IQR 12D24 months) (Ta#lg Diag
lines for the diagnosis of non-esophageal EGIDs; therenostic time was 12 months (IQR 12P69) in non-esopha-
fore, pathology reports were reviewed according to thegeal EGIDs and 12 months (IQR 4D24 months) in EoE
cut-0" s proposed by Collins #4l. [6] All children with  patients. In the EGID cohort, the longest diagnostic time
other causes of intestinal eosinophilic inRammation was registered among school-aged children (24 [IQR
(i.e., inBammatory bowel diseases, parasite infections3b54] months) and adolescents (12 [12D30] months)
intestinal vasculitis, malignancies) were excluded. Datacompared to other age ranges. No signiPcant' ei-
collected from enrolled patients included demograph ences in diagnostic time were found according to sex and
ics (date of birth, age at diagnosis and symptoms onsegllergic comorbidities in EOE and non-esophageal EGID
gender, ethnicity), medical history of coexisting atopic patients. EoE patients presenting with FTT and feed
diseases (allergic rhinitis, asthma, atopic dermatitis, andng issues experienced a longer diagnostic tinpe=(0.02
food allergy), and symptoms at the time of diagnosis. Inand p= 0.05, respectively) than children without growth
EoE patients, endoscopic bndings have been reportednd feeding impairments (Figl). Suggestive symptoms
according to the validated EoE endoscopic referenceof EOE, such as food impaction and dysphagia, were not
score (EREFS)7]. Diagnostic time was estimated as the signipcantly associated with a shorter diagnostic time
time-lapse (months) between the onset of symptoms and(p= 0.21 andp= 0.61, respectively). Similarly, the diag
the Pnal diagnosis of EGIDs. All data were extracted fromnostic time in non-esophageal EGID patients with FTT
electronic medical records and semi-anonymizetl. e was longer than that found in children without FTT,
Ethical Committee approved this study (protocol num although this di'erence was not statistically signibcant
ber 0003241/22, GOLDEN study, NCT05219903). All(p= 0.53¥Fig#). In non-esophageal EGID patients, rei
patients provided written informed consent, according ther diarrhea nor abdominal pain was related to a shorter
to the Declaration of Helsinki and more recent amend diagnostic time p= 0.92 andp= 0.82, respectively). In
ments B, 9]. Continuous data were described with the EOE cohort, the Pnding of a Pbro-stenotic phenotype
median and interquartile range (IQR; i.e., 25thD75th(esophageal Pxed rings and structures) was not associ
percentiles), whereas categorical data as counts and perted with a longer diagnostic time compared to patients
centages. Comparative analysis was performed using theith an inRammatory endoscopic pattern (mucosal
Mann Whitey U and Fisher exact tests. e Kruskal Wat  edema, furrows, white exudates).
lis test was used to compare the diagnostic time through In this study, symptoms appeared about 2 years before
di" erent age ranges' ( lyear, 1D5, 6D11, and 12years). the depbnitive EGID diagnosis was reached, and this
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Table 1 Demographic and clinical features of enrolled EGID patients

Overall EoE Non-
esophageal
EGIDs
EGID patients, (%) 60 (100) 39 (65) 21 (35)
Malen (%) 42 (70) 29 (74) 14 (67)
Caucasiam (%) 53 (88) 33 (85) 20 (95)
Age at diagnosis
" lyeam (%) 4(6.7) 3(7.8) 1(4.8)
1b5 years, (%) 10 (16.7) 9(23) 1(4.8)
6D11 years,(%) 25 (41.6) 14 (35.9) 11 (52.4)
I 12 years) (%) 21 (35) 13 (33.3) 8 (38.0)
Coexisting allergic disease$%) 38 (63) 27 (70) 11 (52)
Allergic rhinitigy (%) 30 (50) 19 (49) 11 (52)
Asthman (%) 12 (20) 10 (26) 2 (10)
Atopic dermatitiza (%) 11 (18) 9 (23) 2 (10)
Food allergyy (%) 15 (25) 13 (33) 2 (10)
Symptoms
Abdominal paim (%) 32 (53) 14 (36) 18 (86)
Diarrhean (%) 8 (13) 0 (0) 8 (38)
Dysphagian (%) 9 (23) 9 (23) 0 (0)
Failure to thrivey (%) 12 (20) 10 (26) 2 (10)
Food impactiom (%) 8 (13) 8 (21) 0 (0)
GERD-like symptonms(%) 20 (33) 20 (51) 0(0)
Nausea and vomiting, (%) 15 (25) 12 (31) 3(14)
Reduced appetite and feeding issuego) 7(12) 7 (18) 0 (0)
Weight loss) (%) 3(5) 0 (0) 3(14)
Endoscopic bPndings
Edeman (%) 19 (32) 19 (49) 0(0)
Ringsh (%) 9 (15) 9(23) 0 (0)
Exudates) (%) 6 (10) 6 (15) 0 (0)
Furrowsn (%) 7(12) 7 (18) 0(0)
Stricturen (%) 2(3) 2 (5) 0 (0)
Normal mucosay (%) 11 (18) 0 (0) 11 (52)
Nodular lymphoid hyperplasia(%) 5(8) 0 (0) 5(24)
Mucosal inBammation, (%) 5(8) 0(0) 5 (24)

EGID=osinophilic gastrointestinal disorderg&oEeosinophilic esophagitis

diagnostic time was shorter than the delay observed inadults with EoE 2]. Similarly, Chehade ¢&l. found that
other published studies. Nevertheless, studies asses#4.3% of patients with eosinophilic gastritis/duodenitis
ing the diagnostic delay in EGID patients are limited andreceived a documented diagnosis of another gastrointes
have been mainly realized in adult8§4]. Schoepfer el. tinal condition before the debnitive diagnosigll ! ese
observed a median diagnostic delay of 6 years that wadata, together with the bnding of a shorter diagnostic
longer in the brst two decades of lif&8][ Conversely, a time in infancy in our cohort, suggest that toddlers and
registry of 705 EOE patients highlighted that the diagros young children are less likely to receive an alternative
tic delay was higher in adults than in pediatric patients diagnosis and the spectrum of ‘terential diagnoses for
[10]. Only one study assessed the diagnostic delay ipediatric patients is not as broad as for adult patients
non-esophageal EGID patients, reporting a mean delay obr adolescents. Initially, all enrolled patients, especially
3.6 years that was longer in adults than childref].[Lenti adolescents, were treated as functional Gl disorders or
ettal. identibed an overall diagnostic delay of 36 monthsgastroesophageal reux disease, prolonging the diag
and found at least one previous misdiagnosis in 41.8% afostic time; however, the non-response to conservative
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Table 2 Diagnostic time according to clinical features of EGID patients
Overall EGID patients Diagnostic time (months) p-value
median (IQR)
Age at symptoms onsetyears 8(3b11) -
" 1year 45 (1.5b 10) 0.04 (1 year
1D 5 years 12 (1D 15) vs. 12 years)
6 D 11 years 24 (8 b 54)
I 12 years 12 (12 B 30)
Age at diagnosisyears 10 (6 B 13) -
Diagnostic time, months 12 (12 B24) -
Eosinophilic esophagitis Diagnostic time (months) p-value
median (IQR)
Sex
Male 12 (4.5 24) 0.57
Female 12 (3b 22)
Age at symptoms onsetyears 8(3-12) -
" 1lyear 3(1D6) n.s.
1D 5years 12 (1B 17.5)
6 b 11 years 12 (3.3 b 30)
I 12 years 12 (12 b 30)
Age at diagnosis years 10 (4 b 14) -
Diagnostic time, months 12 (4 b 24) -
Comorbidities
Allergic diseases
Yes 12 (4 b 24) 0.97
No 17 (1.5 b 26)
Symptoms
Dysphagia
Yes 12 (8 B 30) 0.61
No 12 (3D 24)
Food impaction
Yes 18 (12 B 33) 0.21
No 12 (3D 23)
Feeding issues and reduced appetite
Yes 24 (12 B 27) 0.05
No 12 (3D 23)
Failure to thrive
Yes 25.5 (12 b 48) 0.02
No 12 (3.5 B 23.5)
GERD-like symptoms
Yes 12 (45D 24) 0.80
No 12 (3D 24)
Nausea and vomiting
Yes 8(1b21) 0.10
No 12 (12 B 24)
Abdominal pain
Yes 12 (4D 39) 0.42
No 12 (2 b 23)
Endoscopic pattern
Fibro-stenotic pattePn
Yes 12 (4 b 27) 0.90
No 12 (4D 24)
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Table 2 (continued)

Non-esophageal EGIDs Diagnostic time (months) p-value
median (IQR)
Sex
Male 18 (12  82.5) 0.31
Female 12 (11 b 60)
Age at symptoms onsetyears 7(3b11) -
" 1year 11 (11 B 11) n.s.
1D 5years 12 (12 B 12)
6 b 11 years 24 (12 B 78)
I 12 years 12 (12 B 69)
Age at diagnosis years 11 (6.5b 12) -
Diagnostic time, months 12 (12 B 69) -

Comorbidities
Allergic diseases

Yes 18 (12 B 69) 0.87
No 12 (12 B 69)
Symptoms

Failure to thrive
Yes 90 (12 b 168) 0.53
No 12 (12 B 60)

Weight loss
Yes 12 (11 B 96) 0.67
No 18 (12 B 64.5)

Nausea and vomiting
Yes 24 (12 b 60) 0.82
No 12 (12 B 79.5)

Abdominal pain
Yes 12 (0 b 79.5) 0.82
No 24 (12 b 60)

Diarrhea
Yes 18 (12 B 51) 0.92
No 12 (12 B 90)

EGID=osinophilic gastrointestinal disorder&oEeosinophilic esophagitisQRinterquartile range SDstandard deviation
a 28n_75"percentiles
b Esophageal rings and stricture

treatments allowed us to perform Gl endoscopy. Esopha- Notably, we observed a high diagnostic time in children
geal strictures generally correlate with the duration of with non-esophageal EGIDs whose symptoms are -het
untreated disease and a longer diagnostic delay periogrogeneous, non-specibc, and often misdiagnosed with
[3]. In the Swiss study, Schoepfer#at. found that the other more common Gl disorders, such as functional Gl
diagnostic delay was the only risk factor for esophageatiisorders fL]. ! e clinical heterogeneity of EGIDs and the
stenosis at the time of EoE diagnos@.[! is correlation absence of specibc non-invasive biomarkers are probably
was not conbrmed by our results; however, this discrep the main limitations to a prompt diagnosis and a shorter
ancy may be explained by the small pediatric populationdiagnostic process, especially in non-esophageal EGID
enrolled and a shorter diagnostic time than that reported cases.

in the Swiss study. Finally, the shorter diagnostic time ! is study brst identiped that the diagnostic time is
observed in our cohort may be further related to the fact signibcantly associated with impaired child growth in
that patients are followed in a third-level Hospital with a children with EGIDs, probably due to the prolonged
multidisciplinary pediatric team and specialized pediat intestinal inBammation (that worsens feeding issues and
ric endoscopists. nutritional status) and more dierential diagnoses of
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Fig. 1 Box plots displaying the median and interquartile range of diagnostic time(#)BoE non-esophageal EGID patigiif Diagnostic time
(months, y-axis) is higher in EGID children and adolescents with failure to thrive (FTT, x-axis) compared to thoseOviithangh= 0.53 in EoE
[A] and non-esophageal EGIDs [B], respectively)

FTT in comparison to other more suggestive Gl symp-needed to improve EGID knowledge among pediatri
toms like dysphagia or food impactiornl]. Common Gl cians and identify non-invasive diagnostic tools @n
inBammatory disorders, such as celiac disease, are ofteguidelines for non-esophageal forms for achieving a
associated with FTT, weight loss, and delayed pubertyearly diagnosis and avoiding potential complicatisn
FTT is a clinical complication often reported in toddlers (esophageal stenosis) and adverseets on growth.
and young children with severe active EoE that might
require child hospitalization and the restoration of nutri L
. . . . bbreviations
tional needs with large volumes of the aminoacid-base PED Center for pediatric eosinophilic gastrointestinal disorders
formula [12]. EGIDs  Eosinophilic gastrointestinal disorders
I is study highlighted that it is fundamental to identify FTT ggg;ﬁ‘m’;
. . . .. | 1
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Non-invasive biomarkers of eosinophilic esophagitis
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Abstract. Eosinophilic esophagitis (EOE) is an emerging allergen-mediated disease characterized by symp-
toms of esophageal dysfunction and eosinophilic inBammation. EOE diagnosis requires 15 eosinophils pel
high power beld (eos/HPF) in tissue biopsies endoscopically obthireedeed for several endoscopies to
monitoring the disease and the absence of validated non-invasive biomarkers or tools are the main reasons f
the signibcant burden ofi acted patients and the healthcare systemre is a critical need for non-invasive

or minimally invasive biomarkers. In the last years, sevesekeéhave been made to identify potential bio-
markers for diagnosing and monitoring the disease that we summarized in this!regiévture of EOE is

exciting from both a diagnostic and therapeutic standpoint. Further research is required to conbPrm pheno-
types and histological or serological biomarkers to provide a novel endotype classibcation Deseshon di
cytokine or genetic signatures relevant to precision medicine. (www.actabiomedica.it)

Keywords:eosinophilic esophagitis, biomarkers, cytokines, genes, atopy.

Introduction function and eosinophilic inbltration," acting both
children and adults, with a male-female ratio of 3:1
Eosinophilic gastrointestinal disorders (EGIDs) (4).! e prevalence of EOE is signibcantly increased
are emerging inBammatory diseases which may inn the last decade. It is currently considered one of the
volve any part of the gastrointestinal (Gl) tract and most common causes of upper gastrointestinal mor-
lead to the eosinophilic mucosal inbltration in the bidity, detected in 12% - 23% of patients undergoing
absence of secondary causes of intestinal eosinophiéadoscopy for dysphagia and about 50% of subjects
(1, 2). Based on the site of the eosinophil inBamma-with food impaction (4, 5). EOE diagnosis requires 15
tions, EGIDs are classibed into eosinophilic esophagieosinophils per high power peld (eos/HPF) in tissue
tis (EoE) and nonesophageal EGIDs, distinct in eo- biopsies endoscopically obtained, without concomi-
sinophilic gastritis (EoG), gastroenteritis (EOGE), tant eosinophilic inbltration in other Gl tract8)(! e
and colitis (EoC) (1). While nonesophageal EGIDs need for several endoscopies to monitoring the disease
still represent a clinical enigma for clinicians, EOE isand the absence of validated non-invasive biomarkers
considered the prototype of EGIDs with standardized or tools are the main reasons for a signibcant burden
guidelines (1, 3). EOE is a chronic/remittent, allergen-on & ected patients and the healthcare syst@®mir
mediated disease characterized by esophageal dyBe lastyears, severabets have been made to identify



2 Acta Biomed 2021; Vol. 92, Supplement 7: €2021530

Table 1.Biomarker classibcation and depnition.
Biomarker classibcation DePnition
Diagnostic Biomarker (DB) A DB detects or conbrms the presence of a disease or identibes an individual with a disease subtype

Monitoring Biomarker (MB) An MB assesses the status of a disease or detects the clirtaal(and safety) and pharmacodynamic
€" ects of treatment (i.e., biological therapy).

Predictive Biomarkers (PreB) A PreB assesses if the exposure to therapy or environmental agent induces favorable or unfavorabl
€' ects in a patient or group of individuals.

Prognostic Biomarkers (ProB) A ProB can identify the likelihood of a clinical event, disease recurrence, or progressien in a
patients.

Risk Biomarker (RB) An RB indicates the potential for developing a disease in a healthy individual.

potential non-invasive biomarkers for diagnosing andSerological and biochemical markers
monitoring the disease. Biomarkers may provide new
insight into the understanding of EoE pathogenesisBlood eosinophils, eosinophil granule, andecslsoteins
and debning potential endotypes with relevant impact
on precision medicine. Considering the allergic pathogenesis, most stud-
Biomarkers are measures of biological status. Acies have focused on the rationale that EOE patients
cording to the Food and Drug Administration (FDA)
- National Institutes of Health (NIH) depPnition, a bi-
omarker is a Odebned characteristic measured as an
dicator of normal biological processes, pathogenic pro
cesses or responses to an exposure or interventionO
I is debPnition is broad and encompasses therapeut
interventions and molecular, histologic, radiographic,
or physiologic characteristics. According to their puta-
tive applications, several categories of biomarkers ha
been identibed, and often, they may overlap each othe
(Table 1) (8). Notably, an ideal biomarker should pre-
sent dfi erent features, such as reasonable costs anc
signibcant impact on clinical management (Table 2)
I is review aimed to summarize current evidence o
non-invasive biomarkers for EOE diagnosis and moni-
toring, highlighting promising tools and future poten-
tial candidates. We performed a non-systematic reviey
of articles via the online database PubMed, combining
the terms Oeosinophilic esophagitisO AND Obiomarkigyre 1Methods and search strategy.
ers.O e literature review was performed in May 2021.
All studies that met the following criteria were includ- Table 2. Features of an ideal biomarker for the diagnosis and
ed: 1) case series, cross-sectional and cohort studiginitoring of EoE.
published in English in peer-reviewed journals in the Features of an ideal biomarker
last ten years, 2) participants were children and adulgorrelate with the EoE state
patients diagnosed with EOE, according to currentS0Mnect with EoE severity
L . ) Non-invasive and easy to collect or perform
guidelines(3). Articles were also required to asseSSsiandardized
non-invasive biomarkers. Potentially eligible publica-Have high sensitivity
tions were manually screened and reviewed, and norf-arry high specipcity

relevant publications were excluded (Figure 1). Cost-¢'ective
Low biological variation
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may have elevated peripheral eosinophils compared ®odriguez-Sanchez et al. assessed the potential use-
healthy controls or subjects with gastroesophageal rdulness of eosinophil activity markers (peripheral eo-
Bux disease (GERD) (Table 3) (9-11). Many of thesesinophils, total serum IgE, ECP) as a predictor of diet
studies showed that peripheral eosinophil levels mightesponse. Authors demonstrated that peripheral blood
increase during active disease, but whether this markeosinophils decreased signibcantly in responders but
alone ref3ected mucosal inBammation is still uncleanot in non-responders patient8)(

Recently, Wechsler et al. have demonstrated that ab- Other studies have evaluated blood eosinophil
solute eosinophil count (AEC), together with a panel progenitors (EoP) and eosinophil-surface markers with
of plasma biomarkers, such as galectin-10 (GAL-10)promising results (12-14). Johansson et al. recently re-
eosinophil cationic protein (ECP), eosinophil-derived ported that platelet activation and platelet-eosinophil
neurotoxin (EDN), eotaxin-3 (EOT3), and major ba- association pathways might be involved in EOE patho-
sic protein 1 (MBP-1) were useful to identify EOE genesis, showing that CD41 (allb-integrin subunit)
subjects and predicted esophageal eosinophilla ( expressed on eosinophils surface was a potential non-
Another study showed that AEC, ECP, EDN, and invasive biomarker for esophageal eosinophilic inam-
interleukin-(IL)-5 had statistically signibcant correla- mation (14). Another study examined whether phe-
tions with esophageal eosinophilia (11). Less recentlyotypic analysis of eosinophil surface markers could

Table 3.Serum biomarkers of EoE.

Author, year

Population

Rodriguez-Sanchez et al, 30

Study Biomarkers

Outcome

Cross-sectional

ECP, total IgE, peripheral ~ Serum total IgE and ECP do

2013 (9) Adults blood eosinophils, and the masot act as markers for EOE
imum peak of eosinophils/hpfactivity
Wechsler et al, 2021(10) 71 Prospective case-conBlood AEC. Plasma (GAL-10, ECP, EDN,
Children and trol study Plasma EDN, ECP, MBP-1, Eotaxin-3, MBP-1), and

adolescents

GAL-10, EOT2, EOT3.
Urine OPN and MMP-9

urine (OPN) biomarkers were
increased in EOE compared to
control.! erefore, GAL-10 is
a potential biomarker for EOE
screening

Min et al, 2017 (11) 115 Prospective case- Serum analysis of AEC, EOTBEC, ECP, and EDN were
Children and control study EDN, ECP, and IL-5 higher in EoE subjects com
adults pared to controls and correlated

with the degree of esophageal
eosinophilia

Nguyen et al, 2011 (12) 77 Case-control study CD66b, phospho-STAT1, andMeasurements of CD66b
Children and phospho-STAT6 and phospho-STAT levels in
adolescents peripheral eosinophils may be

benebpcial for identifying EoE

Morris et al, 2017 (13) 31 Case-control study  Peripheral blood EoP. EoP levels were increased in
Children and patients with active EoE and
adolescents signibcantly correlated with

esophageal eosinophilia

Johansson et al, 2020 (14) 25 Prospective study  llb-integrin (CD41) CDA41 associated with cireu
Adults lating eosinophils is a potential
non-invasive biomarker for
esophageal eosinophilic inzam
mation
Schwartz et al, 2019 (15) 31 Retrospective study Peripheral blood EoP Blood EoP correlates with
Children and tissue pathology during active

adolescents

EoE
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Table 3.Serum biomarkers of EoE.
Author, year Population Study
Henderson et al, 2020 (16) 34

Biomarkers Outcome

Prospective study  Circulating eosinophil proge Blood EoP levels may be used

Children and

adolescents
Subbarao et al, 2011 (17) 80

Children and

adolescents
Schlag et al, 2013 (18) 15

Adults

DomZnech Witek etal, 19

2017 (18) Adults
Cengiz, 2019 (20) 29
Adults

nitors

Case-control study  Serum IL-5 and EDN

Prospective ECP and TRP

observational study

Retrospective study Serum ECP

Case-control study  Serum ECP

as a biomarker to detect active
EOE disease
Serum EDN levels were signib-
cantly higher in subjects with
EoE than controls
ECP but not TRP could be
a promising non-invasive
biomarker to assess response to
topical corticosteroid therapy
! e serial determination of
ECP was proper to monitor
patients with EoE

Serum ECP level was signib-
cantly higher in patients with

EOE than in controls. In adéi
tion, ECP is strongly correlated
with EREFS and the symptom
of food impaction

EOE subjects had signipcantly
lower median EPX levels

Wright et al, 2018 (21) 39 Prospective case-conSerum EPX
Adults trol study

Lu et al, 2018 (23) 31 Case-control study  Serum 15-HETE 15(S)-HETE may aid in the
Children and diagnosis of EoE
adolescents

Dellon et al, 2016 (24) 61
Dellon et al, 2015 (25)  Adults

Case-control study  Serum periostin. Serum periostin and cytokines
Serum IL-4, IL-5, IL-6, levels were similar in cases and
IL-9, IL-13, TGF- .,TGF- , controls, and there were no
TNF- .,EOT-1, -2,and -3, changes post-treatment
TSLP, MBP, and EDN
Dellon et al, 2017 (27) 48 Case-control study  Autoantibodies (IgG1l and  Anti-NC16A and anti-DSG3
Adults IgG4) to DSG1, DSG3, and tdgG4 autoantibodies were
collagen XVII (NC16A) strongly associated with EoE.
Anti-NC16A levels decreased
signibcantly in EOE cases with
a histologic response after topi
cal corticosteroid treatment
AEC, absolute eosinophil count; CD, cluster of éientiation; DSG, desmoglein; ECP, eosinophil catioprotein; EDN, eosino-
phil-derived neurotoxin; EoPs, eosinophil progerstdeOT, eotaxin; EPX, eosinophil peroxidase; GAL-Halectin-10; HETE, hy-
droxyeicosatetraenoic acid; Ig, immunoglobulinjiterleukin; MBP-1, major basic protein-1; MMP, nvé metalloproteinase; OPN,
osteopontin; STAT, signal transducer and activataranscription; TGF, transforming growth factor; 8P, thymic stromal lympho-
poietin; TNF, tumor necrosis factor; TRP, tryptase.

distinguish treated from untreated disease. In 2011, Eosinophil granule proteins have been investi-
Nguyen et al. found elevated surface CD66 intracellugated as other potential markers of disease, showing
lar phospho-STAT1 and phospho-STAT6, which dif- inconsistent and conBicting results (17-21). Subbarao
ferentiated children with active EoE from treated and et al. determined that EDN levels provided a sustained
healthy controlsi2, 15, 16.! ree studies recently as- decrease following treatment in 66 children with
sessed the levels of blood EoP as potential biomarkeEoE (17). More recently, a small prospective study of
of active EoE, esophageal inBammation, and responsks adults showed that serum ECP, but not tryptase
to treatments both in children both adulis3( 15, 16).  (TRP), signibcantly correlated with tissue eosinophils
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after swallowed steroid therapy (18). Moreover, ECPHistopathological biomarkers
was high in adults with EoE, and its serial determina-

tion was also helpful in monitoring the disease (19-Immunohistochemical markers
20).

Recent evidence suggested a pathogenetic role for Diagnosis of EOE requires more than 15 eos/HPF
arachidonate 15-lipooxygenase (ALOX15) in EOE. in the esophageal tracts.erefore, other diagnostic his
ALOX15 is upregulated and overexpressed in mu-tological Pndings, including a thickened mucosa with
cosal biopsies of Eopatients (22)15(S)-hydroxye- basal layer hyperplasia and papillary lengthenisign-e
icosatetraenoic acid (15(S)-HETE), a metabolite of ophil surface layering, and eosinophilic microabssgess
ALOX15, detectable in peripheral blood, was found have been proposed (28). Several studies assassing h
elevated in the EOE compared to the non-EoE group,tological biomarkers have been reported. Extraaellul
suggesting its potential role as a disease indicator (23Jeposition of eosinophil granule proteins, such as eo

sinophil peroxidase (EPX), is present in the esgpka
Type 2 (T2) cytokines of patients with EoE and positively correlates wiib
peak of tissue eosinophils (Table 4) (29, 30). Moreover,

With an advanced understanding of EOE patho- EPX levels decreased in treatment respon@8s®n
genesis, several studies sought to assess whether T2 the contrary, Schroeder et al. demonstrated thextehs
tokines, including interleukin (IL)-4, IL-5, IL-6,IL-9,  invasive assessment of pharyngeal EPX did not corre-
IL-13, TGF- ., transforming growth factor (TGF)-, late with the esophageal eosinophil count in chidr
tumor necrosis factor (TNF); EOT-1, -2, -3, thymic  with EOE compared to healthy controls (31).
stromal lymphopoietin (TSLP) and periostin were Other eosinophil granule proteins, such as MBP-
increased in the peripheral circulation tkated pa- 1, TRP, EDN, and EOT-3, have been evaluated as
tients @4, 29. ! erefore, peripheral cytokine meas- potential histological biomarkers of EOE and response
urements did not consistently characterize the esophae therapy, with confZicting results. (32-36). Notably,
geal infBammation or disease activity. In addition, theEDN in brushing samples obtained with the nasogas-
results of these studies are limited by the confoundingric endoscopy was signibcantly higher in children and
inBuence of other concomitant allergic diseases. young adults with active EOE than patients in remis-

sion, healthy controls, and GERD. (37).
Autoantibodies
Other tissue markers

EoE has been associated with a range of autoim-
mune conditions, such as inBammatory bowel diseases, ALOX15 plays an essential role in the metabolism
coeliac disease, vasculitis, or type 1 diabetes mellitas fatty acids and the production of various cytegiand
(26). Moreover, esophageal epithelial barrier dyschemokines. ALOX15 is expressed in blood eosinsphil
function is essential in EoE pathogenesis. Antibod-and respiratory epithelium. ALOX15 is also upreteda
ies against epithelial adhesion molecules are founded the esophageal epithelium from patients withvact
in several autoimmune skin conditioris.erefore, EOE in contrast to esophageal fragments from piatien
EoE may even be associated with these specibc aremission, subjects with GERD, or healthy controlg.(38
toantibodies. Dellon et al. recently demonstrated that! us, ALOX15 immunohistochemistry may be helpful
anti-collagen XVII (NC16A) and anti-desmoglein 3 in the diagnosis of cases with clinical featur&o&f but
(DSG3) IgG4 autoantibodies were strongly associatedhat do not meet the histological criteria (39).
with EoE. Moreover, anti-NC16A levels decreased
signibcantly in EOE patients after topical corticoster-1gG4
oid treatment (27).

I e role of immunoglobulin G4 (IgG4) in EoE
pathogenesis has not been precisely debned, and
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Table 4.Immunohistochemical biomarkers.
Author, year Population
Wright et al,

2021(29)

S4d ari et al,

2017 (30)

87
Adults

36
Adults

Schroeder et 21

al, 2017 (31) Children and
adolescents

Peterson et al34

2019 (32)

Kim et al,
2019 (33)

Dellon et al,

2020 (34)

Dellon et al,

2014 (35)

Dellon et al,

2012 (36)

Smadi et al,

2018 (37)

Hui et al,
2017 (39)

Adults

72
Adults

110
Adults

196
Adults

105

Children and

adults
94

Children and

adults
21

Children and
adolescents

Clayton et al, 30

2014 (40)

Adults

Zukerberg et 46
al, 2016 (41) Adults

Rosenberg et36

al, 2018 (42) Children and
adolescents

Case-control study EPX

Case-control study EPX

Case-control study Pharyngeal and

Retrospective study MBP1

Retrospective study TRP, EDN, and

Case-control study MBP, EOT3, and

Case-control study MBP and EOT3

Prospective
cross-sectional

Retrospective
case-control study

Retrospective
case-control study

Case-control study 1gG4 deposits

Case-control study

Outcome

EPX was strongly correlated with tissue eosinophils
accurately identibed subjects with EoE and decreases in
treatment responders

EPX levels from esophageal mucosal samples correlated
with eosinophilic inBammation
EPX levels from the throat swabs do not correlate with
esophageal eosinophil counts

MBPL1 is increased in esophageal biopsy specimens from
symptomatic patients with EOE and may be a marker of
disease activity
TRP, EDN, and EOTS3 could be promising biomarkers
for disease activity, symptoms, and endoscopic response

Retrospective study MBP, EOT3, and Pretreatment MBP, EOT3, and TRP levels were not

strongly associated with response to topical steroids. In
contrast, elevated TRP levels may be associated with
nonresponse compared with complete response
Esophageal tissues from patients with EOE have
substantially higher MBP, EOT3, and tryptase than
controls

Patients with EOE had substantially higher levels of MBP
and EOT3 staining than GERD patients

EDN in brushing samples is signibcantly higher in
patients having active EOE compared to healthy controls,
GERD, and EoE in remission

ALOX15 immunohistochemistry helped support the
diagnosis of EoE in situations with strong clinical
suspicion

I e level of IgG4-positive plasma cells was increased
in the lamina propria and granular extracellular IgG4
deposits

76% of EoE cases showed int extracellular IgG4 deposits,
whereas all GERD cases were negative

Tissue IgG4 levels correlated with esophageal eosinophil
counts, histologic grade, stage scores, IL-4, IL-10, IL-13
expression, and had strong associations with a subset of
the EoE transcriptome

ALOX, arachidonate lipoxygenase; EDN, eosinophil-derived neurotoxin; EPX, eosinophil peroxidase; GERD, gastroesophageal
reBux disease; lg, immunoglobulin; IL, interleukin; MBP-1, major basic protein-1; TRP, tryptase.

available studies reported conficting data. One ofAdditionally, IgG4-PC in submucosa were identi-
the Prst studies showed an increased level of IgG4ked in 58% of EOE patients, but without signipcant
positive plasma cells (IgG4-PC) in the lamina pro di" erence compared to patients with GERD (41). A
pria and granular extracellular IgG4 deposits (40)more recent study has demonstrated a signibcant re-
Zuckeberg et al. reported IgG4 deposits between théationship between IgG4 and EOE in adults and the
squamous cells in biopsies from patients with EoE pediatric population (42). Rosenberg et al. detkcte
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increased IgG4 levels in children with EOE comparedpediatric patients with EOE showed'@rences in mu

to healthy controls. cosal DNA methylation probles compared to controls
Moreover, IgG4 in the esophagus showed a posi{45). Moreover, DNA methylation dierences have also

tive correlation with concurrent peak tissue eosino-been found in responder and non-responder patients

philia, histological grade, and stage according to th€46).

EoE histology scoring system (EOEHSS) (42). How-

ever, the high amount of IgG4 in esophageal mucosa

still represents a conundruim.us, current data do not Other non-invasive biomarkers

conclusively determine if high tissue I1gG4 titers could

be good predictors of diet response in EOE patients. Exhaled nitric oxide

Microribonucleic acids (miRNAs) and DNA methylation  Fractional exhaled nitric oxide (FeNO) is a bio-
marker of eosinophilic asthma (47). However, con-

MiRNAs are single-stranded RNA molecules of sidering the common atopic etiology, FeNO was also

19-25 nucleotides involved in the post-transcriptionalmeasured in a prospective study of 11 non-asthmatic

gene silencing. Several studies reported that EOE pasubjects with active esophagitis before and after treat-

tients had a marked change in tissue-specibc gene ement, without any supporting role in the management

pression (Table 5). Lu et al. investigated esophagealf EOE (Table 6) 48). Moreover, FeNO did not help

mMiRNA expression proble in patients with active dis- distinguish EOE from GERD (48). erefore, no stud-

ease and responsive to steroids, Pnding that the exprass have shown a potential role of FeNO in EoE diag-

sion levels of the most upregulated miRNAs (miR-21 nosis and monitoring (49).

and miR-223) and the most downregulated miRNA

(miR-375) strongly correlated with esophageal eosin‘Metabolomics

ophil levelg43).More recently, Bhardwaj et al. found

that the expression of salivary miR-4668 is higher in Only one study assessed the metabolomic proble

EoE compared to non-EoOE subjects, suggesting itdn patients with EOE. However, Moye et al. showed

potential role as a non-invasive biomarker (44). that plasma urea cycle metabolites (dimethylarginine,
Other epigenetic mechanisms," drent from  putrescine, and N-acetylputrescine) are elevated in

mMiRNA and involved in EOE pathogenesis or responsechildren with EoE, and their levels are modibed by

to therapies, have been recently assessed. For exampl®ton pump inhibitor treatment (50).

Table 5. Epigenetic biomarkers.

Author, year Population | Study Biomarkers Outcome
Luetal, 2012 29 Case-control study miRNAs I e expression levels of the most upregulated miRNAs
(43) Children and (miR-21 and miR-223) and the most downregulated
adolescents miRNA (miR-375) were strongly correlated with esophageal
infBammation
Bhardwaj et al, 44 Case-control study Salivary I e expression of miR-4668 is higher in EOE vs. non-EoE
2020 (44) Adults miR-4668-5p subjects, suggesting its potential role as a non-invasive
biomarker
Strisciuglio et al20 Case-control study Mucosal DNAAnalyses revealed striking disease-associdtededices in
2021 (45) Children and methylation  mucosal DNA methylation proPles in children diagnosed
adolescents proble with EOE compared to controls
Jensenetal, 36 Case-control study DNA EOE patients that respond versus do not respond to treatment
2020 (46) Children and methylation  have dl erences in their methylation proble
adults proble

DNA, deoxyribonucleic acid; RNA, ribonucleic acid.
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Table 6. Other non-invasive biomarkers

Author, year | Population Study Biomarkers Outcome
Leungetal, 11 Prospective FeNO No supporting role for FeNO determination in
2013 (48) Children and adults study the management of EoE
Lanzetal, 55 Case-control FeNO Measurement of FeNO does not help identify
2012 (49) Children and study EoE from GERD
adolescents
Moye etal, 24 Prospective Plasma Notable candidate biomarkers include
2019 (50) Children and case-control metabolomics dimethylarginine, putrescine, and
adolescents study proble N-acetylputrescine
Cunnion et al, 75 Case-control Urinary 3-BT Median normalized 3-BT levels were increased

2016 (51) Children and adults study 93-fold in patients with EOE compared to controls
BT, bromotyrosine; FeNO, Fractionated exhaled nitric oxide; GERD, gastroesophageal re3ux disease.

3-Bromotyrosine (3-BT) is a chemical marker esophageal epithelial barrier. Furthermore, its expres-
of eosinophil activation and is high in patients with sion is only limited to the esophageal mucosa (59).
asthma. Cunnion et al. found that 3-BT levels wereHowever, CAPN14 expression was almost 4-fold in-
increased 93-fold in patients with EOE compared tocreased in EOE patients compared to controls. Higher
controls, providing proof of concept testing urine bylevels of CAPN14 expression are associated with the
a mass spectrometry method (Eosinophil Quantitateddownregulation of DSG-1, Pblaggrin, and zonulin,
Urine Kinetic, EOQUIK) can provide a non-invasive which are pivotal proteins of the epithelial barrier
tool to evaluate eosinophil degranulation in EoE (51).(59). CCL26 gene, which encodes for EOTS3, is the
most highly overexpressed esophageal transcript in pa-
tients with EOE and is critical in disease pathogenesis
(60). STAT®6 is essential for T2 development and is a

Eosinophilic esophagitis is a multifactorial dis- signaling intermediate for IL-4 and IL-13 post-IL-4
ease. Although recent evidence suggested a fundeeceptor alpha (IL-4Ra) engagement (53). LRRC32 is
mental pathogenetic role of the environmental factorsa TGF-beta binding protein, and EMSY is involved
several studies have also reported that genetic predist transcriptional regulation (53). In this context, the
position is a signibcant risk factor in the developmentCincinnati ChildrenOs Hospital researchers developed
of EoE (62). Di" erent studies, including candidate- a specibc diagnostic panel comprising a 96-gene quan-
gene identibcation and genome-wide association studitative PCR array to identify patients with EoE, mon-
ies (GWAS), have identiped gefaxithat have been itor the disease and response to therapy, and improve
associated explicitly with EoE (53). ese gendoci  the diagnosis and treatment (61).
are categorized into four major groups: 1) genes in-
volved in Type 2 (T2) inBammation, 2) epithelial bar-
rier dysfunction, 3) enhanced Pbrosis, and 4) altere€onclusion
immune responseb4). ! e main genes are TSLP,
calpain 14 (CAPN14), CCL26, EMSY, LRRC32, EoE is an emerging diseaskeating patients at
STAT6, and ANKRD27 (Table 7). Additional studies any age and is currently considered one of the upper
founded mutations within the blaggrin gene and theGl tract disorders with a relevant burden on patients
promoter region of TGFB1 (55, 56). TSLP is released and the healthcare syste(83. To date, the Gl endos-
by activated epithelial cells and plays a fundamentalopy is the gold standard for the diagnosis and follow-
role in promoting T2 dierentiation (57). Levels of up of patients with EOE! erefore, there is a criti-
TLSP are increased in patients with atopic diseasegal need for non-invasive biomarkers to replace such
including EoE (58). CAPN14 is a cysteine proteaseinvasive monitoring. Although this review showed
and plays a fundamental role in the integrity of thepromising non-invasive biomarkers, none of these has

Genetic risk loci
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been incorporated into guideline recommendations10. Wechsler JB, Ackerman SJ, Chehade M, et al. Non-invasive
Despite several signs of progress in understanding biomarkers identify eosinophilic esophagitis: a prospective

: .~ longitudinal in children. All 2021. E h
EoE pathogenesis, we have more to learn as we strive ;np?r'it#tdma study in children. Allergy 20 pub ahead

to improve diagnostic modalities, discover mérece 11, Min SB, Nylund CM, Baker TP, et al. Longitudinal evalua-
tive and patient-targeted therapeutic strategies, and tion of noninvasive biomarkers for eosinophilic esophagitis.

develop more accurate disease monitoring systems. J Clin Gastroenterol 2017;51:127-135.

We are hopeful that the growing number of genetic,}2- Nguyen T, Gernez Y, Fuentebella J, et al. Immunopheno-
typing of peripheral eosinophils demonstrates activation

mo'?CUI"’.‘r expression, and Immuno!oglc anglyses, N in eosinophilic esophagitis. J Pediatr Gastroenterol Nutr
conjunction with increased "dérentiation of clinical 2011:53:40-47.

phenotypes and biomarker supported endotypes, will3. Morris DW, Stucke EM, Martin LJ, et al. Eosinophil pro-

help us explain Yiering therapeutic responses, predict genitor levels are increased in patients with active pedi-
atric eosinophilic esophagitis. J Allergy Clin Immunol

clinical re§ponse, guide individual theraplgs, anq Im- - 5416:138:915-918.
prove patient outcomes. e future of EOE is excit-  14. johansson MW, McKernan EM, Fichtinger PS, et al. Ilb-
ing from both a diagnostic and therapeutic standpoint. Integrin (CD41) associated with blood eosinophils is a

I erefore. further research is required to conbrm phe- potential biomarker for disease activity in eosinophilic es-

. . . . ophagitis. J Allergy Clin Immunol 2020;145:1699-1701.
hotypes and histological or serological biomarkers th. Schwartz JT, Morris DW, Collins MH, et al. Eosinophil

provide a novel endotype classibcation based on dif- progenitor levels correlate with tissue pathology in pedi-

ferent cytokine or genetic signatures. atric eosinophilic esophagitis. J Allergy Clin Immunol
2019;143:1221-1224.

16. Henderson A, Magier A, Schwartz JT, et al. Monitoring
eosinophilic esophagitis disease activity with blood eo-
sinophil progenitor levels. J Pediatr Gastroenterol Nutr

. 2020;70:482-488.
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Main text
To the Editor,
Eosinophilic esophagitis (EoE) is a chronic/remittent aleedgsorder that significantly impacts the
quality of life (QoL) of affected children, primarily becaustthe need to periodically monitor
treatment responseith esophagogastroduodenoscopy (EGR)was widely demonstratetat EoE
symptoms often persist despite the resolution of esophagsinophilia, suggesting that other
inflammatory mechanisms or cell mediators may conteiliatEoE pathogenesis.Several studies
identified potential biomarkers that could be usefUt@E management. Still, they were limited by
a nonrandomized study design, a smsdimple sizeoutdated diagnostic criteria, and incomplete
disease activity assessment that does not considgtems, endoscopic, and histologic findirgs.
Therefore, no potential noninvasive biomarkers have belaied and integrated into guidelines
and routine clinical practiceDespite several attempts and progress, there is a tlimeeal for
validated noninvasive or minimally invasive biomarkers to be usedresgatesf tissue eosinophils
This study aimed to identify potential noninvasive biomarkes EoE diagnosis and monitoring,
assessing disease activity with the new proposed saitocdroe measures (Pediatric Eosinophilic
Esophagitis Symptom ScoresHPSS v.2.0], Endoscopic Reference Score [EREFS]), thegheak
of eosinophils [PEQ]for improving the data quality of trials and observationalisg&I(ICOREOSY.
Materials and methods are reported in the online repgsit

Twenty-onehealthy controls and 21 EoE patie(it4 [6726] male$ were enrolledPatientand
control characteristics were reported in Table E1 (online rep@3itét enroliment and follow-up,
most oftheinflammatory, tissue, vascular, and eosinophil biomarkers narsignificantly related
to disease activity (Table 1 and TaBkl8). At enrollment, interleukinl()-10 was slightly correlated
with EoE symptom severity in univariateogfficient 0.40, 95%CI -0.1 to 0.9; p=0.02) and
multivariate €oefficient0.49, 95% CI 0.08 to 0.89=0.02) analysislL-10 values were alselated
to histologically active disease (HR 0.93, 98%0.87 to 1.00p=0.04). IL-17 values were strongly

and significantly predictive of high disease activityricllly and endoscopically expressed) both in
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the univariate [goefficient303.10, 95%CI 15.9 to 590.2p=0.04), (coefficient303.34, 95% CI 66.57
to0 594.11p=0.01), (HR 5.91 x1%, 95% CI 0.2201.58 x1G° p=0.07)] and multivariate fpefficient
347.01, 95% CI 93.4%® 600.58;p=0.0J), (coefficient 428.86, 95% CI 198.70658.95;p=0.0001,
(HR 5.91x16° 95% CI 0.22to 1.58 x16°% p=0.07)] analysis. Moreover, high IL-17 values were
correlated with histologically active disease in the urataranalysisfiR 4.17 x16, 95% CI 0.16 to
1.11 x1G6% p=0.07) (Table 1 and Table E2).

To address whether a noninvasive biomarker could screen for vE®EsSsessederum
biomarker differences between EoE and control patientanMalues of galectin (GAL)-10 (1.17
0.44vs 0.91 + 0.3%and transforming growth factor (TGR¥56,176.61 + 26,251.28 25,997.67
+ 6,611.68 were significantly increased in Eqiatientscompared to healthy controlp=0.02and
p=0.0001, respectively) (Figure 1Afor the other biomarkers, we did not find any statistically
significant difference(Table E3. ROC curves were constructed to investigate the utilityAif-10
and TGF-Ufor EoE diagnosis. The AUC for TGEvalues was 0.92 (sensitivity 0.84 and specificity
1.0), whereas less exciting results were obtained for GAIALOC 0.67, sensitivity 0.75, and
specificity 0.57) (Figure 1B).

In this pogective and explorative study, we substantially identifitacee promising

noninvasive biomarkers for EOE diagnosis and surveillance aspanel of inflammatory, tissue,

%% vascular and eosinophil-derived marleeriL-17 values predied clinically, endoscopically, and
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histologically activediseaselL-17 is apro-inflammatory cytokine involved iseveralautoimmune
diseases andllergic di®rders, including asthma. IL-17 acts bsgcruiing neutrophils (but not
eosinophils), activatg innate immune cells, promog B-cell functions, and facilitéig the
producton of other pro-inflammatory cytokinegIL-1, IL-6, TNF-U TGF-U, chemokines, and
prostaglanding. The role of 1-:17 and Th-17 cells in EoE is still unknown. Sindher et al.
demonstrated that Th-17 celise involved in EoE pathogenesi¥he expression of IL-17siage-
related with higher levels in adults with active EOE comparedHitdren withthe same conditioh

Lianto et al. also postulated a potential mechanism ictwtiie dysfunctional regulation of Th-17
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cellstriggersthe unregulated inflammatory response and recruitment ofennmanune cells into the
esophaguéIn the asthma pathogenetic model, increased IL-17 produstassociated with STh2-
low " endotype and a more severe diséaSamilar to asthmalL-17 might play a role in tissue
remodeling, myofibroblast differentiatipresophageal dysmotility, and mechanisms of steroid
resistanceTherefore, this finding may suggest the existence of @lrendotype of EOE and the
presencef complex underlying pathogenetic mechanisms.

In the casecontrol comparisonGAL-10 and TGFUvalues vere significantly increased in
EoE patients compared to healthy contr@&#\L-10 is a lectin family member and is the main
component of the Charcdteyden crystals localized in the eosinophil cytoplasmeR#y, GAL-10
was identified as surrogate biomarkefor several allergic diseaseslone or in combination with
other biomarkers Luminal concentrations of several eosinophil biomarkac#iiding GAL-1Q have
been evaluated using the esophageal string test and significanthelated with esophageal
inflammation and distensibility® Lingblom et al. foundhat peripheral eosinophils from children
with EoE had higher levels of GAL-10 mRNA than adults, hidfiiigg that eosinophil molecular
patters differ between childreandadults?® In this context, GAL-10 might be a promising diagnostic
biomarker for the pediatric age, although more extensive ststieuld be performed to confirits
specificity and sensitivity.

TGF- is a multifunctional cytokine and is considered the primmaediator of fibrosis? In
EoE, TGF- VW L BXn@ofidndblast differentiation, promotes the synthes$isxtracellular matrix
proteins, and induces epithelial-mesenchymal transitionplg#al esophageal subepithelial fibro$is.
TGF- LV DOVR LftigalLErGerdylfukctionandimpairedesofageal smooth muscle cell
contraction® In a recent Poland study, statistically significanttyHair concentrations of TGFwere
demonstrated in adults with EoE compared to controls andlated with treatment respon$én
our study, TGF- levels are significantly elevated in EOE cases conap@reontrols and showed a
high specificity and sensitivity, suggesting that tissue refmgdphenomena are probably active in

affected patients regardless of disease activity.
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The strengths of this study are the prospective designtlze application to a cohort of
children and adolescents who are the patient caesgoost afflicted by the disease burden and the
need for several EGDsWe applied -for the first time +a validated set of measures amalyze
clinical, histological, and endoscopic findings that were coedlad serum biomarker$herefore,
this study shows the scientific standards recently apdrawmd required to standardize the results of
observational studies in EOE. We also realized an AUR-R@dlysis that helped us identify the
specificity and sensitivity of diagnostic biomarkers, destrating that TGF-is a reliable potential
diagnostic biomarker. Finally, we decided to evaluate sdyiomarkerswith a procedure (blood
sample)that is less invasivesasier to collect, not expensive, amdre rapid than other methods,
including string testing or tissue cytokine express&nme limitations need to be highlighted. Firstly,
this is apilot singlecenter stdy with a small number of patients enrolled; thus, poolirtg daross
other pediatric centers may be helpful to confirm andfoeie our results. The panel of serum
biomarkers assessed is limited to some - buahetinflammatory, tissue-remodeling, and vascular
mediators and eosinophil proteins. Healthy patients repexbéhe control group; therefore, to
confirm the application of GAL-10 antiGF as diagnostic markers, we are prospective enrolling
children and adolescents who underwent EGD for gastrointesyima@toms and received a definitive
diagnosis ofjastroesophageal reflux disease or non-EoE esophagdisa@ntrol group

The results othis explorative study are promising and open new futureasicss in EoE
diagnosis and surveillance. IL-17 might be consideredva marker of EOE activity, severity, and
poor treatment response. Besides, as reported in theaastbdel, high expressiorf .-17 might
GHILQH D QRwteadotypk, which might correspond to a severe andultfto-treat EOE
phenotype. More extensive studies are needed to investigaigathogenetic role of IL-17 and
confirm its utility as a noninvasive biomarker of diseas&iag. The case-control comparison found
that GAL-10 and TGF- values were significantly higher in children with Eo@&nlcontrols. They
might help identify patients with EOE, thus improving thagmiosis of this chronic condition, which

is stll burdened by clinically relevant diagnostic delay and @@L.* Notably, TGF- values showed
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excellent and interesting specificity and sensitivitydentifying patients with EOE. However, this
study is the first step towards more extensive studies tormoiiie results and attempt the
identification of noninvasive biomarkers, which areurgent need in pediatric EOE diagnosing and

management.

Martina Votto, MD
Pediatric Unit, Department of Clinical, Surgical, Diagmgsand Pediatric Sciences, University of
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Table

Table 1 Results of the multivariate analysis.

PEESS v2.0
Biomarker Enrollment Follow-up
coefficient 95% ClI p-value coefficient 95% CI p-value
Eosinophils, % - - - -14.45 -43.64; 14.74 0.25
IL-17, pg/ml 347.01 93.45; 600.58 0.01 428.86 198.77; 658.95 0.0001
IL-10, pg/ml 0.49 0.08; 0.89 0.02 - - -
EREFS
Biomarker Enrollment Follow-up
OR 95% ClI p-value HR 95% ClI p-value
IL-17, pg/ml - - - 7.99 x 102 2.42;2.64 x16° 0.04
IL-10, pg/ml - - - 0.96 0.91;1.01 0.10
19G4, mg/L 0.98 0.96;1.01 0.26 - - -
Tryptase &J/L 9.77 0.11;10807.69 0.22 - - -
PEC
Biomarker Enrollment Follow-up
OR 95% ClI p-value HR 95% ClI p-value
Tryptase &J/L - - - 0.50 0.16; 1.55 0.23
PAI-1, pg/ml - - - 1.00 1;101 0.22

EREFS: endoscopic reference score; HR: hazard rai®4:lgmmunoglobulins G4; IL: Interleukin; OR: odds mtiPAl: plasmin@en activator

inhibitor; PEC: peak of eosinophils; PEESS: pediatsinophilic esophagitis symptom scores.







Figure 1A. Mean values of GAL-10 and TGF-DUH VLJQLILFDQWO\ KLJKHU LQ

healthy controls.

Figure 1B. ROC curves for GAL-10 and TGFshowtheir effectiveness as markers predicting the

diagnosis of EOE.

AUC: area under the curve; GAL: galectin; RO€ceiveroperating characteristit;GF: transforming growth factor
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Material and methods

For the first aim, we prospectively enrolled children andest@nts Q18 years) with EoE,
followed at the Pediatric Center for Eosinophilic Gastestihal Disorders (CPED) in Pavia, Italy
For the second aim, we also enrolled healthy contvdi®, were children and adolescent® 18
years) without a history of atopy, allergic, or other dizoinflammatory conditions, including
inflammatory bowel diseases, and evaluated at our Piedidimic in Pavia. Subjects were recruited
from January 2021 tMay 2023.

Diagnosis okosinophilic esophagitis (EOE) was based on the findngof HRVLQR SKLOV
power field €osHPF) in at least one esophageal biopsy in patients withestigg symptoms and
without secondary causes of esophageal eosinophilia,dingdo curreninternationalguidelinest
At enrollment and follow-up visits, we collext clinical (Pediatric Eosinophilic Esophagitis
Symptom Scores [PEESS™ 2.0]), endoscopic (Endoscopic ieeée Score [EREFS 0-9]), and
histologic (peak of eosinophils [PEC]) data, according todve proposed set of outcome measures
(COREOS] The pediatric endoscopist calculated the EREFS at the ¢ifrendoscopyEREFS
assessethe presence and severity of esophageal edema, rgkstes, furrows, and stricturesnd
the total score rangefromO to 9. Histology slides of mucosal biopsy samples werssasddor the
peakof eosHPF (surface area 0.26nY). Endoscopic and histologiemissionwas defined by the
EREFSscore <2 and PEC < 15 eos/HPF, respectivel®n the contrary, disease activity was
established based on EREAS2 and PECR15 eos/HPF in clinically symptomatic patiefts.
Symptoms were assessed using HEESS v2.0, which is the only available instrument for
assessing symptoms in pediatric patients with EOE. PEBE2I) score ranges from 0 to 100, with a
higher score indicative of more frequent and/or severggyms?

We assessed blood eosinophil count (percent and absolubernyuserum pro-inflammatory
cytokines (interleukinIL]-1, IL-2, IL-4, IL-5, IL-6, IL-17, tumor necrosis factor [TNFJ, tissue

(transforming growth factor [TGF}d IL-10, pasminogen activator inhibitdPAI]-1) and vascular



(vascular endothelial growth factor [VEGNAscular celadhesion moleculp/CAM], angiopoietin
[Ang]-2) remodeling markers, eosinophil proteins (eosinophiliooat protein ECH and galectin
[GAL]-10), tryptase, immunoglobulins G4 (IgG4) blood sample was obtained from all subjects
(patients and controls) at baseline and each follow-upfrasit EOEpatiens. Samples were analyzed
at the Immunology Laboratory of Fondazione IRCCS Poiwl San Matteo, PavicECP and
tryptase were measured by fluoroimmunoassay using PNat®0 (Thermd-isher Scientificland
expressedn &/l. Ranges of ECP and tryptase were 1580 and < 11.4&/l, respectively. To
detect and quantify inflammatory cytokines, including TNFand TGF-U we employed a
commercial enzyme-linked immunosorbent assay kit (Immssaa R&D Systems, InBio-Techne
CorporationBrands) The concentrations were expressed as pg/mL-E0, the protein forming
Charcot-Leyden crystals,agevaluated by enzyme-linked immunosorbent assay (Novisdgiials
Bio-Techne Corporation Brands), and the results were esqutess ng/ml.

Given the observational and explorative nature o$thdy, the sample size was not calculated
a priori. Continuous data were described with mean and standard de\{faD)), whereas categorical
variables were used as counts and percent. The compafisomtiouous variables between patients
and controls was made using the Studgdtest. A 2sidedp-value < 0.05 was considered statistically
significant Cutoff levels were determined by receiver operating charatite(ROC) curve analysis
to maximize the sensitivity and specificity of those biomarkbat differentiate EoE frorhealthy
controls. The correlation between each biomarker and diseasétyaett baseline and during the
follow-up was analyzed by Spearman rank correlation. Linearaaistit regression analysis was
used to identify independent predictors of disease activitlteeatment respons8imple Inear
regression was applied to determine the association betsegam biomarkers and continuous
variabledof clinical activity PEESS v2.0). Logistic regression was used to analyze the iatethip
betweencategoricaldisease activity variables (EREFB2 and PECR 15 eos/HPF) with the
noninvasive markers. Noncollinear variab{e$ measired serum biomarkersjith a p-value < 0.2

at the univariable analysis were included in a multivariabldehdresults are reported esefficient



(for PEESS v2.0) , odds ratio (OR), and hazard ratio (HR) with 95% confidenceviat¢Cl). The
softwareStata B.0 (StataCorp, College Station, TX, USA) was used faraatiputations.

$00 GDWD ZHUH HWUDFWHG |1URHQH OH F%RJIRMZIDRU A H G(LYRHDX
identifier (name and surname) was replaced with a speuificeric code. All patients provided
written informed consent. The Ethical Committee of Formataz IRCCS Policlinico San Matteo

approved this study (protocol number 324}/22
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Table E1Clinical features of enrolled EoE patients and healtmjrots.

Clinical features EoE (n= 21) Controls (n=21)

Age at enrollement mean GSD (years) 9.1(x4.5) 10.8 (+ 3.0)
Male, n (%) 14 (67%) 9 (43%)
Ethnicity, n (%)

Caucasian 18 (85%) 19 (90%)

North African 2 (10%) 1 (5%)

Asian 1 (5%) 1 (5%)
Other coexistent allergic diseases (%) 17 (81%) 0 (0%)

Allergic rhinitis, n (%) 11 (65%) -

Food allergy n (%) 9 (53%) -

Asthma n (%) 4 (24%) -

Atopic dermatitis n (%) 4 (24%) -

Anaphylaxis n (%) 4 (24%) -

SD: standard deviation.



Table E2 Results of the univariate analysis.

PEESS v2.0
Biomarker Enroliment Follow-up
coefficient 95% ClI p-value coefficient 95% Cl p-value
Eosinophils mn? 12.58 -14.6 398 0.34 -0.04 -5.28;5.19 0.99
Eosinophils % 0.87 -0.2;38 0.53 1.92 0.34; 3.50 0.02
ECPR &L -0.005 -0.4;04 0.98 0.12 -0.14;0.38 0.37
Tryptase &J/L 0.19 -6.2;5.8 0.95 -0.62 -4.13;2.90 0.73
Gal10, ng/ml -9.67 -25.5;6.2 0.22 2.13 -9.18;13.46 0.71
IL-1, pg/ml 0.3 -0.1;0.1 0.49 0.05 -0.034;0.14 0.24
IL-2, pg/ml -0.25 -0.6;0.1 0.16 -0.03 -0.11;0.50 0.44
IL-4, pg/mk - - - -0.68 -3.01;1.64 0.57
IL-5, pg/ml 1.70 -154;189 0.83 2.78 -8.79;14.35 0.64
IL-6, pg/ml 0.06 -0.2;03 0.55 0.1 -0.064;0.26 0.23
IL-10, pg/ml 0.40 -0.1;0.9 0.09 -0.12 -0.48;0.24 0.50
IL-17, pg/ml 303.10 15.9; 590.2 0.04 330.34 66.57; 594.11 0.01
TNF- U pg/ml 0.11 -0.5;0.3 0.17 0.21 -0.166;0.56 0.28
TGF Upg/ml -0.0001 -0.0004;0.0002 0.61 0.00003 -0.00011;0.0002 0.61
VEGF-A, pg/ml 0.002 -0.05;0.06 0.92 0.003 -0.07;0.07 0.94
VCAM-1, pg/ml 6.2 x10 -0.00003 0.00002 0.57 -6.91 x 16° -0.00002;0.0001 0.53
Ang-2, pg/ml -0.04 -0.1;0.005 0.39 0.004 -0.014;0.006 0.41
PAI-1, pg/ml -5.41 x 10°¢ -0.0002 6.6 x 10° 0.37 9.4 x 106° -0.00007 0.00005 0.77
19G4, mg/L -0.01 -0.03;0.006 0.18 0.002 -0.02 0.03 0.84
EREFS
Biomarker Enrollment Follow-up
OR 95% ClI p-value HR 95% ClI p-value

Eosinophils mn? 0.36 0.01;12.00 0.57 1.30 0.22;7.71 0.77
Eosinophils % 0.78 0.52;1.16 0.21 0.95 0.81;1.11 0.52
ECP, &J/L 1.01 0.96;1.07 0.69 0.98 0.94;1.01 0.21
Tryptase, &J/L 5.40 0.82; 35.54 0.08 0.82 0.56;1.21 0.33
Gatl10, ng/ml 1.82 0.19;17.16 0.60 2.28 0.79;6.63 0.13
IL-1, pg/ml 0.72 0.23;2.25 0.57 1.00 0.97;1.03 0.79
IL-2, pg/ml 0.97 0.92,1.02 0.27 0.99 0.96;1.02 0.36
IL-4, pg/m¥ - - - - - -

IL-5, pg/ml 0.76 0.09;6.75 0.81 0.64 0.18;2.24 0.49
IL-6, pg/ml 0.97 0.91;1.03 0.41 0.93 0.86;1.02 0.13
IL-10, pg/ml 1.08 0.94;1.25 0.28 0.95 0.91; 1.00 0.05
IL-17, pg/ml 1 - - 5.91 x1@° 0.22;1.58 x1® 0.07
TNF- J pg/ml 1 . - 0.99 0.98;1.00 0.28
TGF Upg/ml 1.00 0.99 1.00 0.23 1.00 1;1.00002 0.47
VEGF-A, pg/ml 1.00 0.99 1.00 0.53 1.00 1;1.01 0.73
VCAM-1, pg/ml 1.00 0.99 1.00 0.20 1.00 1;1.000001 0.52
Ang-2, pg/ml 1.00 0.99 1.00 0.13 1.00 1;1.0003 0.18




PAI-1, pg/ml 1.00 0.99 1.00 0.67 1.00 1;1000003 0.67
19G4,mg/L 0.99 0.99; 1.00 0.09 1.00 1,1.001 0.22
PEC
Biomarker Enrollment Follow-up
OR 95% ClI p-value HR 95% ClI p-value

Eosinophils 0.015 8.5 x105; 27.31 0.27 0.42 0.02;10.92 0.61
Eosinophils % 0.75 0.46;1.23 0.26 0.98 0.74;1.28 0.86
ECPR aJ/L 0.97 0.90;1.05 0.47 0.93 0.87; 1.00 0.05
Tryptase &J/L 0.76 0.29;2.02 0.58 0.64 0.40;1.05 0.08
Gal10, ng/ml 4.28 0.39;46.89 0.23 1.38 0.37;5.20 0.64
IL-1, pg/ml 1 - - 0.97 0.71;1.31 0.83
IL-2, pg/ml 0.99 0.93;1.04 0.65 0.99 0.96;1.02 0.54
IL-4, pg/mk - - - - - -

IL-5, pg/ml 1 - - 0.45 0.09;2.24 0.33
IL-6, pg/ml 0.95 0.81;1.11 0.52 0.93 0.83;1.05 0.23
IL-10, pg/ml 0.91 0.26;7.34 0.70 0.93 0.87; 1.00 0.04
IL-17, pg/ml 1 - - .17 x10 0.16; 1.11 x1® 0.07
TNF- U pg/ml 0.99 0.94;1.04 0.60 0.98 0.94;1.02 0.39
TGF Upg/ml 1.00 0.48;1.35 0.42 1.00 1.00;1.00002 0.99
VEGF-A, pg/ml 1.00 0.99;1.01 0.14 1.003 1.00;1.01 0.22
VCAM-1, pg/ml 1.00 0.99;1.00 0.53 1.00 1;1.000002 0.67
Ang-2, pg/ml 0.99 0.99;1.00 0.42 1.00 1;1.001 0.30
PAI-1, pg/ml 1.00 0.99; 1.00 0.07 1.00 1;1.000002 0.09
19G4, mg/L 1.00 0.99; 1.00 0.45 1.00 1.00;1.002 0.50

*Omittedbecause of collinearity

Ang: angiopoietin; ECP: eosinophilic cationic piateEREFS: endoscopic reference score; GAL: galekti; hazard ratio; IG4: immunoglobulins
G4, IL: Interleukin; OR: odds ratio; PAI: plasminogetieator inhibitor; PEC: peak of eosinophils; PEESS:iaeit eosinophilic esophagitis symptom
scores; TGF: transforming growth factor; TNF: tumor peiy factor; VCAM: vascular cell adhesion molecul&G#F: vascular edothelial growth

factor.



Table E3 Casecontrol comparisons.

Healthy controls EOE patients
Biomarker Mean, GSD 95% CI Mean, GSD 95% CI p-value

Eosinophils 0.24 G0.21 (0.14;0.39 0.31 G0.28 (0.17;0.45 0.19
Eosinophils% 3.48 G2.64 (2.25:4.72) 4.26 G2.76 (2.89;5.63 0.19
ECR &L 25.70 G20.88 (14.58;36.83 18.35 G19.80 (8.81;27.90 0.15
Tryptase /L 2.82 G1.11 (2.22;3.40 3.30 G1.43 (2.57;4.04 0.14
Gat10, ng/ml 0.91 G0.35 (0.75;1.07) 1.17 G0.44 (0.96;1.38) 0.02
IL-1, pg/ml 14.32 G41.62 (-15.46; 44.07) 15.75 G68.76 (-16.43;47.93) 0.48
IL-2, pg/ml 8.72 G15.91 (-0.46; 17.91) 13.85G19.21 (4.86; 22.84) 0.21
IL-4, pg/ml 0.1 GO (0.1;0.1) 0.1 GO (0.1;0.1) -
IL-5, pg/ml 0.19 G0.28 (-0.01; 0.39) 0.24 G0.43 (0.04; 0.44) 0.37
IL-6, pg/ml 36.45 G56.78 (6.19; 66.70) 13.67 G36.69 (-4.02; 31.35) 0.08
IL-10, pg/ml 13.06 G7.73 (8.60; 17.53) 12.52 G14.07 (5.93;19.10) 0.45
IL-17, pg/ml 0.10 GO (0.1; 1.0) 0.11 G0.022 (0.09; 0.12) 0.24
TNF- (J pg/ml 13.40 G24.63 (-0.81; 27.62) 10.60 G44.12 (-10.05; 31.24) 0.41
TGF Upg/ml 25,997.67G6,611.68 | (22,180.2;29,815.15) 56,176.61G26,251.29| (43,523.89; 68,829.33 0.0001
VEGF-A, pg/ml 284.01G176.18 (196.40; 371.6) 205.99 G151.74 (127.98;284.0) 0.09
VCAM-1, pg/iml | 558282.7 G224,952 %‘;gﬂg_g ; 63?52‘5?(35??6?8(3 (497,664.6,866452.7) 0.11
Ang-2, pg/ml 1,304.56 G556.48 (1,027.83; 1581.29 1,398.88 G796.27 (989.48; 1808.29 0.34
PAI-Lpg/iml | 190321.8 G88,563.43 (zlsf‘fgggj; o560 g’éégggg; 0.14

Ang: angiopoietin; ECP: eosinophilic cationic pioteEREFS: endoscopic reference score; GAL: galektR; hazard ratio; IG4: immunoglobulins
G4, IL: Interleukin; OR: odds ratio; PAI: plasminogetieator inhibitor; PEC: peak of eosinophils; PEESS:ia#&tt eosinophilic esophagitis symptom
scores; TGF: transforming growth factor; TNF: tumor neiw factor; VCAM: vascular cell adhesion molecul&G#F: vascular esiothelial growth

factor.
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Eosinophilic Gastrointestinal Diseases in Children: A Practical Rview

Amelia Licar* Martina Vottd* Enza DOAurfaRiccardo CastagndiSilvia Maria Elena
Caimmti* and Gian Luigi Marseglfa
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Abstract: Primary eosinophilic gastrointestinal diseases (EGIDs) represent a hetenaggneup
of disorders characterized by eosinophilic inflammation in theratesof known causes for eosino-
philia, selectively affecting different segments of the gastestimal tract. While pediatric eosino-
philic eophagitis (EoE) is a well-defined disease with established guidelossopliic Gastri-
tis (EoG), Eosinoplic Gastroenteritis (EoOGE) and Easiphilic Cditis (EoC) remain a clinical
enigma with evidence based on limited anecdotal case repartge cross-sectional studies in the
US defined a prevalence of EoG and EoGE ranging frgbntd 6,4/100.000 and from 2,7 to
ARTICLE HISTORY 8,3/100.000 subijects respectively, while the prevalence of EoC ranges,tdam3,5/100.000 sub-
jects. Regarding the pathogenesis, it is hypothesized thi@dsE@sult from the interplay between
Received: July 19, 2019 genetic pr_edis_position, intestinal dy_sbiosis gnd e_nvironmental triggers._aﬂlypiEGle _might_
Revised: September 11, 2019 present with different and nonspecific gastrointestinal symptoms depemtihg involved intesti-
Accepted: September 18, 2019 nal tract and the extension of eosinophilic inflammatory infiltrdtee diagnosis of EGIDs re-
quires: 1. recurrent gastrointestinal symptoms, 2. increased eosinfophiigh power field in bi-
b1 7a/1573306315666101020154432  OPSY Specimens, 3. absence of secondary causes of gastrointestinal disindphvalidated
guidelines are available on the clinical management of patieith EGIDs. Evidence from case
reports and small uncontrolled case series suggestsigde of dietary and corticosteroids as the
first-line treatments. Considering the clinical follow-op EGIDs, three different patterns of dis-
ease course are identified: single flare, recurring course-diseasghienmic course-disease. This
review will focus on pediatric EGIDs distal to esophsgincluding Eosinoplic Gastritis (EoG),
Eosinophilic Gastroenteritis (EOGE) and Eosinophilic Colitis (EoC).

Keywords: Eosinophils, eosinophilic gastrointestinal diseasesinophilic gastroenteritis, eosinophilic colitieod allergy,
endoscopy, diet, corticosteroids.

1. INTRODUCTION enigma with evidence limited to a small number of reported
cases. For this review, the term EGIDs refers to EoG, EoGE,

Primary eosinophilic gastrointestinal diseases (E}/| @nd EoC, unless otherwise specified.

represent a heterogeneous group of disorders that selective
affects the different segments of the gastrointestinat, trac
from the esophagus to ?he rectum, andg are characterized b%/ EPIDEMIOLOGY
eosinophilic inflammation in the absence of known sesu The exact incidence of EGIDs is still unclear. ®irthe
for eosinophilia [1]. EGIDs might present in adults and in first description of eosinophilic gastroenteritis in 1937 [4],
children with different and nonspecific gastrointestinal about 400 cases have been reported and most of them are
symptoms depending on the involved intestinal tesnct the  described in case reports, case series or retrospective studies
extension of eosinophilic inflammation, including mucosal, [2, 5]. Large cross-sectional studies in the US raefi a
muscular and serosal pattern [2]. While pediatrisirem prevalence of EoG and EOGE ranging from 15 to
philic esophagitis (EoE) is a well-defined disease with estab-6,4/100.000 and from 2,7 to 8,3/100.000 subjects respec-
lished guidelines [3], EGIDs distal to esophagus, iniclgd  tively, while the prevalence of EoC ranges from 1,7 to
Eosinophilic Gastritis (EoG), Eosinophilic Gastroeitier  3,5/100.000 subjects [6, 7]. In a recent review of a popula-
(EoGE) and Eosinophilic Colitis (EoC) remain a clinical tion-based database in the US of more than 35 million peo-
ple, Mansooret al reported that the prevalence of EoGE in
children (5,3/100.000) was slightly higher than in adults

*Address correspondence to this author at the Department of Pediatrics

University of Pavia, Italy; Tel: +39(0)382502818; (5,1/100.000); the opposite pattern was observed for EoC
E-mail: gl. narseglia@smatteo.pv.it (1,6/100.000 in children and 2,3/100.000 in adults) [8]. Fur-
“Equally contributing co-first authors thermore, EGIDs resulted to be more prevalent in Cauca-

1875633620 $65.00+.00 © 2020 Bentham Science Publishers
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sians (77,5% of all EOGE and 81,80% of all EoC) tAém association of allergy and atopy is also described in about
can-Americans and Asians and in females than in male$4% of patients with EGIDs, suggesting that other triggers
(57,7%vs.42,3% for EOGE and 66,2%s. 33,8% for EOC)  might induce eosinophilic inflammation of the intestitract

[8]. The age at onset of EGIDs varies widely, and a eglev  distal to the esophagus [17].

number of cases have been described in children
(10,7/100.000 children in US) [7]; in adults the disease typi- . . . : : : "y
cally arises between the third and fifth decade of life [9]. In a?ntfgﬁ?q g]: ngzp&gggui)yatr?%{e a::méTéiSti'&?Luﬁz&g?p:&lgg_

large US survey on EGIDs, Sperg#lal reported a higher . ) : :
prevalence of EGIDs in the northern rather than in the southsmune pathways [18]. Other possible triggers that might

. play part in the pathophysiology of EGIDs include gastroin-
em states, and in urbgn/suburban rathe_r than rural aréas (7testinal dysbiosis [19] and anatomical malformations [BO].
patients/yeavs.5,2 patientsfyear respectively) [10]. combination, genetic predisposition, dysbiosis, and envir
mental triggers (ingested or inhaled allergens) migttce
eosinophilic inflammation in EGIDs patients [21].

It is also reported that patients with EGIDs mighgsent

3. PATHOGENESIS

The pathogenesis of EGIDs is only partially undeodt
Eosinophils are normally present in the lamina pieopf the 4. CLINICAL MANIFESTATIONS

mucosa of healthy gastrointestinal (Gl) tract, wttle only EGIDs symptoms are heterogeneous and depend on the

g)éc'enpotlof?|f0;rt2e'neso(|)p:§grl1jsthg Ef?ggiﬁ%ﬁﬂfhfet mmdatsélm localization and the layer of the Gl wall involved (KleinOs
Sinopniis nvolved | ucosal Immune sys ‘classification) (Tabl&). At diagnosis, the mucosal form was

playin_g_ a mai|_1 role in host defense, in partipular agair_]Streported from 44% to 57,5%, the muscular form from 12%
parasitic infection and food allergens, and their number iN+"30% and the serosal, for’m from 12.5% to 49% of the
creases during intestinal inflammation [11]. Several sgnal ’ i

are responsible for the activation of intestinal eosinophils EGIDs patients [22, 23]. Generally, in EoGE and EoC pa-

including non-specific tissue damage, parasitic and babteriatients’ the most frequent symptoms of mucosal involvement
9 P 9¢, p are abdominal pain, diarrhea, bloating, nausea and wgnit

infections and allergens. The activation of eosinophils in they 24]. Severe EoGE might present with protein losing en-
gastrointestinal tract induces tissue damage and is respon é}opat.hy hypoalbuminemia, anemia, malabsorption and

ble for the symptoms observed in patients with EGIDs [9]'weight loss. Compared to adults, children and adefes

Histopathologic findings in EGIDs patients revealed an ex-may develop growth retardation, failure to thrivelayed

cessive number of activated eosinophils with signs of de- g
granulation [12]. The activated eosinophils produce highlypUberty and amenorrhea (Tat: Moreover, the coexis

bioactive inflammatory mediators, that could trigger de- tence of EoE in children with EoGE has been reportedl [25

ranulation of mast cells and release of chemokines, ¢ tokiPatients with muscular involvement - often affectstom-
ges linid mediators and neuro-mediators (Tal)]énduc,in YOKI5eh and duodenum - might develop intestinal obstruciion
» IP - . 9. sub-obstruction, as a consequence of mechanical amd fun
the Th2-type immune response and bowel inflammation

. - tional blockage due to the eosinophilic inflammation of the
[13]. Recent studies showed that Th2 cytokines (IL-4, IL-5 :
and IL-13) and eotaxin-3 are upregulated in patient Wi,[hmuscular layer [26]. The serosal form is charactdrizg the

EGIDs. plavi iol le in th h Eith eosinophilic infiltrate of all layers of the bowel wall aitd
21DS, piaying a possibie role in the patnogenesmese  \,iqne hresent with eosinophilic-rich ascites, blogtiand
diseases. Therefore, recent knowledge in eosinophil patho: ) :
. . M abdominal pain [1, 27].
physiology clearly demonstrates that the eosinophil is a mul-
tifunctional leucocyte expressing a wide pattern of surface EGIDs might associate with different complications.
markers and is able to interact with other immuris e the ~ Acute pancreatitis secondary to the inflammatory obstruction
frontier between innate and adaptive immunity [9, 14]. of the pancreatic duct was described in an adult patient with
eosinophilic duodenitis [27]. It is reported that adwiish
muscular EoGE underwent unnecessary laparoscopy for
acute bowel obstruction [26]. Other studies showed adult
patients presenting with duodenal ulcer or intestinal perfora-

tion [28, 29].

Food allergens are known as possible triggers ftdnm
mation, especially in EOE [15, 16]. The elimination ele-
mental diets are one of the first-line therapy itigrds with
EoE, showing an improvement of symptoms and histoldgi
resolution in more than 70% of affected patients [15]. The

Table 1. Key-mediators involved in eosinophilic gasbintestinal inflammation.

Inflammatory Mediators Chemokines Cytokines Lipid Mediators Neuromediators
Eosinophil cationic pro- Eotaxin-3 (CCL26) IL-1 Leukotrienes Substance P
tein (ECP) Regulation upon Activation Nor- IL-3 Platelet activating Vasoactive intestinal poly-
Eosinophil-derived neuro; mal T-cell Expressed and Secreted IL-4 factor (PAF) peptide (VIP)
toxin (RANTES) L5

Eosinophil peroxidase
IL-13

Transforming growth
factors (TGF)

Major basic protein
(MBP)
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Table 2.

trointestinal diseases.

Gastrointestinal manifestations of eosinoplc gas-

Mucosal Pattern

Muscular Pattern

Serosal Pattern

¥ Abdominal pain,
¥ Nausea,

¥ Vomiting,

¥ Diarrhea,

¥ Rectal Bleeding,
¥ Anemia,

¥ Protein-losing en-

¥ Bowel thickening,

¥ Intestinal obstruction

¥ Eosinophilic
ascites

Licari et al.

hypereosinophilic syndrome (HES) should be ruled out [9,
17, 31]. Many other clinical conditions might present with
peripheral eosinophilia. In fact, mild-moderate peripheral
eosinophilia is commonly detected in patients with alkEsgi
and parasitic infections, that should be excluded espeally i
children with recurrent abdominal pain [17]. Furthermore,
peripheral eosinophilia is not an index of disease activity and
response to therapy in EGIDs [32].

Allergy tests are not specific markers for EGIDssitive
skin prick tests, elevated serum total IgE levelsianceased
IgEs specific to inhaled and ingested allergens have been
detected only in few patients with EGIDs [33]. Few studies
reported higher levels of fecal and serum eosinophil cationic

protein (ECP) and serum eosinophil-derived neurotoxin in
EGIDs compared to inflammatory bowel diseases (Crohn
diseases and ulcerative colitis) [34] and elevated levels of
serum! 2-macroglobulin have been found in EGIDs patients
[35].

teropathy,
¥ Malabsorption,
¥ Weight lose

Table 3.  Childhood symptoms.

5.2. Endoscopy and Radiological Tests

In patients with EoOGE and EoC, endoscopic findings
might appear to be normal or non-specific. However,
erythema, edema, white specks, focal erosions, ulcerations,
fold thickening, polyps, nodules, and friability have all been
described in EOGE [5, 30]. In EoC, colonoscopy can reveal
non-specific mucosal alterations, such as patchy areas of
edema or erythema, whitish lesions, and aphthous ulceration
[36]. Although endoscopy is fundamental to demonstrate the

It is widely described that EGIDs are associatethwi mucosal disease, it is inadequate to detect thevierent of
allergic diseases [7]. Patients often present with food andieeper Gl layers. In fact, the diagnosis of EoGE in patient
drug allergies, rhinitis, asthma, sinusitis, eczema orariic ~ with symptoms of muscle and serosal involvement requires
Prevalent allergy comorbidities are food allergythas and  surgery or laparoscopy and it is not always ethidaiisible,
allergic rhinitis [8]. especially in pediatric patients.

¥ Growth retardation

¥ Failure to thrive

¥ Delayed puberty

¥ Amenorrhea

The role of radiological tests is described in & f=ase

5. DIAGNOSIS reports. In patients with EGIDs, computer tomography (CT)
EGIDs diagnosis is difficult and often missed, nyin scanning showed non-specific radiological findings; Iwal

because the previously described presenting symptoms artéickening, polyps, ulcers, strictures, ascites, omental thick-

non-specific and heterogeneous. Generally, the correct diagening, and lymphadenopathy are described in patient with

nosis occurs years after the onset of first symptoms [9]. EoGE [36, 37] while wall thickening, isolated haubkthack-

ening, and circumferential thickening in EoC patients [38].

The differential diagnosis of these radiologicaldfirgs with

he ones observed in the most common inflammatory bowel

iseases, such as CrohnOs disease, is difficult and requires

specialized radiological competence.

EGIDs distal to the esophagus are characterizethby
abnormal eosinophilic infiltration of different segments o
the stomach, small intestine and colon. Although standar
guidelines for EGIDs are still lacking, it is agreed that a de
finitive diagnosis requires [30]:

1. Recurrent gastrointestinal symptoms, 5.3. Histology

2. Increased eosinophils for high power field in biopsy  Histology is the gold standard for the diagnosis of
specimens, EGIDs. Eosinophils are common Gl cells; they areqremn
3. Absence of secondary causes of gastrointestinal eosinc@!l intestinal segments with the only exception of the
philia. esophagus. The eosinophil count in the lamina propria in-
creases from the duodenum to caecum and then decreases
from the right colon to the rectum [9, 39]. Currently, there is
no consensus on the cut-off value of intestinal eosinophils to
be considered pathological [9, 24, 30, 31]. Few studies
EGIDs. Peripheral eosinophilia is often found in Eo&tfl evaluated the threshold of intestinal eosinophils in pediatr
EoC patients, but it is not required for the diags.oMore patients with inflammatory intestinal diseases compared to
than 70% of patients with EoOGE have transient peripherahealthy children [39-43]. De Brosst al showed a gradient
blood eosinophilia (eosinophils > 500/Mm[9]. Severe of the eosinophil distribution in gastrointestinal tract of
eosinophilia (> 1.500/ mi could be observed in patients healthy pediatric patients: a maximum of 26 eosinophils per
with predominantly serosal form of EoGE; in theseesas high-powered field (eos/hpf) in the duodenum, 50 eos/hpf in

5.1. Laboratory Tests
There are no diagnostic and prognostic biomarkers f
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the ascending colon, 30 eos/hpf distally [40]. Differenting for a FIP1L1-PDGFRA fusion transcript must be per-
pathological cut-off of eosinophilic inflammation has been formed [54].

used in various studies, ranging from 20 to more than 100

eos/hpf (Tabled) [44-47]. The mucosal histopathology of Taple 5.  Differential diagnosis.

EoGE and EoC is similar and characterized by the presence

of a large amount of eosinophil clusters in the lamina propri
with degranulation. The epithelium might show degenerative)
a_nd regenerative a}lterationsl and. foveolar and crypt hyperplg-parasite infections (ascariasis, toxocariasis, itrasis, schistosomiasig,
sia [45]. Immunohistochemistry is useful to detectdiepo- teniasis, ankylostomiasis, trichuriasis, strongyloidiasis)
sition of major basic protein granules, that is speoiff
eosinophil degranulation and more common in patients with| Malignancies (leukemia, lymphoma)
EGIDs than in healthy controls [12]. Analyses of it
fluid or surgical specimens have an important role in demon
strating the abnormal presence of eosinophils inss¢rand Chronic graft-versus-host disease
muscular EoGE [9].

Food and drug allergy

Inflammatory bowel diseases (Crohn disease, ulcerathitisio

Autoimmune disease (eosinophilic granulomatosis with paiss or
Churg-Strauss syndrome)

Table 4. Pathological cut-off of intestinal eosinophils per

higher power field. Hypereosinophilic gndrome (HES)
Intestinal Tract Eos/hpf 7. TREATMENT
Stomach [44] >30 No validated gL_JideIine.s are availlable on the chhic
management of patients with EGIDs distal to the eagph.
Small intestine [44] >52 Although reported in case reports and small uncontrolled

case series, several therapeutic options are described. The

Colon [44, 46, 47 = \ ) . ;
[ ] first-line treatments are dietary and corticosteroidsathiess

Right >100 (Table6).
Transverse and descending >84
Rectosigmoid >64 7.1. Dietary Therapy
Robust evidence shows that elimination and elerhenta
6. DIFFERENTIAL DIAGNOSIS diets improve clinical symptoms and reduce mucosal eosi-

nophils in children and adults with EoE [55, 56]. Dietary
therapy is considered as a first-line treatment for EGIDs

h p ¢ d inophili . [30]. Recently, Lucendet al reported that the elemental
the most frequent cause of secondary eosinophilic gastrol ot is efficacious to induce clinical remission in about 75%

tet;séinall in:‘lammation. Egpgc}ally. in childrenb with re'((:jurregt.fof children with eosinophilic gastroenteritis and colitis, but
abdominal pain, parasitic infections must be considered I, natient compliance limits its usefulness especially in
peripheral eosinophilia is observed. Higher levels of intesti- 4olescents and adults [57]. Chehagteal also demon-

nal eosinophils are also described in patients with COlon'Cstrated that the elemental diet is more effective tianina-

spirochaetosis [47] and before and after the erdditat o, giet in children with severe EOGE and protein-losing
treatment of Helicobacter pylori infection [48]. In children enteropathy [58]. However, there are no large studies on
pre_s_enting with rectal ble_eding and diarrhea "’.‘”ergic.pr.ocm'long-term efficacy and safefy of elemental diet and evidence
colitis must be ruled out; in these cases, the d|a}gr)os|;11|s is limited to a few case reports and small case series that do
ally 9I|n|c'and symptoms rgsolve ther the ellmlnatlpn of not evaluate the histological remission. Empiric elimination
COW.OS ”?'”‘ proteins. In patients with f.OOd allergypeil ._of allergy-associated foods is the most commonly and effica-
eosmop_h|ls are mcr_e_ased_ ano! show signs of degranulaﬂoeiously used option with about 82% of clinical response rat
[49.]' M'I.d 60§In0phI|I.C |nf||'§rat|on qf dupdenum Was.de- [30]. It is reported that response to food-elimination diet
scribed in patients with active coeliac disease artl 8&- 4,04 not correspond to food allergies identified by skin prick
a@ésting or serum specific IgE levels. Furthermore, many pa

partt iF‘ muc?sal tian?mngFion .[50]' onsitnog?[hils '?t:e' afl;g Pr€ tients with EGIDs present specific serum IgE levels, withou
sent in gastrointestinal biopsies of patients with mfiza- any history of food reaction [57].

tory bowel diseases [51], rheumatoid arthritis, systemic scle-
rosis, and vasculitis (in particular eosinophilic granulomato-
sis with polyangiitis) [52]. Interestingly, Tallegt al de-
scribed duodenal eosinophilia in patient with fuoctll dys- Corticosteroids are the mainstay of therapy, iftatie
pepsia, particularly in those with early satiety, implicgti  treatment fails or is impractical and in case of severe or
duodenal eosinophils in the pathogenesis of functional gaseomplicated eosinophilic gastroenteritis and colitis [3(, 59
trointestinal symptoms [53]. In patients with severe periph-Steroids are able to inhibit eosinophilic growthtéas, such
eral eosinophilia for more than 6 months, and signs andas IL-3, IL-5, and GM-CSF [33]. Most case series heare
symptoms of organ involvement, HES must be ruled ndt a ported clinical remission in 50 to 90% of patients with
bone marrow aspiration, lymphocyte phenotyping, and testEGIDs treated with corticosteroids [9, 17]. The ladkan

EGIDs are diagnosed after the exclusion of otheses
of intestinal eosinophilia (Tablg). Intestinal infections are

7.2. Corticosteroids



110 Current Pediatric Reviews202Q Vol. 16, No. 2 Licari et al.

Table 6. Therapeutic options of eosinophilic gastrointestinal diseases.

Therapy Treatment Indication Dose
Diet (six-food-elimination diet, elemental diet) Filime treatment
First line treatment for induction of remission 20 - 40 mg/day or 0'5 i 1 mglkg/day for 2 weeks
Prednisone then tapering in 6-8 weeks
Maintenance for steroid-depend EGID 5 - 10 mg/day
First line treatment for induction of remission 9 /chay
Budesonide
Maintenance for steroid-depend EGID 6mg/day then/deyg
Montelukast Steroid sparing agent 5 - 10 mg/day
Sodium cromoglicate Steroid sparing agent 100-30@wegy 6 hour daily in adults
Ketotifen Steroid sparing agent 2 - 4 mg/day
Azathioprine Steroid sparing agent 2 - 2,5 mg/day
Mepolizumab In refractory EGID -
Omalizumab In refractory EGID
Infliximab/Adalimumab In refractory EGID -

initial response should lead to a reevaluation of the dgigno 7.3.1. Mast Cell Inhibitors and Leukotriene Receptor An-
[60]. Various treatment strategies have been reported. Atagonists

diagnosis, therapy with oral prednisone at dose of 20-40
mg/day [61] or at higher doses (0,5D1 mg/kg per tayp
weeks is recommended [30]. Once clinical remission is
achieved, dose of prednisone is tapered over the next 6-
weeks until it is stopped [62]. About 20% of patients with
EoGE develop corticosteroid dependency [9]. Mainteran
e e e D S et fimes daly in adult patents [24]. Ketoifen is a mast-el

. : L inhibitor with antihistaminic effect, administered in dosages
sponse) might be necessary for patients with diseageseela ' .
during or after drug tapering [30, 62]. Use of systemic corti-Of 2-4 mg/day [24]. Melamest al showed an improvement

costeroids is limited by their undesirable long-term Side'lc;]egr)égg()iwls’Ealg\?gll;ﬁgosr;x?Ie;fjtlgzlesgswi?ﬁggsﬂ?nd a
effects (in particular, growth retardation, bone abnornesliti 9 P

and adrenal axis suppression). An alternative to prednison&.3.2. Montelukast
is budesonide, a synthetic steroid with high topical glucocor- Montelukast is a selective leukotriene (LTD4) iritdb

ticoid activity and low systemic bioavailability due to its that blocks leukotriene-induced vascular permeabilit
first-pass hepatic metabolism, thus minimizing systemic side P Y,

effects [24, 63]. Although the use of budesonide is desdri S0t muscle contraction and chemotaxis of eosinphil
in a few case reports, it might be considered an efficaciou and basophils [63]. Montelukast is efficaciously usedan p

and safe option. The recommended dose of budesaige i tients. with asthma._ The efficacy _of Montelukast in EGIDs
mg/day, then it.can be tapered to 6 mg/day and ¥inall remains controversial. Some studies suggested that treatment

. with Montelukast (5-10 mg/day) induces clinical improve-
mg/day for maintenance therapy [9, 64, 65]. ment in adults and children with steroid-resistamd aecur-

rent EOGE and duodenal eosinophilia [70, 71]. However,
7.3. Steroid-sparing Agents Daikn et al reported that Montelukast had no effect on tissue

. . . . eosinophils or symptoms in a patient with severe and-stri
Despite their efficacy, the long-term use of carsier- turing EoGE [72].

oids is not desirable because of their known side effects.
Several steroid-sparing agents result in clinicgbezdence  7.3.3. Anti-interleukin 5 and Anti-IgE Agents
with the treatment of inflammatory bowel disease (JBD
(immunosuppressant and anti-TNF-therapies) or asthma

(sodium cromoglycate, ketotifen, montelukast, anti-IL-5 and eosinophils by binding to IL-5 and interfering with ltga-

anti-lgE th_eraples) [2.4’ 30.]' There are no clinical trials NOTtion to IL-5R! expressed mainly on the eosinophil mem-
large studies on their efficacy in maintenance therapy or,

when corticosteroid therapy fails. Our current knowledge isbrane [73, 74]. Mepolizumab was tested in children and
S Py : . 9€ 1S5dults with eosinophilic esophagitis, resulting in a oidn
limited to case reports and small case series.

of esophageal eosinophils and peripheral eosinophilia; how-

Few studies reported clinical improvements with mas
cell inhibitors, such as sodium cromoglycate and ketotifen
@O, 66]. Sodium cromoglycate has been used with some
success in adult patients with mucosal and subserosal EoGE
alone or in combination with steroids [67]. The recom-

Mepolizumab and reslizumab are two humanized anti-
interleukin 5 (anti-IL-5) monoclonal antibodies. They target
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ever, no clinical improvement was reported [75]. In a smallterm diarrhea [86]. At this time, there is insufficient evidence
clinical trial with reslizumab a clinical improvement was to recommend FMT for EGIDs and other gastrointestinal
observed in patients with EOGE. However, rebound eosinodiseases, and further studies are needed.

philia and clinical relapse were seen after the discontimiati

of the treatment [76]. Further randomized, controlled trials7.6. Surgery

are needed in order to clarify the efficacy of mepolizumab L .
and reslizumab in EGIDs. Bowel obstruction is a consequence of eosinopliilic

flammation in muscle layers. Several case reports described
Omalizumab is a humanized anti-IgE monoclonal anti- that the diagnosis of EGIDs occurs after resection of the o
body that binds to free IgEs and prevents their binding to FCstructing segment, recurring to laparotomy or lapeopic
"-RI, leading to inhibition of mast cell and basdphdtiva- surgery [26]. However, in most cases, bowel obstrudison
tion [77]. Currently, omalizumab is not recommended for reversible with corticosteroid treatment. Bowel perforai®
EGIDs treatment because the clinical improvementtaed 5 severe complication of eosinophilic duodenitis and gastri-

reduction of serum IgE levels do not correlate with changesjs; in these cases, surgery is absolutely required [26, 29].
in peripheral or tissue eosinophilia [78]. This suggests that

blocking IgE alone may not be effective to treat EOGE andg NATURAL HISTORY
EoC.

. . There are few data on the clinical follow-up of BES
7.3.4. Immunosuppressant and Anti-TNF-Therapies W n W-up l

especially in children. A recent study analyzed the clinical

Inflammatory bowel diseases (IBD) therapies, inrigd ~ Presentation and long-term follow-up of a cohort of 43 adult
mesalamine, azathioprine, and anti-TNFagents are trialed patients with EoGE [23], identifying three different patterns
in small case series and case reports of patients with sevefd disease course:

EGIDs. The use of mesalamine is anecdotal and deskchib 1. A single flare characterized by the presenceasfrgin-
few patients with EoC [79]. Azathioprine might have ster- testinal symptoms for less than 6 months (42%);
oid-sparing effects; it is described to be efficacious in pa- ; ) ]
tients with EOGE and acute abdomen at the same dose used?: A recurring course-disease defined by at least two re-
in patients with IBD (2B 2.5 mg/kg) [80]. lapses (37%);

Infliximab and adalimumab are two antibodies dieect 3. A chronic course-disease characterized by the presence
against the tumor necrosis factoTNF-!), widely used in of gastrointestinal symptoms for more than 6 months

the treatment of IBD and rheumatological diseases. While without a period of remission (21%).

infliximab is a chimeric immunoglobulin-G1 antibody while The detected risk factors of clinic relapse are the absence of
adalimumab is totally humanized. The use of anti-TNF- spontaneous remission and high peripheral eosinopsia
agents in the treatment of severe adult EOE has been eXn a follow-up study of patients with EoGE, Reed al
plored with poor results [81]. However, Turnet al de-  showed that about one-third of patients remainedoiry4
scribed the efficacy of anti-TNF-agents (both infliximab  term remission, while other patients present a persistent o
and adalimumab) in children with refractory eosinophilic progressive disease [17]. Further large studies are needed to

gastroenteritis and colitis [82]. understand the natural history of eosinophilic gastrointestinal
diseases and the possible risk factors associated to worst
7.4. Novel Therapies prognosis. Walkeet al. recently suggested a possible algo-

Recently, Songet al showed a reduction of the eosino- rithm for the management of EGIDs [46].

philic inflammation and an improvement in the gastrointesti-
nal disease in murine models of EoGE treated with a novePONCLUSION

antibody directed against CCR3, an eotaxin receptor [83]. EGIDs represent a heterogeneous group of disotdats

0OC000459 is a selective chemoattractant receptor- h Selectively affects the different segments of the garesti-
mologous molecule on Th-2 cell (CRTH2) antagonist. N@l tract and are characterized by eosinophilic inflammation
CRTH2 is a prostaglandin D2 (PGD2) receptor, exmass N the absence of known causes for eosinophilia. intdst
by Th-2 cells, eosinophils, and basophils, that mediates eosRiOPsy is the diagnostic gold standard of EGIDs, and it
nophil chemotaxis and recruitment. In a randomized, doubleShould be performed in all patients with recurrenpersis-
blind, placebo-controlled trial of adult patients withvese ~ t€nt gastrointestinal symptoms and peripheral eosinophilia.
and active EOE, Straumaet al showed that OC000459 re- More detailed knowledge and more widespread tendefcy
duced tissue eosinophils but did not improve esophageaq)athologlsts to count eosinophils in biopsy specimens im-

lesions [84]. There are no studies on OC000459 in patientProved and increased the diagnosis of EGIDs. While pediat-
with EGIDs. ric EoE is a well-defined disease with established guidelines,

further studies are needed in order to better defirideeni-
ology, pathogenesis, diagnosis and prognosis of EGIDs dis-
tal to esophagus. Moreover, standard guidelines foritte d
The most effective and well-studied indication fecal nosis and management of EOGE and EoC are still lacking.
microbiota transplantation (FMT) is recurrent andese Actually, recommended and efficacious treatment of EGIDs
Clostridium difficile infection [85]. There is onlpne case are corticosteroids, but some patients might present a ster-
report that describes the efficacy of FMT in a man wigh  oid-dependent or resistant disease. Most of the patients with
vere, refractory and stricturing EoGE presenting with long- EGIDs show a benign course of their disease; howduer

7.5. Fecal Microbiota Transplantation
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ther investigations about the natural history of EGIDs arel4]
needed.
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Gl = Gastrointestinal (8l
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Eosinophilic esophagitis (EOE) is a chronic allergic disease debned by a marked
eosinophilic inBammation and symptoms of esophageal dyshction. EoE is a
heterogeneous disease and severely impacts the quality ofé of affected patients. The
current therapeutic management of EoE is based on two corneatones: medication
and diet therapy, both effective but limited by several ciital issues. The choice
of one or the other therapy might depend on the different disase phenotypes
(allergic vs. non-allergic, inBammatory vs. bbro-stenolj patientOs age (adult vs.
childhood-onset), food habits, patient/family preference, and familiar Pnancial resource.
Diet therapy is a successful treatment but limited by low pant adherence, the need
for several endoscopies, food restrictions, psychosociampact, and potential nutritional
debciencies. All these limitations could be effectively excome with multidisciplinary and
personalized management. This review summarizes the mosecent evidence on the
dietary elimination approaches and will provide a practid@uide to clinicians in managing
and implementing dietary therapy for patients with EoE.

Keywords: eosinophilic esophagitis, diet, food allergens, food-reintroduction, personalized therapy,

multidisciplinary approach, phenotype, endotype

INTRODUCTION

Eosinophilic esophagitis (EOE) is the most characterized ephific gastrointestinal disorder
(EGID) and is a chronic/remittent allergic disease, dePloygd marked eosinophilic inBammation
and symptoms of esophageal dysfunctidn Z). Currently, the diagnosis of EoE requires the
presence of more than 15 eosinophils per high power beld (eos/HR§ endoscopically obtained
esophageal biopsies in patients with suspicious symptan3.(

It is estimated that EoE!a&cts about 0.5-1/1,000 patients in the USA, varying widelpsascr
the dil erent Countries and mostly prevailing in Caucasian @aits and male sex). However, in
the last 20 years, several epidemiological studies showgdiecant increase in the epidemiology
of EGIDs, partially related to improved medical awareness anowkedge through modern
diagnostic instruments4g). It was also postulated that changes in environmental factoay

Marseglia GL and Licari A (2022) Diet
Therapy in Eosinophilic Esophagitis.
Focus on a Personalized Approach.

Front. Pediatr. 9:820192.
doi: 10.3389/fped.2021.820192

have contributed to the signibcant increase in EoE epideagip(7). Recently, Navarro et al. found
that the pooled prevalence of EoE is 34.4 cases/100,000tahznd is higher for adults than for
children (42.2/100,000 vs. 34/100,008)) The pooled incidence rate was 6.6/100,000 people per
year in children and 7.7/100,000 in adul&.(

Frontiers in Pediatrics | www.frontiersin.org 1 January 2022 | Volume 9 | Article 820192



Votto et al. Diet Therapy in Eosinophilic Esophagitis

Genome-wide association studies have identiped multipleeRect the typical evolution of the EoE inRBammation through
susceptibility genes associated with EoE risk and a compléixne, as reported inFigurel In this context, dierent
model of disease inheritance. EoE is a multifactorial disea clinical patterns or phenotypes have been identib&g.(The
typically characterized by a type 2 (T2) inBammatic). (The  OinRammatoryO pattern is generally observed in childhodd an
impaired epithelial barrier function plays a pivotal role inis debned by the endoscopic evidence of edema, erythema,
the pathophysiology of EoE, inducing the release of alarminknear furrowing, and the prevalent eosinophilic esophageal
(thymic stromal lymphopoietin, IL-15, IL-33), which then inBammation in histologic samplesi§ 18 19. On the other
activates the type 2 innate lymphoid cells (ILC2) and basophil©iand, the Obbro-stenoticO and OpbbroticO phenotypes primarily
The subsequent release of IL-4, IL-5, and IL-13 recruits andl ect adolescents and adults with dysphagia and food impaction
expands the eosinophilic inBammation. The consequences (f6, 18220). These phenotypes are endoscopically characterized
this sustained inRammation include tissue remodeling andy Pxed esophageal rings and/or strictures resulting frasue
esophageal dysfunction. Esophageal bbrosis begins in tlye eaemodeling and esophageal bbrosig, (L820). The clinical and
phases of the disease course, initially involving&neina propria  histological heterogeneity might re3ect and partially expthe
(6). Fibrosis has been found in 57D88% of young patients arfteterogeneous response to available therapiés While diet
children and 89% of adult patients with EoB)(However, the and medical therapies may reduce tissue Pbrosis in childhood
increased esophageal! stess, due to subepithelial Pbrosisda this remodeling process may persist despite the resolution of
muscular hypertrophy, clinically occurs with food impaction inBammation in adulthood §). Recently, Shoda et al. identiPed
and dysphagia, symptoms that are typically reported by aduthree potential endotypes of EoE, using a machine learning
patients Figure 1) (9). Although the pathogenesis is not entirely approach to analyze histological, endoscopic, and molecular
understood and is likely non-IgE-mediated, food allergamns features of US patients with EOE. The brst endotype (EoEel) was
known to trigger EOE, stimulating the already dysregulatedecognized in 35% of the cohort and was mainly characteiized
immune cells through the impaired esophageal epithelial barri a minimal eosinophilic infammation and steroid responsivenes
(10, 11). Most patients with EoE are allergic to 1D3 foods thafhe EoEe2 endotype! acted 29% of patients and showed a
trigger esophageal inBammation, according to KochOs pastularevalent T2 inBammation, pediatric-onset, and a low steroid
(12). Esophageal infammation is resolved once the food(s) response. Finally, 36% of the EoE cohort (EoEe3) presented an
removed from the diet, and reproducibility reactivates itevh adult-onset and structuring diseasks(21). Therefore, according
the culprit allergen(s) is reintroduced.(, 12D14). Recent and to this endotype classibcation, patients with the EoEel epaot
conBicting studies have also supported the potential role ahight successfully be treated with diet and steroid therapy,
aeroallergens in the pathogenesis of EoE, with evidencelynosand children with the EoEe2 endotype might benebt from the
limited to case series and case repo#{sLf). anti-T2 immune agents (i.e., dupilumabpd). Finally, adult

Since EoE was brst recognized as a distinct clinical emtity ipatients with the EoEe3 endotype are more challenging to treat
the mid-19900s, several signs of progress were achieveslidfow with available therapies; thus, esophageal dilatations lage t
there are diagnostic and therapeutic aspects that should lmly current solution to esophageal stenosi§)( In the future,
investigated, and one of these concerns the diet therapy aral validated endo-phenotype classibcation of EoE will provide
nutritional assessment of patients with EoE. To date, modbetter disease management and aim physicians to develop a
data on nutritional management came from the single center@srsonalized medicine using targeted treatments.
experience rather than comparative clinical trials. Thisieev
summarizes the most recent evidence on the dietary elironat
approaches and will provide a practical guide to cliniciangHOW TO MANAGE EOE
in managing and implementing dietary therapy for patients
with EoE. The current therapeutic management of EoE is based on two

cornerstones: the medication (proton pump inhibitor®RI§

and topical corticosteroids) and diet therapy, botheetive ut
CLINICAL FEATURES AND limited by dil erent critical issues2( 17, 18). Patients with EoE
HETEROGENEITY OF EOE should be maintained on monotherapy wheheetive ¢, 23).

However, if monotherapy fails or loses its eacy, a combinabin
EoE is a heterogeneous disease with variable symptortigerapy (diet+ topical steroid) may be indicate@4). Although
and severity, comorbidities (atopic vs. non-atopic), treattn  not already approved, biological therapy with dupilumab showed
response, and natural history. Moreover, EOE severely impagtsomising results in adults with EoE, improving symptoms,
both adults and childrenOs quality of life (QoL)6(17). esophageal inRammation, and distensibili)
Notably, EOE symptoms vary with agel).( Toddler and When correctly administered (1 mg/kg/day, twice daily),
young children generally experienced food refusal, feedinBPIs are kective in about 50% of children with EoE. The
di" culties, and recurrent vomiting and/or regurgitatio®n long-term @& ectiveness of PPIs is still debated and might be
the contrary, school-aged children reported abdominal/aptgc  related to specibc genetic polymorphisnis (27). However,
pain, refractory gastroesophageal refux, whereas adolescetisease remission might appear more sustained in patients
and adults present dysphagia and food impaction. Symptomsyith the inBammatory phenotype than those with the Pbro-
endoscopic and histological Pndings, and response to tra@tne stenotic or stenotic phenotypd , 26, 27). Therefore, as widely
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FIGURE 1 | Natural history and clinical heterogeneity of eosinophilesophagitis.

reported, PPI response is not homogeneous and prolonged in @aWBLE 1 | Diet therapies of eosinophilic esophagitis.
patients 7).

Current formulations of topical corticosteroids have not
yet been approved by the Food and Drug Administration
(FDA) (27). However, in 2017, the European Medicines Agenc¥lemental diet Elemental formula Adults and
(EMA) authorized orodispersible budesonide for adults with children! 90%
EoE  (https://www.ema.europa.eu/en/documents/assessmeriimination diet
report/jorveza-epar-public-assessment-report_en.pdf). rr$lu 6-food
budesonide and swallowed Ruticasone are bothective €ggs, soy/legumes, Children 74%
to induce EoE remission. However, their long-term use is Seamf)d‘ ?Uts
compromised by patient adherence and sideees (9, 27). ™ Cows milk, whea, Adults 52D70%

Diets Specibc Results
recommendation

Cow®s milk, wheat, Adults 52D70%

Although topical corticosteroids are generally safe and -Wellz_foo q
tolerated, long-term administration is complicated mainly b
esophageal candidiasis in 1D3% of patief® {7). Moreover, 4,04

there have been sporadic reports of decreased cortisol Jevels

eggs, soy/legumes
Cow®s milk, wheat

CowOs milk

Children 74%
Adults and children
43%
Adults and children
44D70%

minor anthropometric growth changes, and low bone mineral
density; thus, physicians may consider periodic monitoriog f
growth, adrenal, and bone metabolisri7). When complete
remission is achieved, topical corticosteroid treatmerigti be  the therapeutic role of elimination diets. Three main dietary
administered at the minimalleective dosage to reduce thekrisf  approaches, such as the elemental, empiric, and allergy test-
potential long-term sideleects. On the other hand, a brief dgc  directed elimination diets, have been proposed with variable
of oral/systemic corticosteroid is also suggested fordiing &' cacy rates and specibc advantages and disadvanTadps )
refractory esophageal inBammatiarg]. (2, 28). Although the therapeutic choice mainly depends on
In 1995, Kelly et al. successfully demonstrated theaey clinician experience and patientOs needs, several clinpeaitsis
of the exclusive aminoacid-based formula diet in childreithw must be considered before prescribing a diet therapy, especiall
EoE 9. Since this attempt, several studies have evaluatéd children.

IgE, immunoglobulin E.
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Dl ET TH ERAPY TABLE 2 | Advantages and disadvantages of elemental diet.

What Clinicians Should Know Before Advantages Disadvantages
Presc_nblng _a DIEt_ Thera_py_ . . ¥ Rapid and complete remission ¥ Poor palatability and low
According to international guidelines, the diet approach is i, 5 weeks patient®s compliance
considered the Prst-line treatment of EOE and is &sclive ¥ Better acceptance in young ¥ The administration through NG
as medication therapy?2( 29). It is widely demonstrated that  children and toddlers or G-tube may induce feeding
foods are the primary triggers of EoE; indeed, food elimimati ¥ Relsgue Fhef;‘pllt’ or Ftimp"fafy . st fe@refs'on 0

diets (FEDs) have demonstrated complete remission of Edl, wi ~° "% :n; eor ct;?/eragC:s and insurance
higher rates:é 90%) in patients treated with elemental diet than¥ Pediatric formulas are almost ¥ Less effective in stricturing EOE

empirical FEDs and test directed diets?). However, FEDs are  nutritionally complete
challenging and are not risk-free. Patients on diet theramym ¥ Nutritional supplement
potentially develop nutritional _debciencies, e_atin_g dileos and EoE, eosinophilic esophagitis; G, gastric: NG, nasal gastric.
experience a low QoL and high psychological impacts. Before
prescribing a FED, allergists and gastroenterologists shoul
consider several clinical aspects, such as (1) diseasgiseve
and patientOs nutritional status, (2) presence of maladaptive The elemental diet is a fundamental therapeutic option,
feeding behaviors or/and food allergies, (3) family and guati especially in severe EoE cases. However, the elementakdiet i
preferences, and (4) Pnancial resourc2$).(Then, clinicians not the Prst-line approach for its limitations in most cases
should widely explain to patients and their families the(12). Elemental diet is often proposed as rescue therapy or
advantages and disadvantages of diets to choose judicipysly temporary solution in adults and adolescents with refragtor
27). Children and adults, candidates for diet therapy, shouldEoE when all other treatments alone or in combination have
also be informed of the need to undergo several endoscopic arfdiled (L2, 27). In toddlers or young children with active EoE
clinical evaluations to conbrm or assess disease remi&sidg.  complicated by failure to thrive, the elemental diet is gelgra
Patients and parents of children with EoE should know thaiconsidered a valid and useful therapeutic option with the leigth
more restrictive diet therapies (elemental and empirical FEDpatient compliance 12, 27). In severe disease or when large
may be expensive and alternative foods may be often found onlyolumes of the aminoacid-based formula are required to meet
in specialty stores3(). On the other hand, clinicians should the caloric needs and restore the good nutritional statesat
guarantee a strict follow-up with upper Gl endoscopy to evauatgastric (NG) or gastric (G) tube feeding is a temporary soluti
the remission 6D12 weeks after diet beginning and each fodd2). These interventions should be discouraged in the lonmgite
reintroduction (2, 28). Moreover, physicians should consider treatment, especially in children with feeding disorders;chese
patientsO food habits, such as eating at home/work or schahgy are often fraught with di cult solid food oral reintrodgiction
canteen, reliance on pre-prepared foods, and cultural issu#s ( and progressive feeding skills regressi@g)(In children with

At baseline, patients with active EoE are generally notultiple food triggers and subsequent high diet restricipn
malnourished 81). However, toddlers and young children elemental formulas can also be used as supplements of protein
may present growth failure and feeding issues that are not and energy necessary for adequate growth and puberty spdrt (
contraindication for an elimination diet after a comprehéres Although the elemental diet can induce a rapid disease-
assessment of the nutritional stattt?). As reported in di erent  remission in only 2 weeks, several disadvantages limit its
pediatric studies, a signibpcant proportion of children withEEo adherenceTable 2 (43). The poor palatability, highly restrictive
has other coexisting allergic diseases, including multigle-  nature, costs, and psychosocial isolation are the main reaso
mediated food allergieSE35). These patients generally are notfor treatment discontinuation and low compliancé® 17, 27).
the best candidates for FEDs, as the extensive food réstisct To remedy these issues, the elemental diet is often modibed,
may compromise patientOs compliance and negatively impact imroducing one or two less allergenic foods (generallyetables

QoL (14). or fruits) in addition to the aminoacid-based formuld 3, 27).
Moreover, elemental formulas are also available in Ravored an
Elemental Diet unf3avored formulations to address patient taste and prefasn

The elemental diet consists in removing all foods. Thusgrasi  (12). Pediatric elemental formulas are nutritionally complbte

are exclusively fed with an aminoacid-based formula for aflo not contain dietary Pber. Thus, Pber supplements (free of
least 6 weeks?2( 28, 36). The elemental diet is the most known allergens) should be prescribed in patients who develop
el ective treatment, and several studies reported high complef are more prone to constipatiorig).

remission rates in children and adults with active Edi)(

EoE patients treated with the elemental diet experienced a

signibcant reduction in their symptoms and achieved complete00d Elimination Diets

histologic remission in 90 and 94% of pediatric and adult saseEmpirical FED

respectively Table 1). Moreover, the highest"ecacy rates are In general, more foods are eliminated from the diet, morellike
primarily observed in patients with a non-stricturing phenpty  the remission is achieved at the brst endoscopy. FED is the
(27,38A41). most widely used diet treatment for EoE. The Pbrst proposed
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FIGURE 2 | Most allergenic groups of foods that trigger eosinophilic gophagitis.

FIGURE 3 | Top-down and step-up approaches: indications, advantagesand disadvantages. EGD, Esophagogastroduodenoscopy.

FED was founded on avoiding the six most common food-induces histologic remission in about 74% of children anéo70
triggers of EoE in the Western diet, such as milk, wheat, egof adults with EoE Table 1) (45). Studies assessing the @cy
soy/legumes, peanut/tree nuts, and seafood/IPglute 2) (44).  of 6-FED have been fundamental to bnd that the most common
Patients should be advised that all these foods should bidedo food triggers are cowOs milk (up to 85% of the pediatric gases)
both in fresh and backed formsl®). The 6-FED éectively followed by wheat/gluten (up to 60%), egg, and soy/legumes

Frontiers in Pediatrics | www.frontiersin.org 5 January 2022 | Volume 9 | Article 820192
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FIGURE 4 | Food reintroduction.

with geographic variations, primarily due to the!dirent food the patientOs diet, with clinical evaluations and esophageal-

cultures 37). Consequently, nuts and Psh/seafood rarely triggegastroduodenoscopy after each reintroduction, to identffg

EoE. Therefore, most of the patients who histologically veco true allergenic trigger(s)1¢, 22). Although more ¢ective, this

with 6-FED were allergic to only 1D3 foods). approach is limited by several endoscopic procedures (at least
Although 6-FED is less restrictive than the elemental dietsix), high diet restrictions, and potential nutritional delencies

it still can be challenging to avoid all the six groups of faodsthat may negatively impact patient and family compliané&, (

Several drawbacks limit the adherence to 6-FED due to thie hig22). Moreover, a more restrictive diet requires high Pnancial

level of dietary restriction and the need of frequent upper Glresources and time for buying and preparing alternative meals.

endoscopies to identify the culprit food(s)3). For these reasons, For these reasons, the top-down approach is generally indicate

6-FED is generally not considered the ideal therapeutic apgroa in adult patients with severe esophageal symptoms limiting the

in most EoE patients. Therefore, subsequent studies proposedrmal feed (i.e., swallowing issues), adequate/high bodgsm

and assessed the utility of less restrictive FEDs that smtsdf  index (BMI), and without nutritional debciencied?). Recently,

avoiding the most common food triggers. 4-FED (milk, wheatMolina-Infante et al. tested a prospectigéep-up approacto

egg, and soy/legumes-free diet) induced histologic réomss  empiric food elimination (3). The step-up approach consists

64 and 54% of children and adults, respectivély {7). In studies  of the initial elimination of one (1-FED) or two (2-FED) more

evaluating the e cacy of 4-FED, milk and wheat were the mostcommon allergenic foods (milk and wheat)3). If a complete

common triggers of EOELQ). Children and adults avoiding these remission is not achieved, diet is further restricted to &Eb

two foods (2-FED) achieved complete remission in 40 and 44%nd eventually to 6-FEDLQ). Although less kective, this dietary

of cases, respectively. The elimination of cowOs milk (1-FEBpproach leads to faster and earlier identiPcation of foagtyers

demonstrated disease-remission rates of 44D51% in pediatfone to four Gl endoscopies to identify food trigger(s)] than

patients 7). In a recent systematic review with meta-analysisthe top-down approach, avoiding unnecessary diet restrigtion

the overall & cacy of a milk-free diet was about 70%b). (12,13 27). A step-up approach is generally preferred in children
There are two strategies for avoiding foods in FED withand adolescents with mild-moderate Gl symptoms, a diet rich in

di! erent indications, strengths, and weaknes$égue 3 (12, milk and wheat, and signs of impaired growth or BMiigure 3).

27). FED can be managed withtap-down approachemoving

milk, wheat, egg, soy/legumes, peanut/tree nuts, and sefsb ~ Allergy-Test Directed Elimination Diet

(6-FED) simultaneously. If disease-remission is achigwets EOE is a T2 immune-mediated disease, where IgEs do not

eos/HPF), the avoided foods can be sequentially added tRve a specibc pathogenetic role. Based on the results of skin
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FIGURE 5 | Factors that may negatively impact the nutritional statusfgatients with eosinophilic esophagitis.

prick tests and atopy patch tests, Spergel et al. reported thahould start from the less allergenic foods (fruits and v&igles)
about 75% of children achieved a signibcant improvement ito the most common food triggers5g). In patients treated
EoE symptoms and esophageal inBammatidg).( However, with elemental diet or 6-FED, Cianferoni et al. recommended
subsequent studies found that atopy patch tests, skin prickeintroducing the high-risk foods (milk, wheat, soy, and&gg)
tests, food-specibc serum IgEs did not reliably predict foodne at a time, whereas medium-risk foods (legumes, seafood,
triggers and did not have a clear role in evaluating patientsiuts) may be re-administered at one time, and low-risk foods
with EoE @9, 50). Moreover, a meta-analysis revealed that thigfruit and vegetables) may be reintroduced in groups every 5b
diet approach induces histologic remission in 45.5% of pasient7 days Figure 4) (12, 52). If symptoms do not recur after
and € cacy rates were signibcantly lower in adults than irreintroducing 4b5 new foods from one group, endoscopy is
children (45). According to this evidence, current American performed 1D2 months late6%). On the contrary, if patients
and European guidelines do not recommend allergy test-basdgecome symptomatic or relapse after reintroducing a specibc
dietary elimination therapies?( 28, 51). food, that food is dePnitively excluded from the digg).
If EOE children achieve complete disease remission on a free-
milk diet (1-FED), cowOs milk and milk-containing products

HOW TO MANAGE FOOD (included all mammalian milk and partially and extensively
REINTRODUCTION AND LONG-TERM hydrolyzed formulas) should be removed from the diet. Hoarev
TREATMENT? it is reported that some patients can tolerate baked milk

products that may be tried in the diet followed by an upper Gl
When a FED (empirical food elimination or elemental diet) isendoscopy. Notably, children sensitized (positive food-sgecip
implemented, the Gl endoscopy should be performed after 6D18Es or skin test) to previously tolerated foods removed from
weeks to assess the histologic remissihB (). Once clinicaland the diet because of EoE triggers, should be referred to a
histologic remission is achieved, a single food or food griau pediatric allergist before the reintroduction at hom&2). As
gradually reintroduced based on the specibc diet approach. Tladready reported in patients with atopic dermatitis, children
endoscopy should be made after 4b6 weeks each reintroductiauith EOE may develop IgE-mediated immediate hypersensitivit
to conbrm or exclude disease remission and before proceeding food previously identiped as the causative agent for
to other food reintroduction 2, 28 43). Food reintroduction EOE £3,54).
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TABLE 3 | Nutritional assessment [Adapted from Cianferoni et al1p)].

Nutritional
assessment

Parameters

Health care
specialist

Clinical history

Anthropometric data

Patient diet and
feeding habits

Identibcation of
feeding issues

Identibcation of eating
disorders, behavioral
issues, and
neurological diseases

Coexisting allergic
and non-allergic
comorbidities

Biochemical
assessment

Compliance to
therapy

Symptom onset

Food-related symptoms
Extraesophageal manifestations
and comorbidities

Weight
Height
BMI

Breakfast, lunch, snacks, dinner
(food diary)
Food variety

Description of a typical meal;
food and texture preferences.
Swallowing issues

Delayed onset of oral-motor skills

Unmotivated weight loss
Nervous anorexia

Anxiety

Depression

Fear of eating in public
Fear of food impaction
Autism spectrum disorders

Gastroesophageal rel3ux
diseases

Coeliac disease

InBammatory bowel diseases
Esophageal atresia

IgE and non-IgE mediated food
allergies

Food intolerances

Atopic dermatitis

Complete blood count

Iron status (serum ferritin, iron,
total iron-binding capacity,
hemoglobin)

Bone metabolism (calcium,
phosphate, vitamin D, alkaline
phosphatase)*

Micronutrient debciency (folate,
vitamin B12, zinc, selenium,
electrolytes)

Macronutrient dePciency
(albumin, prealbumin, total
protein, blood urea

nitrogen, creatinine)

Follow-up EGD with biopsies
Clinical scores

Gastroenterologist
Allergist
Pediatrician

Gastroenterologist
Allergist
Pediatrician
Nutritionist

Nutritionist

Nutritionist

Psychologist

Gastroenterologist
Allergist
Pediatrician

Gastroenterologist
Allergist
Pediatrician
Nutritionist

Gastroenterologist
Allergist
Pediatrician

“No current guidelines exist on DEXA use in patients on a milk-free diet or tepl steroid

therapy (12).

BMI, body mass index; EGD, esophageal-gastroduodenoscopy; IgE, immunoglobulin E.

Due to its chronic/remittent nature, EOE requires lifelong
therapy @, 28). Patients following a dietary regimen should be
widely informed of the need for repeated follow-up endoscsepie
Food reintroduction in patients treated with a 6-FED require
at least six endoscopies and several months to identify the
culprit food(s). In children exclusively fed with the aminadc
based formula, the food-reintroduction process is even é&ng
and loaded by several endoscopies. Once the culprit food(s) is
identibed, the long-term diet therapy is only based on excelgi
avoiding the food(s) responsible for esophageal inBammation
(59. In adults, the strict avoidance of trigger food(s) mainsi
a complete remission (clinical and histologic remission) for
up to 3 years 43, 56). Notably, the prolonged elimination
of a food or a group of trigger foods might induce potential
nutritional debciency.

NUTRITIONAL CONSIDERATIONS AND
PATIENT EDUCATION

Several factors may negatively impact the nutritional stait
patients with EoERigure 5).

Firstly, children with EOE generally present symptoms that
may limit the adequate nutritional intake, such as recutren
vomiting and regurgitation, abdominal pain, lack of appetitsy
volume and/or poor variety food intake, grazing, and spitting
food out (31). Patients with chronic esophageal infammation
develop compensative feeding habits (i.e., drinking a lotrdy
meals, eating slowly, chewing carefully, cutting food isioall
pieces, lubricating foods with sauces or liquids), or av@idiome
foods (meat, crusty bread, pills)@. Moreover, young children
fed for a long time with liquid formula do not engage masticatory
muscles and are at increased risk of delayed onset of oratimot
skills (657).

Secondly, EoE is often delayed or misdiagnosed. It is
reported that diagnostic delay mainly occurs in the Prst
two decades of life and is more likely associated with
tissue remodeling complications, such as esophageal rings and
strictures, and further prolong the GI symptoms and feeding
discomfort 68, 59).

Although occurring in pediatric patients, esophageal strietur
generally complicate the disease course in adulthood since
esophageal Pbrosis becomes an irreversible process more
challenging to treat with available therapieS8) Patients
with previous food impaction episodes may have a high risk
of developing anxiety and eating disorders, compromising
the adequate nutrient intakel{, 60). Therefore, chronic Gl
symptoms, compensative feeding habits, eating disorders rhay al
complicate the nutritional status of EoOE patients, especialhgeijt
are children.

A signibcant group!( 20%) of adults and children treated with ~ Thirdly, the coexistence of multiple (IgE and non-IgE
an elimination diet do not respond to the dietary approach, evemrmediated) food allergies might be a further reason for failu
after mostly eaten trigger foods are removed, oramoreicste  to thrive and undernutrition. On the other hand, long-
6-FED is implemented. In these cases, after assessing teat@sti term restrictive FEDs may compromise adequate micronutrient
compliance, combination therapy with FED PPI is generally intake, although they do not appear to worsen child growth or
recommended, or clinicians may add a topical corticostesmid BMI (31, 61). For these reasons, in children treated with 1- or
gradually expand the diet, reintroducing foods?. 2-FED, regular clinical follow-up is recommended to idéti
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TABLE 4 | Nutritional dePciencies associated with food eliminatioma appropriate substitutions [Adapted from Bashaw et al.§6)].

Milk Wheat Egg Soy Nuts Fish/shellbsh
Macronutrient
Protein X X X X X
Fat X X X X X
Fiber X X
Micronutrient
Calcium X X
Vitamin D X X X
Iron X X X
Zinc X X X X
Copper X X
Selenium X X X X
Vitamin A X X
B1NThiamin X X
B2NRiboRavin X X X
B3NNiacin X X X
B5NPantothenic acid X X
B6NPyridoxine X X
B7KBiotin X X
B9NFolate X X X
B12NCobalamin X X X
lodine X X

Substitutions

Meats, legumes,
whole grains, nuts,
fortibed foods, and
beverages

Fortiped foods, fruits,
vegetables, other
grains (barley, oat,
rice, corn, rye, millet,
teff, quinoa,
buckwheat,
amaranth)

Meats, legumes,
whole grains
(gluten-free)

Meats, other
legumes, fortibed
beverages

Meats, seeds,
legumes

Meats, legumes,
seeds, fortibed
beverages

early potential nutritional debciency and growth impairmentD debciency due to the intrinsic nature of the esophageal
inBammation, long-term treatment with topical corticostéis,
Finally, the low compliance to therapy is the main reason foand FED @1). Iron debciency anemia may be a consequence

(Table 3.

therapeutic failure and persistent active inRammatiam)
Nutritionists have a crucial role in evaluating nutritiorstatus

of selective diets. The fear of new food impaction episodes
leads patients to voluntarily remove the culprit food (espkcia

(Table 3. A nutritionist should meticulously evaluate the diet steak). If failure to thrive or nutritional debciencies are

of patients (i.e., veggie or lactose-free diets) to deteeniive

suspected, biochemical tests (i.e., bone and iron metabolism,

degree of exposure to high-risk groups of foods and the potentimerum albumin, and prealbumin) should be performed. When

nutritional and psychological'ects of their elimination§?2, 63).

a micro- or macronutrient debciency is conbrmed, nutritadn

Before beginning a diet therapy and during the follow-up period supplements should be promptly providethple 4 (66).
clinicians should periodically assess the nutritional istaof
patients and rule out the potential nutritional debciency.efh  Clinicians should carefully inform patients and their famdie

clinical (symptoms, comorbidities, feeding habits/disers) and

Another critical point concerns the patientOs education.

regarding what they can eat and provide the appropriate (written

anthropometric data should be collected and carefully evathia or online) resources for additional informatiori®). Moreover,
patients should also be advised on the risk of potential adierg

to address the best therapeutic choice.

EoE may appear with failure to thrive, one of the mostcontaminations. According to the specibc European legisiatio

described complications in young childred4 65). Moreover,

(https:/lwww.mise.gov.it/index.php/it/impresa/competita-e-

the risk of nutritional debciency and impaired growth alsonuove-imprese/industria-alimentare/etichettaturaradintare),
increases with the restrictive nature of the diet and the bem clinicians should provide information on packaged foods and
of removed foods. Vitamin D debciency is widespread ireducate patients and families to read and correctly interfiret
Western Countries and is frequently found in patients withlabels of food products. European law established that major

chronic inBammatory diseases, including allergic disosd@l).

food allergens must be declared and reported in the labels of

Although published studies are often conficting, patientthwi packaged food or available to consumers for non-packaged foods
EoE are at high risk of impaired bone metabolism and vitamin(catering, fresh and cooked foods). Ingredients may change
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over time, and labels of regularly consumed food should e re Notably, children with severe disease, multiple food allergie
each time {2). Fourteen signibcant allergens must be identibedion-allergic comorbidities (such as esophageal atresiarmtigpe
and reported in labels: cereals containing gluten (wheat, ry disorders) or treated with elimination diets (elementak@i or
barley, oats, spelled, and Kamut), crustaceans, eggs, lslitpe empirical FEDs) require a regular pediatric evaluation ofithe
soy, milk (including lactose), nuts (almonds, Brazil nuts,growth and nutritional status. Finally, psychological sugpor
cashews, hazelnuts, macadamia, pecan nuts, pistachio ndts, ahould be provided when behavioral, mood diseases, or eating
walnuts), celery, mustard, sesame, sulbtes, lupin, and sksllu disorders are suspected.
(https:/lwww.mise.gov.it/index.php/it/impresa/competita-e-

nuove-imprese/industria-alimentare/etichettaturanadintare). CONCLUSION

The precautionary allergen labeling (Omay containO) is not

mandatory for European lawl@). However, the risk of allergen EoE is an emerging chronic allergic disease with a relevant
cross-contamination and trace exposure for foods reportingmpact on the health care system and patients® QoL. Although
this warning is variable and still not established in EoEthe pathogenesis is not entirely understood, EoE is a T2
patients (L2). inBammatory disease mainly triggered by food allergens.
Diet therapy and medications are both Prst-line treatments.
The choice of one or the other therapy depends on the
disease phenotypes (allergic vs. non-allergic, inBammatory
vs. bbro-stenotic), patientOs age (adult vs. childhood-
onset), food habits, patient/family preference, and familia
Pnancial resource. Diet therapy is a successful treatment
The chronic nature of EOE, comorbidities, long-term restiie ~ but limited by low patient adherence, the need for several
therapies and strict endoscopic follow-up are the main sfutss endoscopies, food restriction, psychosocial impacts, and
factors for patients and their families1]). Therefore, it potential nutritional depbciency. All these limitations ddiube

is evident that EoE signibcantly impacts the QoL of botte! ectively overcome with multidisciplinary and personalized
pediatric and adult patients1(). The complexity and the management. Considering the clinical heterogeneity of EoE,
clinical heterogeneity of this emerging chronic diseaseplies future € orts should be addressed to personalize treatments.
the need for a multidisciplinary approach, including alletgis Multidisciplinary management, a personalized approach, and
pediatrician, gastroenterologist, nutritionist, and psgldgist proactive education on the importance of treatments and ragul
to manage these patientable 9 (31). In high specialized endoscopic follow-up may be the keys to a more successful
Centers, all these specialists should be present during ttieen therapeutic strategy.

course of the disease and guarantee the transition from the

pediatric to the adult setting. Allergists should identifther AUTHOR CONTRIBUTIONS

coexisting atopic comorbidities (eczema, allergic rhinidisthma,

food/drug allergy, and anaphylaxis) and provide adequatdV reviewed the literature and wrote the manuscript. MDF
treatment if symptoms are not controlled. Allergy assessmeneviewed the literature and the manuscript. AL, GLM, ADS,
is also fundamental to prevent potential IgE-mediated reasti MVL, and CMR revised the manuscript critically for important
when foods (especially milk) are reintroduced. Strict dadiand intellectual content. All authors approved the Pnal versidn o
endoscopic follow-up is required to evaluate patient complgnc the manuscript and agreed to be accountable for all aspects of
long-term treatment side!eects, and assess disease remnissi the work.
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Abstract: Eosinophilic esophagitis (EoE) is an emerging atopic disease of unknown etiology limited to
the esophagus. The pathogenesis is still understood and is likely characterized by type 2 in ammation.
Food allergens are the primary triggers of EoE that stimulate in ammatory cells through an impaired
esophageal barrier. In children and adolescents, clinical presentation varies with age and mainly
includes food refusal, recurrent vomiting, failure to thrive, abdominal/epigastric pain, dysphagia,
and food impaction. Upper-gastrointestinal endoscopy is the gold standard for diagnosing and
monitoring EoOE. EoE therapy aims to achieve clinical, endoscopic, and histological (“deep”) remission;
prevent esophageal brosis; and improve quality of life. In pediatrics, the cornerstones of therapy are
proton pump inhibitors, topical steroids (swallowed uticasone and viscous budesonide), and food
elimination diets. In recent years, much progress has been made in understanding EOE pathogenesis,
characterizing the clinical and molecular heterogeneity, and identifying new therapeutic approaches.
Notably, clinical, molecular, endoscopic, and histological features re ect and in uence the evolution
of in ammation over time and the response to currently available treatments. Therefore, different
EoE phenotypes and endotypes have recently been recognized. Dupilumab recently was approved
by FDA and EMA as the rst biological therapy for adolescents (12 years) and adults with active
EoE, but other biologics are still under consideration. Due to its chronic course, EOE management
requires long-term therapy, a multidisciplinary approach, and regular follow-ups.

Keywords: adolescents; allergy; children; eosinophilic esophagitis; food elimination diet; proton
pump inhibitor; quality of life; topical steroids

1. Introduction

Eosinophilic esophagitis (EoE) is a chronic/remittent, antigen-mediated disease in-
volving the esophagus [ 1]. The rst case of EOE was described in 1978 by Landres et al. and
was considered an esophageal motility disorder [ 2]. Subsequently, esophageal eosinophilia
was considered a feature of gastroesophageal re ux disease (GERD) [3]. EoE was only
recognized as a distinct clinical entity by Attwood and Straumann in the early 1990s [ 4,5].
Since then, several efforts and progress have been made to understand the pathophysiology
and natural history of this clinically heterogeneous disease, which signi cantly impacts
patients' quality of life and health care systems.
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2. Epidemiology

EoE has evolved from a rare to a frequent upper gastrointestinal tract disease com-
monly encountered in pediatric clinical practice [ 6]. The global prevalence of EOE is
0.5-1 cases/1000 persons{]. In children, the pooled incidence of EoE is 6.6 cases/100,000
persons each year, whereas the overall prevalence is 34 cases/100,000 childrend]. In the
Netherlands, the incidence rates increased from 0.01/100,000 (95% CI: 0.0-0.04) in 1995 to
3.16/100,000 (95% CI: 2.90-3.44) in 2019T. The prevalence of pediatric EOE varies from
2.3/100,000 in Denmark to 90.7/100,000 in Ohio [6].

In recent years, several studies have reported a relevant increase in EOE epidemiology,
especially in children living in developed countries [ 8-15]. This phenomenon occurred
parallelly with the dramatic increase in the prevalence of allergic disorders observed
over the last few decades [16,17]. Economic development combined with high welfare
status, the wide distribution of food resources, and improvements in hygienic conditions
may potentially contribute to EoE pathogenesis, which is multifactorial. Although some
genetic polymorphisms are known to increase the risk of EoE, environmental factors,
including a diet rich in modi ed and enriched foods, are probably the most crucial players in
disease development [6,18].

3. Pathogenesis

EoE is a multifactorial disease in which genes and environment are pathogenetic
factors [18]. Their intricate interaction alters the esophageal epithelial barrier, allowing
abnormal exposure to allergens (primarily foods) and other luminal components [ 19].
The impaired barrier leads to the local release of alarmins, including the thymic stromal
lymphopoietin (TSLP) and interleukin (IL)-33, which drive the differentiation of T helper
2 (Th2) effector cells and the consequent production of Th2 cytokines (IL-4, IL-5, IL-9,
and IL-13) and eosinophil recruitment [ 20,21]. IgEs, crucial in several atopic diseases, do
not have a primary role in EOE pathogenesis [18]. The in ammatory milieu in children
with active EoE is also characterized by increased angiogenesis, which was demonstrated
through evidence of high levels of angiogenic factors, including vascular endothelial growth
factor (VEGF), vascular adhesion molecule-1 (VCAM-1), angiogenin, and IL-8 [ 21].

The role of genetics in EOE pathogenesis was suggested owing to clinical evidence,
which has showed that EoE prevalence varies among sex (male: female ratio = 3:1) and
ethnicity (EoE is more common in White than Black or Hispanic children) [ 22,23]. More-
over, having a rst-degree family member with EOE is a known risk factor (OR 16.3;
95% ClI, 9.4-28.3), which is markedly higher in monozygotic than in dizygotic twins
(41% vs. 22%) P4,25]. Despite this evidence, twin studies report a low disease concordance,
highlighting the crucial role of environmental factors. The effect of genetics seems to occur
in conjunction with environmental factors, including early-life exposures [ 18]. Early life is
a critical period in which the developing immune system and gut microbiota mature and
become susceptible to environmental exposures [18]. A few studies have focused on the
role of early-life exposures [ 26-30]. Formula feeding, neonatal intensive care admission,
prematurity, maternal fever, early antibiotic or acid suppressant use, and cesarean delivery
were all considered putative early risk factors of EoE [ 18].

Genome-wide association (GWA) studies allowed the identi cation of different ge-
netic loci involved in the expression of Th2 in ammatory cytokines and the regulation
and functioning of esophageal epithelial barrier proteins [ 31-34]. Desmosomes, tight and
adherence junctions, laggrin, and desmoglein-1 ensure esophageal barrier integrity. Ge-
netic variations in these genes have been reported in EoE patients [35]. The most potent
association concerns the expression of dysregulated calpain 14 (CAPN14), an enzyme
exclusively expressed in the esophagus and involved in barrier regulation via the IL-13
pathway [ 31-33]. Other polymorphisms were detected in EoOE patients and are mainly
related to the Th2 immune response, eosinophil chemotaxis, and cell adhesion [31,36-38].
GWA studies have also identi ed other genetic locilikely contributing to EoE development,
including TSLP, EMSY, LRRC32, STAT6, and ANKRD27 [18,31]. These genetic loci are
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mainly involved in T helper 2 in ammation and epithelial barrier function and integrity.
Interestingly, EOE may complicate the course of different monogenic, inherited diseases.
Connective tissue disorders, including Marfan syndrome and Ehlers-Danlos syndromes,
share a common pathogenic mechanism through the dysregulation of the TGF- b signaling.
Children with autosomal dominant hyper-IgE syndrome (HIES) and Netherton syndrome
have a high risk of EOE development [ 39,40)].

Despite the progress achieved so far, a complete understanding of the molecular
pattern will help to further classify patients into endotypes de ned by a speci ¢ pathophys-
iologic disease mechanism and to personalize treatments. In this context, using a machine
learning approach, Shoda et al. analyzed patients' histological, endoscopic, and molecular
features with EoE, identifying three endotypes. The EoEel endotype was recognized in
35% of enrolled patients and was mainly signed by minimal eosinophilic in ammation and
responsiveness to topical steroids. The EoEe2 endotype affected 29% of patients, showing
prevalent Th2 in ammation, pediatric onset, and low steroid response. The third endotype
(EoEe3) was reported in 36% of patients, characterized by adult-onset and strictures [41].
Identifying these endotypes has important clinical implications because they re ect the
response to currently available treatments. Indeed, patients with the EoEel endotype may
be treated with FED and topical steroids, while children with the EoEe2 endotype may
bene t from anti-Th2 immune agents (i.e., dupilumab) [ 42]. The available therapeutic tools
for patients with the EoEe3 endotype and strictures are limited; hence, esophageal dilations
are the only therapy for esophageal strictures [42].

4. Diagnosis

EoE is characterized by symptoms of esophageal dysfunction and 15 eosinophils
per high power eld (eos/HPF) in endoscopically obtained biopsies [ 43]. In patients
with esophageal eosinophilia, other causes of esophageal eosinophilia should always
be ruled out, particularly GERD, coeliac disease, Crohn's disease, achalasia, HIES, and
drug hypersensitivity. Pediatricians should diagnose EoE based on a combination of
symptoms and histological and endoscopic ndings, as no single feature is suf cient to
establish a de nitive diagnosis. Therefore, the essential diagnostic instruments are (1) a
detailed medical history, (2) a correct evaluation of endoscopic features, and (3) an accurate
histological examination. Upper-gastrointestinal (GI) endoscopy is currently the gold
standard for diagnosing and monitoring EOE [ 43]. Therefore, there is a critical need for
noninvasive tools and biomarkers to replace such invasive—but essential—instruments.
Despite several efforts to identify potential noninvasive biomarkers, none were included in
the guidelines [44,45].

Another critical point is that EOE is often delayed or misdiagnosed, especially in the
rst two decades of life [ 46]. A longer diagnostic time in children signi cantly impairs
growth and is associated with esophageal tissue remodeling and subepithelial brosis,
which appear with esophageal rings and strictures [ 47].

4.1. Clinical Features and Heterogeneity of EoE

It has been widely reported that EOE symptoms vary with age [ 1]. In infants and
toddlers, the symptoms of esophageal dysfunction generally appear as feeding dif culties,
food refusal, recurrent vomiting, or regurgitation. Older children often report abdominal
or epigastric pain and refractory gastroesophageal re ux. Adolescents and adults report
dysphagia ( rst for solid foods, then for liquids) and food impaction episodes [ 1]. Atypical
symptoms have also been reported in EOE patients, such as a recurrent cough in children
and heartburn and/or chest pain (including exercise-induced chest pain) in adolescents
and adults. Children and adolescents can also develop compensative feeding habits, such
as eating slowly, chewing carefully, drinking a lot during meals, cutting food into small
pieces, lubricating foods with liquids, and avoiding some foods (meat, bread, and pills) [ 47].
Adolescents and older children can be worried about eating in public places and thus
may develop anxiety disorders. Failure to thrive is a potential complication observed in
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EoE children due to selective feeding, food refusal, recurrent vomiting, or the occurrence
of eating disorders. EoE should be generally suspected in children with gastrointestinal
symptoms (re ux, abdominal pain, vomiting) not responsive to conventional therapies,
especially if these are related to changes in eating behavior or disorders. Suspicious
symptoms or conditions that may help to suspect EoE are summarized in Table 1.

Table 1. Suspicious symptoms of EOE in children.

Infants and Young Children Older Children Adolescents

Regurgitation that does not recover with
formula thickening, splitting of feedings, or

acid suppressants.

GERD:-like symptoms that do not recover GERD-like symptoms that do not
with acid suppressants. recover with acid suppressants.

Young children who prefer creamy or Children with selective feeding
smoothed foods, soups, or liquids and avoid  (avoiding more solid foods like meat

solid meals.

Dysphagia for solids, then

and crusty bread). for liquids

Toddlers with speech delay

Children who drink a lot during meals to

help food bolusprogression. Food impaction episodes

Young children with failure to thrive not

related to more common diseases (food Children who eat slowly compared to their
allergy, celiac disease, recurrent infections, or  siblings or friends.

other chronic conditions)

Eating disorders

Non-surgical causes of recurrent vomiting responsive to conventional therapies for

Epigastric/abdominal pain that is not Selective feeding, avoidance of solid

functional gastrointestinal disorders. food or pills

Non-neurological dysphagia

Anxiety about eating in

Episodes of food impaction public places

Recurrent cough/wheezing

Adolescents eat slowly compared to

Non-neurological dysphagia for solid food their siblings or friends.

Gagging or coughing with feeding FIRE symptoms FIRE symptoms

Recurrent cough Heartburn or chest pain episodes

FIRE, food-induced immediate response of the esophagus; GERD, gastroesophageal re ux disease.

Notably, clinical, endoscopic, and histological features re ect and in uence the evolu-
tion of in ammation over time and the response to currently available treatments. Therefore,
different EoE phenotypes have been recognized so far [47]. The “in ammatory” pheno-
type is typically observed in childhood and is characterized by the endoscopic nding of
edema, erythema, linear furrowing, and prevalent eosinophilic in Itration found through
histology [ 47-50] (Figure 1). The “ bro-stenotic” phenotype affects adults, who typically
experience dysphagia and food impaction episodes [47-50]. This phenotype is de ned
by xed esophageal rings and/or strictures found through endoscopy and results from
tissue-remodeling phenomena [47-50] (Figure 1). While food elimination diets (FED) and
medical therapies may revert esophageal brosis in children, this remodeling process may
persist despite the resolution of esophageal in ammation in adults [ 51].

Several studies have shown that patients with EoE have concomitant allergic co-
morbidities, such as allergic rhinitis, asthma, atopic dermatitis, and IgE-mediated food
allergy [ 36]. The prevalence of asthma reaches 60% of prevalence in pediatric series$2].
The prevalence of IgE-mediated food allergy varies from 25% to nearly 70% [ 53,54]. Eczema
was also signi cantly more frequent in EoE patients than in controls [ 53,54]. These ndings
have led many researchers to consider EoE the nal step of the atopic march [ 55]. Con-
versely, several non-atopic comorbidities are associated with EoE, including in ammatory
bowel diseases, connective tissue disorders, autism and attention de cit hyperactivity
disorders, esophageal atresia, celiac disease, and the monogenic disorders previously re-
ported [ 52,56,57]. Eosinophilic gastrointestinal disorders, particularly EOE, have been found
in different inborn errors of immunity, including common variable immunode ciency and
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HIES [58]. Using a cluster analysis approach, Votto et al. identi ed and explored the clini-
cal heterogeneity of eosinophilic gastrointestinal disorders (EGIDs), nding two clinical

phenotypes of pediatric EOE. Cluster 1 was mainly composed of patients with allergic
comorbidities (allergic rhinitis was the prevalent disease), high levels of total serum IgE,
and blood peripheral eosinophils. Conversely, Cluster 3 consisted of non-allergic children
with a history of neonatal intensive care admission, probably related to the high frequency
of congenital malformations observed in this subgroup (such as esophageal atresia) [59].

Figure 1. Features of the in ammatory and bro-stenotic phenotypes.

Recently, Biedermann and colleagues identi ed and described in adult EoE patients
a new clinical syndrome called “food-induced immediate response of the esophagus” or
FIRE [60]. FIRE symptoms are highly pronounced, unpleasant, and even painful and
are strictly linked to the contact of a speci ¢ food trigger with the esophagus, usually
appearing a few minutes (<5 min) after ingestion. Symptoms have a limited duration and
generally resolve in less than 30 min. The primary identi ed triggers are fruits, vegetables,
and drinks. FIRE might be compared to the pollen food allergy syndrome (PFAS) of
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the esophagus [60,61]. FIRE has been described in only one pediatric case p2]. The
prevalence of FIRE in children may be underestimated because symptoms are challenging
to distinguish from EoE, PFAS, and GERD [62].

4.2. Endoscopic and Histological Features

Upper-Gl endoscopy is the gold standard for EOE diagnosis. In children, esophageal-
gastro-duodenoscopy (EGD) is always performed in a hospital setting and with
general anesthesia.

Several endoscopic ndings can be recognized in children and adolescents. A graded
endoscopic score system has recently been developed to standardize endoscopic nd-
ings [63]. The endoscopic reference score (EREFS) is a sum and scoring of the ve most
prominent endoscopic features of EoE:

Edema (E), i.e., the loss of vascular markings (present 1, absent 0);

Rings (R) or esophageal trachealization (none 0, mild 1, moderate 2, severe 3);
Exudates (E) or white plaques (none 0, mild 1, severe 2);

Furrows (F) or vertical lines (none 0, mild 1, severe 2);

Strictures (S) (present 1, absent 0).

Edema, exudates, and furrows are considered in ammatory components, whereas
rings and strictures re ect brotic components. An EREFS score of less than two corre-
sponds to endoscopic remission.

Due to the need for repetitive endoscopic evaluations with multiple biopsies and
the consequential high costs and psychological burden, minimally invasive methods to
diagnose and monitor EOE have recently been proposed. Unsedated transnasal endoscopy
was applied in clinical trials; it resulted in a feasible, safe, and cost-effective procedure
for children, providing direct visualization of the esophagus and correct acquisition of
biopsy samples [64]. Other, less invasive instruments are being validated in pediatric
EoE monitoring, such as Cytosponge and endoFLIP to assess mucosal in ammation and
esophageal stiffness and motility, respectively.

Unlike other Gl tracts, the normal esophagus is entirely devoid of eosinophils. Histo-
logically, 15 eosinophils in one HPF are necessary for de ning EOE and active disease [43].
Other histological ndings have been observed in eosinophilic esophagitis, such as spon-
giosis (dilation of intercellular spaces), increased mast cell and lymphocyte numbers, basal
zone hyperplasia, and papillary elongation [ 65]. Recently, Collins et al. developed a his-
tological scoring system (EoE-HSS) that analyzes several histologic features: eosinophil
density and abscess, basal zone hyperplasia, eosinophil surface layering, dilated intercel-
lular spaces, surface epithelial alteration, dyskeratotic epithelial cells, and lamina propria
brosis [ 65]. Although EoE-HSS allows the complete evaluation of all mucosal in amma-
tory components, its diffusion and application in general and pediatric clinical practice is
still limited.

5. Therapy

EoE treatment aims to control symptoms and esophageal in ammation and prevent
complications. Current therapeutic options can be distinguished into three categories
de ned by three Ds: drugs (medical therapy), diet (the elimination of trigger foods),
and esophageal dilation [1]. The only currently approved treatment options for EOE are
budesonide effervescent tablets, approved for use by adults in most European countries,
and dupilumab, approved by the FDA and EMA for patients 12 years old [66]. Therefore,
treatments routinely used in pediatric clinical practice, like proton pump inhibitors (PPIs)
or topical corticosteroids, are not approved for EOE and are prescribed off-label. Choosing
the best treatment is not always straightforward and depends on disease-related aspects
(severity, the presence of stenosis and comorbidities, nutritional status) but primarily on
patient-related factors (the presence of eating and/or mood disorders, nancial resources,
motivation, lifestyle) (Figure 2).
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Figure 2. Proposed algorithm for EOE management in children. AAF: aminoacidic based formula;
ADHD: attention de cit hyperactivity disorder; ATP: atopy patch test; BMI: body mass index; EGD:
esophagogastroduodenoscopy FED: food elimination diet; HPF: high power eld; PPI: proton pump
inhibitor; SPT: skin prick test.

5.1. Pharmacological Therapy
5.1.1. Topical Corticosteroids

Topical corticosteroids are effective in inducing EoE remission. Oral steroids can
clinically and histologically treat EOE. However, they have signi cant and well-known
side effects if used in the long term. Given the chronicity of EOE, long-term treatment
with oral or systemic steroids is not recommended [ 43]. Meta-analyses of topical corti-
costeroids demonstrated the superiority of swallowed uticasone or viscous budesonide
compared to a placebo in resolving esophageal eosinophilia, endoscopic ndings, and Gl
symptoms [67-69]. Moreover, some evidence has shown that oral budesonide can reverse
esophageal brosis [70]. Despite regular therapy, the increase in esophageal eosinophil
counts has also been described in steroid-refractory or -resistant cases [1,72].

There are many unresolved questions about the chronic use of topical steroids. There
is no consensus regarding dosage, formulation, frequency, or how to obtain remission using
the minimal dose. Long-term side effects are the primary concern, although they have
been widely evaluated. Indeed, no studies have been conducted regarding bone health,
growth, or adrenal function in children treated with swallowed steroids for longer than
one year [73]. The most common side effect of topical steroids is oral and esophageal
candidiasis [ 74]. Thus, further studies are necessary to understand the potential systemic
side effects of these therapies in children.

Topical corticosteroids are typically administered once or twice daily, and dosing
depends on age and disease severity (Tablel). Patients should spray uticasone without a
spacer in the back of their mouth and swallow the dose. No eating or drinking is allowed
30 min after administering the medication [ 73].

5.1.2. Proton Pump Inhibitors

The response rates to PPI therapy can vary widely from 30% to 70% [43]. In a meta-
analysis of 32 studies on PPI treatment, 50.5% of patients achieved histologic remission [75].
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The dosages that are effective in EOE treatment are 1-2 mg/kg in children and 40 mg of
omeprazole (or equivalent dosages for other PPIs) once or twice daily in adults (Table 2).
The mechanism of action of PPIs in EoE is still unclear. PPIs are well-established inhibitors
of H+/K+-ATPase expressed by the gastric parietal cells. Thanks to their pharmacological
effect, PPl reduces acidic injury to the esophagus and restores epithelial damage. PPIs also
show anti-in ammatory properties, directly inhibiting epithelial STAT6, a key transcrip-
tion factor for the secretion of pro-in ammatory Th-2 chemokines and cytokines [ 76,77].
Although the occurrence of PPI use in childhood is higher than that of topical steroids, the
possible long-term effects of these medications have not been evaluated in EOE patients.
Potential adverse effects (increased risk of fractures, intestinal dysbiosis, or de ciencies in

certain micronutrients) should be considered during follow-up.

Table 2. Pharmacological therapy of EoE in children and adolescents.

Proton Pump
Inhibitors (PPIs)

Dupilumab

Dose

Children:

1 mg/kg/day.
Adolescents:
20-40 mg/day.

Slurry Budesonide Swa_lllowed
Fluticasone
<10 years: 440 mcg
<10 years: 1 mg/day. twice daily.
>10 years: 2 mg/day. >10 years: 880 mcg
twice daily.

>12 years (weight > 40 kg):
300 mg/weekly.

Speci ¢ instructions

Twice daily.
30 min before meals.

Mixed with sucralose (5 g of
sucralose), honey, or 2.5 mL
aminoacidic formula per mg of
budesonide to make a total
volume of 8-12 mL.

Do not use the spacer.
Do not inhale.

Pre- lled syringe or pre- lled pen
for home administration.

General
considerations

Initial treatment of
8-12 weeks.
Effective in 54% of
children.

Second dose administered at bedtime.
Avoid eating/drinking 30 min after use.
Safe and well tolerated.

Before beginning:

- exclude parasitic
(helminth) infection;

- assess the vaccination status
(patients should not receive a
live vaccine right before or
during treatment);

- exclude pregnant status.

Long-term
maintenance therapy

PPIs are generally safe.
The response is
sustained in

in ammatory

phenotype (70%).

Esophageal candidiasis 4-5%.

Consider periodic monitoring for adrenal insuf ciency,
bone metabolism, and growth.

The strategy is to decrease the dose to the lowest
adequate level.

Limited data on optimal dosage and side effects of
long-term use

No long-term data.

The most common side effects
include injection site reactions,
upper respiratory tract infections,
cold sores in the mouth or on lips,
and joint pain (arthralgia).

PPI, proton pump inhibitor.

5.1.3. Biologic Therapies

The increasing knowledge of EOE pathogenesis has allowed several therapeutic targets
to be identi ed and tested. The humanized antibodies against IL-5, such as mepolizumab
and reslizumab, were tested in three controlled trials in children and adults with active
EoE, demonstrating reduced tissue eosinophilia and a favorable safety pro le. Unfortu-
nately, clinical improvement was minimal [ 78-80]. A phase Il trial using benralizumab, a
monoclonal antibody against the IL-5 receptor, remains active [ 80,81].

Two randomized clinical trials (RCTs) with the anti-IL-13 agent and one with the
anti-IL-4 receptor antagonist dupilumab showed promising results [ 82,83]. In a phase Il
study, a monoclonal antibody against IL-13 improved endoscopic and histological disease
activity in the short and long term. Dupilumab is currently the most advanced biologic
therapy in EOE treatment. Dupilumab is a humanized monoclonal antibody that binds

to the

subunit of the IL-4 receptor and can be found in both IL-4 and IL-13 [ 84]. In the

phase Il study, dupilumab signi cantly relieved symptoms, reduced eosinophil counts,
and improved esophageal distensibility [ 80]. Therefore, the FDA, then the EMA, recently

approved dupilumab for treating adolescents (

12 years) and adults with active EOE. RCTs

are active in children younger than 12 years, but preliminary results showed promising
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results and a good safety pro le, with a slight increase in respiratory infections in the
treated group compared to the placebo one (Table 3).

Table 3. Active trials on biological therapies in children and adolescents with EoE.

NCT Number Intervention Population Status Phase
NCT04394351 Dupilumab vs. placebo 1-11 years old Active—not recruiting Phase 3
NCT05247866 Dupilumab in food reintroduction 6-25 years old Recruiting Phase 4
NCT04991935 Cendakimab vs. placebo 12-75 years old Recruiting Phase 3
NCT04753697 Cendakimab 12-75 years old Recruiting Phase 3
NCT05583227 Tezepelumab vs. placebo 12-80 years old Recruiting Phase 3

5.2. Diet Therapies
5.2.1. Elemental Diet

In 1995, Kelly et al. applied the elemental diet (ED) to a small group of children with
active EOE, and it was the rst effective treatment to be proposed [ 85]. In the ED, all
foods are removed. Patients are fed exclusively with the amino-acid-based formula for
at least six to eight weeks [43,86,87]. The ED is the most effective diet therapy [ 43]. High
complete remission rates were reported in children with active disease and an in ammatory
phenotype found via endoscopy [ 88]. Patients with esophageal stenosis had the lowest
ef cacy rates [89-93]. In children, the ED signi cantly improves esophageal symptoms
and results in a complete histologic remission in about 90% of cases. Therefore, ED is
considered a good and valuable therapeutic option in infants and young children, who
show the highest treatment compliance (Table 3) [94]. The ED also provides a source of
proteins and calories necessary for adequate child growth and puberty spurt, meaning it can
be especially proposed for children with EoE triggered by multiple food allergens [ 94]. The
ED is sometimes proposed as a rescue therapy or a “bridge” treatment in adult patients and
adolescents with a refractory disease [89,94]. Some authors recently proposed a “modi ed”
ED, adding a few less-allergenic foods (vegetables or fruits) to the diet, thus improving
patient acceptance and psychological impact [89,94]. Although the ED is highly effective
and induces a rapid remission (of two weeks), unfortunately, its compliance is limited by
several disadvantages [95]. The main reasons for low compliance and discontinuation are
the unpalatable taste, high costs, and restrictive nature, causing psychosocial isolation for
the child [ 89,94,96]. For these reasons, the ED is not a rst-line approach in older children
and adolescents, except in severe pediatric cases94].

5.2.2. Empirical Food Elimination Diet (FED)

The FED is the most commonly prescribed diet therapy for EOE. The FED was rst
proposed to avoid the six primary food triggers of EoOE in Western countries. The six-FED
(or 6-FED) includes eliminating cow's milk, wheat/gluten, egg, soy/legumes, peanut/tree
nuts, and shell sh/ sh[ 97]. In pediatric studies, the ef cacy of 6-FED (assessed according
to histologic remission) is about 74% [98]. In childhood, milk is the main food trigger,
recognized in up to 85% of cases and followed by wheat/gluten (up to 60% of cases), egg,
and soy/legumes. As reported for IgE-mediated food allergy, there is geographic variation
in EoE food triggers [ 88]. Legumes and soy are indeed an uncommon trigger in Spain [ 88].
Equally, nuts and sh/seafood rarely trigger esophageal in ammation.

Although 6-FED is less restrictive than the ED, avoiding all six food groups can
be challenging. Adherence to 6-FED is often limited by several drawbacks due to the
relevant dietary restrictions and the need for frequent EGDs to identify the trigger food(s)
and assess disease remission44]. Therefore, 6-FED is not the ideal treatment option in
childhood (Table 4). More recently, less restrictive food elimination diets (removing the
most common trigger foods) have been proposed and evaluated. It was demonstrated that
most patients who clinically and histologically recover with 6-FED are then allergic to only
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one or two foods [ 50]. Kagalwalla et al. reported that the elimination of four (4-FED) foods
(cow's milk, wheat, egg, and soy/legumes) induced histologic remission in 54% of treated
children [ 99,100. Moreover, children avoiding milk and wheat (2-FED) achieved complete
remission in 40% of cases. Finally, adopting a diet free from cow's milk (1-FED) was effective
in 44-51% of pediatric patients [89]. In a recent systematic review with meta-analysis, the
overall ef cacy of 1-FED was about 70% [ 98]. In this context, Molina-Infante et al. proposed
a step-up approach based on the elimination of one (1-FED) or two (2-FED) more-allergenic
foods (generally milk and wheat) [ 101]. If complete remission is not achieved, the diet is

further restricted to four and six foods [ 101]. This approach should be preferred in children
because it leads to faster and easier identi cation of the culprit food(s), thus reducing the

number of EGDs and diet restrictions.

Table 4. Diet treatments of EoE in children and adolescents.

Diet Therapy Rationale Indications Advantages Disadvantages
Poor palatability.
. T Low compliance among children
Rapid remission in
. . ) . and adolescents.
Exclusive administration of Toddlers or young children 2 weeks. ; . .
; L N \ . . . Feeding skill regression may be
aminoacidic-based formula. with severe active EoE. Higher compliance in . . .
. ! . observed in children with NG
Elemental Modi ed ED: one or two Severe cases. infants and toddlers.
. . . L or G-tube.
diet (ED) less-allergenic foods Rescue therapy in Pediatric - ;
. - . Amino-acid-based formulas are
(vegetables or fruits) severe/refractory cases or amino-acid-based -
. : expensive and not covered
are permitted. temporary solutions. formulas are almost by i
nutritionally complete y Insurance. - . .
' Less effective in patients with
stricturing EoE.
Early identi cation of
Step-up approach Pediatric patients. trigger food.
P-up app Moderate symptoms. Short diagnostic process. Less effective.
(From 1-2-FED to 6-FED) A .
A diet rich in milk and wheat. Avoid unnecessary
diet restrictions.
Er_np_|r|c.food Adults and adolescents with
elimination normal or high BMI
diet (FED) 9 ' Up to 7 endoscopies, one after

Top-down approach
(From 6-FED to 1-2-FED)

Severe symptoms.

Baseline diet rich in fruits

and vegetables.

There is much time to prepare
alternative meals and high
nancial resources.

More effective.

every single food reintroduction.
Several diet restrictions.

Low compliance.

Risk of nutritional de ciencies.

BMI, body mass index; ED, elemental diet; FED, food elimination diet; NG, nasogastric.

5.2.3. Allergy-Test-Directed Elimination Diet

IgEs do not have a pathogenetic role in EOE. Thus far, the evidence has demonstrated
that food-speci ¢ serum IgEs, atopy patch tests, and skin prick tests do not reliably predict
food triggers [ 43,107. A meta-analysis reported that an allergy-test-directed elimination
diet induces histologic remission in about 45% of patients, with higher ef cacy rates in
children than adults [ 98]. According to this evidence, current American and European
guidelines do not recommend this diet approach [ 43,107.

6. EoE Follow-Up

EoE is a chronic disease that requires lifelong therapy and monitoring [ 43,107. The
absence of guidelines and consensus recommendations limits the long-term management
of EoE. In children, follow-up should include the regular assessment of symptoms, growth,
nutritional status, endoscopic alterations, and histological abnormalities. Treatment re-
sponse should be assessed around 8—12 weeks after initiating a novel treatment or after each
relevant therapeutical change [103. Under remission and solid adherence to treatment, the
EGD should be performed once per year.

Patients treated with the FED or ED should be widely informed of the need for several
EGDs to assess disease remission when each food or group of foods is reintroduced. Food
reintroduction is a long process that requires several months to identify the culprit food(s).
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Patients treated with 6-FED generally undergo at least six endoscopies [104]. In patients
exclusively fed with the amino-acid-based formula, food reintroduction is an even longer
process that requires numerous EGDs.

A recent study demonstrated that, in children, topical steroids can be safely and
effectively reduced to the lowest effective dose after a successful induction therapy [ 105.

6.1. Nutritional Issues and Assessment

Several factors may negatively in uence nutritional status and caloric intake. EoE chil-
dren generally show Gl symptoms, like vomiting or food refusal, that may limit adequate
dietary intake [ 106). Children and adolescents who experience food impaction episodes
present a high risk of developing eating or mood disorders, which may further compromise
adequate nutrient and caloric intake [ 96,107. The coexistence of multiple food allergies
may further complicate the nutritional status and growth of EoE children. Long-term
and restrictive food elimination diets may compromise adequate micronutrient intake,
although they do not seem to worsen child growth or body mass index (BMI) [ 106,10€].
Nutritionists play an essential role in EOE children's care. The nutritionist should determine
the degree of exposure to EoE trigger foods and the potential nutritional effects of their
elimination, meticulously evaluating the patient's diet and family eating habits [ 109,110.
Before beginning an empirical food elimination diet and during the follow-up, pediatricians
and nutritionists should periodically assess children's nutritional status and growth and
rule out potential nutritional de ciencies.

Another critical point of EoE follow-up concerns patient and family education. Pedia-
tricians should carefully inform and educate affected patients and families regarding what
they can safely eat or cannot eat, avoid cross-contaminations, and provide the appropriate
resources for additional information [ 94]. Parents and children should also be advised
on the risk of potential food cross-contamination. Based on the speci ¢ local legislation,
patients and parents should also be educated and sensitized to interpret foodstuff labels
correctly [94]. The precautionary allergen warning (“may contain”) is not obligatory in
some countries [94]. The potential risk of trace exposure or allergen contamination is still
debated, and it has not been evaluated in EoE patients [94].

6.2. Multidisciplinary Assessment

The multidisciplinary team, including the pediatric allergist, gastroenterologist, en-
doscopist, nutritionist, and psychologist, is crucial in pediatric EOE management [ 10§
(Figure 3). At highly specialized centers, these pediatric specialists should be enrolled at
the rst visit and during the follow-up evaluations, guaranteeing the transition from the
pediatric to the adult setting. Pediatric allergists should identify and treat coexisting atopic
diseases (allergic rhinitis, eczema, asthma, IgE-mediated food allergy, and drug allergy).
Allergy assessment is also addressed to stratify the potential risk of IgE-mediated reac-
tions when foods previously eliminated (especially cow's milk) are reintroduced into the
child's diet [ 111].

Endoscopic and histologic abnormalities are not always associated with gastroin-
testinal symptoms, and children may be asymptomatic or mildly symptomatic despite
active disease. Therefore, endoscopic follow-up is mandatory to evaluate disease remission
and patient compliance. Regular multidisciplinary follow-up is also essential to rule out
potential side effects of long-term treatments [ 111].

Children with suspected genetic diseases should also be assessed by a medical ge-
neticist. In the case of a suspected hyper-IgE syndrome or Netherton syndrome, the
involvement of a pediatric immunologist in the multidisciplinary team is mandatory.

The chronic nature of EoE, comorbidities, long-term therapies, and periodic EGDs
are the main stressful factors for children and adolescents with EoE [ 96]. It has been
demonstrated that EOE negatively impacts the QoL of patients [ 96]. Older children and
adolescents may also develop eating disorders or anxiety mostly related to the fear of eating
in public places or new food impaction episodes [ 96]. Therefore, psychological support
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should be provided when behavioral disorders, eating disorders, or low compliance with
therapies are suspected P€]. The psychological impact of EoE is still poorly understood,
and more research is needed to assess the burden of neuropsychiatric disorders and their
clinical manifestations (sleep disorders, low school performance, dysfunctional family
relationships, anxiety, anorexia, or bulimia) and the psychological impact of families.

Figure 3. Indications to refer EoE patients to the specialists. ADS, autism spectrum disorders;
ED, elemental diet; EoE, eosinophilic esophagitis; FIRE, food-immediate response to the esophagus;
FED, food elimination diet.

7. Conclusions

EoE is an emerging chronic/remittent allergic disease with a meaningful impact
on quality of life and health care systems. Despite several progresses, pediatric EOE
management is still limited by gaps and unmet needs. Currently, no treatments have
been approved for pediatric EOE management, and studies comparing the superiority of
elimination diets with pharmacological therapies or assessing the long-term side effects
are still unavailable. EoE follow-up is often limited by numerous drawbacks due to the
need for several endoscopies for monitoring the disease, restrictive diets, or long-term
pharmacological treatments. Therefore, there is a crucial need to:

1. Personalize treatments according to the molecular prole and clinical features
of patients.

Assess the long-term effects of currently available therapies.

Identify noninvasive biomarkers and new molecular therapeutic targets.

Implement the use of less invasive tools to assess disease activity.

Improve the diagnostic process to identify the disease and prevent potential
complications early.

De ne international guidelines for long-term pediatric EOE management, focusing on
the central role of a multidisciplinary approach.
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