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Eosinophilic esophagitis (EoE) is a chronic, local, immune-mediated disorder

characterized by symptoms of esophageal dysfunction and the presence of a

dense eosinophilic infiltrate in the esophageal mucosa. Consensus diagnostic

recommendations for EoE diagnosis included absence of histological response to a

proton-pump inhibitor (PPI) trial, to exclude gastro-oesophageal reflux disease (GERD)-

associated esophagitis. This recommendation exposed an entity known as “proton pump

inhibitor-responsive esophageal eosinophilia” (PPI-REE), which refers to patients with

EoE phenotype who are PPI-responsive and do not present GERD. In recent years, there

is evidence which indicates that PPI-REE is a sub-phenotype of EoE with similar clinical,

endoscopic, histological and genetic characteristics, as well as Th2-related inflammatory

response. As a result, PPIs should be considered another treatment for EoE and not a

diagnostic tool. PPI-REE was originally described in a case series which included two

children and in two retrospective pediatric series. Later, a prospective pediatric study

showed a high rate of response to PPIs at high doses with long-term maintenance at

lower doses. PPI monotherapy in children with esophageal eosinophilia (EE) has been

observed to reduce eotaxin-3 expression in epithelial cells and to practically reverse the

allergy and inflammatory transcriptome. These data reveal that PPIs are also an effective

treatment for EoE in pediatric patients, although more studies are necessary in order

to define the best induction and maintenance treatment regimen, the long-term safety

profile and their influence on the occurrence of fibrosis and esophageal remodeling.

Keywords: eosinophilic esophagitis, proton pump inhibitors, esophageal eosinophilia, gastroesophageal reflux

disease, pediatrics

INTRODUCTION

Eosinophilic esophagitis (EoE) is a chronic, immunologically mediated disorder characterized by
symptoms of esophageal dysfunction and the presence of a dense eosinophilic infiltrate in the
esophagealmucosa. Its prevalence and incidence have considerably increased in the last few decades
and it is currently the most frequent cause of dysphagia and food impaction in children, causing a
considerable impact on quality of life (1).

In order to diagnose EoE, it is necessary to exclude other causes of esophageal eosinophilia,
such as gastroesophageal reflux disease (GERD). GERD is caused by the exposure of the esophageal
mucosa to gastric contents, principally acid, and it is mainly treated with proton pump inhibitors
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(PPIs). Distinguishing between these two disorders is not always
easy in children, where the symptoms of both can overlap and the
endoscopic findings of EoE can be more subtle.

Over the last few years, a group of patients with clinical,
endoscopic, and histological findings characteristic of EoE and
clinical-histological response to PPIs, with normal esophageal
pH monitoring results, have been identified. This new disorder
was called “PPI-responsive esophageal eosinophilia” (PPI-REE).
Recent and evolving evidence have shown that PPI-REE is
indistinguishable from EoE, and very different from GERD
(2). The objective of this study is to review available scientific
evidence regarding the role of PPIs in pediatric EoE.

HISTORICAL PERSPECTIVE

In the 1980s, the presence of intraepithelial eosinophils was
recognized as an histological finding of GERD-associated
esophagitis in pediatric patients, it could be present in all levels
of the esophagus and was related to esophageal acid exposure on
pH monitoring (3) (Figure 1).

In 1993, Attwood et al. described a new disorder in 12 adults
with dysphagia and dense esophageal eosinophilic infiltration
with normal esophageal pH monitoring (4). In 1994, Straumann
et al. described 10 adults with dysphagia, with rings and white
plaques in the endoscopy and eosinophilic infiltration of the
esophagus, coining the term eosinophilic esophagitis (5). In 1995,
Kelly et al. uncovered the allergic basis of this new disorder in
a series of 10 children previously diagnosed with GERD and
refractory esophageal eosinophilia who had undergone medical
and surgical treatment. After removing allergenic foods and
starting an elemental diet, substantial clinical improvement and
a remission of esophageal eosinophilia were observed (6). Later
studies involving pediatric patients showed that this new disorder
was characterized by a history of atopy and normal esophageal
pH monitoring (7). In addition, Steiner et al. demonstrated that
the density of the eosinophilic infiltration was not related to
the reflux index in children who underwent esophageal biopsy
and pH monitoring on the same day; those who presented >20
eos/HPF did not present acid gastroesophageal reflux (8).

These publications introduced the concept of eosinophilic
esophagitis as an emerging disorder, which was different from
GERD. In 2007, the first consensus recommendations regarding
the diagnosis and management of EoE in children and adults
defined the disorder by the presence of (1) symptoms of
esophageal dysfunction including food impaction and dysphagia
in adults and food intolerance and symptoms of GERD in
children; (2) eosinophilic infiltration of ≥15 eos/HPF; and (3)
absence of pathologic GERD as evidenced by either a normal pH
monitoring study of the distal esophagus or lack of histological
response to high-dose PPI treatment (9). The basis of this
recommendation was just that only GERD could respond to
PPIs.

As EoE was identified with increasing frequency, the
relationship between EoE and GERD was found to be more
complex. In 2006, Ngo et al. published a case series of two
children and one adult with dysphagia, food impaction and

vomiting, furrows, and white plaques in the endoscopy and >20
eos/HPF in the esophageal mucosa. After PPI monotherapy,
the symptoms resolved and the eosinophilic infiltration of the
esophagus disappeared (10). Later, two retrospective pediatric
series published in 2009 showed that 40% of the children with
esophageal eosinophilia presented a histological response to PPI
treatment, regardless of esophageal pH monitoring results (11,
12). In 2011, a prospective study in adults, which systematically
evaluated the response to PPI treatment in adults with dysphagia,
food impaction, and esophageal eosinophilia, showed that up to
50% of the patients responded to PPI treatment (13).

This new and unexpected disorder, called PPI-responsive
esophageal eosinophilia (PPI-REE), was included in the update
to the consensus recommendations in 2011 and it was defined
by: typical EoE symptoms and histology, without evidence of
GERD by endoscopy or esophageal pH monitoring and with
clinico-histological response to PPIs (14, 15). PPI-REE was
considered a different disorder from EoE, but not necessarily a
manifestation of GERD. Persistence of eosinophilic infiltration
(≥15 eos/hpf) after high-dose PPI treatment over a 2-month
period was required in order to definitively diagnose EoE.

PPI-REE PREVALENCE IN CHILDREN

In 2016, a systematic review with a meta-analysis of 33 studies,
including 619 symptomatic patients with esophageal eosinophilia
(431 adults and 188 children), observed a 50.5% histological
remission rate (<15 eos/hpf) after PPI treatment, similar in
children and adults, regardless of esophageal pH monitoring
results (16), although the quality of the data pertaining to
children was low.

The most relevant publications regarding the response to
PPI treatment in children with esophageal eosinophilia are
summarized in the Table 1. Initial studies were retrospective,
with variable PPI doses and treatment durations with a PPI-
REE prevalence rate between 22.8 and 60% (11, 12, 17, 18).
In 2016, our group presented the first prospective study of
response to PPI treatment in 51 children with esophageal
dysfunction symptoms and esophageal eosinophilia taking 1
mg/kg/dose of esomeprazole twice daily (19). We observed
that 68.6% of the patients had histological remission (<15
eos/HPF) and 47% of them presented complete remission of
eosinophilic infiltration (<5 eos/HPF). In our study, the rate
of histological remission was higher than in previous studies,
which may be related to the implementation of a uniform
prospective protocol with high-dose esomeprazole during 8
weeks, and the performance of follow-up endoscopy while on PPI
treatment.

In the majority of published studies, the rate of clinical
response to PPI treatment was higher than the rate of histological
response. In our experience, almost 80% of the children had
clinical improvement with PPI treatment regardless of remission
of eosinophilic infiltration (19). This emphasizes that symptom
resolution may not reflect the objective response to PPI therapy
and that a second endoscopy with esophageal biopsies is required
to confirm response.
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FIGURE 1 | Historical perspective of the role of proton-pump inhibitors in the management of Pediatric Eosinophilic Esophagitis. EoE, eosinophilic esophagitis; EE,

esophageal eosinophilia; PPI, Proton-pump inhibitor; PPI-REE, Proton-pump inhibitor responsive esophageal eosinophilia; GERD, gastroesophageal reflux disease.

TABLE 1 | Studies evaluating histological remission rate in pediatric patients with esophageal dysfunction and esophageal eosinophilia.

Lead author

(publication year), type

of study

n Medication Dose, dosing

interval, duration

Histological remission rate according to pH monitoring Histological

remission rate

(definition)

Abnormal pH test results Normal pH test results

Dranove et al. (11),

Retrospective

43 Omeprazole,

esomeprazole

or

lansoprazole

Not specified 41% 45%. 40% (<5 eos/HPF)

Savej et al. (12),

Retrospective

36 Omeprazole,

esomeprazole

or

lansoprazole

1–2 mg/kg/day

Twice daily

3 months

Not specified 39% (<15 eos/HPF)

Schroeder et al. (18),

Retrospective

35 Omeprazole,

esomeprazole

1–2 mg/kg/day

Twice daily

At least 3 months

Not specified 22.8% (<15 eos/HPF)

Rea et al. (17),

Retrospective

25 Not specified Not specified 69% 44% 60% (not specified)

Gutiérrez Junquera et al.

(19), Prospective

51* Esomeprazole 2 mg/kg/day

Twice daily

2 months

0 patients out of 1* 21 patients out of 30* 68.6% (<15 eos/HPF)

47% (<5 eos/HPF)

*pH testing was performed on 31 of the 57 children. An abnormal pH test result was found in one child, who did not respond to PPI treatment. The remaining 30 children presented

normal pH test results and 21 of them responded to treatment. eos/HPF, eosinophils/high-power field.

PREDICTIVE FACTORS FOR PPI-REE IN
CHILDREN

In order to avoid repeated endoscopic procedures, many efforts
have been made to identify predictive factors of response
to PPIs in children with esophageal eosinophilia. However,
published studies showed that baseline clinical, histological

and endoscopic characteristics were similar in responders and
non-responders (11, 19). Patients were indistinguishable in
terms of sex, allergy history, and symptoms of esophageal
dysfunction. Notably, four of the children included in our study
had received food oral immunotherapy treatment for a severe
IgE-mediated allergy to milk or egg; three of them responded
to PPI treatment, eliminating the need to remove the food
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from their diet (19). Endoscopic features in PPI responders and
non-responders included white plaques, furrows or edema with
similar Endoscopic Reference Scores (19). These results concur
with those found in studies performed on adults (20–23).

The baseline histological findings were also similar between
responders and non-responders, although, in our experience, the
mean peak eosinophil count/HPF was higher in non-responders
(peak value: 74.8 ± 36.2 in non-responders vs. 46.3 ± 30.7 in
responders) (19). Dranove et al. reported that 50% of children
who presented between 15 and 20 eos/HPF responded to PPI
treatment vs. 29% of those who presented >20 eos/HPF (11).
Therefore, it seems that children with higher peak eosinophil
counts are less likely to respond to PPIs, although there is not
a defined threshold for PPI responsiveness.

Moreover, esophageal pH monitoring did not predict
responsiveness to PPI treatment. In our study, pH monitoring
was performed on 31 of the 57 children included. Only one child
had pathological esophageal acid exposure and did not respond
to PPIs (19). In other studies, response to PPIs was observed
in 41–69% of the children with pathological esophageal pH
monitoring and in 44–45% of children with normal results (11,
17). This fact highlights that response to PPI therapy in children
may occur with either normal or pathological esophageal pH
monitoring.

Additionally, a case series of patients with EoE, which
included a 10-year-old child, showed that patients having
responded to an elimination diet or swallowed corticoids may
eventually respond to PPI treatment as well, providing further
data that PPI-REE is indistinguishable from EoE (24, 25).

LONG-TERM RESPONSE TO PPI
TREATMENT

Initial data suggested that PPI response in children with
esophageal eosinophilia was a transient phenomenon and may
even correspond to spontaneous fluctuation in the eosinophil
counts. Dohil et al. described four patients with initial response
to PPI treatment, but subsequent clinical-pathological recurrence
while receiving PPI treatment at the same or higher dose
over additional 5–17 months; all subjects were reported to
be compliant with therapy (26). In a retrospective study,
Schroeder et al. reported resolution of esophageal eosinophilia
in 7 of 35 patients (20%), two of whom continued on PPI
treatment and showed dense eosinophilia in a third endoscopy
(18).

However, in our experience, a large proportion of pediatric
patients (40 of 57; 70%) with “PPI-REE” remained in clinical-
pathological remission on a maintenance dose of 1mg/kg/day
esomeprazole at one year follow-up, or longer, with adequate
safety profile (27). We observed that long-term remission
rate was higher in children with initial complete histological
remission (≤5 eos/hpf) to an 8 week PPI trial than in those
with partial remission (>5 and <15 eos/hpf )(81% vs 50%,
p = 0.014). Our results corroborate data observed in adults,
with a prevalence of sustained histological remission between
73 and 81% in patients with lower-dose PPI maintenance

treatment (28, 29). In the study by Molina-Infante et al,
16 patients had stopped PPI treatment; 14 of them had
symptom recurrence in the first year after discontinuing PPI
therapy, including two who experienced food impaction. The
other two patients remained asymptomatic, but histological
recurrence was observed in a follow-up endoscopy (29).
These data emphasize the concept that PPI-REE is a chronic
disease and that clinical-pathological recurrence occurs after
treatment discontinuation, as observed in EoE with swallowed
steroids.

MOLECULAR AND GENETIC
CHARACTERISTICS OF PPI-REE

Novel biomarkers such as genetic targets and measurement
of tissue markers and cytokines related to eosinophilic
inflammation have also failed to differentiate PPI-REE
from EoE. Recent studies in adults have investigated
major basic proteins, tryptase staining, and eotaxin-3.
Remarkable differentiation of EoE from controls was observed,
whereas there was no difference between EoE and PPI-REE
(30).

The EoE diagnostic gene panel (EDP), composed of 94
esophageal transcripts, had high sensitivity and specificity for
distinguishing pediatric and adult patients with EoE from
GERD and control subjects (31, 32). In a multicenter study, a
significant genetic overlap between adult and pediatric patients
with PPI-REE and those with EoE was observed, including
genes for eosinophil chemotaxis (CCL26), barrier molecules
(desmoglein DSG1), tissue remodeling (POSTN), and mast cells
(CPA3) (33). Nevertheless, the study identified a set of candidate
genes that may predict PPI responsiveness in EoE patients; a
gene encoding potassium channel (KCNJ2/Kir 2.1) (33). More
recently, these results have been confirmed in adult patients
with a gene expression profile in esophageal mucosa which is
indistinguishable between patients with EoE and PRI-REE (34).

In addition, PPI monotherapy is capable of reversing Th2
inflammatory markers in the esophageal mucosa, with a
reduction in eotaxin-3 and other Th2-related cytokines levels
in adults with PPI-REE (35). In a study performed on children
with esophageal eosinophilia, PPI treatment significantly reduced
the expression of eotaxin-3 by epithelial cells in the proximal
esophagus although not in the distal esophagus (36). Moreover,
PPI monotherapy alone almost completely reversed the allergy
and inflammatory transcriptome in adult and pediatric patients
with PPI-REE (33).

FROM “PPI-RESPONSIVE ESOPHAGEAL
EOSINOPHILIA” TO PPI-RESPONSIVE EOE

These recent findings indicate that PPI-REE is a sub-phenotype
of EoEwith similar clinical, molecular and genetic characteristics,
as well as an underlying T-helper 2-mediated allergic mechanism.
Moreover, PPIs should not be considered a diagnostic tool but
a therapeutic option for EoE, as stated by an expert consensus
report (2).
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The new evidence-based European guidelines for the
diagnosis and management of EoE have taken this into account,
thus eliminating the need for a trial of PPI treatment in order to
make a definitive EoE diagnosis and considering PPI as another
treatment (37).

PPI responsiveness has been defined mainly in terms of
histological remission. Although the diagnostic threshold for
EoE has been established at 15 eos/hpf, there is not uniform
criterion to define histological remission in EoE patients after
treatment. However, data in adults have shown that a response
threshold of 15 eos/hpf is associated with improved symptomatic
and endoscopic responses, and that lowering this threshold to
less than 15 eos/hpf does not result in a substantial additional
symptom or endoscopy response (38).

A validated, parent proxy-reported measure for pediatric
EoE have been published (39), but correlation with histological
disease activity after treatment has not been established. In
adults symptoms do not correlate accurately with histology (40),
so esophageal biopsies currently continue to be necessary for
monitoring the disease.

POSSIBLE MECHANISMS OF ACTION FOR
PPIS IN EOE

How is an esophageal disease mediated by immunoallergic
stimulation, such as EoE, able to respond to PPI treatment?
Several hypotheses try to explain the mechanism behind PPI
response in EoE.

The main effect of PPIs is the inhibition of the H+/K+

ATPase pump in the parietal gastric cells responsible for acid
secretion. After activation in an acid environment, the PPI
forms covalent bonds with residual cysteine in the ATPase,
rendering the pump inactive. Acid suppression can be beneficial
for EoE since acid reflux can damage intercellular connections
between epithelial cells, leading to an increase in permeability
which, in turn, potentially allows penetration of the mucosa
by allergens which cause EoE. In this sense, treatment with
high-dose esomeprazole (40mg, twice daily) improved mucosal
integrity, determined by electrical tissue impedance and trans-
epithelial electrical resistance, in adult PPI-REE patients (41).
Supporting this hypothesis, a series included 3 adult patients
with non-PPI responsive EoE that responded to vonoprazan, a
novel potassium-competitive acid blocker with a more potent
and sustained suppression of gastric acid secretion compared to
PPI (42).

However, EoE patients may benefit from PPIs through anti-
inflammatory properties, independent from acid suppression.
PPIs can inhibit T-helper 2 cytokine-induced eotaxin-3
expression in esophageal epithelial cells in adult patients with
EoE, potentially reducing eosinophil recruitment (43). This
inhibition was achieved with omeprazole and lansoprazole;
in the case of omeprazole, with concentrations as low as 1
mcmol/l, obtainable in the blood through oral or intravenous
administration at conventional doses. The inhibitory effect of
PPIs seems to involve chromatin remodeling in the eotaxin-3
promoter, resulting in decreased promoter binding of the

transcription factor protein, Signal Transducer and Activator of
Transcription (STAT) 6 and in reduced eotaxin-3 transcriptional
activity in esophageal squamous epithelial cells.

Unlike in epithelial cells, however, omeprazole did not
inhibit Th2 cytokine-induced eotaxin-3 expression by esophageal
fibroblasts, suggesting that PPIs will have limited impact on
sub-epithelial EoE processes such as fibrosis (44).

PPI-RESPONSIVE EOE. CONSIDERATIONS
FOR PEDIATRIC PATIENTS

In summary, available data indicate that an important proportion
of children with clinical, endoscopic and histological findings
characteristic of EoE and normal esophageal pH test results
respond to high-dose PPI treatment. PPI monotherapy reduces
the expression of eotaxin-3 in esophageal epithelium and
practically reverses the allergy and inflammatory transcriptome
in children with EoE.

Thus, PPI could be considered as another treatment for
pediatric EoE, considering their easy administration and
favorable safety profile. Other recommended treatments
(swallowed corticoids and elimination diets) are neither
universally effective nor free of secondary effects (37). Identifying
the food(s) responsible for EoE and eliminating them from the
diet probably constitutes the treatment of choice of pediatricians
and families due to the absence of adverse effects. However, it
is not always possible to identify the allergen or the diet can
be very restrictive in children with multiple IgE-mediated food
allergies. In other cases, eliminating the allergen can carry a risk
of severe IgE-mediated adverse reactions upon reintroduction
(45) or due to transgressions, like in the case of children with EoE
associated with oral immunotherapy involving food allergens
(46).

In recent years, growing concerns have emerged about long-
term complications of PPI treatment, but the general long-term
safety of these medications in adults is very good (47). No
major safety concerns arose during 5–12 years of continuous
PPI therapy in a large cohort of adults comparing long-term
omeprazole use to anti-reflux surgery (48). Data on the safety
of long-term PPI treatment in children are scarce; some studies
and case reports indicate a potential association of PPIs with an
increased risk of respiratory tract or gastrointestinal infections
(49, 50). Due to the potential for adverse events associated with
long-term PPI treatment, the lowest effective dose should be used
so as to minimize the risk of such events.

Furthermore, PPI response in children with esophageal
eosinophilia should not be universally thought of as PPI-
responsive EoE. Differentiating between EoE and GERD is
more difficult in pediatric patients because the symptoms
of EoE are less specific and overlap with those from GERD
(heartburn, regurgitation, vomiting, and food refusal) (51).
Moreover, endoscopic findings associated with pediatric EoE,
generally inflammatory (edema, furrows, and white plaques),
can be more subtle. Therefore, when faced with findings
such as the presence of unspecific symptoms, macroscopically
normal endoscopy, low density eosinophilic infiltration and
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distal predominance, additional evaluation for GERD is
recommended.

The fact that there is less data regarding PPI response
in pediatric EoE is partly due to the administration of
PPIs prior to the first endoscopy, with the objective of
reducing the number of endoscopic and anesthetic procedures.
Patients who do not present esophageal eosinophilia are
classified as probable cases of GERD. However, faced with
evidence of PPI-responsive EoE, this assumption is actually
erroneous and generates diagnostic, therapeutic and prognosis
uncertainty.

In summary, PPIs are an effective treatment for children
with EoE, although more prospective studies are necessary in
order to evaluate the best induction and maintenance regimen
with regards to dose and duration, as well as the long-term

safety profile. Additionally, the effects of PPI treatment on the
prevention of fibrosis and esophageal remodeling should be
studied.
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