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ABSTRACT
Eosinophilic esophagitis is an antigen-mediated chronic disease that has been increasing in prevalence for
the last few decades. A plethora of research has been done recently studying the pathophysiology and
potential treatments for the disease. This review paper highlights the epidemiology, diagnosis, pathophysiol-
ogy, and treatment of eosinophilic esophagitis including new diagnostic and treatment modalities for the
disorder.

Statement of novelty: We review the epidemiology, diagnosis, pathophysiology, and treatment of eosinophilic
esophagitis, and include new diagnostic and treatment modalities for the disorder.

Introduction

Eosinophilic esophagitis (EoE) is a chronic antigen-
mediated esophageal disease, which is characterized
by symptoms of esophageal dysfunction and histologi-
cally is identified by eosinophil predominant inflam-
mation. Landres et al. (1978) first described EoE in
1978 in a case report. EoE was distinguished from gas-
troesophageal reflux disease (GERD) in the 1990s,
after the pathologic differences of eosinophil presence
were identified and validated (Attwood et al. 1993).
Cases prior to this were often misidentified as severe,
treatment-refractory GERD, with complications such
as strictures, mucosal tears, perforations, and esopha-
geal rings. In the 1990s, it was also first noted that the
symptoms and histologic changes of the esophagus
related to EoE could be improved with the use of
elemental formula, and thus that the pathology could
be related to the ingestion of certain foods (Franciosi
et al. 2009). Since the 1990s, there has been a signifi-
cant increase in research and therefore understanding
of EoE.

Epidemiology

EoE can occur at any age. Most cases occur in chil-
dren, adolescents, and adults under the age of 50
(Dellon 2014). There is a male predominance and an
increased prominence in Caucasians compared to other
ethnicities. Males are affected 3–4 times more than
females, and the reasons for this male predominance
have yet to be identified. In 1 study, when adjusting
for race as a confounding variable, the socioeconomic
status and geographic characteristics of EoE patients
were not found to be different than those of the general
gastrointestinal (GI) clinic population (Franciosi et al.
2009). In this study of 335 children in the greater
Philadelphia area with EoE, 83.6% were Caucasian,
compared with 70.9% of GI control subjects, 64.9% of
allergy control subjects, and 73% of the greater
Philadelphia population. About 75.8% of subjects were
male, compared to 48% of GI control subjects, 60.4%
of allergy control subjects, and 48% of the greater
Philadelphia population (Franciosi et al. 2009). EoE
has been identified in all continents with the exception
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of Africa (Dellon 2014; Akhondi 2017), and is reported
more frequently in Western countries than in Asia
(Dellon 2014). There are also environmental and
geographic patterns. EoE varies by climate zone, with
cold and arid climates having higher rates of EoE
(Hurrell et al. 2012). Other studies show that EoE is
more common in rural areas with low population
density (Spergel et al. 2011; Jensen et al. 2014).

There is a strong association between EoE and atopic
disease, and it is more commonly diagnosed in those
with a strong personal or family history of atopy. An
estimated 26%–86% of adults and 42%–93% of children
diagnosed with EoE also have another allergic condition
(Ishihara et al. 2016). Family history of EoE is present in
7% of cases (Akhondi 2017). If 1 child has a diagnosis of
EoE, their sibling has a 50% increase of being affected
compared to the general population. Family studies per-
formed by Alexander et al. (2014) reveal high heritabil-
ity in nuclear families (72.0%). When analyzing
monozygotic and dizygotic twins, a 58% proband con-
cordance was found in identical twins whereas dizygotic
twins have a 36% concordance compared to non-twin
siblings, indicating that shared environmental factors
strongly contribute as well (Alexander et al. 2014).
Risk also increases with the severity of the sibling’s
disease (for example, advanced stenotic disease)
(Akhondi 2017).

Prevalence helps to measure burden of disease and
varies based on the population that is studied. In EoE,
prevalence is also affected by the timing of the study
and is dependent on if it was conducted before or after
the discovery of proton pump inhibitor (PPI)-
responsive esophageal eosinophilia (PPI-REE)
(Liacouras et al. 2011; Dellon et al. 2013a). EoE preva-
lence is estimated to be highest in the US, Western
Europe, and Australia, compared to Japan or China
(Dellon 2014; Dellon et al. 2014). In a large US study
with data from 2009 to 2011, prevalence of EoE was
estimated at 56.7/100 000 persons (Dellon et al. 2014).
An epidemiologic review of EoE from 2014 demon-
strated prevalence in the general population to be
approximately 0.5–1 per 1000 (Dellon 2014), with most
estimates in the US ranging from 40 to 90 cases per
100 000 (Dellon 2014). These estimates of prevalence
in the US were found to be consistent with prevalence
data from Australia (89/100 000), Switzerland
(43/100 000), Spain (45/100 000), and Canada
(34/100 000) (Dellon 2014). The prevalence of EoE

seems to increase with age until a peak occurs at age
35–45, and then prevalence decreases, which is not an
expected observation for a chronic and non-fatal disease
(Dellon 2014; Dellon et al. 2014).

When looking at the specific population of patients
undergoing endoscopy, the prevalence of EoE is quite
high. A prospective study that collected esophageal
biopsies in adult patients undergoing outpatient upper
endoscopy for any indication found that 6.5% of
patients had a diagnosis of EoE (Veerappan et al.
2009). In this study, EoE patients were more likely to
be male (80% vs. 48% of those without EoE), under
50 years of age (72% vs. 48.9%), have asthma (32% vs.
10.8%), present with food impaction (32% vs. 8.9%),
have dysphagia (64% vs. 38.1%) and were more likely
to have classic endoscopic findings of EoE (rings, fur-
rows, plaques, strictures, etc.) (Veerappan et al. 2009).
In patients undergoing endoscopy for symptoms of dys-
phagia, the prevalence is higher at 12%–23% (Prasad
et al. 2007; Mackenzie et al. 2008; Ricker et al. 2011;
Sperry et al. 2011; Dellon et al. 2013b). In 1 study, the
prevalence of EoE in patients undergoing endoscopy
after a PPI trial for symptoms of dysphagia was found
to be 23% (Dellon et al. 2013b), whereas 14% of patients
had PPI-REE (Dellon et al. 2013b). In another study of
222 patients with dysphagia undergoing endoscopy
with biopsy, 15% were found to have EoE (Prasad
et al. 2007). In patients presenting to the emergency
department with food impaction, EoE is the most
common etiology identified, with 46%–63% of these
patients ultimately receiving the diagnosis of EoE
(Sperry et al. 2011). Physicians should have a high
degree of suspicion for EoE in patients undergoing
endoscopy for any reason, and should strongly consider
obtaining biopsies to properly evaluate for this condi-
tion. Currently, the guidelines in place recommend
obtaining biopsies for all patients presenting with unex-
plained dysphagia, even if the esophagus on upper
endoscopy looks grossly normal or a cause of dysphagia
other than EoE is identified (Liacouras et al. 2011;
Dellon et al. 2013a).

The incidence of EoE is approximately 1/10 000 new
cases per year, and has been increasing for the last
10–20 years (Dellon 2014). Increasing EoE incidence
has been identified in the United States, Switzerland,
and the Netherlands (Okada et al. 2010; Hruz et al.
2011). The number of new cases could be rising for a
multitude of reasons. All allergic diseases including
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asthma, atopic dermatitis, allergic rhinitis, and food
allergies have been increasing in recent decades
(Okada et al. 2010). The incidence of EoE, as an
allergen/immune related disorder, would be expected
to rise in parallel with these other allergic diseases.
Another explanation for the rise of EoE incidence and
prevalence is increasing recognition. Medical practi-
tioners are more aware of this diagnosis and thus more
biopsies during endoscopy are performed to assess for
the condition. This, however, only partially explains
the increase.

There are many hypotheses that aim to explain the
increasing incidence of EoE, including changes in food
allergens, aeroallergens, increase in PPI use, decrease
in Helicobacter pylori colonization, and early life expo-
sures (Dellon 2014). Certain foods have long been
understood to be triggers of EoE, but it is unknown
why foods that were tolerated for so long are now
common offending agents. Potential contributors
include changes in agricultural practice such as increas-
ing pesticide, antibiotic, and hormone use. With regard
to aeroallergens, EoE is more commonly diagnosed in
the summer and fall, seasons with higher aeroallergen
activity (Prasad et al. 2009). Another factor could be
the decrease in H. pylori colonization, occurring since
the 1990s. In a large cross-sectional analysis using over
165 000 patients, there was an inverse relationship
between H. pylori colonization and EoE diagnosis on
biopsy (Dellon et al. 2011). Additionally, the use of
PPIs has increased over the last 30 years and may play
a role in EoE incidence. PPI use can increase the per-
meability of the upper GI tract, creating new routes of
antigen exposure and may be associated with the devel-
opment of new food specific antibodies (Mullin et al.
2008; Merwat and Spechler 2009). However, it is also
well known that PPI use can significantly reduce eosin-
ophils in PPI responsive disease. A PPI trial is now the
first line in the treatment algorithm for EoE (Figure 1).

Early life exposures may also be important in the
development of EoE, and may be contributing to the
increasing incidence. One study showed that infants
who received antibiotics were 6 times more likely to
develop pediatric EoE than controls with no antibiotic
exposure in infancy (confidence interval: 1.7–20.8)
(Jensen et al. 2013). This study also showed an
increased risk of EoE in those delivered by cesarean sec-
tion, premature infants and those who were non-
exclusively breast-fed (Jensen et al. 2013). More

research is required to fully elucidate and differentiate
the variables thought to be contributing to rising rates
of EoE.

Pathophysiology

Evidence suggests a strong familial association in EoE
although inheritance seems to be non-Mendelian (Noel
et al. 2004). Several candidate genes that likely contrib-
ute to the development of EoE have been identified
using genome-wide association studies (GWAS) and
candidate-gene identification. These genes include
thymic stromal lymphopoietin (TSLP), periostin
(POSTN), calpain 14 (CAPN14), desmoglein 1 (DSG1),
EMSY, LRRC32, STAT6, ANKRD27, and FLG (O’Shea
et al. 2017).

The EoE transcriptome is a term that was coined by
Blanchard et al. (2006). This is a group of 574 dysregu-
lated genes, which help differentiate EoE patients from
healthy controls and from patients with non-
eosinophilic esophagitis. The EoE transcriptome is highly
conserved across age, gender, atopy, and non-familial
relationship. A screening tool developed using 94 genes
from the transcriptome may become a diagnostic tool
to help differentiate patients with EoE from those with
other forms of esophagitis, as well as helping distinguish
patients with active EoE from those in remission
(Wen et al. 2013). The largest numbers of transcrip-
tional changes in the EoE transcriptome occur at 1q21,
a region that contains genes involved in squamous
epithelia cell differentiation including Filaggrin. These
genes are down regulated in EoE consistent with
impaired barrier function (Sherrill et al. 2014; O’Shea et
al. 2017; Rochman et al. 2017). The Chemokine ligand
26 (CCL26) or eotaxin-3 gene is the most highly up-regu-
lated gene (53-fold) in the EoE transcriptome (Blanchard
et al. 2006). CCL26 is thought to be the main driver for
eosinophil recruitment into the esophagus. Levels of
CCL26 correlate significantly with esophageal eosinophil
and mast cell levels (O’Shea et al. 2017). Another
up-regulated gene in the transcriptome is POSTN.
POSTN is involved in regulating cell migration and
adhesion. POSTN promotes allergic inflammatory
responses in the lung and esophagus. It may also induce
expression of TSLP (Blanchard et al. 2008; Masuoka
et al. 2012). Other important genes include STAT6,
a gene important for Th2 development; LRRC32, a
TGFβ binding protein; and EMSY, which is involved
in transcriptional regulation (O’Shea et al. 2017).
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Together these genes promote development of eosino-
philic inflammation of the esophagus.

A GWAS study of 351 patients with EoE and 3104
controls was genotyped for 550 000 variants. A single
locus on chromosome 5q22 spanning TSLP was associ-
ated with EoE susceptibility (Rothenberg et al. 2010).

TSLP encodes a Th2 promoting cytokine involved in
allergic disease. It is released by activated epithelial cells
and promotes Th2 differentiation (Gudbjartsson et al.
2009). CAPN14 is a gene that encodes a proteolytic
enzyme specific to the esophagus, which is induced by
interleukin (IL)-13 (Litosh et al. 2017). Unlike TSLP,
which is associated with multiple allergic diseases,

Figure 1: Diagnostic and treatment algorithm for the management of eosinophilic esophagitis.
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CAPN14 may be specific to the esophagus and EOE.
CAPN14 is overexpressed in esophageal epithelial
cells resulting in diminished barrier function (Litosh
et al. 2017). Another important gene is DSG1, which
encodes a transmembrane protein that is down
regulated in esophageal mucosa of patients with active
disease. The protein’s main role is to maintain epithelial
integrity through calcium-dependent intercellular
adhesion. Down-regulation of DSG1 is mediated by
IL-13. Although the role of impaired barrier function
in EoE is not completely understood, barrier abnormal-
ities may provide an entry pathway for allergens and
induce systemic allergen sensitization (O’Regan
et al. 2008).

Th2 cytokines important in the development of EoE
include IL-5 and IL-13. IL-5 drives mucosal esophageal
eosinophilia and may potentiate tissue remodeling
(O’Shea et al. 2017). IL-13 is secreted mainly by acti-
vated Th2 cells and is critical for eosinophil survival,
activation, and recruitment. IL-13 contributes to
eosinophilic chemotaxis and induces eotaxin-3. IL-13
also induces tissue remodeling and disruption of the
epithelial barrier. In EoE, the esophagus expresses
elevated levels of IL-13 (O’Shea et al. 2017). Evidence
suggests that IgE does not have a prominent role in
the pathogenesis of EoE. A clinical trial looking
at omalizumab, a humanized monoclonal anti-IgE
antibody, as a treatment for EoE showed no histological
or symptomatic improvement in those on active treat-
ment compared to controls (Clayton et al. 2014).
Immunoglobulin (Ig) G4 in tissue may play a role in
the pathogenesis of EoE. In this same trial, mucosal
biopsies of adults with active EoE revealed a 45-fold
increase in IgG4 staining compared to controls
(Clayton et al. 2014). The role of IgG4 in EoE continues
to be studied.

Microbial imbalance may also contribute to EoE.
Early life exposures such as cesarean section delivery
and antibiotic use in infancy may increase the risk of
EoE later in life (Radano et al. 2014). This may be
related to microbial imbalance and Th2 skewing of
the immune system. A prospective study of children
and adults with EoE found that subjects with EoE
had a higher bacterial load in esophageal mucosal
secretions compared to controls regardless of treat-
ment stage (Harris et al. 2015). In addition, several
centers have noted an inverse relationship between
H. pylori infection and EoE. This may have to do with

skewing the immune system towards a Th1 milieu in
H. pylori infection and Th2 environment when
H. pylori is lacking (Dellon et al. 2011; von Arnim
et al. 2016; O’Shea et al. 2017; Sonnenberg et al.
2017). The exact pathogenic mechanism that
microbes may contribute to the development of EoE
remains to be determined.

Clinical presentation

There are no pathognomonic presenting features of
EoE. The most common presenting symptom in adults
is solid food dysphagia (Kapel et al. 2008; Liacouras
et al. 2011; Akhondi 2017). Other common presenting
symptoms in adults include food impaction, atypical
chest pain, emesis, and epigastric pain. In children, the
common presenting symptoms are abdominal pain,
food refusal, recurrent emesis, poor growth, and weight
loss (Akhondi 2017). Infants and toddlers often present
with feeding difficulties, food refusal, and failure to
thrive (Aceves et al. 2009; Mukkada et al. 2010;
Liacouras et al. 2011). School-aged children often
present with emesis or abdominal pain (O’Regan et al.
2008; Liacouras et al. 2011). Dysphagia is the most
common presenting symptom in adolescents
(Liacouras et al. 2011). Another frequent presenting
symptom is food impaction requiring endoscopic
removal, which occurs in 33%–54% of adults with EoE
(Aceves et al. 2009; Liacouras et al. 2011). History is
often extremely useful, and attention should be dedi-
cated to the patient’s swallowing, chewing, and eating
habits. Often these patients have adapted mechanisms
such as eating abnormally slowly, taking small bites,
cutting food into small pieces, and drinking excessive
amounts of water with meals to reduce dysphagia symp-
toms. Patients may also cope by avoiding textured or
bulky foods. In many cases of EoE in both adults and
children, the physical exam is within normal limits until
late in the disease process.

History of atopy is critical, and can help point the
clinician to a diagnosis of EoE in both adults and
children. Approximately 75% of people with EoE have
a history of atopy (Akhondi 2017), and thus any
co-morbid allergic diseases should be identified. In
pediatric patients, it is crucial to evaluate the growth
chart, as growth failure and weight loss are common
presenting symptoms for EoE. There are no oral or pha-
ryngeal manifestations of EoE that are visible on exami-
nation (Liacouras et al. 2011).
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PPI-REE is an important subgroup of EoE. Patients
with PPI-REE tend to have symptoms of esophageal
dysfunction and have had GERD diagnostically
excluded, but demonstrate clinicopathologic response
to PPIs, with improvement in symptoms and eosino-
philia of the esophagus after PPI therapy (Liacouras
et al. 2011; Molina-Infante et al. 2011). It is not clear
exactly why PPIs assist with the condition in these indi-
viduals. Proposed mechanisms include PPI-induced
healing of the epithelial barrier, decreased eosinophil
lifespan, and anti-inflammatory properties of PPIs
(Kedika et al. 2009; Liacouras et al. 2011). Many pro-
spective studies have shown that 30%–40% of adults
with EoE in fact have PPI-REE (Molina-Infante and
Katzka 2014).

A thorough allergic evaluation is necessary in patients
undergoing a work-up or who have received a diagnosis
of EoE. Using data from multiple studies, it is estimated
that 28%–86% of adults and 42%–93% of pediatric
patients with EoE have another allergic disease
(Roy-Ghanta et al. 2008; Spergel et al. 2009; Erwin
et al. 2010; Liacouras et al. 2011). Comorbid atopic
conditions include asthma, IgE-mediated food allergies,
atopic dermatitis, and allergic rhinitis. Many patients
with EoE have a sensitization to food allergens and
(or) aeroallergens based on skin prick testing or specific
IgE testing (Liacouras et al. 2011). It is estimated that
the rate of IgE mediated food hypersensitivity in
patients with EoE ranges from 15% to 43% (Liacouras
et al. 2011). Higher rates of food-induced anaphylaxis
can occur in patients with EoE (Sugnanam et al. 2007;
Liacouras et al. 2011). Serum food-specific IgE levels
and skin prick testing for foods may be helpful to iden-
tify comorbid disease. These tests may also be useful as
patients with sensitization may develop IgE-mediated
allergy to foods they were previously consuming if a
prolonged elimination occurs as part of their treatment.
Interestingly, cow’s milk protein is the food implicated
in all of the case reports to date of patients developing
IgE-mediated allergy after elimination diet for EoE
(Hill et al. 2015; Alsalamah et al. 2016; Soller et al.
2017). Cow’s milk protein is the most common trigger
of EoE (Kagalwalla et al. 2011), therefore, it is the most
common food eliminated from the diet of patients with
EoE. Other than frequency of elimination, the reasons
for this association between elimination of cow’s milk
protein for EoE and the development of IgE mediated
allergy are not fully understood. Environmental triggers
have been found in experimental models of EoE

(Mishra et al. 2001; Rayapudi et al. 2010). As many
studies have documented aeroallergen sensitization
and seasonal variability in patients with EoE, EoE
patients should also be evaluated for aeroallergen sensi-
tization (Liacouras et al. 2011).

Esophageal eosinophilia can be present in disease
pathologies other than EoE. It is important to have a
differential diagnosis, to distinguish EoE from other
illnesses. Other diseases that can cause esophageal eosi-
nophilia include GERD, infectious processes, and sys-
temic diseases. GERD should respond to high-dose
PPI therapy. PH monitoring can also be performed to
rule out GERD. Parasites and fungal infections that
cause elevated eosinophil counts will often be positive
on specific laboratory tests and respond to tailored
treatment, and eosinophils will often be found beyond
the esophagus and in the periphery. Hyper-eosinophilic
syndromes will have systemic findings and peripheral
eosinophilia. Systemic diseases will have other organ
system involvement, including Crohn’s disease, celiac
disease, vasculitis, connective tissue disorders, and other
rheumatologic and dermatologic conditions. Drug
reactions should show improvement of symptoms and
histology after the offending medication is removed
(Akhondi 2017).

Diagnosis

EoE is a clinicopathologic condition that requires
symptoms of esophageal dysfunction, and an esopha-
geal biopsy showing eosinophil-predominant inflam-
mation in 1 or more biopsy specimens (with a
minimum threshold of 15 eosinophils per at least 1 high
power field) (Liacouras et al. 2011; Akhondi 2017). The
disease must be isolated to the esophagus. EoE is a diag-
nosis of exclusion, and therefore other causes of esopha-
geal eosinophilia must be excluded before the diagnosis
can be made.

Patients often have years of persistent or intermittent
symptoms prior to an official diagnosis (Akhondi
2017). It is crucial to perform a detailed history and
physical examination, and if EoE is suspected, proceed
with endoscopy with biopsy. Laboratory testing is often
performed but is not required for diagnosis, and is
frequently not useful in making the diagnosis.

With regard to laboratory studies, patients with EoE
can have elevated inflammatory markers and an
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elevated serum IgE, though these findings are non-
specific. A complete blood count will typically show a
normal peripheral eosinophil count (Akhondi 2017).
However, some studies have shown increased periph-
eral eosinophilia in patients with EoE. In 1 study,
40%–50% of patients had an increase in circulating
peripheral eosinophils (over 300–350 per mm3)
(Aceves et al. 2007; Dellon et al. 2009; Liacouras et al.
2011). Total serum IgE levels have been found to be
increased in 50%–60% of patients with EoE however
there is little evidence to support measuring IgE as a
marker of disease or inflammation in these patients
(Roy-Ghanta et al. 2008; Erwin et al. 2010; Liacouras
et al. 2011). Patients with EoE can have increased levels
of IL-5, IL-13, and IL-15, though there is not enough
evidence to endorse measuring these levels arbitrarily
in the work-up or management of EoE (Liacouras
et al. 2011). Currently, there is not enough evidence to
support the use of any single inflammatory marker as
an indicator of disease in patients with EoE (Liacouras
et al. 2011).

Endoscopy with esophageal biopsy is the only reliable
diagnostic test for EoE (Liacouras et al. 2011). On
endoscopy, there are many features that can be visible
in EoE, including linear longitudinal furrows (seen in
48% of patients in 1 study), stacked circular rings
(44%), attenuation of the sub-epithelial pattern (41%),
eosinophil micro-abscesses or whitish plaques (27%),
strictures (21%), and esophageal narrowing (9%)
(Akhondi 2017; Bonis and Furuta 2017). In extreme
cases, mucosal lacerations or perforations of the
esophagus are identified (Akhondi 2017; Bonis and
Furuta 2017). One can also find fixed esophageal rings
(corrugated rings or trachealization), transient esopha-
geal rings (feline folds or felinization), edema, diffuse
esophageal narrowing, a narrow caliber esophagus or
evidence of mucosal fragility (crepe-paper appearance)
(Liacouras et al. 2011). The sensitivity of these endo-
scopic findings is low, but their specificity is high. In
1 study, it was found that the specificity for a diagnosis
of EoE was 91% for the presence of esophageal rings,
94% for whitish plaques, and 95% for linear furrows
and strictures (Akhondi 2017). However, because all of
these endoscopic features can be seen in other disorders
as well as EoE, none are pathognomonic for the condi-
tion (Liacouras et al. 2011). There are 2 subtypes of
EoE, which are characterized based on endoscopic find-
ings: inflammatory EoE and fibrostenotic EoE.
Inflammatory EoE is more common in pediatric

patients, and will often show transient esophageal rings,
furrows, and plaques. Fibrostenotic EoE more com-
monly presents with fixed rings and strictures
(Akhondi 2017).

Biopsy in EoE reveals eosinophil-predominant
inflammation in at least 1 biopsy site, with a minimum
threshold of 15 eosinophils per at least 1 high power
field. There is not enough evidence to confirm that
elevated levels of eosinophils per high power field corre-
late with higher levels of disease severity (Pentiuk et al.
2009; Liacouras et al. 2011). Eosinophils should be con-
fined to the esophagus, and not extend to the stomach
or more distal portions of the GI tract. To establish the
diagnosis, patients should undergo a PPI trial for
8 weeks prior to biopsy, to evaluate if the eosinophilia
is persistent despite PPI therapy (and thus ruling out
GERD and PPI-REE).

Esophageal biopsy should be performed by obtaining
2–4 biopsies from the distal esophagus and 2–4 biopsies
from the proximal and midsection of the esophagus
(Akhondi 2017). EoE distribution is often not consis-
tent and is variable between esophageal segments, thus
multiple biopsies from each site are necessary to make
the diagnosis. It is common to obtain gastric antrum
and duodenal biopsies, to rule out eosinophilia in these
locations (Liacouras et al. 2011; Akhondi 2017). Per
the diagnostic EoE guidelines updated in 2011, it is
recommended that gastric and duodenal biopsy speci-
mens be obtained in all children being evaluated for
EoE (due to more difficult symptom identification),
and for clinicians to use their discretion in adult
patients (Liacouras et al. 2011).

Pathologists assessing the biopsy specimens should
report all abnormalities visualized, including peak
eosinophil values (from the area with the highest
density of eosinophils), eosinophilic micro-abscesses,
extracellular eosinophil granules, surface layering of
eosinophils, basal cell hyperplasia, dilated intercellular
spaces, and lamina propria fibrosis (Liacouras et al.
2011). It is critical to acknowledge that many patients
with EoE have normal endoscopic findings, and thus
EoE diagnosis is confirmed by biopsy histopathology
and symptomatology. In 1 study, 9.8% of 102 patients
with a normal endoscopic evaluation had histologic evi-
dence of EoE (Prasad et al. 2007; Liacouras et al. 2011).
The sensitivity of biopsy increases as the number of
biopsy sites increases. One study showed that by using
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the threshold of 15 eosinophils per high power field for
diagnosis, there was a diagnostic sensitivity of 84%,
97%, and 100% for obtaining 2, 3, and 6 biopsy speci-
mens respectively (Shah et al. 2009; Liacouras et al.
2011). This supports obtaining more biopsy specimens
to promote diagnostic accuracy. Another consideration
regarding diagnosis of EoE is the limitation of using a
high-powered field (HPF) approach to diagnosis. This
is because there is lack of standardization regarding
the size of an HPF, and thus the histologic findings
may vary based on the interpreter/pathologist. There is
also debate as to the utility of barium contrast radiogra-
phy in EoE. While it may be helpful in patients with
strictures, 1 study showed that barium contrast radiog-
raphy was normal in 12/17 children with EoE
(Binkovitz et al. 2010; Liacouras et al. 2011). Barium
contrast studies are not part of the routine diagnostic
workup for EoE.

Diagnostic modalities for esophageal disorders
including EoE, other than endoscopy, are being studied.
One of these modalities is the esophageal string test
(EST). For the EST, the patient swallows a capsule with
nylon string attached to one end. Luminal secretions
from the proximal string are evaluated for eosinophil-
derived proteins, including eosinophil-derived
neurotoxin, eosinophil cationic protein, eosinophil per-
oxidase, major basic protein 1, and charcot-leyden
crystal protein (Furuta et al. 2013). In 1 study, ESTs
were performed in 41 children with active EoE,
8 patients with treated EoE in remission, 4 with
GERD, and 15 normal controls (Furuta et al. 2013).
EST secretions and endoscopic biopsy samples were
evaluated. It was found that EST measured eosinophil-
derived protein biomarkers significantly distinguished
children with active EoE from those with EoE in remis-
sion, those with GERD and controls. Additionally,
the level of eosinophil-derived proteins found on EST
significantly correlated with peak and mean eosinophils
per HPF in the esophagus (Furuta et al. 2013).

Another diagnostic modality being studied is the
Cytosponge. The Cytosponge is an ingestible gelatin
capsule with compressed mesh attached to a string. In
1 study, 20 adults with EoE were assessed with the
Cytosponge and then with endoscopy and biopsies
(Katzka et al. 2015). All of the subjects in this study
had dysphagia; 15 had strictures and 13 had active
disease. Cytosponge evaluation was able to correctly
identify 11/13 patients with active EoE. 57% specificity

was found, with the Cytosponge testing correctly
identifying 4 of the 7 patients without active disease.
All patients preferred Cytosponge as a diagnostic
modality, compared to endoscopy with biopsy (Katzka
et al. 2015). More information and larger controlled
studies are required to further elucidate whether these
newer methods are reliable diagnostic tools for EoE.

Treatment

The goal of EoE treatment is to improve both clinical
symptoms and number of eosinophils obtained on his-
tologic specimens to obtain complete remission of the
disease. Symptomatic treatment is not enough to define
regression of disease. A multi-center series of 269 EoE
patients found significant discrepancy between the
presence of symptoms and histological response to drug
therapy (Safroneeva et al. 2016). Endoscopy and
histologic follow up is recommended, however, the
15 eosinophils/HPF cut-off is sometimes arbitrary
and clinical judgment needs to be used to interpret
borderline eosinophil counts.

The first line of therapy for all EoE is PPI treatment
for at least 8 weeks. A subgroup of patients who present
with clinical and histological findings of EoE will
respond to PPI therapy with complete resolution of
their disease (Liacouras et al. 2011). In addition to PPI
therapy, current treatment options for EoE include
dietary elimination therapy, swallowed (topical) corti-
costeroids, and esophageal dilations. Possible biologic
therapies are being studied (Table 1).

The 3 main types of dietary therapy include elemental
diet, allergy test-directed elimination, and empiric

Table 1: Current and emerging therapies for the
treatment of eosinophilic esophagitis.

Current therapies
Topical corticosteroids Budesonide

Fluticasone propionate
Dietary therapies Elemental diet

Elimination diets
Esophageal dilation —

Emerging therapies
Anti-IL-5 antibody Mepolizumab

Reslizumab
Anti-IL-13 antibody QAX576
Anti-IL-4Rα antibody Duplizumab
CRTH2 inhibitor OC000459
Anti-IL-5Rα Benralizumab
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elimination diets. Elemental diet is the most effective
form of therapy with remission rates of >90% having
been described in both children and adults (Markowitz
et al. 2003; Peterson et al. 2013; Arias et al. 2014). This
diet involves eliminating all foods and consuming only
an amino acid-based, elemental formula (amino acids,
carbohydrates, and medium chain triglycerides).
Barriers to this dietary therapy include poor taste,
monotony, and high cost along with the social isolation
that is felt from not eating regular foods. Occasionally,
1 or 2 solid foods are added for this reason. This diet
is useful in children who have failure to thrive and feed-
ing difficulties or when patients are refractory to other
therapies. Gastric tube placement may be necessary in
order for patients to receive adequate nutrition. Very
few adults accept this form of therapy (Peterson
et al. 2013).

Empiric elimination diets involve elimination of
common IgE-mediated allergic foods. There is some
variation in terms of which foods are eliminated
depending on location. The first empiric elimination
diet studied was the 6-food elimination diet (SFED).
This diet includes removal of cow’s milk, egg, wheat,
soy, nuts (peanut and tree nuts), and seafood (fish and
shellfish) from the patients’ diet. The first SFED study
demonstrated histological remission in 74% of children
(Kagalwalla et al. 2006). Other studies in both children
and adults treated with the SFED have demonstrated
remission rates of 72%–74%. Subsequent food reintro-
duction after SFED has identified cow’s milk, wheat,
egg, and soy as the 4 foods most likely to induce disease
recurrence (Kagalwalla et al. 2011; Henderson et al.
2012; Spergel et al. 2012a). Given this knowledge, a
multi-center prospective study of a 4-food elimination
diet (4-FED) was done. In this study, subjects elimi-
nated cow’s milk, egg, soy, and wheat from their diet.
This study demonstrated an efficacy of 64% in children
with clinical and visual improvement on endoscopy in
91% and 93%, respectively (Kagalwalla et al. 2017).
Since cow’s milk has been found to be the most
common trigger food, and much easier to avoid than
multiple foods, a cow’s milk only elimination diet has
been studied and seems to be effective in 50%–65% of
patients (Kagalwalla et al. 2012; Kruszewski et al.
2016). Cow’s milk elimination is complicated as confor-
mational epitopes of cow’s milk protein change with
heating. A small retrospective study of 15 patients with
cow’s milk protein-induced EoE found that 11 (73%)
maintained histologic remission despite consuming

baked milk products regularly for 6 weeks. Further
prospective study is needed to validate whether this
can be generalized (Leung et al. 2013).

The last form of dietary therapy is test-directed elimi-
nation. This consists of avoidance of foods that test
positive on allergy testing. A 2006 study found that
using a combination of skin prick and atopic patch test
results to identify foods for elimination demonstrated
remission in 72% of children (Spergel et al. 2007).
Subsequent studies in both children and adults have
failed to replicate these results (Moawad et al. 2016;
Philpott et al. 2016).

The goal of dietary therapy is to gradually reintroduce
foods one at a time with histological and clinical assess-
ment in between introductions, with a long-term goal of
avoiding the minimal amount of foods to keep the
disease in remission (Kagalwalla et al. 2011). All dietary
therapies are performed for at least 6–8 weeks after
which another endoscopy with biopsies is performed.
If histological and clinical remission has been induced,
foods will be reintroduced either one at a time or in
groups (i.e., fruit, meats, etc.). Each food reintroduction
lasts 6–8 weeks followed by repeat endoscopy with
biopsies, as well as clinical assessment of symptoms
between introductions (Kagalwalla et al. 2011).

Topical steroids are the other first-line option for the
treatment of EoE. They have been shown to induce
histological remission and symptom improvement.
After 8 weeks of topical steroid therapy, a repeat endos-
copy with biopsies is performed to assess response to
therapy. The topical steroid formulations used were
originally designed for patients with asthma and were
not intended for esophageal disease (Moawad et al.
2016). Budesonide and fluticasone are the 2 medica-
tions that have been studied for EoE. Swallowed flutica-
sone in doses of 440 μg twice-daily to 880 μg twice-daily
has been studied in 3 placebo controlled, randomized
controlled trials. Response rates range from 50% to
65% in children and adults (Konikoff et al. 2006;
Alexander et al. 2012; Butz et al. 2014). Higher doses
have been shown to increase risk of esophageal candi-
diasis. Randomized controlled trials of budesonide,
given as a viscous suspension or nebulized, have shown
histological remission rates of 27%–87% depending on
the dose and method used. In a study of 20 children
treated twice-daily with budesonide (in a slurry form
using a sugar substitute to constitute the mixture),
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80% had complete histological remission (Gupta et al.
2015). Other forms of budesonide have also been tried
including an effervescent tablet (83% histological
response) and oral suspension (70% histological
response) (Miehlke et al. 2016; Moawad et al. 2016).
Maintenance therapy is recommended for patients on
swallowed steroid therapy. Half of the induction dose
of topical steroid is commonly used as maintenance,
however, further study is needed to understand the
appropriate dose needed to keep patients in remission.
Long-term administration of topical steroids appears
to be safe and well tolerated (Moawad et al. 2016).

Esophageal dilation can be used to improve clinical
symptoms in patients with narrowed esophagus or a
stricture. Dilations are used mostly in adults. A barium
swallow may be useful in guiding whether or not to pro-
ceed with dilation in patients who are not responding to
pharmacologic or dietary therapy. Dilation does not
change the histology of the disease. Dilation can be per-
formed using 1 of 3 techniques: bougie, wire-guided,
and controlled radial expansion balloons. The goal is
to achieve an esophageal diameter of at least 15 mm.
Clinical efficacy seems to last 1–2 years (Moawad et al.
2013). Initial concerns of increased risk of dilations in
EoE patients have been disproven. A meta-analysis
reviewed 860 subjects and found a risk of hemorrhage
of 0.1% and esophageal perforation of 0.3% (Moawad
et al. 2013).

There have been multiple different biologic treat-
ments that have been postulated to help in EoE.
Omalizumab, an anti-IgE monoclonal antibody, was tri-
aled in adolescent EoE subjects and showed decreased
IgE levels in esophageal tissue, however, a prospective
trial of omalizumab in EoE was ineffective in decreasing
symptoms or esophageal eosinophilia (Loizou et al.
2015). Mepolizumab, an anti-IL-5 monoclonal anti-
body, showed promise in an open-label study of EoE
patients. This study demonstrated a decrease in blood
and esophageal eosinophilia as well as improved clinical
outcomes with mepolizumab (Stein et al. 2006). A sub-
sequent randomized, double-blind, placebo controlled
(RDBPC) trial of mepolizumab in adult patients showed
histological improvement, however, patients had mini-
mal symptom improvement (Straumann et al. 2010).
In a RDBPC trial of 59 pediatric subjects, mepolizumab
decreased eosinophil counts in 89% of subjects.
Interestingly, mast cell numbers also decreased in
77% of treated subjects, although, once again no

symptomatic improvement was seen (Assa’ad et al.
2011; Otani et al. 2013). In the pediatric mepolizumab
trial, subjects had mild symptom severity at baseline.
Similarly, a large RDBPC trial of reslizumab, another
anti-IL-5 monoclonal antibody, was conducted in 226
children and adolescents with EoE. This study found
that treatment markedly decreased esophageal eosino-
philia but symptomatic improvement was similar in
both the active treatment and placebo groups (Spergel
et al. 2012b). Most patients did not exhibit complete
eosinophil resolution after therapy. The dissociation
between esophageal eosinophil count improvement
and symptom improvement suggests that other pro-
inflammatory cells may contribute to EoE pathogenesis
(Sriaroon and Ballow 2016).

QAX576, an anti-IL-13 monoclonal antibody, has
been studied as a potential treatment for adults with
EoE. A 60% reduction in esophageal eosinophils was
seen with some symptomatic improvement including
improved dysphagia. Genetic markers of EoE were
modified with treatment including eotaxin-3, POSTN
and mast cell markers. QAX576 continues to be studied
(Rothenberg et al. 2015). Duplizumab is a monoclonal
antibody that targets the IL-4 receptor α subunit as well
as the IL-13 receptor system. Duplizumab has been
effective in asthma and atopic dermatitis (Spergel et al.
2012b; Boguniewicz 2017). An RDBPC trial is under-
way in adults with EoE (Spergel et al. 2012b). A
CRTH2 antagonist, OC000459, was used to treat severe,
refractory EoE in a small trial. In this trial there was a
significant decrease in esophageal eosinophilic inflam-
mation without complete resolution (Straumann
et al. 2013).

Prognosis

EoE is a chronic and non-fatal disease. Endoscopic
signs and histologic esophageal eosinophilia will persist
if the condition is not adequately treated, and if treat-
ment is stopped, the symptoms and signs (including
histologic features) will recur in the majority of patients
(Helou et al. 2008). The ultimate consequence of
esophageal remodeling and fibrosis is stiffening and
dysmotility. The natural history of untreated EoE in
adults is progressive fibrostenosis. It has been found
that esophageal rigidity may begin in childhood
(O’Shea et al. 2017). While the esophageal signs and
symptoms are chronic and progressive without treat-
ment, there are no cases of EoE that have progressed
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to a systemic hyper-eosinophilic syndrome, or even
spread beyond the esophagus to other areas of the GI
tract. EoE does not increase cancer risk.

Conclusion

EoE is a chronic, immune-mediated disease, which is
increasing in prevalence. A tremendous increase in
research and therefore in the understanding of the
pathogenesis and treatment of this disease process has
occurred in the last few decades and continues.
Emerging biologic therapies continue to be studied as
our knowledge of pathogenesis of the disease process
increases. In the mean-time, multiple treatment modal-
ities including dietary therapy, topical corticosteroid
therapy, and mechanical dilation continue to be used.
The hope is that with better understanding of the dis-
ease process, targeted therapy will eventually make this
an easier disease to manage.
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