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Purpose of review

Eosinophilic esophagitis (EoE) is a chronic allergic disease of the esophagus. A mix of
immediate, IgE-mediated and delayed, non-IgE-mediated immunological reactions to

foods is thought to play a role in EoE. Our purpose is to review available clinical and
research evidence for this link between food allergy and EoE.

Recent findings
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peripheral blood of patients with EOE demonstrated an allergic T-helper type 2
phenotype, though mechanisms linking the disease to food allergens are not fully

addressed.
Summary

Foods appear to be important allergic triggers in EoE. Identification of these triggers,
however, remains a challenge. Research is needed to elucidate at which point in the
pathogenesis of EoE foods become important so that their role can be better
understood, and develop better tests to identify these foods.
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Introduction

Eosinophilic esophagitis (EoE) is a chronic disease of the
esophagus characterized by eosinophilic infiltration of the
esophageal mucosa, the latter serving as its diagnostic
hallmark. Finding 15 or more eosinophils/high power
field (HPF) in the maximally infiltrated areas of the
esophageal epithelium upon biopsy is considered diag-
nostic for EoE in the absence of acid-induced reflux
disease [1]. EoE has become more prevalent over the
past decade [2,3]. Patients with the disease present with a
variety of symptoms including abdominal pain, emesis,
gastroesophageal reflux symptoms, dysphagia with solid
foods, and failure to thrive in children [4]. Serious com-
plications of EoE such as esophageal food impactions
necessitating urgent endoscopic removal of the food
and esophageal strictures requiring endoscopic balloon
dilatations are also seen [5]. Age-related differences in
presenting symptoms are noticed. Whereas infants and
young children present mostly with feeding refusal,
abdominal pain and vomiting, adolescents and adults
often complain of dysphagia and food impactions [3,6]
(Table 1). This difference may be secondary to the fact
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that young children cannot relate the feeling of dyspha-
gia. EoE spanning generations has been observed [7], but
this subset of patients was found to have similar features
and genetics to those with sporadic EoE [8]. EoE is
thought to be an allergic disease, caused by multiple
food allergens and possibly by environmental allergens
as well.

Generally, we can classify food hypersensitivity reactions
into immediate, IgE-mediated and delayed, non-IgE-
mediated ones. IgE-mediated reactions develop when
food-specific IgE antibodies residing on mast cells and
basophils come in contact with and bind circulating food
antigens and activate the cells to release potent mediators
and cytokines. In non-IgE-mediated food allergic reac-
tions, multiple inflammatory cells and their mediators
play a role in immunopathogenesis. Activation of
lymphocytes and recruitment of eosinophils and mast
cells are cardinal features of many of the diseases invol-
ving such reactions. IgE-mediated reactions are typically
rapid in onset, predominantly involve the skin, and may
lead to anaphylaxis. By contrast, non-IgE-mediated
reactions become evident hours to days after allergen
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Table 1 Most common age-related clinical manifestations of
EoE

Infants Feeding refusal or intolerance, irritability, vomiting,
failure to thrive
Children Abdominal pain, vomiting, GERD-like symptoms,

difficulty swallowing, food aversion/self-limited
diet, failure to thrive
Dysphagia, esophageal food impactions, nausea,
GERD-like symptoms, self-limited diet
Dysphagia, esophageal food impactions

Adolescents

Adults

EoE, eosinophilic esophagitis; GERD, gastroesophageal reflux disease.

ingestion, and often manifest in the gastrointestinal tract
and skin (e.g. contact dermatitis), causing chronic inflam-
mation and eosinophilia. Whereas skin prick tests (SP'T's)
and food-specific IgE levels in the serum are accepted
standardized tests for immediate IgE-mediated food
allergic reactions, skin patch tests are being used to detect
delayed, cell-mediated reactions. It is important to note
that the presence of food-specific IgE in the serum or a
positive skin test demonstrate sensitization but not
necessarily clinical allergy. For example, 50% of patients
with food sensitization are tolerant (i.e. do not develop a
clinical reaction) to the food when ingested. Atopy patch
tests (AP'T's) are utilized for detection of delayed, T-cell-
mediated hypersensitivity reactions and have been stan-
dardized for conditions such as contact dermatitis. How-
ever, the use of APT for foods remains a research tool that
has yet to be standardized and validated.

The link between food allergies and EoE has been made
so far through a number of clinical studies that implicate
foods as disease triggers, and through a very small number
of translational studies consistent with, but not proving a
causative link. A mix of IgE-mediated and non-IgE-
mediated immunological reactions to foods is thought
to play a role in EoE. In this article, available clinical and
research evidence for this likely link between food aller-
gies and EoE will be discussed.

Link between food allergens and eosinophilic
esophagitis: clinical evidence

Studies using various dietary elimination therapies,
empiric or allergen test-based, resulted in disease remis-
sion in some patients with EoE, indicating a link between
food allergens and the disease.

Results from empiric food allergen
elimination trials

Although the immunopathogenesis of food-induced EoE
is poorly understood, there is substantial evidence from
short-term clinical studies that implicates dietary anti-
gens as EoE triggers. Recently performed clinical trials
and retrospective reports of food eliminations have
documented varying clinical response and esophageal

histological improvement in EoE. Often, re-introduction
of the foods resulted in re-occurrence of EoE symptoms
and histology, proving a causative relationship of EoE
with dietary antigens.

The first study to shed light on the potential causation of
EoE by dietary allergens was reported by Kelly ez #/. [9] in
1995. In this study, 10 children with EoE had refractory
gastroesophageal reflux symptoms and had persistent eso-
phageal ecosinophilia on biopsy despite acid blocking
medications and/or fundoplication. A dietary trial consist-
ing of an amino acid-based formula for a minimum of
6 weeks (in addition to corn and apples in those old enough
to eat solid foods) resulted in EoE symptom improvement
and histological resolution. Symptoms completely
resolved in eight of the 10 children, and improved in
the remaining two patients. Maximal esophageal intrae-
pithelial eosinophils decreased from a median of 41/HPF
(range 15-100) to 0.5/HPF (range 0-22). Re-challenge
with various foods resulted in re-creation of symptoms
identical to those experienced before the dietary trial,
suggesting a link of the patients’ disease to a possible
immunological reaction to foods. Patients showed sympto-
matic responses to a median of two foods per patient (range
one to six foods). Commonly implicated foods were cow’s
milk, soy, wheat, peanut and egg. Avoidance of the offend-
ing foods allowed eight of the 10 patients to remain
asymptomatic without antireflux medications.

Markowitz ez al. [10] confirmed Kelly’s findings on a
larger group of 51 children with EoE. Dietary interven-
tion for these children consisted of an amino acid-based
formula and one food, grape or apple, for a month. All but
two patients experienced clinical improvement on the
dietary intervention and distal esophageal eosinophils
decreased from 33.7+10.3 to 1.0 £0.6/HPF.

Kagalwalla er a/. [11] reported their clinical experience
with a less restricted dietary trial in 35 pediatric EoE
patients. Empiric dietary removal of the six most com-
mon foods that drive immediate hypersensitivity reac-
tions was done for 6 weeks. These foods consisted of
cow’s milk, soy, wheat, egg, peanut, and seafood. Clinical
and histological improvement, though not complete
resolution of the disease, occurred in 74% of the patients.
Opverall, esophageal intracpithelial eosinophils decreased
from 80.2 +44.0 to 13.6 £ 23.8/HPF.

In adults with EoE, a potential role for food allergy in
EoE has been more controversial, due to the scarcity of
clinical trials involving dietary restriction in adults with
the disease. Gonsalves ez a/l. [12] prospectively imple-
mented the same dietary elimination done by Kagalwalla
and colleagues in 18 adult EoE patients. Histologic
(defined as less than 15cosinophils/HPF in the maxi-
mally involved areas upon esophageal biopsies) and
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symptomatic improvement occurred in 50 and 94% of
patients, respectively, following 6 weeks of therapy.
Overall, peak intraepithelial eosinophils decreased from
41+£26 to 9£17/HPF in the proximal esophagus and
from 43 4+ 28 to 20 £ 24/HPF in the distal esophagus.

In all the above studies, patients with EoE responded
clinically and histologically to a dietary restriction, point-
ing to food antigens as potential triggers for the disease.

Results from test-based food allergen
elimination trials

Since foods triggering EoE are thought to be mediated by
IgE and non-IgE mechanisms, studies from Spergel and
colleagues have investigated skin testing (both SP'T and
APT) as tools for identification of food triggers in EoE for
the purpose of tailoring elimination trials, with reported
success rates similar to empiric dietary eliminations.
By contrast, the data for serum food-specific IgE and
SPT-based elimination diets in EoE have had fewer
reported successes.

The first such study in children was conducted by Spergel
et al. [13], who performed a combination of SP'T" and APT
on 26 children with EoE. Patients were positive to an
average of 2.7+ 3.3 foods (range 0—13) by SPT, and an
average of 2.7+ 1.8 foods (range 0-7) by APT. Foods
most commonly identified by SP'T were cow’s milk, egg,
peanut, shellfish, peas, beef, fish, rye, tomato and wheat.
Foods most commonly identified on APT were wheat,
corn, beef, cow’s milk, soy, rye, egg, chicken, oats and
potato. These children were instructed to avoid all foods
that tested positive by SP'T and/or AP'T for a minimum of
6 wecks. Eighteen children (69%) had resolution of their
symptoms. Overall, esophageal intraepithelial eosinophil
counts improved from 55.8 +24.6 to 8.4 +8.4/HPF fol-
lowing this directed dietary therapy. Although treatment
for co-existing atopic diseases was concomitantly
initiated, which may have potentially contributed to
the high response rate, their approach in dietary therapy
demonstrated a role for both immediate, [gE-mediated
food reactions and delayed, cell-mediated reactions
in EoE.

However, when Spergel ¢z a/. [14] went further and tested
the predictive value of SP'T" and APT in identifying food
triggers, by checking for histological disease remission/
relapse following removal/introduction of a triggering
food, positive and negative predictive values for either
SPT or AP'T proved to be highly variable, ranging from 30
to 90%. Those foods with higher predictive power were
common allergens. Since APT is currently not standar-
dized for the type of foods used (extracts versus fresh) for
its interpretation and for proof of a local cutancous
immunologic at the testing site, it remains a research
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tool that would benefit from additional data from
multiple centers.

In adults with EoE, Gonsalves e /. [12] found a low
predictive value of SPT to foods when patients were
treated with dietary elimination of the six common food
allergens. In their study of 18 patients, SP'T predicted
only 22% of the causative foods found on eliminations
followed by single food re-introduction to cause disease
relapse. The most common food triggers in these
patients, as judged by recurrence of symptoms and eso-
phageal eosinophilia, were cow’s milk and wheat (50%),
followed by soy and egg (17%).

Simon ez al. [15] prospectively examined six adult
patients with EoE who had evidence of sensitization
to grass pollen, wheat and rye, but not to cow’s milk,
egg or fish, as determined by SP'T" and/or serum allergen-
specific IgE levels. Elimination of wheat, rye and barley
from the diet of these patients for 6 weeks failed to
reduce clinical disease activity. Although one patient
noticed some improvement of symptoms, endoscopic
and histological findings remained unchanged. It is
important to note, however, that standard allergy tests
to grains, especially wheat, have poor predictive value
even for immediate hypersensitivity reactions, likely due
to the preparation of the antigen.

In conclusion, the above studies demonstrate that
although food sensitizations in patients with EoE are
common, the utility in using allergen skin testing (SPT
and/or APT) for identifying food triggers still requires
further research. There have been no reported clinical
studies that document APT" in adults. In addition, adults
overall have a lower response rate to dietary interventions
than children, whether an empiric approach or a skin test
approach is followed. This difference in results may be
simply the result of lack of enough studies to allow
adequate comparisons, lower adherence to the restrictive
diets by adults due to severe lifestyle limitations, or a
prominent role for aeroallergens as triggers for EoE in the
adult population.

In fact, acroallergen sensitization has been proposed as a
potential cause of EoE in adults. This stems from murine
studies of EoE when intranasal instillation of antigen
resulted in esophageal eosinophilia [16], reports of sea-
sonal variations in disease activity [17,18], as well as
reports that aeroallergens can drive esophageal eosino-
philia in adult patients, though not to the extent seen in
EoE [19]. A recent study by Sugnanam ez «/. [20] on
45 Australian children with EoE demonstrates a positive
relationship between increasing age and degree of
acroallergen sensitization and a negative relationship
between increasing patient age and degree of food aller-
gen sensitization. In the study, allergen sensitization
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profiles were prospectively analyzed by SP'T to common
food allergens and environmental allergens in Australia. A
subset of those patients also had AP'T" to common food
allergens. Sensitization to inhalant allergens increased
with age, pointing to a possibly larger role for aeroaller-
gens in older children and adults compared with younger
children. It is important to note that loss of food allergies
and accumulation of aeroallergen sensitization reflect
the natural history of allergies in general and as such,
these observations are likely not to be specific for EoE.
More conclusive studies are needed to establish whether
acroallergens are at all potential triggers for EoE.

Link between food allergens and eosinophilic
esophagitis: translational research evidence
To date, research studies on EoE uncovered an allergic
phenotype for the disease, consistent with clinical find-
ings. However, the link of food allergens to EoE has not
been thoroughly studied.

Histopathological examination of esophageal tissue from
patients with EoE has revealed an inflammatory pheno-
type similar to that of other atopic diseases. Intracpithe-
lial T-lymphocytes, mast cells, and eosinophils were
shown to be increased in the esophageal epithelium
[21]; and tissue remodeling is increased in the subepithe-
lium [22,23]. Basophils were also found in the esophagus
of patients with EoE, whereas they were absent in the
normal esophagus [24]. Many of these inflammatory cells
appear to be activated, as evidenced by degranulation of
mast cells, basophils and eosinophils [21]. Eosinophil
granule products such as major basic protein (MBP)
can increase fibroblast growth factor 9 (FGF9) to promote
esophageal epithelial hyperplasia [25], and eosinophilic
secretion of pro-fibrotic factors such as TGF-B1 can cause
subepithelial fibrosis [22]. As for T-lymphocytes in EoE,
both CD4 (T-helper) and CD8 (T-suppressor) subsets
of T-lymphocytes were found to be increased in the
esophageal epithelium, with maintenance of CDS8
predominance over CD4 cells [26]. Whether this CD8
predominance is also true in the deeper, subepithelial
lamina propria of the esophagus is unknown.

Despite a predominance of CDS8 cells in the esophageal
epithelium of EoE patients, CD4 cells seem to be
important in EoE pathogenesis. In a mouse model of
EoE, CD4-deficient mice were partially protected from
EoE [27]; and in EoE patients, a T-helper type 2 (Th2)
phenotype has been found. Evidence for this allergic
phenotype stems from various studies of T-cells in the
esophagus and in the peripheral blood of patients with
EoE, although not definitive.

In the esophagus, increased levels of the Th2 cytokines
IL-5 and IL.-13 have been reported in patients with EoE

[28-30], although identification of the specific inflam-
matory cells producing these cytokines remains to be
studied. Both IL.-5 and I1.-13 have been shown to poten-
tially play an important role in EoE pathogenesis. In a
mouse model of EoE, IL-5 was shown to promote eosi-
nophil trafficking to the esophagus [31]. When stimulated
with 11.-13 7z vitro, esophageal epithelial cells produced
high levels of eotaxin-3 [30], a highly induced chemokine
in EoE that was shown to regulate eosinophil responses
in vitro [32] and to correlate with the severity of esopha-
geal cosinophilia in EoE [33].

Since the identification of the specific inflammatory cells
in the esophagus producing the Th2 cytokines has not
been analyzed, we do not know the exact extent of the
esophageal lymphocytes’ contribution to the production
of these Th2 cytokines, especially given the esophageal
infiltration by other immune cells, such as eosinophils
and mast cells, capable of secreting these cytokines. For
example, 60% of esophageal eosinophils of patients
with EoE were found to express IL.-4 and IL.-13 upon
immunohistochemical staining [34]. Further studies
addressing the specific contribution of esophageal
lymphocytes into the production of Th2 cytokines,
especially in response to specific dietary allergens, need
to be performed.

A recent study by Vicario ez /. [35°] established that the
esophageal mucosa is a site for initiation and develop-
ment of humoral responses and local IgE production.
Increased B-lymphocytes and expression of molecular
immunoglobulin machinery in the esophagus of patients
with EoE was found, regardless of their atopic status.
These results may explain the dissociation between food
sensitization on skin testing (SP'T’) and the results of food
elimination diets in EoE.

The immune mechanisms that explain why all EoE
patients with IgE to food do not anaphylax remain
unclear. A recent study by Prussin and colleagues [36°]
demonstrated that patients with eosinophilic gastrointes-
tinal disease have a predominance of I1L.-54+ CD4+ cells
to peanut antigens as compared with patients with peanut
anaphylaxis who have predominantly IL-5 negative
CDA4+ cells. Further studies will be important in defining
mechanisms that underlie distinct immunologic reactions
to foods.

In the peripheral circulation, Bullock ¢z @/. [37] examined
cytokine expression by peripheral blood mononuclear
cells (PBMCs), and found that children with active
EoE had an increased percentage of CD4+ T-cells
expressing I1L.-5 compared with nonatopic controls. This
percentage was lower in EoE patients in remission than
in patients with active disease. However, this study
was cross-sectional rather than longitudinal to show that
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Figure 1 Eosinophilic esophagitis pathogenesis: food allergens
and aeroallergens cause a presumed T cell activation and pro-
duction of the key interleukins 5 and 13 to promote eosinophil
trafficking, activation, and survival, IgE production, and eotaxin-
3 production by activated epithelium. Eotaxin-3 together with
VCAM-1 activated vessels allow eosinophil recruitment via
increased blood vessels. TNF-a can increase VCAM-1 pro-
duction. Eosinophil granule products such as MBP increase
FGF9 to promote epithelial hyperplasia; and eosinophilic
secretion of pro-fibrotic factors such as TGF-B1 cause sube-
pithelial fibrosis
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an individual patient has changes in Th2 cytokines.
Straumann ez a/. [28] measured cytokine production by
PBMGCs of EoE patients in response to in-vitro stimu-
lation with phytohemagglutinin (PHA), a CD3 stimulant.
Increased release of the Th2 cytokine IL.-13 was found in
40% of the patients studied. Yamazaki ez a/. [38] con-
ducted similar experiments using stimulation with
specific allergens. PBMCs from 15 adult patients with
EoE were incubated iz vitro with food allergen extracts
and aeroallergen extracts. Food extracts consisted of
cow’s milk, egg, soy, wheat and peanut. Compared with
healthy controls, PBMCs from EoE patients secreted
significantly more 11.-5 and/or 11.-13 in response to var-
ious allergens, even in the absence of clear-cut sensitiz-
ation to the allergens when serum allergen-specific IgE
levels were measured. A limitation to the study is the
high prevalence of concurrent allergic diseases in the
EoE population studied, which could have accounted for
the Th2 response by the PBMCs. Comparison of these
results to those of allergic controls is needed to confirm
these findings.

In conclusion, the above studies demonstrate tissue and
peripheral blood immune cell profiles in EoE to be
consistent with an allergic phenotype, though the mech-
anisms that link EoE to food allergens are still not fully

Food allergy and eosinophilic esophagitis Chehade and Aceves 235

addressed. A proposed mechanism for EoE pathogenesis
and its relation to food allergens is illustrated in Fig. 1.

Conclusion

Foods appear to be important allergic triggers in patients
with EoE, whether in children or adults. Studies are
needed to elucidate at which point in the pathogenesis
of EoE foods become important, so that their role can be
better understood. Until more studies are performed, we
may conclude that a link between food antigens and EoE
exists, since the disease can be driven into remission by
dietary restrictions alone. Identification of these food
triggers remains a challenge. Current consensus recom-
mendations published in 2007 by a task force of phys-
icians who participated in the First International Gastro-
intestinal Eosinophil Research Symposium point to a
moderate evidence against recommending measurement
of serum food-specific IgE levels in patients with EoE,
and weak evidence to suggest skin testing to foods in
patients with EoE [1]. Multiple studies published since
these consensus guidelines demonstrate that further
research is required to identify the best tests to determine
antigenic foods in EoE. In addition, since EoE is charac-
terized clinically by a high degree of concurrent allergic
disease, it is important to consider a full allergic evalu-
ation in order to treat the multiple atopic diatheses
present in the individual. In addition, some studies
suggest that allergic sensitization may predict response
to therapy [39].

Given the limitations above, we believe that an empiric
elimination of common food allergens is the simplest
dietary intervention in patients with EoE regardless of
their age due to its reasonable remission rate (at least
50%). However, in some centers the rates of response to a
directed dietary elimination using skin testing are similar
to those of empiric dietary elimination, and can be
considered. It is essential when choosing a therapeutic
modality for a patient with EoE to consider the impact on
the patient’s lifestyle and ability to adhere to the recom-
mended therapy. Dietary manipulation therapy appears
to have similar response rates to other therapeutic inter-
ventions such as topical esophageal corticosteroids
(Table 2) [40-49]. Potential problems with dietary
manipulation include nutritional deficiencies and
decreased quality of life. Therefore, it is critical to per-
form dietary eliminations under the guidance and
monitoring of a dietician with expertise in food allergies
to avoid these consequences. SPT to foods and physician
monitored oral challenges may have an important role
during food introductions following prolonged dietary
restrictions, to ensure safety of these re-introductions
in the rare event of increased sensitization to these foods
especially in individuals with elevated serum food-
specific IgE levels.
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Table 2 Reported treatment modalities for EOE

Treatment modality Population studied Remission® rate
Diet
Amino acid-based formula Children 96-100% [9,10]
Empiric elimination diet (6-food elimination diet) Children, adults 50-74% [11,12]
Directed elimination diet (SPT and APT-based) Children 69% [13]
Corticosteroids
Systemic Children 93-95% [40,41]
Topical (fluticasone, budesonide) Children, adults 50-95% [39,41-43]
Others (limited data)
Montelukast Adults No histological remission but 75% clinical response [44]
Cromolyn sodium Children No remission [45]
6-mercaptopurine Adults Some clinical response [46]
Mepolizumab (anti-IL-5) Adults Significant histological response but no significant clinical
response [47,48]
Infliximab (anti-TNF-a) Adults No remission [49]

APT, atopy patch test; EoE, eosinophilic esophagitis; SPT, skin prick test.

#Clinical and histological remission (significant symptom improvement and decrease in esophageal eosinophilia to <10-15/HPF).
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