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Rationale: Oral immunotherapy (OIT) is an emerging treatment for food allergy. While

desensitization is achieved in most subjects, many experience gastrointestinal symptoms

and few develop eosinophilic gastrointestinal disease. It is unclear whether these subjects

have subclinical gastrointestinal eosinophilia (GE) at baseline. We aimed to evaluate the

presence of GE in subjects with food allergy before peanut OIT.

Methods: We performed baseline esophagogastroduodenoscopies on 21 adults

before undergoing peanut OIT. Subjects completed a detailed gastrointestinal symptom

questionnaire. Endoscopic findings were assessed using the Eosinophilic Esophagitis

(EoE) Endoscopic Reference Score (EREFS) and biopsies were obtained from the

esophagus, gastric antrum, and duodenum. Esophageal biopsies were evaluated

using the EoE Histologic Scoring System. Immunohistochemical staining for eosinophil

peroxidase (EPX) was also performed. Hematoxylin and eosin and EPX stains of

each biopsy were assessed for eosinophil density and EPX/mm2 was quantified using

automated image analysis.

Results: All subjects were asymptomatic. Pre-existing esophageal eosinophilia (>5

eosinophils per high-power field [eos/hpf]) was present in five participants (24%), three

(14%) of whom had>15 eos/hpf associated with mild endoscopic findings (edema, linear

furrowing, or rings; median EREFS = 0, IQR 0–0.25). Some subjects also demonstrated

basal cell hyperplasia, dilated intercellular spaces, and lamina propria fibrosis. Increased

eosinophils were noted in the gastric antrum (>12 eos/hpf) or duodenum (>26 eos/hpf)

in 9 subjects (43%). EPX/mm2 correlated strongly with eosinophil counts (r = 0.71,

p < 0.0001).
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Conclusions: Pre-existing GE is common in adults with IgE-mediated peanut allergy.

Eosinophilic inflammation (EI) in these subjects may be accompanied by mild endoscopic

and histologic findings. Longitudinal data collection during OIT is ongoing.

Keywords: peanut food allergy, Eosinophilic Esophagitis, eosinophil, adverse event, biopsy, endoscopy,

gastrointestinal, oral immunotherapy

INTRODUCTION

Peanut allergy is a potentially fatal disease affecting 0.5–1% of

the general population (1–3) with rates as high as 3% in young

children (4). Possibly fueled by an era of widespread early peanut

avoidance (5, 6), the disease has doubled over the past decade
(7) and tends to persist through adulthood for a majority of

individuals (8). The current standard of care for patients entails
food avoidance and acute management of allergic reactions (9).
Emerging evidence suggests that desensitization can be achieved
by a method of graduated peanut administration termed oral
immunotherapy (OIT) (10–12). Following an initial escalation
phase, OIT subjects are desensitized to the offending food antigen
during a series of gradual dose adjustments until a pre-specified
maintenance dose is reached. Rates of clinical desensitization are
excellent ranging from 80 to 90% for food allergy (10, 13, 14);
however, the durability of this immunologic response remains
in question. In most patients, continuation of “regular” therapy
appears to be necessary in order to maintain desensitization (15,
16). However, a few trials have now shown that desensitization
can bemaintained for some time after a period of discontinuation
of therapy (allergen avoidance) (12, 17–19). This outcome is
termed “sustained unresponsiveness (SU),” and refers to patients
who successfully pass an oral food challenge after a defined period
of allergen avoidance following OIT (20).

Questions regarding safety are the principal obstacles to
broader acceptance and availability of OIT. Specifically, 5–36%
of subjects withdraw from clinical trials because they cannot
tolerate the treatment (11, 21–23). Moreover, adverse events
(AEs) are not limited to a small subset of individuals. A recent
retrospective study of AEs during peanut OIT suggested 80%
of subjects experience OIT-related AEs (22). Although serious
AEs, such as anaphylaxis are rare, the frequency of OIT-related
side effects has led some investigators and allergists to question
whether this intervention is superior to avoidance (24). The most
common AEs related to OIT discontinuation that have been
reported are gastrointestinal symptoms, specifically abdominal
pain (25). While OIT-induced gastrointestinal symptoms are
more common during the buildup phase, they may occur at any
point during therapy (26, 27).

Most concerning is the occurrence of eosinophilic
gastrointestinal disease (EGID) in some subjects undergoing OIT
(28). EGIDs are a group of diseases characterized by eosinophil-
rich inflammation affecting different locations of the digestive
tract: the esophagus, stomach, and intestine. Eosinophils can
normally reside in the mucosa of the stomach and intestine,
but are not normally found in the esophagus (29). Eosinophilic
esophagitis (EoE) is the most common EGID and is typically a

chronic immune disorder mediated by antigen exposure. EoE is
defined by clinical and histopathological criteria, in the absence
of other causes. Clinical symptoms may include the following:
reflux-like symptoms, abdominal pain and/or vomiting that is
refractory to reflux treatment, dysphagia and/or food impaction
in conjunction with histological evidence of dense eosinophilic
infiltration of the mucosa (≥15 eosinophils per high-power field
[eos/hpf]) (30).

A meta-analysis (31) and a recent retrospective review
(25) estimated the incidence of EoE during OIT at rates of
2.7 and 5.1%, respectively. Both are likely underestimates as
most subjects with gastrointestinal symptoms do not routinely
undergo upper endoscopy for diagnostic confirmation. Indeed,
some centers estimate rates of OIT-induced EoE as high as
8–14% when rates of discontinuation due to gastrointestinal
symptoms (i.e., abdominal pain or vomiting) are used as a
surrogate measure (32). Notwithstanding, diagnosis of EoE based
on symptoms alone is inherently limited. This phenomenon
has sparked debate within the food allergy community given
the potential risk of generating a chronic disease de novo. A
confirmed diagnosis of EoE requires long-term treatment with
a proton pump inhibitor (PPI), swallowed corticosteroids, or
food avoidance despite time already spent in the desensitization
process. Fortunately, resolution of EoE is observed in most
patients with OIT-induced EoE on discontinuation of OIT (28).

In a prospective study evaluating OIT and the incidence
of EGID, 8 of 128 participants undergoing OIT for milk
and/or egg were diagnosed with EGID after 15–48 months
of starting OIT (six with EoE and two with eosinophilic
gastroenteritis). Interestingly, OIT was maintained in five of the
six EoE patients while PPI therapy with or without swallowed
steroids was initiated. One patient refused treatment with
medications and thus, OIT was discontinued. In all six patients,
symptoms resolved and in the three of five patients with repeat
esophagogastroduodenoscopies (EGDs), there was histological
remission (27).

Some have suggested that subjects with OIT-induced EoEmay
have pre-existing, subclinical disease. This notion is supported
by estimates suggesting that the prevalence of EoE in patients
with IgE-mediated food allergy (1:20) is 125 times more common
than in the general population (1:2,500) (32). Currently, there
is a critical need to determine whether food-allergic patients
who are avoiding culprit allergens have underlying eosinophilic
inflammation (EI) in the gastrointestinal tract and whether the
presence of EI will affect their outcomes with OIT. Unfortunately,
no biomarkers or minimally invasive measurement techniques
have been validated to diagnose EoE or EGIDs without
endoscopy (33). The objective of this study was to evaluate the
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presence of gastrointestinal eosinophilia (GE) in a small cohort of
adult subjects with IgE-mediated peanut allergy prior to initiation
of OIT.

METHODS

Study Population
Participants were recruited as part of a randomized, double-
blind, placebo-controlled, phase II clinical trial studying peanut
OIT at the Sean N. Parker Center for Allergy and Asthma
Research at Stanford University from April 2014 to March
2016 (clinicaltrials.gov; NCT02103270) (34). All aspects of the
studies from which data was obtained were authorized by the
Stanford University School of Medicine Institutional Review
Board (Stanford, CA). Peanut allergy was confirmed with clinical
history, skin prick tests, and a positive challenge to peanut during
a double-blind, placebo-controlled food challenge (DBPCFC).
A clinical history of EGID was a key exclusion criterion. A
subset of participants, aged >18 years old, was consented to
participate in an IRB approved sub-study, with a separate
data safety monitoring board, involving EGDs prior to starting
OIT. A comprehensive gastrointestinal symptom questionnaire
was given to participants to assess clinical symptoms (see
Supplementary Material). Symptoms were assessed within 1
month of upper endoscopy. The gastrointestinal symptom
questionnaire included a 1 month recall period and assessed
symptoms of reflux, abdominal pain, constipation, poor appetite,
dysphagia, time required for eating, food refusal, and vomiting.
None of the subjects enrolled in this study had previously
undergone an upper endoscopy.

Esophagogastroduodenoscopies
All participants were consented for the research study and for
the procedure. EGDs were performed under conscious sedation
by trained gastroenterologists (N.F.B). Endoscopic biopsies were
obtained from five sites: the proximal esophagus (PE), middle
esophagus (ME), and distal esophagus (DE), as well as the gastric
antrum and proximal duodenum. Four passes were performed
at each location and one biopsy was obtained with each pass.
Given the need to conserve samples for future mechanistic
studies, only one biopsy from each site was analyzed by histology.
Standardized reporting of endoscopic findings was undertaken,
using the Eosinophilic Endoscopic Reference Score (EREFS) (35).
The inflammatory and fibrostenotic scores were calculated as per
Dellon et al. (36).

Evaluation of Gastrointestinal Pathology
Sections from the PE, ME, DE, gastric antrum, and proximal
duodenum were stained with hematoxylin and eosin (H + E).
A gastrointestinal pathologist (N.K.), who was blinded to the
clinical characteristics and demographic data of the individual
participants, quantified peak eosinophils counts in a single hpf
in an area of highest density and scored esophageal biopsy slides
using the Eosinophilic Esophagitis Histologic Scoring System
(EoEHSS), as previously described (37). Briefly, the EoEHSS
not only quantifies EI but also informs as to the severity
and extent of inflammation and histological abnormality, and

consists of 8 features: eosinophilic inflammation (EI), basal zone
hyperplasia (BZH), dilated intercellular spaces (DIS), lamina
propria fibrosis (LPF), eosinophilic abscess (EA), eosinophil
surface layering (SL), surface epithelial alteration (SEA), and
dyskeratotic epithelial cells (DEC) (37). Each feature is scored
separately for grade (severity) or stage (extent) of abnormality
using a 4-point scale (0= normal; 3=most severe or extensive).
These features were analyzed for each participant for the PE, ME,
and DE biopsies. Greater than 5 eos/hpf in the esophagus was
considered abnormal and any eosinophils above the published
upper limits of normal in the stomach (>12 eos/hpf) or
duodenum (>26 eos/hpf) were considered abnormal (29).

Immunohistochemical (IHC) Staining for
Eosinophil Peroxidase (EPX)
Tissue sectioning and IHC staining was performed at the
Pathology Research Core (Mayo Clinic, Rochester, MN) using
the Leica Bond RX stainer (Leica). Formalin-fixed-paraffin-
embedded (FFPE) tissues were sectioned at five microns and
IHC staining was performed on-line. Slides for EPX stain were
retrieved for 20min using Epitope Retrieval 1 (Citrate; Leica) and
incubated in Protein Block (Dako) for 5min. The EPX primary
monoclonal antibody [clone MM25-82.2 (38)] was diluted to
1:750 in Background Reducing Diluent (Dako) and incubated for
15min.

The detection system used was the Polymer Refine
Detection System (Leica). This system includes a hydrogen
peroxidase block, post-primary and polymer reagent, DAB, and
hematoxylin. Immunostaining visualization was achieved by
incubating slides 10min in DAB and DAB buffer (1:19 mixture)
from the Bond Polymer Refine Detection System. To this point,
slides were rinsed between steps with 1X Bond Wash Buffer
(Leica). Slides were counterstained for 5min using Schmidt
hematoxylin (instead of the hematoxylin provided with the
Refine kit) and molecular biology grade water (1:1 mixture),
followed by several rinses in 1X Bond wash buffer and distilled
water. Once the immunochemistry process was completed, slides
were removed from the stainer and rinsed in tap water for 5min.
Slides were dehydrated in increasing concentrations of ethyl
alcohol and cleared in 3 changes of xylene prior to permanent
cover-slipping in xylene-based medium.

Analysis of EPX Stains
Tissue sections were digitized (Aperio AT Turbo, Leica
Biosystems, Buffalo Grove, IL) and peak eosinophil counts (PEC)
were evaluated using an area equivalent to 1 hpf (0.24 mm2).
EPX deposition was quantified by an automated pixel algorithm
with Aperio ImageScope software (version 11.2.0.780, Aperio
Technologies, Vista, CA). Only pixels that stained strongly or
moderately positive according to the algorithm were considered
positive (see Supplementary Figure E1). The peak number of
EPX positive pixels within 1 hpf was divided by the epithelial area
(mm2) analyzed. Automated measurements of EPX/mm2 were
made in tissue sections cut from each gastrointestinal biopsy.
Manual counts of EPX positive nuclei were also performed in a
single hpf in an area of highest density.
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Statistical Analysis
Descriptive statistics were reported for baseline characteristics,
EREF scores, eosinophil counts, EPX measurements, and
EoEHSS scores. The inflammatory score was calculated by
summing the exudate, edema, and furrows scores, and the
fibrostenotic score was the sum of the rings and stricture scores.
The total score was the sum of the inflammatory and fibrostenotic
scores. Spearman’s test was used to determine correlations
between eos/hpf and EPX/mm2. Comparisons of eos/hpf by H
+ E and eos/hpf by EPX immunohistochemistry were performed
using a Mann-Whitney test. All analyses were conducted using
GraphPad Prism version 7.0f for Windows and R v3.4.3.

RESULTS

Clinical Characteristics
Twenty one adults, median age 27 years old, were enrolled in the
study and underwent baseline EGDs. Themajority of participants
were Caucasian males. All participants had histories of peanut
allergy with elevated peanut-specific IgE (median 16.81 kU/L)
and a median peanut skin prick test of 12.5mm as well as a
confirmatory positive reaction on a DBPCFC. Overall, the cohort
included allergic individuals with elevated median total IgE of
617.32 kU/L, median absolute eosinophil counts of 200 cells/uL,
and other allergic comorbid conditions, such as asthma (81%),
allergic rhinitis (86%), and a history of atopic dermatitis (52%).
Forty-eight percent of adults had other food allergies in addition
to being peanut allergic (Table 1; Supplementary Table E2).
Details of other food allergies and concurrent medication use
in regards to proton pump inhibitors (PPIs) and inhaled
corticosteroids are in Supplementary Table E2. None of the
participants were on concurrent PPI at the time of endoscopy.

Gastrointestinal Symptoms
All patients were generally asymptomatic at the time of
endoscopy. Questionnaires (Supplementary Material) were

TABLE 1 | Baseline characteristics.

Characteristic Subjects (n = 21)

Age at baseline (y), median (IQR) 26.5 (22.5–34.5)

Males (n, %) 16 (76)

White (n, %) 15 (71)

Atopic conditions (n, %)

Asthma 17 (81)

Allergic rhinitis 18 (86)

Atopic dermatitis 11 (52)

Other food allergies 10 (48)

Total IgE level (IU/L), median (IQR)* 617.32 (215.94, 1,125.45)

Peanut-specific IgE level (kUA/L), median (IQR) 16.81 (7.22, 166.90)

Peanut-specific IgG4 level (µg/mL), median (IQR) 0.31 (0.11, 0.43)

Peanut skin prick test (mm), median wheal size (IQR) 12.5 (7.5, 17.5)

Absolute eosinophil counts (cells/µL), median (IQR) 200 (112.5, 322.5)*

*Missing for 1 subject.

administered within 1 month of EGD. None of the participants
reported a history of dysphagia. Five participants reported mild
abdominal pain < 3 times per month and one subject reported
mild reflux (not associated with food), <3 times per month.
Two of the five participants with reported abdominal pain and
one participant with mild reflux had mild abnormalities on
endoscopy. None of the participants with mild abdominal pain
or reflux had any appreciable eosinophils in the PE, ME or DE
by H + E staining, while others who were found to have any
eosinophils in the esophagus (n = 6) did not report symptoms.
Two participants with abdominal pain <3 times per month had
PEC of >26 in the duodenum by H + E staining; the remainder
had eosinophils in the gastric antrum or duodenum, but less
than noted thresholds (Supplementary Table E1).

Endoscopic Findings
During EGD, EREFS was documented in all participants. The
overall median EREFS was 0 (min= 0, max= 5). No participants

TABLE 2 | Endoscopy findings, EREFS.

Score Total

Exudates*, n (%)

0 21 (100%)

1 0

2 0

Score, median (min, max) 0 (0, 0)

Rings*, n (%)

0 20 (95%)

1 1 (5%)

2 0

3 0

Score, median (min, max) 0 (0, 1)

Edema*, n (%)

0 18 (86%)

1 3 (14%)

Score, median (min, max) 0 (0, 1)

Furrows*, n (%)

0 18 (86%)

1 3 (14%)

2 0

Score, median (min, max) 0 (0, 1)

Stricture*, n (%)

0 21 (100%)

1 0

Score, median (min, max) 0 (0, 0)

Inflammatory score, median (min, max)a 0 (0, 4)

Fibrostenotic score, median (min, max)b 0 (0, 3)

Total score, median (IQR)c 0 (0, 5)

EREFS: eosinophilic esophagitis endoscopic reference score.

*Maximum score per participant over the three sites.
aThe inflammatory score is the sum of the exudate, edema, and furrows scores.
bThe fibrostenotic score is the sum of the rings and stricture scores.
cThe total score is calculated from the sum of the exudate, edema, furrows, rings, and

stricture scores.
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had evidence of exudates or strictures. One participant had
mild rings (score = 1), three participants had evidence of mild
edema (score = 1), and three participants had evidence of mild
furrows (score = 1) (Table 2; Figures 1A,B). Figure 1C displays
EREFS by PE, ME, and DE. The inflammatory and fibrostenotic
scores are reported in Table 2 as the max score across the
3 sites reported in the esophagus. The inflammatory score is
the sum of the exudate, edema, and furrows scores (median
0, min = 0, max = 4). The fibrostenotic score is the sum of
the rings and stricture scores (median 0, min = 0, max = 3).
The total score is calculated from the sum of all 5 findings
and in our cohort the median total score was 0 (min = 0,
max= 5).

Histopathology
Esophageal eosinophilia (>5 eos/hpf) was present in 24% of
participants (Figures 2, 3). Eosinophils were detected by H +

E staining in one participant in the PE, two participants in the
ME, and five participants in the DE, with three participants
reaching the histologic threshold for EoE (≥15 eos/hpf). Further
assessment of intact eosinophils and their degranulation products
by EPX staining suggest the extent of esophageal eosinophilia

may be even greater (Figure 3; Supplementary Figure E2).
EPX deposition was greatest in the DE when compared to
other esophageal segments and correlated strongly with eos/hpf
(r = 0.71, p < 0.0001). Increased eosinophils were noted in
5 (23.8%) participants in the gastric antrum (>12 eos/hpf)
and 6 (28.6%) participants in the duodenum (>26 eos/hpf).
Supplementary Table E1 details eosinophil counts for each
subject in the various locations of the gastrointestinal tract.
While some participants had GE in the stomach and duodenum
(29, 39), none met the histologic criteria for eosinophilic
gastritis or eosinophilic duodenitis based on H + E stains (40,
41). In addition, none of the biopsies showed intraepithelial
eosinophils in the surface or crypt epithelium. Non-eosinophilic
histological abnormalities, such as chronic inflammation and
intraepithelial lymphocytosis, were found in esophageal biopsies
of 3 participants (Figure 4). Histopathologic findings in the PE,
ME, and DE using the EoEHSS are summarized in Figure 5;
Table 3. Overall, the grade and stage were normal or mildly
abnormal in the majority of participants. The lamina propria
fibrosis was oftentimes inadequately assessed due to sampling
techniques. The median final grade and stage scores were 0.05
across all sites (Figure 6).

FIGURE 1 | (A) Endoscopic picture of the esophagus showing mild longitudinal furrows (e.g., yellow arrow) and mild edema. (B) Endoscopic picture of the distal

esophagus with mild edema. (C) Esophagitis Endoscopic Reference Score (EREFS) distributed over the proximal esophagus (PE), middle esophagus (ME), and distal

esophagus (DE). E, edema; R, rings; Ex, exudate; F, furrows; S, strictures.
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FIGURE 2 | EPX immunohistochemistry highlights gastrointestinal eosinophilic inflammation. Low and high magnification view of serial sections (H&E, columns 1 and

2, and EPX, columns 3 and 4) demonstrating eosinophilia in the esophagus (top row), gastric antrum (middle row) and proximal duodenum (bottom row). Yellow

arrows denote eosinophils on H&E stains. Scale bars at high power (columns 1 and 3) and low power (columns 2 and 4) are 25 and 100 microns, respectively.

FIGURE 3 | Gastrointestinal eosinophilia is common in adults with IgE-mediated peanut allergy. Eosinophil distribution and EPX deposition (A) in the proximal

esophagus (PE), middle esophagus (ME), distal esophagus (DE), gastric antrum (GA), and duodenum (Du). Blue circles correspond to the left axis (eos/hpf) and red

circles correspond to the right axis (EPX/mm2 ). Eosinophil counts were obtained from H + E stains. When plotted against one another, EPX/mm2 correlates strongly

with eos/hpf (B).

DISCUSSION

This is the first study to assess GE by performing endoscopic

biopsies in asymptomatic adults with IgE-mediated peanut

allergy prior to initiating OIT. We found that 24% of
subjects had esophageal eosinophilia at baseline and 14%

exceeded the established diagnostic cutoff for EoE, based
on PEC. Most of the subjects with esophageal eosinophilia

also had additional histologic findings (basal cell hyperplasia,
dilated intercellular spaces, and/or lamina propria fibrosis), but
these were very mild. The histological abnormalities beyond
eosinophilia (as determined by PEC) were assessed by EoEHSS,
a newly validated scoring system. EoEHSS objectively and
comprehensively evaluates the spectrum of histological changes
seen in the esophagus in the setting of EoE. Scoring of eight
pathological variables assesses both severity (grade) and extent

(stage) of disease. In addition, this system has been shown to be
reliable with strong to moderate interobserver agreement among
pathologists (37, 42). Based on EoEHSS, despite having baseline
eosinophilia in a subset of our cohort, the overall pathology is
clearly mild and only a few of the histological abnormalities were
noted on endoscopy. Although some of these histopathologic
changes resulted in mild endoscopic findings, such as esophageal
edema or longitudinal furrows and rings, there were few clinical
symptoms and no subjects reported dysphagia. Furthermore, we
found that 43% of subjects had increased eosinophils in the
gastric or duodenal mucosa, though none met histologic criteria
for eosinophilic gastroenteritis based on H + E staining. While
there are no current consensus guidelines for cutoff values for
eosinophilic gastroenteritis, an average of 30 eos/hpf in 5 hpf
is a widely agreed upon histologic threshold for eosinophilic
gastritis. Lowichik and Weinberg (39) and Debrosse et al. (29)
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FIGURE 4 | Additional pathologic findings (A) Proximal esophagus with increased intraepithelial lymphocytes and congested papillae. Two intraepithelial eos/hpf were

seen elsewhere. (B) Middle esophagus with normal epithelium and a single intraepithelial eosinophil (inset). (C) Distal esophagus with mild basal cell hyperplasia and

up to 35 intraepithelial eos/hpf (D) Middle esophagus with reactive epithelial nuclei and increased intraepithelial eosinophils (inset) up to 7/hpf. (E) Antral stomach

mucosa with focal mild non-specific inflammation with lymphocytes and eosinophils (inset). (F) Duodenal mucosa with focal lamina propria neutrophils (inset) in one

villus. (H&E images ×400). Arrows indicate eosinophils.

have both identified the upper limit of normal as 8 eos/hpf in
the gastric antrum and 26 eos/hpf in the duodenum in pediatric
subjects. Lwin et al. (41) reported higher gastric eosinophil
counts (upper limit of normal 11.63 eos/hpf averaged over 5
hpf) in a population of adult and pediatric subjects; however,
biopsy samples were obtained from both the corpus and gastric
antrum. Although our biopsies were consistently obtained from
the gastric antrum, we conservatively defined gastric eosinophilia
as >12 eos/hpf for this study.

We found that eosinophil counts were significantly
higher based on EPX immunohistochemistry
(Supplementary Figure E2), suggesting this may be a more

sensitive method for eosinophil detection. However, current
reference values (29, 39) and diagnostic cutoffs (40, 41, 43) have
been established using routine H + E stains. Moreover, EPX is
not a nuclear stain and it assesses both intact eosinophils and
degranulation products potentially related to biopsy trauma
(38). As a result, there may be an overestimation of eosinophilia
in areas of marked degranulation with EPX immunostain. In
this cohort, neither eosinophil counts nor EPX deposition
corresponded with clinical symptoms as all patients were
asymptomatic at the time of endoscopy. Two of the subjects
reporting <3 episodes of abdominal pain per month on the
GI symptom questionnaire did have increased EPX deposition
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FIGURE 5 | Eosinophilic Esophagitis Histologic Scoring System (EoEHSS). Frequency of histological findings in the proximal esophagus (PE), middle esophagus (ME),

or distal esophagus (DE) based on Collins’ grading to include eosinophilic inflammation (EI), basal cell hyperplasia (BZH), dilated intercellular spaces (DIS), lamina

propria fibrosis (LPF), eosinophilic abscess (EA), eosinophil surface layering (SL), surface epithelial alteration (SEA), and dyskeratotic epithelial cells (DEC). Top panel

represents Stage (extent of disease); bottom panel represents Grade (severity of disease).

TABLE 3 | Histology findings: EoEHSS, peak eosinophil counts (PEC) and EPX deposition.

Esophageal site

Proximal Middle Distal

Max

EoEHSS,

Grade (n, %

of cohort)

EI 1 (3, 14%) 1 (4, 19%) 2 (3, 14%)

BZH 1 (3, 14%) 1 (1, 5%) 2 (2, 10%)

DIS 2 (2, 10%) 2 (2, 10%) 2 (2, 10%)

LPF 0 (1, 5%) NA 1 (1, 5%)

EA 0 (20, 95%) 0 (20, 95%) 0 (21, 100%)

SL 0 (20, 95%) 0 (20, 95%) 0 (21, 100%)

SEA 0 (20, 95%) 0 (20, 95%) 0 (21, 100%)

DEC 0 (20, 95%) 0 (20, 95%) 0 (21, 100%)

Non-eosinophilic features, n (%) 1 (5%) 0 (0%) 3 (14%)

Peak eosinophil count, median (min, max) 0 (0, 4) 0 (0, 11) 0 (0, 35)

EPX/mm2, median (IQR) 8587 (2525-14347) 3776 (540.8-16590) 10356 (4910-26559)

EI, eosinophilic inflammation; BZH, basal cell hyperplasia; DIS, dilated intercellular spaces; LPF, lamina propria fibrosis; EA, eosinophilic abscess; SL, eosinophil surface layering; SEA,

surface epithelial alteration; DE, dyskeratotic epithelial cells; EoEHSS, eosinophilic esophagitis histologic scoring system; EPX, eosinophil peroxidase.

in the gastric antrum and one had increased EPX deposition
in the duodenum. Larger studies examining the correlation
between H + E eosinophil counts and EPX/mm2 are needed to
established EPX-based diagnostic cutoffs. Using this histologic

parameter may allow a more consistent, unbiased and thorough
quantification of eosinophilic inflammation.

EoE is a clinicopathologic diagnosis characterized by
symptoms of esophageal dysfunction and eosinophilic
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FIGURE 6 | Overall Eosinophil Histologic Scoring System (EoEHSS) at baseline endoscopy. Final score for Grade (left panel) and Stage (right panel) at each site in the

esophagus. PE, proximal esophagus; ME, middle esophagus; DE, distal esophagus.

infiltration of esophageal epithelium (43). While symptoms
are required for diagnosis, they may not accurately reflect
endoscopic and/or histologic remission following treatment
(44). Importantly, the initial presentation in some individuals,
particularly adults, is food impaction resulting from esophageal
narrowing and fibrostenosis (45) likely caused by progression
of undetected chronic inflammation (46). It remains unclear
whether the patients with esophageal eosinophilia in this study
would eventually progress to develop EoE without intervention,
or if the chronic antigen exposure associated with OIT would
exacerbate pre-existing pathology.

Despite their status as a defining feature of EGIDs, eosinophils
are thought to play important homeostatic roles and are normally
present in the gastric and duodenal epithelium; albeit, in lower
numbers (47). Increased gastrointestinal eosinophils are also
seen in other disease states, such as inflammatory bowel disease
(48), gastroesophageal reflux disease (49), celiac disease (50),
and connective tissue disorders (51). Interestingly, a common
element between EoE and food allergy is epithelial barrier
disruption (52). While eosinophils are recognized primarily
for their pro-inflammatory potential in disease, they also play
important regulatory roles in barrier maintenance through
mucus and IgA production, tissue repair, and remodeling (48, 53,
54). For example, the recent description of multiple eosinophil
subtypes (55) including Foxp3+ eosinophils in EoE (56) provides
a more nuanced view of the role eosinophils may play in health
and disease. Several studies have examined other cell types which
may be upstream of eosinophils in the inflammatory cascade.
Indeed, animal models suggest mast cell infiltration of the
epithelium precedes eosinophilia (57). Furthermore, basophils
have been shown to play an important role in eosinophil
recruitment (58). Increases in both cell types have been found
in esophageal biopsies obtained from patients with active EoE

(59, 60). Interestingly, biologics targeting IL-5 have been largely
unsuccessful in alleviating clinical symptoms despite their success
in achieving substantial reductions in tissue eosinophilia (61, 62).
Taken together, these observations suggest that other cellular
targets may also be important for treatment of EGIDs.

The prevalence of GE in asymptomatic individuals with
IgE-mediated food allergy is largely unknown and difficult
to determine due to absence of non-invasive biomarkers for
EGID; notwithstanding, our findings are consistent with those
recently reported by Barbosa et al. who performed EGDs in
89 subjects with IgE-mediated milk allergy (63). Thirty-eight
percent of subjects in their study had evidence of esophageal
eosinophilia. While a majority of those with eosinophilic
inflammation had at least some gastrointestinal/non-specific
symptoms, almost 30% were asymptomatic. GE does not appear
to be as common in patients with other atopic conditions,
such as asthma (64), though these studies may be confounded
by use of inhaled corticosteroids. Importantly, as many as
67% of patients with EoE report comorbid IgE-mediated
food allergy (65). As a result, a patient may have resolution
of symptoms but have persistent esophageal eosinophilia
despite avoidance of EoE food triggers. Consequently, we may
question whether asymptomatic patients with IgE-mediated food
allergy and esophageal eosinophilia should receive treatment
(i.e., diet modification, steroids, PPI) for “silent” EoE to
prevent progression to fibrostenosis. This is a critical issue
as delayed diagnosis is associated with stricture formation in
symptomatic individuals (66, 67). While Echeverria-Zudaire
et al. successfully treated a small cohort of patients undergoing
OIT who developed EoE with PPI and possible swallowed
steroids, it is unclear whether these participants had underlying
gastrointestinal eosinophilia at baseline (27). The present study
is an analysis of baseline data from a longitudinal study
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evaluating the effects of OIT on GE. It has been approved
by an IRB and has been closely monitored by a data
safety monitoring board of experts in EGID. Due to the
absence of clinical symptoms, none of these subjects meet
clinicopathologic criteria for diagnosis of EGID, and thus
have not received treatment with either PPI or swallowed
corticosteroids.

This study has several limitations. First, it is a small,
single center study of adult subjects; therefore, it is unclear
if similar results would be present in children. In addition,
though our population is at much higher risk for EoE, we
have applied scoring systems for endoscopic (i.e., EREFS)
and histologic (i.e., EoEHSS) findings validated in subjects
with EoE (not in IgE-mediated food allergy). Classification of
increased gastrointestinal eosinophils distal to the esophagus
is also problematic as they are normally present in the
stomach and duodenum and reference values are largely
derived from pediatric subjects (29, 39). These limitations
are balanced by a number of strengths, including a rigorous
assessment of symptoms to exclude clinical manifestations of pre-
existing EGID, comprehensive endoscopic and histopathologic
evaluation, and qualitative and quantitative assessment of GE by
EPX immunohistochemistry.

In summary, this study confirms previous speculation that
some individuals with IgE-mediated food allergy may have
subclinical GE. Endoscopic and histologic findings in the
esophagus are mild and are similar to what is seen in EoE
that becomes clinically significant. Questions remain regarding
the role of eosinophils in IgE-mediated food allergy and the
appropriate treatment approach for patients with asymptomatic
esophageal eosinophilia. We plan to follow these patients
longitudinally to determine the effects of OIT on GE. We will
also further examine the role of eosinophils and other cells
types during OIT for IgE-mediated food allergy. Surveillance of
mucosal responses to OITmay provide a unique window into the
pathogenesis of EGIDs.

ETHICS STATEMENT

This study was carried out in accordance with the
recommendations of ICH/GCP/CFR guidelines by the Stanford

IRB with written informed consent from all subjects. All
subjects gave written informed consent in accordance with the
Declaration of Helsinki. The protocol was approved by the
Stanford IRB.

AUTHOR CONTRIBUTIONS

RSC, KN, and SG designed the research study. BW, KS,
AD, NF-B, NK, DT, WZ, BB, MM, and RSC performed the
research. BW, MR, AD, EJ, NF-B, NK, NP, SB, SG, and
RSC analyzed data. BW and RSC wrote the initial draft
of the manuscript. BW, MR, AD, EJ, SB, HK, MT, HM,
KN, SG, and RSC provided critical assessments during the
revision process leading to the final submitted manuscript. All
authors have reviewed and approved the final version of this
manuscript.

ACKNOWLEDGMENTS

We thank Don and Kathy Levin for their generous gift
funding this collaboration between Mayo Clinic and Stanford
University, the National Institutes of Health (U19AI104209),
the Sean N. Parker Center for Allergy and Asthma Research
at Stanford University, Food Allergy Research and Education
(FARE) Center of Excellence, Myra Reinhard Foundation, End
Allergies Together (EAT), the Hartman Family Foundation, and
the Naddisy Foundation. We thank all the members of the Lee
laboratory group for their support and recognize the excellent
administrative support provided by Shirley Charlie Kern, Sergei
Ochkur for his technical assistance, Vanitha Sampath for her
careful and critical review of the manuscript, and members of
the Sean Parker Center for their coordination of the study. We
especially thank the subjects and their families for their time and
dedication in the study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fimmu.
2018.02624/full#supplementary-material

REFERENCES

1. Sicherer SH, Munoz-Furlong A, Godbold JH, Sampson HA. US prevalence

of self-reported peanut, tree nut, and sesame allergy: 11-year follow-

up. J Allergy Clin Immunol. (2010) 125:1322–6. doi: 10.1016/j.jaci.2010.

03.029

2. Venkataraman D, Erlewyn-Lajeunesse M, Kurukulaaratchy RJ, Potter S,

Roberts G, Matthews S, et al. Prevalence and longitudinal trends of food

allergy during childhood and adolescence: results of the isle of wight

birth cohort study. Clin Exp Allergy (2018) 48:394–402. doi: 10.1111/cea.

13088

3. Nwaru BI, Hickstein L, Panesar SS, Muraro A, Werfel T, Cardona V, et al. The

epidemiology of food allergy in Europe: a systematic review andmeta-analysis.

Allergy (2014) 69:62–75. doi: 10.1111/all.12305

4. Osborne NJ, Koplin JJ, Martin PE, Gurrin LC, Lowe AJ, Matheson MC, et al.

Prevalence of challenge-proven IgE-mediated food allergy using population-

based sampling and predetermined challenge criteria in infants. J Allergy Clin

Immunol. (2011) 127:668–76 e1-2. doi: 10.1016/j.jaci.2011.01.039

5. American Academy of Pediatrics. Committee on nutrition.

Hypoallergenic infant formulas. Pediatrics (2000) 106 (2 Pt. 1):346–9.

doi: 10.1542/peds.106.2.346

6. Du Toit G, Roberts G, Sayre PH, Bahnson HT, Radulovic S, Santos AF, et al.

Randomized trial of peanut consumption in infants at risk for peanut allergy.

N Engl J Med. (2015) 372:803–13. doi: 10.1056/NEJMoa1414850

7. Venter C, Hasan Arshad S, Grundy J, Pereira B, Bernie Clayton C, Voigt K,

et al. Time trends in the prevalence of peanut allergy: three cohorts of children

from the same geographical location in the UK. Allergy (2010) 65:103–8.

doi: 10.1111/j.1398-9995.2009.02176.x

Frontiers in Immunology | www.frontiersin.org 10 November 2018 | Volume 9 | Article 2624

https://www.frontiersin.org/articles/10.3389/fimmu.2018.02624/full#supplementary-material
https://doi.org/10.1016/j.jaci.2010.03.029
https://doi.org/10.1111/cea.13088
https://doi.org/10.1111/all.12305
https://doi.org/10.1016/j.jaci.2011.01.039
https://doi.org/10.1542/peds.106.2.346
https://doi.org/10.1056/NEJMoa1414850
https://doi.org/10.1111/j.1398-9995.2009.02176.x
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Wright et al. Baseline Gastrointestinal Eosinophilia in Food Allergy

8. Begin P, Paradis L, Paradis J, Picard M, Des Roches A. Natural resolution of

peanut allergy: a 12-year longitudinal follow-up study. J Allergy Clin Immunol

Pract. (2013) 1:528–30 e1-4. doi: 10.1016/j.jaip.2013.05.008

9. Boyce JA, Assa’ad A, Burks AW, Jones SM, Sampson HA, et al. Guidelines for

the diagnosis and management of food allergy in the United States: report of

the NIAID-sponsored expert panel. J Allergy Clin Immunol. (2010) 126 (Suppl.

6):S1–58. doi: 10.1016/j.jaci.2010.10.008

10. Varshney P, Jones SM, Scurlock AM, Perry TT, Kemper A, Steele P, et al.

A randomized controlled study of peanut oral immunotherapy: clinical

desensitization and modulation of the allergic response. J Allergy Clin

Immunol. (2011) 127:654–60. doi: 10.1016/j.jaci.2010.12.1111

11. Anagnostou K, Islam S, King Y, Foley L, Pasea L, Bond S, et al. Assessing

the efficacy of oral immunotherapy for the desensitisation of peanut allergy

in children (STOP II): a phase 2 randomised controlled trial. Lancet (2014)

383:1297–304. doi: 10.1016/S0140-6736(13)62301-6

12. Vickery BP, Berglund JP, Burk CM, Fine JP, Kim EH, Kim JI, et al.

Early oral immunotherapy in peanut-allergic preschool children is safe

and highly effective. J Allergy Clin Immunol. (2017) 139:173–81 e8.

doi: 10.1016/j.jaci.2016.05.027

13. Jones SM, Pons L, Roberts JL, Scurlock AM, Perry TT, Kulis M, et al. Clinical

efficacy and immune regulation with peanut oral immunotherapy. J Allergy

Clin Immunol. (2009) 124:292–300.e1–97. doi: 10.1016/j.jaci.2009.05.022

14. Bird JA, Spergel JM, Jones SM, Rachid R, Assa’ad AH, Wang J, et al.

Efficacy and safety of AR101 in oral immunotherapy for peanut allergy:

results of ARC001, a randomized, double-blind, placebo-controlled phase

2 clinical trial. J Allergy Clin Immunol Pract. (2018) 6:476–85 e3.

doi: 10.1016/j.jaip.2017.09.016

15. Andorf S, Manohar M, Dominguez T, Block W, Tupa D, Kshirsagar

RA, et al. Feasibility of sustained response through long-term dosing in

food allergy immunotherapy. Allergy Asthma Clin Immunol. (2017) 13:52.

doi: 10.1186/s13223-017-0224-7

16. Andorf S, Manohar M, Dominguez T, Block W, Tupa D, Kshirsagar

RA, et al. Observational long-term follow-up study of rapid food oral

immunotherapy with omalizumab. Allergy Asthma Clin Immunol. (2017)

13:51. doi: 10.1186/s13223-017-0223-8

17. Tang ML, Ponsonby AL, Orsini F, Tey D, Robinson M, Su EL,

et al. Administration of a probiotic with peanut oral immunotherapy:

a randomized trial. J Allergy Clin Immunol. (2015) 135:737–44 e8.

doi: 10.1016/j.jaci.2014.11.034

18. Vickery BP, Scurlock AM, Kulis M, Steele PH, Kamilaris J, Berglund JP,

et al. Sustained unresponsiveness to peanut in subjects who have completed

peanut oral immunotherapy. J Allergy Clin Immunol. (2014) 133:468–75.

doi: 10.1016/j.jaci.2013.11.007

19. Wood RA, Kim JS, Lindblad R, Nadeau K, Henning AK, Dawson P,

et al. A randomized, double-blind, placebo-controlled study of omalizumab

combined with oral immunotherapy for the treatment of cow’s milk allergy. J

Allergy Clin Immunol. (2016) 137:1103–10 e11. doi: 10.1016/j.jaci.2015.10.005

20. Burks AW, Jones SM, Wood RA, Fleischer DM, Sicherer SH, Lindblad RW,

et al. Oral immunotherapy for treatment of egg allergy in children. N Engl J

Med. (2012) 367:233–43. doi: 10.1056/NEJMoa1200435

21. Blumchen K, Ulbricht H, Staden U, Dobberstein K, Beschorner J, de Oliveira

LC, et al. Oral peanut immunotherapy in children with peanut anaphylaxis. J

Allergy Clin Immunol. (2010) 126:83–91 e1. doi: 10.1016/j.jaci.2010.04.030

22. Virkud YV, Burks AW, Steele PH, Edwards LJ, Berglund JP, Jones SM, et al.

Novel baseline predictors of adverse events during oral immunotherapy in

children with peanut allergy. J Allergy Clin Immunol. (2017) 139:882–8 e5.

doi: 10.1016/j.jaci.2016.07.030

23. Anagnostou K, Clark A, King Y, Islam S, Deighton J, Ewan P.

Efficacy and safety of high-dose peanut oral immunotherapy with

factors predicting outcome. Clin Exp Allergy (2011) 41:1273–81.

doi: 10.1111/j.1365-2222.2011.03699.x

24. Wood RA. Food allergen immunotherapy: current status and

prospects for the future. J Allergy Clin Immunol. (2016) 137:973–82.

doi: 10.1016/j.jaci.2016.01.001

25. Petroni D, Spergel JM. Eosinophilic esophagitis and symptoms possibly

related to eosinophilic esophagitis in oral immunotherapy. Ann Allergy

Asthma Immunol. (2018) 120:237–40 e4. doi: 10.1016/j.anai.2017.11.016

26. Goldberg MR, Elizur A, Nachshon L, Appel MY, Levy MB, Golobov K,

et al. Oral immunotherapy-induced gastrointestinal symptoms and peripheral

blood eosinophil responses. J Allergy Clin Immunol. (2017) 139:1388–90.e4.

doi: 10.1016/j.jaci.2016.09.053

27. Echeverria-Zudaire LA, Fernandez-Fernandez S, Rayo-Fernandez A, Munoz-

Archidona C, Checa-Rodriguez R. Primary eosinophilic gastrointestinal

disorders in children who have received food oral immunotherapy. Allergol

Immunopathol. (2016) 44:531–6. doi: 10.1016/j.aller.2016.05.002

28. Burk CM, Dellon ES, Steele PH, Virkud YV, Kulis M, Burks AW,

et al. Eosinophilic esophagitis during peanut oral immunotherapy

with omalizumab. J Allergy Clin Immunol Pract. (2017) 5:498–501.

doi: 10.1016/j.jaip.2016.11.010

29. DeBrosse CW, Case JW, Putnam PE, Collins MH, Rothenberg ME. Quantity

and distribution of eosinophils in the gastrointestinal tract of children. Pediatr

Dev Pathol. (2006) 9:210–8. doi: 10.2350/11-05-0130.1

30. Atkins D, Kramer R, Capocelli K, Lovell M, Furuta GT. Eosinophilic

esophagitis: the newest esophageal inflammatory disease. Nat Rev

Gastroenterol Hepatol. (2009) 6:267–78. doi: 10.1038/nrgastro.2009.45

31. Lucendo AJ, Arias A, Tenias JM. Relation between eosinophilic

esophagitis and oral immunotherapy for food allergy: a systematic review

with meta-analysis. Ann Allergy Asthma Immunol. (2014) 113:624–9.

doi: 10.1016/j.anai.2014.08.004

32. Hill DA, Dudley JW, Spergel JM. The Prevalence of eosinophilic esophagitis

in pediatric patients with ige-mediated food allergy. J Allergy Clin Immunol

Pract. (2017) 5:369–75. doi: 10.1016/j.jaip.2016.11.020

33. Hines BT, Rank MA, Wright BL, Marks LA, Hagan JB, Straumann A,

et al. Minimally-invasive biomarker studies in eosinophilic esophagitis:

a systematic review. Ann Allergy Asthma Immunol. (2018). 121:218–28.

doi: 10.1016/j.anai.2018.05.005

34. Chinthrajah RS, Purington N, Andorf S, Rosa JS, Mukai K, Hamilton

R, et al. Development of a tool predicting severity of allergic reaction

during peanut challenge. Ann Allergy Asthma Immunol. (2018). 121:69–76.e2.

doi: 10.1016/j.anai.2018.04.020

35. Hirano I, Moy N, Heckman MG, Thomas CS, Gonsalves N, Achem

SR. Endoscopic assessment of the oesophageal features of eosinophilic

oesophagitis: validation of a novel classification and grading system. Gut

(2013) 62:489–95. doi: 10.1136/gutjnl-2011-301817

36. Dellon ES, Cotton CC, Gebhart JH, Higgins LL, Beitia R, Woosley JT,

et al. Accuracy of the eosinophilic esophagitis endoscopic reference score in

diagnosis and determining response to treatment. Clin Gastroenterol Hepatol.

(2016) 14:31–9. doi: 10.1016/j.cgh.2015.08.040

37. Collins MH, Martin LJ, Alexander ES, Boyd JT, Sheridan R, He H, et al. Newly

developed and validated eosinophilic esophagitis histology scoring system and

evidence that it outperforms peak eosinophil count for disease diagnosis and

monitoring. Dis Esophagus (2017) 30:1–8. doi: 10.1111/dote.12470

38. Protheroe C, Woodruff SA, de Petris G, Mukkada V, Ochkur SI, Janarthanan

S, et al. A novel histologic scoring system to evaluate mucosal biopsies from

patients with eosinophilic esophagitis. Clin Gastroenterol Hepatol. (2009)

7:749–55 e11. doi: 10.1016/j.cgh.2009.03.022

39. Lowichik A, Weinberg AG. A quantitative evaluation of mucosal eosinophils

in the pediatric gastrointestinal tract.Mod Pathol. (1996) 9:110–4.

40. Collins MH. Histopathologic features of eosinophilic esophagitis and

eosinophilic gastrointestinal diseases. Gastroenterol Clin North Am. (2014)

43:257–68. doi: 10.1016/j.gtc.2014.02.007

41. Lwin T, Melton SD, Genta RM. Eosinophilic gastritis: histopathological

characterization and quantification of the normal gastric eosinophil content.

Mod Pathol. (2011) 24:556–63. doi: 10.1038/modpathol.2010.221

42. Warners MJ, Ambarus CA, Bredenoord AJ, Verheij J, Lauwers GY,

Walsh JC, et al. Reliability of histologic assessment in patients with

eosinophilic oesophagitis. Aliment Pharmacol Ther. (2018) 47:940–50.

doi: 10.1111/apt.14559

43. Liacouras CA, Furuta GT, Hirano I, Atkins D, Attwood SE, Bonis

PA, et al. Eosinophilic esophagitis: updated consensus recommendations

for children and adults. J Allergy Clin Immunol. (2011) 128:3–20.

doi: 10.1016/j.jaci.2011.02.040

44. Safroneeva E, StraumannA, CoslovskyM, ZwahlenM, Kuehni CE, Panczak R,

et al. Symptoms have modest accuracy in detecting endoscopic and histologic

Frontiers in Immunology | www.frontiersin.org 11 November 2018 | Volume 9 | Article 2624

https://doi.org/10.1016/j.jaip.2013.05.008
https://doi.org/10.1016/j.jaci.2010.10.008
https://doi.org/10.1016/j.jaci.2010.12.1111
https://doi.org/10.1016/S0140-6736(13)62301-6
https://doi.org/10.1016/j.jaci.2016.05.027
https://doi.org/10.1016/j.jaci.2009.05.022
https://doi.org/10.1016/j.jaip.2017.09.016
https://doi.org/10.1186/s13223-017-0224-7
https://doi.org/10.1186/s13223-017-0223-8
https://doi.org/10.1016/j.jaci.2014.11.034
https://doi.org/10.1016/j.jaci.2013.11.007
https://doi.org/10.1016/j.jaci.2015.10.005
https://doi.org/10.1056/NEJMoa1200435
https://doi.org/10.1016/j.jaci.2010.04.030
https://doi.org/10.1016/j.jaci.2016.07.030
https://doi.org/10.1111/j.1365-2222.2011.03699.x
https://doi.org/10.1016/j.jaci.2016.01.001
https://doi.org/10.1016/j.anai.2017.11.016
https://doi.org/10.1016/j.jaci.2016.09.053
https://doi.org/10.1016/j.aller.2016.05.002
https://doi.org/10.1016/j.jaip.2016.11.010
https://doi.org/10.2350/11-05-0130.1
https://doi.org/10.1038/nrgastro.2009.45
https://doi.org/10.1016/j.anai.2014.08.004
https://doi.org/10.1016/j.jaip.2016.11.020
https://doi.org/10.1016/j.anai.2018.05.005
https://doi.org/10.1016/j.anai.2018.04.020
https://doi.org/10.1136/gutjnl-2011-301817
https://doi.org/10.1016/j.cgh.2015.08.040
https://doi.org/10.1111/dote.12470
https://doi.org/10.1016/j.cgh.2009.03.022
https://doi.org/10.1016/j.gtc.2014.02.007
https://doi.org/10.1038/modpathol.2010.221
https://doi.org/10.1111/apt.14559
https://doi.org/10.1016/j.jaci.2011.02.040
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Wright et al. Baseline Gastrointestinal Eosinophilia in Food Allergy

remission in adults with eosinophilic esophagitis. Gastroenterology (2016)

150:581–90 e4. doi: 10.1053/j.gastro.2015.11.004

45. Sperry SL, Crockett SD,Miller CB, ShaheenNJ, Dellon ES. Esophageal foreign-

body impactions: epidemiology, time trends, and the impact of the increasing

prevalence of eosinophilic esophagitis. Gastrointest Endosc. (2011) 74:985–91.

doi: 10.1016/j.gie.2011.06.029

46. Dellon ES, Kim HP, Sperry SL, Rybnicek DA, Woosley JT, Shaheen

NJ. A phenotypic analysis shows that eosinophilic esophagitis is a

progressive fibrostenotic disease. Gastrointest Endosc. (2014) 79:577–85 e4.

doi: 10.1016/j.gie.2013.10.027

47. Yantiss RK. Eosinophils in the GI tract: how many is too many

and what do they mean? Mod Pathol. (2015) 28 (Suppl. 1):S7–21.

doi: 10.1038/modpathol.2014.132

48. Woodruff SA, Masterson JC, Fillon S, Robinson ZD, Furuta GT. Role of

eosinophils in inflammatory bowel and gastrointestinal diseases. J Pediatr

Gastroenterol Nutr. (2011) 52:650–61. doi: 10.1097/MPG.0b013e3182128512

49. Rodrigo S, Abboud G, Oh D, DeMeester SR, Hagen J, Lipham J, et al. High

intraepithelial eosinophil counts in esophageal squamous epithelium are not

specific for eosinophilic esophagitis in adults. Am J Gastroenterol. (2008)

103:435–42. doi: 10.1111/j.1572-0241.2007.01594.x

50. Colombel JF, Torpier G, Janin A, Klein O, Cortot A, Capron M. Activated

eosinophils in adult coeliac disease: evidence for a local release of major basic

protein. Gut (1992) 33:1190–4. doi: 10.1136/gut.33.9.1190

51. Abonia JP, Wen T, Stucke EM, Grotjan T, Griffith MS, Kemme KA,

et al. High prevalence of eosinophilic esophagitis in patients with inherited

connective tissue disorders. J Allergy Clin Immunol. (2013) 132:378–86.

doi: 10.1016/j.jaci.2013.02.030

52. Simon D, Page B, Vogel M, Bussmann C, Blanchard C, Straumann A,

et al. Evidence of an abnormal epithelial barrier in active, untreated and

corticosteroid-treated eosinophilic esophagitis. Allergy (2018) 73:239–47.

doi: 10.1111/all.13244

53. Lee JJ, Jacobsen EA, McGarry MP, Schleimer RP, Lee NA. Eosinophils in

health and disease: the LIAR hypothesis. Clin Exp Allergy (2010) 40:563–75.

doi: 10.1111/j.1365-2222.2010.03484.x

54. Travers J, Rothenberg ME. Eosinophils in mucosal immune responses.

Mucosal Immunol. (2015) 8:464–75. doi: 10.1038/mi.2015.2

55. Abdala-Valencia H, Coden ME, Chiarella SE, Jacobsen EA, Bochner

BS, Lee JJ, et al. Shaping eosinophil identity in the tissue contexts of

development, homeostasis, and disease. J Leukoc Biol. (2018). 104:95–108.

doi: 10.1002/JLB.1MR1117-442RR

56. Lingblom C, Wallander J, Ingelsten M, Bergquist H, Bove M, Saalman

R, et al. Eosinophils from eosinophilic oesophagitis patients have T cell

suppressive capacity and express FOXP3. Clin Exp Immunol. (2017) 187:455–

65. doi: 10.1111/cei.12898

57. Yu S, Stahl E, Li Q, Ouyang A. Antigen inhalation induces mast cells

and eosinophils infiltration in the guinea pig esophageal epithelium

involving histamine-mediated pathway. Life Sci. (2008) 82:324–30.

doi: 10.1016/j.lfs.2007.12.002

58. Noti M, Wojno ED, Kim BS, Siracusa MC, Giacomin PR, Nair MG,

et al. Thymic stromal lymphopoietin-elicited basophil responses promote

eosinophilic esophagitis. Nat Med. (2013) 19:1005–13. doi: 10.1038/

nm.3281

59. Strasser DS, Seger S, Bussmann C, Pierlot GM, Groenen PMA,

Stalder AK, et al. Eosinophilic esophagitis: relevance of mast cell

infiltration. Histopathology (2018). 73:454–63. doi: 10.1111/his.

13653

60. Iwakura N, Fujiwara Y, Tanaka F, Tanigawa T, Yamagami H, Shiba M,

et al. Basophil infiltration in eosinophilic oesophagitis and proton pump

inhibitor-responsive oesophageal eosinophilia. Aliment Pharmacol Ther.

(2015) 41:776–84. doi: 10.1111/apt.13141

61. Assa’ad AH, Gupta SK, Collins MH, Thomson M, Heath AT, Smith DA,

et al. An antibody against IL-5 reduces numbers of esophageal intraepithelial

eosinophils in children with eosinophilic esophagitis. Gastroenterology (2011)

141:1593–604. doi: 10.1053/j.gastro.2011.07.044

62. Spergel JM, Rothenberg ME, Collins MH, Furuta GT, Markowitz JE, Fuchs G

III, et al. Reslizumab in children and adolescents with eosinophilic esophagitis:

results of a double-blind, randomized, placebo-controlled trial. J Allergy Clin

Immunol. (2012) 129:456–63. doi: 10.1016/j.jaci.2011.11.044

63. Barbosa AC, Castro FM, Meireles PR, Arruda LK, Cardoso SR, Kalil J,

et al. Eosinophilic esophagitis: latent disease in patients with anaphylactic

reaction to cow’s milk. J Allergy Clin Immunol Pract. (2018) 6:451–6 e1.

doi: 10.1016/j.jaip.2017.04.037

64. Imaeda H, Yamaoka M, Ohgo H, Yoneno K, Kobayashi T, Noguchi

T, et al. Eosinophil infiltration in the upper gastrointestinal tract of

patients with bronchial asthma. Allergol Int. (2016) 65 Suppl.:S6–10.

doi: 10.1016/j.alit.2016.03.008

65. Chehade M, Jones SM, Pesek RD, Burks AW, Vickery BP, Wood RA, et al.

Phenotypic characterization of eosinophilic esophagitis in a large multi-center

patient population from the consortium for food allergy research. J Allergy

Clin Immunol Pract. (2018) 6:1534–44.e5. doi: 10.1016/j.jaip.2018.05.038

66. Lipka S, Kumar A, Richter JE. Impact of diagnostic delay and other risk

factors on eosinophilic esophagitis phenotype and esophageal diameter. J Clin

Gastroenterol. (2016) 50:134–40. doi: 10.1097/MCG.0000000000000297

67. Schoepfer AM, Safroneeva E, BussmannC, Kuchen T, Portmann S, SimonHU,

et al. Delay in diagnosis of eosinophilic esophagitis increases risk for stricture

formation in a time-dependent manner. Gastroenterology (2013) 145:1230–6

e1-2. doi: 10.1053/j.gastro.2013.08.015

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2018 Wright, Fernandez-Becker, Kambham, Purington, Tupa, Zhang,

Rank, Kita, Shim, Bunning, Doyle, Jacobsen, Boyd, Tsai, Maecker, Manohar, Galli,

Nadeau and Chinthrajah. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org 12 November 2018 | Volume 9 | Article 2624

https://doi.org/10.1053/j.gastro.2015.11.004
https://doi.org/10.1016/j.gie.2011.06.029
https://doi.org/10.1016/j.gie.2013.10.027
https://doi.org/10.1038/modpathol.2014.132
https://doi.org/10.1097/MPG.0b013e3182128512
https://doi.org/10.1111/j.1572-0241.2007.01594.x
https://doi.org/10.1136/gut.33.9.1190
https://doi.org/10.1016/j.jaci.2013.02.030
https://doi.org/10.1111/all.13244
https://doi.org/10.1111/j.1365-2222.2010.03484.x
https://doi.org/10.1038/mi.2015.2
https://doi.org/10.1002/JLB.1MR1117-442RR
https://doi.org/10.1111/cei.12898
https://doi.org/10.1016/j.lfs.2007.12.002
https://doi.org/10.1038/nm.3281
https://doi.org/10.1111/his.13653
https://doi.org/10.1111/apt.13141
https://doi.org/10.1053/j.gastro.2011.07.044
https://doi.org/10.1016/j.jaci.2011.11.044
https://doi.org/10.1016/j.jaip.2017.04.037
https://doi.org/10.1016/j.alit.2016.03.008
https://doi.org/10.1016/j.jaip.2018.05.038
https://doi.org/10.1097/MCG.0000000000000297
https://doi.org/10.1053/j.gastro.2013.08.015
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

	Baseline Gastrointestinal Eosinophilia Is Common in Oral Immunotherapy Subjects With IgE-Mediated Peanut Allergy
	Introduction
	Methods
	Study Population
	Esophagogastroduodenoscopies
	Evaluation of Gastrointestinal Pathology
	Immunohistochemical (IHC) Staining for Eosinophil Peroxidase (EPX)
	Analysis of EPX Stains
	Statistical Analysis

	Results
	Clinical Characteristics
	Gastrointestinal Symptoms
	Endoscopic Findings
	Histopathology

	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


