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Abstract

Background Symptoms of vomiting and dysphagia in
children with eosinophilic esophagitis may be related to the
development of mucosal fibrosis.

Aim Our aims were to (1) investigate esophageal fibrosis
in children with EoE compared to patients with gastro-
esophageal reflux disease and normal individuals, and (2)
to assess the degree of mucosal fibrosis in patients with
EoE before and after medical treatment.

Methods A retrospective analysis of esophageal biopsies
from patients with EoE, GERD, and normal mucosa was
performed. Demographic data, clinical information,
eosinophil number, and sub-epithelial fibrosis was com-
pared among the groups. A similar comparison was per-
formed in EoE patients, before and after therapy.

Results Esophageal biopsies from 53 children were inclu-
ded, of which 17 with EoE, 17 GERD, and 19 were normal. A
significantly higher number of eosinophils and greater
fibrosis was found in EoE patients vs. GERD and normal
(fibrosis grade 2: 13 patients in the EoE group vs. one patient
for each control group; p = 0.0001). After therapy, a sig-
nificant decrease in fibrosis and eosinophils number was
noted in EoE patients [fibrosis grade 2: 10 (71.5%) patients
vs. one (7.1%) patient, and eosinophil count was 35.5/HPF
vs. 13.4/HPF, pre- and post-therapy, respectively; p < 0.05].
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The decrease in esophageal fibrosis paralleled the improve-
ment in the related clinical symptoms.

Conclusion A higher degree of esophageal fibrosis was
found in patients with EoE compared to GERD or normal
esophagus. Conventional therapy in EoE improved obstruc-
tive symptoms, decreased eosinophils count, and reversed
the degree of fibrosis. We suggest that appropriate therapy in
patients with EoE will improve clinical symptoms and
histology.
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Introduction

Eosinophilic esophagitis (EoE) is a newly recognized dis-
ease in children and its clinico-pathological spectrum has
been described in detail [1, 2]. The different clinical gas-
trointestinal symptoms presented in patients with EoE were
vomiting, dysphagia, and food impaction, which suggest
the possibility of esophageal fibrosis. Indeed, the clinical
phenomenon of food impaction due to esophageal stenosis
has been well documented in patients with EoE. Moreover,
the presence of esophageal wall thickening and dysmotility
were reported in patients with EoE [3, 4]. Increased sub
epithelial fibrosis [5], as well as histologic remodeling was
reported and demonstrated in EoE patients [6]. In a recent
electronic publication, a decrease in sub-epithelial fibrosis
and a decrease in esophageal remodeling was reported after
3 months of therapy with budesonide [7].

In the present study, the following objectives were
investigated: (1) the number of esophageal eosinophils
(Eos) and the amount of sub-epithelial fibrosis in EoE
patients compared to patients with esophageal reflux
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disease (GERD), and children with normal esophagus; (2)
In a cohort of patients with EoE, the number of esophageal
eosinophils and the degree of sub-epithelial esophageal
fibrosis was compared before and after therapy.

Materials and Methods
Patient Population

In this retrospective study, esophageal biopsies from
patients who underwent diagnostic gastroscopy for various
clinical symptoms constituted our study population. Spe-
cifically, children who were histologically diagnosed with
EoE, GERD, and normal mucosa were collected. In our
practice, only biopsies from the distal esophageal are
routinely performed during gastroscopy so only distal
biopsies were available and compared among all studied
groups. The charts of patients diagnosed with EoE between
2003 and 2008 were collected, and only those who had
adequate pathological blocks to cut and assess were cho-
sen. The control groups (GERD and children with normal
esophageal histology) were arbitrarily chosen from 1 year
(2008). As age, gender, and ethnicity are possible con-
founding factors in EoE disease, those factors were mat-
ched between the study group (EoE) and the controls.
Likewise, only patients with adequate esophageal tissue
samples (pathological blocks) were included in the study.
Demographic data, clinical symptoms, and type of therapy
were collected from all medical records. The Institutional
Review Board at the Joan C. Edwards School of Medicine
at Marshall University, approved the study.

Patient Population-EoE Group

In all the patients who were diagnosed with EoE, esopha-
geal biopsies from the mid and distal esophagus were
available. In those patients, the diagnosis was established
according to the published diagnostic consensus [2]. Those
diagnostic criteria included at least two of the following
histological features, as described by Furuta GT et al. [2]
including: peak count of Eos > 15/HPF (17 patients);
eosinophil microabscess (two patients); superficial layering
of Eos (one patient); and/or basal cell hyperplasia (17
patients).

The therapeutic modality of most of our patients with
EoE (11 of 14) included swallowed fluticasone (dose range
40 png—220 pg/puff bid according to the patient’s age) with
avoidance of the specific food allergen when indicated. In
the remaining patients, two were treated with soy formula
or elemental diet (age <18 months) with anti-acid therapy,
and one patient was treated only with a proton pump
inhibitor.
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Histological Assessment

Esophageal Eos number in the range between 5 and 15/HPF
constitutes an uncharted territory with no clear disease
definition, and may represent the diagnostic criteria for EoE
and/or GERD. Accordingly, we decided to further dis-
criminate between both diseases and to increase the gap of
Eos count between the test and the control groups. For this
study, we defined our patient population as follows: EoE
group included patients with distal esophageal biopsy con-
taining more than 20 Eos/HPF, and GERD was defined
according to established histological criteria and with distal
esophageal biopsies containing <5 Eos/HPF [8]. The normal
group was those children who had normal esophagus with
no Eos in the mucosa. Gastric and duodenal biopsies were
available in all patients and were negative for the diagnosis
of eosinophilic gastroenteritis. The eosinophils count was
examined with 400x light microscopy (0.44 mm?).

Eosinophil Count and Fibrosis Assessment

In all histological studies, the pathological blocks were re-
sectioned and re-stained with hematoxylin and eosin
(H&E) or trichrome. For consistency, only the distal
esophageal biopsies of all groups were studied and com-
pared. All biopsies contained a portion of lamina propria
area. The eosinophils were counted using H&E stain. Each
slide contained three esophageal biopsies. For each slide, at
least five high-power fields were evaluated at 400x light
microscopy, and the number of eosinophils was determined
in each field. The chosen fields were carefully assessed by
the pathologist to avoid areas with technical errors such as
tissue tear or bad orientation, and were eye-scanned to
include the highest number of eosinophils. Due to the
irregular distribution of eosinophils in the esophagus, the
highest number of eosinophils found in any one field was
considered as the final number.

The amount of esophageal fibrosis was assessed by tri-
chrome stain. Fibrosis was graded as previously described
by Chehade et al. [5]. Grade 0 = normal collagen depo-
sition (areolar appearance); grade 1 = identifiable collagen
fibers (coarser appearance); and grade 2 = dense and
compact collagen deposition. Grade 0 and grade 1 found in
autopsy esophageal specimens obtained from normal chil-
dren and were considered normal variants of fibrosis, while
grade 2 was considered as fibrotic tissue [5]. Esophageal
sub-epithelial fibrosis in the distal esophagus was com-
pared between EoE, GERD, and control groups.

All pathological slides had coded numbers and the
pathologists could not differentiate between the groups
prior to his histological evaluation. In addition, the
pathologist was blinded to the clinical symptoms, therapy
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given, or whether the slide was from a pre- or post-therapy
of the specific patient.

Statistics

A comparison of the degree of fibrosis between the three
groups was performed. In addition, in 14 patients with EoE,
the number of Eos and the grade of fibrosis was compared
before and after therapy. For statistical analysis, the non-
parametrical methods (Wilcoxon signed-rank test), and a
two-tailed Fisher’s exact test (Epi info 5.01) were used.
A p value <0.05 was considered as significant.

Results
Patient Population

The charts and pathological blocks of 53 children included
in the study of which 17 had EoE, 17 had GERD (control),
and 19 were normal (control). All patients were Caucasian
and no difference in age or gender was noted among the
groups (8.6 £ 4.6 years, 8.5 £ 4.5 years, and 9 =+
4.5 years; and 41-47% females for EoE, GERD, and nor-
mal, respectively). The major presenting clinical symptoms
of all patients included: abdominal pain, weight loss,
vomiting, and dysphagia (Table 1). Weight loss was the
only clinical symptom that was significantly higher in the
EoE group compared to both control groups (p < 0.01).
None of our participating EoE patients had a prior pH
study, but nine (53%) patients were referred for failure to
respond to previous anti-acid medications (PPI and/or H2
blocker). Thirteen (76%) patients had mucosal features
suggestive of EoE (furrowing 11, rings two, white plaques
one, and felinization one). Of the eight patients without

previous PPI therapy, all had typical mucosal features
associated with EoE of whom three were referred for food
impaction. We did not perform any further diagnostic
studies to rule out GERD prior to the endoscopy, as those
diagnostic tests are neither required nor a prerequisite
according to the published guidelines [1, 2].

Allergy evaluation by a pediatric specialist was per-
formed in all EoE patients. The following conditions were
detected: asthma in seven patients, eczema in one patient,
environmental allergy (pollen, ragweed, grass, mold, dust
mite, or cat and dog) was identified in four patients, allergy
to penicillin in one patient, and different food allergens
were detected in eight patients (milk 5, eggs 3, peanuts 1,
seafood 1, various vegetables 1, and chicken 1).

Comparison of Histological Parameters Between
the Groups

Esophageal sub-epithelial fibrosis was significantly more
prevalent in patients with EoE compared to patients with
GERD and control patients [10 (76.5%) pts. vs. one (5.9%)
patient and one (5.3%) patient, respectively, p = 0.02]
(Table 1).

Histological Comparison in EoE Patients Before
and After Therapy

After therapy, 14 of the 17 patients with EoE had a follow-
up endoscopy (mean therapy time = 18.5 weeks, med-
ian = 15 weeks). Eleven patients were treated with topical
fluticasone (two puff bid; dose: 44 pg/puff, 110 pg/puff,
and 220 pg/puff for ages <5 years old, 6-10 years old, and
>10 years old, respectively) and allergen elimination when
appropriate. After therapy, a decrease in eosinophil count
and fibrosis was noted (Eso count: 35.5 vs. 13.4 before and

Table 1 Esophageal sub-epithelial fibrosis in patients with EE compared to GERD and normal children

EoE (17 patients)

GERD (17 patients) Control (19 patients)

Symptoms; #patients: Abdominal pain 9 (53%)
Vomiting 6 (35%)
Diarrhea 5 (29%)
Weight loss 9 (53%)
No. Eos/HPF (mean) 539 £ 17
Fibrosis
Grade 0 (%) 1(5.9)
Grade 1 (%) 3 (17.6)
Grade 0 + 1 (%) 4 (23.4)
Grade 2 13 (76.5)

8 (47%) 8 (42%)
11 (65%) 7 (37%)
2 (12%) -

2 (12%) 1 (5%)
22+ 08 0
5(29.4) 11 (57.9)
11 (64.7) 7 (36.8)
16 (94.1) 18 (94.7)
1 (6.9) 1(5.3)

p value (Fisher’s exact test; two-tailed)

EoE vs. GERD: grade 0 = 0.003; grade 1 = 0.014; grade 0 + 1 vs. grade 2 = 0.0001
EoE vs. control: grade 0 = 0.003; grade 1 = 0.27; grade 0 4 1 vs. grade 2 = 0.0001
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Table 2 The effects of therapy on eosinophilic esophagitis

Number of patients 14
Age in years £ SD 7.7+ 4.6
Female (%) 7 (50%)
Duration of therapy in weeks + SD 18.5 + 13.9
Before Rx  After Rx p value
Fibrosis
Grade 0 (%) 1 (7.1%) 6 (42.9%)  0.08*
Grade 1 (%) 3214%) 7 (50%) 0.23%
Grade 2 (%) 10 (71.5%) 1 (7.1%) 0.001*
Eosinophilic count/HPF + SD 355 + 11.4 13.4 4+ 23.1 0.023°
Dysphagia (%) 4 (28.6%) 0 (0%) 0.098*
Abdominal pain (%) 6 (429%) 0 (0%) 0.016*
Vomiting (%) 7 (50%) 0 (0%) 0.006"

? Fisher’s exact test

® Wilcoxon signed-rank test

after therapy, respectively; p < 0.05. Fibrosis grade 2: ten
(71.5%) pts vs. one patient (7.1%) before and after therapy,
p < 0.05). The decrease in fibrosis grading after therapy
accompanied the resolution of the clinical symptoms
associated with esophageal stenosis (vomiting, dysphagia)
(Tables 2, 3). In the remaining three patients, two (patient
#1 and patient #2), were treated with formula change (soy
or amino acid formula) plus anti-acid medications; in both
cases, a decrease in esophageal Eos count and an
improvement in symptoms were observed, but only one
patient (treated with amino acid formula) showed a

decrease in esophageal fibrosis. The last patient (patient
#14), treated with proton pump inhibitor only, showed a
decrease in Eos count after therapy but had no mucosal
fibrosis in both; pre- and post-therapy (Table 3).

Discussion

Eosinophilic esophagitis is a newly recognized disease that
has recently captured the attention of the medical com-
munity. The clinical characterization and endoscopic fea-
tures of this disease were described, and several therapeutic
modalities have been suggested [1]. Among the various
gastrointestinal symptoms noted, the clinical findings of
dysphagia and food impaction raised the possibility of
increased esophageal fibrosis [5, 9]. Indeed, the major
pathological features of EoE included the presence of an
increased number of Eos, lymphocytes (CD3, CD8), mast
cells, and fibrosis [1, 10, 11]. In the present study, we
documented that the sub-epithelial fibrosis in patients with
EoE is significantly increased compared to the fibrosis seen
in esophagus of patients with GERD and/or normal control.
Moreover, the degree of fibrosis, the number of mucosal
Eos, and the clinical symptoms in those patients improved
after steroid and diet elimination therapy. Previous reports
documented the effectiveness of various nutritional thera-
peutic modalities (hypoallergenic or elimination diet), but
the introduction and maintaining of those diets in infants
and young children is both difficult and impractical.
Accordingly, topical steroids with elimination of food

Table 3 Histological response after therapy in patients with eosinophilic esophagis

No. Age Gender Therapy Weeks Symp Symp Eos. Eos. Collagen Collagen
(years) Rx before resolved before after grade grade

Rx after Rx Rx Rx before Rx after Rx

1 0.6 M Amino acid formula, 20 V, PWG Yes 51 23 2 1

H2 blocker

2 1.25 F Soy milk formula, PPI 22.6 V, PWG Yes 22 1 2 2

3 2.5 M T.F. 29.6 v Yes 60 34 1 0

4 2.5 F T.F., Diet 10.9 V, WL, D Yes 49 2 1

5 6 M T.F., PPI 62 \% Yes 38 2 0

6 6.5 F T.F., Diet 12 D, AP, WL Yes 40 2 0

7 8.5 F T.F. 15 D, AP, WL Yes 25 25 2 1

8 9 F T.F. 14 AP, WL Yes 30 5 2 1

9 10 M T.F. 15.4 AP, WL, HB Yes 35 2 2 1

10 10 F T.F., Diet, PPI 15 D Yes 84 28 2 1

11 10.5 F T.F., Diet, PPI 15.3 AP Yes 28 3 1 0

12 13 M T.F., Diet 9.6 AP, V, WL Yes 39 1 2 0

13 14 M T.F., PPI 13.7 HB Yes 28 1 1 1

14 14 M PPI, Diet 4.4 AP, WL Yes 24 1 0 0

V vomiting, D dysphagia, AP abdominal pain, PWG poor weight gain, WL weight loss, HB heartburn, Diet elimination of food allergen,

T.F. topical fluticasone
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allergens is now the preferred first-line therapy in children
with EoE [2, 12]. In addition, alteration of various
inflammatory cytokines [13, 14], a higher number of
eosinophils and increased fibrosis in patients with EoE was
previously reported by other investigators [5, 10]. Except
for a single case report [15], our report is one of the first
pediatric studies to document that steroid therapy in chil-
dren with EoE reversed sub-epithelial esophageal fibrosis,
and resolved the clinical symptoms of dysphagia and
vomiting. Those results emphasize the importance of
fibrosis in the pathophysiology of EoE disease as well as
the benefit of treatment.

The reason for the positive therapeutic effect of topical
steroids on tissue fibrosis in EoE has not been fully elu-
cidated in children. A previous report documented the
interaction of eosinophils in the remodeling of esophageal
tissue and the reversible effect of glucocorticoids on his-
tology [14, 16]. An attempt to investigate the process of
esophageal remodeling in children with EoE disease was
reported in a recent publication by Aceves et al. [7]. In this
study, the authors assessed the remodeling process by
comparing the mucosal activation of TGF-betal and vas-
cular activation antigen (expression of VCAM-1) in 16
EoE children before and after fluticasone therapy (nine
responders and seven non-responders). In addition, in
another eight children, the genotypes of TGFbeta-1 pro-
moters (CC, CT, TT) were examined. The authors reported
that children who responded to therapy had reduced fibrosis
scores, TGFbeta-1, and vascular activation. Moreover, the
responders were likely to have the CC genotype of the
TGFbeta-1 promoter. To our knowledge, this is the first
description that explained some of the remodeling process
that occurs in the esophagus after budesonide therapy.
Further studies will be needed to assess whether this par-
ticular remodeling process occurs specifically for EoE
disease or represents a normal remodeling process for other
esophageal diseases, i.e., GERD.

It was interesting to note that only a small number of our
EoE group presented with dysphagia (five patients) while
the majority (13 patients) had a significant degree of
fibrosis before therapy. The correlation between symptoms
and histological findings in EoE disease has not been
clearly understood. Previous data showed no association
between the number of eosinophils and clinical symptoms
[17]. The correlation between symptoms and the degree of
fibrosis in patients with EoE has not been adequately
studied, as pathologists do not routinely report the degree
of fibrosis presented in the esophageal biopsies. We
hypothesize that the discrepancy between fibrosis and
symptoms may only signify a time gap namely; with longer
follow-up the symptom of dysphagia in untreated patients
will catch-up with the entire EoE patients. This hypothesis
is supported by the study of Straumann et al., who showed

that after years of follow-up, the level of fibrosis in
untreated adult patients with EoE stays high and may
intensify, while the number of eosinophils decreased with
time [18].

The association between GERD and EoE disease has
been suggested, but the exact relationship between both
diseases is yet to be resolved. In our study, three children
fulfilled the diagnostic criteria for EoE, two responded to
dietary changes with PPI therapy (patients #1 and #2;
Table 3), and one responded to PPI therapy with elimina-
tion of milk protein from his diet (patient #14; Table 3). In
the later patient, there was no increase in sub-epithelial
fibrosis noted in pre- or post-therapy. The lack of sub-
epithelial fibrosis in this patient may suggest the diagnosis
of GERD rather than EoE. Previous data showed that using
the number of eosinophils as the only diagnostic criteria for
EoE may not be sufficient. Indeed, subjects with GERD
were documented with a high number of Eos in the distal
esophagus, and yet responded adequately (clinically and
histologically) to PPI therapy alone [19]. The previous
authors concluded that therapeutic trial with PPI with
repeated endoscopy should be performed before the diag-
nosis of EoE is established. Nevertheless, this approach has
not been adopted by the experts’ consensus report except in
specific cases, “When the diagnosis of GERD vs. EoE is
not apparent despite endoscopy and biopsy” [1, 2]. Recent
publications have suggested that both diseases might
simultaneously co-exist in the same patient [20-22].
Indeed, many clinicians would routinely treat both diseases
simultaneously. To better explore the interaction between
GERD and EoE in children, a prospective study that
defines the diagnostic criteria for each disease with higher
accuracy is clearly needed.

We acknowledge the possible limitations in our study
that related to (i) the retrospective nature of the study, and
(i1) the bias in patient selection. The retrospective study
prevented us from assessing the specific effect of food
allergen elimination compared to steroid therapy, as well as
the influence of PPI therapy in a few of our patients. Pro-
spective studies are needed to assess those factors. In
addition, the EoE patients who were included in the study
were also selected for their characteristic clinical symp-
toms (dysphagia, food impaction, etc.), and/or by their
characteristic esophageal features during endoscopy (fur-
rowing, rings, etc.); only in these patients were mid-
esophageal biopsies were obtained. Obviously, these
patients represented the severe scale of EoE disease and
thus, may represent a skewed patient population. Never-
theless, we may argue that to be able to measure sub-
epithelial histological changes in a relatively short time of
therapy, a selected patient population with advanced EoE
disease was needed thus, the bias was necessary and
inevitable.
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In summary, in the present study, we demonstrated that
the esophagus of patients with EoE has a higher number of
eosinophils and an increased sub-epithelial fibrosis com-
pared to patients with GERD or normal children. More-
over, we documented that the conventional therapy,
i.e., topical steroid and/or elimination of food allergens,
improved patients symptoms, decreased eosinophils popu-
lation, and except for one patient, reversed the degree of
sub-epithelial fibrosis to the level of normal children. These
findings emphasize the importance of therapy in patients
with EoE, and may contribute to a lower morbidity of these
patients.
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