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Background & Aims: Eosinophilic esophagitis (EE)
shares symptoms with gastroesophageal reflux disease
but has distinctive pathologic features and unknown
immunopathology. Treatments with antigen restriction
or systemic immunosuppression pose problems with
compliance and side effects. Topically applied steroids
offer an attractive alternative treatment. The aims of
this study were to determine the immunopathologic
features of EE and the effectiveness of antigen-specific
diet restriction (DR) and topical immunosuppression.
Methods: A prospective trial was conducted examining
the impact of DR and swallowed fluticasone propionate
(FP) on pediatric patients with EE. Clinicopathologic fea-
tures, including immunohistochemical analysis of the
esophageal mucosa, were measured before and after
treatment. Results: Immunohistochemical analysis of
11 prospectively identified children showed a signifi-
cantly greater number of mucosal CD3 and CD8 lym-
phocytes, as well as CD1a antigen-presenting cells com-
pared with normal controls. DR did not induce clinical
improvement in any patients, whereas all children who
completed treatment with FP had resolution of symp-
toms. Posttreatment analysis of proximal and distal
esophageal mucosa showed a significant reduction in
the number of eosinophils, as well as CD3� and CD8�

lymphocytes compared with pretreatment sections.
Conclusions: EE is characterized by immunologically ac-
tive esophageal mucosa. FP, not DR, effectively relieves
symptoms. FP significantly reduces mucosal inflamma-
tion associated with EE.

Eosinophilic esophagitis (EE) is an increasingly rec-
ognized clinicopathologic entity.1 Since 1995, at

least 81 pediatric patients have been reported in the
literature, and clinical practice suggests that the number
of affected patients is increasing.2–7 Symptoms are sim-
ilar to those seen with gastroesophageal reflux disease
(GERD) and include vomiting, dysphagia, refusal of
food, and abdominal pain. These symptoms are not com-
pletely responsive to acid blockade and/or prokinetic
treatment of GERD. In fact, patients with EE are often

referred to a gastroenterologist for refractory GERD
symptoms either before or after fundoplication. Further
clinical evaluation shows normal pH probe monitoring of
the distal esophagus and often a characteristic endoscopic
appearance with furrowing or rings of the proximal
and/or distal esophagus.6,8 Distinctive pathologic fea-
tures occur in the proximal as well as distal esophagus
and include mucosal eosinophilia, defined as large num-
bers of eosinophils (�15/high-power field) in the squa-
mous epithelium, superficial layering of the eosinophils,
and/or superficial eosinophil microabscesses (�4 eosino-
phils in a cluster) after at least 2 months of acid block-
ade.7 Despite increasing knowledge regarding the clini-
copathologic features of this condition, little is presently
known about its pathogenesis. Clinical and laboratory
evidence suggests that food and/or aeroallergens may be
the etiologic agents.3,9 We hypothesize that this disease
is a disorder of immune dysregulation and that the use of
a topical steroid would alleviate its symptoms and im-
prove its histologic features.

Several treatments, including a strict elemental diet
and systemic corticosteroids, effectively resolve symp-
toms and eliminate histopathologic features of EE.3,4

However, both of these treatments pose problems for
pediatric patients. Compliance with a strict elemental
diet is often difficult, and systemic corticosteroids can
impair growth, increase susceptibility to infections, sup-
press adrenal function, and cause cataracts. In 1998,
Faubion et al. reported the successful use of a novel
treatment method in which patients swallowed metered
doses of a trifluorinated steroid preparation, fluticasone
propionate (FP).2 This treatment resulted in improve-
ment in symptoms and reduction of esophageal eosino-

Abbreviations used in this paper: DR, diet restriction; EE, eosino-
philic esophagitis; FP, fluticasone propionate; GERD, gastroesopha-
geal reflux disease.
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philia. Several features make FP desirable for use in
children. It is easily administered, has low gastrointesti-
nal absorption, and is rapidly metabolized in the liver by
first-pass effect, thus limiting systemic side effects.10

In this study, we begin to define the immunotypical
features of the mucosa affected with EE. In addition, we
performed an open-label, prospective trial to determine
whether the use of diet restriction (DR) or swallowed FP
metered-dose units would diminish symptoms and in-
duce a histologic remission.

Materials and Methods
Patient Selection

To identify children with EE, patients were enrolled in
a prospective manner from the outpatient clinic population of
the Division of Gastroenterology and Nutrition at Children’s
Hospital in Boston according to an institutional review board–
approved protocol. Informed consent was obtained on enroll-
ment. Children aged 1–19 years were enrolled if they met the
following inclusion criteria: (1) upper intestinal symptoms
including chest pain, food impaction, dysphagia, feeding re-
fusal, or vomiting; and (2) lack of clinical response to an
8-week trial of a proton pump inhibitor (omeprazole 10 mg
orally twice daily if �20 kg, 20 mg orally twice daily if �20
kg). Exclusion criteria included developmental delay or the use
of systemic or inhaled corticosteroids in the preceding 6
months.

Following enrollment, patients underwent esophagogas-
troduodenoscopy and biopsy specimens were obtained from the
proximal and lower thirds of the esophagus. The distal esoph-
ageal biopsy specimen was obtained at least 2 cm above the
gastroesophageal junction. Routine biopsy specimens were also
obtained from the antrum and duodenum. Twenty-four–hour
distal esophageal pH monitoring was performed after the
cessation of acid-suppressive therapy for at least 2 days. Proper
placement of the pH probe catheter was confirmed radiologi-
cally. Normal 24-hour pH probe monitoring results were
defined by a reflux index (the total percentage of time during
which the esophageal pH is �4) �7%.11 All patients under-
went contrast radiographic testing (upper GI) to rule out
anatomic obstruction. A diagnosis of GERD was made if pH
probe monitoring was abnormal.

Children with EE, defined by the presence of a normal pH
probe and the histologic findings in esophageal mucosal biopsy
specimens as previously summarized, were referred to a pedi-
atric allergist (F. J. T.) who sought to determine any relation
between intake of specific foods and onset of gastrointestinal
symptoms. In addition, he obtained a detailed personal and
family history focused on atopic diseases. Immuno-Cap radio-
immunosorbent testing (Phadiatop, Uppsala, Sweden) and/or
skin-prick testing was performed for pertinent foods and/or
inhalant allergens on some patients, depending on the associ-
ation of symptoms with specific foods. Patients who were skin
tested by the allergist received 32 common food antigens,

including beef, chicken, lamb, pork, codfish, turkey, salmon,
tuna, lobster, corn, clam, shrimp, rice, wheat, cashew, cocoa,
almond, string bean, walnut, soybean, peanut, pea, potato,
orange, egg white, apple, whole milk, peach, casein, and
strawberry by skin-prick testing. A complete blood count with
differential was obtained. Peripheral eosinophilia was defined
as a total eosinophil count �350/mm3. If radioimmunosorbent
test or skin-prick test results were abnormal, the patient was
referred to a pediatric dietitian for complete exclusion of that
food from the diet. DR for foods was based on these test results
as well as any historical factors that became evident during this
evaluation. If no allergen was identified during the visit with
the allergist, the patient was referred back to the gastroenter-
ologist for medical treatment as defined.

After 8 weeks of DR, all patients were reevaluated. If they
had persistence of symptoms despite strict adherence to the
diet, they were placed on FP (2–4 years old, 44 �g/puff; 5–10
years old, 110 �g/puff; 11 years and older, 220 �g/puff) 2
puffs by mouth twice daily swallowed without inhaling and
without use of a spacing device. Patients were instructed not to
eat or drink for 30 minutes after taking the medication. All
patients underwent repeat esophagoscopy and biopsy after 8
weeks of FP treatment for visual assessment of the mucosa and
procurement of mucosal pinch biopsy specimens.

Compliance was assessed by self-reporting from the parents
and, when appropriate, by the patient. Inhaler monitoring
units (Meditrac, Hudson, MA) were used to assess the com-
pliance of FP inhalations administered to some patients. These
units monitor the daily dosing on a computer chip and can be
downloaded to determine day-to-day compliance.

Histologic Analysis

All specimens were formalin-fixed, paraffin-embedded,
cut serially in 5-�m sections, and either stained with H&E or
used for immunohistochemical studies. For immunohisto-
chemical staining, sections were dewaxed in xylene, rehydrated
in graded solutions of ethanol, and equilibrated in aqueous
buffer. Endogenous peroxidase activity was quenched with 3%
aqueous hydrogen peroxide for 15 minutes at room tempera-
ture. The sections were then incubated with 10% nonimmune
goat serum (Signet, Dedham, MA) for 10 minutes; primary
antibody, CD1a (undiluted; Immunotech, Marseille, France),
CD8 (1:100 dilution; Dako, Carpinteria, CA), CD3 (undilut-
ed; Biogenex, San Ramon, CA), and cutaneous lymphocyte
antigen (1:100; Boehringer Mannheim, Basel, Switzerland) for
1 hour; biotinylated secondary antibody (Signet) for 15 min-
utes; and avidin-biotin complex (Signet) for 15 minutes. All
incubations were performed at room temperature, and sections
were washed with buffer between steps. Color reaction was
then developed using the diaminobenzidine method according
to the manufacturer’s instructions (Zymed, South San Fran-
cisco, CA). Sections were counterstained with hematoxylin,
dehydrated, and mounted. Appropriate positive and negative
controls were included in each staining reaction. Biopsy spec-
imens obtained from patients undergoing evaluation for ab-
dominal pain or other upper intestinal symptoms as a part of
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a separate institutional review board–approved protocol with
histologically normal mucosa were used as negative controls.
The control group consisted of 3 boys and 4 girls (ages 10 �
1.5 years). One had a history of asthma and allergic rhinitis.

Mucosal biopsy specimens obtained at esophagogastroduo-
denoscopy were reviewed in a blinded fashion using coded
slides without knowledge of the history, mode of therapy, or
endoscopic appearance. Histologic evaluation of those esopha-
geal biopsy specimens stained with H&E was undertaken
using the methods previously described.7 Quantification of
eosinophil number and immunoreactive cells for the above
antigens was performed by 2 of the investigators (G. T. F. and
K.B.), who counted the number of cells in each biopsy speci-
men in 5 consecutive high-power fields in the area with the
densest infiltrate. Findings were reviewed and discrepancies
noted. Data were expressed as the mean number of eosinophils
per high-power field (Nikon Optiphot-2, Plan 40 lens;
Melville, NY) or as the mean number of lymphocytes per
high-power field (Olympus BH2- Splan 40 lens; Melville,
NY). Ocular magnification was 10, and the area of the micro-
scopic field was 0.196 mm2 (Nikon) and 0.12 mm2 (Olympus).
The distribution of the eosinophils within the squamous epi-
thelium was also assessed. Measurements of the epithelial
thickness and papillary height were made only on specimens in
which at least 3 well-oriented papillae could be identified.
Measurements were considered abnormal if there was basal
zone hyperplasia �20% of the total epithelial thickness or
lengthening of the papillae to �75% of the epithelial height.
Quantification of positively stained cells for each of the se-
lected antibodies was performed in the same manner as de-
scribed for quantification of eosinophil numbers.

Statistical Analysis

Results are reported as mean � standard error. Student
t test for paired data was used to assess the differences between

the mean data obtained from each group. Statistical signifi-
cance was determined by an � level P value �0.05.

Results
Clinical Features

Twenty-eight patients were enrolled in this study
from November 1998 to March 2001 (Figure 1). Nine-
teen patients had a normal pH probe, �15 eosinophils/
high-power field in the esophageal mucosa after at least
2 months of acid blockade, and no evidence of eosino-
philia on gastric or duodenal biopsy specimens; these
patients were considered the index population with EE
(see Table 1 for clinical features). The remaining 9
patients received diagnoses of GERD (n � 7) or eosin-
ophilic gastroenteritis (n � 1), and studies were normal
in 1 patient. These patients (n � 9) were excluded from
the final analysis. Of the 19 patients with EE, 3 relocated
before completion of the study and 1 decided not to
complete the study.

Presenting symptoms of the 19 children with EE are
noted in Table 1. Vomiting and dysphagia were most
commonly reported. Food allergy, reactive airway dis-
ease, allergic rhinitis or conjunctivitis, or atopic derma-
titis were identified in the personal history (84%) or
family history (58%) of affected patients. Peripheral eo-
sinophilia was noted in 58% (mean total eosinophil
count, 555 � 88 eosinophils/mm3). Before enrollment in
the study, 1 patient underwent fundoplication for GERD
symptoms refractory to medical management. One pa-
tient had a history of culture-proven herpes esophagitis
without esophageal eosinophilia 2 months before the
onset of EE. On entry into the study, his biopsy speci-
mens showed no viral inclusions and cultures were neg-
ative for herpes simplex virus. Upper gastrointestinal
series was normal in all patients studied.

Table 1. Clinical Features of 19 Pediatric Patients With EE

Mean age at presentation (yr) 8 � 0.9 (range, 1–16)
Sex (M/F) 14/5
Duration of symptoms before

diagnosis of EE (yr) 2.3 � 0.6
Presenting complaintsa (%)

Dysphagia 11 (58)
Vomiting 8 (42)
Heartburn 7 (37)
Abdominal pain 6 (32)
Food impaction 2 (11)
Failure to thrive 2 (11)
Diarrhea 1 (5)

Family history of allergic disease (%) 11 (58)
Personal history of allergic disease (%) 16 (84)
Peripheral eosinophilia (%) 11 (58)

aSome patients had more than 1 presenting symptom.

Figure 1. Flowchart of patients.
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Evaluation by the allergist was completed in 15 pa-
tients, and 11 had specific food(s) identified that were
associated with gastrointestinal symptoms (Table 2).
Positive skin tests were found in 8 patients, and 7 had
elevated radioimmunosorbent analysis. Two patients re-
ported anaphylactic symptoms to specific foods (shellfish
and peanuts). From this group, 11 patients were treated
with DR. When multiple food allergens were identified,
common food antigens or foods associated with symp-
toms were excluded. No food allergens were identified in
4 patients, and they were treated with FP directly. All
patients receiving DR underwent counseling with a pe-
diatric dietician to strictly remove the food(s), and com-
pliance was documented to be complete by self-report-
ing. Two patients (9 and 10) were unable to adhere to a
diet restricted of all allergenic foods identified; the diet
with which they complied appears in Table 2. An 8-week
trial of specific food elimination did not improve clinical
features of EE in any patient in this series.

FP

Of the 11 patients who did not respond to DR, 9
received FP, 1 relocated before the end of the study, and
1 was not interested in FP treatment despite ongoing
symptoms. Patients received instructions from a clinician
to ensure proper administration of FP using the swal-
lowing technique. Two patients used the Meditrac mon-
itor during the study. Both patients demonstrated proper
and complete use. In the remaining patients, compliance

(as assessed by self-reporting from the parents and pa-
tient) was reported to be complete.

All 13 patients completing treatment with FP had
resolution of their presenting symptom. Two patients
did not have an endoscopy after treatment with FP.
Posttreatment endoscopy of the remaining 11 patients
completing treatment with FP showed an abnormal vi-
sual appearance of the esophagus in 9 patients, with loss
of vascular pattern or thickened longitudinal folds sug-
gesting ongoing inflammation. However, the micro-
scopic findings were improved in all patients. These
findings show that the macroscopic appearance does not
predict the microscopic features of EE, consistent with
previous pediatric studies.12,13

The only side effect of FP identified in those complet-
ing treatment was esophageal Candida infection (2 pa-
tients). Of these patients, 1 was asymptomatic and 1 had
recurrence of previous upper intestinal symptoms at the
end of treatment with FP. In these patients, endoscopy
performed at the end of treatment with FP showed
histologic improvement of EE but the presence of Can-
dida plaques. Both patients were treated with fluconazole
without adverse effect.

Immunopathologic Features of EE Before
Treatment With FP

Eleven patients completed treatment with FP and
underwent both pretreatment and posttreatment endos-
copy. Immunopathologic analysis was performed on

Table 2. Summary of Allergic Evaluations for 15 Patients With EE

History of reaction Skin test positive RAST test positive Food eliminated

1 none egg, orange milk egg, orange
2 peanut, milk, soy,

shellfish, watermelon
peanut, milk, soy, shellfish, watermelon

3 none peanut, wheat peanut, wheat
4 none cocoa chocolate
5 peanut peanut, soy peanut, soy
6 none peanut, soy, milk, wheat, corn,

almond, beef
peanut peanut, milk, soy, wheat

7 peanut, soy, wheat, carrot soy, wheat positive for all tested foods restricted peanut, soy, wheat and
carrot—primarily ate potatoes,
bacon, and chocolate

8 none
9 tree nuts peanuts, soy, tree nuts,

carrots, pear, grapes, rice,
green beans, mustard seed,
onion, kidney beans

peanuts, soy, tree nuts peanuts, soy, tree nuts, carrots, green
beans

10 peanuts soy, egg, wheat, potato peanut, soy peanut, soy
11 shellfish shellfish, tree nuts, fish shellfish, tree nuts
12 none
13 egg, wheat, chicken, barley,

oats
egg, wheat, chicken, barley, oats

14 none
15 none

RAST, radioimmunosorbent.
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esophageal sections from all 11 patients. The pretreat-
ment esophageal specimens contained large numbers of
eosinophils in the proximal and distal esophageal mucosa
(22.5 � 4.9 and 23 � 2.7, respectively; Figure 2A and
C ), consistent with previous reports. Mucosal specimens
showed superficial localization of eosinophils in 6 (54%)
and eosinophil abscesses in 5 (45%), consistent with our
previous findings.7 A representative example of the prox-
imal esophagus is shown in Figure 2A.

We next characterized the lymphocyte population of
the affected esophagus. Previous reports have suggested
that lymphocytes normally reside in the esophageal ep-
ithelium and this population can fluctuate according to
states of either immunodeficiency or inflammation.14 Im-
munohistochemical staining in the proximal esophageal
mucosa of patients affected by EE showed significantly
greater numbers of CD3 lymphocytes, often termed
“cells with irregular nuclear contours,” compared with
the normal controls (28.2 � 4.5 vs. 5.5 � 2.3, respec-
tively; P � 0.05) (Figure 3A and C ). CD3 lymphocytes
were diffusely scattered throughout the esophageal mu-
cosa in no obvious pattern. In an effort to identify specific
T-cell populations in the EE group, tissue sections were
stained for CD8. Affected tissues showed a significant
increase in CD8 cells compared with normal controls
(20.2 � 8.1 vs. 5.9 � 2.8, respectively; P � 0.05)
(Figure 3D and F ). CD8 lymphocytes were diffusely
scattered throughout the esophageal mucosa in no obvi-
ous pattern.

We next looked at the numbers of CD1a dendritic
cells, or Langerhans-type cells. CD1a� cells are primarily
located at mucosal surfaces. These cells likely function as
antigen-presenting cells and in allergic conditions par-
ticipate in host sensitization.15,16 We found a significant
increase in the CD1a in the EE group compared with
normal mucosa (9.4 � 1.5 vs. 5.7 � 2.1, respectively;
P � 0.05) (Figure 3G and I ).

Atopic dermatitis is an allergic condition associated
with eosinophilia of the squamous epithelium of the
skin.17 Because the esophagus is lined with squamous
cells and patients with EE can be affected by atopic
dermatitis, we examined the esophagus for the expression
of cutaneous lymphocyte antigen. Cutaneous lymphocyte
antigen is the memory T-cell marker that increases in the
skin affected with atopic dermatitis and decreases after
treatment with corticosteroids.18 Immunohistochemical
staining showed no differences between the naive, un-
treated mucosa affected with EE and the normal squa-
mous epithelium (2.6 � 1.6 vs. 2.6 � 1.3, respectively;
not significant).

Impact of FP Treatment on Esophageal
Histology

We next examined the impact of FP on the esoph-
ageal eosinophilia associated with EE. The use of FP for
8 weeks resulted in a significant decrease in the eosino-
philia in both the proximal and distal esophagus (Table
3 and Figure 2B and C ). After treatment with FP, a
decrease in the CD3�, CD8�, and CD1a� cells was seen
in the proximal and distal esophagus. These differences
reached statistical significance in the proximal esophagus
for all examined cell types and in the distal esophagus for
CD3� and CD8� cells (Table 3 and Figure 3B, C, E, F,
H, and I ). In addition, cell counts returned to that of
normal esophageal sections except for CD3� cells in the
proximal esophagus. No significant differences were
identified between observers in cell counting of eosino-
phils or immunostained cells.

Discussion
This study defined certain immunophenotypic

characteristics of EE and determined the impact of FP on
clinical and immunopathologic features. Histologic ex-
amination of the untreated esophageal mucosa showed
not only an increase in the number of eosinophils but also
a significant increase in the numbers of CD8 lympho-
cytes and CD1a antigen-presenting cells. Swallowing of
metered-dose units of aerosolized FP not only improved
clinical symptoms but also significantly reduced the
numbers of activated inflammatory cells. However, DR,
guided by skin testing and radioimmunosorbent analy-
sis, did not improve symptoms. These results suggest
that the anti-inflammatory agent FP is an effective treat-
ment in reducing the clinical features and inflammatory
lesions associated with EE.

Although the esophagus has been traditionally con-
sidered a conduit for oral contents to the stomach, little
is known about the immunotypical features of the nor-
mal and the inflamed esophageal mucosa.19–22 Previous
reports identified the presence of dendritic cells/Langer-
hans cells and lymphocytes within the normal esophageal
mucosa and showed that lymphocytes do not signifi-
cantly increase during states of peptic inflammation.19 In
contrast, the squamous mucosa from patients with ac-
quired immunodeficiency syndrome contains decreased
CD1a lymphocytes compared with controls.23 In the
present study, CD3, CD8, and CD1a lymphocytes are
increased within the affected mucosa compared with
normal tissue. Taken together, these results suggest that
the esophagus is an immunologically active organ that
may respond differently to a variety of stimuli.
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Figure 2. Impact of FP on esophageal eosinophilia. Mucosal pinch biopsy specimen of proximal esophageal mucosa affected with EE. The
section is stained with H&E, and (A ) is taken from an untreated patient. (B) The same patient after 8 weeks of treatment with FP. (C) The mean
eosinophil counts before and after treatment. (Original magnification 200�.)

Figure 3. Impact of FP on (A–C) CD3, (D–F ) CD8, and (G–I ) CD1a lymphocytes. Mucosal pinch biopsy specimen of proximal esophageal mucosa
showing (A–C) CD3, (D–F ) CD8, and (G–I ) CD1a lymphocytes. Paraffin-embedded sections were stained with (A–C ) CD3, (D–F ) CD8, and (G–I )
CD1a by avidin-peroxidase methods. A, D, and G were taken from an untreated patient. B, E, and H are from the same patient after 8 weeks of
treatment with FP. C, F, and I represent the mean CD3, CD8, and CD1a counts, respectively, from pretreatment and posttreatment sections and
counts from unaffected controls. (Original magnification 200�.)



We identified the CD8 lymphocyte as the predomi-
nant T cell within the affected squamous epithelium.
CD8 lymphocytes are conventionally associated with the
production of Th1-type cytokines such as tumor necrosis
factor �.24 Although not classically considered a proal-
lergic cytokine, tumor necrosis factor � has been shown
to induce eosinophilia in certain animal models. In ad-
dition, a growing body of literature shows that, in the
appropriate immunologic milieu, CD8 lymphocytes are
also morphologically associated with Th2 diseases and
secrete Th2-type cytokines.25–27 For instance, while
atopic dermatitis is typically characterized by the pre-
dominance of CD4 lymphocytes and the production of
Th2-associated cytokines such as interleukin 5, recent
studies have also shown that CD8 lymphocytes present
within affected tissues are an abundant source of Th2-
type cytokines.18 Although it is true that many allergic
reactions are associated with CD4 cells, our results sug-
gest the participation of CD8 lymphocytes in this eosin-
ophil response.

Following maturation, dendritic Langerhans cells ef-
ficiently present antigen to lymphocytes.28 We speculate
that in this condition, an antigen is presented to the
Langerhans cell, crosses the squamous mucosa, and stim-
ulates T-cell proliferation and production of eosinophil
chemokines such as eotaxin. Eotaxin is an eosinophil-
specific chemokine that has been shown to play a critical
role in homing of eosinophils to sites of intestinal allergic
inflammation.29,30 Eosinophils migrate into the tissues
and, on activation, can release a variety of biologically
active mediators, including cytokines, leukotrienes, and
granule proteins such as major basic protein.17,31–33 Ex-
perimental models of esophagitis have shown the pres-

ence of leukotrienes and, in patients with EE, eosinophil-
derived major basic protein. Eosinophil-derived granule
proteins have not only cytotoxic properties but also have
been shown to stimulate superoxide generation from
neutrophils,34 smooth muscle contraction in animal
models of airway hyperreactivity,35 production of tumor
necrosis factor � from mast cells,36 and interleukin-8
release from eosinophils and intestinal fibroblasts.37,38

Thus, the release of these eosinophil-derived granule
proteins may initiate or perpetuate the inflammatory
reaction seen in the esophageal mucosa. We and other
investigators speculate that major basic protein initiates
esophageal smooth muscle contraction leading to the
symptoms of dysphagia and food impaction.39

The specific antigen(s) that induce this eosinophilic
response remains obscure, but hypotheses suggest a food
allergen, an inhaled or swallowed airborne allergen, or an
infectious particle.40,41 Kelly showed that a strict ele-
mental diet with Neocate formula induced a clinicopath-
ologic remission; however, symptoms recurred after the
reintroduction of foods. Interestingly, the preliminary
results from a recent study detail the use of an elemental
diet in more than 100 children with EE. The investiga-
tors document clinicopathologic improvement; long-
term follow-up of 9 months suggests continued remis-
sion.42 In an attempt to make dietary treatment more
palatable, we tried to identify specific food items that
were associated with symptoms. Efforts to use this
method of DR as treatment of this disease were unsuc-
cessful. Potential reasons for this finding include incom-
plete DR, insensitive methods to identify the proper
dietary allergen, the presence of multiple unidentified
dietary allergens capable of inciting the response, or the
presence of a non–food-related antigen. To address this
last cause, investigators recently designed a novel murine
model of EE.9 Mice sensitized and challenged with an
ubiquitous aeroallergen, Aspergillus fumigatus, developed
not only esophageal eosinophilia but also eosinophil de-
granulation within the squamous epithelium. This in-
terleukin-5–dependent response was not seen in other
parts of the gastrointestinal tract. These findings present
the intriguing possibility that sensitization and chal-
lenge of an inhaled allergen may result in the homing of
eosinophils to the esophageal squamous epithelium. Fi-
nally, a bacterial superantigen may stimulate the T-cell–
dependent influx of eosinophils as seen in atopic derma-
titis.43 Several features of EE are similar to atopic
dermatitis, including the common predilection for the
squamous epithelium, the characteristic epithelial eosin-
ophilia, and the similar response to systemic and topical
corticosteroids and/or a severely restricted diet. Although

Table 3. Eosinophil and CD Counts From Proximal and
Distal Esophageal Sections Before and After
Treatment With FP

Pretreatment
(cells/HPF � SE)

Posttreatment
(cells/HPF � SE) P value

Eosinophils
Proximal 22.5 � 4.9 2.8 � 2.4 0.001
Distal 23.0 � 2.7 2.7 � 1.4 0.001

CD3�
Proximal 28.2 � 4.5 12.8 � 4.2 0.05
Distal 20.8 � 4.1 14.3 � 4.1 0.05

CD8�
Proximal 20.2 � 2.7 10.4 � 2.8 0.05
Distal 16.6 � 4.3 9.2 � 1.3 0.05

CD1a�
Proximal 9.4 � 1.5 5.6 � .5 0.05
Distal 8.6 � 1.6 6.4 � .8 NS

CLA�
Proximal 2.7 � 1.6 2.2 � 1.9 NS

HPF, high-power field.
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our immunohistochemical staining did not show evi-
dence of increased cutaneous lymphocyte antigen, the
memory T cell associated with atopic dermatitis, we
speculate that a bacterial superantigen could incite the
activation of the cascade of inflammatory events seen in
EE in a fashion similar to that in atopic dermatitis.

We were interested in determining the impact of FP
in the treatment of EE for several reasons. First, this
medication was previously used successfully in 3 pediat-
ric patients with EE.2 Investigators theorized that aero-
solized steroid administrated into the oropharynx with-
out a spacer would be swallowed and eventually delivered
to the esophageal epithelium. In that retrospective case
series, this unique technique provided prompt relief and
no reported side effects. All studied patients were boys
between the ages of 12 and 13 years, and none had an
allergic history. The dose of FP was 220 �g by mouth,
4 puffs twice a day; duration of treatment ranged from 6
weeks to 4 months, and posttreatment biopsy specimens
were obtained in 2 of 3 patients. Our prospective study
used this novel treatment method to study a broader age
range of both male and female patients for a defined
treatment course and dose, with a more detailed analysis
of the affected tissue. Our findings expand the previous
findings by showing the effectiveness of FP in treating a
wide range of patients with a consistent treatment plan.

The second reason we were interested in examining
this treatment method is that the other effective thera-
pies, elemental diet and systemic corticosteroids, have
several disadvantages. Although the benefits of an ele-
mental diet are clear, we have found compliance to be a
major obstacle in its use. Our study patients found FP
easy to administer, and compliance was good. Systemic
corticosteroids are effective in treating the symptoms and
reducing eosinophilia, but the fact that EE seems to be a
relapsing disease prompted us to defer to a treatment
with fewer side effects, such as FP. Lower doses of FP
were used than in the previous trial. Proximal and distal
eosinophilia was significantly reduced, indicating the
likely deposition along the esophageal length. None of
the studied patients developed a major complication;
Candida esophagitis was easily cured.

Third, the impact of FP in eosinophilic disease in
other organ systems has been well established. FP, a
synthetic trifluorinated glucocorticoid, binds to the glu-
cocorticoid receptor with an affinity 18 times greater
than dexamethasone and twice as great as budesonide. It
is primarily metabolized in the liver, and �1% of the
orally administered dose is bioavailable due to presys-
temic metabolism and low absorption.10 Identified side
effects when the medication is used for the treatment of

asthma include reduction in growth velocity (0.43 cm/
yr) and adrenal suppression.44 FP reduces not only aller-
gic symptoms and mucosal eosinophilia but also inhibits
eosinophilic chemokine and eosinophilic cationic protein
release in allergic rhinitis.45 In addition, it reduces aller-
gic symptoms, mucosal eosinophilia, dendritic cell infil-
tration, adhesion molecule expression, and leukotriene
C4 secretion.46,47 Our findings show similar results with
reduction in eosinophil and lymphocyte infiltrates. Al-
though symptoms abated and esophageal eosinophilia
was significantly impacted by FP, a slight degree of
esophageal eosinophilia was still present in treated tis-
sues. This is consistent with findings in other tissues
affected by allergic diseases that have undergone corti-
costeroid treatment. For instance, asthmatic patients treated
with oral prednisone have improved symptoms and reduc-
tion, but not resolution, of tissue eosinophilia.48

Several factors continue to pose questions and diffi-
culty in the management of EE. First, the symptoms
associated with EE are often short-lived and occur spo-
radically, making management problematic. This is one
reason for the large number of patients who did not
complete the study. When patients were asymptomatic,
whether in the midst of treatment or in the untreated
state, they and their parents were understandably reluc-
tant to proceed with a second endoscopy to document
histologic improvement. However, follow-up endoscopy
of completely asymptomatic, untreated patients with EE
shows persistent and often severe mucosal eosinophilia
(unpublished data). Second, the long-term outcome of
this condition is not yet clear. In the adult literature,
unbridled esophageal eosinophilia can result in fibrosis
and stricture.49–51 Whether or not most pediatric pa-
tients will “outgrow” this disease as they do some other
allergic diseases of childhood is a question that will only
be answered by close follow-up of affected patients. Our
clinical experience and the published literature suggests
that this is a relapsing entity; at least 4 of the patients in
this series have required subsequent courses of FP.2–5

Third, the long-term treatment of these patients is not
certain. We believe that EE is a disease characterized by
an immunologically active esophageal mucosa and that
FP is an effective and well-tolerated treatment. Future
studies will determine the pathogenesis, long-term man-
agement, and outcome of this condition.
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