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Eosinophilic esophagitis (EE) is rapidly emerging as a
distinct disease entity in both pediatric and adult gas-
troenterology. The typical clinical presentation includes
solid food dysphagia in young men who have an atopic
predisposition. Food impaction necessitating endo-
scopic intervention is common. EE should be suspected,
in particular, in patients with unexplained dysphagia or
those with no response to antacid or anti-acid secretory
therapy. Careful endoscopic and radiographic examina-
tions reveal furrows, corrugations, rings, whitish
plaques, fragile crépe paper-like appearance, and a
small-caliber esophagus. Mucosal erosion in the distal
esophagus, characteristic to reflux esophagitis, is ab-
sent in EE. Marked eosinophil infiltration in the esopha-
geal epithelia (>20 eosinophils per high-power field) is
the diagnostic hallmark. Food antigens and aeroaller-
gens may play a role in the pathogenesis of EE. The
mechanisms may be dependent or independent of im-
munoglobulin E. Elimination diets, systemic and topical
corticosteroids, leukotriene receptor antagonists, and,
most recently, an anti-interleukin-5 monoclonal anti-
body have been used to treat EE. EE likely represents
another example of eosinophil-associated inflammation
of epithelia at the interface between external and inter-
nal milieu, similar to bronchial asthma and atopic der-
matitis. This review summarizes recent progress in the
diagnosis and management of EE and discusses future
research directions.

he gastrointestinal tract is continuously exposed to

foods, environmental allergens, toxins, and patho-
gens; eosinophils are typically present throughout. Inter-
estingly, in healthy individuals, the esophagus is unique
in that eosinophils are rarely seen.! A number of condi-
tions, however, do predispose the esophagus to eosino-
philic infiltration. These conditions include gastroesoph-
(GERD), infections,
systemic eosinophilic syndromes, and, more recently, a

ageal reflux disease parasitic
condition known as eosinophilic esophagitis (EE).?-8
Although EE first was described by Landres et al.? in
1978, studies on EE were virtually absent until the
mid-1990s. However, since clinical features of EE have

become well recognized by both gastroenterologists and

allergists,>~® EE is now emerging as an important dif-
ferential diagnosis in patients with esophageal symp-
toms. Indeed, there has been a marked increase in the
number of EE-related publications in the past 5 years,
currently surpassing those related to eosinophilic gastro-
enteritis (EGE), the representative eosinophil-associated
disease of the gastrointestinal tract (Figure 1). As a
distinct disease entity, EE poses considerable diagnostic
and therapeutic challenges both in pediatric and adult
gastroenterology.??3

This review highlights recent progress in the diagnosis
and management of EE. We focus on adult patients with
EE and discuss the immunopathogenesis of EE from a
viewpoint of epithelial inflammation at an interface.
Based on its clinical and immunologic characteristics, it
is tempting to consider EE as “asthma of the esopha-
gus.”'0 Readers are also referred to other reviews for
detailed experimental information on EE.%7

Prevalence

EE has been thought to be a rare disease in the
past. This may be attributed, however, to poor disease
awareness and the lack of well-established diagnostic
criteria. Although the epidemiology of EE still is ob-
scure, data on pediatric EE provide some insights. EE
was found in 3.4% of children with reflux symptoms!!
and 6.8% of children with esophagitis.? A hospital-based
study!'? suggested that 20% of children with dysphagia
and 50% of those with unexplained dysphagia may have
EE. A high prevalence of EE has been reported in chil-
dren with reflux symptoms who are unresponsive to
proton pump inhibitors (68%—94%).13-'4 The prevalence
of EE in adults remains unknown; one report from
Australia suggested that 19 adult patients with EE were
diagnosed in a 21-month period in a geographically

Abbreviations used in this paper: EE, eosinophilic esophagitis; EGE,
eosinophilic gastroenteritis; GERD, gastroesophageal reflux disease;
HPF, high-power field; IE, immunoglobulin E; IL, interleukin.
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Figure 1. Number of English-language publications in the Medline

database between 1975 and 2003 with the key words “eosinophilic
esophagitis” and “eosinophilic gastroenteritis.”

isolated community of 198,000.1> A systematic investi-
gation on the prevalence of EE in adults is urgently
needed. EE should be included as a differential diagnosis,
especially in patients with unexplained dysphagia or in
those who are unresponsive to anti-acid secretory treat-
ment. Clearly, by the number of reports in the recent
literature, EE is an increasingly recognized condition.
Whether this is caused by an increasing prevalence re-
mains to be determined. Finally, Guajardo et al.'® re-
cently initiated a world wide web—based registry for
eosinophil-associated gastrointestinal disorders, includ-
ing EE. Although this approach is interesting and may
be useful in studying clinical features of EE, the data
need to be interpreted with care because medical infor-
mation provided by patients or family members may not
always be accurate or sufficient and because sampling
bias is inevitable.

Table 1. Clinical Features of Eosinophilic Esophagitis
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Clinical Presentations

Clinical features of pediatric'>71%17 and adul¢!%15:18:19
patients with EE in 8 recent studies are summarized in
Table 1. Male predominance was apparent. When these
studies are combined, the percentage of boys was 73%
(85 of 117)'2-117 and the percentage of men was 75%
(70 of 94).1015.18,19 The majority of pediatric patients
had atopic conditions including asthma, atopic dermati-
tis, and food allergy (51% to 84%). Adult patients also
had an atopic predisposition (29% to 60%), although
this may not be as strong as in the pediatric patients.
Blood eosinophilia was seen in ~60% of the pediatric
patients and between 5% to 50% of the adult patients.
Increased serum immunoglobulin E (IgE) levels, positive
skin prick test, and positive radioallergosorbent test
could be found in a number of patients (40% to 73%).
Thus, male sex, atopic predisposition, eosinophilia, in-
creased IgE levels, positive skin prick tests, or radioal-
lergosorbent tests seem to be useful clues to suspect EE.
However, the absence of IgE-related features (e.g., neg-
ative skin prick tests or a negative radioallergosorbent
test) does not exclude the possibility of EE because
non—IgE-dependent EE does exist, as discussed later.

The clinical features of EE may be different between
children and adults. In children, the predominant feature
could be one of GERD: vomiting, dysphagia, and abdom-
inal pain.'>2?° However, in adult EE, dysphagia is often
accompanied by solid food impaction.'819-21-22 Dysphagia is
long-standing!'®'? and is often not associated with much
weight loss. This suggests that the patients may have com-
pensated for their dysphagia. Adults with EE are often very
slow eaters, even as children.1?

Acid reflux is likely not important in children with
EE; anti-acid therapy is generally ineffective.!-!314 The

Positive skin-
Number of Peripheral prick/radio-
patients Mean age Food Food blood Increased allergosorbent
Study location Year studied (range) Male Dysphagia impaction Heartburn Allergy? allergy eosinophilia IgE levels test
Pediatric EE
Boston13 2002 19 8 (1-16) 74% 58% 11% 37% 84% 73% 58% NA 53%
Philadelphial” 2002 26 7 (2-14) 85% NA NA 81% 73% NA NA 73%°
Australial2 2003 21 10 (2-16) 76% NA 67% NA 67% 19% NA NA NA
Philadelphial4 2003 51 8 (3-16) 65% 14% 53% 51% NA NA NA NA
Adult EE
United Kingdom1& 2003 12 40 (22-64) 58% 100% 25% 50% 50% NA NA NA NA
Australial® 2003 31 34 (14-77) T7% 89% 76% 48% 46% 25% 36% 56% 40%
Rochester, MN1°® 2003 21 40 (28-55) 81% 100% 71% 19% 29% NA 5% NA NA
Switzerland10 2003 30 41 (16-71) 73% 100% 100% 7% 60% 13% 50% 69% NA

NA, not available.

aConcurrent allergic conditions, including asthma, atopic dermatitis, allergic rhinitis, and drug hypersensitivity.
bPositive skin-prick test (skin patch test was positive in 81%; 96% were either skin-prick test— or patch test—positive).
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Figure 2. Endoscopic and radiologic features of EE. (A) A typical
ringed-appearing esophagus as seen at endoscopy. Reprinted with
permission from Arora et al.1° (B) An esophagram of a patient with EE
showing focal rings in the proximal to midesophagus.

results of ambulatory 24-hour esophageal pH monitoring
are normal in >90%!'"'4 of children with EE who are
unresponsive to acid-suppressing treatment. Although
the role for reflux in adults with EE is less clear, recent
reports suggest that 24-hour pH monitoring is normal in
85% to 100%.15:18:1° To date, there is no evidence that
distal esophageal acid reflux is more prevalent in adult
patients with EE. Esophageal manometry testing in
adult patients with EE also has been unclear. Although
there have been some reports of patients with a nutcrack-
er-type phenomenon,??':23:24 other reports also have
shown normal esophageal motility studies.!3.19-24

Endoscopic Features

Although endoscopic features for EE were consid-
ered to be subtle in early reports, recent studies have
clearly established several features characteristic to
EE.2%5 Careful endoscopic observations may reveal ab-
normalities in the majority (~90%) of patients.?> The
terms used include furrows,* vertical lines in esophageal
mucosa,?® corvugations, vings,">'927 adberent whitish plaques,?®
and a crépe-paper mucosa®® in the mid- to distal esophagus
(see Figure 2). Importantly, the presence of erosive distal
esophageal changes, typical of GERD, have not been
described in patients with EE to date. Although GERD
lesions mostly are limited to the distal esophagus, EE
appears to affect the more proximal esophagus. The term
small-caliber esophagus also has been used to describe the
endoscopic and radiographic findings.3%3! Vasilopoulos
et al.3! reported that EE patients with a small-caliber
esophagus showed long segments of rents that occurred
after empiric dilatation. This study suggested that the
clue to the diagnosis was in re-inspecting the esophagus
after dilatation and finding the mucosal tears. The pres-
ence of mucosal tears has been described. Indeed, some
endoscopists suggest that EE should be characterized by
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a fragile esophageal mucosa, or the so-called crépe-paper
mucosa.?® These mucosal rents are frightening during
endoscopy; however, esophageal perforations occurring
after dilatations rarely have been reported.3?

Multiple, nodular, whitish plaques in the esophagus,
containing markedly increased numbers of eosinophils,
have been reported in an EE patient with extreme hy-
pereosinophilia.?? Recent studies suggest, however, that
adherent whitish plaques or whitish vesicles/exudates
(0.5-2 mm in size) may be a common endoscopic feature
of EE.>2%28 Whitish plaques may be present in a few
discrete areas or more diffusely.?® Because these whitish
plaques can mimic esophageal candidiasis, special care
needs to be taken to avoid confusing these 2 condi-
tions.>?® The early reports of “congenital esophageal
stenosis” are intriguing because they have reported a
dense eosinophilic infiltrate and so also may be consid-
ered part of the spectrum of EE.?435 Finally, the use of
endoscopic ultrasound recently has been reported.>%37 By
using high-resolution endoscopic ultrasound in 11 chil-
dren with EE, Fox et al.3¢ showed that the total thickness
of the esophageal wall is increased significantly in EE
(2.8 vs. 2.1 mm), mainly by the increase in the thickness
of the mucosa and submucosa. Although the muscularis
propria was slightly thickened, the circular muscle was
not. One atypical elderly male patient, with an esopha-
geal stricture, underwent an endoscopic ultrasound that
showed asymmetric thickening of the muscularis propria
of the distal esophagus.’” These studies suggest that EE
may involve more than just the epithelium of the esoph-
agus.

Histologic Diagnosis

The diagnostic hallmark of EE is a marked eosin-
ophil infiltration in the esophagus (Figure 3). Basal zone
hyperplasia and increased papillary size appear to be
nonspecific findings associated with epithelial inflamma-
tion. Because a lesser degree of eosinophil infiltration is
also seen in GERD,?® investigators have sought to estab-
lish a quantitative cut-off value for eosinophil infiltration
to differentiate EE from GERD. Recent studies agree,
both in children and adults, that EE is diagnostic if
the eosinophil infiltration is >20 eosinophils per high-
power field (HPF; 400X) in the squamous epithe-
lium . 34:19,20,38,39 In contrast, eosinophil infiltration in
GERD is less than 5-10 eosinophils/HPF.3432 Interest-
ingly, 2 studies using less-strict histologic definition of
EE (=5 eosinophils/HPF) reported that patients with
mild to moderate eosinophil infiltration (5-20/HPF)
showed more GERD-like features as compared with
those with infiltration (>20/

intense eosinophil
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HPF).2040 Jt should be noted, however, that the actual
field area covered by HPF could vary, depending on the
microscope used (0.166—0.307 mm?).10-13.18.19 Another
histologic feature of EE is superficial layering of eosino-
phils.22% This is particularly evident in the form of
eosinophil aggregates or a microabscess, burgeoning
through the esophageal epithelia.>'%3° The eosinophil
microabscess has been defined as the aggregate of 4 or
more contiguous eosinophils at the surface of the esoph-
ageal epithelia.?® Eosinophilic microabscesses were found
in 25% to 45% of patients with EE,'%32 whereas none
were seen in 292 GERD patients.’* Thus, superficial
eosinophilic microabscess may be useful in the diagnosis
of EE in patients with mild eosinophil infiltration.
Histologic studies provide intriguing information re-
garding disease involvement in EE. First, EE seems to
affect the esophagus specifically. Concomitant eosinophil
infileration in the stomach or intestine has been found in
only 4% to 13% of patients with EE.15-20 The patients
with concurrent eosinophilic inflammation in the other
parts of their gastrointestinal tract may represent second-
ary EE associated with EGE. Second, eosinophil infiltra-
tion in the esophagus in EE may not be homogenous
(i.e., segmental,?® patchy,?! or even fluctuating®?), neces-
sitating multiple biopsy specimens from different levels
of the esophagus. A biopsy specimen of a whitish plaque
may be useful in revealing intense eosinophilic infiltra-
tion and eosinophilic abscesses.?%-28:3341 Biopsies taken
during an asymptomatic phase may show modest eosin-
ophil infiltration in the esophagus.®> Conflicting data
exist, however, regarding the magnitude of esophageal
eosinophil infiltration: 2 recent studies, systematically
examining the distal, middle, and proximal esophagus,
suggested that the extent of eosinophil infiltration was
similar irrespective of location in the esophagus in

EE.13,15
Prognosis

Straumann et al.!° recently reported the natural
history of 30 adult patients with EE. During a mean
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Figure 3. Pathologic features
of esophageal mucosa in EE.
(A) Thickened basal zone and
intercellular edema. (B) Numer-
ous intraepithelial eosinophils
(H&E stains). Reprinted with
permission from Arora et al.1®

follow-up period of 7.2 years, dysphagia persisted in
97%. Eosinophilic inflammation was confined to the
esophagus and did not progress into the stomach or
duodenum. EE did not show malignant potential for
cancer or hypereosinophilic syndrome. EE had a major
negative impact on the social activities in only 3%.
Although these data suggest that EE is likely a control-
lable and nondisabling disease, it should be remembered
that 71% of adult EE patients'® and 24% of pediatric EE
patients!? experience serious food impaction, requiring
endoscopic intervention for the removal of a food bolus.
Patients with allergic disorders, such as food allergy and
atopic dermatitis, often outgrow these allergies as they
grow older. Unfortunately, the long-term prognosis for
pediatric EE is unknown.

Immunopathogenesis

Eosinophils are tissue-dwelling cells with a tissue
to blood ratio of 100-300:1. They are important effector
cells in epithelial inflammation at the interface between
external and internal milieu, such as skin (e.g., atopic
dermatitis) and lung (e.g., bronchial asthma).43-4> The
esophagus is another interface epithelium where the ini-
tial encounter with foreign antigens occurs. Eosinophils
can cause epithelial injury via release of mediators such as
cytotoxic granule proteins, reactive oxygen intermedi-
ates, lipid mediators, and cytokines.843-45 Previous stud-
ies have shown that eosinophils in EE are indeed acti-
vated in situ in the esophagus.i¢-47

What, then, is the mechanism(s) for eosinophil re-
cruitment and activation in the esophagus? Atopic pre-
disposition, increased IgE levels, and positive skin-prick
tests clearly suggest an IgE-mediated mechanism.?13:17,20.48
Interestingly, Spergel et al.'” found that 73% of EE
patients had positive skin-prick tests (i.e., IgE-depen-
dent) and 81% had positive patch tests (i.e., non—IgE-
dependent); 19% showed negative skin-prick and posi-
tive patch tests (pure non—IgE-dependent). These data
suggest that both IgE-dependent (extrinsic, allergic) and
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Table 2. Possible Routes of Allergen Exposure in EE

Possible routes of antigen exposure

Initial sensitization Secondary challenge  Responsible antigens

Esophagus Esophagus Food allergens
(aeroallergens?)
Bronchus Esophagus Aeroallergens

Outside esophagus Outside esophagus Food- and aeroallergens

NOTE. The potential modes of antigen sensitization and challenge are
listed. See text for details.

non—-IgE-dependent (intrinsic, nonallergic) mechanisms
may be operative in EE.

There are several possibilities for initial sensitization
and subsequent challenge in EE. The possible routes of
antigen exposure are summarized in Table 2. First, both
initial sensitization and subsequent challenge may occur
in the esophagus as antigens pass through in the form of
foods, swallowed aeroallergens and pathogens, and secre-
tions from upper and lower airways. Beneficial effects of
an elemental diet in pediatric EE'1749 suggest food
proteins as major responsible antigens. Second, an exper-
imental model of EE shows that initial sensitization with
aeroallergens in the bronchus is essential,®7-5° with sec-
ondary challenge in the esophagus by passive ingestion of
aeroallergens deposited in the naso-oral cavity. By using
Aspergillus fumigatus, a ubiquitous fungal aeroallergen,
Rothenberg et al.>7 and Mishra et al.5° have effectively
shown that eosinophil infiltration in the esophagus only
occurs when the animal is sensitized initially in the
bronchus, but not in the nose or digestive tract. In this
model, eosinophil recruitment in the gastrointestinal
tract was limited to the esophagus.’® Substantial immu-
nologic interactions may occur between upper and lower
airways (one airway hypothesis).>! This interaction may
well extend to the esophagus, forming a unique aero-
esophageal immune unit. This concept is interesting in
view of the cross-reactivity between aeroallergens and
plant-related food allergens,>?33 as seen in the pollen-
food allergy syndrome, for example, the ragweed-banana-
melon, birch-apple, and celery-mugwort-spice syn-
dromes. Intriguingly, a case of pollen-induced EE
recently has been reported.®? Third, EE may occur after
sensitization and challenge outside the esophagus. This is
possible if immune cells at the original site of antigen
exposure can communicate specifically with those in the
esophagus. It has been shown that exclusive sensitization
and challenge in the bronchus can induce experimental
EE without antigen exposure in the esophagus.®7-5°
There may be a possible interaction between the skin and
esophagus also. Cutaneous lymphocyte-associated anti-
gen is a skin-homing receptor for memory/effector T
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cells, which recycle between skin-associated lymph nodes
and squamous epithelia.>* Cutaneous lymphocyte-associ-
ated antigen—positive T cells likely play a role in the
food-allergen—induced exacerbation of atopic dermatitis.
Interestingly, the esophagus is the only tissue in the
gastrointestinal tract that has squamous, albeit nonkera-
tinized, epithelia. Teitelbaum et al.,'> however, showed
that the number of cutaneous lymphocyte-associated an-
tigen—positive cells in the esophagus was not increased in
EE. Finally, the difference in eosinophilic inflammation
seen in primary EE (without EGE) and secondary EE
(with EGE) may be explained, at least in part, by the
difference in the routes of antigen exposure. In an animal
model, EE developed without other gastrointestinal in-
volvement when sensitized and challenged in the lung,>°
whereas EE developed in conjunction with gastric and
intestinal eosinophil inflammation when systemically
sensitized and enterically challenged.>>

The roles for eosinophil-directed cytokines and che-
mokines in EE, in particular, interleukin (IL)-5 and
eotaxin, have been studied extensively in mouse mod-
els.67:5056 TL-5 likely plays a central role in trafficking
eosinophils into the esophagus.>%%¢ Abolishing IL-5 re-
sulted in complete disappearance of esophageal eosino-
phils, whereas abolishing eotaxin resulted in a signifi-
cant, but partial, decrease in esophageal eosinophils.>®
Eotaxin seems more important in eosinophil chemotaxis
into the stomach and intestine.>> Intratracheal adminis-
tration of IL-13, but not IL-4, induced eosinophil infil-
tration in the murine esophagus.>’

Unfortunately, immunologic studies on patients with
EE have been sparse. The esophagus in EE shows in-
creased infilcration of CD3™ T cells,!348 CD8™ T cells,!3
CD1a™ dendritic cells,'> and mast cells.*® Augmented
expressions of IL-5 in cells infiltrating the epithelial layer
and tumor necrosis factor-a in the epithelia have been
reported in EE, whereas eotaxin expression was mini-
mal.*® Marked expression of eotaxin in eosinophils in the
esophagus was recorded in a case report.’® Although
these data are important, further immunologic charac-
terization of EE is needed.

Treatment

There have been a number of interventions to
treat EE. The premise of an elimination diet is based on
the hypothesis that food allergens are the stimulus for the
inflammatory response.®'449 Kelly et al.* first reported
that 10 children with EE documented long-term im-
provement in their symptoms with an amino acid—based
elemental diet. The efficacy of this strict elimination diet
has been confirmed recently by a larger study*'4: symp-
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tomatic improvement occurred in 48 of 51 patients
(94%) in 8.5 days. Overall, an elimination diet is a
successful way to treat EE, especially in children. How-
ever, these studies do contend with the problem of
compliance, because these elemental diets are difficult to
continue on a long-term basis. Although food restriction
based on allergen tests is more acceptable, the results are
variable.’>!7 Interestingly, the identification of respon-
sible food allergens by the combination of a skin-prick
and skin patch test!” seems to be more effective than
allergen identification by skin-prick test alone.!® Practi-
cal approaches for diet therapy in EE were summarized
by Markowitz and Liacouras.? Elimination diets have not
been systematically studied in adults.

The use of steroids has been found to be extremely
helpful in the treatment of EE. Liacouras et al.!' treated
21 children with oral steroids for 1 month, and all
patients experienced near-total symptom relief within
about 1 week. Faubion et al.?’ reported that topical
steroid therapy with aerosolized corticosteroids induced
complete resolution of symptoms within a week. Teitel-
baum et al.’> used fluticasone propionate with marked
improvement in symptoms and disappearance of eosino-
philic infiltration in the esophagus. The only side effect
was esophageal candidiasis, which was treated success-
fully with fluconazole. We reported our experience with
topical steroids in 21 adults with EE, who had solid food
dysphagia for at least 6 years.' Therapy for 6 weeks
resulted in complete dysphagia relief for a minimum of
4 months. The only adverse effect was a transient dry
mouth, which was managed by oral intake of water.
There were no cases of candidiasis. Although 3 patients
had a relapse of dysphagia after 4 months, this responded
well to a repeat topical corticosteroid treatment. About
50%—60% of adult patients develop recurrent symptoms
after topical corticosteroid treatment at 12—18 months
(personal observation). Most of these patients tolerate a
shorter course of corticosteroid re-treatment, although
this is not yet fully defined. Our standard protocol for
topical steroid treatment (4 puffs twice a day {220 pg
fluticasone per puff, total 1760 g/day}) is shown in
Table 3. This protocol was originally reported in the
pediatric literature.?” Fluticasone is safe and effective for
bronchial asthma in adults; the maximum effect is
achieved with a dose of around 500 pg/day.>® Because
esophageal delivery of the inhaled drug is limited (even
without a spacer) and because the drug continuously is
washed away toward the stomach, we believe that 1760
g is a reasonable daily inhalation dose for adult patients
with EE. The 6-week treatment period is reasonable to
examine the initial responses to fluticasone inhalation
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Table 3. Topical Steroid Treatment Protocol for EE Used at
Mayo Clinic Rochester

Fluticasone is prescribed at a dose of 220 pg/puff with inhaler.

Take 4 puffs twice a day after breakfast and evening meal (total,
1760 pg/day) for 6 weeks.

A spacer should not be used with the inhaler to maximize the drug
delivery to the esophagus.

After shaking the inhaler, take a deep breath. At the point of
maximum held inspiration, depress the inhaler and swallow the
aerosol with each puff.

Rinse the mouth and spit the water out.

No food or drink for 3 hours after dispensing.

because most EE patients respond to fluticasone within 4
weeks (personal observation).

Attwood et al.'® described the use of montelukast
to treat EE. Montelukast is a selective inhibitor of
the leukotriene D4 receptor, used successfully to treat
asthma.®® They studied 8 patients with EE, beginning
montelukast 10 mg/day, and adjusted the dosage accord-
ing to tolerance and symptoms up to 100 mg/day. Once
symptom relief had been achieved, the dosage was re-
duced to a maintenance level between 20 to 40 mg/day.
Seven patients (88%) showed complete improvement in
dysphagia, although montelukast did not eradicate eo-
sinophils themselves in the esophagus. The majority of
patients were able to discontinue acid-suppression ther-
apy. The only adverse effects included nausea and myal-
gia during the 14-month treatment. The difference be-
tween the topical corticosteroid and the leukotriene
antagonist is that the former can be used in a pulse
manner (for a 4—6-wk period), whereas the montelukast
needs to be given daily.

Beneficial effects of anti—IL-5 treatment using mepoli-
zumab, a humanized blocking antibody against IL-5,
have been reported in 4 patients with various hypereosi-
nophilic syndromes.®! This study included an 18-year-
old man with severe EE who had been unresponsive to an
elimination diet, topical fluticasone, and systemic pred-
nisone. Intriguingly, 3 administrations of i.v. mepoli-
zumab (10 mg/kg at 4-wk intervals) resulted in marked
symptomatic and endoscopic improvement, as well as a
>10-fold decrease in esophageal eosinophil infiltration
in this patient. Long-term effects and safety need to be
evaluated in a larger study of mepolizumab for intracta-
ble EE.

Finally, there have been a number of reports that
mentioned the importance of dilatation, as well as a
low-residue diet (a so-called dysphagia dier).??-31,32.62-64
These studies highlighted the fact that dilatation does
improve symptoms, but they often recur.®
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Conclusions

An immense interest in EE in adults is develop-
ing, and research clearly defines a reasonably homoge-
nous group of patients: young men with atopic predis-
positions with solid food dysphagia and food impactions.
EE likely represents another example of eosinophilic
inflammation of epithelia at the interface between exter-
nal and internal milieu, and may be considered as
“asthma of the esophagus.”

Despite recent advances in EE research, a number of
questions remain to be answered. Is the incidence of EE
truly increasing in a similar fashion with other atopic
diseases? Why is EE more prevalent in men? What are
the responsible antigens and how important are aeroal-
lergens? What is the actual route(s) of antigen exposure?
Do pediatric patients outgrow EE as they become older?
If so, is it host-dependent or antigen-dependent? Should
extrinsic and intrinsic EE be treated similarly? Can eo-
sinophil granule proteins directly affect neural transmis-
sion in the esophagus?® Finally, are eosinophils in the
esophagus really all bad? An anti-inflammatory role for
eosinophils has been reported recently.®®

Eos is the Greek word for the goddess of dawn. The
eosinophil was so named by Paul Ehrlich in 1879 because
its cytoplasmic granules stained red with eosin, similar
to the colors of morning glow. Now, 125 years later, we
may be witnessing the dawn of a new era of eosinophil
research in gastroenterology. Hopefully, close collabora-
tions among gastroenterologists, allergists, immunolo-
gists, and food and environmental chemists will lead to
a better understanding and management of EE.

References

1. Kato M, Kephart GM, Talley NJ, Wagner JM, Sarr MG, Bonno M,
McGovern TW, Gleich GJ. Eosinophil infiltration and degranulation
in normal human tissue. Anat Rec 1998;252:418-425.

2. Fox VL, Nurko S, Furuta GT. Eosinophilic esophagitis: it’s not just
kid's stuff. Gastrointest Endosc 2002;56:260-270.

3. Liacouras CA. Eosinophilic esophagitis in children and adults.
J Pediatr Gastroenterol Nutr 2003;37:523-S28.

4. Markowitz JE, Liacouras CA. Eosinophilic esophagitis. Gastroen-
terol Clin North Am 2003;32:949-966.

5. Munitiz V, Martinez de Haro LF, Ortiz A, Pons JA, Bermejo J,
Serrano A, Molina J, Parrilla P. Primary eosinophilic esophagitis.
Dis Esophagus 2003;16:165-168.

6. Rothenberg ME, Mishra A, Collins MH, Putnam PE. Pathogenesis
and clinical features of eosinophilic esophagitis. J Allergy Clin
Immunol 2001;108:891-894.

7. Rothenberg ME, Mishra A, Brandt EB, Hogan SP. Gastrointestinal
eosinophils. Immunol Rev 2001;179:139-155.

8. Rothenberg ME. Eosinophilic gastrointestinal disorders (EGID).
J Clin Allergy Immunol 2004;113:11-28.

9. Landres RT, Kuster GG, Strum WB. Eosinophilic esophagitis in a
patient with vigorous achalasia. Gastroenterology 1978;74:
1298-1301.

10. Straumann A, Spichtin HP, Grize L, Bucher K, Beglinger C, Simon
HU. Natural history of primary eosinophilic esophagitis: a fol-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

EOSINOPHILIC ESOPHAGITIS 529

low-up of 30 adult patients for up to 11.5 years. Gastroenterology
2003;125:1660-1669.

Liacouras CA, Wenner WJ, Brown K, Ruchelli E. Primary eosino-
philic esophagitis in children: successful treatment with oral
corticosteroids. J Pediatr Gastroenterol Nutr 1998;26:380-385.
Cheung KM, Oliver MR, Cameron DJ, Catto-Smith AG, Chow CW.
Esophageal eosinophilia in children with dysphagia. J Pediatr
Gastroenterol Nutr 2003;37:498-503.

Teitelbaum JE, Fox VL, Twarog FJ, Nurko S, Antonioli D, Gleich G,
Badizadegan K, Furuta GT. Eosinophilic esophagitis in children:
immunopathological analysis and response to fluticasone propi-
onate. Gastroenterology 2002;122:1216-1225.

Markowitz JE, Spergel JM, Ruchelli E, Liacouras CA. Elemental diet
is an effective treatment for eosinophilic esophagitis in children and
adolescents. Am J Gastroenterol 2003;98:777-782.

Croese J, Fairley SK, Masson JW, Chong AKH, Whitaker DA,
Kanowski PA, Walker NI. Clinical and endoscopic features of
eosinophilic esophagitis in adults. Gastrointest Endosc 2003;
58:516-522.

Guajardo JR, Plotnick LM, Fende JM, Collins MH, Putnam PE,
Rothenberg ME. Eosinophil-associated gastrointestinal disor-
ders: a world-wide-web based registry. J Pediatr 2002;141:576—
581.

Spergel JM, Beausoleil JL, Mascarenhas M, Liacouras CA. The
use of skin prick tests and patch tests to identify causative foods
in eosinophilic esophagitis. J Allergy Clin Immunol 2002;109:
363-368.

Attwood SE, Lewis CJ, Bronder CS, Morris CD, Armstrong GR,
Whittam J. Eosinophilic oesophagitis: a novel treatment using
Montelukast. Gut 2003;52:181-185.

Arora AS, Perrault J, Smyrk TC. Topical corticosteroid treatment
of dysphagia due to eosinophilic esophagitis in adults. Mayo Clin
Proc 2003;78:830-835.

Orenstein SR, Shalaby TM, Di Lorenzo C, Putnam PE, Sigurdsson
L, Mousa H, Kocoshis SA. The spectrum of pediatric eosinophilic
esophagitis beyond infancy: a clinical series of 30 children. Am J
Gastroenterol 2000;96:1422-1430.

Attwood SE, Smyrk TC, Demeester TR, Jones JB. Esophageal
eosinophilia with dysphagia. A distinct clinicopathologic syn-
drome. Dig Dis Sci 1993;38:109-116.

Desai T, Goldstein NS, Stecevic V, Badizadegan K, Furuta GT.
Esophageal eosinophila is common among adults with esopha-
geal food impaction (abstr). Gastroenterology 2002;127:M1273.
Hempel SL, Elliott DE. Chest pain in an aspirin-sensitive asth-
matic patient—eosinophilic esophagitis causing esophageal dys-
motility. Chest 1996;110:1117-1120.

Nurko S, Fox V, Fortunato C, Antonioli A, Badizadegan K, Teitle-
baum J, Furuta GT. Esophageal motility abnormalities in patients
with allergic esophagitis. A study with prolonged esophageal
pH/manometry (abstr). J Pediatr Gastroenterol Nutr 2001;33:
417-418.

Potter JW, Saeian K, Staff D, Massey BT, Komorowski RA, Shaker
R, Hogan WJ. Eosinophilic esophagitis in adults: an emerging
problem with unique esophageal features. Gastrointest Endosc
2004;59:355-361.

Gupta SK, Fitzgerald JF, Chong SK, Croffie JM, Collins MH. Ver-
tical lines in distal esophageal mucosa (VLEM): a true endo-
scopic manifestation of esophagitis in children? Gastrointest
Endosc 1997;45:485-489.

Faubion WA Jr, Perrault J, Burgart LJ, Zein NN, Clawson M, Freese
DK. Treatment of eosinophilic esophagitis with inhaled cortico-
steroids. J Pediatr Gastroenterol Nutr 1998;27:90-93.
Sundaram S, Sunku B, Nelson SP, Sentongo T, Melin-Aldana H,
Kumar R, Li BU. Adherent white plaques: an endoscopic finding in
eosinophilic esophagitis. J Pediatr Gastroenterol Nutr 2004;38:
208-212.

Straumann A, Rossi L, Simon HU, Heer P, Spichtin HP, Beglinger



530 ARORA AND YAMAZAKI

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

C. Fragility of the esophageal mucosa: a pathognomonic endo-
scopic sign of primary eosinophilic esophagitis? Gastrointest
Endosc 2003;57:407-412.

Vasilopoulos S, Shaker R. Defiant dysphagia: small-caliber
esophagus and refractory benign esophageal strictures. Curr
Gastroenterol Rep 2001;3:225-230.

Vasilopoulos S, Murphy P, Auerbach A, Massey BT, Shaker R,
Stewart E, Komorowski RA, Hogan WJ. The small-caliber esophagus:
an unappreciated cause of dysphagia for solids in patients with
eosinophilic esophagitis. Gastrointest Endosc 2002;55:99-106.
Kaplan M, Mutlu EA, Jakate S, Bruninga K, Losurdo J, Losurdo J,
Keshavarzian A. Endoscopy in eosinophilic esophagitis: “feline”
esophagus and perforation risk. Clin Gastroenterol Hepatol
2003;1:433-437.

Ahmed A, Matsui S, Soetikno R. A novel endoscopic appearance
of idiopathic eosinophilic esophagitis. Endoscopy 2000;32:S33.
Langdon DE. “Congenital” esophageal stenosis, corrugated
ringed esophagus, and eosinophilic esophagitis. Am J Gastroen-
terol 2000;95:2123.

Langdon DE. Corrugated (multiple) ringed esophagus, GERD ver-
sus allergy? Am J Gastroenterol 2002;97:1257-1258.

Fox VL, Nurko S, Teitelbaum JE, Badizadegan K, Furuta GT.
High-resolution EUS in children with eosinophilic “allergic” esoph-
agitis. Gastrointest Endosc 2003;57:30-36.

Stevoff C, Rao S, Parsons W, Kahrilas PJ, Hirano |I. EUS and
histopathologic correlates in eosinophilic esophagitis. Gastroin-
test Endosc 2001;54:373-377.

Ahmad M, Soetikno RM, Ahmed A. The differential diagnosis of
eosinophilic esophagitis. J Clin Gastroenterol 2000;30:242- 244.
Walsh SV, Antonioli DA, Goldman H, Fox VL, Bousvaros A, Leicht-
ner AM, Furuta GT. Allergic esophagitis in children: a clinicopath-
ological entity. Am J Surg Pathol 1999;23:390-396.

Khan S, Orenstein SR, Di Lorenzo C, Kocoshis SA, Putnam PE,
Sigurdsson L, Shalaby TM. Eosinophilic esophagitis: strictures,
impactions, dysphagia. Dig Dis Sci 2003;48:22-29.
Straumann A, Spichtin HP, Bucher K, Simon HU, Beglinger C.
Primary eosinophilic esophagitis: diagnostic accuracy of upper
endoscopy (abstr). Gastrointest Endosc 2003;57:AB144.

Fogg M, Ruchelli E, Spergel JM. Pollen and eosinophilic esoph-
agitis. J Allergy Clin Immunol 2003;112:796-797.

Kita H, Adolphson CR, Gleich GJ. Biology of eosinophils. In:
Adkinson NFJ, Yunginger JW, Busse WW, Bochner BS, Holgate
ST, Simons FER, eds. Middleton’s allergy principles and practice.
Volume |. 6th ed. St. Louis, MO: Mosby, 2003:305-332.
Gleich GJ, Adolphson CR, Leiferman KM. The biology of the
eosinophilic leukocyte. Annu Rev Med 1993;44:85-101.
Yamazaki K, Suzuki K, Kita H, Gleich GJ. Eosinophil activation in
primary biliary cirrhosis: a mechanism for cholangiocyte injury?
In: Nishioka M, Watanabe S, Arima K, eds. Autoimmune liver
diseases: its recent advances. Excerpta Medica International
Congress Series. Amsterdam: Elsevier Science, 2000, Volume
1213:155-170.

Justinich CJ, Ricci A Jr, Kalafus DA, Treem WR, Hyams JS,
Kreutzer DL. Activated eosinophils in esophagitis in children: a
transmission electron microscopic study. J Pediatr Gastroenterol
Nutr 1997;25:194-198.

Furuta GT, Walsh S, Antonioli DA, Wang MY, Ackerman SJ, Wer-
shil BK. Eosinophil derived major basic protein deposition occurs
in idiopathic eosinophilic esophagitis (abstr). Gastroenterology
1998;114:G0518.

Straumann A, Bauer M, Fischer B, Blaser K, Simon HU. Idiopathic
eosinophilic esophagitis is associated with a TH2-type allergic in-
flammatory response. J Allergy Clin Immunol 2001;108:954-961.
Kelly KJ, Lazenby AJ, Rowe PC, Yardley JH, Perman JA, Sampson
HA. Eosinophilic esophagitis attributed to gastroesophageal re-
flux: improvement with an amino acid-based formula. Gastroen-
terology 1995;109:1503-1512.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 2, No. 7

Mishra A, Hogan SP, Brandt EB, Rothenberg ME. An etiological
role for aeroallergens and eosinophils in experimental esophagi-
tis. J Clin Invest 2001;107:83-90.

Grossman J. One airway, one disease. Chest 1997;111:S11-
S16.

Sampson HA. Food allergy: immunology of the Gl mucosa to-
wards classification and understanding of Gl hypersensitivities.
Pediatr Allergy Immunol 2001;12:7-9.

Breiteneder HP, Ebner CMD. Molecular and biochemical classifi-
cation of plant-derived food allergens. J Allergy Clin Immunol
2000;106:27-36.

Robert C, Kupper TS. Mechanisms of disease: inflammatory skin
diseases, T cells, and immune surveillance. N Engl J Med 1999;
341:1817-1828.

Hogan SP, Mishra A, Brandt EB, Royalty MP, Pope SM, Zimmer-
mann N, Foster PS, Rothenberg ME. A pathological function for
eotaxin and eosinophils in eosinophilic gastrointestinal inflam-
mation. Nat Immunol 2001;2:353-360.

Mishra A, Hogan SP, Brandt EB, Rothenberg ME. IL-5 promotes
eosinophil trafficking to the esophagus. J Immunol 2002;168:
2464-24609.

Mishra A, Rothenberg ME. Intratracheal IL-13 induces eosino-
philic esophagitis by an IL-5, eotaxin-1, and STAT6-dependent
mechanism. Gastroenterology 2003;125:1419-1427.

Fujiwara H, Morita A, Kobayashi H, Hamano K, Fujiwara Y, Hirai K,
Yano M, Naka T, Saeki Y. Infiltrating eosinophils and eotaxin:
their association with idiopathic eosinophilic esophagitis. Ann
Allergy Asthma Immunol 2002;89:429-432.

Holt S, Suder A, Weatherall M, Cheng S, Shirtcliffe P, Beasley R.
Dose-response relation of inhaled fluticasone propionate in ado-
lescents and adults with asthma: meta-analysis. BMJ 2001;323:
253-256.

Leff JA, Busse WW, Pearlman D, Bronsky EA, Kemp J, Hendeles
L, Dockhorn R, Kundu S, Zhang J, Seidenberg BC, Reiss TF.
Montelukast, a leukotriene-receptor antagonist, for the treatment
of mild asthma and exercise-induced bronchoconstriction. N Engl
J Med 1998;339:147-152.

Garrett JK, Jameson SC, Thomson B, Collins MH, Wagoner LE,
Freese DK, Beck LA, Boyce JA, Filipovich AH, Villanueva JM,
Sutton SA, Assa’ad AH, Rothenberg ME. Anti-interleukin-5 (me-
polizumab) therapy for hypereosinophilic syndromes. J Allergy
Clin Immunol 2004;113:115-119.

Langdon DE. Corrugated ringed esophagus. Am J Gastroenterol
1993;88:1461.

Langdon DE. Corrugated ringed and too small esophagi. Am J
Gastroenterol 1999;94:542-543.

Katzka DA. “Congenital” esophageal stenosis, corrugated ringed
esophagus, and eosinophilic esophagitis—response. Am J Gas-
troenterol 2000;95:2124.

Kingham PJ, McLean WG, Walsh MT, Fryer AD, Gleich GJ, Costello
RW. Effects of eosinophils on nerve cell morphology and devel-
opment: the role of reactive oxygen species and p38 MAP kinase.
Am J Physiol 2003;285:L915-1924.

Kobayashi T, lijima K, Kita H. Marked airway eosinophilia pre-
vents development of airway hyper-responsiveness during an
allergic response in IL-5 transgenic mice. J Immunol 2003;170:
5756-5763.

Address requests for reprints to: Kiyoshi Yamazaki, M.D., Division of
Allergy and Internal Medicine, Mayo Clinic College of Medicine, Roch-
ester, Minnesota 55905. e-mail: yamazaki.kiyoshi@mayo.edu; fax:
(507) 284-5045.

The authors thank Dr. Hirohito Kita for reviewing the manuscript, Dr.
Tomas C. Smyrk for providing the photomicrographs of histology, Ms.
Cheryl A. Adolphson for editorial assistance, and Ms. Linda D. Sybrant
and Ms. Debra D. Ward for secretarial assistance.



	Eosinophilic Esophagitis: Asthma of the Esophagus?
	Prevalence
	Clinical Presentations
	Endoscopic Features
	Histologic Diagnosis
	Prognosis
	Immunopathogenesis
	Treatment
	Conclusions
	References


