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Preface

Eosinophilic esophagitis (EoE) is a disease that has gained increasing interest over the
last decade. First appreciated in 1995, EoE is now one of the most talked about disor-
ders among pediatric and adult gastroenterologists, allergists, and pathologists. Over
the past decade, the disease has seen impressive advances with regard to the clinical
recognition of patients, basic research, allergy testing, and genetic identification.

In 2007, the first consensus recommendations on EoE were published in
Gastroenterology. Because of the significant increase in the number of publications
on the subject, an update of the consensus recommendations were recently pub-
lished in the Journal of Allergy and Clinical Immunology (July 2011). As part of this
update, a conceptual definition was generated that states, “Eosinophilic esophagitis
represents a chronic, immune/antigen mediated, esophageal disease characterized
clinically by symptoms related to esophageal dysfunction and histologically by
eosinophil-predominant inflammation.” In addition, the diagnostic guideline was
adjusted and now defines the disease as follows: “EoE is a clinico-pathological
disease. Clinically, EoE is characterized by symptoms related to esophageal dys-
function. Pathologically, one or more biopsies must show eosinophil predominant
inflammation. With few exceptions, 15 eosinophils/hpf (peak value) is considered a
minimum threshold for a diagnosis of EoE. The disease is isolated to the esophagus
and other causes of esophageal eosinophilia should be excluded, specifically PPI-
responsive esophageal eosinophilia. The disease should remit with treatments of
dietary exclusion and/or topical corticosteroids. EoE should be diagnosed by clinicians
taking into consideration all clinical and pathologic information; neither of these
parameters should be interpreted in isolation.”

The contributing authors have been selected because of their expertise not only
from their clinical and research experience, but also from their long-standing interest,
dedication, and efforts to increase the knowledge of EoE worldwide. They have
written informative chapters providing up-to-date knowledge on both pediatric and
adult manifestations of EoE. We hope that the readers will use the information pre-
sented to increase their knowledge of EoE and to aid them in the diagnosis, manage-
ment, and treatment of individual patients.



vi Preface

As editors, we would like to thank all contributing authors for their hard work
and interest in this project. Their commitment and excellence in patient care,
research, and education is much appreciated and readily apparent.

Philadelphia, PA Chris A. Liacouras
Greenville, SC Jonathan E. Markowitz
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Chapter 1
A History of Eosinophilic Esophagitis

Chris A. Liacouras and Jonathan E. Markowitz

Keywords Eosinophilic esophagitis * Esophageal eosiniphilia ¢ Allergic esophagitis

Introduction

Eosinophilic esophagitis (EoE), an isolated esophageal eosinophilia associated with
clinical symptoms, is a disease that has received a great deal of attention over the last
10-15 years. EoE, previously known as primary eosinophilic esophagitis, idiopathic
eosinophilic esophagitis or allergic esophagitis, occurs in both children and adults.
Prior to 1995, the literature contained only rare reports of individuals diagnosed with
an isolated esophageal eosinophilia. However, since 1995, reports in the literature
and information related to EoE have grown tremendously. This chapter focuses on
the history of EoE, including initial reports of esophageal eosinophilia prior to 1995,
the landmark article identifying EoE as a disorder in 1995, the growth of EoE in the
literature since 1995, the development of the First International Gastrointestinal
Eosinophilic Research Symposium (FIGERS) in 2006, and the creation of The
International Gastrointestinal Eosinophilic Researchers (TIGERS).
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History of Esophagitis

Since 1970, the histologic hallmarks for reflux esophagitis have been basal zone
hyperplasia, elongated papillae, and intraepithelial neutrophils [1-4]. Other
nonspecific findings include dilated vascular channels in the lamina propria
papillae and distended squamous or “balloon” cells. In 1982, Winter [5] reported
the presence of intraepithelial eosinophils as an added criterion for the diagno-
sis of reflux esophagitis in children. In this study of 46 symptomatic pediatric
patients and nine control subjects, the presence of esophageal eosinophils was
correlated with 24-h pH probe monitoring, esophageal manometry, and other
histologic features of gastroesophageal reflux, including papillary length and
basal zone thickness. The presence of one of more intraepithelial eosinophils in
the esophagus was established as a specific indicator of esophagitis. Abnormal
esophageal acid clearance was correlated with other accepted morphologic fea-
tures of esophageal injury. In addition, it was suggested that eosinophils were
diagnostic of reflux esophagitis even if other accepted histologic abnormalities
were absent. Although the majority of eosinophils were observed in the distal
esophagus, the presence of more proximal eosinophils was associated with
increasingly abnormal pH probe results. These findings were later confirmed in
adults [6]. Over the years, apart from the diagnosis of reflux esophagitis, large
numbers of esophageal eosinophils have been identified in children with eosino-
philic gastroenteritis or allergic gastroenteritis [7], Crohn’s disease and, more
recently, eosinophilic esophagitis.

History of Esophageal Eosinophilia

During the last 25 years, several studies have identified patients with an isolated,
severe eosinophilic esophagitis, which suggested an etiology other than acid
reflux. In 1977 one of the first cases of esophageal eosinophilia was reported by
Dobbins [8], involving a case of a 51-year-old male patient with asthma and aller-
gies who developed dysphagia and substernal chest pain. Esophageal biopsies
revealed a focal, marked eosinophilic infiltrate. Small bowel biopsies demon-
strated villous flattening and an eosinophilia. The patient was diagnosed with
eosinophilic gastroenteritis. In 1978, Landres [9] reported on the case of a patient
with achalasia associated with esophageal eosinophilia who underwent esopha-
geal myotomy that revealed eosinophilic infiltration of the muscular layer. In
1983, Matzinger [10] described an adolescent with dysphagia, food allergy, and a
peripheral eosinophilia who underwent esophageal biopsy, which revealed
eosinophilic infiltration of both the esophagus and stomach. In 1985, Lee [11]
reported on a series of 11 patients with a severe esophageal eosinophilia, greater
than 10 esophageal eosinophils per high power field (hpf), who presented with
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dysphagia, heartburn, vomiting, and esophageal strictures (3 of 11). However,
reflux was not documented by 24-h pH probe. One patient was given steroids and
clinically improved.

Between 1978 and 1990, several reports were published linking radiographic
abnormalities with esophageal eosinophilia [12—14]. Clinically, patients described
in these reports presented with dysphagia, heartburn, chest pain, peripheral eosino-
philia, regurgitation, and vomiting. In the majority of these patients, barium radio-
graphic studies demonstrated an esophageal stricture. While most of these patients
underwent repeated esophageal dilatation, one patient was given corticosteroids,
upon which, both the clinical symptoms and the esophageal stricture resolved.

In 1993, Attwood [15] reported one of the first studies comparing patients with
isolated esophageal eosinophilia to patients with gastroesophageal reflux. He
described 12 patients presenting with dysphagia who had more than 20 esophageal
eosinophils/hpf (mean 56 eosinophils/hpf). All had visually normal esophageal
mucosa and no esophageal anatomic abnormality — 11 had normal pH monitoring
and seven had evidence of an allergic disorder. Only one patient had antral eosino-
philia. This group was compared to another group, consisting of 90 patients with
medically responsive gastroesophageal reflux (documented by an abnormal 24-h
pH probe). Only 43 of these patients had esophageal eosinophils to a much lesser
degree (mean 3.3 eosinophils/HPF). The author suggested that these patients repre-
sented a new clinicopathologic syndrome not previously described. Similarly, in
1995, Vitellas [16] reported on 13 male patients with idiopathic eosinophilic
esophagitis and showed that the majority of these patients responded to corticoster-
oids. The patients’ clinical symptoms included dysphagia (12 of 13), allergic mani-
festations (10 of 13), peripheral eosinophilia (12 of 13) and proximal esophageal
strictures (10 of 13). Vitellas suggests that the identification of these patients is
important because treatment with corticosteroids is much more effective than
esophageal dilatation.

In 1993, Levine and Saul [17] suggested that idiopathic eosinophilic esophagitis
should be considered in all patients with esophageal narrowing and a severe esoph-
ageal eosinophilia. These authors argued that the difference between the diagnosis
of reflux esophagitis and idiopathic eosinophilic esophagitis depended upon the
location of the eosinophilia, with the implication that, in idiopathic eosinophilic
esophagitis, esophageal eosinophils were located predominantly in the proximal
esophagus and that the distal esophagus was spared. In contrast, Ruchelli [18] dem-
onstrated that a diagnosis of eosinophilic esophagitis should be considered based
on the degree of esophageal eosinophilia regardless of location. Ruchelli identified
102 patients who had at least one intraepithelial esophageal eosinophil after under-
going endoscopic biopsy for symptoms of gastroesophageal reflux. Patients ini-
tially underwent upper endoscopy with distal esophageal biopsy and were
subsequently treated with aggressive antireflux pharmacologic therapy. Ruchelli’s
results indicated that the number of esophageal eosinophils/hpf predicted patient
improvement (1.1 +0.3 eosinophils/hpf), relapse (6.4 +2.4) or reflux treatment fail-
ure (24.5+6.1).
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Eosinophilic Gastroenteritis and Colitis

The role of the eosinophil in eosinophilic gastritis is unclear, but its presence is the
unifying factor in the diagnosis. Eosinophilic granules serve in the killing of parasites
and act as inflammatory mediators and chemotactic agents [19]. Tissue damage may
result from the interplay between immunoglobulins, complement, eosinophils, and
other inflammatory cells. Antibody-antigen complexes may be responsible for the
attraction of eosinophils into the tissue of the gastrointestinal tract in association with
complement activation and deposition [20]. Mast cell-associated mediators have also
been shown to affect eosinophils and may play a role in the mediation of disease in
eosinophilic gastroenteritis (EG). Once present in the tissue, the eosinophil may pos-
sess the ability to modulate disease in positive or negative ways. The cell may serve
to control the inflammatory cascade from mast cell degranulation. Enzymes present in
eosinophil granules contain enzymes that counteract the damaging substances present
in mast cells. However, eosinophil granules also contain vasoactive substances such
as platelet-activating factor and leukotrienes, which may contribute to the inflamma-
tory and clinical features of the disease [21]. The relationship between eosinophils and
mast cells increases the confusion in categorizing EG. Mast cells typically are thought
of in allergic disease, but IgE levels in EG are not consistently elevated.

Almost 30 years ago, Moon and Kleinman classified EG into three categories:
mucosal, muscular, and subserosal. Mucosal EG is the most common form and is
signified by mucosal infiltration of eosinophils on biopsy or gastrointestinal edema
on radiographic study [22]. Muscular EG is defined by eosinophilic infiltration of the
muscular layer of the intestine and is associated with stenosis or obstruction of the
gastrointestinal tract without ascites. Serosal EG is the least common form of EG
and represents eosinophilic infiltration of the serosal layer associated with eosino-
philic ascites. The diagnosis of EG is often missed. Biopsy results do not always
coincide with the clinical picture, perhaps because of the patchy nature of the dis-
ease or the possibility of not identifying an eosinophilia with random intestinal
biopsy. Mucosal EG has been reported to affect any portion of the gastrointestinal
tract. In the majority of cases, the gastric antrum and small bowel are affected,
resulting in nausea, vomiting, and epigastric pain. Patients with muscular EG pres-
ent with symptoms of gastrointestinal obstruction or dysmotility. The muscular
layer of the gastric antrum is most commonly affected and typically causes vomit-
ing, abdominal pain, and delayed gastric emptying. Involvement of the small intes-
tine and colon is less likely. Patients with serosal EG present with symptoms from
ascites or intestinal perforation. Extraintestinal infiltration has also been described.

In contrast to other forms of EG, eosinophilic colitis or proctitis commonly rep-
resents sensitivity to cow’s milk or soy protein, and symptoms abate with elimina-
tion of the offending antigen. Infants affected by this type of EG commonly lack
systemic symptoms, leading to speculation that this disease may be a separate entity.
In 1986, Goldman and Proujansky [7] reviewed 53 cases of allergic proctitis and
gastroenteritis in children. Thirty-eight patients were identified as having symptoms
and biopsy findings consistent with EG. Of the 38 patients with EG, all were found
to have a mucosal eosinophilia of the gastric antrum. Seventy-nine percent also
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demonstrated a mucosal eosinophilia of the small intestine (duodenum), 60% had
esophageal involvement, and in 52% eosinophilia was found in the gastric corpus.
The majority of these patients had upper and lower gastrointestinal symptoms with
multiple relapses, and many required corticosteroid therapy. In contrast, the remain-
ing 15 patients were diagnosed with allergic proctitis. The majority of these chil-
dren were aged less than 6 months and responded to dietary change without relapse.
While the gastric antrum appears to be the most common location of disease, the
patchy nature of the disease and the lack of full-thickness specimens on most endo-
scopic biopsies can lead to false negative biopsy results.

Eosinophilic Esophagitis

In 1995, Kelly [23] reported on a group of children with esophageal eosinophilia who
did not respond to antireflux therapy but instead improved on an amino-acid-based
formula. This study involved ten patients with histologic esophagitis who were diag-
nosed with reflux esophagitis and who failed pharmacologic therapy. Six patients had
apersistent esophageal eosinophilia despite undergoing a Nissen fundoplication. Only
one patient had a 24-h pH probe performed, which showed no evidence of reflux.
These patients were subsequently placed on a strict diet consisting of an amino-acid-
based formula for a median of 17 weeks. Symptomatic improvement was seen with
an average of 3 weeks after the introduction of the elemental diet (resolution in eight
patients, improvement in two). In addition, all ten patients demonstrated a significant
improvement in esophageal eosinophilia. Subsequently, all patients reverted to previ-
ous symptoms upon reintroduction of foods. While an exact etiology was not deter-
mined, Kelly suggests an immunologic basis, either a delayed hypersensitivity or a
cell-mediated hypersensitivity response, as the cause for eosinophilic esophagitis.

Liacouras confirmed the presence of EoE in 1998. He [24] identified 20 of 214
patients presenting with symptoms and histologic abnormalities suggestive of gastroe-
sophageal reflux disease who remained symptomatic despite the use of H2-blockers,
proton pump inhibitors, and prokinetic agents [25]. All of these patients had an
isolated severe eosinophilic infiltration of the distal esophagus (mean of 34+10
eosinophils/hpf) with normal antral/duodenal histology and minimal to no acid
reflux by 24-h pH probe monitoring. Upon introduction of oral corticosteroids,
19 of 20 patients showed rapid improvement in clinical symptoms (average of
8+3.5 days), and all 20 displayed histologic resolution of their esophageal eosino-
philia within 1 month after being placed on corticosteroids. While corticosteroid
therapy provides quick relief of symptoms and resolution of esophageal eosino-
philia within 1 month, prolonged steroid therapy is not recommended. If symptoms
recur soon after discontinuing steroid therapy (weeks to months), a strict elemental
diet therapy should be instituted. However, if symptoms recur more than 1 year
later, repeat short courses of corticosteroids are suggested.

Shortly thereafter, several other treatment regimens have been reported. One
case report in 1998 demonstrated rapid clinical improvement after treatment with
topical corticosteroids [25]. Patients were instructed to use inhaled corticosteroids
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but to immediately swallow after inhalation in order to deliver the medication to the
esophagus. Histologic improvement was not determined. The mast-cell-stabilizing
agent cromolyn sodium has also been tried in children with EoE. In similar fashion
to its use for children with EG, oral cromolyn has been given to patients with a
severe esophageal eosinophilia in conjunction with other systemic signs and symp-
toms of allergic disease. However, no controlled reports have been performed, and
efficacy for oral cromolyn in children with EoE has not been established.

Surgical antireflux procedures were shown not to be effective in controlling
patients with EoE. Liacouras [26] documented two cases of failed Nissen fundopli-
cation in patients with symptoms suggestive of gastroesophageal reflux unrespon-
sive to aggressive antireflux medication. In both cases, the symptoms and abnormal
esophageal pathology remained after surgery. Physicians should not assume that
chronic distal EoE results from acid reflux. In these cases, it is imperative that a
24-h pH probe be performed, and, if results are markedly abnormal, antireflux sur-
gery might be considered. On the other hand, if the pH probe is normal or mildly
abnormal, then the diagnosis of EoE is strongly suggested.

Liacouras [24] demonstrated that the clinical and histologic features of eosino-
philic esophagitis may evolve over years. Of 20 children with eosinophilic esophagitis,
five patients did not show a severe esophageal eosinophilia on initial endoscopy.
Each of these patients, however, demonstrated a severe esophageal eosinophilia on
repeat endoscopy after failure of anti-reflux medication. In all of these patients,
esophageal histology demonstrated more than 20 eosinophils/hpf.

Initially, most of the clinical and basic research related to EoE was generated by
pediatric gastroenterologists. The reason for this was likely based on the fact that
pediatric gastroenterologists almost always performed mucosal biopsies regardless
of the visual appearance of the gastrointestinal mucosa. Additionally, a number of
children diagnosed with EoE often are fed a routine infant formula thereby allowing
an easier transition to an amino-acid based formula. From 2000 to 2005, a number
of pediatric gastroenterologists and allergists contributed important work to the
understanding of EoE. Noel published information on the incidence of EoE [27],
Rothenberg, Furuta, and Mishra contributed important information on pathophysi-
ology [28-30], Putnam, Gupta, and Markowitz added information on the clinical
manifestations [31-33] and Spergel and Aceves wrote articles on the allergic mani-
festations and treatment [34, 35]. Moreover, EoE became a major interest in adult
patients. Straumann published the first notable work on the incidence, diagnosis and
treatment of EoE [36]. In addition, Katzka reported on the clinical presentation,
diagnosis, and treatment of EoE [37] while Hirano and Gonsalvas published infor-
mation on dietary and medical therapy of EoE in adults [38, 39].

FIGERS

In 2005, because of the significant increase in the number of articles related to EoE
appearing in the literature and the enhanced interest among clinicians, a working
group of pediatric and adult physicians spanning multiple specialties was created.
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The idea for this group was to develop cohesive guidelines in order to create a definition,
diagnostic techniques, and therapies for individuals with EoE. The working group
included pediatric and adult gastroenterologists, allergists, pathologists, and basic
scientists. After a year of literature review, teleconferences and face-to-face meet-
ings, the first international gastrointestinal eosinophilic research symposium
(FIGERS) was held in October 2006 at the annual meeting held by the North
American Society for Pediatric Gastroenterology, Hepatology and Nutrition
(NASPGHAN). During the meeting, more than 50 specialists were invited to par-
ticipate in the development of EoE guidelines. In addition, over 300 NASPGHAN
members also attended the conference as observers. During the discussion of EoE,
the topics included definitions, pathophysiology, incidence, epidemiology, genetics,
diagnosis, endoscopic techniques, histology, allergy evaluation, therapy and future
research. This conference provided invaluable information and was the framework
for the EoE Consensus statement published in Gastroenterology in 2007 [40].

TIGERS

Following the FIGERS conference in 2007, physicians realized that a great deal of
information was still unknown about many of the topics related to EoE. In addition,
the literature on EoE was still rapidly growing. Thus, a subset of invited specialists
formed a working group, The International Gastrointestinal Researchers (TIGERS),
to not only respond to many of the unanswered questions left over from FIGERS but
also to help develop future guidelines, research ideas and proposals related to EoE.
Since that time, the members of TIGERS have increased worldwide knowledge of
EoE in many ways. Their members created an EoE slide set used by more than 100
physicians to provide lectures and educations to clinicians all over the world.
Moreover, they have helped to fund research grants to aid young scientists inter-
ested in advancing EoE knowledge, conducted research to help identify a possible
genetic link in individuals with EoE, set up additional symposiums and meeting for
several other international organizations, and helped to bring the study of EoE to the
forefront among gastroenterologists, allergists, and pathologists worldwide.

Future

EoE has become a major focus of interest among gastroenterologists, allergists, and
pathologists over the last 15 years. Initially thought of as a rare disease limited to a
few children receiving gastrostomy feedings in a specific locale, we now know that
the occurrence of EoE is much more common than initially thought and is increasing
in frequency worldwide. From only a few published articles a year in 1997, the
literature on EoE has expanded to include more than 125 published peer-reviewed
articles in 2009. The names of the authors and physicians listed in this chapter have
not only contributed a great deal of knowledge to the understanding of EoE but also
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brought EoE to the forefront of National Medical Associations such as the AAAAI,
the AGA, the ASGE, and the NASPGHAN. Because of the increasing interest in
EoE, further research is required in this ever-increasing population of patients and
the final chapter on the history of the disease has yet to be written.
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Chapter 2

Epidemiology, Incidence, and Prevalence
of EoE in Children

Richard J. Noel

Keywords Eosinophilic esophagitis * Gastroesophageal reflux disease *
Epidemiology of EoE * Demographic descriptors of EoE

Introduction

Few pediatric diseases have produced similar volumes of clinical and basic research
data in as short a time as eosinophilic esophagitis (EoE). Once believed to be a rare
disorder that possibly represented recalcitrant gastroesophageal reflux disease, EoE
is now known to be a unique entity with a specific transcriptional signature, epide-
miologic descriptors, histologic features, and treatments. This chapter delineates the
epidemiology of pediatric EoE, including demographic descriptors and measures of
frequency.

Esophageal Mucosal Eosinophilia in Pediatric Patients

Unlike other segments of the gastrointestinal tract, the healthy esophageal epithelium
has essentially no intraepithelial eosinophils. This finding has been documented by
both cadaveric studies, and retrospective review of biopsies without pathologic diag-
noses [1, 2]. When Winter et al. in 1982 described intraepithelial eosinophils on
esophageal biopsies that correlated with abnormal pH probe studies, the esophageal
mucosal eosinophil was identified as a marker for peptic esophagitis [3].
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The concept that esophageal mucosal eosinophilia was not solely due to peptic
disease developed over time. Approximately a decade after Winter’s observations,
key studies by Attwood et al. [4] and Kelly et al. [5] suggested that high-grade
esophageal mucosal eosinophilia may indicate a process distinct from peptic dis-
ease because the inflammation persisted despite therapies that minimized esopha-
geal acid exposure. Ruchelli et al. later noted that the higher degree of eosinophilia
appeared to distinguish EoE from peptic disease [6]. This distinction was further
supported by studies that documented EoE in patients with normal pH probe results [7].
Recent studies have noted a specific transcriptional signature [8] and unique
histologic features [9] that distinguish EoE from other esophageal inflammatory
processes. A systematic review of the literature in 2007 led to consensus recom-
mendations that provided a definition for EoE according to histologic and clinical
criteria, including a peak eosinophil density of 15 eosinophils per 400x microscopic
field in the absence of evidence of peptic disease [10].

Epidemiologic Data in Pediatric EoE

To date, two population-based studies on pediatric EoE have been published [11, 12].
Other retrospective series have provided demographic estimates from referral popu-
lation from specific regions, including Western Australia and West Virginia [13, 14].
Additionally, large cohorts of referral patients are tracked at both the Cincinnati
Children’s Hospital Medical Center and Children’s Hospital of Philadelphia [15, 16].
Other series have utilized survey results, from both patients and providers alike, to
estimate demographic parameters of pediatric EoE [17, 18]. Data were also extrapo-
lated from case series whose intent was to describe a specific treatment or feature of
EoE. Notably, regardless of the study type or geographic origin, demographic
descriptors of the pediatric EoE population remain consistent across the literature,
and support the case that EoE is a distinct diagnostic entity.

Geographic Distribution of EoE

EoE affects children throughout the world. An internet-based patient survey tool
provided data from 107 surveys that originated in multiple countries, including
Canada, England, China, Israel, and the USA (32 states included) [17]. A survey of
a national pathology database described 363 cases of EoE (42 pediatric) diagnosed
in 26 of 34 states from which specimens were submitted [19]. A physician survey of
EoE with 1,801 respondents noted cases in four regions of the USA (Northeast,
Midwest, South, and West), with the highest prevalence rates in the Northeast [18].
EoE has also been reported in many European countries (Belgium, Denmark, France,
Greece, Italy, the Netherlands, Spain, and Sweden), South and Central America
(Argentina, Brazil, and Mexico), Japan, New Zealand, and Australia [10, 13, 20].
No cases of primary (allergic) EoE have been reported from the African continent.
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Age at Diagnosis

The average age of diagnosis for pediatric EoE is between 6 and 10 years of age.
The two population-based studies place the average age of diagnosis at approxi-
mately 10 years of age [11, 12]. The larger Philadelphia referral cohort has a younger
age of diagnosis, estimated at 6 years of age [16]. It is likely that many children with
EoE have symptoms for years before the diagnosis is made. A retrospective series
of 20 patients with EoE had a mean time between onset of symptoms and diagnosis
of EoE of 4.5+3.5 years (mean+standard deviation) [21]. It is therefore clear that
data regarding age of diagnosis may not reflect the actual onset of disease.
Furthermore, it has been well established that children with EoOE may not have
symptoms that parallel their esophageal inflammation [22], allowing for the occa-
sional unexpected diagnosis of EoE made in an asymptomatic patient.

Sex Distribution

Without exception, large case series and population-based studies of EoE document
a large male predominance among their cohorts or study populations (Table 2.1).
The two population-based studies of pediatric EoE describe male percentages of 71
and 65.2% [11, 12]. The large Philadelphia 14-year referral cohort is 75% male [16].
Multiple studies highlighting treatments or specific clinical features of EoE going
back to 1997 also have a marked male predominance with percentages ranging from
70 to 92% [23-27]. Although a male predominance is consistent in pediatric EoE,
its implications as to etiology, disease course, or outcome is unknown.

Presenting Symptoms

Unlike the adult presentation of the disease where dysphagia and food impaction
constitute the predominant presenting symptoms, the pediatric presentation of EoE
varies dramatically across the pediatric age range (Table 2.2). Two studies, including
a population-based study of Hamilton county (Cincinnati) [11] and a review of a
large referral population (Philadelphia) [16] best highlight the evolution of symptoms
across the pediatric age range. The youngest EoE patients present with feeding
disorders characterized by feeding refusal and vomiting, sometimes associated with
failure to gain weight. These youngest EoE patients may develop profound feeding
aversion and require interdisciplinary care to guide feeding skill acquisition as the
EoE is addressed medically [28]. Young children with feeding disorders may also be
initially evaluated by otolaryngologists or speech and language pathologists who
may not be aware of EoE [29]. In younger school-age children, the primary symp-
toms evolve to vomiting and abdominal pain. By adolescence, the disease mirrors
that of adults with dysphagia and recurrent food impactions [30]. The fact that both
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Table 2.2 Publications describing presenting symptoms of pediatric EoE according to fraction
and population and/or patient age

Guajardo et al. Noel et al. Assa’ad Gill etal. Spergel Prasad et al.
[17] [11] [4] [14] [16] [12]

Cases 39 103 89 44 620 23

Presenting % Median age Mean age % Median age %
symptoms (%) (%) (%)

Feeding NA 2 (13.6) 13) NA 2.8(19) NA
disorder

Vomiting 54 8.1(26.2) 32(59.5) 43 5.1(254) 435

Abdominal 21 12 (26.2) 4924.7) 55 9(14.1) 30.4
pain

Dysphagia 36 134 (27.2) 43157 9 11.1 (10)  60.9

Food 36 16.8 (6.8) 88(6.7) NA 21.7
impaction

Data are presented according to manner in which they are reported in the publication and include
population percentage alone, median age and population percentage, or mean age and population
percentage

Table 2.3 Publications describing racial breakdown of pediatric EoE populations

Assa’ad [4] Spergel [16]
Cases 89 620
Racial breakdown
% White 94.4 90
% AA 4.5 4
% Asian NA 3

referral and population-based studies demonstrate similar progressions of symptoms
over advancing age suggests that these features can be generalized to whole of pedi-
atric EoE. Eventually, prospective cohort studies may be required to achieve a more
precise understanding of how EoE symptoms evolve as children grow into adults.

Racial Distribution

Limited data exist regarding racial distribution of EoE (Table 2.3). The issue has
been best addressed by the large Philadelphia cohort and an 8-year retrospective
study from Cincinnati [15, 16]. Both studies describe a large white predominance
in the population (90-94.4%), with African-American and Asians representing only
4 and 3%, respectively. This distribution differs from that of asthma in North
American populations, which occurs with greater frequency in African-Americans
(15.8%) vs. whites (7.3%), Asians (6%), and Latinos (3.9%) [31]. Whether these
data truly reflect actual racial differences in EoE susceptibility or underreporting of
minority EoE remains to be determined.
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Table 2.4 Publications describing prevalence of atopic disease in populations of children with EoE

Guajardo Noel Gill Prasad
etal. [17] etal [11] Assa’ad[15] etal. [14] Spergel [16] etal.[12]
Cases 39 103 89 44 620 23
% Atopy, seasonal 64 57.4 NA 32 61 53.8
allergy, or
rhinoconjunctivitis
% Asthma 38 36.8 NA NA 50 63.6
% Eczema 26 NA NA NA 21
% Food allergic NA 46 75 NA NA 57.1

Association with Atopic Disease

Compared with the general population, the frequency of atopic disease is much
higher in patient populations with EoE (Table 2.4). While estimates vary, demo-
graphic studies of atopic diseases in children report a prevalence of 6% for asthma,
15% for allergic rhinitis, 10% for eczema, and 3% for food allergy [32-34]. In
comparison, prevalence of EoE in pediatric populations uniformly exceeded these
population baselines. The Hamilton County EoE population exceeded population
prevalences by 6-, 3.8-, and 15-fold for asthma, rhinitis, and food allergy, respectively
[11]. The referral EoE population from Philadelphia exceeded population standards
by 8.3-, 4-, and 2-fold for asthma, rhinitis, and eczema, respectively [16]. While the
exact mechanism for the strong association with atopic disease is unknown, it is
likely that EoE and other atopic diseases share common Th2 inflammatory media-
tors. Outside of animal models [35], no data exist to suggest the mechanism by
which asthma (or any other atopic process) promotes EoE in children.

Airborne Allergens and Seasonal Variation in EoE

The promotion of EoE by a respiratory allergen was first demonstrated in a mouse
model that developed EoE in response to intra-tracheal Aspergillus fumigatus sensi-
tization that involved interleukin-5 and eotaxin [36]. Subsequent animal data
propose a further connection between the respiratory tract and esophagus by dem-
onstrating that intra-tracheal interleukin-13 deposition can produce esophageal
mucosal eosinophilia suggestive of EoE [35].

A human corollary to this concept was described in a case report from 2003 that
described a 21-year-old female with no detectable dietary allergen sensitivities, but
multiple environmental allergies, including trees, grasses, ragweed, Aspergillus,
cat, dog, and dust mite. Over a course of 4 years, she underwent five diagnostic
upper endoscopies and had significant esophageal mucosal eosinophilia only in
May and September during specific pollen seasons. This case supported the notion
that airborne allergens, like dietary allergens, can drive EoE in sensitized individuals
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who swallow the allergens or cytokines from the naso-oropharynx and possibly
directly activate the respiratory tract. Studies in atopic adults have also documented
low-level esophageal mucosal eosinophilia during the pollen season that, alone,
does not constitute EoE, but can contribute by raising the level of esophageal eosino-
phil recruitment [37].

The phenomenon of seasonal variation in levels of esophageal eosinophilia was
described in a retrospective analysis of a referral population of 234 children with
EoE [38]. In this study, the authors noted that during the winter months, they
observed the lowest diagnostic frequency, as well as a trend toward lower severity
of mucosal eosinophilia. Similarly in a population-based 30-year study of EoE
patients in Olmstead County, MN [12], the highest frequency of diagnosis occurred
in the summer/fall and the lowest in the winter months when the pollen counts were
highest and lowest, respectively.

Taken together, these data strongly support a contribution, if not the core cause for
EoE, from airborne allergens. However, these data do cannot establish a causal mecha-
nism for the role of airborne allergens in human EoE to a similar degree as that of
amino acid-based formulas for dietary allergens [39]. These data suggest that EoE may
point to a larger “allergy epidemic” and may not be a disease limited to the gastrointes-
tinal tract. This topic is addressed in the consensus recommendations that patients with
EoE receive comprehensive evaluation and management of atopic disease [10].

Frequency Metrics

Three studies have estimated the pediatric disease prevalence at approximately 50
per 100,000 (Table 2.5) [11, 12, 18]. Compared with other well-established diseases
in pediatric gastroenterology, EoE has a higher prevalence and is more likely to be
encountered in general practice. At a reported yearly incidence of approximately 10
per 100,000 pediatric population, EoE occurs more frequently than other entities
such as biliary atresia [40] and inflammatory bowel disease [41] that have an inci-
dence approximating 7 per 100,000.

The Hamilton County population-based study suggested a trend toward increasing
annual incidence, from 9.09 per 100,000 in 2000, to 12.81 per 100,000 in 2003 with
a prevalence of approximately 43 cases per 100,000 pediatric population [11].
However, the trend for increasing incidence was not statistically significant. The
data continue to be accrued in a prospective manner and will be reanalyzed in the

Table 2.5 Publications providing frequency estimates for pediatric EoE

Noel Cherian Gill Prasad

etal. [11]  etal. [13] etal. [14] Book [18] etal. [12]
Prevalence per 100,000 43 9 NA 52 54
Incidence per 100,000 12.8 NA 73 NA 2.39

*Data include both pediatric and adult sex- and age-matched cases
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future. The Olmstead County population-based study has noted increasing incidence
for age and sex-matched cases describing a population prevalence of 54 cases per
100,000 (mixed adult and pediatric population) [12]. Incidence has also increased
from negligible in 1976-1980 to approximately 9 per 100,000 in 2001-2005.

Despite these data, there may still be an element of recognition bias that contrib-
utes to a perception of increasing incidence. A systematic review of adult esophageal
biopsy specimens between 1990 and 2005 found not significant increase in the fre-
quency of biopsies with histologic features consistent with EoE and makes a case
for increased recognition [42]. Conversely, a review of histologic specimens from
children in Western Australia describes an 18-fold increase in prevalence over a
similar time period, from 0.5 to 8.9 per 100,000 in 1995 and 2004, respectively [43].
In addition, the Philadelphia referral cohort data has shown a steady increase in EOE
diagnosed in patients from Pennsylvania, New Jersey, and Delaware [16]. Ultimately,
data from well-controlled, prospective, population samples will be required to
answer this question in a definitive manner.

Environmental Theories for the Causation of EoE

While progress has been made toward explaining the molecular and immunological
basis of pediatric EoE [44], changes in gene expression pattern, alone, cannot
explain the rapid pace at which EoE has been established as a unique disorder.
Several theories implicate environmental forces as contributors to the disease onset
in the pediatric population; these have been reviewed by Bonis [45]. It must be
noted that these ideas, although intriguing conjectures, have not been directly tested
regarding EoE.

EoE is Part of an Allergy Epidemic in the Context
of the Hygiene Hypothesis

Allergic disease (asthma, allergic rhinitis, atopic dermatitis) and autoimmune disease
(type 1 diabetes, inflammatory bowel disease) both have increased in prevalence
according to gradients of per capita gross national product and eradication of early
life infectious disease [46]. The hygiene hypothesis suggests that as a population
becomes wealthier, it becomes “cleaner” and previously common infectious diseases
such as mumps, measles, hepatitis A, and tuberculosis are eradicated. As a conse-
quence of improved hygiene, interaction between microbial proteins and Toll-like
receptors does not occur, interfering with modulation of both Th1 and Th2 antigen-
driven pathways [47]. Additionally, some data suggest that eradication of Helicobacter
pylori in a population is associated with development of atopic diseases [48].
Congruent with this model is the fact that the only eosinophilic esophagitis reported
from the African continent is secondary to Gnathostoma spinigerum infection [49].
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Excesses or Deficiencies of Dietary Constituents
Contribute to EoE

Studies have identified altered dietary constituents as potential contributors to atopic
disease. These include decreasing intake of antioxidants in fruits and vegetables,
increasing intake of w—6 polyunsaturated fatty acids, and decreasing intake of ®—3
polyunsaturated fatty acids as potential contributors to atopy in children [50].
Dietary increases in ®—6 fatty acids result in increased production of arachidonic
acid and PGE,, promoting Th2 sensitization. Conversely, ®-3 fatty acids have
inhibitory properties on cyclooxygenase, resulting in decreased production of
inflammatory mediators. Decreases in the antioxidant dietary content have also
been implicated in the development of atopy. Oxidant stress can induce production
of inflammatory mediators that can induce Thl cytokine production and decrease
Th2 cytokine activity.

Indiscriminate Use of Acid Suppressant
Medication Contributes to EoE

Acid digestion of dietary proteins interferes with binding of IgE and subsequent
sensitization [51]. Theoretically, the use of proton pump inhibitors decreases the
threshold for dietary protein sensitization and binding of IgE. Conversely, esopha-
geal mucosal eosinophilia occurs as a result of acid reflux disease and can be
reversed with acid-suppressant medications [52].

Disruption of the Esophageal Epithelial
Barrier Contributes to EoE

Dilated intercellular spaces have been identified in adults with non-erosive reflux
disease, allowing the possibility that reflux-related increased intercellular permea-
bility may expose the esophageal mucosa to unprocessed dietary antigens [53].
Furthermore, microarray transcriptional studies from esophageal mucosal biopsies
have identified overrepresented filaggrin loss-of-function mutations in a population
of EoE patients when compared to healthy controls [54]. Filaggrins are components
of the granular layer of the epidermis; underexpression of filaggrins has been asso-
ciated with eczema and ichthyosis vulgaris. Barrier disruption may also involve the
skin and allow allergic sensitization prior to the induction of oral tolerance by intro-
duction of proteins into the diet [55, 56].
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Successful treatment of EoE by amino acid-based diets and some elimination diets
may be interpreted as reduction in intact dietary proteins that are recognized by
immune effectors. Dietary treatment may also be interpreted as a reduction in expo-
sure to fertilizers, pesticides, antibiotics, and preservatives used in the food industry.
A Dutch study reports a reduced risk in eczema in infants and toddlers who were fed
diets that were 90% organic [57]. Furthermore, imazamox-related compounds have
fungicidal activity and may also function as haptens with immunogenic potential
when bound to larger carrier molecules [58].

Conclusion

EoE has been a dynamic disease in its short history. The fact that EoE is among the
top entities listed in the differential diagnosis of adolescents with dysphagia or food
impaction, or infants and toddlers with feeding disorder or vomiting with features
beyond benign infantile reflux, speaks volumes for the pediatricians that have con-
tributed to the knowledge pool since 1995. The demographic descriptors highlighted
in this chapter suggest a profile for the typical patient with EoE. This patient may be
a North American white male with vomiting or dysphagia, diagnosed between 6 and
10 years of age, with a personal and family history of atopic disease, including
asthma, rhinitis, and food allergy. While such patients clearly exist, the profile only
brings together prevalent features that are likely to exist along unrelated axes. Future
research may eventually demonstrate underlying relationships between these cur-
rently disparate features. As research continues to add to the collective knowledge
of pediatric EoE, our understanding of how EoE symptoms evolve in children, how
specific patient factors determine long-term outcomes, and how the genetic comple-
ment of an individual and a specific population interacts with the environment to
produce EoE.
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Introduction

Epidemiology is derived from the Greek terms, epi=among; demos=people; and
logos =study. It is the doctrine of factors affecting the health and the illness of popu-
lations, and serves as the foundation and logic of any interventions made in public
health as well as in clinical practice. Epidemiology relies on a number of scientific
disciplines, such as medicine, biology, geography, and social science.

The relevance of any given disease is primarily determined by the following
three factors (1) its epidemiological cornerstones, in particular, its incidence and
prevalence among a certain population. Incidence is defined as the number of new
cases of the target disease in the population at risk within a specified time period.
Prevalence is the total number of cases with the target disorder in the population at
risk at a specific time point. (2) Its natural history, which is, per definitionem, the
final outcome without any intervention, as well as its course as a result of therapeu-
tic manipulation; and (3) whether a given disease has an exemplary pathogenesis
whose understanding improves the general knowledge of basic physiologic and
pathophysiologic mechanisms.
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Epidemiology is therefore one of the leading factors determining the clinical and
socio-economic relevance of any disease; and thus, the knowledge of the epidemio-
logic parameters of a disease is crucial for identifying risk factors as well as patho-
genetic mechanisms, for planning preventive measures and for determining optimal
treatment approaches.

Eosinophilic esophagitis (EoE) is clinico-pathologically characterized by esoph-
ageal symptoms in combination with a dense esophageal eosinophilia, both of
which are, in this disease, refractory to proton pump inhibitors [1]. It is important to
bear this definition in mind when performing epidemiological studies or when ana-
lyzing the literature. To date, only limited population-based epidemiologic informa-
tion on EoE is available. This is because most of the studies published have been
based on retrospective analyses of pathology reports with re-examinations of biopsy
specimens, or on retrospective analyses of endoscopy reports. However, it is obvious
that only data from geographically confined regions subjected to longitudinal analysis
provide the basis from which substantive and valid epidemiologic statements can
be made.

Epidemiological Facts

Prevalence of Esophageal Eosinophilia

In the peripheral blood of healthy individuals, eosinophils are found in concentra-
tions of up to 350 cells per mm® and, under physiological conditions, are addition-
ally found in the mucosa of all areas of the digestive tract, except the esophagus
[2, 3]. The presence of eosinophils in the esophagus is therefore commonly associ-
ated with disease. Notably, esophageal eosinophilia is not exclusively limited to
EoE. In particular, eosinophilic infiltration of the distal part of the esophagus has
been reported in patients having gastroesophageal reflux disease (GERD).
Esophageal eosinophilia therefore requires a process of differential diagnosis and
cannot, a priori, be equated with eosinophilic esophagitis [4].

In 2006, by taking endoscopic biopsies of the distal esophagus from among a
random, representative sample (n=1,000) of the adult Swedish population (mean
age 54 years, 49% men), Ronkainen et al. determined the prevalence of esophageal
eosinophils in the general population [5]. Eosinophilic infiltration of the esopha-
geal epithelium was arbitrarily classified as “low grade” with 1-4 eosinophils/HPF
(high power field), “possible EOE” with 5-14 eosinophils/HPF, “probable EoE”
with 15 to <20 eosinophils/HPF, and “definite EoE” when >20 eosinophils/HPF
were found. The prevalence of any eosinophils in the most distal parts of the
esophagus was found to be 4.8% in the general population, predominantly among
men (63%), with 54% of these subjects reporting reflux symptoms. This suggests
that the presence of esophageal eosinophils may be more common in the general
population than expected, but may also be of ambiguous clinical significance,
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especially as there are no data about the prevalence of eosinophils in the mid- and
proximal portions of the esophagus. “Definite EOE” was found in four cases (0.4%
of the general population) where three subjects reported troublesome reflux symp-
toms, but endoscopically, no signs of erosive esophagitis were noted (Table 3.1).
Only one subject with “definite EOE” presented with asthma and dysphagia, which
would suggest that this patient was suffering from clinico-pathologically defined
EoE. “Probable EoE” was present in 7 and “possible EOE” in 25 subjects. In the
group of “probable EoE”, three subjects had reflux symptoms and two had signs of
erosive esophagitis, and in the “possible EoE” group, 12 had reflux symptoms and
13 endoscopically visible erosive esophagitis, respectively. On evaluation of the
two biopsy sites (taken at 2 cm above, and at, the Z-line), the presence of eosino-
phils was positively associated with erosive esophagitis, hiatus hernia, narrowing
of the esophageal lumen and esophageal ulcer, thereby suggesting that the pres-
ence of esophageal eosinophils, especially in the distal esophageal portions, may
be a manifestation of reflux disease.

Incidence and Prevalence of Eosinophilic Esophagitis

As EoE has been reported on all continents except for Africa, there seems to be a
broad distribution of the disease worldwide. Several studies have addressed the
increasing incidence and prevalence of EoE in the adult population during the last
decades. Three of these studies that evaluated geographically confined regions will
be discussed here [6-8].

Data from Australia: “Townsville County” indicator area. Townsville, located in
Queensland, Australia, is a geographically isolated community of 198,000 people
with a centralized gastroenterology service [6]. In a retrospective and observational
study, adult residents were diagnosed with EoE after review of physician records,
computerized endoscopic, and hospital records. Up to September 2002, a total of 31
patients had been diagnosed with EoE. There were no patients diagnosed with EoE
between 1981 and 1994, 12 patients between 1995 and 2000, and 19 patients
between January 2001 and September 2002; this indicates an increasing incidence
of EoE in this geographically confined region in Australia. At the end of 2002, the
prevalence of EoE was 15.6 patients per 100,000 inhabitants (Table 3.1).

Data from Europe, Switzerland: “Olten County” indicator area. The Olten County
indicator area is situated in the northwestern part of Switzerland, an industrialized
European country [8]. Some 90,000 inhabitants live in this geographically circum-
scribed area that is surrounded by a state border; for the past 50 years, most of the 35
individual communities have been urban in character. Two board-certified gastroen-
terologists working in closely connected referral practices in Olten City are respon-
sible for the gastrointestinal (GI) care of this area. Both gastroenterologists work
exclusively and consistently with one single pathology center. Of note, the region has
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experienced no relevant demographic changes and no structural changes to the medical
system within the past decades. Since 1989, EoE patients with PPI-refractory esoph-
ageal symptoms, EoE-consistent endoscopic abnormalities, and a peak infiltration of
the esophageal epithelium with >24 eosinophils/HPF are prospectively enrolled into
a continuing community-based database. The diagnostic and enrolment procedures
have remained almost unchanged during the past 20 years.

A recent analysis of this database suggests that the incidence and prevalence of
EoE has been substantially on the rise during the last 6 years. Between 1989 and
2003, the annual incidence rate was between 0.6 and 1.3 patients per 100,000 inhab-
itants. Between 2004 and 2006, this rate increased to 2.7 and, during the last 3 years,
on average, has reached eight newly diagnosed patients per 100,000 inhabitants per
year. A similar increase has been observed for the prevalence rate, which ranged
between 3 and 12 in the years 1989-2003 (Table 3.1). Thereafter, the prevalence
increased from 20 in 2007, and was up to 39 per 100,000 inhabitants in 2009.
Notably, the total number of esophageal gastro-duodenoscopies (EGD) performed
in the region remained almost stable during this period, and the diagnostic delay
(time between onset of symptoms and diagnosis of EoE) did not decrease substan-
tially during recent years. This is suggestive that the increase in incidence and prev-
alence of EoE is due to neither an increased awareness of the disease by the treating
physicians nor to more upper gastrointestinal tract endoscopies being performed.

Data from the USA: “Olmsted County” indicator area. Similar results are reported
from Olmsted County, a geographically confined region in Minnesota (USA) which
comprises about 120,000 people [7]. Sociodemographically, the community mirrors
that of the US white population. County residents receive their medical care almost
exclusively from two group practices. Cases were identified by an electronic search
using the terms esophagitis and food bolus impaction in the Rochester Epidemiology
Project database, the medical records storage system for this region. Patients having
215 eosinophils/HPF on endoscopy with esophageal biopsies were included in the
analysis. The cumulative age- and gender-adjusted incidence rate between 1976 and
2005 was 2.39 (1.85-2.93) per 100,000 inhabitants. The prevalence of EoE in this
time span was 54 per 100,000 inhabitants (Table 3.1). Analysis clearly indicated
that the incidence of EoE increased over time, with a pronounced increase in the last
reported 5-year period (2001-2005). The differences in the incidence and prevalence
rates between Olmsted and Olten counties may be explained by the different threshold
values used for the histologic diagnostic criterion in the two studies (=15 vs. 224
eosinophils/HPF, respectively).

Of note, the prevalence of EoE at the end of 2002 was approximately 16 patients per
100,000 inhabitants in Townsville County, Australia; 13 in Olten County, Switzerland;
and 27 in Olmsted County, USA, respectively, and, considering the methodological
differences between the three studies, roughly within the same range.

Prevalence of EoE on upper endoscopy and/or esophageal biopsy specimens. Other
additional information concerning the prevalence of EoE is available from studies based
on analyses of pathological or endoscopic databases in non-geographically defined
regions.
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Between 2002 and 2005, one analysis from a US provider (Caris Diagnostics,
Irving, TX) of gastrointestinal pathology services for physicians from community-
based, independent endoscopy centers identified 363 cases of EoE in more than 74,000
upper endoscopies, thereby achieving a prevalence rate of approximately 0.5% per
endoscopy performed [9]. A reexamination of esophageal biopsy specimens from
1992 to 2004 (pathology database at the University of Pennsylvania) showed a cumu-
lative prevalence of 1.7% (ten cases per 584 reviewed esophageal biopsies), but
clearly more cases were identified in the years 2001-2004 [10], again indicating an
increasing prevalence of EoE. A prospective study performed between March and
September 2007 at a tertiary US military care hospital enrolled 400 consecutive adult
patients who underwent a routine upper endoscopy. Patients had EoE if >20 eosino-
phils/HPF were present in biopsy specimens. A high EoE prevalence rate of 6.5% was
reported [11]. Other studies show that patients are diagnosed with EoE in 10-15% of
the cases when patients are referred for an upper endoscopy due to dysphagia [12, 13],
and 11% of patients with food impactions are reported to have EoE [14].Younger
patients (<50 years) with dysphagia are more likely to have EoE [12, 13].

Based on these studies, we can conclude that the prevalence of adult EoE has
clearly been increasing in the last years. However, still to be determined is whether
this increase is based on an accumulation of EoE cases as the mortality from EoE is
low, or whether it is based on an increasing incidence, as suggested by recent studies
in geographically stable areas.

Demographic Profile of EoE Patients

Gender

All clinical, epidemiological, endoscopic, and pathological EoE studies concor-
dantly demonstrate that males are much more commonly affected with EoE than
females. In most studies, between 70 and 80% of all cases diagnosed are in males.
Analysis of studies with detailed demographic information of adult patients showed
that, on average, 76% of those affected were males, thereby suggesting a male-to-
female risk ratio of 3:1 [1]. Interestingly, studies focusing on the leading EoE symp-
toms of dysphagia and food impaction report this striking male predominance as
well [12, 14-16].

Age Distribution, Age at Diagnosis, Age at Onset,
Diagnostic Delay

EoE can be found in all age groups [9]. Most studies investigating adult EoE found an
average age for subjects with EoE between 34 and 42 years, which suggests that EOE
is a disease of middle-aged adults [6-9, 11, 12]. Indeed, in a national US database,
most EoE cases identified were in patients between 18 and 49 years of age [9].
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Interestingly, age at diagnosis does not at all correlate with onset of EoE-
attributed symptoms, which can be considered as onset of disease. Several studies
report a substantial time lag between onset of symptoms and diagnosis (diagnostic
delay) which, in some cases, can be attributed to unawareness of sentinel features at
endoscopy [6]. Croese et al. describe an average diagnostic delay of 54 months
(range: 0—180). Similar data are reported from the European countries of Germany
and Switzerland. In Germany, the average duration between onset of symptoms and
final diagnosis of EoE was 4.2 years (range: 0—44 years) [16] while in Switzerland,
for patients with the main symptom of dysphagia, 4.8 years (range: 0-22 years) was
required [8]. Of note, an updated analysis from the Olten County (Switzerland)
database shows that the average diagnostic delay in the years 1989 to 1998 was
4.3 years (n=10; range: 0-17) and from 1999 to 2008, 4.8 years (n=30; range:
0-23) and did therefore not change significantly. Under the assumption of increased
awareness by physicians for the disease in the last years, this suggests that a sub-
stantial proportion of the diagnostic delay can be attributed to the patients them-
selves postponing medical consultation.

Social Status and Education

Cases of EoE patients have been reported worldwide and identified in a variety of
ethnic backgrounds, including Caucasian, African-American, Hispanics, and
Asians. However, there are no controlled data about geographic variations of
prevalence and it remains unclear whether EoE is associated with any particular
ethnic or racial predilection, especially as most of the reported studies analyzed
data primarily from Caucasian patients. Interestingly, a study in the USA prospec-
tively analyzed 400 patients at a tertiary care military hospital who underwent
routine upper endoscopy and demonstrated that there was no significant race
difference between EoE-positive and EoE-negative patients (Caucasian
EoE+60% vs. EOE—55%) [11]. In this study, African-Americans (9.3%) were
slightly more frequently diagnosed with EoE than were Caucasians (7%). There
were no cases of EoE diagnosed among Hispanics or Asians. However, because of
this study’s high overall EoE prevalence rate of 6.5% on routine upper endoscopy,
these data should be interpreted with caution, especially when compared to the
general population. Other studies have not reported such high EoE prevalence
rates on routine endoscopy.

One case-control study from a GI and allergy cohort analyzing the sociodemo-
graphic and geographic characteristics of children with EoE in the Philadelphia area
(Pennsylvania, USA) demonstrated a significant difference between EoE patients
and controls in terms of predominance of Caucasian race and of male gender [17].
Other notable factors identified were that EoE patients tended to live in affluent
environments, be better educated, and reside more often in suburban areas when
compared to the control groups; nevertheless, after adjustment for race and gender,
these differences could no longer be confirmed. These results notwithstanding, data



32 P. Hruz and A. Straumann

from socioeconomic distribution are sparse and more systematic evaluations are
needed to address the important questions of the contribution of environmental
influences for the development of EoE.

Atopic Disease

EoE is characterized as a chronic T-helper 2-type inflammatory disorder of the
esophagus [18]. The accumulation of eosinophils in the esophageal wall of EoE
patients with specific patterns of cytokine expression resemble the findings in
other allergic diseases [19, 20], and it has been proposed that eosinophils migrate
to the esophagus in response to various ingested and/or inhaled allergens. Indeed,
patients with EoE are reported to have a history of seasonal allergies in 40-50%,
asthma in 30-40% and food allergies in 10-40% [6-8, 11, 12]. In a prospective
evaluation, Veerappan et al. reported that the prevalence of asthma was signifi-
cantly higher in the EoE-positive group than in the EoE-negative group [11].
Similarly, though not significantly different, seasonal allergies and food allergies
had a higher prevalence among the EoE-positive group. A high degree of atopy
was described in a case series of 23 adult EoE patients [21]. Atopic diathesis was
found in 18 of the 23 patients, with allergic rhinitis being the most common, and
17 of the 23 were polysensitized to several environmental allergens. The same
study identified wheat, tomato, carrot, and onion as the most commonly observed
food allergens in adult EoE patients. However, despite the fact that, in children,
food allergens have been identified as pathogenic factors of EoE and elemental
and elimination diet often results in an improvement or even resolution of symp-
toms [22], this is still controversial in adults. In a small study of six adult EoE
patients, known sensitization to wheat and rye did not appear to be causative as an
elimination diet did not improve symptoms or endoscopic findings [22]. Though
outside the scope of this chapter, these cited studies suggest that EoE in children
differs in some features from EoE in adults.

Positive Family History

Studies from Australia and Switzerland report a positive family history for asthma
in 35 and 43% of EoE patients, respectively, and that in 13-23%, other family mem-
bers are also affected by EoE [7, 8]. Collins et al. at Cincinnati Children’s Hospital
Medical Center (Ohio, USA) identified 26 families with more than one person diag-
nosed with EoE (59 patients in total) [23]. The demographic characteristics show
that the patients’ mean age was 10.3 years (range: 0.25-47 years), and 69.5% were
males. Cases were only found among Caucasians. Affected family members
included siblings in 85%, and children and their parents in 15%. The most common
complaint at diagnosis was dysphagia, reported by 68% of patients. There were
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considerable atopic features reported in cases of familial EE: 51% reported asthma
and 73% had allergic rhinitis. More than 70% of patients had skin prick tests that
were reactive either to food (76%) or aeroallergens (71%) or both (63%). The same
study also focused on the clinical, pathologic, and molecular characterization (gene
expression using genome-wide microarray) of familial versus sporadic EoE cases
and showed that clinical manifestations, endoscopic findings, and histological
abnormalities did not differ between familial and sporadic cases, thereby suggesting
a common underlying pathophysiologic mechanism [24].

Symptoms

The most common presenting symptom of adult EoE is dysphagia for solids, often
leading to long-lasting food impaction with the necessity of endoscopic bolus
removal. Retrospective analysis of indications for upper endoscopy in EoE patients
shows that the rate of dysphagia differs substantially among studies. The reasons for
this are, first, the retrospective nature of data acquisition in most studies, and sec-
ond, reporting of only the primary symptom vs. reporting of multiple symptoms. In
most studies, dysphagia is present in 70-100% of patients with EoE [7-9, 16].
Similarly, a large variation can be observed for food impaction and/or the necessity
of bolus removal, which ranges between 30 and 50% in most studies [6-8, 11, 24].
As a consequence of EoE’s male predilection, it is not surprising that food impac-
tion occurs more frequently in men [15, 24]. Interestingly, patients undergoing
upper endoscopy for the diagnostic work-up of dysphagia or food impaction are
reported having EoE with a prevalence of 10-15%, and an even higher risk if the
age <50 years [12, 13]. Kapel et al. describe an increasing prevalence of EoE in
patients having dysphagia which rose from 0.2% in 2002 to 1.9% in 2005 [9].
Finally, patients presenting with dysphagia have been observed to have a signifi-
cantly higher peak eosinophil count on biopsy specimens [9]. In summary, EoE is
likely a leading cause of dysphagia and food impaction.

Symptoms resembling GERD are reported in different studies ranging from 16
to 54% for EoE patients [6-9, 16]. Also, symptoms of chest pain and abdominal
pain are reported in the literature. Evaluation of these symptoms is currently limited
by a lack of standard symptom definition, which is again mainly due to the retro-
spective nature of data acquisition in most of the studies.

Relevant Questions and Outlook

Despite the fact that the data presented above are scarce and further epidemiologic
investigation is needed, they raise several interesting questions and present opportu-
nities for speculation. The following section addresses some of these aspects.
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Eosinophilic Esophagitis: A Truly New or Only Newly
Recognized Disease?

To answer this question, the history of EoE’s recognition first has to be elucidated.
Three conditions had to be present before a diagnosis of EoE was possible (1)
assessment of EoE-consistent symptoms; (2) upper endoscopy; and (3) histologic
examination of the esophageal tissue.

The first important condition includes recognition of symptoms indicating
esophageal dysfunction. Adult patients with EoE report a typical history of dys-
phagia [1, 25-27] and in children suffering from EoE, swallowing disturbances are
also present among the leading symptoms [1, 25, 28]. However, it is rare to find
patients reporting EoE-consistent swallowing disturbances before the 1980s, even
in larger EoE cohorts. This observation is suggestive that the onset of EoE was a
rarity before 1980.

Endoscopy, as the second condition necessary for diagnosing EoE, currently
represents the most important diagnostic tool for patients with symptoms of the
upper GI tract, and is usually the first step in the diagnostic work-up of patients
with dysphagia [29]. Upper endoscopy was widely introduced during the 1970s.
Interestingly, almost 25 years passed before the initial comprehensive series of
adult EoE patients were published, thereby leading to the recognition of EoE as a
distinct entity [25-27]. EoE was therefore not detected by endoscopists during
the first two decades of gastrointestinal endoscopy. Indeed, it is well known that
EoE detection by endoscopy is often difficult [25, 30]. Nevertheless, in a substan-
tial fraction of patients, EoE evokes spectacular abnormalities [6, 30] that lead
promptly to biopsy sampling, even when the disease is unknown. It is therefore
likely that gastroenterologists performing endoscopies at the beginning of the
endoscopy era would have recognized — and would have taken biopsies — in at
least a certain fraction of EoE patients, even despite the lower quality of the first-
generation endoscopes.

The third condition, histological examination using hematoxylin—eosin (HE)
staining, a standard method for decades, is needed to detect eosinophils in the
tissue. Pathologists would have easily recognized the uncommon finding of a
dense tissue eosinophilia in the esophagus. In the literature, this spectacular
abnormality was first reported in 1978 as a case report and misinterpreted as
vigorous achalasia [31].

Based on these considerations, one can conclude that all conditions necessary for
diagnosing EoE were available since the early 1970s, but nevertheless, EoE was not
observed before 1994.

To sum up, there is thus a gap of more than 20 years when EoE was not recog-
nized. In addition, there is strong evidence that EoE-consistent symptoms did not
occur before the 1980s. Regarding these timelines, it is tempting to speculate that
EoE started during the last two decades of the last century, and thus provides strong
evidence that EoE is truly a new disease.



3 Epidemiology of Eosinophilic Esophagitis in Adults 35

Eosinophilic Esophagitis: A More-Prevalent
or a More-Recognized Disease?

It is still debated whether the occurrence of adult EoE is truly increasing and the
disease affects ever more individuals, or whether the diagnosis is established more
frequently as a consequence of the increased awareness by health care providers.
Answering this question requires population-based long-term analysis.

Unfortunately, the vast majority of studies addressing this question rely on retro-
spective analyses of pathology or endoscopy databases [9, 11, 32]. Data resulting
from these approaches therefore represent EoE cases per esophageal biopsy or per
upper endoscopy, but not EoE cases per so many inhabitants. Ronkainen et al. used
a population-based, endoscopic approach to achieve robust epidemiologic data in
the Swedish population [5]. However, the interpretation of this study is hampered
by two facts: First, they performed an analysis based mainly on histology revealing
data about the prevalence of esophageal eosinophilia, which could be different from
the prevalence of EoE, and second, this cross-sectional analysis was performed at a
given time point and therefore provides no information regarding changes in preva-
lence over time. The best evidence for a true escalation comes from Australia [6]
and Switzerland [8]. As cited above, retrospective analysis by Croese et al. shows a
0 incidence of EoE in Townsville County, Australia before 1995, which increased to
anannual 1.01 incidence rate with 12 cases between 1995 and 2000 (12 cases/198,000
population/6 years); and again increased to 5.48 new cases per year
(19/198,000/1.75 years) by September 2002. In 1989, investigators in Switzerland
created a population-based database and prospectively captured all adolescent and
adult EoE patients living in the clearly defined area of Olten County. The incidence
rates ranged between 0 and 8 cases per year per 100,000 inhabitants, and showed an
increasing trend , whereas the cumulative prevalence increased constantly from O to 39
cases per 100,000 inhabitants. Furthermore, the diagnostic delay was approximately
4-5 years and remained stable throughout the entire period, indicating that the
detection of EoE did not improve during these two decades.

In summary, there is strong evidence that there is a true and constant increase in
the prevalence of EoE. In contrast, whether this increased prevalence is due to an
increase in incidence or only due to the non-fatal character of EoE, adding ever
more cases to the patient pool, is still controversial and further population-based
longitudinal studies are required to confirm this assumption.

Eosinophilic Esophagitis: A Seasonal or a Perennial Disease?

This question seeks to enhance the still-limited understanding of EoE’s pathogenesis.
Food allergens as well as aeroallergens have been implicated as contributing factors
in inducing and maintaining the eosinophilic inflammation [1, 33, 34]. Data supporting
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the relationship to food allergies comes predominantly from the pediatric literature
[35] and indeed, several types of diets eliminating potential allergens have proven
efficacious in the treatment of children with EoE [36-38]. In contrast, adults with
EoE are often sensitized to aeroallergens [1, 22]. Further evidence that aeroaller-
gens might play a crucial role in the pathogenesis of EoE was provided by a case
report demonstrating a seasonal variation of EoE’s activity in parallel to pollen
exposure [39]. A confirmation of a seasonal dependency of EoE would be an indicator
that external seasonal factors, in particular, pollen, could play a substantial role in
the pathogenesis of this Th2-type inflammation.

To date, two investigators have searched for a seasonal variation of EoE’s occur-
rence [40, 41]. Unfortunately, both studies used the time point of diagnostic endos-
copy in the annual cycle as the marker of disease onset. However, it is known that
there is a substantial gap between onset of symptoms (=likely onset of disease) and
diagnosis. For instance, in the Swiss cohort, including more than 500 adolescent
and adult EoE patients, there is a diagnostic delay of approximately 4-5 years.
Therefore, in most patients, the date of endoscopy can definitely not be linked to the
date of onset of disease. Conclusions regarding the influence of pollen in the patho-
genesis of EoE that are drawn from endoscopic rates are thus likely to be highly
speculative and most probably misleading.

Taken together, with the exception of one single case report [39], there is no solid
proof that either the first onset of EoE or the course of its inflammation show a seasonal
variation, or that pollen exposure could play a pathogenic role. Prospective studies
using either a systematic assessment of the symptom course or of EoE’s inflammatory
activity in correlation to the pollen exposure are needed to answer this question.

Eosinophilic Esophagitis: An Industrialized
or a Westernized Disease?

The vast majority of EoE cases and cohorts are reported from industrialized countries,
such as the USA, Europe, and Australia, whereas almost no reports come from tropical
areas and/or developing countries [1]. This pattern is not surprising and corresponds
well with the pattern of classical allergic disorders. It might be explained by the
hygiene theory which postulates that individuals who are not exposed to infections
during early childhood are prone to develop allergies as adolescents or adults [42].
However, regarding the worldwide distribution of EoE, one exception is surprising:
Japan is not yet infested with EoE (personal communication). This fact can neither be
explained by lack of education of Japanese gastroenterologists nor by inappropriate
diagnostic tools. Japanese gastroenterologists and pathologists are highly educated
and best equipped with high-tech instruments. EoE must therefore be considered a
westernized, but not an industrialized, disease.

Two apparent differences exist between Japan and the remaining industrialized
countries: nutritional habits and genetics. While in western kitchen flavors, dairy
products, potatoes and beef are familiar, the Japanese kitchen is dominated by fish
and rice, and in addition, often in an uncooked form.
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Conclusion

This obvious difference in nutritional habits together with the fact that, in some cases,
EoE can be treated by elimination of distinct foods raises the question of whether one
of the western foods could be a trigger for EoE, or in contrast, one Japanese food
could exert a protective effect. However, this speculation needs further investigation
and genetic factors must also be considered. In elucidating the denouement of this
relatively new disease, it is important to realize that, though numerous questions
remain, much progress has been made, and each new study furthers our understand-
ing and moves us closer to alleviating the pathos of affected patients.
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Chapter 4
Eosinophil Biology in the Pathogenesis
of Eosinophilic Disorders
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Keywords Eosinophil * Biology ¢ Differentiation ¢ Migration ¢ Recruitment
* Activation * Secretion

Introduction

In the 100+ years following the identification of the eosinophilic leukocyte by Paul
Ehrlich in 1879, a significant number of diseases and syndromes characterized by
blood or tissue eosinophilia were identified. However, specific functional roles for
the eosinophil in host defense and innate immunity, allergic and related inflamma-
tory responses, tissue injury, repair, remodeling, and fibrosis have only been delin-
eated in the past ~30 years [1-3]. These studies served to characterize many of the
unique biologic characteristics of blood and activated tissue eosinophils, their pre-
formed granule proteins, and inducible lipid, oxidative, and cytokine products,
focusing initially on the eosinophil’s pro-inflammatory and cytotoxic potential in
the pathogenesis of allergic, parasitic, and a variety of idiopathic eosinophil-associated
syndromes [4]. Recognition of the eosinophil as an effector cell in asthma pathogen-
esis fueled the initial surge in interest in this granulocyte [5], and the “epidemics” of
eosinophil myalgia syndrome related to ingestion of tainted L-tryptophan [6], and
more recent identification and increasing prevalence of eosinophilic esophagitis
(EoE) have markedly increased clinical and public awareness and interest in the
eosinophil [7].
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Fig. 4.1 Role of the eosinophil in the pathogenesis of EoE: relationships to clinical, endoscopic and
histologic pathologies. Eosinophil activation during recruitment to the esophagus occurs in response
to eotaxin-3, periostin, IL-5 and interactions with vascular endothelium, epithelium, and fibroblasts,
leading to their expression of fibrogenic factors such as TGF-f. Eosinophil-expressed TGF-f3 and
granule proteins (MBP, EPX) induce epithelial basal zone hyperplasia, contributing to esophageal
thickening and luminal narrowing. Eosinophil-derived TGF-3 induces fibroblast activation, with
transdifferentiation to myofibroblasts and consequent over-production of ECM leading to subepi-
thelial fibrosis, fixed narrowings/rings, strictures, and food impactions. Alternatively, TGF-§
expressed by eosinophils or MBP/EPX damaged epithelium itself may induce epithelial to mesen-
chymal (myofibroblast) transition (EMT) contributing to subepithelial fibrosis [85]. Eosinophil-
expressed TGF-f3 may induce smooth muscle cell hypertrophy/hyperplasia leading to thickening of
the esophageal muscularis propria, contributing to dysmotility, dysphagia, transient rings, and non-
stricture food impactions. Eosinophil expression of VEGF likely supports increased angiogenic
responses of vascular endothelium with VCAM-1 activation by IL-13 and TNF-a,, contributing to
increased eosinophil trafficking, dilated intercellular spaces, esophageal thickening, furrowing,
luminal narrowing, and non-stricture food impactions. (Updated and reproduced in color with per-
mission from [80] Aceves SS, Ackerman SJ. Immunol Allergy Clin N Am. 2009;29:197-211)

The current paradigm, that eosinophils subserve pro-inflammatory and tissue-
damaging roles in the pathogenesis of eosinophil-associated diseases and hypereo-
sinophilic syndromes such as EoE (Fig. 4.1), is supported by a growing number of
definitive mouse model and human studies. A pivotal role for the eosinophil in the
development of tissue remodeling and fibrosis, in part through their elaboration of
remodeling and fibrogenic growth factors, is now widely accepted [8—10]. Studies
using IL-5 knockout mice and two strains of eosinophil-deficient mice strongly sup-
port the concept that eosinophils contribute to the pathology of airway remodeling
and subepithelial fibrosis in asthma [11, 12] and are required for T cell polarization
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for Th2 responses in the lung in response to allergen challenge [13], and recent
clinical trials using anti-IL-5 antibody (Mepolizumab™) to ablate eosinophils in the
bone marrow, blood and tissues of patient with “eosinophilic”, but not neutrophilic,
asthma, showed efficacy in reversing aspects of eosinophil-mediated tissue damage,
remodeling and fibrosis in allergic diseases such as asthma [14, 15], eosinophilic
esophagitis (EoE) [16], and the hypereosinophilic syndrome (HES) [17]. This chapter
will review basic aspects of eosinophil cellular, molecular, and immunobiology that
are pertinent to understanding their inflammatory and pathologic activities, the
mechanisms that regulate eosinophil development and eosinophilia in the bone marrow,
blood, and tissues, and their relationships to the pathogenesis of eosinophil-mediated
allergic disorders such as EoE.

Eosinophil Morphology and Mediators of Inflammation

Eosinophils contain a number of distinct membrane-bound granules produced during
their differentiation from IL-5R+ eosinophil progenitors (EoP) in the bone marrow.
These include: (1) uniformly electron dense primary granules present mainly in
eosinophil promyelocytes; (2) secondary (specific) granules containing the hallmark
electron dense crystalloid core and less dense granule matrix (>95% of granules in
mature eosinophils); and (3) small granules, sites of hydrolytic enzymes such as
acid phosphatase and arylsulfatase, that may be functionally analogous to cellular
lysosomes. The secondary granule is the major storage site for the eosinophil’s cat-
ionic proteins, which confer the eosinophil’s unique affinity for acidic fluorone dyes
such as eosin, the basis for Paul Ehrlich’s discovery, and naming of the eosinophil
in 1879. As well, eosinophils contain non-membrane-bound lipid-rich organelles
called lipid bodies [18], the numbers of which increase in activated eosinophils,
both in vitro and at sites of tissue inflammatory reactions [19]. Lipid bodies incor-
porate fatty acids such as arachidonate and likely serve as intracellular depots for
their storage and metabolism, including the formation of leukotrienes, since they
contain all of the required eicosanoid-forming enzymes (5-lipoxygenase, leukot-
riene C4 synthase, cyclooxygenase) [20]. These organelles, along with vesiculotu-
bular “sombrero” structures and small vesicles involved in transport and secretion
during eosinophil activation [21], represent the major storage sites for the eosino-
phil’s preformed cytotoxic and inflammatory proteins.

The Granule Cationic Proteins

Initial studies of the biochemistry, biologic activities and tissue localization of the
cationic enzymes and non-enzymatic proteins isolated from the eosinophil secondary
granule provided the first clues to this granulocyte’s role in the pathogenesis of
inflammation and tissue damage in eosinophil-associated diseases [4]. As well,
immunohistochemical detection of eosinophil-specific granule constituents in tissue
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biopsies provided evidence for the participation of the eosinophil in diseases not
normally associated with blood or tissue eosinophilia, e.g., certain skin diseases
such as atopic dermatitis [22]. These studies provided compelling evidence supporting
a pathologic effector role for eosinophils in the induction of tissue and end-stage
organ damage [23]. These cationic granule proteins include the two major basic
proteins (MBP-1, MBP-2), eosinophil peroxidase (EPX), and the eosinophil’s ribo-
nucleases, eosinophil-derived neurotoxin (EDN, RNase2) and eosinophil cationic
protein (ECP, RNase3).

Studies of the mechanisms by which the eosinophil granule cationic proteins are
secreted or released into tissues have shown that they can be independently (selec-
tively) secreted, depending on the type and strength of the activating stimulus,
through a number of different secretory pathways ranging from classical granule
fusion and exocytosis (e.g., in the killing parasitic helminths), piecemeal degranula-
tion (a vesicular transport process from secondary granules in the absence of exocy-
tosis), and cytolytic degranulation (the release of intact, membrane-bound, and
secretory-competent secondary granules directly into the tissue upon eosinophil
apoptosis/cell death) [24, 25].

In addition to secretion of their preformed granule cationic proteins, eosinophils
have the capacity to express potent toxic reactive oxygen species (ROS) [26], eico-
sanoids (e.g. prostaglandins, leukotrienes, lipoxins) and other inflammatory lipid
mediators [18] (see below), and importantly, a significant number of hematopoietic
and inflammatory cytokines key to the normal and pathophysiologic roles of the
eosinophil [27, 28].

Cytokines and Growth Factors

In addition to their granule proteins, eosinophils are also a considerable source of
both preformed (stored) and newly synthesized cytokines, chemokines and growth
factors, including Th1 and Th2 type cytokines, that can participate in linking innate
and adaptive immune responses, regulation of Th2 responses, leukocyte chemotaxis,
tissue remodeling and fibrosis, and cell growth and survival, including the eosinophil’s
own survival through expression of GM-CSF (Table 4.1) [27, 29]. Although T cells
and other lymphocytes generally express greater amounts of these cytokines at sites
of allergic tissue inflammatory responses, the ability of the eosinophil to both syn-
thesize and store these cytokines in their cytoplasmic granules, and to secrete them
from both the intact cell and from cell-free secondary granules in the tissue [25],
suggests eosinophils may provide both a more rapid and highly focused release of
these immune regulators at sites of allergic inflammation [27, 29].

Eosinophils are classically associated with the development of Th2-polarized
allergic and anti-parasite host immune responses and are recruited into immune
environments rich in Th2 cytokines, particularly IL-4, IL-5, and IL-13. IL-5, the
eosinophilopoietin, regulates the development of blood and tissue eosinophilia
through its multiple actions on eosinophil progenitor (EoP) cell expansion and
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Table 4.1 Eosinophils express and secrete multiple stored and newly synthesized interleukins,
chemokines, and growth factors upon priming and activation

Interleukins

IL-1 (o and B), IL-2, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, IL-11, IL-12, IL-13, IL-16, IL-17

Chemokines

Epithelial cell-derived neutrophil activating peptide (CXCLS), eotaxin (CCL11), growth-related
oncogene (CXCL1), interleukine-8 (CXCLS8), IFN-y inducible protein (CXCL10),
IFN-inducible T-cell alpha chemoattractant (CXCL11), macrophage inflammatory protein
lalpha (MIP1a), monocyte chemoattractant protein 1 (CCL3), monokine induced by IFN-y
(CXCL9), MCP-3 (CCL7), MCP-4 (CCL13), RANTES (CCL5)

Growth factors

Heparin-binding epidermal growth factor-like binding protein (HB-EGF-LBP), nerve growth
factor (NGF), platelet-derived growth factor (PDGF-BB), transforming growth factor-alpha
(TGF-a), transforming growth factor-beta (TGF-f3)

Autocrine survival factors

Granulocyte-macrophage colony-stimulating factor (GM-CSF)

Other immune regulators

Interferon-gamma (IFN-y), tumor necrosis factor alpha (TNF-ot)

Modified with permission from: Fillon S, Ackerman SJ, Furuta GT. Eosinophils. In: Charles N.
Serhan, Peter Ward and Derek Gilroy, editors. Fundamentals of Inflammation, Chapter 7.
Cambridge: Cambridge University Press; 2010. pp. 86-95.

terminal differentiation in the bone marrow, eosinophil recruitment, priming, and
activation in tissue inflammatory sites, and can also prolong eosinophil survival in
response to allergic stimuli [30, 31]. However, activated eosinophils express their
own GM-CSF, which signals in an autocrine manner to prevent apoptosis [32], thus
significantly prolonging their tissue survival, e.g. in the lung in asthma [32, 33], and
likely in the GI tract in eosinophil-associated GI diseases such as EoE. Notably,
treatment of asthma [34] or EoE [35] patients with anti-IL-5 antibody (Mepolizumab)
only depletes ~50% of lung or esophageal eosinophils, likely due to their autocrine
GM-CSF-mediated long-term survival in these tissues.

Although IL-5 is the only lineage-specific eosinophilopoietin, basal levels of
eosinophil differentiation occurs in the bone marrow in the absence of IL-5, i.e., in IL-5
and IL-5R knockout mice, but these mice do not develop blood or tissue eosinophilia
in response to allergic or parasitic challenges. This suggests IL-5’s primary role is the
rapid expansion of the eosinophil lineage for the development of blood and tissue
eosinophilia. Consistent with this is the finding that IL-5 upregulates eosinophil pro-
genitor cell expression of the transmembrane isoform of its receptor (specifically the
IL-5-binding o chain of the heterodimeric IL-5R) and downregulates the soluble
“decoy” isoform of the a-chain [36]. Numerous studies of IL-5 in experimental
mouse asthma models using gain-of-function transgenic lung-specific over-expression
and loss of function IL-5 knockouts and anti-IL-5 neutralizing antibodies, have
confirmed its role in allergic responses, particularly in amplifying blood and tissue
eosinophilia. For example, transgenic over-expression of IL-5 either systemically or
in an organ-specific manner in the mouse is sufficient to induce eosinophilia [37-40],
while antibody neutralization or gene knockout of IL-5 blocks multiple aspects of the
asthmatic response [41, 42], including suppression of pulmonary eosinophilia in
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response to allergen sensitization/inhalation challenge, airways hyperreactivity [43],
and airways remodeling in terms of goblet cell mucus metaplasia, subepithelial fibrosis
and airway smooth muscle hyperplasia [44]. Likewise, eosinophil trafficking to the
allergen sensitized and challenged lung is significantly reduced in IL-5 deficient
(knockout) mice and those treated with anti-IL-5 neutralizing antibodies [41, 42, 44].
Importantly, clinical studies show that anti-IL-5 antibody (Mepolizumab) in asthmat-
ics fully depletes their bone marrow and blood eosinophils, significantly reduces
pulmonary eosinophils by >50% [15, 34, 45], and shows efficacy in reducing sputum
eosinophils and asthma exacerbations [46], and improving airway function and
reducing steroid use [47], both in patients with clearly defined refractory, steroid-
dependent eosinophilic asthma.

Eosinophils can express a number of cytokines normally associated with Th2
T cells such as IL-4 and IL-13, which can activate human vascular endothelial and
respiratory epithelial cells to produce eosinophil chemotactic cytokines (chemok-
ines) [48], thus amplifying eosinophil recruitment to the tissues. Both IL-4 and
IL-13, produced in greater quantities by Th2 T cells than eosinophils, also recruits
and activates IgE-producing B lymphocytes and enhances IgE-mediated allergic
responses [49]. Unlike IL-4, IL-13 has a distinct role in allergic inflammation, act-
ing as a primary regulator of allergen-induced airway inflammation and goblet cell
mucus metaplasia in asthma [50] and eosinophilic esophageal inflammation and
remodeling in EoE [51-54]. Although both IL.-4 and IL-13 induce the expression of
eotaxins by epithelial cells in a STAT6-dependent manner [55], IL-13 alone
expressed by T cells or eosinophils themselves in asthma, EoE and other eosino-
phil-associated inflammatory diseases [51, 56], may participate as an important
eosinophil chemoattractant [31].

Of interest, eosinophils also produce a number of cytokines associated with Thl
immune responses including IL-2, IL-6, IL-12, TNF-a and IFN-y, suggesting they
share some functional activities with Th1 T cells [57-59]. Of note, Thl cells are
recruited by CXCL9 (a monokine induced by IFN-y) and CXCL10 (IFN-y-inducible
protein-10) [60]. IL-6 has been shown to inhibit Th1 and increase Th2 differentiation
of eosinophils through induction of naive T cell IL-4 production [61]. In some Thl
models of inflammation, eosinophil-derived IFN-y is increased [29]. In addition,
TNF-a is essential for eosinophil-derived IFN-y-induced secretion of Th1 chemok-
ines [59].

Eosinophils also secrete a number the major chemoattractants (chemokines)
involved in their own recruitment into tissues including the eotaxins and RANTES,
suggesting eosinophils may amplify or perpetuate their recruitment to sites of allergic
inflammatory responses, even after the initiating stimulus is no longer present,
i.e., mast cell or epithelial cell activation. The eotaxins (1, 2 and 3) in particular,
principally secreted by both activated epithelial cells and T cells, are the most highly
selective of the chemokines involved in eosinophil tissue recruitment identified to date.
Eosinophils selectively express CCR3 on their plasma membrane, the cognate receptor
for the eotaxins. In contrast, RANTES is less eosinophil-selective and induces both
eosinophil and neutrophil granulocyte influx, whereas the chemokine MIP-1a., also
expressed by eosinophils, is primarily involved in the trafficking of neutrophils [62].
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Eosinophils also participate in other biological processes, not the least of which is
regulation of the immune microenvironment in the lung and other tissues [3, 13, 63],
including their recently identified requirement for the development of Th2-mediated
allergic responses and recruitment of effector T cells into the lung in experimental
allergic asthma models [13], indicating an important role in bridging innate and adap-
tive immune responses in allergic airway inflammation [2, 3]. Eosinophil-deficient
(named “PHIL”) mice have significantly blunted Th2 cytokine responses in the air-
ways and fail to recruit Th2 effector T cells into the lung during allergic inflammation
[11, 13]. As well, IL-4-deficient mice have reduced allograft transplant-associated
eosinophilia, and impaired development of Th2 inflammation at sites of allograft
transplants in these mice, suggesting eosinophils may regulate immune responses
leading to transplant rejection [64]. Moreover, IL-4 and IL-13 are strongly associated
with tumor cell death in several types of cancer [65], and tumor cells engineered to
over-express IL-4, but not IL-5, induce tumors that undergo eosinophil-mediated
regression in a murine cancer model [66—68]. Of note, IL-4 therapy of cancer patients
in a Phase I clinical trial was shown to induce mild eosinophilia, systemic and tissue
(skin) eosinophil activation and degranulation, increased levels of MBP1 (both sys-
temically and extracellular in the skin), and significantly enhanced eosinophil survival
due to IL-5, GM-CSF and IL-3, suggesting an association between IL-4 and eosino-
phil-induced pathologies in certain human cancers and allergic responses [69]. Of
interest, almost all human and murine tumors become infiltrated by eosinophils at
some point in their growth [3, 70], with the presence of eosinophils being either a
positive or negative prognostic factor, depending on the type of cancer [3, 70].

Finally, eosinophils are a very rich source of TGF-3 [71-76], comprise the major
TGF-B expressing cell population in the airways in human asthma [73, 77] and
experimental mouse asthma models [44], and in the esophagus in EoE [71, 78], and
are clinically and experimentally associated with multiple aspects of tissue remodel-
ing (e.g. epithelial cell hyperplasia, smooth muscle hyperplasia, angiogenesis) and
fibrosis [10, 79] (fibroblast activation, transdifferentiation into myofibroblasts and
increased deposition of extracellular matrix) in many eosinophil-associated allergic
diseases and hypereosinophilic syndromes including asthma [8, 9, 78] and EoE
[71, 80] (reviewed in greater detail below). Recent studies have implicated the
eosinophil in the development of subepithelial fibrosis through the induction of epi-
thelial mesenchymal transition (EMT) in the airway epithelial cells in asthma [81-84]
and in the esophagus in EoE [85].

Lipid Mediators Expressed By Eosinophils

Eosinophils express all of the required lipoxygenase and cyclooxygenase enzymes
involved in the generation of a variety of potent lipid mediators of inflammation
derived from arachidonic acid, and when appropriately activated they synthesize
and secrete lipid mediators including cysteinyl leukotrienes (mainly LTC,), prostaglan-
dins (mainly PGE)), and platelet-activating factor (PAF). These eosinophil-derived
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eicosanoids can increase leukocyte trafficking and adhesion to endothelial cells,
induce airway smooth muscle contraction, increase vascular permeability and mucus
secretion, and are considered one of the pro-inflammatory functions of the eosinophil [1],
particularly in late-phase allergic reactions. In contrast, eosinophil-derived arachido-
nate-derived lipid mediators are also likely to participate in the resolution of allergic
inflammation. For example, airway challenge with allergen in a mouse asthma model
has recently been shown to initiate airway biosynthesis of functionally significant
amounts of lipoxin A, and increase its receptor expression. Notably, a stable analog
of Lipoxin A, has been shown to block the development of airway hyperresponsive-
ness, diminish airway inflammation, and decrease overall leukocyte recruitment and
its consequent expression of Th2 cytokines (IL-5, IL-13), eotaxins, prostanoids, and
cysteinyl leukotrienes (i.e. LTC,) in the airways [45]. As well, lipoxin A, analogues
have been found to block the development of allergic pleural eosinophil effusions
and inhibit the early edema and neutrophil recruitment seen in allergic responses
[86]. These lipoxin A, mediated responses were found to be independent of mast cell
degranulation and included inhibition of the generation and activities of IL-5, eotaxin
and platelet activating factor [86]. Finally, eosinophils themselves express receptors
for the cysteinyl leukotrienes (CysLT1R and CysLT2R), prostaglandins (PGD2 type
2 receptor), and PAF [87-89], consistent with the induction of eosinophil recruitment by
leukotrienes (LTB4, D4, E4), PAF, and 5-0x0-6,8,11,14-cicosatetraenoic acid,
suggesting a role for these chemoattractant lipids in the tissue recruitment of eosino-
phils to sites of allergic reactions [86, 90, 91].

Monitoring of Eosinophil Activity in Disease

Increased appreciation of the importance of both the numbers and functional status
of tissue eosinophils, as well as important functional differences between circulat-
ing blood eosinophils and those recruited into tissues and exposed to cytokines and
other factors in the tissue microenvironment [92], led to the development and
increasingly more routine use of approaches to monitor eosinophil activation in situ.
Tissue biopsies are routinely employed for both the clinical diagnosis and experi-
mental evaluation of eosinophil activity in diseases involving the skin [22, 93, 94],
lungs [95-97], lymph nodes [98], heart [99], and other tissues such as the esophagus
in EoE [100], contributing significantly to current appreciation of the eosinophil’s
roles in disease pathogenesis, particularly tissue remodeling and fibrosis [78, 80].
The difficulties, tediousness, and sampling errors inherent in accurately quantifying
the numbers and functional status of eosinophils in tissue biopsies, even using anti-
bodies that recognize eosinophil-specific cell surface activation markers or secretion
of the granule cationic proteins with quantitative morphometric assessments, still
makes routine clinicopathologic evaluation of tissue eosinophils by these methods
somewhat impractical clinically. Alternatives such as analysis of eosinophil-specific
biomarkers in tissue secretions from affected organs, e.g., bronchoalveolar lavage or
induced sputum, have met with some success in the clinical and experimental evaluation
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of eosinophil participation in diseases such as asthma [101], and more recently
using biopsy tissue sections in EoE [100]. In addition to routine histochemical enu-
meration of eosinophils by H&E staining, and immunohistochemical localization
of cell-associated and secreted eosinophil granule cationic proteins such as eosino-
phil peroxidase (EPX) [100] and eosinophil-derived neurotoxin (EDN) [102], two
additional methods were previously used to monitor eosinophil activation, secretion,
and participation in the pathogenesis of allergic disease. These included identifica-
tion of activated eosinophils (erroneously) by staining with a monoclonal anti-ECP
antibody EG2 that recognized a secreted, deglycosylated form of the protein (no
longer available) [103—105], and measurement of the eosinophil granule cationic
protein biomarkers including MBP, ECP, and EDN by radioimmunoassay [106—108],
and more recently by commercially available ELISAs (for EDN, ECP) in various
body fluids including serum, plasma, urine, sputum, nasal lavage, and BAL fluid
[109]. Under well-controlled sampling conditions, measurements of these eosinophil
granule biomarkers is an excellent indicator of eosinophil secretory activity in vivo
and eosinophil involvement in a variety of allergic, parasitic, inflammatory, and skin
diseases [93], some not normally associated with blood or tissue eosinophilia [110].
Such measurements likely reflect in vivo secretion in tissues or secretory activity of
eosinophils in the fluid sampled [109], or both, and have provided compelling
evidence for relationships between eosinophil secretory activity, pathogenesis, and
disease severity [111-113].

Eosinophil Development and Trafficking

Eosinophilopoiesis in the Bone Marrow

Eosinophils develop from a recently re-defined population of lineage-committed
stem cell-derived CD34+/IL-5Ra+ eosinophil progenitors (EoP) in the bone marrow
[114], principally in response to T cell-derived cytokines that include eosinophil
lineage-specific IL-5, as well as IL-3 and GM-CSF. These cytokines regulate eosinophil
differentiation and function at a number of levels including: (1) EoP proliferation
and terminal differentiation, (2) priming, activation and/or survival of eosinophils
in blood and tissues, and (3) recruitment of eosinophils into allergic reactions.
Activated Th2 polarized T-cells are a primary source for these eosinophil-active
cytokines in allergic and parasitic diseases, and hypereosinophilic syndromes, e.g.,
HES. However, other leukocytes including mast cells, macrophages, and natural
killer cells, and endothelial cells and stromal cells such as fibroblasts are also pro-
ducers of these factors. Thus, IL-5, principally from activated Th2 T cells [115] and
mast cells [116, 117] regulates the development of blood and tissue eosinophilia
in vivo [118-120]. While IL-3 and GM-CSF are multipotent cytokines with activi-
ties on many other blood cell lineages, IL-5 is eosinophil-selective and plays a cru-
cial role in driving committed EoP cell proliferation, terminal differentiation, and
post-mitotic activation in the development of eosinophilia [121]. IL-5 is maximally
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active on the IL-5R+ EoP pool that is initially expanded by IL-3 and GM-CSF
[121]. Although IL-5 is necessary and sufficient for the development of eosinophilia
[121, 122], eosinophil differentiation itself, at least in the mouse, does not require
IL-5 [123]. IL-5-mediated upregulated expression of the IL-5 receptor (IL-5R) on
the EoP is a prerequisite for IL-5-induced eosinophil terminal differentiation and
development of eosinophilia, and IL-5 over-expression underlies many eosinophil-
associated diseases and hypereosinophilic syndromes such as HES [124-126].
IL-5-overexpressing transgenic mice develop profound eosinophilias [37, 127], fur-
ther evidence that IL-5 is key in promoting both the production and activities of
eosinophils. Conversely, IL-5-deficient (gene knockout) mice [123, 128] do not
develop significant blood or tissue eosinophilia, airways hyperresponsiveness to
cholinergics, and airways remodeling in murine allergic asthma models [128], nor
do they develop blood or tissue eosinophilia in response to infection with helm-
inth parasites [123]. The finding that IL-5-deficient mice still generate basal
numbers of bone marrow eosinophils fits the current paradigm that basal blood
cell development: (1) occurs independently of the lineage-specific cytokines
(i.e., EPO, G-CSF, M-CSF and IL-5), and (2) is regulated at the level of gene
transcription through combinatorial networks of transcription factors acting to
resolve lineage promiscuous gene expression patterns in early uncommitted
hematopoietic progenitors [129—131].

Transcriptional Regulation of Eosinophil Lineage
Commitment and Differentiation

Avian, mouse, and human studies have shown that only a handful of transcription
factors and their functional interactions are key to specifying eosinophil lineage-
commitment and terminal differentiation [132]. The combinatorial activities of
GATA-1, C/EBPa, and PU.1 are required, with GATA-1 the pivotal player that
determines if granulocyte-macrophage progenitors will differentiate to the
eosinophil (GATA-1 required), or neutrophil and macrophage lineages (absence of
GATA-1). As well, a GATA-1 co-activator called FOG-1 (friend of GATA-1) that
is required for erythroid differentiation, functions instead as a co-repressor of
GATA-1 in the eosinophil lineage [133], and must be downregulated for eosinophil
differentiation [134]. Thus, eosinophil development is deficient in GATA-1 knockout
mice [135], and transgenic deletion of a high affinity double GATA site in the
murine GATA-1 promoter itself blocks eosinophil development [136]. Notably,
similar high-affinity double GATA sites are present in the promoters of a number
of hallmark eosinophil-specific genes including MBP1, EPX, CLC/Gal-10, IL-5Ra
[137], and the eotaxin receptor, CCR3 [138]. The current consensus for the combi-
natorial transcription factor “code” that specifies the eosinophil relative to the other
hematopoietic lineages is outlined in Fig. 4.2. Regulation of both the levels and
time of expression of these transcription factors are required to generate eosino-
phils, such that commitment and terminal differentiation of eosinophils from EoP
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Fig. 4.2 Combinatorial transcription factor “codes” that specify eosinophil lineage commitment
and terminal differentiation. GATA-1 is both necessary and sufficient to drive eosinophil develop-
ment, and C/EBPe is required for eosinophil terminal differentiation. Eosinophils have recently
been shown to develop from a distinct CD34+/IL-5Ra+ eosinophil progenitor (EoP) derived from
the common myeloid progenitor (CMP) pool and not from the granulocyte-macrophage progenitor
(GMP) as previously thought [114]. C/EBPa, CCAAT enhancer-binding protein a.: Ery erythro-
cyte; FOG-1 friend of GATA-1; GMP granulocyte-macrophage progenitors; HSC CD34+
hematopoietic stem cells; Mac macrophage; Meg megakaryocyte; MEP megakaryocyte/erythroid
progenitors; PMN polymorphonuclear leukocyte; PU.I ets factor (identical to Spi-1 oncogene).
(Modified and updated with permission from: McNagny K, Graf T. Making eosinophils through
subtle shifts in transcription factor expression. J Exp Med. 2002;195(11):F43-47)

requires coordinated expression of C-EBPa, PU.1, a moderate level of GATA-1,
and absence of FOG-1 [132]. As well, C/EBPe expressed mainly during the
promyelocyte to myelocyte transition, is required for eosinophil development;
studies of C/EBPe knockout mice showed that eosinophil (and neutrophil) differ-
entiation requires C/EBPe, since these mice lack terminally differentiated and
functionally mature eosinophils and neutrophils [139, 140]. Similarly, patients
with specific granule deficiency (SGD) have a mutation in their C/EBPe gene that
leads to a failure of both neutrophil and eosinophil differentiation, with failed
expression of important secondary granule protein genes in both granulocytes
[141]. Greater understanding of the complex combinatorial and functional interac-
tions of transcription factors that regulate eosinophil lineage commitment, differ-
entiation, and gene expression may lead to novel targets for ablating eosinophil
development in general, or selectively knocking down eosinophil expression of key
inflammatory mediators, e.g., the granule cationic proteins or eotaxin receptor
CCR3, as novel therapeutic approaches to treating eosinophil-mediated allergic
diseases such as EoE.
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Eosinophilopoiesis and Eosinophil Extravasation

Studies with anti-IL-5 antibody in both mouse and human subjects show clearly that
IL-5 is crucial for the generation of both allergic and idiopathic eosinophilias [142,
143], a key initiating step involving EoP surface expression of the high-affinity IL-5
receptor (CD125/CD131) [144]. Up to this point, eosinophils and basophils share a
common differentiation pathway, the remnants of which persist even in the mature
cells; blood eosinophils express low levels of the o chain of the high affinity IgE
receptor (FceRI) [145, 146], while basophils express low levels of MBP1 [147],
Charcot-Leyden crystal protein/Galectin-10 (CLC/Gal-10) [148], EDN, ECP, and
EPX [149]. Both cells in the peripheral blood express the eotaxin receptor CCR3
[150]. Another shared differentiation marker is Siglec-8 (Siglec-F in the mouse
[151, 152]), expressed more highly on blood eosinophils than bone marrow eosino-
phils, and at higher levels than basophils [153, 154].

IL-5-deficient mice have very few bone marrow, tissue, and circulating eosino-
phils [123], while the opposite is true for IL-5-overexpressing transgenic mice [37,
127]. The precise signals that regulate eosinophil egress from the bone marrow are
incompletely understood; besides a role for IL-5 itself [155], eotaxin-1 (CCL11),
and perhaps other CCR3 ligands participate in this process [156]. As well, blocking
antibodies to B2 integrins have been shown to prevent IL-5-mediated eosinophil
release from the bone marrow, whereas blocking a4 integrins enhances their release.
The mechanism for this is still unclear, but both IL-5 and CCR3 agonists have been
reported to alter integrin function in a manner that aids cellular detachment from
various counter-ligands [157-159]. Allergen sensitization and challenge murine
asthma models also suggest that the extravasation of eosinophils from the bone marrow
is partly T cell dependent [160].

Eosinophil Mobilization, Trafficking, Survival, and Death
at Sites of Tissue Inflammation

In healthy individuals, following bone marrow extravasation, eosinophils reside for
only a short time in the peripheral circulation before transit into extravascular sites,
preferentially in tissues and organs exposed to the external environment, mainly
submucous membranes and loose connective tissue of the skin, gastrointestinal and
genital tracts, and the lungs [161]. In eosinophil-associated diseases, both the acute
and chronic recruitment of eosinophils into tissue inflammatory sites occurs princi-
pally in response to components of classical IgE-mediated early and late phase
immediate hypersensitivity reactions, but also in response to a number of non-allergic
immunologically mediated inflammatory reactions and in idiopathic hypereosino-
philic syndromes (see below). As well, diurnal variations in blood eosinophil levels
are well documented, with the lowest number of intravascular eosinophils early
in the morning and highest number late at night, mirroring the circadian rhythms in
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adrenal corticosteroid levels in the blood [162]. Likewise, diurnal variations also
occur in the mobilization, recruitment, and activation of eosinophils in tissues in
diseases such as nocturnal asthma [97, 163].

The mechanisms by which eosinophils are selectively recruited in large numbers
relative to other leukocytes in inflammatory reactions are fairly well understood;
[31] their mobilization from the vasculature, as for other leukocytes, involves rolling
and adherence to vascular endothelium via L-selectin, followed by interactions with
intercellular adhesion molecule-1 (ICAM-1) through CD18/CD11a,b-dependent
mechanisms, and migration in response to eosinophil-specific chemoattractants,
particularly the eotaxins. Adherence via CD18-independent mechanisms involves
binding to cytokine-activated endothelial cells via either E-selectin (also known as
endothelial leukocyte adhesion molecule-1 (ELAM)), or vascular cell adhesion
molecule-1 (VCAM). Selective recruitment of eosinophils also involves adhesion
to VCAM via the B1 integrin very late activation antigen-4 (VLA-4), expressed by
eosinophils but not neutrophils [164]. The selective recruitment of eosinophils into
tissue inflammatory sites likely involves both these complex interactions with the
adhesion pathways and chemotactic gradients of eotaxin-1 (CCL11), eotaxin-2
(CCL24), or eotaxin-3 (CCL26), depending on the tissue (e.g. eotaxin-3 in the
esophagus in EoE). The eotaxins, the most potent and eosinophil-selective chemok-
ines identified to date, bind, and signal through the CCR3 receptor expressed selec-
tively on eosinophils [165-167]. Other less potent eosinophil chemoattractants
include complement fragment C5a, platelet activating factor (PAF), and the eosino-
phil-active cytokines (IL-3, IL-5, GM-CSF) that prime eosinophils for enhanced
migratory responses to these agents. Other more potent eosinophil chemoattractants
(active in the 1072 to 10~'"" M range, ~1,000-fold more active than PAF and C5a),
include the sulfidopeptide leukotrienes [168], IL-2, the CD8+ T-cell-derived
lymphocyte chemoattractant factor (LCF) that uses CD4 expressed by activated
eosinophils as its receptor [169], and the chemokine RANTES (CCLS5), which is
chemotactic for certain T-cell subsets and monocytes, but not for neutrophils; [170]
its production by CD4+ T-cells in cutaneous and pulmonary allergen-induced late-
phase reactions may contribute to the eosinophil recruitment in these responses.

Two interrelated mechanisms that regulate the tissue accumulation of eosino-
phils are linked to eosinophil-associated pathophysiology [171]. First, IL-5 plays a
critical role in expanding and terminally differentiating the EoP pools in the bone
marrow in response to peripheral allergic or other tissue inflammatory stimuli. Th2
cytokines such as IL-4 and IL-13 operate within tissues to regulate eosinophil trans-
migration from the vascular bed, a process that exclusively promotes tissue accu-
mulation of eosinophils over other leukocytes, likely by activating the
eosinophil-specific endothelial adhesion pathways noted above, and by regulating
the production of IL-5 and eotaxin expression in the target tissue. As well, IL-4 and
IL-13 act as potent inducers of the eotaxins [171]. Thus, IL-5 and the eotaxins coop-
erate locally to selectively promote eosinophilia, the former working both systemi-
cally and within the tissues to promote the local chemoattractant signals provided
by the latter. The regulation of IL-5 and eotaxin levels within tissues by cytokines
that include IL-4 and IL-13, allows Th2 cells to coordinate both tissue and blood
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Fig. 4.3 Factors that may influence eosinophil life or death decisions at sites of tissue inflammation.
Stimuli that are known to promote eosinophil priming and survival are indicated, and are con-
trasted with those that facilitate eosinophil apoptosis (programmed cell death). Also shown are
some of the phenotypic characteristics that accompany the primed state of the eosinophil com-
pared to those seen in eosinophils undergoing apoptosis. GM-CSF granulocyte-macrophage col-
ony-stimulating factor; IL interleukin; IFNYy interferon-y; TGFf transforming growth factor-3;
TNF o tumor necrosis factor-a.. (Reproduced with permission from: Ackerman SJ, Bochner BS.
Mechanisms of eosinophilia in the pathogenesis of hypereosinophilic disorders. Immunol Allergy
Clin N Am. 2007;27:357-375; Art by Jacqueline Schafter)

eosinophilia. These observations highlight the importance of targeting both IL-5
and the eotaxin/CCR3 signaling systems to effectively block eosinophil-associated
inflammation and tissue pathology [171-173].

Diseases associated with peripheral blood eosinophilia, e.g., the hypereosino-
philic syndrome (HES), are frequently associated with elevated serum levels of IL-5
and/or GM-CSF, [174-177] and administration of IL-5 or GM-CSF in humans
results in a rapid and sustained peripheral blood eosinophilia [178, 179]. Eosinophils
normally persist in the peripheral circulation for approximately 18-24 h before
migrating into extravascular tissue sites, but their transit time in the circulation may
be extended under conditions that induce peripheral blood eosinophilia. Although
the bone marrow is the largest reservoir of eosinophil progenitors (EoP) and dif-
ferentiating cells, their predominant destination in the healthy individual is the gas-
trointestinal tract; homing to the GI tract occurs in response to constitutive expression
of eotaxin-1 (CCL11) by gut epithelial cells [180]. Once eosinophils migrate into
extravascular tissue sites, they do not appear to re-circulate through the blood,
although animal model studies suggest that eosinophils implanted into the lungs can
traffic to regional lymph nodes where they may participate in antigen presentation
[181]. Eosinophil survival in tissues is dependent on autocrine or local production
of anti-apoptotic cytokines such as IL-5 and GM-CSF; other locally produced sur-
vival factors may include IL-3, TNF-a, IFN-y, leptin [182], engagement of CD40
[183] and others [1] (Fig. 4.3). In the right tissue microenvironment, studies indicate
that eosinophils and their precursors may be capable of surviving for several days
[184—-186] to months, even after administration of anti-IL-5 antibody that depletes
both bone marrow and peripheral blood eosinophils [34, 35]. Of interest, eosino-
phils obtained by BAL of asthmatic subjects or after lung subsegmental bronchop-
rovocation with allergen, show prolonged survival ex vivo for 24—48 h in the absence
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of exogenous survival cytokines, whereas their peripheral blood counterparts do not
[187, 188], consistent with either in vivo exposure to these cytokines in the inflamed
airways, or induction of autocrine expression of GM-CSF by the eosinophil [32].
Eosinophil interactions with specific tissue matrix proteins, particularly fibronectin
and laminin, may also be important in inducing their autocrine GM-CSF-driven
prolonged survival within tissues [189, 190]. Eosinophils in the tissues that do not
encounter the necessary survival factors undergo rapid apoptosis and phagocytic
clearance. As well, there are pathways that selectively induce eosinophil apoptosis.
For example, corticosteroids rapidly decrease the numbers of both circulating and
tissue eosinophils, although the mechanisms responsible for this are complex and
poorly understood, likely involving a combination of decreased release from the
bone marrow, decreased circulation time, redistribution to other organs such as
spleen or inhibited expression of survival cytokines and chemokines [191-195].
Other pro-apoptotic stimuli for eosinophils include lidocaine [196], TGF- [197],
Siglec-8/Siglec-F [198, 199], Fas (CD95) [200] and CD30 [201]. Other drugs used
to reduce eosinophil numbers in hypereosinophilic syndromes include hydroxyurea,
which causes a global inhibition of hematopoiesis, and IFN-a that reduces the numbers
of circulating eosinophils [202]. Tyrosine kinase inhibitors, particularly imatinib
mesylate (Gleevec), have profound effects on eosinophil numbers in a subset of
individuals with HES who have a chromosome 4 deletion mutation that generates a
fusion between the FIP1L1 and PDGFRa genes, resulting in a chronic eosinophil
leukemia due to the constitutively active tyrosine kinase [203].

Eosinophil Activation and Functions

Activation of Eosinophil Secretion and Degranulation

Eosinophil participation in the pathogenesis of tissue inflammation, damage, remod-
eling and fibrosis in allergic diseases such as EoE requires more than their selective
recruitment, i.e. to the esophagus. The activation state of the recruited eosinophil,
and importantly, its exposure to components of the inflammatory tissue microenvi-
ronment, is equally important in determining its varied contributions to tissue
pathology. For example, strains of IL-5 transgenic mice that express IL-5 systemi-
cally typically have profound blood, organ, and tissue eosinophilia, but in the
absence of additional secretory signals, show little if any eosinophil-mediated tissue
pathology and remain relatively healthy [37, 126]. The required secondary signals
include cross-linking of surface immunoglobulin receptors, particularly for IgA and
to a lesser extent for IgG [168], as well as exposure to activating rather than priming
levels of a number of cytokines, chemokines, complement and lipid mediators for
which they express receptors including IL-5 itself, the eotaxins, IL-4, the cysteinyl
leukotrienes, complement fragments (C3a, C5a), neuropeptides, and others
[30, 204]. Notably missing from this list is IgE, for which there is now ample evidence
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that mouse eosinophils do not express the high affinity IgE receptor (FceRI),
and human eosinophils, which express very low if any functional FceRI on their
surface, lack the B chain of the receptor, making direct activation of eosinophils
highly unlikely [205-207]. Eosinophil activation by many of the above-mentioned
agonists induces eosinophil piecemeal degranulation with selective secretion of the
granule cationic proteins (ECP, EDN, EPX and MBP1) depending on the stimulus,
the generation of reactive oxygen species directed extracellularly (ROS, e.g. super-
oxide,) and lipid mediators including cysteinyl leukotriene LTC, and PAF. Activated
eosinophils also generate and secrete a wide range of cytokines and chemokines
including IL-1P and TGF-B, two of the major mediators of eosinophil-induced
tissue remodeling and fibrosis seen in many eosinophil-associated diseases [10, 75,
208, 209].

The quantities of cytokines and chemokines released by activated eosinophils
in vitro and at sites of allergic tissue inflammation in vivo can vary widely com-
pared to other leukocytes; [27, 30] of these, GM-CSF is one of those produced in
greatest amounts [168], and as discussed previously, functions as an autocrine anti-
apoptotic signal that prolongs eosinophil survival at sites of tissue inflammation. As
well, eosinophil exposure to low levels of IL-5 and the eotaxins primes them for
increased secretory and oxidative responses to other physiologically relevant stim-
uli including IL-5 itself, sIgA, IFN-y and others that induce the secretion of the
granule proteins (ECP, EDN, EPX, MBP1) and eosinophil-elaborated cytokines
(RANTES, IL-4) via the process of piecemeal degranulation (PMD) [210, 211],
a unique mechanism that allows for their selective mobilization through vesicular
transport to the plasma membrane into the extracellular space [212, 213]. In con-
trast, granule fusion and classical exocytosis are rarely observed in eosinophils at
sites of tissue inflammation [214], but are frequently seen in eosinophil-mediated
killing of larval helminth parasites such as schistosomula of Schistosoma mansoni.

Once secreted, the eosinophil’s granule proteins have varied pro-inflammatory
activities that have been extensively defined in both in vitro and in vivo studies;
these include plasma membrane, cell, and tissue-damaging cytotoxicities [215,
216]. They can also selectively activate other inflammatory cells such as basophils
and mast cells to release vasoactive mediators such as histamine [217], and induce
an oxidative burst in neutrophils [218]. Of note, MBP1 is a potent antagonist of
inhibitory M2 muscarinic receptors in vitro and in the airways in Guinea pig allergic
asthma models [219], and it potently enhances the ability of TGF-f3 primed fibro-
blasts to express and secrete members of the pro-inflammatory and pro-fibrotic IL-6
family of cytokines including IL-6 and IL-11 [220]. Thus, eosinophils come fully
armed with pre-formed mediators of inflammation, tissue damage, remodeling, and
fibrogenesis that are secreted at sites of eosinophilic inflammation in eosinophil-
associated allergic diseases such as asthma and hypereosinophilic syndromes such
as EoE, and have the capacity when appropriately primed and activated to synthe-
size and secrete cytokines, chemokines, and lipid mediators of inflammation in the
process of their recruitment from the bone marrow and peripheral circulation into
tissues in response to allergic (e.g. mast cell, basophil) and other inflammatory and/
or Th2 T-cell stimuli.



4 Eosinophil Biology in the Pathogenesis of Eosinophilic Disorders 55

Pathogenesis of Tissue and End Organ Damage
in Eosinophilic Diseases

Based on current understanding of eosinophil functions in hypereosinophilic conditions,
sustained eosinophilia, regardless of its origin (i.e., reactive, clonal, allergic or idio-
pathic), has the capacity to lead to end organ damage. The multiple manifestations of
eosinophil-associated end organ damage are considerable [221], but not all cases of
sustained blood or tissue hypereosinophilia lead to end organ damage. For example,
patients with hypereosinophilic syndromes such as eosinophilic pneumonia and epi-
sodic angioedema with eosinophilia [222] characteristically fail to develop the car-
diac damage and endomyocardial fibrosis associated with untreated eosinophilia in
patients with the HES. As noted above, IL-5 transgenic mice, which develop
extremely high numbers of peripheral blood eosinophils, do not develop significant
tissue or end organ damage, indicating that other factors are required for tissue-
specific eosinophil recruitment, activation, and damage [37, 126]. Likewise, other
factors may be necessary to induce eosinophilic end organ tissue damage, such as
secretion of eosinophil-active inflammatory or hematopoietic cytokines (e.g.,
GM-CSF), genetic predisposition, clonal T-cell dysfunction, T-cell polarization to a
Th2 rather than Thl phenotype, or in situ production of cytokines that enhance
eosinophil long-term tissue survival and activation by blocking eosinophil apoptosis.
A number of the eosinophil granule cationic proteins are capable of inducing throm-
botic events [223], endothelial and endocardial damage [99], and neurotoxicity (the
ribonucleases EDN and ECP) [224, 225]. MBP and ECP are potent cellular toxins
capable of damaging normal host cells and tissues in a manner reminiscent of end-
organ tissue damage associated with chronic tissue eosinophilia [168]. As well, upon
priming and activation, the eosinophil has the capacity to undergo a potent respira-
tory burst, generating ROS that can directly, or in association with the enzymatic
activities of EPX, induce significant oxidant-mediated tissue damage [226-228].

Eosinophil Induction and Regulation of Tissue
Remodeling and Fibrosis

One of the most experimentally and clinically well-defined roles of the eosinophil
is as an inducer of tissue remodeling and fibrosis, for which the paradigms devel-
oped for other eosinophil-mediated diseases provide insights into the pathogenesis
and clinical manifestations of EoE (Fig. 4.1). Tissue remodeling in Th2-mediated
and other eosinophil-associated diseases was first characterized in the hypereosino-
philic syndrome (HES) and asthma; [9, 11, 63, 99] in HES, eosinophil recruitment,
activation, and secretion (degranulation) in the heart leads to significant patient
morbidity and mortality due to the development of endomyocardial fibrosis and
associated cardiac failure [99, 208]. Asthma, another Th2/eosinophil-associated
disease, is characterized by significant airway remodeling consisting of goblet cell
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metaplasia with hyperproduction of mucous, smooth muscle hyperplasia and
hypertrophy, subepithelial fibrosis, and increased angiogenesis; [9] these structural
changes contribute to the clinical manifestations of bronchial hyperreactivity, airway
edema, mucous plugging, and subsequent narrowing of the airway lumen. In a subset
of patients, this airways obstruction becomes irreversible. Although the pathogenic
role of the eosinophil in HES is relatively clear, its role in asthma is still being resolved
[13, 63]. Mouse models of asthma support a significant contribution of the eosinophil
to airway pathology and remodeling. Of note, double transgenic mice expressing both
airway eotaxin-2 and systemic IL-5 have severe human asthma-like pathologies
including subepithelial collagen deposition that is essentially eliminated if the animals
are crossed to eosinophil-deficient mice [11, 40]. In this regard, the best human
“experiment” for the effects of eosinophil deficiency is treatment of patients with tis-
sue eosinophilia with neutralizing anti-IL-5 antibodies to remove the principal eosino-
philopoietic stimulus. For example, asthmatic patients treated with monoclonal
anti-IL-5 antibody (Mepolizumab™) showed decreased amounts of subepithelial
extracellular matrix proteins in the airways including tenascin, pro-collagen III, and
lumican [15]. Similar studies testing the efficacy of anti-IL-5 antibodies for treatment
of pediatric [16] and adult EoE [35] should provide further insights into the roles of
the eosinophil in the various aspects of tissue remodeling and fibrosis that contribute
to the pathogenesis of EoE [229, 230] (Fig. 4.1) and other EGIDs.

Pathogenic Mechanisms of Eosinophil-Mediated Tissue Fibrosis

Eosinophils are considered a major inducer of tissue remodeling and fibrosis [209]
in a variety of eosinophil-associated allergic diseases and hypereosinophilic syn-
dromes including asthma [8, 73], eosinophil myalgia syndrome [231], eosinophilic
endomyocardial fibrosis [208], idiopathic pulmonary fibrosis [232], scleroderma
[231], and most recently EoE [229, 230]. Eosinophils are implicated in fibrogenesis
through these clinical disease associations, their elaboration of fibrogenic growth
factors such as TGF-f [74, 233], PDGF-BB [234], IL-1f3 [10] and their secretion of
the granule proteins MBP1 [220] and EPX [235]. The association of degranulating
eosinophils and granule protein deposition in tissues with pathological fibrosis is a
recurrent finding in a broad group of eosinophilic diseases including EoE [100, 102,
236], and eosinophils are one of the major TGF-3 producing cells in the esophagus
in pediatric EoE [71] and in the lungs of asthmatics [73].

Both human and animal model studies provide compelling evidence for eosino-
phils as effectors of tissue remodeling and fibrosis. As noted above, reduction in
bronchial eosinophils by only ~55% in asthmatics treated with anti-IL-5 antibody
(Mepolizumab™) was sufficient to decrease the expression of ECM proteins in the
reticular basement membrane [15], and anti-IL-5 similarly decreased both eosinophils
and deposition of ECM proteins in the skin of atopic subjects in allergen-induced
late-phase reactions [14]. Direct evidence for eosinophil induction of remodeling and
fibrosis comes from studies in eosinophil-deficient mice, demonstrating their essential
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role in the development of airway remodeling, including mucus (goblet) cell metaplasia,
smooth muscle cell hyperplasia, and subepithelial fibrosis [11, 12, 44].

A number of growth factors and cytokines expressed by the eosinophil [27] are
implicated in tissue remodeling and fibrosis, TGF- being the most potently fibro-
genic and well studied. TGF-f regulates the expression of the pro-fibrogenic cytokine
IL-6, the myofibroblast marker a.-smooth muscle actin (a-SMA) and other ECM pro-
teins such as the collagens, and its expression is correlated with bronchial airway
fibrosis and asthma severity [237], and its over-expression in the lung in rodent animal
models induces pulmonary fibrosis [233]. Eosinophil-fibroblast interactions have
been implicated in the generation of subepithelial fibrosis and airway remodeling
characteristic of human asthma in murine allergic asthma models [238, 239], but
mechanistic assessments of eosinophil-fibroblast interactions that induce tissue fibrosis
are still relatively limited. Eosinophil granule MBP1 synergizes with TGF-f3 or IL-13
primed lung fibroblasts to induce significant increases in gene transcription and secretion
of the IL-6 family of inflammatory and fibrogenic cytokines, including IL-6 and IL-11
[220], and TGF-B-induced fibroblast secretion of IL-6 is implicated in the overproduc-
tion of collagens, tissue inhibitor of metalloproteinases (TIMPs), and glycosamino-
glycans in fibrogenesis [240, 241]. Eosinophil-lung fibroblast co-culture in the
presence of IL-5 induces fibroblasts to trans-differentiate into myofibroblasts with
increased expression of a-SMA and ECM proteins [79]. Similarly, eosinophils may
indirectly impact fibroblast phenotype and fibrogenesis through activation of the
epithelial-mesenchymal trophic unit [242], e.g., through secretion of MBP and EPX
(Fig. 4.1) [235]. Alternatively, eosinophils may induce fibrogenesis through TGF-f3
induction of the epithelial to mesenchymal transition (EMT), as recently shown to
occur in the lung in asthma [243] and most recently by the authors laboratory in the
esophagus in EoE [85].

Subepithelial fibrosis, a component of airway remodeling in asthma, is initiated
by insults that include Th2-mediated allergic responses; eosinophils recruited into
the airways are thought to drive the differentiation of airway fibroblasts to
myofibroblasts as characterized by the expression of myofibroblast-specific mark-
ers such as a-SMA, the deposition of ECM proteins such as collagens, fibronectin,
and other ECM constituents such as tenascin and lumican [9, 15, 242]. Correlations
between pulmonary expression of eotaxin-1, expression of eotaxin-1 receptor
(CCR3), TGF-B,, and pulmonary fibrosis have been reported in a bleomycin mouse
model, further supporting this general mechanism [244]. In contrast, studies of
eosinophil-mediated tissue remodeling and fibrosis in EoE have been limited to
date, principally due to the difficulties inherent in obtaining biopsies containing suf-
ficient esophageal lamina propria below the stiffened hyperplastic epithelium. For
this reason, evidence for progressive remodeling and fibrosis of the esophagus has
been derived principally from endoscopic and radiologic features of the disease
[245]. However, several recent studies by Aceves and colleagues show that esopha-
geal biopsies from pediatric EoE patients have increased subepithelial fibrosis,
expression of TGF-B, by eosinophils, and activation of TGF-B SMAD-mediated
signaling pathways compared with GERD and normal subjects [71]. Beyond these
reports, the mechanisms regulating esophageal remodeling and fibrosis in chronic
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EoE have not been systematically studied to define the changes in epithelial cell and
fibroblast phenotype, the role of eosinophil-fibroblast interactions, or the contributions
of EMT to this process. Genome-wide expression profiling studies of EoE esopha-
geal biopsies identified eotaxin-3 as the principal mediator of eosinophil recruit-
ment to the esopahgus [246], but interestingly did not identify many genes involved
in tissue remodeling and fibrosis. However, one of these genes, periostin, is expressed
predominantly in collagen-rich fibrous connective tissues subject to mechanical
stresses and in wound healing, and was reported to participate in the subepithelial
fibrosis in asthma, downstream of the IL.-4 and IL-13 signals [247]. Primary esopha-
geal fibroblasts release periostin when cultured with IL-13 and TGF-f [248], and
the periostin localized mainly in vascular papillae (projections of subepithelial lam-
ina propria into the epithelium) in the esophagus, may contribute to eosinophil
recruitment by increasing their adhesion to fibronectin [248]. Thus, eosinophil-
derived TGF-B, by inducing fibroblast expression of periostin, could provide an
esophageal eosinophil inflammation amplification loop, and its consequent induc-
tion of the esophageal remodeling and fibrosis seen in EoE.

Summary

The eosinophil is clearly a multifunctional granulocyte that participates in both the
pathogenesis and pathophysiology of allergic diseases in terms of both the initiation
and propagation of allergic and related inflammatory responses, including roles in
tissue damage, repair and remodeling. However, there is still much to be determined
in terms of the cell biology, immunobiology, and effector roles of the eosinophil in
these processes, particularly the eosinophil’s newly recognized role as a regulator of
tissue microenvironments into which it is recruited, whether homeostatically in
health or in disease pathogenesis [2, 3]. While some aspects of eosinophil biology
and functions reviewed in this chapter are by no means certain, i.e., they are based
on murine and other animal model studies, the eosinophil’s presence at mucosal
surfaces in the gastrointestinal tract in healthy individuals suggests a sentry role in
host innate immunity. Their abnormal presence in large numbers in the esophagus
in EoE supports a role for the eosinophil in the pathogenesis of the profound esoph-
ageal tissue remodeling and fibrosis characteristic of this disease (Fig. 4.1).
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Chapter 5
Role of Lymphocytes and Mast Cells
in Eosinophilic Esophagitis
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Introduction

Eosinophilic esophagitis (EoE) is a chronic inflammatory disease of the esophagus
characterized by significant eosinophilic infiltration of the esophageal mucosa.
Although the exact pathogenesis of EoE remains unclear, an immunological reaction
to foods and possibly to aeroallergens has been implicated based on several short-term
clinical trials consisting of dietary eliminations with resultant disease remission
[1-4] and observations of seasonal variability in disease severity [5, 6]. The immu-
nological reaction to dietary and environmental antigens is thought to consist of a
mix of [gE-mediated and non-IgE-mediated, i.e., cell-mediated, allergic reactions [1, 3].
Histopathologically, similar to allergic diseases in other organs, various inflamma-
tory cells are found in increased numbers in the esophagus, including lymphocytes,
mast cells, and eosinophils, the latter serving as the diagnostic hallmark for the dis-
ease [7]. In this chapter, we summarize data demonstrating increased numbers of
Iymphocytes and mast cells in the esophagus of EoE patients. We also discuss evi-
dence for the role of lymphocytes in EoE, focusing on the allergic phenotype of some
of these cells. Since the role of mast cells in EoE has not been well studied, we specu-
late on the potential role of these cells in the pathogenesis of EoE.
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The Esophagus Is an Immunological Organ

Until recently, most studies of the esophagus focused on its physical properties as a
conduit of food. Its role as an immunological organ did not emerge until diseases
such as EoE were studied.

The normal esophagus is a highly distensible muscular tube that extends from
the epiglottis in the pharynx at the level of the C6 vertebra, to the gastroesophageal
junction at the level of the T11 or T12 vertebra [8]. The wall of the esophagus con-
sists of a mucosa, submucosa, muscularis propria, and adventitia, reflecting the gen-
eral structural organization of the gastrointestinal tract, except for the lack of a
serosal coat [8].

The esophageal mucosa is composed of three parts: a non-keratinizing stratified
squamous epithelial layer, lamina propria, and muscularis mucosa. The epithelial
layer has mature squamous cells overlying basal cells that have great proliferative
potential. The basal cell zone occupies 10-15% of the epithelial layer thickness.
Various immune cells including dendritic cells, lymphocytes, and mast cells are
present in the deeper portion of the epithelial layer [7, 9, 10]. Eosinophils are nor-
mally absent in the esophageal epithelium [7, 11]. The lamina propria is situated
between the epithelial layer and the muscularis mucosa, and consists of loose areolar
connective tissue, vascular structures, and leukocytes. The muscularis mucosa consists
of longitudinally oriented smooth muscle bundles.

Deep to the mucosa is the submucosa, consisting of loose connective tissue con-
taining blood vessels, a rich network of lymphatics, leukocytes, occasional lymphoid
follicles, nerve fibers, and submucosal glands that secrete mucin-containing fluid to
lubricate the esophagus. The muscularis propria consists of an inner circular coat and
an outer longitudinal coat of smooth muscle with an intervening myenteric plexus.

The combination of esophageal peristalsis, presence of a lower esophagogastric
junction sphincter, squamous epithelial barrier, salivary and submucosal gland
products, and immune cells in the esophagus contributes to esophageal defense
against injury.

Lymphocytes and Mast Cells Are Present
in the Normal Esophagus

In the normal esophageal epithelium of healthy individuals, rare lymphocytes are
present [7, 12, 13], historically referred to as squiggle cells by histopathologists,
due to their irregular nuclear contours as they tightly intermingle with epithelial
cells, as seen by microscopic examination of hematoxylin and eosin-stained sec-
tions of the esophageal epithelium [13]. These squiggle cells were shown to be
T lymphocytes [12, 13]. In the esophageal epithelial layer, CDS positive T lympho-
cytes are more predominant than CD4 positive cells [7, 9]; whereas CD4 T lymphocytes
are the predominant ones in the normal esophageal lamina propria [9]. B lymphocytes
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on the other hand, while absent in the esophageal epithelium of healthy individuals
[7], are present in the subepithelial lamina propria along with the CD4 positive
T cells [9].

Mast cells are present in the mucosa and submucosa of the esophagus of healthy
individuals [10]. Subtyping of mast cells (MC, or MC, ) in the esophagus has not
been done.

In EoE, studies characterizing lymphocytes and mast cells in the esophagus of
patients with the disease are limited by the depth of endoscopically obtained biop-
sies. Most biopsies are limited to the epithelial layer of the mucosa, and very few are
deep enough to include a portion of the subepithelial lamina propria. Both lympho-
cytes and mast cells were found to be increased in number in the esophageal epithe-
lium of patients with EoE [7, 10].

Lymphocytes Are Increased in Number in the EoE Esophagus

T lymphocytes were found to be increased in the esophageal epithelium of patients
with EoE compared to that of healthy controls, demonstrated by immunohistochemical
staining of esophageal biopsies for the T-lymphocyte marker CD3 [7, 14, 15].
T cells tended to be distributed in the deeper layers of the epithelium, being denser
closer to the regenerative epithelial basal cell layer [7]. Both T cell subsets, CD4
and CDS cells, are present, with a maintenance of CD8 predominance over CD4
cells [7, 14]. Since all histopathological studies are limited to the esophageal epithe-
lium, it is not known whether this predominance is also true in the deeper, subepi-
thelial layers of the esophagus in EoE. The overall number of T lymphocytes in the
deeper layers of the EoE esophagus is also not known.

B lymphocytes were shown to infiltrate the esophageal epithelium of EoE
patients, as demonstrated by immunohistochemical staining for the B-cell marker
CD20, albeit in small numbers [7, 16]. Their number in the deeper esophageal layers
in EoE patients has not been studied.

Lymphocytes May Play a Role in the Induction of EoE

A possible role for lymphocytes in the induction of disease in EoE is available based
on studies of a murine model of allergen-induced esophageal eosinophilia devel-
oped by Mishra et al. [17], though the eosinophilia in the mouse model is mostly
concentrated in the deeper esophageal layers including the lamina propria rather
than the esophageal epithelium as seen in patients with EoE. In their mouse model,
intranasal instillation of Aspergillus fumigatus as an antigen resulted in pulmonary
and esophageal eosinophilia. Lymphocytes were found to be increased in the esophagus
of Aspergillus-treated mice compared to saline-treated mice [18]. Both B and
T lymphocytes were detected in the mucosal and submucosal regions of the esopha-
gus. Specifically, a twofold increase in B cells and a four- to fivefold increase in
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CD4 and CD8 T cells were found. When mice lacking B and T cells (RAG-1
gene-deficient) were intranasally challenged with Aspergillus antigen in the same
fashion, no esophageal eosinophilic infiltration was found, indicating an important
role for lymphocytes in EoE induction. When the authors performed the same
experiments using B-cell-deficient mice (IgH6) and T-cell-deficient mice (Foxnl),
they were able to demonstrate that T cells, rather than B cells, were important in the
induction of esophageal eosinophilia. Within T-cell populations, CD4 rather than
CDS8 cells were shown to be important: CD4-deficient mice were moderately pro-
tected from the induction of EoE, while CD8a.-deficient mice developed EoE in the
regular fashion.

In humans, the role of T lymphocytes, especially CD4 cells, in the induction of
EoE is less clear. Both CD4 and CDS8 subsets of T lymphocytes have been found to
decrease in number in the esophageal epithelium of patients with EoE following
successful treatment with topical corticosteroids [7, 14]. Various descriptive studies
point to a T-helper type 2 (Th2) adaptive immunity in EoE, detailed later in this
chapter. The role of Th2 cytokines in the induction of EoE was demonstrated in
mice by intratracheal delivery of the Th2 cytokine IL-13, which resulted in dose-
dependent esophageal eosinophilia via an IL-5 and STAT6-dependent mechanism
[19]. These results implicate Th2 cells as playing a crucial role in EoE pathogenesis
in humans.

B-lymphocyte function in human EoE has not been examined. B lymphocytes
are known to be capable of holding antigens on their surface for recognition by
specific T lymphocytes along with MHC class II molecules [20]. A potential role for
B lymphocytes in EoE was recently highlighted by Vicario et al. [16], who estab-
lished that the esophageal mucosa in EoE was a site of initiation and development
of humoral responses and local IgE production. Increased B lymphocytes and
expression of molecular immunoglobulin machinery in the esophagus of children
with EoE was found, regardless of the patients’ atopic status. These results point to
a possible local IgE-mediated response to foods and could provide a possible expla-
nation as to the clinical response to food eliminations despite the absence of food
sensitizations by skin tests in some patients with EoE [21].

No studies have addressed the presence or the role of regulatory T cells in EoE,
important in oral tolerance to foods, and their secreted cytokines such as TGF-f.
Co-existence of Thl predominant diseases such as celiac disease and the Th2 dis-
ease EoE [22, 23] points to a possible global disturbance in regulatory cell function
in EoE, and warrants further investigation.

T Lymphocytes in Patients with EoE Carry
an Allergic Phenotype

Short-term clinical trials, mostly in children with EoE, have established a link
between common food allergens and the induction of EoE, pointing toward an aller-
gic, Th2 type of immune response [1, 3, 4]. In addition, the cytokine milieu of the
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esophagus and peripheral blood of patients with EoE was found to be consistent
with a Th2 phenotype.

In the peripheral circulation, Bullock et al. [24] examined cytokine expression by
peripheral blood mononuclear cells (PBMCs) and found that children with active
EoE had an increased percentage of CD4 cells expressing the Th2 cytokine IL-5
compared to non-atopic controls. This percentage was lower in EoE patients in
remission than in patients with active disease. Straumann et al. [15] measured
cytokine secretion by PBMCs of EoE patients in response to in vitro stimulation
with phytohemagglutinin, a polyclonal T-cell stimulant. Increased release of the
Th2 cytokine IL-13 was found in 40% of the patients studied. Yamazaki et al. [25]
found similar results with specific allergen stimulants. PBMCs from 15 adult
patients with EoE were incubated in vitro with food allergen extracts and aeroal-
lergen extracts. Food extracts consisted of milk, egg, soy, wheat, and peanut.
Compared to healthy controls, PBMCs from EoE patients secreted significantly
more of the Th2 cytokines IL-5 and/or IL-13 in response to various allergens, even
in the absence of clear-cut sensitization to the allergens when serum levels of allergen-
specific IgE were measured. Results from these studies are limited by the fact that
many EoE patients studied had concomitant allergic diseases that may have contrib-
uted to the Th2 response. A study comparing EoE patients to allergic controls is
needed to confirm these findings.

Increased levels of the Th2 cytokines IL-5 and IL-13 were found in the esopha-
gus of patients with EoE compared to that of controls [15, 26, 27]. IL-13 likely
plays an important role in the pathogenesis of EoE. When stimulated with IL-13
in vitro, esophageal epithelial cells were shown to produce high levels of eotaxin-3
[27], a highly induced chemokine in EoE shown to regulate eosinophil responses
in vitro [28] and to correlate with the severity of esophageal eosinophilia in children
with EoE [29]. One major limitation in all these esophageal cytokine studies is the
lack of identification of the specific inflammatory cells producing these Th2 cytok-
ines. Therefore, the contribution of lymphocytes to the production of Th2 cytokines
is not yet known, especially given that other immune cells are capable of secreting
these cytokines. For example, esophageal intraepithelial eosinophils of patients
with EoE were found to express IL-4 and IL-13 by immunohistochemical staining
of esophageal biopsies [30]. Studies addressing the specific contribution of esopha-
geal lymphocytes into the production of Th2 cytokines in the esophagus, especially
in response to specific dietary allergens, need to be performed.

Mast Cells Are Increased in Number in the EoE Esophagus

Various studies have demonstrated an increase in mast cell number in the esophageal
epithelium of patients with EoE compared to that of healthy individuals (three- to
sevenfold increase) [10, 29]. Mast cells were mostly located in the deeper layers of the
epithelium, close to the basal epithelial regenerative layer and to other immune cells
such as dendritic cells and lymphocytes [31]. The number of esophageal intraepithelial



76 M. Chehade and H.A. Sampson

mast cells was found to correlate with that of intraepithelial eosinophils [10, 29], and
was found to decrease significantly following successful EoE therapy [7].

Possible Mechanisms of Mast Cell Activation in EoE

Several studies have demonstrated that mast cells exist in an activated state in the
esophageal epithelium of some patients with EoE, as evidenced by mast cell degran-
ulation and release of tryptase into the esophageal mucosa, seen upon immunohis-
tochemical staining of esophageal tissue for tryptase [31]. Other evidence of mast
cell activation was also provided by electron microscopic examination of esopha-
geal mast cells in EoE, demonstrating features of degranulation [32]. Using microarray
analysis of esophageal tissue from EoE patients and controls, several mast cell
genes were found to be induced in EoE (sixfold increase for tryptase, twofold
increase for chymase, and 20-fold increase for carboxipeptidase A3) [29].

The mechanism of activation of mast cells in EoE has not been determined. In
allergic diseases such as EoE, one would expect food-specific IgE cross-linking on
the mast cell surface via the high affinity IgE receptor (FceRI) to be the predominant
mechanism. However, many patients with EoE do not demonstrate evidence of clear-
cut food sensitization, as measured by elevated serum food-specific IgE levels or
positive prick skin tests to foods [21]. Although absence of systemic sensitization
does not rule out a local response restricted to esophageal tissue, Vicario et al. found
esophageal mast cells that are not bearing IgE on their surface in some children with
EoE [16]. A higher percentage of esophageal mast cells bearing IgE was found in
children with EoE who have concomitant atopy (asthma, allergic rhinitis, or eczema)
than in non-atopic EoE children. Therefore, other mechanisms for mast cell activation
besides cross-linking of IgE on the cell surface may exist in EoE.

Alternative pathways for mast cell activation that are independent of IgE include
stem cell factor, complement fragments, neuropeptides, and eosinophil-derived pro-
teins, none of which have been investigated in EoE [33-35]. The eosinophil-derived
granular proteins, major basic protein, and eosinophil cationic protein, are of par-
ticular interest since they have been shown to be increased in the esophageal epithe-
lium of EoE patients and were found to be particularly prevalent in the extracellular
space following eosinophilic degranulation [10], allowing potential activation of
mast cells.

Possible Role of Mast Cells in the Pathogenesis of EoE

The role that mast cells play in the pathogenesis of EoE has not been studied. When
activated, mast cells are known to release a variety of mediators, either stored in
their preformed granules, or synthesized following activation (Table 5.1) [34]. As a
result, mast cells may have an effect on several immune and non-immune cells in
EoE, hence contributing to its pathogenesis.
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Table 5.1 Molecules released by mast cells upon activation [34]

Class of product Examples Biological effects
Enzyme Tryptase, chymase, and Remodel connective tissue matrix
carboxypeptidase
Toxic mediator Histamine and heparin Increase vascular permeability
Cause smooth muscle contraction
Cytokine IL-4 and IL-13 Stimulate and amplify Th2 response
IL-3, IL-5, and GM-CSF Promote eosinophil production and
activation
TNF-a Promotes inflammation and stimulates
cytokine production by many cell types
Chemokine MIP-1a Attracts monocytes, macrophages, and
neutrophils
Lipid mediator Leukotrienes C4, D4, Cause smooth muscle contraction
and E4 Increase vascular permeability
Stimulate mucus secretion
Platelet-activating factor Attracts leukocytes

Amplifies production of lipid mediators
Activates neutrophils, eosinophils, and
platelets

Cross talk between mast cells and eosinophils may be an important contributor
to the pathogenesis of EoE in humans. Activated intestinal mast cells were shown to
be a potent source of IL-5 in patients with intestinal inflammatory diseases [36], a
cytokine important in eosinophilic recruitment. Tryptase was also shown to stimu-
late the selective release of interleukin-8 [37], a cytokine that participates in eosino-
philic migration [38]. Using mast cell-depleted mice, Das etal. [39] also demonstrated
a role for mast cells in eotaxin-induced eosinophil accumulation after allergen sen-
sitization. Therefore, cross talk between mast cells and eosinophils may be a two-
way phenomenon, possibly contributing to the pathogenesis of EoE.

Upon activation, mast cells are also capable of releasing Th2 cytokines such as
IL-4, IL-5, and IL-13 [34], and therefore may be contributing to the Th2 phenotype
present in EoE [15, 26, 27]. Furthermore, through secretion of the cytokine TNF-a.,
mast cells are capable of coordinating and driving a Th2 immune response to anti-
gens through maturation and Th2 skewing of dendritic cells [40]. Dendritic cells are
found in the esophagus mostly concentrated in the deeper layers of the esophageal
epithelium, close to other immune cells including mast cells [9].

Mast cells may also participate in the pathogenesis of EoE through their effect on
non-immune cells. Mast cell components such as histamine and leukotrienes are
known to have the capacity to cause smooth muscle contraction [34]. Therefore,
they may hypothetically play an important role in muscular disturbances found in
some patients with EoE [41].

Similar to eosinophils, mast cells also are capable of secreting TGF-3 [33], a
cytokine implicated in esophageal subepithelial fibrosis in EoE [42]. However,
esophageal fibrosis in EoE was found to be associated with activated esophageal
eosinophils, but not activated esophageal mast cells in a pediatric study [10].
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Despite the potential role for mast cells in EoE, the use of leukotriene receptor
antagonists in therapy has shown limited response. When used at high doses in adult
patients with EoE, the leukotriene receptor antagonist montelukast resulted in clinical
response in some patients, but no histological remission of the disease [43].
Furthermore, leukotriene levels were not found to be increased in the esophageal
mucosa of children with EoE [44]. Studies are needed to elucidate the exact role of
mast cells in the pathogenesis of EoE and the stage at which they play a role in the
disease, so that therapeutic trials can be tailored accordingly.

Conclusion

In conclusion, several immune cells orchestrate disease pathogenesis in EoE, among
which lymphocytes and mast cells likely play an important role. Lymphocytes,
especially T cells, are increased in the EoE esophagus, and the esophageal milieu is
compatible with an allergic Th2 phenotype. However, the contribution of lympho-
cytes into this Th2 milieu is still unclear. Mast cells are also increased in the EoE
esophagus, but their exact role in the disease pathogenesis is still unclear. Figure 5.1
summarizes the proposed role that these cells may play in EoE. Further translational
studies are needed to clarify the role for these two important immune cells, to allow
future tailored biological therapies for EoE.

Fig. 5.1 Proposed role potentially played by lymphocytes and mast cells in eosinophilic esophagitis
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Chapter 6
Esophageal Remodeling in Eosinophilic
Esophagitis
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Introduction

The normal esophagus is composed of layers from the lumen to the adventitia. The
non-keratinized stratified squamous epithelium abuts the lumen while the subepi-
thelial regions contain the underlying lamina propria, muscularis mucosa, submu-
cosa, and muscularis propria [1]. The esophageal epithelium contains regenerative
cells in the basal zone, which usually comprises 15% of the total epithelial height,
and projections of lamina propria, known as the vascular papillae, that extend to
approximately one third of the thickness of the squamous epithelium [2]. In the
normal esophagus, the LP comprises non-fibrotic, reticular collagen filaments and
the epithelium is devoid of eosinophilic infiltration. Therefore, epithelial eosinophilia
indicates a pathologic condition [3] (Fig. 6.1).
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Fig. 6.1 Esophageal
pathology in eosinophilic
esophagitis. A representative
image of a biopsy from an
EoE patient demonstrates
basal zone hyperplasia and
epithelial eosinophil
accumulation. The lamina
propria demonstrates
significant fibrosis with
increased

collagen density
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Esophageal Fibrosis and Remodeling in EoE

Although Eosinophilic Esophagitis (EoE) is a clinicopathological diagnosis with
typical endoscopic features such as esophageal pallor, linear furrowing, white
plaques, and esophageal strictures as well as characteristic clinical symptoms such
as dysphagia, abdominal pain, and poor appetite, ultimately, the diagnosis of EoE
relies on the histologic finding of 215 eosinophils per high power field despite acid
blockade [4]. It should be mentioned that there are several additional disease states
that can be accompanied by esophageal eosinophilic infiltration which have not
been systematically assessed for associated fibrosis. These include gastroesopha-
geal reflux disease, the hypereosinophilic syndrome, eosinophilic gastroenteritis,
inflammatory bowel disease, collagen vascular diseases, and drug reactions [3]
(Fig. 6.1).

Subepithelial fibrosis was first noted to be a feature of EoE in adult patients [11].
Histologically, fibrosis can be defined as an increase in the total collagen deposition
in the subepithelium [5] and reflects an important component of a more global process
referred to as “tissue remodeling”. In essence, remodeling is a response of tissue
regeneration and repair to injurious and inflammatory states. Tissue remodeling as
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Fig. 6.2 Eosinophil activation and remodeling in EoE: (a) Epithelial changes due to epithelial cells
in the esophagus increasing eotaxin-3 transcription in a STAT6-dependent manner when stimulated
with IL-13 resulting in BZH and intracellular edema. (b) Eosinophil expression of vascular endothe-
lial growth factor (VEGF) with vascular cell adhesion molecule-1 activation (VCAM-1) by IL-13
and TNF-a (alpha) increased eosinophil trafficking leads to structural changes including non-stric-
ture food impactions. (¢) Eosinophil-derived TGF-f induces myofibroblasts which increases the EC
matrix leading to fibrosis, rings, strictures, and food impactions. Additional factors likely contribut-
ing to fibrosis include periostin, IL-1-8, MBP, EPO, IL-13, and IL-5. (d) Activated eosinophils
express TGF-f which may induce smooth muscle hypertrophy and dysfunction leading to muscu-
laris propria thickening which can contribute to the development of rings, food impactions, dysmo-
tility, and dysphagia. (Adapted from Aceves SS, Ackerman SA. Relationships between eosinophilic
inflammation, tissue remodeling, and fibrosis in eosinophilic esophagitis. Immunol Allergy Clin N
Am. 2009;29:199; Fox VL, et al. High resolution EUS in children with eosinophilic “allergic”
esophagitis. Gastro Endo. 2003;57:31, 33; Aceves SS, Newbury RO, Dohil R, et al. Esophageal
remodeling in pediatric eosinophilic esophagitis. J Allergy Clin Immunol. 2007;119:210; with
permission.)

aresult of Th2 and eosinophilic disease was initially described in the hypereosinophilic
syndrome and in asthma [6-9]. Asthmatic airway remodeling has a number of
histologic features and has been well characterized to include epithelial cell meta-
plasia to a mucous-producing phenotype, subepithelial fibrosis, angiogenesis, and
smooth muscle hypertrophy and hyperplasia. While animal models have been piv-
otal in understanding the mechanisms of asthmatic airway remodeling, the true
clinical consequences and natural history of human airway remodeling remain enig-
matic, especially in children, due to adequate surrogate asthma disease markers
such as wheeze, cough, and airway obstruction on pulmonary function testing.
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These surrogate markers obviate the need for repeated tissue procurement. As such,
the correlations between a patient’s clinical state and his/her tissue state are difficult
to determine. In contrast, EoE is currently a disease without an adequate serologic
or surrogate marker of activity. As such, patients with EoE require repeated tissue
biopsy in order to follow their clinical course. This lends investigators the opportu-
nity to study eosinophil-associated tissue remodeling over time and in response to
therapy. Importantly, it also will allow us to understand the presence and clinical
effects of eosinophil-associated tissue remodeling in young children. In addition,
the relevance of remodeling to severe EoE complications such as stricture formation
can be evaluated. Indeed, EoE studies have begun to provide a new model for under-
standing the mechanisms and clinical implications of tissue remodeling in children
and adults.

Although first noted in adult patients, esophageal fibrosis also occurs in children
with EoE [10, 11]. In 2007, two pediatric studies documented lamina propria fibro-
sis in pediatric EoE patients. Aceves et al. demonstrated that pediatric patients with
long-standing or stricture-associated EoE had significantly more fibrosis than pedi-
atric patients with a histologically normal esophagus or patients with reflux
esophagitis [12]. Chehade and colleagues retrospectively reviewed biopsies of EoOE
patients and found that 57% had subepithelial fibrosis [13]. Notably, of fibrotic
patients, 42% had dysphagia and 80% had food impactions. Dysphagia was not
part of the EoE symptom complex in the absence of fibrosis and fibrosis appeared
to precede the development of dysphagia. Additionally, fibrosis was not signifi-
cantly linked to peripheral eosinophil counts, duration of symptoms, or the pres-
ence of food or environmental allergies. Endoscopically, all patients with concentric
rings had both fibrosis and dysphagia [13]. However, further studies done by our
group have demonstrated that fibrosis is not isolated to patients with dysphagia,
strictures, or concentric rings and can occur even in children as young as 24 months
[14]. As such, fibrosis appears to be an integral part of EoE pathogenesis that can
begin early in life.

Potential Mechanisms of Esophageal Fibrosis in EoE

Pro-fibrotic Factors

Transforming Growth Factor beta-1 (TGF1)

In order to assess potential pro-fibrotic molecules that could contribute to esopha-
geal remodeling in pediatric EoE, we analyzed the expression of transforming
growth factor-beta-1 (TGFfB1) and its signaling molecule phosphorylated Smad2/3
(pSmad?2/3). TGFB1 binds to its receptor complex TGFP RI/RII, resulting in a sig-
nal transduction cascade that phosphorylates the Smad transcription factor com-
plex, allowing nuclear translocation and transcriptional activation of pro-fibrotic
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target genes. Pediatric EoE patients have increased numbers of TGFB1-positive
cells in the lamina propria compared with subjects with gastroesophageal reflux
disease (GERD) or patients with a histologically normal esophagus [12]. Consistent
with activation of the TGFf1 signaling pathway, there are increased numbers of
nuclear pSmad2/3 positive cells in the lamina propria of EoE patients as compared
with GERD or normal patients. Messenger RNA for TGFf1 is also increased in
EoE patients as compared with controls [15]. In vitro studies have suggested the
clinical consequences of elevated TGFB1 in EoE. Using EoE fibroblasts, Blanchard
et al. demonstrated that TGFB1 can increase the production of the extracellular
matrix protein, periostin [16]. Importantly, human esophageal eosinophils produce
TGFp1, directly implicating the eosinophil in EoE remodeling.

Interleukin-5

IL-5 is an essential eosinophilopoetic factor that can be sufficient for increasing
eosinophil trafficking into the esophagus. IL-5 overexpression using a mini-osmotic
pump or T cell transgene results in significant esophageal eosinophil accumulation.
In addition, animal models of EoE have demonstrated that intranasal Aspergillus
fumigatus induces EoE concurrent with pulmonary eosinophilia in Aspergillus chal-
lenged mice as compared with naive mice. In this model system, Aspergillus causes
significantly increased collagen accumulation in the lamina propria of allergen-
challenged animals. In addition to subepithelial fibrosis, the thickened muscularis
mucosa also demonstrates increased collagen deposition in the stromal papillae
between the smooth muscle bundles. As such, this animal model reflects multiple
components of both esophageal and airway remodeling including fibrosis, muscular
hypertrophy, and basal cell proliferation [15].

In addition to fibrosis, Mishra et al. demonstrated further features of esophageal
remodeling in allergen-challenged mice. Specifically, transcript levels of TGFB1 and
the mucin MUCSAC gene were increased in allergen-induced EoE as compared with
control mice. Interestingly, MUC5AC mRNA levels were also significantly increased
in EoE human subjects compared with healthy controls. The role of IL-5 and eosino-
phils (see below) was shown to be critical in murine EoE-associated esophageal remod-
eling. IL-5-deficient mice did not show a significant increase in collagen deposition in the
lamina propria, stromal papillae, or muscularis mucosa following allergen stimulation.
The lamina propria collagen thickness was 21.2+2.2 um in the allergen-challenged
wild type mouse versus 5.2+1.0 pm in the IL-5 gene-deficient mouse. Additionally,
the histologic finding of basal zone hyperplasia was significantly lower in the IL-5
knockout mice as compared with allergen-challenged wild type mice [15].

Demonstrating potential sufficiency of IL-5 to induce esophageal remodeling,
CD2-IL-5 transgenic mice demonstrate worsened esophageal remodeling with a
thickened epithelium, expansion of connective tissue, and collagen accumulation in
the lamina propria and the stromal papillae than their wild type counterparts.
Interplay of eosinophil chemokines with IL-5 was suggested by the fact that eotaxin-
1-deficient CD2-IL-5 double transgenic mice were relatively protected from esophageal
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remodeling [15]. Interestingly, systemic over-expression of IL-5 did not induce
esophageal remodeling, leading to the conclusion that the local effects of IL-5 are
necessary to induce esophageal remodeling. It is interesting to note that IL-5 and
eotaxins can synergize to activate eosinophils and, as such, the induction of eosino-
phil degranulation may be pivotal to the remodeling process.

Interleukin-13

Murine models have demonstrated that pulmonary expression of IL-13 is sufficient
for inducing significant airway fibrosis. Studies have shown that IL-13 mRNA levels
are significantly higher in biopsy specimens from EoE pediatric patients when
compared with normal controls [17]. Additionally, cultured EoE epithelial cells
increase eotaxin-3 transcription in a STAT6-dependent (signal transducer activation
transcription-6) manner when stimulated with IL-13 [17, 18]. Interestingly, IL-13
also induces the expression of periostin, which causes increase in eosinophil adher-
ence to the extracellular matrix and subsequent eosinophil accumulation in target
tissues, potentially providing a positive feedback loop for esophageal eosinophil
trafficking.

Recently, Zuo and colleagues utilized murine models to assess the ability of
increased airway IL-13 to induce EoE in the esophagus [19]. Transgenic (CC10-
ilL-13) mice, with IL-13 overexpression in the lung, demonstrated increased esoph-
ageal IL-13, accumulation of eosinophil and collagen with fibrosis, angiogenesis,
and increased overall esophageal circumference. Tissue remodeling appeared to be
independent of eosinophils, and IL-13-induced esophageal eosinophilia appeared to
be dependent on eotaxin-1 but not on eotaxin-2. Furthermore, an IL-13Ra2 (alpha)
deletion caused a significant increase in IL-13 induced fibrosis. These results sug-
gest that tissue remodeling may be largely independent of eosinophils and that
IL-13 may be sufficient to induce esophageal fibrosis in vivo. As such, the fibrotic
process may be inhibited by IL-13Ra2, which may function as a potential future
therapeutic target.

Inflammatory Cells

Eosinophils have long been considered a key cellular component of tissue fibrosis
[20] and have been implicated in a variety of diseases as a major effector cell causing
fibrogenesis through their production of and interactions with fibrogenic growth
factors, such as TGFB1 [21, 22], PDGF-BB [23], IL-1f [24] and through their
granule products such as MBP [25] and eosinophil peroxidase [26]. Eosinophil
degranulation has been implicated in several disease states, including EoE. Indeed
eosinophil granules alone can respond to IL-5 and function as cell-independent
organelles [27].

We initially demonstrated that human esophageal eosinophils in EoE could
express TGFB1 [12]. Definitive proof of the importance of the eosinophil in EoE-
associated tissue remodeling comes from Mishra and colleagues who demonstrated
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that animals lacking eosinophils due to the mutation delta double GATA are protected
from EoE-associated fibrosis [15].

Recent data demonstrate that tryptase-positive mast cells in EoE also produce
TGFp1 [29, 30]. Aceves et al. explored the role of mast cells in esophageal smooth
muscle, the functional role of mast cell TGF-B1 expression in contractility of human
esophageal smooth muscle cells in vitro, and the effect of topical steroid therapy on
tryptase-positive mast cells and chymase-positive mast cells. EoE subjects had sig-
nificantly higher numbers of tryptase-positive mast cells (median of 261 cells/mm?
in EoE versus median of 85 cells/mm? in controls; p=0.002) and TGF-B1-positive
cells in the smooth muscle as compared to normal controls (p =0.005). Interestingly,
the tryptase-positive mast cells expressed TGF-1 which enhanced the contraction
of primary human esophageal smooth muscle cells in vitro. While topical budes-
onide significantly decreased epithelial tryptase-positive mast cells, lamina propria
tryptase- and chymase-positive mast cells remained a relatively static population
and did not differ between EoE and control subjects. Additionally, they demon-
strated the novel finding that in patients with EoE, the absolute number of mast cells
in the smooth muscle is significantly greater than the number of eosinophils. As a
result, they propose a possible link between the mast cell numbers and the smooth
muscle contractility in patients with EoE similar to that seen in asthmatic subjects.
As such, mast cells may also participate largely in the fibrotic process during EoE
pathogenesis. Studies using mast cell-deficient mice in experimental EoE have not
yet been reported.

Structural Cells of the Esophagus

Epithelium

During inflammation or injurious conditions of the esophagus such as acid reflux
or EoE, the esophageal layers can be uniformly involved in structural changes. For
example, in both reflux and eosinophilic esophagitis, the basal zone can become
hyperplastic. In EoE, an active proliferation of the basal cells leads to significant
basal zone hyperplasia. Not uncommonly, the basal zone occupies >75% of the
total epithelial height in EoE [11]. In addition, the lamina propria papillae elongate
and intercellular edema occurs within the esophageal epithelium during EoE [2].
Indeed, basal zone hyperplasia can be considered an epithelial feature of esopha-
geal tissue remodeling. Studies of esophageal tissue from EoE patients have shown
increased epithelial expression of eotaxin-3 as the principal mediator of eosinophil
recruitment [31].

Fibroblasts

Esophageal fibroblasts have been shown to produce periostin when cultured with
TGFp1 or IL-13; but, their numbers, function, and phenotype as well as their role in
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disease progression to fibrosis requires further study. A recent abstract demonstrated
the potential for epithelial-mesenchymal transformation in EoE, the severity of which
correlated with the degree of eosinophilia, TGFB1 expression, and fibrosis [28].

One of the identified genes in genome-wide expression profiling studies of EoE
esophageal tissue was periostin. Studies have shown that primary esophageal fibro-
blasts release periostin when stimulated with IL-13 and TGFp [16]. As such, periostin
expression in the vascular papillae and lamina propria could increase eosinophil
trafficking by allowing eosinophil adhesion to fibronectin [16].

Vascular Changes in Remodeling

Esophageal remodeling, like airway remodeling, is associated with increased vascular
density. In 2007, our group reported increased numbers of esophageal blood vessels
using the endothelial marker vonWillebrand factor in EoE patients as compared
with GERD and normal control patients [12]. Furthermore, EoE patients had
increased numbers of blood vessels expressing the activation molecule Vascular
Cell Adhesion Molecule (VCAM)-1 as compared with GERD patients and normal
controls [12]. It is interesting to postulate that Th2 cytokines such as IL-4 and IL-13
could increase vascular expression of VCAM-1 in EoE, thereby allowing eosinophil
and inflammatory cell trafficking via the VCAM-1 ligand, Very Late Antigen
(VLA)-4.

Clinical Implications of Esophageal Fibrosis
and Response to Therapies

Correlation of Remodeling with Symptoms and Endoscopy

A recently published prospective study demonstrated that features of esophageal
remodeling correlated with typical symptoms and endoscopic features in pediatric
EoE patients [32]. Specifically, lamina propria fibrosis and inflammation correlates
with dysphagia while epithelial inflammation, basal zone hyperplasia, and dilated
intracellular spaces correlate with dysphagia +anorexia/early satiety [32]. Endoscopic
features also correlate with histological remodeling features. While epithelial
changes correlated with white plaques and lichenification/linear furrows, subepi-
thelial fibrosis was associated specifically with lichenification and linear furrows.
Interestingly, in our cohort of patients, only the symptoms of dysphagia and
anorexia/early satiety were capable of identifying EoE patients from those
with reflux esophagitis and remodeling features correlated only with these EoE
symptoms [32].
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The most significant complication of EoE is esophageal stricture formation and it
is likely that fibrosis plays an important role in the esophageal narrowing leading
to strictures. We have reported that patients who are non-responders to therapy have
persistent esophageal remodeling, sometimes with progression of fibrosis [14].
However, the predisposing factors for a more fibrotic EoE phenotype and the
predictors for progression to strictures needs to be clarified. The long-term natural
history of esophageal fibrosis in EoE patients has not been fully elucidated, but
unlike other disease states where repeated tissue procurement is not required as a
routine part of clinical care, EoE offers a new ability to answer these important
questions.

Effects of Therapeutic Interventions on EoE
Associated Esophageal Remodeling

Corticosteroids

The question of whether therapeutic interventions can reduce esophageal remodeling
is beginning to be elucidated. Our group recently demonstrated that esophageal
remodeling improved following topical corticosteroid use in the subset of patients
who responded to therapy [14]. Patients were defined as “responders” (<7 epithelial
eosinophils per hpf following budesonide therapy) and “non-responders” (>20 epi-
thelial eosinophils per hpf following budesonide therapy). Following therapy with
oral viscous budesonide for at least 3 months, responders had a significant decrease
in the degree of lamina propria fibrosis whereas the non-responders had unchanged
fibrosis following treatment with budesonide.

In addition, potential mediators of fibrosis including TGFf1 and its signaling
pathway transcription factor, pSmad2/3, were decreased in the lamina propria of
responder patients but not in non-responders following budesonide therapy. The
mean number of TGFf1 positive cells prior to therapy was not significantly different
between responders (mean=84 TGFP1 positive cells/hpf) and non-responders
(mean=109 TGFf1 positive cells/hpf). After 3 months of therapy with swallowed
budesonide, the responders had significant decreases in the numbers of TGFS1
positive cells per high power field (hpf) as compared with the non-responders
(See Table 6.1) [14].

To assess the effects of steroid therapy on the downstream pathway from TGFj,,
pSmad?2/3 positive cells were examined before and after therapy. Similar numbers
of pSmad2/3 positive cells were found before initiation of therapy. After oral vis-
cous budesonide use, the mean number of pSmad2/3 positive cells in responders
decreased to 86; non-responders continued to have a mean of 119 pSmad?2/3 positive
cells per hpf. Similarly, responders demonstrated a decrease in VCAM-1 positive vessels
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Table 6.1 Patient data tabulated before and after treatment with oral viscous budesonide

Responders Non-responders
Epithelial score Before tx: 2.2 Before tx: 2.5
After tx: 0.2 After tx: 2.3
LP eosinophils per hpf Before tx: 12.5 Before tx: 13
After tx: 1.8 After tx: 32
LP fibrosis score Before tx: 1.6 Before tx: 2.3
After tx: 0.67 After tx: 2.9
TGFB, positive cells per hpf Before tx: 84 Before tx: 109
After tx: 35 After tx: 97
pSmad2/3 positive cells Before tx: 152 Before tx: 156
After tx: 86 After tx: 119
VCAM-1 positive vessels per hpf Before tx: 19 Before tx: 21
After tx: 13 After tx: 20
Dilated Intercellular Spaces Before tx: 0.55 Before tx: 0.71
After tx: 0 After tx: 0.70

The epithelial score was generated by adding the BZH severity score (graded as 1 to 3 with
1 =21-50%, 2 =51-75%, and 3 = >75%) to the Epithelial Desquamation score (graded as O = absent,
1 = present). Epithelial edema was determined as dilated intercellular spaces and based on the
presence =1 or absence = 0 of this finding. The LP fibrosis score was assessed using an H&E stain
and was graded from O to 3 based on the thickness of collagen bundles and the number of fibroblasts
present [14]

and epithelial edema following therapy. The non-responders did not have a significant
change. It is important to note that the responders and non-responders had similar
severity prior to therapy in all aspects of remodeling including fibrosis, TGFp1,
pSmad2/3, and VCAM-1.

As such, it appears that topical corticosteroids are capable of inducing remission
and/or improvements in esophageal remodeling in those patients who have decreased
esophageal epithelial eosinophil numbers following corticosteroid therapy. However,
the dynamic nature of these changes and the potential progression to strictures in
non-responder patients remains to be understood.

Anti-IL5

A humanized monoclonal anti-IL5 antibody initially showed promise as a potential
treatment option for EoE patients. In one small open-label study, it was demon-
strated that anti-ILS (mepolizumab) therapy was associated with improvement in
EoE-associated strictures, esophageal narrowing, basal zone hyperplasia, and
eosinophilic inflammation [33]. In contrast, a placebo-controlled adult EoE study
showed that mepolizumab monotherapy reduced the average numbers of eosino-
phils in the esophageal tissue of patients with severe EoE by approximately 55%,
but did not effectively reduce patients’ clinical symptom scores [34]. In addition to
decreases in esophageal eosinophils, Straumann and colleagues reported decreased
expression of TGFB1 following anti-IL-5 as well as decreased expression of
tenascin C, a basement membrane protein. Further studies are needed to see if
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anti-IL-5 reduces subepithelial changes of fibrosis and vascularity. Two recently
completed pediatric trials of anti-IL-5 in EoE will help to determine the answers to
these questions in children.

Esophageal Dilation

A recent study Schoepfer et al. investigated the effectiveness, safety, and impact of
esophageal dilation with or without additive anti-eosinophilic medication on under-
lying inflammation and fibrosis in EoE patients. They found that esophageal dila-
tion was effective for dysphagia, with a median duration of symptom relief of 15
months with dilation alone and 17 months in the cohort with dilation plus anti-
eosinophilic medication [35]. Of note, they did not find a difference in eosinophilic
infiltration or total eosinophilic load following dilation. Furthermore, they did not
identify any significant difference in basal cell hyperplasia, spongiosis, or papillary
elongation pre- versus post-dilation. Schoepfer and colleagues found an increase in
submucosal fibrosis with disease duration [35]. In summary, they concluded that
dilation is effective at decreasing dysphagia symptoms in the short-term but does
not have any effect on the underlying fibrotic changes or on eosinophilic infiltration.
Additionally, it is effective for dealing with strictures but does not affect the evolu-
tion of fibrosis or EoE itself and thus does not offer a solution to the underlying
driving pathology of EoE.

Potential Future Targets to Decrease
Esophageal Fibrosis in EoE

Aceves and Ackerman have speculated on different therapies both in the context of
additive medications to IL-5 therapy or perhaps as lone therapy. These include
blocking eosinophil recruitment through possible antagonism of eotaxin-3 or the
eotaxin-3 receptor, CCR3, on eosinophils [5]. As mentioned previously, recent evi-
dence from murine models of EoE show that IL-4, IL-5, IL-13, and STAT-6 signal-
ing are important in the development of experimental EoE and that blockade of
these abrogates esophageal eosinophilia [36]. As a result, these cytokines and their
signaling pathways may be queried as potential targets for therapy.

IL-13

As noted above, IL-13 has been described as an increasingly important cytokine in
the underlying pathology of EoE and esophageal epithelial cells are known to
express the IL-13 receptor [18,37]. Blanchard et al. recently reported dysregulation
of the epidermal differentiation complex gene (EDC) expression in EoE. The authors
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examined the effects of IL-13 on EDC gene expression and the presence of gene
variants in the EDC gene filaggrin in human subjects with EoE. They concluded that
the primary defect in epithelial responses in subjects with EoE is not intrinsic to the
epithelium but is more likely secondary to the effects of IL-13, as a regulator of
EDC genes [38]. Therefore, agents that interfere with IL-13 could prove to be highly
effective for patients with EoE and, if IL-13 is capable of recapitulating remodeling
EoE features as it does in asthma, it could possibly aid in the prevention of esopha-
geal fibrosis.

Eotaxin-3 and CCR3 Blockade

Eotaxin-3 has been shown to be the single-most dysregulated gene in esopha-
geal tissue in patients with EoE and an eotaxin-3 gene SNP has been associated
with increased susceptibility to EoE [31]. This idea was supported through the
use of a murine model where a genetic deletion in the eotaxin-3 receptor, CC
chemokine receptor 3 (CCR3), protected mice from developing EoE [31].
Interestingly, IL-4 and IL-13 induce expression of eotaxins [17]. As a result,
eotaxin-3 and its receptor CCR3 remain promising potential targets for future
therapeutic options.

TGF I

Elevated levels of TGFB1 have been demonstrated in adult and pediatric EoE.
Functional consequences of TGFB1 in EoE include increased expression of pro-
fibrotic and pro-eosinophil genes such as periostin [16]. We have demonstrated
that a single nucleotide polymorphism in the TGFB1 gene is associated with thera-
peutic response in EoE patients [14]. As such, TGFB1 may serve as a therapeutic
target in EoE, especially in patients who are prone to a more fibrotic disease
phenotype.

Summary

Overall, the long-term effects of subepithelial esophageal fibrosis in EoE have yet
to be fully understood. There is a great deal of promise in terms of the effectiveness
of topical esophageal corticosteroid therapy in reversal of fibrotic change in patients
who respond to steroid therapy in terms of eosinophil decreases in the epithelium.
However, treatment options for the steroid-non-responsive patients still needs to be
studied and potential therapies identified. In addition, the genetic predisposition to
a fibrotic, stricture-associated variant of EoE requires further investigation.
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Introduction

The epidemiology of eosinophilic esophagitis (EoE), a chronic inflammatory condition
of the esophagus, indicates a worldwide increase in disease prevalence over the last
10 years with a disease bias among certain demographic populations [1, 2].
Retrospective studies have shown the prevalence of EoE is almost three times higher
in males and is primarily restricted to Caucasians [3, 4]. The disease risk among
siblings of EoE patients is estimated to be 40 times higher [5] than the risk of asthma,
a more widely prevalent disease with a well-accepted genetic component. These
factors suggest that EoE is a polygenic disorder with a heritable genetic basis.
Snapshots of whole-genome expression patterns from patient-derived biopsies and
genome-wide polymorphism mapping of patient DNA have provided great insight
at the molecular level into the genetic influences contributing to EoE. In this chapter,
we will highlight seminal studies that have identified critical gene regulatory networks
that are operational in EoE and discuss genetic polymorphisms associated with
disease susceptibility.
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The EoE Transcriptome

Gene expression profiling of diseased tissue describes in accurate detail the global
changes in gene expression that may serve as key molecular markers in disease.
Work by Blanchard, et al. used such an approach to analyze whole-genome expres-
sion patterns from patient esophageal biopsies and defined a characteristic gene
signature that differentiates EoE from normal individuals [6]. The expression levels
of 574 genes (230 downregulated and 344 upregulated transcripts) were signifi-
cantly altered in EoE, representing approximately 1% of transcripts in the human
genome. This molecular profile was independent of patient gender, age, and atopic
history and correlated with esophageal eosinophil levels. There was also a high level
of conservation among sporadic and familial EoE cases [7]. Moreover, there was a
clear distinction in gene expression not only between EoE patients and normal con-
trols but also between EoE and non-EoE chronic esophagitis patients [6], indicating
the presence of a unique EoE “transcriptome”. Interestingly, the EoE transcriptome
is dynamic in nature as evidenced by the reversibility of a large majority of the
dysregulated genes (98%) in patients responsive to swallowed glucocorticoid therapy,
a mechanism that is mediated in part by FK506-binding protein 5 [8]. However,
there exists a subset of dysregulated genes including cadherin-like 26, uroplakin 1B,
periostin, and desmoglein 1 [9] that are resistant to glucocorticoids, suggesting
alternative mechanisms of transcriptional regulation or potential disease-associated
mutations affecting glucocorticoid-responsive elements.

A prominent source for the gene transcriptional changes in EoE is the non-
immune cells of the esophagus, namely esophageal epithelial cells. Global expres-
sion analysis of cultured primary esophageal epithelial cells stimulated with IL-13
recapitulated the transcript profile observed in EoE patient biopsies to a high degree
(Spearman p<0.0001) [9]. As expected, many of the non-overlapping genes between
the two model systems were immune cell-specific, reflecting the presence of these
cell types within the biopsy tissue itself. Taken together, these seminal studies sug-
gest that a large number of gene networks, many of which are sensitive to IL-13,
operate synergistically in a conserved and disease-specific manner to contribute to
EoE pathogenesis.

The most highly dysregulated gene in the esophagus of EoE patients is the eosino-
phil chemoattractant eotaxin-3 (CCL26), which was overexpressed 53-fold in EoE
esophageal biopsies compared to normal esophageal biopsies. Eotaxin-3 belongs to
the eotaxin family of CC chemokines (eotaxins 1-3) that stimulate eosinophil migra-
tion through binding to the G protein-coupled receptor CCR3 and activation of
downstream signaling pathways. Notably, eotaxins 1 and 2 were not differentially
regulated at the transcript level, indicating a specific contribution of eotaxin-3 in the
disease [6]. Moreover, the level of eotaxin-3 gene expression correlated with the
number of infiltrating eosinophils and mast cells [6]. Eotaxin-3 was also the most
highly upregulated gene in cultured esophageal epithelial cells, with IL-13 inducing
279-fold expression compared to untreated cells [9]. Immunofluorescence and in situ
hybridization studies on esophageal biopsies localized eotaxin-3 expression within
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esophageal epithelial cells [6]. In vivo models have further supported the essential
role of eotaxin-3 in EoE; for example, CCR3-deficient mice are protected from
esophageal eosinophilia following intranasal allergen challenge in a mouse model of
experimental EoE [6].

In addition to enhanced expression of eosinophil-associated genes such as
eoatxin-3, molecular markers of other key cell lineages involved in EoE have also
been established. As previously noted, multiple immune cell types can be found
within the esophagus of EoE patients. For instance, the presence of mast cells within
the lamina propria and epithelium of the esophagus in addition to eosinophils is a
distinguishing feature of EoE that separates the disease from chronic esophagitis
[10]. Within the EoE transcriptome, increases in expression levels of mast cell-
specific genes including carboxypeptidase A3, high-affinity IgE receptor (FceRI),
and mast cell tryptase-a (sigma) were also observed (13-, 4-, and 6-fold, respec-
tively) [6]. Correlated with the increased esophageal mast cell numbers is an increase
in resident B cell populations, particularly within the epithelium and vascular papil-
lae; likewise, a similar increase was observed in B cell-specific transcripts involved
in class switch recombination and IgE production [11].

The esophageal epithelium is at the forefront of EoE pathogenesis at both the
tissue and molecular levels. Many of the pathological features of the esophagus that
are associated with EoE indicate gross defects in cell adherence, cell proliferation,
and extracellular matrix deposition. Further histological analyses of EoE patient
esophageal biopsies have shown intercellular edema and acanthylosis [12], marked
basal epithelial hyperplasia, and fibrotic lamina propria [13]. Meanwhile, the effect
of IL-13 on esophageal epithelial cell gene expression, including the dramatic
induction of eotaxin-3 expression, strikingly mimics the gene expression pattern
observed in vivo. Thus, it is not surprising that a vast number of dysregulated genes
in EoE regulate critical processes that control epithelial structure and promote tissue
remodeling. Spanning a 1.6 Mbp interval on 1g21 is a cluster of genes that regulate
terminal differentiation and formation of the cornified envelope of the epithelium
termed the epidermal differentiation complex (EDC) [14]. Interestingly, the expres-
sion levels of many of the EDC genes including filaggrin and several small proline-
rich repeat (SPRR) family members (2C, 2D, and 3) are downregulated in EoE, also
implicating a role for the EDC in the diseased state of the esophageal epithelium
[15]. The mechanism(s) of downregulation are partially dependent on IL-13, as
IL-13 treatment directly dampens transcript levels of filaggrin, involucrin, and
SPRR genes in vitro [15]. Loss of filaggrin expression and subsequent defects in
epidermal barrier function have been demonstrated in atopic dermatitis [16, 17],
which frequently co-occurs with EoE. However, no significant difference in filag-
grin expression was observed between atopic and non-atopic EoE patients [15],
suggesting an alternative function for filaggrin in regulating the epithelial structure
within the human esophagus.

Thus far, the functions of EDC genes have been studied primarily in the context
of the epidermis; as a result, little is known about how these genes contribute to the
normal architecture of the esophageal epithelium. The epithelium of the human
esophagus is comparatively simpler in terms of structure than the epidermis, being
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composed of stratified squamous epithelial cells and lacking a cornified layer. Despite
these histological differences, one hypothesis is that the EDC genes preserve the
integrity of the esophageal barrier in a similar fashion as the epidermis and that loss
of this function through decreased EDC gene expression could underlie the esopha-
geal tissue fragility that is associated with EoE [18]. Alternatively, esophageal barrier
dysfunction could augment exposure to food antigens and contribute to the subse-
quent development of food allergies that is frequent in EoE patients [19, 20].

Increased expression of additional, non-EDC genes that govern tissue remodeling
has also been identified in EoE. Studies of cardiac development and remodeling have
described periostin as a cell adhesion molecule that regulates extracellular matrix
deposition [21, 22]. Surprisingly, periostin is induced dramatically by 47-fold in the
esophagus of EoE patients [6] with periostin protein localized in the lamina propria
[23]. TGF-B, which has been shown to be expressed by eosinophils and mast cells
in EoE patient biopsies [24, 25], induced a dramatic upregulation of periostin
expression in primary esophageal fibroblasts, indicating a potential mechanism for
the tissue fibrosis observed in EoE [23]. A functional role for periostin in EoE was
evidenced both in vitro and in vivo as exogenous periostin was shown to directly
enhance eosinophil adhesion, and periostin-null mice were protected from lung and
esophageal eosinophilia following intranasal allergen challenge, respectively [23].
Periostin has also been shown to enhance cross-linking of collagen fibrils by upreg-
ulating the cleavage of mature, active lysyl oxidase [26]. Interestingly, a lysyl
oxidase family member, lysyl oxidase-like 4 (LOXL4) is induced ninefold in
IL-13-treated primary esophageal epithelial cells [9], suggesting a coordinate inter-
action between two highly upregulated genes (periostin and LOXL4) to synergisti-
cally promote esophageal tissue remodeling in EoE.

In summary, the identification of an EoE transcriptome has yielded a global view
of the unique changes in gene expression associated with the disease. It has become
evident that there exist two broad classifications of dysregulated transcripts, one
specific to the infiltrating immune cells within the esophageal biopsies and the other
from the affected esophageal epithelium. However, these genes do not act individu-
ally to promote disease, but rather act in concert with one another as demonstrated
by the effects of IL-13 and TGF-B (beta) on eotaxin-3 and periostin expression,
respectively. Thus, while a number of critical genes involved in the development
and pathogenesis of EoE have been identified, much work remains in defining the
interactions between larger gene networks that can cooperatively affect disease
severity.

Genetic Risk Variants in EE

The high rate of EoE within families indicates that genetic heritability plays a pre-
disposing role in disease susceptibility. Approaches commonly employed to iden-
tify single nucleotide polymorphisms (SNP)s linked with disease risk typically fall
into two categories: the candidate gene approach, which focuses on SNPs in genes
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known to be potentially involved in a particular disease (based on pathophysiology),
and the genome-wide approach, which screens in an unbiased manner for all SNPs
across the genome that associate with disease. The availability of the EoE transcrip-
tome paved the way for the identification of the first EOE risk variant in the eotaxin-3
gene [6]. The eotaxin-3 SNP rs2302009 resides in the 3’ untranslated region of the
gene with the minor G allele having a frequency of approximately 22% in the
Caucasian population. However, the G allele was significantly overrepresented in
EE patients (32% compared to 22% in controls) with an associated p =0.007 and
odds ratio=1.63 [6]. The association was further confirmed in a separate family-
based model of disease risk allele transmission in which the minor G allele was
transmitted more frequently than the T allele (p =0.005, odds ratio=2.13) from
heterozygous parents to an affected offspring [6].

Mutations in a second EoE candidate gene, filaggrin, were screened for by
restriction fragment length polymorphism mapping in 329 EoE patients and 157
normal controls [15]. Multiple studies have shown variants of filaggrin are associ-
ated with increased susceptibility to atopic dermatitis [27]. One rare filaggrin
polymorphism in particular, 2282del4 (rs61816761), results in a null frameshift
mutation and was not only identified as a risk variant for atopic dermatitis [28] but
also occurred in 3% (20 out of 329) of EoE patients. This association was signifi-
cant (p=0.018) when compared to 157 normal controls (minor allele fre-
quency =0.6%) with an odds ratio=4.89. The combined frequency of 2282del4
and another filaggrin SNP, R501X, which encodes a nonsense mutation, was also
significantly associated with EoE (p=0.036, odds ratio=2.38) compared to nor-
mal controls. The results from these candidate gene approaches collectively dem-
onstrate that polymorphisms in two EoE signature genes, eotaxin-3 and filaggrin,
confer disease susceptibility. Moreover, the fact that both eotaxin-3 and filaggrin
are derived from the esophageal epithelium further underscores the significance
of this tissue in disease pathogenesis.

With the progress toward completing the human haplotype map [29] and the
advent of SNP genotyping chips capable of genotyping greater than 10° SNPs across
the human genome, many common variants have been identified as risk variants for
multiple heritable human diseases. This genome-wide association approach was
used to identify EoE risk variants by interrogating 550,000 SNPs in two indepen-
dent EoE patient populations (n_ ,=351) and two independent control populations
(n,,,=3,104) [30]. Surprisingly, in both case-control cohorts a single EoE suscepti-
bility locus on 5g22.1 was uncovered (Fig. 7.1) in which 11 SNPs resided within a
single haplotype block spanning the thymic stromal lymphopoietin (TSLP) and
WD-repeat domain 36 (WDR36) genes. TSLP is an epithelial-derived, IL-7-like
cytokine shown to act on multiple immune cell types to regulate mucosal immune
responses [31], whereas WDR36 is co-regulated with IL-2 expression in activated
T cells [32] and is a susceptibility gene for primary open-angle glaucoma [33].
Interestingly, this same chromosome locus was linked with peripheral blood eosino-
philia [34], suggesting a role for either TSLP or WDR36 in promoting eosinophilia.

The strongest associated EoE risk variant from the 5g22 block was the SNP
rs3806932 located in the upstream region of TSLP, reaching genome-wide significance
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Fig. 7.1 An EoE susceptibility locus on 5q22. A Manhattan plot of the meta-analysis from the two
case-control cohorts genotyped in the EoE genome-wide association study is shown. Represented
by dots are the individual SNPs plotted by chromosomal base pair location and their associated
—log10 p values. Highlighted are the significantly associated SNPs in the 5922 locus covering the
genes encoding TSLP and WDR36. Figure adapted from Rothenberg, et al. Nat Genetics 2010;
42:289-91. Used with permission

with a combined p=3.19x 10~ across the two case-control cohorts and an odds ratio
of ~0.6 [30]. Expression analysis from esophageal biopsies showed that TSLP, but not
WDR36, mRNA levels were in increased in EoE. Notably, a genotype effect on TSLP
expression was observed where EoE patients homozygous for the protective G allele
for rs3806932 had significantly lower levels of expression compared to the other gen-
otypes. The dramatic effects of TSLP on dendritic cells [35], B and T lymphocytes,
mast cells [36, 37], and eosinophils [38] toward a Th2 phenotype have implicated
TSLP as a key initiator of allergic diseases. A role for TSLP in asthma has also been
demonstrated by increased TSLP expression in human asthmatic lung lavage fluid
[39], asthma-like phenotypes in lung-specific TSLP transgenic mice [40], and the
association of TSLP with asthma susceptibility [41, 42]. However, inclusion of patient
asthma status had no effect on the association between TSLP variants and EoE, which
is particularly remarkable given the high prevalence of asthma in the two EoE patient
populations (20-40%) [30]. Further phenotypic analysis using allergic and non-allergic
control cohorts demonstrated that the strength of the TSLP SNP association with EOE
was independent of allergic status [43]. In this study, an additional association between
EoE and a coding SNP (rs36133495, Ala to Val) in the TSLP receptor, which is
encoded in a pseudoautosomal region on the X and Y chromosomes, was identified
within male EoE patients, suggesting a potential mechanism for the increased male
predilection of EoE [43].

The association of polymorphisms in eotaxin-3 and filaggrin and the identifica-
tion of 5922 as a susceptibility locus for EE have begun to uncover the role of
genetic variation in EoE (Table 7.1). However, much work remains to determine the
true causal variants and their effects on gene expression, mRNA stability, and pro-
tein translation. In particular, the common frequency of SNPs in the 5922 haplotype
block within the general population suggests that the EoE-associated SNPs are not
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causal, but most likely co-segregate with one or more causal variant(s). Moreover,

the fact that the identified polymorphisms are present only in a percentage of EoE
patients indicates that additional EoE risk variants exist.

Conclusion

Our current understanding of the genetic basis of EoE is that a complex set of
esophageal epithelial and immune cell-derived genes involving eotaxin-3, TSLP,
and filaggrin, impacted by variation at the single nucleotide level, synergize to cre-

ate a primed inflammatory environment within the esophagus that is manifested in
EoE (Fig. 7.2).
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Fig. 7.2 Genetic regulation of the esophageal environment in EoE. The EoE transcriptome, an
integrated network of esophageal epithelial- and immune cell-derived gene products that is regu-

lated by IL-13 and/or impacted by genetic polymorphisms, mediates the pathophysiological
changes of the esophagus in EoE
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Introduction

Over the last two decades, an increased recognition of gastrointestinal mucosal
eosinophilia has heightened awareness and stimulated discussion regarding a number
of often confusing but clinically relevant questions. What constitutes pathological
mucosal eosinophilia? What are pathophysiolgical mechanisms leading to this
response? What diseases are characterized by mucosal eosinophilia? What treat-
ments resolve mucosal eosinophilia and its associated symptoms? This chapter will
focus on describing the differences between and similarities shared by a narrow
group of diseases referred to as eosinophilic gastrointestinal diseases or EGIDs.
EGIDs are a group of gastrointestinal diseases characterized by a wide range of
abdominal symptoms that occur in association with intestinal eosinophilia, when
other causes of eosinophilia have been ruled out [1, 2]. Traditional descriptions of
these diseases categorized them by histological groupings (mucosal, muscular,
serosal) whereas more recent classifications have subdivided EGIDs by the primary
organ affected [eosinophilic esophagitis, eosinophilic gastritis (EG), eosinophilic
gastroenteritis (EGE) and eosinophilic colitis (EC)] [2, 3].
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Historical Perspective

Kaijser first described eosinophilic gastroenteritis in 1937 in the German surgical
literature as a heterogeneous group of diseases characterized by abdominal symp-
toms and intestinal eosinophilia [4]. In 1970, Klein published a case series of seven
patients with eosinophilic gastroenteritis and divided them into different subtypes
according to where the eosinophilia was predominant, i.e., mucosal, muscular and
serosal disease [3]. This categorization provides a useful clinical paradigm that cor-
relates with disease presentation: i.e. mucosal disease presents with diarrhea or
bleeding, muscular involvement often manifests with symptoms of obstruction and
serosal disease with ascites. The publication of two studies that spanned 57 years
and included 99 patients provided the greatest insights into the clinical features and
natural history of eosinophilic gastroenteritis [5, 6]. In 1990, Tally et al. published
their experiences with 40 adults with eosinophilic gastroenteritis who were seen
from 1950 to 1987 [5]. According to the Klein criteria, patients were categorized
into mucosal disease (23), muscular disease (12) and subserosal disease (5) pheno-
types. In 2010, the same group published their experience with 59 patients seen
from 1987 to 2007 with an observed shift to predominantly mucosal disease (52)
compared to muscular disease (3) and subserosal disease (4) [6]. While the clinical
experience documents that EG is a rare disease with only three patients per year
seen in a large tertiary care center (out of four million patients total), these studies
document a rise from approximately one patient per year from 1950 to 1987 to
three patients per year from 1897 to 2007. No complications were identified in these
patients although the long-term follow-up period was short. Thus, over the past 7
decades, a diverse set of patients has been described with idiopathic gastrointestinal
eosinophilia and a variety of distinct and perhaps changing phenotypes.

Concurrent with these reports, findings in another group of patients were leading
to the definition of another disorder involving mucosal eosinophilia in another part
of the GI tract. The first report surfaced in 1978, when an adult patient with achalasia
and esophageal eosinophilia was described [7]. Over the course of the next 15
years a series of case reports described esophageal rings and strictures as the
radiological hallmarks of eosinophilic esophagitis or EoE [8, 9]. In 1993 and 1994,
two articles described 22 adults with isolated esophageal eosinophilia and dys-
phagia [10, 11]. These early reports provided clear clinical descriptions of adults
with dysphagia accompanied by endoscopic findings of esophageal rings, furrows
and exudates were accompanied by esophageal eosinophilia. In 1995, ten children
were described with symptoms of GERD recalcitrant to medical and, in some cases
surgical management, with esophageal eosinophilia, who responded to an elemental
formula [12]. Together, these reports set the stage for the coming decades during
which the clinicopathological features of a new esophageal inflammatory disease,
EoE, would be recognized and refined. The acronym of EoE will be used in this
chapter because the original acronym of EE is often confused with erosive esophagi-
tis by gastroenterologists.
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In summary, EGIDs have become increasingly recognized as a group of diseases
that present with a variety of abdominal complaints that share a unifying histological
feature, intestinal eosinophilia. Though linked by the presence of an eosinophilic
infiltrate, EoE, EG, EGE and EC, also share distinct clinical phenotypes that are
important to recognize.

Gastrointestinal Mucosal Eosinophils

Enumeration of Eosinophils

While the normal presence of eosinophils in the mucosae of the stomach, intestine
and colon is well recognized, the exact numbers that distinguish physiological from
pathological eosinophilic infiltration is uncertain. Two studies, one from Dallas,
Texas and another from Cincinnati, Ohio, have addressed this in small numbers of
children [13, 14]. These studies compared the numbers of eosinophils along the
entire length of the gastrointestinal tract yielding two strikingly similar findings.
First, eosinophils increase in numbers within the mucosae along the length of the
gastrointestinal tract. Second, the greatest numbers of eosinophils are present in the
distal small bowel and cecum. The reasons for this pattern of eosinophil distribution
are unclear but speculations include various environmental factors (dietary patterns
and climate), host factors (age, gender) and/or the specific microenvironmental con-
ditions of each intestinal organ that may be dictated by exposure to various food
particles, enzymes and/or microbiota.

Metrics used to distinguish “physiological” from “pathological” numbers
of eosinophils in routine practice and research studies are quite varied and include:
eosinophil number (presence of one/both nuclear lobes in conjunction with eosin-
stained granules), degranulation, size of a high power field (HPF), number of
HPFs counted, mucosal location of the eosinophils (epithelia, lamina propria etc.)
and number of biopsies examined [15-19]. Other associated morphological fea-
tures such as presence of other inflammatory cells that might aid in defining chro-
nicity of the inflammation may also be helpful. In a busy clinical practice, routine
scrutiny, this level of detail may not be possible, but it is often critical in isolated
cases in which eosinophils predominate. For example, “reactive eosinophilia”
may actually represent a normal host response rather than a pathological finding.
As the clinical need increases and research progresses, these features and others
will need to be examined in greater detail and, in some circumstances, validated.
Other studies to document mucosal inflammation such as contrast radiography,
capsule visualization, CAT and MRI scans, push enteroscopy and others await
further definition and validation. Interpretations of histological patterns is of para-
mount importance only when taking into consideration the clinical context in
which they were obtained.
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Esophageal Eosinophilia

In comparison to other areas of the GI tract, the histological interpretation of
esophageal eosinophilia is reasonably straightforward. Since eosinophils are not
found in the healthy esophagus, the presence of eosinophils usually indicates a
pathological process. The predominant causes of esophageal eosinophilia are gas-
troesophageal reflux disease and eosinophilic esophagitis. Symptomatic individuals
with >15 eosinophils/HPF in whom other etiologies have been excluded and who
respond to anti-allergic treatments including dietary exclusions and steroids, have
eosinophilic esophagitis [20]. The diagnostic decision point of 15 eos/HPF was
agreed upon after vigorous debate among a group of pediatric and adult gastroen-
terologists, pathologists and allergists during the First International Gastrointestinal
Eosinophil Research Symposium in 2006 [21]. The basis for this choice was
founded on clinical experiences of those involved as well as the current published
literature. This threshold was intentionally set on the low end with the proviso that
all other causes of esophageal eosinophilia had been excluded. Continuing scrutiny
will likely lead to a revision of this criterion as more data emerges and clinical
experience increases.

Eosinophilia of the Stomach, Small Intestine and Colon

In contrast, interpretation of mucosal eosinophilia in GI organs distal to the esophagus
is complex requiring astute judgement and careful consideration of whether the
finding is related to a pathological process or represents an appropriate response to
an exogenous insult. Because of the current lack of clarity in diagnostic criteria for
these EGIDs, the finding of mucosal eosinophilia has sometimes led to the over
diagnosis of EGIDs in patients who may in fact have functional abdominal pain
or inflammatory bowel diseases.

Pathophysiological Mechanisms Associated
with Mucosal Eosinophilia

When considering the mechanisms that result in eosinophil migration to the
intestinal mucosa, it is critical to consider the regulation of this process in at least
four separate locations [22]. The bone marrow is the site of differentiation, matu-
ration and proliferation of progenitor cells into eosinophils. The vascular
endothelium regulates the selective transport of eosinophils to mucosal sites.
When stimulated, a variety of cells in the intestinal mucosae release chemotactic
factors, forming gradients that beckon eosinophils to their terminal locations.
Finally, resident and recruited cells in the mucosae stimulate newly arrived
eosinophils in a regulated fashion to synthesize and release biologically active



8 Relationships Between Eosinophilic Esophagitis and Eosinophilic Gastroenteritis 111

products including granule proteins, cytokines, arachidonic acid mediators and
reactive oxygen species. To date, the extent of the consequences of these eosino-
phil products in the gastrointestinal tract are unknown, but correlations with find-
ings in other organs can be speculated. For instance, studies of the murine lung
associate the presence of activated eosinophils with increased smooth muscle
contraction, diminished epithelial permeability, goblet cell hyperplasia and tissue
remodelling.

Esophageal Eosinophilia

Murine models of esophageal eosinophilia have been developed that, similar to the
human condition, rely on chronic exposure of the esophageal mucosa to an exoge-
nous immunogen [23-26]. Murine systems utilized the ubiquitous aeroallergen,
Aspergillus fumigates and more recently extracts from, cockroach/dust mites to
stimulate esophageal eosinophilia. To determine which eosinophil-associated
chemokines control this response, experiments were performed using IL-5 and
eotaxin-1 null mice. In contrast to the robust esophageal eosinophilia observed in
wild type mice, IL-5 null mice were significantly protected from eosinophilia [24].
Additional studies showed that eotaxin-1 was sufficient, but not necessary for
esophageal eosinophilia. Translational studies support a role for IL-5 in this
response. Mucosal biopsies from adults with EoE have provided immunohistochem-
ical evidence of increased IL-5 [27].

On the basis of these findings, several therapeutic trials have been performed
using IL-5 as a therapeutic target. In the first two case series, a dramatic reduction
in eosinophilia, symptomatology, mucosal eosinophilia and in once case, resolution
of esophageal stenosis was reported [28, 29]. Since then a blinded study of 11 adults
showed that intravenous anti-IL5 infusions lead to a significant decrease in esopha-
geal eosinophils and remodelling mediators and a slight, but not significant, reduc-
tion in dysphagia [30]. This lack of symptom reduction is likely due to redundant
pathways promoting eosinophilia and the lack of scoring systems that adequately
measure symptoms. In fact, basic and translational studies support roles for a number
of other mediators including IL-13, eotaxin-3 and thymic stromal lymphopoeitin in
the pathogenesis of EoE [31-33].

Although eosinophils remain the hallmark of EoE, their exact functional role in
this disorder remains uncertain. Functional studies have shown that EoE patients
exhibit increased sensitivity to intraluminal noxious stimuli and have altered motility
with increased isolated contractions but do not demonstrate increased acid or non-
acid reflux [34-37]. Murine research and translational studies in humans support a
role for eosinophils in esophageal remodelling and fibrosis [38—42]. Studies remain
technologically encumbered by the fact that tissue sampling is limited to the super-
ficial mucosa and that esophageal functional assessments are invasive, uncomfort-
able, time-consuming and expensive. Overcoming these hurdles will allow further
understanding of eosinophil functions in esophagitis.
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Eosinophilia of the Stomach, Small Intestine and Colon

In contrast to the above studies, less is known about the pathogenesis of eosinophilia
in gastrointestinal organs beyond the esophagus. Most studies have focused on the
clinical and histological descriptions of EG, EGE and EC, but several basic studies
have shed light on mechanisms of eosinophil participation in GI inflammation.
Using murine models, eotaxin-1 has been shown to be the key mediator for eosino-
phil accumulation in the gastric mucosa [43—45]. Following sensitization and chal-
lenge to ovalbumin, wild type mice developed eosinophilic gastritis and gastric
dysmotility. When the same protocol was administered to eotaxin-1 deficient mice,
eosinophilia was diminished to the level observed in unchallenged control mice.
Translational studies have shown that the immune milieu of the mucosa affected by
eosinophilia is skewed towards a Th2 phenotype [46].

Several studies have identified a key role for eosinophils in colitis. Following
induction of chemically induced colitis with dextran sodium sulfate (DSS), the
colonic mucosae of mice develop increased mucosal eosinophilia [47-49].
When DSS is administered to mice deficient in eosinophils, colitis is diminished
as evidenced by disease activity indices and histological parameters. In vitro
studies determined that eosinophils can participate in loss of epithelial barrier
function and induction of proinflammatory cytokine release from mast cells
[50-53].

Whether these studies are truly reflective of the pathophysiology of EGIDs
remains to be determined. Goals of future studies will be to account for the genetic
predisposition toward a Th2/eosinophilic response, altered development of oral tol-
erance, mechanisms governing an altered epithelial barrier predisposing to sensiti-
zation upon exposure, impact of microbial populations/microbial sensing in different
GI mucosal microenvironments on the development of eosinophilic inflammation
and the role of exogenous/swallowed food, chemicals and medications on the epi-
thelia and mucosa.

Clinical Implications of Mucosal Eosinophilia

Whereas the previous section identified different potential pathophysiological
mechanisms for mucosal eosinophilia, it is important to consider the clinical rami-
fications of this finding in different parts of the GI tract and their potential impact on
therapeutic interventions.

Differences Between EoE and Other EGIDs

Clinical presentations. EoE occurs with an estimated prevalence of 1-4 in 10,000,
has a male predominance and typically presents with GERD-like symptoms in the
young and food impaction/dysphagia in adolescents and adults [20]. The esophagus
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affected by EoE typically appears abnormal as manifested by edema and exudates
in children and evidence of remodelling in adults. Bleeding is rare and the mucosa
often feels “rubbery” during procurement of mucosal biopsies [54]. In contrast,
limited data suggest that other EGIDs occur much less frequently than EoE, do not
show gender predilection, and present with bleeding, diarrhea, or abdominal pain [1].
Epithelial exudates as seen on endoscopy in patients with EoE is rare. The typical
endoscopic findings in EGIDs include mucosal friability, ulceration and polyp
formation with some mucosal surfaces appearing normal.

Complications. Some patients with EoE develop strictures that are localized or
occasionally involve long segments of the esophagus. In addition, the esophageal
mucosa can become “fragile” and disrupt longitudinally, sometimes merely in
response to passage of the endoscope [55]. Ulceration is rarely seen in children with
EoE. In contrast, strictures or narrowings are not commonly reported in other
EGIDs. Symptoms of partial obstruction are typically related to muscular involve-
ment but fibrosis is not a typical finding. It is difficult to know whether this problem
is fully recognized in other EGIDs because of the limitations of endoscopic analysis;
push enteroscopy and capsule endoscopy may allow for better characterization of
EGIDs in the future.

Similarities Between EoE and EGID

Mucosal eosinophilia does not typically “spread”. To date, clinical experiences
suggest that esophageal eosinophilia usually remains stable over time and does not
spread proximally towards the mouth or distally to the stomach, small intestine or
colon. Nonetheless, EGIDs can be patchy diseases that can be missed by random
mucosal biopsies. It is important to remember that typical mucosal pinch biopsies,
obtained at the time of an endoscopy, are limited to sampling 3 mm of the mucosal
surface. In the esophagus, this size biopsy represents 0.01% of the total esophageal
surface area and much less in the rest of the GI tract. If a patient with EoE begins
developing lower intestinal symptoms such as diarrhea or blood in the stool, studies
to identify the etiologic causes should be obtained. Depending on symptom severity,
this may be limited to simple stool studies or lactose breath tests, or, alternatively,
require colonoscopy and capsule endoscopy to determine if other causes exist. In
contrast, if dysphagia develops in someone with eosinophilic colitis, EOE may be
present and a barium esophagram and upper endoscopy may be necessary.

No obvious trend toward malignancy. Malignant potential does not appear to be
increased in any EGID. Case reports describe adults with Barrets esophagus, myo-
fibroblastic esophageal malignancy and leiomyomatosis in association with esopha-
geal eosinophilia [56-58]. Whether these represent chance occurrences or true
relationships with EoE is not yet certain [59]. EGIDs themselves have not been
associated with other gastrointestinal or extraintestinal malignancies but mucosal
eosinophilia in itself has been associated with malignancies or their associated
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treatments. Prior to assigning a diagnosis of EGIDs, malignancy or a drug effect
should be considered and/or ruled out in the appropriate clinical setting.

Feeding/eating dysfunction. An emerging body of literature implicates EGIDs in
the development of feeding dysfunction in children [60-65]. Whether this repre-
sents a non-specific occurrence that occurs with any gastrointestinal inflammatory
disease or is unique to EGIDs remains to be determined. Nonetheless, when chil-
dren exhibit significant evidence of feeding dysfunction, especially if they have
atopic diseases, EGIDs, as well as other GI diseases such as gastroesophageal reflux
disease (GERD) or food allergy, should be considered as a potential underlying
cause. In adults, eating problems may manifest themselves as coping behaviors.
A patient may deny problems with swallowing or eating, but, in fact, may have
developed strategies that permit the ingestion of foods that allow for the avoidance
of symptoms. For instance, chewing food for long periods, swallowing food with a
glass of water or cutting foods into small pieces may have developed over time.

Therapeutic Implications of Mucosal Eosinophilia

The majority of patients with EGIDs, regardless of the type, respond to treatment
with corticosteroids. However, the vehicle used to administer the corticosteroid
may vary.

Systemic administration of corticosteroids provides therapeutic benefit in most
patients with EGIDs. Alternatively, topical steroids have successfully reduced clini-
copathological features of EoE, despite the fact that the exact distribution and phar-
macokinetics remain unknown. Some patients do not respond to steroid preparations
for a number of reasons including a lack of corticosteroid receptors, non-adherence,
inadequate delivery to the target mucosa site or improper administration technique
and inadequate dosing.

A large body of data underscores the clinical impact of dietary exclusions in the
treatment of EoE and some EGIDs. Clinical experiences suggest that the more
proximal the eosinophilia in the gastrointestinal tract, the more likely that a nutritional
approach involving dietary elimination will be effective.

Summary

Eosinophilic gastrointestinal diseases (eosinophilic esophagitis, eosinophilic gastritis,
eosinophilic gastroenteritis and eosinophilic colitis) represent a broad category of
diseases with different clinicopathological features and likely different pathogenetic
mechanisms. EoE appears to be increasing in incidence while other EGIDs remain
rare. Though both are characterized by increased eosinophils in the gastrointestinal
tissues and associated with allergic diseases, increasing evidence suggests that there
may be different mechanisms responsible for this histological finding depending on
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the organ involved. Over the course of the next decades, phenotypic patterns of
EGIDs will continue to be identified by observant health care providers. Identifying
the specific mechanisms governing these phenotypes will reveal a number of novel
molecular pathways. Identification of these pathways and their associated bio-
markers, will allow for targeted treatments, monitoring protocols and prevention
strategies.
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Chapter 9
Clinical Manifestations of Eosinophilic
Esophagitis in Children

Philip E. Putnam

Keywords Eosinophilic esophagitis ¢ Dietary antigens ® Dysphagia ¢ Eosinophil
inflammation ¢ Esophageal dilation * Lamina propria fibrosis

Introduction

Eosinophilic esophagitis (EoE) is a condition that affects nearly all ages. The
histological features are unmistakable, but the clinical features are nonspecific
and vary among individuals as well as across age ranges. The clinical manifesta-
tions are explored and placed into context for the evaluating physician.

EoE is a chronic disease with rare spontaneous remission, but it is manageable
such that symptoms and inflammation can be kept at bay with consistent, effective
therapy for most individuals. Patients and their physicians need to understand that
the process of establishing the diagnosis and maintaining control over the inflam-
mation are intertwined and require attention over many years.

EoE typically develops as a manifestation of adverse reaction to food antigens,
although there is a clear subset of patients whose esophagitis does not respond to
any degree of dietary elimination, up to and including an elemental diet with an
amino acid-based formula. For reasons that have not been fully elucidated, EoE
occurs mainly in males, many of whom have other manifestations of atopy, such as
chronic rhinitis, eczema, asthma, or food allergies.
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Some of the overt manifestations of the esophagitis may be difficult to separate
from those of the atopy (e.g., sore throat). To further complicate the evaluation of
children who have EoE as a manifestation of food allergy, it is common for a child
or caregiver to alter the diet or environment in response to consistent or perceived
exposure-related symptoms. For example, vomiting generated consistently by expo-
sure to a particular food often results in elimination of that antigen before any evalu-
ation has been undertaken. If the diagnosis is EoE, ongoing symptoms despite the
withdrawal of that antigen will drive additional investigation, and the existing eosino-
philic inflammation will most likely be a response to at least one other dietary anti-
gen to which there is insufficient immediate response to recognize the association.

The challenge for the evaluating physician is to understand that symptoms may
have been affected by direct or empiric therapeutic maneuvers. To complicate the
evaluation, symptoms vary by age, and the age at onset of symptoms and the age at
presentation can be quite disparate. Therefore, the physician must be cognizant of
the stage in the condition that the evaluation is taking place. Some symptoms may
have come and gone, others may have progressed, and some may have been man-
aged by prior attempts at therapy.

The physician’s role is made more difficult by the information from recent stud-
ies that have determined that there is little predictable correlation between symp-
toms and the degree of histologic esophagitis [1]. One cannot assume that the
absence of symptoms is a reflection of the absence of inflammation, and some
symptoms may persist despite the resolution of histologic esophagitis.

The goal of therapy for EoE is control over symptoms and resolution of esophagi-
tis [2]. The disparity between symptoms and the degree of esophagitis creates a
dilemma for the treating physician. If significant injury to the esophageal wall
occurs as a consequence of chronic inflammation, and if the inflammation is present
without symptoms, the inflammation must be controlled even in the absence of
symptoms. Lamina propria fibrosis, seen in children and adults who have EoE, has
been seen to improve with therapy, such that prevention of permanent injury should
be possible with well-maintained treatment [3]. Progressive fibrosis consequent to
inadequate control over the inflammation responds, if temporarily, to esophageal
dilatation, but dilatation should not be necessary with effective treatment [4, 5]. To
summarize, assessment of both symptoms and histology is required to direct treat-
ment and assure consistent control over the inflammatory process.

Symptoms

Esophageal inflammation of any sort has the potential to cause chest pain, odynophagia,
or dysphagia. Associated symptoms, such as nausea, vomiting, effortless regurgita-
tion, early satiety, poorly localized abdominal pain, and anorexia, are less specific
reflections of esophageal pathology that have been reported by children who have
EoE. Individuals who have EoE can present with any combination of these [6—10].
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Case series have reported that symptoms from EoE vary by age in a fashion that
is not universal, but common enough to warrant comment [11]. Age may also inter-
fere symptom reporting. The evaluation of young children is necessarily affected by
interpretation and reporting by an observer (the parent or caregiver) rather than the
patient, so there is always some element of uncertainty as to the sophistication and
precision of the report, particularly when the outward manifestation of esophagitis
is nonspecific (e.g., poor feeding).

Infants and toddlers are more likely to present with difficulty feeding, manifest
as gagging, choking, food refusal, and perhaps vomiting. Early school age children
tend to present with vomiting or abdominal pain, whereas overt dysphagia is most
common in adolescents and adults. These generalizations have held up quite well
across several case series, but there are individuals whose symptoms are different
from those more commonly reported by their age cohort.

Dysphagia

The term “dysphagia” has been diluted somewhat in pediatric practice in recent
years, being used more broadly to indicate feeding problems rather than being strictly
applied to disordered swallowing. The term does not distinguish well between disor-
ders of oropharyngeal swallowing and pure esophageal problems. Feeding disorders
may well include overt dysphagia, but infants or toddlers who are developmentally
unable to describe accurately those abnormal sensations and perceptions that inter-
fere with their ability to feed successfully may be labeled as having dysphagia despite
the absence of overt esophageal pathology. Physical and psychological interference
with feeding develop as a consequence of a multitude of disorders in children, includ-
ing EoE [12]. Feeding disorders are one of the more common presentations in tod-
dlers who have EoE, but the lack of history from the affected child precludes an
understanding of exactly why. Extrapolating from the descriptions from older chil-
dren, one may speculate that toddlers have pain, nausea, or the perception of food
going down slowly that result in symptoms, such as food refusal or aversion, gagging
or retching.

Intermittent or persistent dysphagia, which is the most common symptom from
EoE in adults, tends to appear in late childhood or early adolescence. Although pos-
sible at younger ages, it is often the primary complaint in adolescents. It is not
unusual for an adolescent to present with a food impaction that requires urgent
admission for endoscopic removal of the bolus [13]. Those individuals, who have
complete esophageal obstruction complain of something being stuck (usually meat),
are unable to swallow their saliva and have no overt respiratory compromise. They
are easily recognized in the Emergency Department — carrying a vessel of some sort
containing their clear saliva, which they must expectorate instead of swallow. The
esophageal lumen is full of liquid above the impaction, such that any further attempt
to swallow would be unsuccessful and lead to spillage into the airway, causing
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coughing and choking. Those with near complete obstruction are able to successfully
swallow enough saliva, such that they do not need the container, but they are
nevertheless unable to swallow a bolus of anything else and are acutely aware of
something being stuck.

Endoscopy with biopsies at the time of food bolus retrieval is both immediately
therapeutic and diagnostic, with biopsies setting into motion the process of explain-
ing the dysphagia and treating the underlying disorder to prevent future impactions.
It is good practice to biopsy the esophagus remote from the position of the bolus, in
any child or adult with a food impaction [14]. Even a nonfood foreign body, such as
a coin, may fail to pass through an inflamed esophagus, so an exam of the esophagus
apart from the foreign body is important to make the diagnosis when the opportu-
nity presents itself.

Food bolus impactions in those who have EoE generally occur in the absence of
overt luminal narrowing by either stricture or small caliber esophagus. Manometric
abnormalities are nonspecific, but the efficiency of peristalsis must be sufficiently
diminished to preclude normal food bolus transit [15].

As a symptom, dysphagia from EoE may be of any degree, and it may be inter-
mittent, persistent, or progressive. Older individuals with chronic dysphagia tend to
do a remarkable job of adapting to the limitation in swallowing by eating slowly,
drinking extra fluids to encourage passage through the esophagus, and by avoiding
the food textures and consistencies that are most problematic for them (e.g., meat
and thick breads). Many children deny or underreport their dysphagia, having gained
sufficient compensatory skill to avoid the symptom without recognizing exactly
why they eat the way they do.

Pain is not a significant feature of a dysphagia, but when present should suggest
a diagnosis other than EoE, even if the patient also has the perception of impaired
esophageal transit. Pill-induced esophagitis and viral esophagitis (usually herpetic)
may produce remarkable ulceration of the esophageal mucosa that is very painful.
It creates the perception of altered passage of the food bolus, creating dysphagia
along with odynophagia. However, when compared to primary dysphagia, the indi-
vidual who has pill-induced esophagitis is more likely to be bothered by odynophagia
and reluctant to attempt to eat because of the pain. The history is usually very sug-
gestive of pill-induced esophagitis, as the patient reports taking medications, such
as tetracycline or oral contraceptives without sufficient fluid, and may recall the
dose that seemed not to proceed normally down the esophagus.

Dysphagia is not unique to EoE. Progressive dysphagia for solids and liquids
associated with regurgitating undigested food, night cough, weight loss and/or
recurrent pneumonia are features of achalasia. Achalasia should be apparent on
barium esophagography and confirmed by manometric study of the esophagus. The
dysphagia of achalasia is qualitatively different from that of EoE and develops
insidiously. Because the esophagus becomes progressively dilated due to the distal
functional obstruction in well-developed achalasia, it functions like a reservoir,
retaining food and liquid that are then available to be regurgitated and potentially
aspirated. Common comorbidities of EoE, including food allergy, asthma, eczema,
and chronic rhinitis are not expected in achalasia.
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In addition to achalasia, the differential diagnosis of dysphagia in a child is
relatively limited, and includes foreign body in the esophagus, esophagitis or peptic
strictures due to poorly controlled gastroesophageal reflux disease (GERD), Schtazki
ring, and extrinsic vascular compression of the esophagus (i.e., by an aberrant sub-
clavian artery). Congenital esophageal strictures do occur, but are rare. Anastomotic
strictures after tracheoesophageal fistula (TEF) repair are not unusual. Children
who have had a TEF repaired often have dysphagia due to the intrinsic dysmotility
of the congenitally abnormal esophagus, even in the absence of overt luminal nar-
rowing at the anastomotic site. Importantly, we and others have diagnosed EoE in
children who have VATER syndrome or other condition in which a TEF was the
primary anatomic abnormality [16].

Evaluation of Dysphagia

For the physician, dysphagia requires considerable thought and aggressive diagnostic
evaluation. The history is crucial to gain an understanding of severity and chronicity.
The causes of dysphagia for liquids are different from the causes of dysphagia for
solids, so the evaluation is necessarily different depending on the consistency that is
mishandled. EoE should only cause dysphagia for solids; therefore, if dysphagia for
liquids is the presenting concern, an alternative diagnostic strategy is employed.
Warning signs, such as weight loss due to inadequate intake, demand urgent evalua-
tion and effective treatment. It may be difficult to extract the entire picture from an
adolescent who is reluctant to admit to having a problem but the family will be well
acquainted with the mealtime disruption generated by the dysphagia.

There are no set rules for the evaluation of dysphagia for solids. Videofluoroscopic
evaluation of swallowing assesses bolus handling from lips to upper esophagus, but
may not include a thorough investigation of the length of the esophagus. Modified
barium esophagogram can assess the bolus passage of different consistencies
through the esophagus, and is a good method for detecting stenotic areas that impede
solid food bolus passage. It may suggest dysmotility if the bolus does not progress
normally to the stomach despite normal caliber.

Contrast radiography to document the anatomy and gross function of the esopha-
gus is often performed first to generate a “road map” of the esophagus. The pres-
ence, location, and caliber of a stricture should be evident on esophagogram, as
should achalasia.

Additional tests available to evaluate the esophagus include esophageal manom-
etry and endoscopy. A tissue diagnosis obtained at endoscopy is essential when an
inflammatory disorder is responsible for dysphagia. For mild, intermittent dys-
phagia that lacks the clinical features of a stricture, endoscopy alone may be suffi-
cient to establish a diagnosis, avoiding the radiation exposure of the contrast studies.
Manometric evaluation may be required to confirm the diagnosis of achalasia or
other condition that affects esophageal peristalsis in the absence of inflammation,
but is not indicated in the routine evaluation of EoE.
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Isolated dysphagia for liquids is rarely, if ever, a feature of EoE, but when present
in a child who has EoE should promote an aggressive search for other pathology,
such as a laryngeal cleft or Chiari malformation (or other posterior fossa or brain-
stem lesion). Those conditions have been discovered in children who also have EoE.
They impact the pharyngeal phase of swallowing and cause choking on liquids. The
most direct means for detection of these anomalies include brain MRI with attention
to the posterior fossa, and direct laryngoscopy for the cleft.

Pain

Although EoE can create rather striking inflammation endoscopically and histologi-
cally, odynophagia is not characteristic of it. Complaints of epigastric or periumbili-
cal abdominal pain may seem illogical as a manifestation of esophagitis, but these
complaints are common in children, if vague and nonspecific.

Heartburn and chest pain (sometimes substernal and severe) are associated with
EoE, but seldom are sole presenting concerns. Intermittent or chronic sore throat,
with the child clearly indicating a pharyngeal rather then intrathoracic source of
discomfort is more common in the author’s experience.

Pain associated with EoE correlates poorly with the number of eosinophils/hpf
on biopsy, does not necessarily improve with treatment on the one hand and may be
completely absent despite rather remarkable inflammation on the other [1].

School aged children may present with abdominal pain as the most bothersome
manifestation of EoE, and sometimes have symptoms, such as dysphagia, that
provide a clinical clue that esophageal pathology may be at fault. One should be
particularly concerned for the possibility of EoE in a male who has abdominal pain
associated with asthma, eczema, or food allergies.

Vomiting

Vomiting is a very distressing symptom to children and their families, and arguably
gets attention earlier than less troublesome concerns. Although the effortless regur-
gitation of reflux in infancy is common and inconsequential most of the time, overt
retching and vomiting is seldom normal. Delayed evaluation and diagnosis remains
a dogged complaint from families of babies who vomit but are brushed off by medi-
cal providers if weight gain is adequate. The implication that vomiting is acceptable
as long as weight gain continues is absurd.

Nonbilious, nonbloody emesis has a very long differential diagnosis that includes
EoE. GI physicians typically depend on the history, pattern, and associated symp-
toms in making an initial assessment as to the etiology of vomiting. Warning signs,
such as weight loss, hematemesis, or bilious emesis warrant aggressive evaluation.
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Initial study by upper GI series is useful to broadly evaluate for serious conditions
that need urgent attention (e.g., pyloric stenosis or malrotation). When anatomic
concerns have been allayed, further evaluation for infectious, inflammatory, toxic,
metabolic, and nongastrointestinal causes for vomiting is undertaken, with the his-
tory and physical directing the order and priority of testing.

Perhaps the most common features of the vomiting associated with EoE is the
development of the symptom in the second half of the first year of life when solid
foods are introduced to the diet. Often erroneously attributed to reflux, this vomiting
is true vomiting, not the effortless regurgitation that characterizes GERD, which
usually has already peaked by 6 months of age [17]. On rare occasions, it may be
consistently and obviously attributable to the ingestion of a particular food antigen, in
which case food has been taken from the diet before presentation to the gastroenter-
ologist or allergist. Chronic, intermittent vomiting not associated with a particular
antigen is more often the complaint.

Other Symptoms

Some children are found to have eosinophilic esophageal inflammation during eval-
uation for symptoms that are clearly not of esophageal origin, such as diarrhea.
Diarrhea can be a manifestation of eosinophilic inflammation in the small intestine
or colon, and individuals with eosinophilic gastroenteritis may well have esophageal
involvement. Children who have other inflammatory bowel disorders, including
gluten-sensitive enteropathy (celiac disease) or Crohn’s disease can have eosino-
phil-predominant esophageal inflammation that meets the criteria for EoE histologi-
cally [18]. However, it is not appropriate to make a clinical diagnosis of EoE when
there is a clear diagnosis of another condition such as Crohn’s that could account for
the histologic changes. Similarly, the presence of systemic symptoms, such as fever
or weight loss, should promote evaluation for a disease process other than EoE.

Children have been diagnosed with EoE after presenting with airway complaints.
A good example is recurrent croup, with no symptoms between episodes of croup.
It is difficult to conceive of a pathogenetic mechanism that might underlie the devel-
opment of episodic airway symptoms from esophageal pathology in the absence of
clinically significant GERD, but such individuals have been identified. Longitudinal
studies to determine the impact of treatment for the EoE on the frequency or sever-
ity of the croup have not been reported.

Other respiratory symptoms are common in children with EoE. Chronic rhinitis
and reactive airways are the predominant complaints. Presentation to the otorhino-
laryngologist with a complaint of hoarseness or adenotonsillar hypertrophy is also
possible [18, 19]. It is conceivable that these associated conditions are not primary
manifestations of the esophageal inflammation, but rather concurrent manifesta-
tions of immune dysregulation or atopy. Irrespective of the mechanism, symptoms,
or mode of presentation, active management of the esophagitis is important.
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Associated Conditions

EoE does occur in children who have other medical conditions. It has been diagnosed
in children who have Down syndrome, Pfeiffer syndrome, VATER syndrome, [syn-
drome including vertebral defects (V), anal atresia (A), TEF with esophageal atresia
(TE), and radial or renal dysplasia (R)], and CHARGE syndrome (association of
coloboma of the eye; heart anomaly; atresia, choanal; retardation of mental and
somatic development; microphallus; ear abnormalities and/or deafnesscolobomas,
heart defect, renal anomaly). There is no evidence to date to suggest or support any
sort of common pathogenetic mechanism. The author has observed EoE in children
who have other neurological and neurodevelopmental conditions, including cerebral
palsy, seizures, autism spectrum, attention deficit disorder, as well as structural brain
conditions, such as Chiari malformation. Once again, the association is loose without
suggestion of any cause-effect relationship, but the loose association still demands that
EoE be included in the differential of gastrointestinal symptoms in these children.

The Impact of Chronic Disease

As noted above, evaluation of the child with EoE might be initiated at one of many
points in the course of the illness. Some children who have EoE have had a pro-
tracted or more severe course prior to evaluation and may have signs of poorly con-
trolled disease, such as inadequate weight gain, nutritional deficiencies, poor feeding
skills, or poor behavior, and limited social skills surrounding meals and feeding. It
is arguable that some of these symptoms are primary manifestations of disease,
whereas others develop as a consequence chronic illness, difficult therapy, or limited
exposure to expected feeding opportunity at critical times during development.

One of the duties of the examining physician is to understand the impact of the
condition on the family and the child. Families struggle with multiple issues, some
of which are the frustrations of trying to maintain difficult dietary restrictions, the
financial impact of medical care, and the cost of special formulas. The impact of the
work performed by the parents (and the stress it engenders) to maintain a restricted
diet cannot be underestimated. Dietary restrictions affect all aspects of a busy life-
style. Family mealtime is disrupted, and eating in any other venue, such as a restau-
rant at school, or at a friend’s or relative’s home is a challenge. It is somewhat easier
to control the diet and environment for preschool children at home on a restricted
diet than for older children who are not consistently under the observation of respon-
sible adults. The further loss of control over adolescents, their diet, and their medi-
cation is very common in clinical practice, and should be anticipated.

Because EoE is a chronic condition, it is important to assure that patients and
their families understand the need for both immediate and sustained therapy, and the
potential impact on quality of life of various treatments. Families need to be edu-
cated as to the effort that is required to maintain any therapeutic regimen.
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Conclusion: A Multidisciplinary Approach

EoE can impact children and their families at many levels — at once physically,
socially, emotionally, developmentally, financially. Having a team approach to sup-
port the needs of patients and their families is particularly valuable in providing
comprehensive care. Core services from gastroenterology, allergy/immunology, and
pathology are essential. In addition, substantial support from a dietician, social
worker, and speech and language pathologist facilitates global evaluation and treat-
ment. Ready access to other subspecialists who have experience and expertise in
EoE and its comorbidities (i.e., otorhinolaryngologist, psychologist or developmen-
tal specialist, pulmonologist, and surgeon), assures consistent evaluation and clini-
cal care of associated problems.
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Introduction

Over the past decade, eosinophilic esophagitis (EoE) has emerged as one of the
most common causes of dysphagia and food impaction in adults. This chronic
condition is characterized by increased esophageal eosinophils in the setting of
esophageal symptoms. While EoE may occur in conjunction with eosinophilic
gastroenteritis, the rising field is related to the subset with isolated esophageal
eosinophilia [1]. Development of EoE in adults is likely due to a multitude of factors
including esophageal acid exposure, food and environmental allergens, and genetic
predisposition. While investigation into each of these areas is actively being studied
and discussed in further detail elsewhere in this book, this chapter will highlight the
clinical presentation of EoE in adults.

Epidemiology

Over the past 10 years, EoE has become a global epidemic in both adults and children.
The estimated incidence of this disease in adults is 0.15 cases per 10,000 and a preva-
lence of 3 per 10,000 based on data from a Swiss cohort [2]. This trend has also been
seen in adults in the US with incidence of adult cases in Olmsted county rising from
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0.35/100,000 person-years in 1995 to 9.45/100,000 person-years in 2005 [3]. Looking
at an adult patient population presenting with dysphagia, incidence of EoE has been
found to be as high as 6.5% [4]. These numbers suggest that the incidence and preva-
lence of EoE is approximating that of other more common immunologic disorders
such as inflammatory bowel disease [5]. Furthermore, these estimates likely underes-
timate the true incidence and prevalence of EoE, since these data are based on symp-
tomatic patients presenting for endoscopy.

Clinical Features

The most common initial presentation of adults with EoE is solid food dysphagia.
In many adults, symptoms have preceded their diagnosis by 67 years [6]. This
delay of diagnosis was attributed previously to the lack of recognition of this disease
by the medical community. Thankfully, over the past 10 years, increased awareness
about this condition in gastroenterologists, allergists, and pathologist have lead to
more timely diagnosis and treatment. As a result of this delay, however, many
patients have become adept at accommodating for their esophageal dysfunction by
chewing well, eating very slowly, drinking excessive liquids during meals, or avoiding
their trigger foods. These patients may actually deny dysphagia symptoms upon
initial questioning, therefore a careful history including these accommodation skills
is essential in eliciting this information.

Other features such as food impaction, heartburn, and chest pain may also be
seen [7]. In one series, as many as 50% of adult food impaction cases encountered
in an emergency department setting were attributable to EoE and therefore esopha-
geal biopsies performed at the time of a food impaction is advocated to make a
timely diagnosis [8]. Caution must also be taken at the time of food impaction as
there have been cases of endoscopic perforation during these instances [9]. Patients
must also be counseled on seeking medical attention quickly in this setting because
there have been cases of spontaneous esophageal perforation in patients trying to
dislodge the food bolus by retching.

The patient population in EoE tends to be male predominant in both the adult and
pediatric population. Among 323 adult patients in 13 reports, 76% were males with
amean age of 38 years (range 14-89) [7]. Although reports also suggest a Caucasian
predilection, EoE has been described more recently in African Americans, Latin-
Americans, and Asians [4, 10] There has been no geographic trend for the presenta-
tion of EoE in adults in the US as cases have been reported across the country both
in rural and urban settings [11].

Historically, this diagnosis was often overlooked in adults with many patients
undergoing repeated endoscopies and dilations with alternate diagnoses of Schatzki
ring or gastroesophageal reflux disease (GERD) [6]. Another reason for the delay in
diagnosis of EoE is that eosinophilic involvement of the esophageal mucosa previ-
ously implicated GERD. Some suggested that quantitative thresholds of eosinophilic
infiltration made the distinction; lower counts were presumably related to GERD
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while higher counts being diagnostic of EoE [12]. Such a cut-off value has proven
problematic, however, due to the high prevalence of GERD in adults and potential
overlap between GERD and EoE.

Due to this dilemma, recent consensus guidelines have advocated that GERD
should be adequately treated with acid suppression or ruled out with a pH-monitoring
study in the diagnostic workup for EoE [7]. This is especially important because
there are increasing number of adults manifesting with both GERD and EoE and the
interplay between these two entities is unknown.

EoE should be considered the leading diagnosis in adults presenting with dys-
phagia and a history of atopic conditions such as asthma, allergic rhinitis, eczema,
or atopic dermatitis. In two adult series, allergy testing was used to demonstrate the
presence of atopy in adults [13, 14]. In another adult series, season variation in the
presentation of EoE in adults was noted suggesting the association of aeroallergens
and EoE [15]. While empiric elimination diets have been shown to be therapeutic in
adults with EoE, allergy testing was not predictive in these patients [16]. Until more
information is gathered on the predictive value of allergy testing in adults with EoE,
it is reasonable to have patients undergo an allergic evaluation to help identify
potential triggers.

Familial clustering has been recognized in adults and children with EoE, sug-
gesting a genetic predisposition [17-19]. In a case series of 381 pediatric EoE
patients, 5% had siblings with EoE and 7% had a parent with either an esophageal
stricture or known EoE [20]. Therefore, an important component to include in his-
tory taking in adults with EoE is a thorough family history as additional cases may
be identified.

The basis for this genetic predisposition to EoE continues to be investigated.
Eotaxin-3, a gene encoding an eosinophil-specific chemoattractant, has recently been
identified as the most highly induced gene in pediatric EoE patients [21]. Treatment
with topical corticosteroids downregulated esophageal eotaxin-3 levels suggesting
the change to be reversible [22]. While formal gene analysis has not yet been exten-
sively studied in adults, immunohistochemical staining for eotaxin-3 in esophageal
tissue of adult EoE patients was significantly increased compared to patients with
reflux suggesting a similar trend to the pediatric data [23]. Another adult study further
supporting a role of eotaxin-3 demonstrated increased levels of eotaxin-3 in esopha-
geal tissue of EoE adults compared to controls and found that this gene expression
decreased in response to treatment with dietary elimination [24].

Natural History

While defining the natural history and progression of EoE is critical in developing
goals of treatment and management of this illness, limited natural history data exist
to help guide current recommendations. Given the increased morbidity that can
be associated with complications of EoE such as food impactions, a key goal of
management is to prevent disease recurrence and complications. In the longest
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available natural history study, Straumann et al. followed 30 medically untreated
adults patients for an average of 7.2 years [25]. During this time, 97% experienced
continued dysphagia and one third had undergone esophageal dilation. While
esophageal eosinophilia persisted, levels interestingly declined in most patients dur-
ing the follow-up period. Barrett’s metaplasia has been reported in patients with
EoE but it is unclear as to whether or not this is a causal relationship [26]. Esophageal
malignancy related to EoE has not been reported, but, again, there is limited long-
term data available. In the author’s experience with a series of 300 adult patients
with EoE, patients tended to have symptom progression and increased frequency of
food impaction as the years of dysphagia progressed [27].

Conclusion

Eosinophilic esophagitis remains an emerging clinical entity with increasing inci-
dence in adults. Although food and aero allergens have been implicated in the dis-
ease, the natural history of the disorder is unknown. Severe complications including
fibrosis, narrow caliber esophagus, and stricture are well known but predictors for
which patients will develop these complications are unknown. Common symptoms
in adults that implicate EoE are dysphagia, food impactions, heartburn, and atypical
chest pain. It is important to ask patients about their allergic history including dietary
allergies, dietary intolerance, asthma, or seasonal allergy in addition to any family
history of these disorders or dysphagia. During endoscopy for suspected EoE in
adults, multiple biopsies should be obtained at multiple levels in the esophagus,
regardless of endoscopic features due to the patchy nature of the disease [6]. It is
also helpful to alert the pathologist of your suspicion and request eosinophil counts
on esophageal biopsies. Thankfully, with increased awareness by gastroenterolo-
gists, allergists and pathologists over the past several years, EoE is being recognized
earlier in adults leading to more effective treatments and hopefully better outcomes
for patients.
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Introduction

In a recent consensus report sponsored by the American Gastroenterological
Association Institute and the North American Society of Pediatric Gastroenterology,
Hepatology, and Nutrition, eosinophilic esophagitis (EoE) is defined as “a primary
clinicopathologic disorder of the esophagus, characterized by esophageal and/or
upper gastrointestinal tract symptoms in association with esophageal mucosal
biopsy specimens containing >15 intraepithelial eosinophils/HPF and the absence
of pathologic gastroesophageal reflux disease (GERD) as evidenced by a normal
pH monitoring study of the distal esophagus or lack of response to high-dose proton
pump inhibitor (PPI) medication [1]. This definition implies that GERD and EoE
are mutually exclusive disorders, and that GERD can be defined by an abnormal pH
monitoring result or a lack of response to PPI therapy. Esophageal pH monitoring
has substantial limitations as a test for GERD, and some patients who have verified
reflux esophagitis can have normal esophageal pH monitoring results [2]. Lack of
response to PPI therapy is, at best, a subjective index for GERD, and even a positive
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response to PPI therapy may not be due to the control of acid reflux (see below).
There is much evidence to suggest that the interaction between GERD and EoE can
be complex, and that the notion of establishing a clear distinction between the two
disorders is too simplistic [3]. Indeed, many investigators have chosen to include
subjects with abnormal acid reflux documented by pH monitoring in their series of
patients with EoE [4-6].

In 1982, Winter et al. were the first to report that the finding of eosinophils in the
esophageal epithelium could be used as a diagnostic criterion for reflux esophagitis
in children [7]. In that study, the presence of even a few intraepithelial eosinophils
in the esophagus was found to correlate with abnormal acid clearance determined
by overnight esophageal pH probe monitoring. Intraepithelial eosinophils could be
found in all levels of the esophagus, and involvement of the proximal esophagus
was associated with greater abnormalities in the pH probe study. These observations
suggest that, for some patients with GERD, the immune response manifested by
intraepithelial eosinophils may extend into the upper esophagus in a pattern similar
to that reported for patients with EoE.

Proposed Mechanisms Underlying an Association Between
Gastroesophageal Reflux and Esophageal Eosinophils

Four major mechanisms have been proposed to explain the association between
GERD and esophageal eosinophils [3]: (1) GERD, through epithelial injury or stim-
ulation, causes the production of cytokines and other molecules that attract small
numbers of eosinophils to the esophagus, (2) GERD and EoE coexist but are unre-
lated, (3) EoE contributes to or causes GERD, or (4) GERD contributes to or causes
EoE. These mechanisms are considered individually below.

GERD, Through Epithelial Injury or Stimulation, Causes
the Production of Cytokines and Other Molecules that Attract
Small Numbers of Eosinophils to the Esophagus

Reports have described a number of potential mechanisms whereby GERD might
cause the esophageal epithelium to produce molecules that recruit eosinophils. In
cultures of human esophageal microvascular endothelial cells, for example, acid
exposure induces the expression of vascular cell adhesion molecule-1 (VCAM-1),
an adhesion molecules recognized by ligands on the eosinophil cell surface [8, 9].
In a preparation of human esophageal mucosa, acid causes the release of platelet
activating factor (PAF), a phospholipid that attracts and activates eosinophils [10].
The esophageal mucosa of patients with reflux esophagitis exhibits elevated levels of
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chemokines that might attract eosinophils, such as IL-8, MCP-1, and RANTES [11],
and Souza has shown that esophageal squamous epithelial cells in culture secrete
IL-8 when they are exposed to acidified bile salts [12]. It is not clear which, if any,
of these molecules contributes to the mild eosinophilic infiltration of the esophageal
squamous epithelium that can be found in patients with GERD.

GERD and EoE Coexist but Are Unrelated

Surveys suggest that approximately 20% of adults in Western countries have GERD
[13, 14]. Therefore, if GERD does not protect against EoE or vice versa, then one
would expect that approximately 20% of adult patients with EoE would have GERD
by chance alone. It seems unlikely that either of these disorders protects against the
other.

In children with EoE, reports describing the results of esophageal pH monitoring
suggest that abnormal acid reflux is uncommon [15-17]. However, the validity of
these reports is questionable because, in children, the sensitivity and specificity of
esophageal pH monitoring as a test for GERD are not well established [18]. Factors
that confound the interpretation of esophageal pH monitoring studies in children
include differences in the methodology of probe placement among different medical
centers, variability in the use and timing of general anesthesia before probe place-
ment, and disruption of the child’s normal activities due to the discomfort and
physical restrictions imposed by the transnasal pH catheter [19-21].

In adults with EoE, the frequency of pathological acid reflux appears to be
inordinately high [6, 22]. For example, 24-h esophageal pH monitoring revealed
abnormal acid reflux in 10 (38%) of 26 adults with EoE in one study [22], and in 14
(56%) of 25 in another [6]. The precise frequency of GERD in patients with EoE
remains unclear, and controversy regarding the definition of EoE confounds esti-
mates of that frequency. The consensus definition of EOE mentioned above excludes
patients with GERD and, therefore, strict adherence to that definition would result
in a 0% frequency of GERD in patients with EoE.

EoE Contributes to or Causes GERD

Conceivably, eosinophil secretory products could cause GERD by increasing
gastroesophageal reflux and by impairing the ability of the esophagus to clear
itself of refluxed material. For example, eosinophils produce vasoactive intestinal
peptide and PAF, agents that can relax the lower esophageal sphincter and thereby
predispose to reflux [23, 24]. Eosinophils also secrete interleukin (IL)-6, which can
weaken esophageal muscle contractions, an effect that might impair esophageal
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peristalsis and acid clearance [25, 26]. In addition, some eosinophil secretory
products have cytotoxic effects that might render the esophageal epithelium more
susceptible to injury by refluxed gastric material [27-29]. For example, eosinophils
produce major basic protein, which has been shown to impair barrier function in
monolayers of human colonic carcinoma cells [30]. In the bronchial mucosa of
patients with asthma, eosinophilic infiltration is associated with damage to cellular
tight junctions and dilation of the intercellular spaces [31]. Finally, eosinophils
induce the mucosal remodeling with fibrosis characteristic of EoE, and such
fibrosis also might affect LES function and peristalsis as it does in patients with
scleroderma [32].

GERD Contributes to or Causes EoE

Mechanisms whereby GERD might cause low-grade infiltration of the esophagus
by eosinophils are discussed above. In addition, GERD can cause epithelial
damage that, conceivably, might predispose to the development of allergic
esophagitis. Typical food allergens have a molecular weight between 3 and 90 kD
[33] and, normally, the esophageal epithelium is highly impermeable to such large
molecules [34]. For example, Tobey found that the normal rabbit esophagus was
virtually impermeable to epidermal growth factor, a peptide with a molecular
weight of 6 kD, and to dextrans with a molecular weight of 4 kD [34]. When that
esophageal epithelium was exposed to acid and pepsin, however, it became perme-
able to epidermal growth factor and to dextrans as large as 20 kD. By increasing
esophageal permeability, therefore, GERD could render the squamous epithelium
permeable to allergens. It is also conceivable that GERD-induced recruitment of
immune cells to the esophageal epithelium might contribute to the local develop-
ment of allergies.

Anti-inflammatory Effects of PPIs

The PPIs, which block gastric acid secretion by inhibiting the proton pump of the
gastric parietal cell, are widely regarded as the agents of choice for treating acid-
peptic disorders, such as GERD. For patients who have gastrointestinal symptoms
of uncertain etiology, improvement with PPI therapy traditionally has been consid-
ered prima facie evidence of an acid-peptic disease. However, it has not been
widely appreciated that PPIs, in addition to their antisecretory effects, have anti-
oxidant properties and direct effects on neutrophils, monocytes, endothelial cells,
and epithelial cells that might prevent inflammation [35]. The mechanisms pro-
posed to underlie the anti-inflammatory effects of the PPIs are summarized in
Table 11.1.
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Table 11.1 Proposed mechanisms underlying anti-inflammatory effects of proton pump inhibitors

Antioxidant effects
Direct scavenging of reactive oxygen species
Replenishment of protective sulthydryl molecules in the gastric mucosa
Induction of heme oxygenase-1
Effects on inflammatory cells
Inhibition of oxidative burst in neutrophils
Impaired phagocytosis of microorganisms by neutrophils
Decreased expression of adhesion molecules by neutrophils and monocytes
Impaired neutrophil migration
Effects on endothelial cells
Decreased expression of adhesion molecules
Decreased production of pro-inflammatory cytokines
Effects on epithelial cells
Decreased production of pro-inflammatory cytokines
Effects on gut microflora
Growth inhibitory and killing effects on a number of bacteria and fungi
Adapted from Kedika, RR. [35]. Used with permission

Antioxidant Effects

Inflammation causes tissue damage through oxidative injuries mediated by agents
like hypochlorous acid, an oxidant produced by phagocytes, and by transition metals
like iron and copper [36, 37]. Omeprazole has been shown to prevent the oxidation
of B-carotene by hypochlorous acid, and to inhibit the oxidation of deoxyribose sugar
mediated by iron and copper [37, 38]. Similarly, lansoprazole inhibits the copper-
induced oxidation of low-density lipoproteins (LDLs) [39], and both pantoprazole
and lansoprazole can scavenge hydroxyl radicals generated during chemical reac-
tions involving transition metals [38, 40]. In rats subjected to restraint and cold stress,
which stimulates the gastric mucosa to produce hydroxyl radicals that cause ulcer-
ation, omeprazole prevents gastric ulcers even when it is given in doses too low to
inhibit gastric acid secretion [40]. Esomeprazole has been shown to prevent gastric
glutathione depletion in rats treated with indomethacin [41]. PPIs also might protect
against oxidative damage in the gastrointestinal tract by inducing the enzyme heme
oxygenase-1 in endothelial and epithelial cells [42]. Heme oxygenase-1 catalyzes
heme degradation, thereby generating bilirubin, which has antioxidant effects, and
carbon monoxide, which has cytoprotective properties.

Effects on Inflammatory Cells

In the stomach, PPIs block the p-type H*, K*ATPase of parietal cells that secretes
acid into the gastric lumen. Some nongastric cells, like neutrophils, have vacuolar



140 E. Cheng et al.

(v-type) H*ATPases that pump acid into the extracellular space and into intracellular
organelles like lysosomes [43, 44]. These v-type H*ATPases appear to be susceptible
to inhibition by PPIs [45] and, therefore, it is conceivable that PPIs might interfere
with certain neutrophil functions. Indeed, PPIs have been shown to inhibit neutrophil
chemotaxis and to interfere with the generation of reactive oxygen species (ROS) by
neutrophils [46—49]. In neutrophils and endothelial cells, which also have v-type
proton pumps, PPIs have been found to inhibit the expression of adhesion molecules
that enable neutrophils to home into diseased tissues. In human umbilical vein
endothelial cells stimulated with interleukin-1, for example, PPIs inhibit the expres-
sion of intercellular adhesion molecule-1 (ICAM-1) and VCAM-1, and decrease
endothelial-dependent neutrophil adhesion [50]. Although these data show that PPIs
can interfere with neutrophilic inflammation, it is not clear that this interference is
effected by the inhibition of the v-type H*ATPases of neutrophils and endothelial
cells [51].

Effect on the Production of Pro-inflammatory Cytokines
by Epithelial and Endothelial Cells

PPIs have been shown to inhibit the production of certain pro-inflammatory cytok-
ines by epithelial and endothelial cells. Gastric mucosal production of IL-8, a potent
neutrophil chemoattractant, appears to play an important role in mediating gastric
inflammation mediated by infection with Helicobacter pylori [52]. In a human gas-
tric cancer cell line and in human umbilical vein endothelial cells stimulated with H.
pylori extract, for example, omeprazole and lansoprazole block the production of
IL-8 [53].

Clinical Implications of Anti-inflammatory Effects
of PPI'’s for Esophageal Eosinophilia

PPIs clearly are effective for the treatment of GERD, and there are data to suggest
that PPIs also have a primary role in the treatment of esophageal eosinophilia [6]. In
both disorders, it is not clear whether the beneficial effects of these agents are due
solely to gastric acid inhibition, or whether the anti-inflammatory effects of the PPIs
contribute as well. Nevertheless, the data discussed above raise a serious challenge
to the common clinical practice of assuming that a symptomatic response to PPI
treatment is proof of an underlying acid-peptic disorder. It is conceivable that the
PPIs could have beneficial effects in any number of inflammatory diseases, includ-
ing esophageal eosinophilia, in which acid and pepsin may or may not have a role.

An influential report published in 2006 described three pediatric patients who had
profound esophageal eosinophilia and symptoms, all of which resolved completely
with PPI treatment [54]. Although none of the three had a history typical of GERD,
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the authors concluded that the response to PPI therapy was proof for underlying
reflux disease, and that the profound esophageal eosinophilia was a manifestation of
peptic esophagitis. However, a positive response to PPI therapy does not necessarily
distinguish GERD.

Potential Role for PPIs in the Pathogenesis of EoE

PPIs are considered a first-line therapy for patients suspected of having esophageal
eosinophilia [55]. Ironically, however, recent studies also have suggested a plausible
hypothesis whereby PPIs, by interfering with the peptic digestion of dietary proteins
and by increasing gastric mucosal permeability, might contribute to the develop-
ment of EoE [56-58].

Most recognized food allergens are glycoprotein components that have a molecular
weight between 3 and 90 kD [33, 59]. Peptides smaller than 3 kD may not be capable
of inducing an immunological response [60]. The class I major histocompatibility
complex (MHC class I) of antigen-presenting cells typically presents peptides com-
prising 8—10 amino acid residues to cytotoxic T lymphocytes, and smaller peptide
fragments may be ignored by the immune system [61, 62]. These observations sug-
gest that food proteins that are rapidly digested into individual amino acids, dipep-
tides, and tripeptides would be unlikely to induce an immunological response.

The digestion of food proteins normally begins in the stomach through the action
of pepsin proteinases in the gastric juice. The optimal pH for the enzymatic activity
of the pepsins is between 1.8 and 3.2, and most of their proteinase activity ceases at
pH levels above 4.5 [63, 64]. Acid suppressive medications like PPIs frequently
raise the gastric pH above levels where pepsin is not active [64]. Under those
circumstances, dietary proteins that normally would be partially digested in the
stomach can reach the duodenum largely intact. Conceivably, that might expose the
small intestine to food allergens that ordinarily would have been destroyed by peptic
digestion and, thereby, predispose to the development of food allergy. In patients
with GERD, furthermore, these undigested allergens could be refluxed back into the
esophagus where they might initiate an immune response that contributes to the
development of EoE.

A second mechanism whereby PPIs might contribute to the pathogenesis of EoE
involves their effects on mucosal permeability. One group of investigators recently
found that their patients with reflux esophagitis and Barrett’s esophagus, many of
whom were on PPIs, had abnormal sucrose permeability tests [65]. In a subsequent
study, those investigators performed sucrose permeability tests in GERD patients
before and after 8 weeks of treatment with esomeprazole [58]. Although the
researchers originally thought that PPI treatment should improve mucosal barrier
function, they were surprised to find that most patients exhibited a substantial
increase in mucosal permeability to sucrose after PPI treatment. This unanticipated
effect was confirmed in a group of healthy control subjects who also developed
abnormal sucrose permeability tests during 9 days of PPI treatment. In patients taking
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PPIs, therefore, large and potentially allergenic peptides that escape peptic digestion
because of acid inhibition might be taken up through the PPI-induced mucosal leak
to elicit an immunological response.

Untersmayr and her colleagues in Vienna have shown that the peptic digestion of
certain food allergens is exquisitely sensitive to small variations in pH [66, 67].
They also have found that mice treated with PPIs develop allergen-specific IgE
antibodies when they are fed certain fish and nut preparations [68, 69]. In a clinical
study, Untersmayr assayed serum IgE levels in 152 adult outpatients who had no
history of allergy and who were treated with a histamine H2-receptor antagonist or
a PPI for 3 months [70]. Ten percent of these patients exhibited a rise in IgE anti-
body levels, and new, food-specific IgE antibodies developed in 15%. In a similar
study of outpatients taking antisecretory medications for 3 months, 5 of 153 (3.3%)
patients developed hazelnut-specific IgE antibodies; 4 of those developed specific
skin reactivity and 2 manifested clinical food allergy to hazelnuts [69].

The PPI omeprazole was released for clinical use in the late 1980s and, today,
PPIs are among the most commonly used medications in the world [71, 72]. PPIs
are used regularly, not only in adults, but often in young children with GERD who
might take these medications for years [73, 74]. After 5 days of conventional-dose
PPI therapy, gastric pH rises to levels >4.0 for approximately 50% of the day [75].
With higher doses, as are prescribed often in clinical practice, gastric pH levels can
remain >4.0 for more than 80% of the day [76]. At these pH levels, there can be
little peptic digestion of a number of potential food allergens that normally would
be partially degraded in the stomach. The rapid emergence of EoE approximately
one decade after PPI usage became widespread would fit well with a PPI-associated,

food allergic disorder.

PPIs have been a mainstay of therapy for patients with GERD for more than two
decades, and they have established an excellent track record for safety. Despite the
plausible mechanisms discussed above, by no means is it clear that PPIs have con-
tributed to the rising frequency of EoE. Nevertheless, this interesting hypothesis
clearly warrants further study.
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Radiographic Diagnosis of Eosinophilic
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Marc S. Levine and David A. Katzka

Keywords Eosinophilic esophagitis ¢ Barium esophagography ¢ Esophageal
mucosa * Biopsy * Endoscopy

Introduction

The diagnosis of eosinophilic esophagitis (EoE) continues to evolve as we gain a
better understanding of this fascinating disease. EoE initially was diagnosed patho-
logically by a high number of intraepithelial eosinophils in the esophagus, but the
diagnosis is now based on several histologic parameters in combination with key
demographic, clinical, and endoscopic features. Despite numerous endoscopic studies
on EoE, the role of barium esophagography in diagnosing this disease has received
little attention in the gastroenterology literature. Lack of interest in esophagography
is related to recognized advantages of endoscopy for directly visualizing the esoph-
ageal mucosa and obtaining biopsy specimens as well as the desire to avoid ionizing
radiation in patients with dysphagia.

We believe, however, that endoscopy and barium esophagography should be
regarded as complementary rather than competitive techniques for the evaluation of
patients with dysphagia and possible EoE. In such cases, the barium study provides
a global examination that can be used not only to detect esophagitis or strictures, but
also to assess swallowing function, esophageal motility, and the presence and degree
of gastroesophageal reflux disease (GERD) in patients with other conditions mas-
querading as EoE based on the clinical presentation [1].
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Barium esophagography may also reveal characteristic findings (including a
ringed esophagus and a small-caliber esophagus) that markedly raise the pretest
probability of EoE on endoscopy. In patients with a small-caliber esophagus, the
radiographic findings may indicate the need for using a pediatric endoscope to tra-
verse the narrowed esophageal lumen and guide planning for endoscopic dilation or
other therapeutic interventions. In patients with tight strictures in the proximal
esophagus that preclude passage of the endoscope, barium studies also enable
assessment of the more distal esophagus that cannot be visualized at endoscopy. For
all of these reasons, barium studies have an important role in the evaluation and
treatment of patients with EoE. Our chapter describes the state of the art of barium
esophagography in the diagnostic work-up of this disease.

Technique for Performing Barium Esophagography

Barium esophagograms should be performed as biphasic examinations that include
double-contrast views with a high-density barium suspension and single-contrast
views with a low-density barium suspension [1]. The double-contrast phase is per-
formed by obtaining upright, left posterior oblique (LPO) double-contrast views of
the esophagus using an effervescent agent (Baros; Lafayette Pharmaceuticals) and a
250% w/v high-density barium suspension (E-Z-HD; E-Z-EM Company). In patients
with dysphagia, the cardia and fundus should also be visualized with the patient in a
lateral, right side down position for a double-contrast view of the gastric cardia and
fundus. The single-contrast phase is subsequently performed by obtaining prone,
right anterior oblique (RAO) single-contrast views of the esophagus using a 50% w/v
low-density barium suspension (Entrobar; Lafayette Pharmaceuticals). The double-
contrast views optimize detection of esophagitis and other mucosal abnormalities,
whereas the single-contrast views optimize esophageal distention for detection of
rings or strictures and also improve detection of hiatal hernias.

Esophageal motility is evaluated by having the patient take multiple (usually 3-5
in number) separate swallows of low-density barium in the prone, RAO position.
Esophageal motility is considered abnormal when two or more of five separate
swallows fail to show normal progression of the primary peristaltic through the
esophagus to the gastroesophageal junction [2].

At the end of the study, patients should routinely be evaluated for GERD by
rotating them from the supine position into the right lateral position while assessing
for spontaneous GERD and, if necessary, employing provocative techniques to elicit
GERD, including a water siphon test or straight leg raising or a Valsalva maneuver
to increase intraabdominal pressure. When reflux is observed at fluoroscopy, at least
one radiograph of the esophagus should be obtained during the act of reflux for
documentation.

In most radiology departments, barium esophagography is currently performed
using digital fluoroscopic equipment that enables review and interpretation of the
digital images at a picture archiving and communications system (PACS) workstation
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without the need for creation of hard-copy radiographs. This type of system has
many advantages over conventional fluoroscopy, as it decreases radiation exposure
to the patient, expedites patient throughput, facilitates image interpretation, and
decreases the overall costs of image storage [3].

Findings on Barium Esophagography

It is estimated that as many as 25% of all patients with EoE have no abnormalities
at endoscopy [4-6]. Even when endoscopy is abnormal, the most common findings
are mucosal lesions, such as linear furrows, erythema, granularity, and white exu-
dates. Such findings are found at endoscopy in 25-60% of patients with EoE [4, 5],
but this mucosal disease is much more difficult to detect on barium esophagogra-
phy, which therefore cannot be considered a sensitive test for the diagnosis of EoE.
Nevertheless, two of the classic findings of EoE at endoscopy — a ringed esophagus
and a small-caliber esophagus — can also be visualized at esophagography, and these
findings are felt to be relatively specific signs of EoE on barium studies. Thus, a
relatively confident diagnosis of EoE can be made when a ringed esophagus, small-
caliber esophagus, or both are detected on esophagography. Strictures in the proximal,
middle, or distal thirds of the thoracic esophagus are also a frequent finding in
patients with EoE, but strictures may be caused by a variety of conditions, so they
are less specific for this disease. The radiographic findings in EoE are considered
separately in the following sections.

Strictures

Strictures are a common finding in EoE, having been reported at endoscopy in
15-57% of adult patients with this disease [4, 5, 7]. Barium esophagography is also
an excellent technique for detecting strictures, which have been reported in up to
71% of adult patients with EoE [8]. Most patients have segmental strictures [8§—13],
but the location of these strictures is variable. In one series, 70% of radiographically
diagnosed strictures were located in the upper or midthoracic esophagus (Fig. 12.1)
[12], whereas in another series 64% were located in the distal thoracic esophagus or
at the gastroesophageal junction (Fig. 12.2) [8]. The mean luminal diameter of these
strictures is about 1 cm (with a range of 2—-13 mm) and the mean length is about
5 cm (with arange of 0.5-13 cm) [8]. Interestingly, strictures in the upper or midtho-
racic esophagus tend to be longer than those in the distal thoracic esophagus (see
Figs. 12.1 and 12.2) [8]. In general, esophageal strictures associated with EoE
appear as long segments of symmetric narrowing with a smooth contour and tapered
margins (see Fig. 12.1), though occasional strictures can be more focal, asymmetric,
or irregular [8]. Rarely, patients with EOE may have concomitant strictures; in such
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Fig. 12.1 EoE with a
stricture in the upper thoracic
esophagus. Spot image from
a double-contrast
esophagogram shows a long
stricture extending from the
thoracic inlet to the carina
(arrows). Note how the
stricture has a smooth
contour and tapered proximal
and distal margins — features
characteristic of strictures in
EoE

cases, the more distal stricture could be caused by simultaneous reflux disease [8].
Most patients with EoE and strictures are found to present with dysphagia.

The differential diagnosis for strictures on barium esophagography depends on
the location of the stricture. Other causes of strictures in the upper or midthoracic
esophagus include Barrett’s esophagus, mediastinal irradiation (Fig. 12.3), caustic
ingestion (Fig. 12.4), and medications, such as nonsteroidal anti-inflammatory
drugs (NSAIDs), potassium chloride, and quinidine [14, 15], whereas the most
common cause of strictures in the distal thoracic esophagus is scarring from reflux
esophagitis (Fig. 12.5) [14]. In most cases, however, the correct diagnosis is sug-
gested by the clinical history and presentation.

Ringed Esophagus

Esophageal rings are a frequent finding in patients with EoE; a variety of terms have
been used to describe these rings in the gastroenterology literature, including
“corrugation” and “trachealization” of the esophagus as well as the “ringed esophagus”
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Fig. 12.2 EoE with a stricture in the distal thoracic esophagus. (a) Spot image from a double-
contrast esophagogram shows a focal stricture (arrow) in the distal esophagus just above the gas-
troesophageal junction. (b) Spot image from a single-contrast esophagogram in the same patient
shows a smooth, tapered stricture (arrow) in the distal esophagus above a hiatal hernia. Strictures
in the distal esophagus in patients with EoE tend to be shorter than those in the upper or mid
esophagus (see Fig. 12.1)

[5,7, 16-18]. The extent and location of these rings are highly variable at endoscopy;
they can be confined to the upper, middle, or distal thoracic esophagus or they can
have a more diffuse distribution in the esophagus [5]. These rings may compromise
luminal diameter to such a degree that it is difficult to advance an endoscope into
the distal esophagus [5].

The ringed esophagus may be manifested on barium esophagography by distinc-
tive ring-like indentations that are seen as multiple, closely spaced, concentric rings
traversing the lumen (Figs. 12.6—12.8) [8]. In one study, the rings all occurred in the
region of esophageal strictures (see Figs. 12.6 and 12.7) [8], but in another more
recent study, these rings were associated with a small-caliber esophagus (see next
section, Small-Caliber Esophagus) [19]. As on endoscopy, there is considerable
variation in the location and extent of ring formation on barium studies in patients
with EoE [8, 19]. Some patients may have rings without an associated stricture (see
Fig. 12.8). Although the pathogenesis is uncertain, the ringed esophagus should be
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Fig. 12.3 Radiation stricture
in the upper thoracic
esophagus. This stricture has
a smooth contour and tapered
proximal and distal margins
(arrows). Note similarity to
the EoE stricture in Fig. 12.1

highly suggestive of EoE on esophagography, particularly if associated with
strictures or a small-caliber esophagus.

A ringed esophagus has also been described in patients with congenital esopha-
geal stenosis in whom barium studies or endoscopy revealed corrugated esophageal
strictures containing multiple rings (Fig. 12.9) [20, 21]. In such cases, the rings have
been attributed to aberrant embryologic development with tracheobronchial rem-
nants or actual cartilaginous rings in the wall of the esophagus [20, 21]. In retro-
spect, however, we believe that some patients with a previous diagnosis of congenital
esophageal stenosis have had unrecognized EoE as the cause of their symptoms and
that patients with a ringed esophagus and esophageal strictures are far more likely
to have EoE as the cause of their disease.

The differential diagnosis of the ringed esophagus also includes fixed transverse
folds in patients with peptic strictures (Fig. 12.10) [22]. Unlike the rings in EoE,
however, these fixed transverse folds are further apart, producing a characteristic
stepladder appearance due to trapping of barium between the folds [22]. The feline
esophagus could also conceivably be mistaken for the ringed esophagus of EoE
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Fig. 12.4 Chronic lye
stricture in the midthoracic
esophagus. This patient has a
long, somewhat asymmetric
stricture with a smooth
contour and tapered margins
(arrows). Again note
similarity to the EoE stricture
in Fig. 12.1

(Fig. 12.11), but these delicate transverse striations occur as a transient phenomenon
and are almost always associated with gastroesophageal reflux rather than stricture
formation [23]. Finally, nonperistaltic contractions in the esophagus may occasionally
produce a corrugated appearance, but this form of esophageal dysmotility is also
observed as a transient finding without associated stricture formation.

Small-Caliber Esophagus

Since its original description by Vasiloupos in 2002 [24], the small-caliber esopha-
gus has been recognized as an endoscopic sign of EoE in which there is diffuse loss
of caliber of virtually the entire thoracic esophagus (Figs. 12.12 and 12.13) [25-30].
In a recent study, it was found that the small-caliber esophagus of EoE is also char-
acterized on barium esophagography by long-segment narrowing of the thoracic
esophagus; the narrowed segment has a mean length of about 15 cm with smooth,
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Fig. 12.5 Peptic stricture in
the distal esophagus. This
patient has a focal stricture
(arrow) with smooth, tapered
margins in the distal
esophagus just above a hiatal
hernia. Note similarity to the
EoE stricture in Fig. 12.2

uniform contours and tapered margins that merge gradually with the adjacent
esophagus [19]. In this study, patients with EoE all had a mean thoracic esophageal
diameter of 20 mm or less, whereas control subjects all had a mean thoracic
esophageal diameter greater than 20 mm, so 20 mm was a useful threshold diameter
for suggesting the diagnosis of EoE [19]. In the same study, more than 90% of
patients with a small-caliber esophagus on barium studies were found to have EoE
on endoscopic biopsy specimens, so this finding appears to be a relatively specific
radiographic sign of EoE [19]. It should be noted that the proximal extent of the
small-caliber esophagus on barium studies is variable; the narrowed segment may
extend proximally to the thoracic inlet, aortic arch, or even the left main bronchus,
whereas it usually extends distally to the gastroesophageal junction [19].

The small-caliber esophagus should be differentiated radiographically from stric-
tures in EoE, which are characterized by shorter, more focal segments of narrowing
that have more discrete margins (see Figs. 12.1 and 12.2) [8]. Ring-like indentations
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Fig. 12.6 EoE with a ringed
esophagus. This patient has a
smooth, tapered stricture in
the lower third of the thoracic
esophagus. Note multiple
distinctive ring-like
indentations (arrows) in the
region of the stricture. This
finding should be highly
suggestive of EoE on barium
studies

(i.e., the ringed esophagus) have also been observed in about 60% of patients with a
small-caliber esophagus [19], so the presence of rings should further support the
diagnosis of EoE when a small-caliber esophagus is diagnosed on barium studies.
The degree of narrowing in some EoE patients with a small-caliber esophagus is
quite subtle, however, so radiologists are more likely to diagnose a small-caliber
esophagus on barium examinations if they have a low threshold for this finding
when interpreting the studies.

The small-caliber esophagus of EoE has been reported on barium studies in older
adolescents and adults, but to our knowledge, not in the pediatric population. We
suspect this is because barium studies are more likely to be performed on adult
patients with EoE and also because the small-caliber esophagus presumably
represents an advanced stage of EoE that develops after years of inflammation,
fibrosis, and scarring. Nevertheless, it remains unclear why some patients develop
such diffuse esophageal disease while others have more localized disease mani-
fested by rings or strictures.
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Fig. 12.7 EoE with a ringed
esophagus. A prone,
single-contrast esophagogram
show a mild stricture in the
upper thoracic esophagus
with subtle ring-like
indentations (black arrows)
in the region of the stricture.
A 12.5 mm in diameter
barium tablet (white arrow) is
seen to be lodged at the level
of the stricture

Other Findings

A granular or nodular appearance of the mucosa has been detected on esophagogra-
phy in up to 28% of patients with EoE presumably because of edema and
inflammation of the mucosa (Fig. 12.14) [8]. Recently, Schatzki rings have also
been reported in children with EoE. In one study, eight patients with EoE had rings
that were demonstrated only on barium studies despite other typical findings of EoE
at endoscopy [31]. Such observations reflect not only the subtle nature of Schatzki
rings, but also the higher sensitivity of barium studies in detecting these rings com-
pared to endoscopy [32]. Although there are no reports of Schatzki rings in adult
patients with EoE, such rings may occasionally be encountered on barium studies
(see Fig. 12.7).

Rarely, EoE patients with strictures or a small-caliber esophagus may also have
esophageal intramural pseudodiverticula (see Fig. 12.13) [19, 33, 34]. As in other
patients with pseudodiverticulosis, the pseudodiverticula presumably develop
because of chronic esophagitis and stricture formation. These pseudodiverticula are
typically seen in profile as tiny, flask-shaped outpouchings from the esophagus.
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Fig. 12.8 EoE with a ringed
esophagus. In this patient, a
prone, single-contrast
esophagogram shows the
distinctive rings (small
arrows) of EoE without a
definite stricture in this
region. Also note a Schatzki
ring (large arrow) as a focal
ring-like constriction at the
gastroesophageal junction
just above a hiatal hernia.
Schatzki rings have also been
described in patients with
EoE

A true esophageal diverticulum has also been described in one patient with EoE, but
this finding could have resulted from multiple previous esophageal dilation proce-
dures [35]. Barium studies may also reveal hiatal hernias, gastroesophageal reflux,
and esophageal dysmotility in patients with EoE, but such findings most likely have
no relationship to this disease.

Other Radiologic Modalities

There is scant experience with other radiologic modalities in the diagnosis of EoE. In
two case reports, CT of the chest revealed diffuse thickening of the esophageal wall
in patients with the small-caliber esophagus of EoE [36, 37]. Although experience is
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Fig. 12.9 Congenital
esophageal stenosis with a
ringed esophagus. This
patient has distinctive
ring-like constrictions
(arrows) thought to be
secondary to tracheobronchial
remnants with cartilaginous
rings in the wall of the
esophagus. Note similarity to
the ringed esophagus of EoE

limited, endoscopic ultrasound (EUS) in patients with EoE has revealed loss of the
normal echo layers of the esophagus and diffuse esophageal wall thickening; these
findings may be secondary to transmural fibrosis or localized thickening of the mus-
cularis propria [38] or submucosa [39]. In other studies, EUS has revealed prominent
longitudinal folds [40] and enlarged mediastinal lymph nodes that were found to be
reactive with eosinophils on fine needle aspiration [41]. Nevertheless, the utility of
EUS in patients with EoE remains uncertain. Also, the relatively large diameters of
endoscopes used for EUS could increase the risk of perforation in patients with EoE
because of the high prevalence of strictures and rings in these individuals.



12 Radiographic Diagnosis of Eosinophilic Esophagitis 159

Fig. 12.10 Fixed transverse
folds in the distal esophagus
secondary to scarring from
reflux esophagitis. This
patient has a mild peptic
stricture in the distal
esophagus above a small
hiatal hernia. Barium is also
seen to be trapped between
several fixed transverse folds
(arrows) in the region of the
stricture. This finding could
be mistaken for the ringed
esophagus of EoE

Esophagography for Suspected Esophageal Perforation

Adult patients with EoE commonly undergo dilation procedures for relief of
dysphagia associated with rings and/or strictures. In the endoscopic literature, the
risk of esophageal perforation during these dilation procedures appears to be greater
in patients with EoE than in other patients with esophageal strictures. Patients with
EoE also commonly report chest pain after dilation procedures, increasing the
endoscopist’s concern about a possible perforation. As a result, EoE patients often
undergo esophagography with water-soluble contrast agents to rule out esophageal
perforation in this clinical setting. Fortunately, when leaks occur after dilation pro-
cedures, patients with EoE are more likely to have intramural dissections or small,
sealed-off leaks than other patients with esophageal perforation. Because of the
often subtle nature of these leaks, the radiologist should immediately repeat the
study with high-density barium if no leak is detected with a water-soluble contrast
agent to increase the radiographic sensitivity for detecting subtle leaks. This
approach increases the detection rate of esophageal perforation by 100% as
compared to administration of water-soluble contrast agents alone [42].
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Fig. 12.11 Feline esophagus with multiple transverse striations in the esophagus. (a) The initial
double-contrast view shows multiple, closely spaced transverse folds in the esophagus due to con-
traction of the longitudinally oriented muscularis mucosae. (b) A repeat view moments later shows
no evidence of a feline esophagus. These transient transverse folds should not be mistaken for the
ringed esophagus of EoE



Fig. 12.12 EoE with a small-
caliber esophagus.

A single-contrast
esophagogram shows loss of
distensibility of the entire
thoracic esophagus. Note
how there is diffuse luminal
narrowing without a
discernible stricture. This
finding is characteristic of
EoE

Fig. 12.13 EoE with a small-
caliber esophagus. A
double-contrast
esophagogram shows loss of
caliber of the entire thoracic
esophagus indistinguishable
from the small-caliber
esophagus in Fig. 12.12. This
patient also has tiny
esophageal intramural
pseudodiverticula seen as
tiny outpouchings from the
wall of the esophagus
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Fig. 12.14 EoE with a
granular esophagus.

A double-contrast
esophagogram shows
diffuse granularity
secondary to edema and
spasm of the mucosa

Conclusion

Barium esophagography can be helpful in a number of ways for evaluating patients
with suspected EoE. First and foremost, it is a global examination for patients with
dysphagia and can be used not only to diagnose EoE, but also a host of other abnor-
malities in the pharynx and esophagus. In some patients, the barium study may
demonstrate relatively specific findings of EoE, such as the ringed esophagus and
the small-caliber esophagus. When the barium study detects subtle strictures or
diffuse esophageal narrowing not visualized at endoscopy, these findings not only
may explain the patient’s symptoms, but also may indicate the need for an esopha-
geal dilation procedure. In EoE patients with severe dysphagia, the barium study
may also reveal tight strictures that cannot be traversed by the endoscope and, in
such cases, enable visualization of the esophagus below the stricture, facilitating
treatment planning. Finally, esophagography has a critical role in assessing for
possible perforation when esophageal dilation procedures are performed on these
patients.
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Chapter 13
Endoscopic Features of Eosinophilic Esophagitis

David A. Leiman and Gary W. Falk

Keywords Eosinophilic esophagitis ¢ Dysphagia ¢ Food impaction * Biopsy
* Endoscopy

Introduction

Eosinophilic esophagitis (EoE) is a chronic inflammatory disorder of children and
adults. The disease is defined by clinicopathologic criteria, including symptoms of
dysphagia and food impaction, esophageal biopsies with >15 eosinophils per high
powered field and lack of response to antisecretory therapy [1]. Patients with eosino-
philic esophagitis have a wide variety of endoscopic findings (Table 13.1) and the
disease does not have a uniform endoscopic appearance. In fact, one study suggested
that only 38% of individuals thought to have eosinophilic esophagitis at the time of
endoscopy had histologic confirmation of the disease and a subset of patients may
also have an entirely normal appearing esophagus! [2] Furthermore, endoscopic find-
ings may vary by age [3]. Endoscopy plays a key role in the diagnosis of EoE patients
and the varied endoscopic features of this disease are the focus of this chapter.
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Table 13.1 Endoscopic features associated with eosinophilic esophagitis

Normal endoscopy
Linear furrowing
Concentric rings

White exudates
Diminished vascularity
Proximal strictures
Small caliber esophagus
Crepe-paper esophagus
Schatzki’s ring
Pseudodiverticula
Increased wall thickness (on EUS)

Fig. 13.1 Normal endoscopic appearance of the esophagus

Endoscopy of the Normal Esophagus

The normal squamous epithelium of the esophagus appears “pearly” white on endo-
scopic examination (Fig. 13.1) and terminates at a “Z-line” which serves as a demar-
cation from the salmon-colored columnar epithelium of the stomach. The esophagus
is characterized by a fine network of subepithelial blood vessels that are more easily
seen with partial air insufflation and accentuated with filters such as narrow-band
imaging. The blood vessels are linearly oriented and may be more apparent in the
distal esophagus.
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Endoscopic Features of EoE

Linear Furrowing

Linear furrows are one of the most characteristic findings of EoE. These appear as
a linear pattern of furrows that typically involve the full length of the esophagus.
They can be seen with conventional white light endoscopy and are further accentu-
ated with narrow-band imaging (Fig. 13.2). The use of chromoendoscopy with
contrast-enhancing dye can make furrows appear more distinct as well [4].
Observations with endoscopic ultrasonography suggest that furrows may be related
to thickening of the mucosal and submucosal layers [5]. Furrows may be seen either
alone or in conjunction with other endoscopic features of EoE. It is estimated that
linear furrows occur in 11-100% of EoE patients [3, 4, 6-11].

Furrows have also been described in both gastroesophageal reflux disease
(GERD) patients and normal adults, but furrows in these settings tend to be more
faint and limited to the distal esophagus [4]. Overall, the presence of furrows is
highly suggestive of EoE in both children and adults and is an endoscopic finding
that may help to distinguish EoE patients from GERD patients [3].

Concentric Rings

Perhaps the most striking endoscopic finding of EoE is that of multiple concentric
rings and termed the ringed, corrugated, or “feline” esophagus (Fig. 13.3). Rings

Fig. 13.2 Endoscopic appearance of linear furrows
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Fig. 13.3 Endoscopic appearance of concentric rings

Fig. 13.4 Endoscopic appearance of concentric rings with linear furrows

can appear as the only finding or may be seen in conjunction with other endoscopic
findings of EoE (Figs. 13.4 and 13.5). Concentric rings may be observed focally in
esophageal segments or may involve the entire length of the esophagus. As such,
they are distinctly different from a Schatzki’s ring, which is typically found only at
the squamocolumnar junction. Work by Dellon et al. suggests that the finding of
rings is one of the features that can differentiate EoE patients from GERD patients
[3]. The etiology of these esophageal rings is not completely understood and it is
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Fig. 13.5 Endoscopic appearance of concentric rings with linear furrows accentuated with
narrow-band imaging

thought that rings may represent intermittent contraction of the deep muscle layer
or possibly eosinophilic infiltration [12]. Interestingly these rings may resolve with
appropriate therapy [9]. Estimates of the prevalence of the ringed esophagus range
from 19 to 88% of EoE patients [3, 7-10, 13-15].

White Exudate

White exudates come in a variety of different shapes and sizes. Other terms used for
white exudates include white specks, pinpoint nodules, patches, and scales. These vary
in size from 1 to 3 mm and are typically scattered along the length of the esophagus
giving the esophagus a speckled appearance and may be easily dislodged (Figs. 13.6
and 13.7). White exudates may be mistaken for Candida esophagitis, but in the setting
of eosinophilic esophagitis, this finding corresponds to collections of eosinophils or
even microabscesses in the mucosa [15]. The finding is more common in children than
adults [3]. The prevalence of white exudates varies from 15 to 26% [3, 7-11, 16].

Diminished Mucosal Vascularity

The normal esophagus has a well-defined network of subepithelial blood vessels
visible at the time of endoscopy as described above but mucosal inflammation
may be associated with a loss of the normal vascular pattern. This appearance may
be due to expansion of the basal layer of the mucosa accompanied by edema [12].
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Fig. 13.7 Endoscopic appearance of white exudates combined with linear furrows and concentric
rings accentuated by narrow band imaging

In a study of 30 adult EoE patients by Straumann et al., loss of the normal vascular
pattern was found in 93% making it the most frequent endoscopic finding [15].
Others have described decreased vascularity in 5-26% of EoE patients [3, 7, 10].
While this finding may be subjective, current high definition white light endo-
scopes allow for more accurate detection of this finding, which may provide a clue
for the presence of EoE.
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Fig. 13.8 Endoscopic appearance of the crepe-paper esophagus accompanied by a mucosal rent.
(Image courtesy of Evan S. Dellon, MD, MPH)

Strictures

Focal strictures, in the absence of narrow caliber esophagus or concentric rings,
may be encountered in 3—-66% of EoE patients [3, 7-10, 13, 15]. These strictures are
typically encountered in the proximal esophagus, may be subtle and are character-
ized by smooth circumferential narrowing of the esophagus. Strictures are more
commonly seen in adults than in children [3, 4].

Small Caliber Esophagus

Small caliber esophagus is a unique finding in EoE and is defined as a narrow fixed
internal diameter of the esophagus [13]. This feature may not be appreciated on endo-
scope insertion, but is characterized by extensive linear abrasions or mucosal rents
best seen upon withdrawal of the endoscope or after dilation [17]. The prevalence of
small caliber esophagus is estimated to be between 10 and 28% [3, 9, 10, 13].

Crepe-Paper Esophagus

The term “crepe-paper” esophagus was first suggested by Straumann et al. in a 2003
case series of five men. The mucosa of the esophagus is characterized as fragile,
delicate, inelastic, and tears with little pressure (Fig. 13.8) [18].
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Schatzki’s Ring

Schatzki’s ring, a thin diaphragm-like circumferential fold of mucosa protruding
into lumen and located at gastroesophageal junction is present in 0.2—-15% of the
general population. It is typically associated with reflux disease but has also been
described in patients with EoE [19]. Despite these reports, it remains unclear if
Schatzki’s rings are in fact part of the spectrum of EoE. Desai et al. described 31
adults with dysphagia and food impaction and found that 29% of those who met
histologic criteria for EoE had a Schatzki’s ring [11]. Gonsalves et al. reported that
14% of adult patients with EoE had incidental findings of a Schatzki’s ring, but none
of the patients with Schatzki’s rings had significant mucosal eosinophilia [10].
However, others have failed to find a relationship between Schatzki’s rings and EoE
[20]. Thus the data to date suggest that there is no clear relationship between
Schatzki’s rings and EoE.

Pseudodiverticulosis

A more recently described finding in EoE is the presence of intramural pseudodiver-
ticulosis. Pseudodiverticulosis is a rare finding in the esophagus characterized by
multiple flask-shaped outpouchings in the esophageal wall that represent dilated
excretory ducts of esophageal mucus glands [21]. These are usually seen in the set-
ting motor abnormalities as well as in Candida infection, corrosive ingestion, stric-
tures, Plummer—Vinson, and carcinoma [22]. Pseudodiverticulae have been
described in two case reports to date (Fig. 13.9) [21, 22].

Normal Endoscopy in EoE

Interestingly, a completely normal endoscopy may be encountered in 10-25% of
patients with EoE [2, 3, 7, 14] In a study of 376 patients with unexplained dys-
phagia at the Mayo Clinic, 10 of 102 patients (9.8%) with a normal appearing
esophagus had EoE on biopsies. Overall, this finding may be more common in the
pediatric than the adult population [3].

Endosonographic Findings

Endosonography has been studied in a limited number of EoE patients to date.
A case report of an elderly male by Stevoff et al. described circumferential but
asymmetric thickening or the muscularis propria [23]. Fox et al. found significant
differences in total wall thickness (2.8 mm vs. 2.1 mm), combined mucosa and
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Fig. 13.9 Endoscopic appearance of the pseudodiverticulosis with concentric rings. (Image cour-
tesy of Evan S. Dellon, MD, MPH)

submucosa thickness (1.6 mm vs. 1.1 mm), and muscularis propria thickness
(1.2 mm vs. 1.0 mm) between children with EoE and control children [24]. Wall
thickening has also been described in an adult case report [25].

Conclusions and Future Directions

Despite increased awareness, understanding, and evaluation of EoE, strict endoscopic
criteria and terminology for defining the disease remain elusive. It seems clear that
despite the growing number of endoscopic features identified and described above,
these alone are not sufficient to make the diagnosis. Some features of EoE are more
common in children (normal, white plaques, erythema) whereas other features are
more common in adults (concentric rings, proximal strictures, crepe paper mucosa,
narrow caliber esophagus) [3]. The wide variety of features described above may be
found alone or in combination in EoE patients. Furthermore, one study has shown
only 33% of patients with endoscopic findings thought to be compatible with EoE
will receive a diagnosis of EoE and as described above, a subset of patients with EOE
will have a normal endoscopy [2]. The diagnostic utility of endoscopic features of
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EoE increases with the number of features present; when one feature was present
EoE was diagnosed only 38% of the time vs. 40-66% of the time when more than
one feature (rings) was present [2]. The inter- and intraobserver agreement for the
various features described above have not been evaluated to date and are clearly in
need of further study. It is hoped that standardized terminology and definitions of
endoscopic findings of the esophagus in EoE become part of the new consensus
guidelines under development at present.
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Chapter 14
Histologic Features of Eosinophilic Esophagitis

Margaret H. Collins

Keywords Eosinophilic esophagitis * Gastroesophageal reflux disease * Pediatric
* Pathology

Introduction

Eosinophilic esophagitis (EE) is an increasingly recognized chronic inflammatory
disorder of the esophagus affecting both adults and children [1-3]. EE shows a
strong predilection for males, and may occur in families [4]. Esophageal biopsies
from EE patients exhibit characteristic histology [5, 6] (Figs. 14.1-14.3). Gene
microarray analysis of esophageal biopsies identifies a transcriptome unique to EE
characterized by marked overexpression of the eotaxin-3 gene, which encodes a
chemokine that attracts eosinophils into esophageal epithelium [7]. Results of an
ongoing genome-wide association study strongly implicate the thymic stromal
lymphopoietin (TSLP) gene as also important in the pathogenesis of EE [8].
Clinical and experimental studies demonstrate that multiple cytokines participate
in numerous aspects of this disease [9-16].
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Fig. 14.1 (a) This esophageal biopsy illustrates many of the histologic features of eosinophilic
esophagitis (EE). There are numerous intraepithelial eosinophils including at the surface (fop), the
basal layer of the epithelium is expanded (bar), papillae appear elongated, and intercellular spaces
appear dilated (arrow) [hematoxylin and eosin (H&E), x200]. (b) This esophageal biopsy from the
same patient whose biopsy is shown in (a) appears normal. This is a biopsy following therapy
for EE. Intraepithelial eosinophils were not found in any high power field in the biopsy, and the
epithelial architecture and integrity are restored to normal (H&E, x200)
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Fig. 14.2 (a) This biopsy includes the lamina propria (black arrow at left) and muscularis mucosa
(black arrow pointing down in center) that are not seen in most esophageal biopsies. The lamina
propria forms a distinct layer below the esophageal squamous epithelium, and in this case shows
fibrosis. It also shows mainly chronic inflammation that includes plasma cells (white arrow),
as well as scattered eosinophils (outlined arrow). The deeper lamina propria closer to the muscu-
laris mucosa appears normal [hematoxylin and eosin (H&E), x40]. (b) This is a closer view of the
biopsy in (a). The dense fibrosis of the lamina propria is more apparent, and plasma cells (white
arrow) and eosinophils (outlined arrow) are seen more clearly. An extension of the lamina propria
forming a papilla is seen at the right. Also apparent is the marked basal layer expansion, dilated
intercellular spaces, and numerous intraepithelial eosinophils (H&E, x200)
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Fig. 14.3 (a) This piece that appears normal is from the same biopsy, the same site in the esopha-
gus, as the piece shown in (b). This illustration emphasizes the patchy nature of the infiltrate in
eosinophilic esophagitis (EE), and the need to submit multiple samples if EE is suspected to
increase the diagnostic yield [hematoxylin and eosin (H&E), x200]. (b) Although somewhat tan-
gentially oriented, this biopsy shows many of the histologic features of EE, included trails of
extracellular eosinophil granules (arrows). If this piece was not included in the sample, the diag-
nosis would be missed. This patient has inflammatory bowel disease (H&E, x200)
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Definition

EE is defined as esophageal eosinophilic inflammation that is refractory to anti-reflux
therapy, or occurs in the presence of normal pH monitoring [17]. It is a clinicopatho-
logic diagnosis. EE cannot be diagnosed by clinical signs and symptoms only. EE
cannot be diagnosed by biopsy only. EE is diagnosed in patients with the appropriate
clinical setting by esophageal biopsy that shows eosinophilic inflammation.
Attention continues to be focused on “THE” number that defines EE. The diag-
nosis of EE is not based on the number only; the clinical setting is as important to the
diagnosis as the biopsy histology. The consensus statement recommends a threshold
value of at least a peak count of 15 intraepithelial eosinophils in a X400 high power
field (hpf) in an esophageal biopsy as part of the diagnosis of EE. Clinicians and
investigators may set a higher threshold value for the peak eosinophil count, if they
believe that is appropriate [18, 19]. It is not recommended that a threshold value
lower than 15/hpf is set for the peak esophageal eosinophil count to diagnose EE.

Indeterminate Esophagitis

Guidelines for diagnosis and treatment may not be applicable to all patients. For
example, some patients who appear clinically to have EE have esophageal biopsies
that contain eosinophils, but fewer than 15/hpf [20, 21]. These biopsies should be
considered indeterminate for EE (Fig. 14.4). Clinicians and pathologists need to con-
sult each other about these cases, since each provides part of the diagnosis, but neither
supplies the entire diagnosis. In such cases, pathologists should be aware of the patchy
nature of the infiltrates in EE and examine additional histologic sections, especially if
the epithelium and lamina propria appear abnormal (Fig. 14.3). In patients whose
biopsies are initially indeterminate, repeat biopsies at an appropriate time may be
more informative. The goal is to treat each patient appropriately, to provide the ther-
apy that an individual patient requires — to exercise the art of medicine. In the scenario
in which the clinical setting is strongly indicative of EE, but the biopsy is equivocal, a
clinician may opt to treat patients with those findings for EE, especially if other thera-
peutic options have failed. In this setting, patient response to therapy for EE should be
communicated by the clinician to the pathologist. Reporting the outcome of cases
such as these to the larger medical community will help to further define the disease.

Differential Diagnosis

EE may be classified as a primary or secondary disease [22]. The primary form is
often associated with allergy. The secondary form is associated with other distinct
diseases. Esophageal histology does not distinguish primary from secondary forms.
It is important for pathologists and clinicians to realize that routine esophageal his-
tology does not identify a specific etiology for EE, does not distinguish atopic from
nonatopic patients, familial from sporadic cases, males from females, etc.
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Gastroesophageal Reflux Disease

Among the causes of secondary EE, gastroesophageal reflux disease (GERD) is the
most important, because it is the most common. GERD may mimic primary EE
clinically and histologically. Distinguishing EE from GERD is important, because
the therapy for the diseases differ. Fundoplication may be indicated for some patients
who have GERD, but it is not indicated for patients who have EE. Therefore, good
clinical practice is to biopsy the esophagus prior to performing fundoplication and to
consider the diagnosis of EE if numerous intraepithelial eosinophils are found [23].
Indeed, 0.9-8.8% of patients who have refractory GERD (i.e., who do not respond
to medical anti-reflux therapy) have EE [24, 25].

Patients who are believed clinically to have GERD are often treated empirically
with medication, and if there is satisfactory resolution of signs and symptoms of
GERD, endoscopy with biopsy is not performed. For example, a recent study of chil-
dren who had signs and symptoms of esophageal dysfunction, with normal or abnor-
mal pH monitoring, and a peak eosinophil count >15/hpf reported a substantial
response rate to proton pump inhibitor (PPI) therapy, defined as <5 eosinophils/hpf on
repeat esophageal biopsy; however, only 13% of the total population of patients who
met the initial inclusion criteria had repeat biopsy [26]. Although in the past, intraepi-
thelial eosinophils were considered specific indicators of abnormal esophageal reflux,
it is likely that there are few if any intraepithelial eosinophils in esophageal biopsies
from GERD patients who have not been treated for reflux disease. An older study in
children that linked reflux to intraepithelial eosinophils in biopsies actually docu-
mented few eosinophils in patients with abnormal reflux [27]. In that study, virtually
all patients who had intraepithelial eosinophils, and few eosinophils were reported or
illustrated, had abnormal acid reflux, but fewer than half of the patients who had
abnormal acid reflux had intraepithelial eosinophils in their esophageal biopsies.

Among patients who have GERD, biopsies demonstrating >15 eosinophils/hpf
occur [28]. Patients who have the histologic and endoscopic features that are highly
characteristic of EE including large numbers of intraepithelial eosinophils with
abscesses and furrowed esophageal mucosa may respond completely, clinically and
histologically, to anti-reflux medications [29, 30]. These patients should be consid-
ered to have GERD, as they do not require additional therapy. The prevalence of
biopsies that have >15 eosinophils/hpf among untreated GERD patients is unknown
since most do not have biopsies obtained prior to therapy.

Statistically significant differences exist for various aspects of the esophageal
histology of patients who have GERD only compared to those who have EE only, but

<
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Fig. 14.4 (a) This biopsy was taken from an adolescent male who presented with a food impaction.
He had a history of allergic rhinitis and other allergies. The epithelium is thick, and there is super-
ficial epithelial necrosis (arrow). The lamina propria is fibrotic (white arrow) and inflamed with
lymphocytes, plasma cells, and eosinophils. Few intraepithelial eosinophils are seen (outlined
arrow). This biopsy should be considered indeterminate [hematoxylin and eosin (H&E), x200].
(b) The patient was treated medically for reflux disease, but continued to be symptomatic, and
repeat biopsies showed fewer epithelial alterations, but numerous intraepithelial eosinophils
(arrows) (peak count >40/hpf), consistent with eosinophilic esophagitis (H&E, x200)
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there is not a histologic characteristic that occurs in one disease but not the other [31].
It is true that the histologic changes in esophageal biospies are generally more
marked in EE compared to GERD, but there are exceptions [29, 30, 32].

EE is a disease that is antigen-driven, shows numerous intraepithelial eosinophils
in esophageal biopsies, and is not ameliorated by therapy for reflux, whereas GERD
is a disease that in most patients is responsive to acid suppression as monotherapy
and shows few if any intraepithelial eosinophils in esophageal biopsies. In practice,
not all patients can be clearly identified as having either one or the other disease:
some patients have compelling evidence of both diseases, and many EE patients
report some, but incomplete, clinical improvement with PPI therapy [33, 34]. In sup-
port of this clinical observation is in vitro data that cells from primary esophageal
epithelial cell cultures significantly increase eotaxin-3 secretion at acidic pH [15].
The eotaxin-3 gene is the most upregulated gene in the EE transcriptome, is expressed
in esophageal epithelial cells, and encodes a chemokine that is a powerful attractant
for eosinophils [7]. Conversely, there are observations indicating that the use of
acid-suppressive therapy for GERD also might contribute to the development of EE
[35]. Clearly, the interaction between pathologic reflux and esophageal antigen sen-
sitization must be explored further. Ideally, future studies should include placebo
control groups, because the placebo effect may be greater than anticipated [36].

Beyond GERD

Other diseases that have been associated with esophageal biopsies showing the
characteristic histology of EE include celiac disease and idiopathic inflammatory
bowel disease [37] (Fig. 14.3). In patients who are suspected to have primary EE,
biopsy from extra-esophageal sites should be obtained, including the lower GI tract
if clinically indicated, to uncover eosinophilic disease at other sites, and to discover
other pathology at those sites, such as celiac disease or idiopathic inflammatory
bowel disease.

General Features

In EE, the histologic changes are typically patchy; and therefore, examining multiple
biopsy pieces increases the diagnostic sensitivity of endoscopy [34, 38].

Eosinophils

The current recommendation is that eosinophils in the most intensely inflamed area
in an esophageal biopsy are enumerated to generate a peak count of eosinophils/hpf.
This is practical for daily surgical pathology practice. Peak values have been shown
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to correlate well with the results of more extensive eosinophil quantitation [39].
More extensive counting may be appropriate for research studies, and document the
patchy nature of the disease in most cases.

It is recommended that eosinophils are counted at X400 total magnification. The
area on glass slides subtended by objectives varies among microscopes, and such
variability affects the total eosinophil count. Optimally, sequential biopsies from a
given patient are evaluated by the same pathologist using the same microscope, or
any difference in the area of the various microscopes used to quantitate eosinophils
is taken into account when reporting peak eosinophil counts. Reporting eosinophils as
number/unit area is not currently a standard practice, but reporting counts that way
would help to standardize counts among pathologists.

Eosinophils may be found dispersed in the epithelium in cases of EE, and may
also form micro-abscesses and layers at the luminal surface [40] (Fig. 14.5). These
features are found most often in biopsies that are the most intensely inflamed [41].

Degranulation

Extracellular granules are often seen in EE biopsies, mostly those that are intensely
inflamed (Fig. 14.3b). At least some degranulation may be secondary to mechanical
factors [42, 43]. Nevertheless, extracellular eosinophil granules are bound by mem-
branes that express receptors and release protein in response to ligand binding [44,
45]. These data support the concept that extracellular granules may be important in
the pathogenesis of eosinophil-related disorders including EE. Antibodies to eosino-
phil granule contents, such as major basic protein, eosinophil peroxidase, and eosinophil-
derived neurotoxin, demonstrate more extracellular granules than are found on
hematoxylin and eosin (H&E) stain [20, 30, 46, 47]. These antibodies may help
ultimately to classify cases that are not easily classified, but immunohistochemistry
is not currently required for diagnosis. Electron microscopy of EE biopsies has
shown that the eosinophil granules are activated [48].

Epithelial Reactivity

Expansion of the basal layer is commonly found in EE (Fig. 14.5). The basal layer
remains mitotically active and replenishes the remainder of the esophageal squamous
epithelium normally. In EE, the degree of hyperplasia correlates with the number of
eosinophils [7, 49]. The proliferation marker MIB 1-antibody demonstrates that epi-
thelial cell proliferation is increased in both EE and GERD [50]. Epithelial prolif-
eration diminishes following therapy for EE [12, 36, 49].

There is persuasive experimental evidence that cytokines important in the patho-
genesis of EE affect esophageal epithelium. For example, CD2-ILS transgenic mice
show greater basal layer hyperplasia after allergen challenge than nontransgenic
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Fig. 14.5 (a) This biopsy of the distal esophagus from a 28-year-old symptomatic woman shows
many of the features of eosinophilic esophagitis, including marked basal layer hyperplasia, dilated
intercellular spaces, and numerous intraepithelial eosinophils that are concentrated at the surface.
A focus of surface layering is seen at the upper left (arrow) [hematoxylin and eosin (H&E), x200].
(b) A piece from the proximal esophagus obtained at the same endoscopic procedure shows the
microscopic correlate of white streaks or patches seen on the esophageal mucosa at endoscopy:
eosinophils admixed with shed necrotic epithelial cells at the surface (H&E, x400)
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mice [14]. Epithelial hyperplasia in human EE biopsies is reduced in patients who
have been treated with an antibody to IL-5 [12].

Another cytokine that is overexpressed in human EE directly affects esophageal
epithelium. Interleukin-13 (IL-13) increases eotaxin-3 production in vitro by cul-
tured human esophageal epithelial cells; in vivo, the eotaxin-3 gene is upregulated
in EE, mRNA levels are increased in human EE biopsies, and in situ hybridization
demonstrates eotaxin-3 expression in human esophageal epithelium in EE [7, 15].
Eotaxin-3 is essential in the pathogenesis of EE, because it attracts eosinophils into
esophageal epithelium. The upregulation of eotaxin-3 appears to be directed at least
in part by IL-13.

In human EE, filaggrin gene expression is reduced and filaggrin mRNA levels are
significantly diminished in EE esophageal biopsies, but return to normal following
therapy [7, 15]. Filaggrin protein performs an important function in barrier protec-
tion in epidermis and is downregulated in atopic dermatitis, a condition that occurs
in some EE patients. Furthermore, a loss of function mutation in the filaggrin gene
is more prevalent among EE patients than patients without EE. IL-13 acts directly on
cultured human esophageal epithelial cells to decrease the expression of the filaggrin
gene [15]. These data suggest a significant IL-13-mediated alteration in epithelial
barrier integrity in EE that may contribute to the chronic nature of the disease.

Other Cell Types

The esophagus is the first part of the GI tract that encounters food. Normal esopha-
geal mucosa contains a variety of cell types that are important for immune
competence.

In sections of esophageal mucosal biopsies stained with H&E, eosinophils are
the predominant inflammatory cells in EE. However, special stains or antibodies
may be required to detect other cell types that are also increased in esophageal epi-
thelium in EE.

Dendritic Cells

Most EE patients have evidence of allergen sensitization, including to food, and may
respond well to antigen elimination diet [51]. Dendritic cells are antigen-presenting
cells that are found in skin and mucosa, and are not seen with the H&E stain.
Langerhans cells are epithelial dendritic cells that stain with CDla antibody
(Fig. 14.6). Langerhans cells are found in normal esophageal epithelium, and (num-
ber expressed per unit volume) 5,490+5,470/mm’® have been reported in normal
esophageal biopsies from adults [52]. In esophageal biopsies of adults who have
GERD, 6,370+6,990/mm?* CD1a-positive cells have been reported, a nonsignificant
increase from normal. Similarly, in esophageal biopsies of adults who have EE, the
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Fig. 14.6 (a) CDla antibody decorates Langerhans cells, dendritic cells, in normal esophageal
epithelium. The dendritic cell processes are nicely illustrated in some cells (arrow) (CD1a, x200).
(b) In eosinophilic esophagitis, dendritic cells are also seen (arrow) and appear more numerous in
this field compared to the field from a normal biopsy in (a) (CD1a, x200)
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number of CDla-positive cells has been reported as 8,490+ 17,550/mm?, also a
nonsignificant increase compared to normal; after therapy with topical steroids
7,830+12,610/mm? are found [52]. In contrast, the number of CD1a-positive cells
in esophageal biopsies from children who have EE has decreased significantly fol-
lowing topical steroid therapy, from (number expressed per unit area) 8.6 = 1.6/mm?
to 6.4+0.8/mm? in the distal esophagus, and 9.4+ 1.5/mm? to 5.6+0.5/mm? in the
proximal esophagus [53]. The role of dendritic cells in the genesis and maintenance
of EE should be further explored.

Mast Cells

Mast cells are virtually ubiquitous, but are generally not easily recognized in tissue
sections without the use of special stains or antibodies (Fig. 14.7). Mast cells par-
ticipate in allergic reactions, and in response to certain stimuli secrete preformed or
newly synthesized mediators [54]. Mast cell granules contain literally hundreds of
substances including the cytokines IL-5 and IL-13 that are important in the patho-
genesis of EE. Other mediators contained in mast cell granules are histamine,
tryptase, chymase, and carboxypeptidase. Tryptase release is considered a marker
of mast cell activation. Mediators released by mast cells could potentially become
biomarkers of EE and disease activity [55].

Mast cells express c-kit, a tyrosine kinase receptor encoded by the proto-onco-
gene ckit, and a ckit gene mutation characterizes systemic mastocytosis. Systemic
mastocytosis commonly affects the gastrointestinal tract (GI) and may involve any
site including, rarely, the esophagus, with esophageal strictures occurring in some
patients [56, 57]. In cases of systemic mastocytosis that have the characteristic ckit
mutation and involve the GI tract, the mast cell infiltrates may be accompanied by
numerous eosinophils [58].

The number of mast cells detected by tryptase antibody in the epithelium of nor-
mal esophageal biopsies of children has been variable: reports have ranged from no
tryptase-positive cells in the epithelium but occasional cells in the lamina propria,
to 0.18£0.31 mast cells/hpf, and 4.6 +0.3 mast cells/hpf with a peak count of 3/hpf
[7, 59, 60]. Anti-c-kit (CD117) detects similar numbers of intraepithelial mast cells
in esophageal epithelium [60]. The number of tryptase-positive mast cells in normal
esophageal biopsies of adults has been reported as (number per unit area) 4+0.9/
mm? and (number per unit volume) 2,730/mm? [52, 61].

In both children and adults who have EE, mast cells are increased in esophageal
epithelium [7, 30, 36, 47, 52, 59, 61-64]. The number of tryptase-positive cells is
greater in EE compared to GERD biopsies [30]. The number of tryptase-positive
mast cells does not differ in biopsies of atopic patients compared to nonatopic
patients, even among patients who have EE [64].

Intraepithelial mast cell density correlates with eosinophil density [7, 30, 47],
basal layer hyperplasia [7], and B-cell density [64]. Mast cell number decreases with
topical steroid therapy [36, 52, 63], and following anti-interleukin-5 (IL-5)
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Fig. 14.7 (a) Tryptase antibody stains mast cells (brown), and in this normal biopsy are seen
scattered in the lamina propria and basal epithelium (Tryptase, x400). (b) Tryptase-positive mast
cells appear more numerous in this high power field from an eosinophilic esophagitis biopsy
(Tryptase, x400)
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(Mepolizumab) therapy in some patients [12, 65]. However, the number of mast cells
in post-therapy EE biopsies may remain increased compared to normal biopsies, indi-
cating persistent inflammation and potentially hyperactive immune responses [52].

Several observations and lines of evidence implicate immunoglobulin E (IgE) in
the pathogenesis of EE, including the presence of IgE antigen-specific antibodies in
the serum of many EE patients, and the overexpression of the high affinity IgE
receptor gene in EE [7, 66]. IgE antibody does not decorate cells in normal esopha-
geal biopsies, but numerous IgE-positive cells are found in EE, and none or few of
these cells are found in biopsies from GERD patients [52, 59, 61, 64]. IgE-bearing
mast cells are more prevalent in EE biopsies from atopic compared to nonatopic EE
patients [64]. IgE-positive cells are not found in esophageal biopsies from
EE patients following therapy [52].

In the EE transcriptome, five mast cell genes are highly induced including car-
boxypeptidase, tryptase, and FCepsilonR 1, the high affinity IgE receptor. Expression
of tryptase and carboxypeptidase genes correlates with mast cell numbers in supra-
basilar esophageal epithelium, and both mast cell numbers and mRNA levels of
carboxypeptidase decrease with therapy [67].

These data demonstrate an important role for mast cells in the pathogenesis and
clinical course of EE, suggest the potential for mast cell products to be biomarkers
of the disease, and potentially provide the basis for novel therapies to treat EE.

Lymphocytes

Lymphoid tissue is normally found in esophageal mucosa (Fig. 14.8). Intraepithelial
lymphocytes are also normally found in esophageal squamous epithelium. In H&E
stains, they appear to have irregular nuclei and are referred to as squiggle cells.
In H&E-stained sections of normal esophageal biopsies, they are described as com-
mon [40] and have been quantified as 3.5+ 1.2/hpf with a range of 2—6/hpf [7].

Intraepithelial lymphocytes are increased in EE biopsies. Lymphocytes are criti-
cal components of inflammatory and immune responses, and there is significant
clinical and experimental data that support a crucial role for lymphocytes in the
pathogenesis of EE. Esophageal eosinophil counts correlate with the percentage of
peripheral blood T cells that express IL-5 in EE patients [68]. The EE transcriptome
includes overexpression of genes (e.g., MICA, MICB, and interleukin 15 {IL-15})
that are known to stimulate intraepithelial T-cell activation [1, 7]. Activated T cells
secrete IL-5 and IL-13 [1]. Lymphocyte-deficient and T-cell-deficient mice do not
develop experimental EE [69]. Effector T cells are increased and regulatory T cells
are decreased among total esophageal cells in allergen-challenged compared to
saline-challenged mice [70].

T cells are commonly found in small numbers in esophageal epithelium and
activated T cells secrete both IL-5 and IL-13 (Fig. 14.9). In normal adult esophageal
biopsies, CD3-positive T cells have numbered 180+22.2/mm?, and in normal pedi-
atric esophageal biopsies they have numbered 5.5 +2.3/hpf [53, 61]. CD3-positive
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Fig. 14.8 Lymphoid tissue is a normal component of the esophageal mucosa. The arrow points
downward to the germinal center of a lymphoid follicle in the lamina propria. The edges of the
follicle are somewhat crushed, an artifact resulting from tissue handling (hematoxylin and
eosin, x200)
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Fig. 14.9 Numerous CD3-positive T lymphocytes (brown) are seen in the thickened epithelium
and fibrotic lamina propria in this eosinophilic esophagitis biopsy (CD3, x200)
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T cells are increased in EE biopsies compared to normal biopsies and GERD biopsies
[53, 61, 63, 71]. CD3-positive cells have numbered 555 +54.6/mm? in EE biopsies from
adults, 28.2+4.5/hpf in EE biopsies from children, and 60.1+11.09/hpf (range
18-105/hpf) in EE biopsies from both adults and children [53, 61, 71]. CD3-positive
cells are reduced in EE biopsies after topical steroid therapy compared to pretherapy
biopsies [53, 63].

Suppressor T cells (CD8-positive) are more prevalent than helper T cells (CD4-
positive) in normal esophageal epithelium [52, 63] (Fig. 14.10). The number of
CD8-positive cells reported in normal esophageal biopsies in children is 5.9+2.8/
hpf [53]. In EE, CD8-positive cells are increased [36, 49, 52, 53, 63]. The number
of C8-positive T cells is also reduced following topical steroid therapy, but not pla-
cebo [36, 49, 52, 53, 63].

B cells are less prevalent than T cells in the normal esophagus (Fig. 14.11).
CD20-positive B cells are not found in normal esophageal biopsies in adults [52,
61]. In children, CD20-positive B cells are rarely detected in normal esophageal
biopsies, from either atopic or nonatopic patients. CD20-positive B cells are
increased in EE biopsies, to a similar degree in atopic and nonatopic patients [64].
In children, CD20-positive B cells are increased in epithelium and vascular papillae,
but not in lamina propria, in EE patients compared to controls [64]. In EE biopsies
from children, CD20-positive B cells correlate with mast cell numbers but not
eosinophil counts [64]. In adults, CD20-positive B cells are increased to a similar
degree in both EE biopsies (7.4 +1.7/mm?) [52, 61] and GERD biopsies [52].

IgE-positive cells are found in EE, but not control esophageal biopsies [52, 61,
64]. IgE-positive cells in EE biopsies may be mast cells [61], and IgE-positive mast
cells are increased in atopic compared to nonatopic EE patients [64]. However,
some CD117-negative cells in EE biopsies are IgE-positive [64], and some IgE-
positive cells have the morphology of plasma cells [62]. Therefore, a subset of
IgE-positive cells in EE biopsies may be plasma cells, strongly implicating B cells
in the immune reactions in EE. Local immunoglobulin class switching to IgE and
IgE production has been recently demonstrated in esophageal tissue in EE [64].
Increased expression of B-cell-related genes is found in EE, including immuno-
globulin lambda joining 3, immunoglobulin heavy chain delta, immunoglobulin
J polypeptide, and B-cell RAG-associated protein [7, 64]. Therefore, B cells probably
play an important role in EE, but may not contribute significantly to the initiation
of EE since B-cell-deficient mice are not protected from, but are susceptible to,
experimentally-induced EE [69].

Lamina Propria

In contrast to the rest of the GI tract, the lamina propria in the esophagus forms a
distinct subepithelial layer and projects into the epithelial layer creating papillae
(Fig. 14.2). Lamina propria is not present in all endoscopic esophageal biopsies
hampering study of this layer. Although the normal cell complement of the lamina
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Fig. 14.10 (a) C8-positive suppressor cells are normally the most abundant T cells in the esopha-
gus. Numerous cells (brown) are seen near a lymphoid aggregate in the lamina propria, and fewer
are seen in the overlying squamous epithelium (CD8, x200). (b) CD8-positive T cells are more
numerous in the thickened epithelium and fibrotic lamina propria in field in eosinophilic esophagi-
tis compared to normal (CD8, x200)
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Fig. 14.11 Plasma cells (outlined arrows) are terminally differentiated B cells, and are seen along
with eosinophils (arrows) in this fibrotic lamina propria in eosinophilic esophagitis (hematoxylin
and eosin, x400)

propria is not as well characterized as the esophageal epithelial layer, lymphocytes
are normal components and may form lymphoid aggregates or follicles (Fig. 14.8).
B cells are found in the lamina propria of normal biopsies [64]. Mast cells are also
found in lamina propria of normal biopsies [47].

Eosinophils are not found in the lamina propria of normal pediatric esophageal
biopsies [47]. Eosinophils are found in the lamina propria of esophageal biopsies from
patients who have GERD, but are less common than among EE biopsies. In adults,
lamina propria eosinophils are found in 56% of patients who have EE compared to
41% who have GERD [72]. In children, mean count ranges from 6 (range 0-23) to 17
(range 4-58) eosinophils/hpf in the lamina propria in biopsies of patients who have
EE, compared to a mean count of 2 (0-9)/hpf in patients who have GERD [47, 73].
Lamina propria mast cells detected by tryptase antibody have been reported as 6
(0—-64)/hpf in EE biopsies and 9.5 (7-23)/hpf in GERD biopsies in children [47].

Lamina propria fibrosis occurs in EE and may be found less commonly in other
disorders. In adults, lamina propria fibrosis is found in 39% of EE biopsies and 7%
of GERD biopsies [72]. It may increase in prevalence over time in esophageal biop-
sies of adults who have EE [74], but may resolve in children [75]. Lamina propria
fibrosis correlates with dysphagia and food impactions, but not with duration of
symptoms, in children [47]. Increased staining for TGF(-1 and its downstream sig-
naling molecule phospho-SMAD2/3 in lamina propria cells in EE biopsies showing
fibrosis, including patients with strictures, strongly implicates this signaling path-
way in the genesis of lamina propria fibrosis in EE [73]. Patients who respond to
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swallowed budesonide therapy, with reduced fibrosis and reduced staining for
TGFB-1 and phospho-SMAD2/3, are more likely to have a CC genotype at the =509
position in the TGF[} (beta)-1 promoter region [75]. This finding suggests that geno-
type may be important in the genesis of lamina propria fibrosis.

IL-5 is also important in the genesis of lamina propria fibrosis in EE. IL-5 levels
are increased in the esophagus of EE patients, IL-5 deficient mice develop less
lamina propria fibrosis than wild-type mice, and CD2-IL-5 transgenic mice showed
increased fibrosis compared to nontransgenic mice [14].

A genome-wide microarray analysis of esophageal biopsies has shown increased
expression of the periostin gene [7]. Periostin is a secreted protein expressed by
fibroblasts that interacts with components of the extracellular matrix. Periostin is
markedly overexpressed in lamina propria of EE biopsies compared to normal biop-
sies, and IL-13 and TGFp increase periostin expression in primary esophageal
fibrobast cultures. Periostin increases eosinophil adhesion to fibronectin in vitro,
and periostin-deficient allergen-challenged mice have reduced eosinophils in lung
and esophagus [76]. These data suggest that periostin plays an important role in
eosinophil recruitment from the vasculature into the lamina propria.

Future Directions

Clinical and experimental studies have elucidated many aspects of the pathogenesis
of EE. Studies have focused on primary or allergic EE, and efforts should be made to
identify any other pathways that may be involved in the genesis of EE associated
with other diseases. Experimental data have provided the basis for clinical trials [77].
The goals of therapy must be clarified. One goal should be to reduce esophageal
inflammation, but the degree of reduction is not yet identified. Mechanisms of lamina
propria fibrosis have been identified, and evidence is emerging that it may be revers-
ible, but the relationship of lamina propria fibrosis to esophageal dysfunction and
stricture in particular should be explored. Little is known about the natural history of
EE in children. Gastroenterologists who treat adults should be aware that biopsies
showing all the characteristic features of EE were obtained from children decades
ago and interpreted as GERD [78]; it is possible that adults who are now diagnosed
with EE had the disease in childhood, and the natural history will become clearer by
reporting these patients. The goal of all these efforts is to cure EE.
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Chapter 15
Complications Associated with Eosinophilic
Esophagitis
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Introduction

Eosinophilic esophagitis is a chronic inflammatory disease associated with dense
esophageal eosinophilia, hyperplastic epithelia and subepithelial fibrosis [1]. As
clinical recognition of eosinophilic esophagitis (EoE) increases, so too do observa-
tions identifying complications of the disease and its treatments. For the purposes of
this chapter, complications will be defined as unfavourable evolutions of chronic
inflammation or untoward consequences of ongoing treatment. In this regard, partial
or complete esophageal obstruction due to esophageal narrowings or food impac-
tion and eating difficulties are two important complications of EoE. With respect to
chronic treatment, the overall goal is to resolve symptoms and prevent EoE-related
complications. But treatment endpoints have not been established and thus, the
exact duration, frequency, expense and type treatments have not been formally
established. Because of this lack of guidelines, clinicians are potentially faced with
complications related to endoscopic procedures, medical treatments and nutritional
restrictions. In this chapter, we will provide our interpretation of the literature and
summary of our clinical experiences of these complications in children and adult
patients with EoE.
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Complications Associated with EoE in Children and Adults

Esophageal Narrowings

In some patients with EoE, chronic eosinophilic inflammation can lead to partial
esophageal obstruction that is manifest by symptoms of feeding difficulties, dys-
phagia and food impaction and endoscopic evidence of isolated esophageal stric-
tures, narrow bore esophagus, small caliber esophagus, crepe paper esophagus,
longitudinal narrowings, longitudinal rents/lacerations or mucosal tears. Clinical
experience suggests that not all patients develop these problems but who and when
they will develop them and identification of contributing factors toward their devel-
opment are all uncertain. In addition, it is not yet clear whether any form of treat-
ment can prevent them. Increasing clinical experience documents clinical aspects of
these fibrotic changes of the esophageal mucosa.

Pediatrics

A limited body of work documents esophageal strictures and narrowings associated
with EoE. Radiographic studies were the first to describe esophageal strictures in EoE
and identify their propensity to develop in the proximal esophagus [2, 3]. Since then, a
number of case series have identified esophageal strictures occurring in the proximal,
middle and distal esophagus of children with EoE [4—10]. Age at presentation ranges
from 0.6 to 11 years and longstanding histories of esophageal dysfunction with vomit-
ing, feeding difficulties or dysphagia or past medical histories of fundoplication are not
unusual suggesting that these lesions were unrecognized or that their clinical impact was
underestimated. The duration of time required to form these strictures is not known but
some insights were provided in a case report describing a 27-year-old man with progres-
sive solid food dysphagia. He received an original diagnosis of eosinophilic gastroen-
teritis 15 years earlier at which time he presumably did not have a stricture suggesting
that this lesion takes years to develop [11]. Few studies have addressed the size or fre-
quency of esophageal strictures in EoE. In a series of four pediatric patients, the mean
diameter of the stricture was 5.5 mm and in adults 14.7 mm [12].

Whether medical or nutritional treatments pre- or post-dilation are beneficial is
not certain but supported by some and has been the approach in most patients in our
practice [9, 13, 14]. Chronic dilation does not treat underlying inflammation associated
with EoE [15-18].

Approach to Child with Suspected Esophageal
Narrowing and EoE

Personal experiences and discussions with other colleagues support a thorough
assessment of children in whom one suspects esophageal narrowings associated
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with EoE. First, a thorough history is often quite revealing. While the initial attempt
to identify symptoms consistent with partial esophageal obstruction may seem non-
contributory, patients often have accommodated to their longstanding problem and
thus report no ongoing concerns; i.e. coping behaviours have developed to self man-
age their narrowings [19, 20]. In some circumstances, these behaviours have led to
reduction in caloric intake, malnutrition and slowed growth. Uncovering these
behaviours requires asking a few more questions related to chewing and swallow-
ing. The question of “do you experience any problems swallowing?” may be met
with a “no” response, but answers to the following series of other questions often
are met with the affirmative; “Does it seem to take a long time to chew your food
compared to others?” “Do you need a glass/multiple glasses of liquid to wash your
food down during mealtimes?” “Do you/your parents cut your food into small
pieces?” “Are you often the last person to finish your meal?” “Are you unable to
finish your lunch at school?” “Do you avoid eating some foods especially meats/
bagels/highly textured foods?” “Do you have problems swallowing pills?” “Do you
limit going out with friends because it takes you so long to eat?”” Positive responses
to any of these questions will lead to a subsequent imaging study to further define
the esophageal mucosa. In addition, consultation with a feeding specialist may be
important to help the patient overcome these problems.

Second, a brief communication with the radiologist is often helpful to provide
the rationale for the study and what lesions are suspected. Since proximal strictures
are uncommon, they may be missed as the radiologist may be checking for distal
strictures associated with gastroesophageal reflux disease (GERD). Narrow bore
esophagus, small caliber esophagus or longitudinal narrowings may not be apparent
if esophageal compliance is not assessed during a swallow.

Third, a thorough and careful endoscopic assessment of the esophageal mucosa
is critical at the time of initial assessment and in follow-up [21]. While radiographic
narrowings are highly suggestive of obstructive lesions, they may also represent
transient esophageal contractions in children. The presence of this phenomenon is
supported by two case series. In a study of 17 children with EoE, five demonstrated
evidence of esophageal strictures radiographically but these were confirmed in only
one endoscopically [6]. We previously reported similar findings in a retrospective
study of 17 children with EoE who demonstrated radiographic evidence of Schatzki
Ring but upon review of the endoscopic record, the esophageal mucosa appeared
normal without any evidence of a ring [22]. Together, the studies show that radio-
graphic evidence of esophageal narrowings may not match the endoscopic findings
and thus limit the necessity for dilation.

Careful attention to the entire length and circumference of esophageal mucosa is
also very important. Rapid passage of the endoscope past the upper esophageal
sphincter may lead to missing a proximal narrowing. Isolated narrowings are not
always readily apparent and subtle resistance to the gentle passage of an age and
size appropriate endoscope may be indicative of a small caliber esophagus or dif-
fuse esophageal edema.

Whitish exudates may be mistaken for cetacaine spray or Candida instead of
eosinophilic pus. With the rapid removal of an endoscope, one may miss a longitu-
dinal tear or mucosal rent/laceration that occurred with the initial passage of the
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endoscope. This tear represents the fragile nature of the esophageal mucosa in EoE
or crepe paper esophagus that likely occurs following years of chronic inflamma-
tion. It may explain severe post procedure pain that has been described in some
patients. Once viewed, it will not be forgotten and may represent the only pathog-
nomonic feature of the EoE [23].

Fourth, discussions with surgical, pathology and allergy colleagues are critical to
ongoing care of patients [19, 20, 24-30]. Case series from otolaryngologists and pedi-
atric surgeons have identified children with EoE who have been referred to them
primarily for feeding problems or fundoplication. Surgical specialties other than gastro-
enterology may perform emergency esophageal foreign body disimpactions, may be
the first to identify EoE and thus need to recognize clinical and endoscopic features.
Pathologists may not be aware of clinicopathological features of EoE and allergists play
critical roles in caring for patients longitudinally.

Finally, dilation of EoE associated narrowings should proceed slowly and less
aggressively than with GERD strictures. The precise methodology required to dilate
the stenotic esophagus observed in EoE is a matter of intense discussion. Factors to
consider include pre-treatment with medical or nutritional management, bougie vs.
balloon dilation, and frequency of sessions. Sequential gentle dilations as opposed
to rapid expansion of the narrowed lumen are preferred [15-18, 31].

To summarize, esophageal narrowing may be present at the first presentation of
EoE or develop over time following an established diagnosis. Evaluation of children
with any symptom suggestive of partial esophageal obstruction should begin with
thorough history and a barium esophagram to allow appropriate mapping of the
esophageal lumen and preparation for dilation if necessary. Close observation of the
luminal surface for evidence of transient contractions prior to assigning a diagnosis
of an esophageal stricture is important in patients with EoE or suspected EoE. In the
patient with a known diagnosis of EoE, medical or nutritional treatment prior to
endoscopic analysis may be beneficial if clinically feasible. Treatment of esophagi-
tis before endoscopic dilation appeared to be safe in children and is the suggested
approach by others in adults [9, 13, 14]. Future research studies will determine best
therapeutic approaches to this manifestation of EoE in children.

Adults

Strictures in adult presentation of EoE are rare but seem to represent a severe variant
of this condition. Two patterns of esophageal strictures, isolated stricture and long
narrow caliber, have been seen in adults. The presence of an isolated but tight stricture
seems relatively rare but has occurred in <10% of patients in published series
[32-34]. These patients have often already adapted their diet and ingest only liquids
or very soft foods, and eat very slowly. Such adaptation without overt symptoms
suggests that their strictures developed over time although there is no observational
proof of this concept.
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The second variation in adults is the narrow or small caliber esophagus. This
variant seems to be associated with the most severe forms of swallowing difficulty
and associated malnutrition. One such patient of ours presented to her local hospital
at the age of 18 years where she was initially regarded as having a psychological
eating disorder. The barium esophagram was also initially misinterpreted because
the overall esophageal appearance did not suggest a specific stricture and the lack of
the normal distension was not something the local radiologist was sensitive to. (See
section on pediatric evaluation above.) This patient was commenced on total paren-
teral nutrition and referred to the local surgical department for manometry to see if
the dysphagia was a form of achalasia. No previous endoscopy had been performed
and prior to the manometry test the endoscopy performed in our institution showed
a narrow caliber esophagus that would not allow the passage of a 9-mm endoscope.
Biopsies confirmed EoE and after a short course of systemic steroids swallowing
was restored. Now 10 years later, that patient still remains mildly symptomatic
while on medical therapy. She has recovered all her strength and successfully deliv-
ered two children. This vignette highlights the potential severity of stricture, narrow
bore esophagus, or small calibre oesophagus and emphasizes that a patient may
appear outwardly normal in every other way because of coping behaviours.

Another case represents other classical features of a tight stricture with a longer
segment of narrow bore/small caliber esophagus. This 17-year-old male presented
with a 10-year history of a swallowing disorder. His parents had been extremely
supportive since they first noticed his difficulty at the age of 7 years. After 5 years
of tests and unhelpful treatments (mostly acid suppression), he was referred to a
surgeon who despite having the discipline of performing manometry and pH stud-
ies, decided that in the absence of acid on the pH study his stricture must be peptic
and performed a Nissen fundoplication. His barium study at the age of 12 is shown
in Fig. 15.1, and reveals a tight stricture in the junction of the upper and middle third
of esophagus, a slightly dilated proximal esophagus, and a narrow caliber/small
caliber esophagus below for 8 cm in which are classic rings. This patient was sub-
ject to a Nissen fundoplication at the age of 12 years without any improvement in
his symptoms and carried on with liquid nutrition until his 17th year.

Despite never having eaten a solid meal of any kind (he lived on high calorie
drinks and liquid food supplements) he had grown fit and strong and he presented to
our institution when he had reached an adult age having exhausted all of the investi-
gative possibilities in his local pediatric facilities. When he came to our institution,
the diagnosis was obvious from the history and radiology, and confirmed by endos-
copy and biopsy. He was treated by dilatation of his stricture from 3 to 12 mm ini-
tially, systemic steroids, followed by montelukast medication with complete symptom
resolution, restoration of normal solid ingestion after having none for 10 years. Thirty
months later, he experienced one recurrence of bolus obstruction that required dilata-
tion and the addition of topical steroids for maintenance therapy.

The reason for the stricturing in these above patients has not been clearly
understood. At endoscopy, the strictures appear to be covered with hyperplastic
mucosae, but not endoscopically inflamed, and not overtly fibrotic. In the series of
patients followed longitudinally over >5 years [32-34], there does not seem to be
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Fig.15.1 Barium
esophogram showing tight
stricture at the junction of
upper and middle thirds of
the esophagus, with a
ringed narrow calibre
esophagus below, over a
distance of 5 cm below, and
a dilated esophagus above
the stricture

progression from symptomatic dysphagia to stricture and the type of treatment used
may not have any influence over the development or protection from stricturing.
The use of topical steroids may reduce mucosal or even submucosal fibrosis but is
unlikely to have any influence on muscular fibrosis [35]. Systemic steroids may
reduce muscular fibrosis but they have generally been used to treat these patients in
the early phase of their treatments, and only short courses are given to minimize
side effects of long-term use. It is not clear if the use of montelukast, commonly
used for this condition in the UK, has any influence on the development of stric-
tures. Potential mechanisms of action that may be relevant to EoE relate to the fact
that montelukast is a leukotriene D-4 antagonist that can stabilize eosinophil degran-
ulation and the release of locally neuro-active mediators that may stimulate muscular
dysfunction. Whether these mechanisms have any influence on the potential spo-
radic development of strictures is unknown.
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In one American series of adults reported by Potter et al. in 2004, a much higher
proportion of patients (86%) presented with rings, strictures or small caliber esoph-
agus [36]. The reason for this much higher incidence is not clear but circumstances
of referral pattern, the liberal use of barium swallows and referral after radiological
identification of stricture may skew the prevalence of stricture. Although barium
swallow is extremely useful it should be used to compliment, and not instead of,
endoscopy and biopsy in the evaluation of dysphagia. The sensitivity and specificity
of these tests in the evaluation of esophageal narrowing in EoE are not certain so
that both tests offer value in the evaluation of obstructive lesions. The variation of
stricture pattern seen in EoE includes mucosal fibrotic rings, which are occasionally
pronounced and contribute to dysphagia at multiple levels [37]. Thus, communica-
tion with the radiologists is important so that the specific questions can be answered
with the esophagram.

Food Impaction

Children and adults with EoE can experience food impaction [38—46]. Oftentimes
this problem may represent the first presentation of EoE. It is not unusual to hear
patients recall problems with food getting stuck after swallowing and that a variety
of different maneuvers including jumping up and down, raising the arms above
the head, forced gagging and attempting to swallow liquids had been used to
dislodge the bolus. Often these are successful and thus the patient does not seek
further attention, but eventually, the bolus remains stuck leading to a visit to the
emergency room. We initially reported that 54% of adults presenting to an emer-
gency room acutely with food impaction had findings consistent with EoE [38].
Similar findings have been reported in children and adults in other series [38—46].
Food impaction can also occur after the diagnosis of EoE has been obtained and
likely relates to poorly controlled inflammation, development of an esophageal
narrowing or exposure to a new food or aero-allergen. The mechanisms for food
impactions are not certain but include isolated or diffuse esophageal narrowing
or transient contraction of the esophageal muscularis. In support of the later
mechanism is the observation that after bolus removal, an obstructing lesion may
not be present.

Removal of food bolus in EoE patients also deserves comment. For a non-EoE
related esophageal food impaction, a surgical approach through a rigid endoscope
was preferred, with the cited advantage that retrieval of such a bolus was safer for
the airway rather than with a flexible scope. However, in patients with EoE, using
a Roth net or other retrieval device or placing an overtube over a flexible endoscope
are alternative ways to protect the airway in such cases and the risk of perforation
at a therapeutic endoscopy for bolus obstruction is likely reduced [16-18, 47].
Whether this should be performed by a gastroenterologist familiar with flexible
endoscopy, or whether otolaryngologist, depends on local expertise, equipment and
awareness of the relatively high frequency of EoE as a cause of bolus obstruction and
its attendant risk of perforation [19, 30, 38, 48]. When a pediatric gastroenterologists
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performs esophageal foreign body removal, it is typically performed under general
anesthesia with intubation and flexible endoscopy to protect the smaller airway
anatomy.

Perforation

Spontaneous perforation. Spontaneous perforation of the esophagus in EoE is rare
with the severity ranging from a full Boerhaave’s rupture [44, 49-51], to partial
tears [49], to circumferential dissections [52-54]. Some EoE patients may have
relative fragile esophageal walls due to eosinophilic inflammation and thus may be
at special risk of perforation secondary to pill ingestions. Drug-induced perfora-
tion has been suggested in relation to paracetamol use in a patient with EoE [55].

A wide range of management styles has been reported for these spontaneous
perforations. A full Boerhaave type rupture requires immediate thoracotomy and
repair or replacement of the esophagus. A report from Liguori et al. describes a
32-year-old man with a 3-year history of mild dysphagia followed by sudden food
impaction who developed spontaneous dissection of the esophageal mucosa and an
associated pneumomediastinum [53]. This patient with previously undiagnosed
EoE was managed by surgical resection in the acute setting. This report allowed an
interesting pathological study of the transmural effect of EoE. In contrast, patients
with known EoE have been managed differently. For instance, one report described
a patient with an 8-year history of EoE who developed a perforation with evidence
of an air leak who was managed conservatively, without any procedural intervention.
The patient was supported with parenteral nutrition and antibiotics [54]. Finally, a
further variation on EoE management was the use of stent for a circumferential dis-
section without evidence of transmural perforation [52].

Maladaptive Eating Behaviours

During the course of chronic inflammation associated with EoE, a number of obser-
vations suggest that the patient undergoes adaptive behaviours that are directed at
limiting symptoms such as pain, dysphagia and vomiting. (See section on pediatric
evaluation above). In young children, these adaptive behaviours oftentimes limit
food ingestion and can lead to malnutrition [20, 56—61]. In older children and adults,
these adaptive behaviours, or coping strategies, may lead to altered eating habits
that significantly alter lifestyles.

Pediatric. Clinical experience and a limited amount of research support the obser-
vations that children with EoE exhibit at least two forms of maladaptive feeding
behaviour [20]. First, children who experience pain or discomfort with feeding and
or swallowing may learn to limit the ingestion of calories and micronutrients
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adequate to sustain growth and development. Most often, when the inflammation is
resolved, original patterns of eating will return and children will regain their growth.
In some circumstances, the ingestion of adequate nutrition remains limited necessitat-
ing the use of nasogastric or gastrostomy tube supplementation. In our experience, it
is rare for these interventions to be necessary but they have been utilized in some cir-
cumstances. The second type of maladaptive behaviour concerns the development of
feeding difficulties. Feeding difficulties can be categorized as delayed advancement of
normal eating skills or development of learned dysfunctional eating behaviours, both
of which can develop as a result of an esophageal insult [20, 59]. The first problem,
delayed advancement of normal eating skills, is portrayed in a 2-year-old child with
EoE who does not advance through the normal developmental milestones of being
able to eat more textured foods. The patient continues to eat soft foods and does not
progress to ingest more highly textured foods. An example of the second problem,
development of learned dysfunctional eating behaviours, is portrayed in the 6-year-old
child who refuses to eat previously accepted typically high texture foods likely as a
result of accommodating to an inflamed esophagus. In our recent study, learned mal-
adaptive feeding behaviours were identified in 94% children with eosinophilic gastro-
intestinal diseases (EGIDs) and feeding difficulties [20]. Examples of this behaviour
include food refusal, low volume or variety of intake, spitting food out, grazing, lack
of mealtime structure and requiring prompting to eat. Importantly, both of these pat-
terns may persist even when mucosal inflammation resolves [20]. Together, these kind
of eating patterns can be extremely disruptive to family meals, create frustration in
parent—child dynamics and, in a limited number of cases, lead to malnutrition.

Adults. The difficulties experienced by adults when eating manifest themselves in
their inability to eat out in restaurants and their anxiety about the risk of the choking
episodes of bolus obstruction. These fears may have marked effects by isolating
patients socially, an issue clearly described by the account of Straumann et al. in his
natural history of EoE [34]. In this description, he also notes the need for patients to
alter their working life, even to the point of needing to change careers so that they
can adapt to their eating difficulties [51].

Psychological Impacts

Unmeasured costs associated with EoE include psychological impacts related to
coping with a chronic disease, undergoing repeated therapeutic evaluations and
accommodating to necessary treatments. Coping with a chronic disease can bring
significant disruption to any family and this is potentially compounded in EoE by
repeated skin test evaluations, endoscopic procedures and anesthesia. In addition,
malnutrition and social isolation related to food restriction or side effects from cor-
ticosteroid carry untold costs. See Chap. 29 [62].
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Complications Associated with Treatment

Medical Treatment

Corticosteroid side effects. A number of studies document the efficacy and safety
of topical corticosteroids in the treatment of allergic diseases including asthma,
atopic dermatitis, allergic rhinitis and, most recently, EoE. Side effects that have
been reported in association with topical steroid treatment for EoE include esophageal
Candida and Herpes infection and one case of cataracts [63—66]. Other potential,
but unreported, side effects of topical steroids in patients with EoE include diabetes,
longitudinal growth delay, systemic infection or epithelial atrophy [67]. The systemic
effects of topical steroids in EoE are minimized because of the limited systemic absorp-
tion that occurs because of first pass hepatic metabolism.

Surgical Treatment

Inappropriate surgery when EoE diagnosis is delayed. The inappropriate performance
of a Nissen fundoplication for assumed GERD when the patient is actually suffering
from EoE has been a recurring theme. The precise prevalence of this procedure in
patients with EoE is hard to estimate but a number of case series report this occurrence
in at least ten patients [24, 68—70]. Clinical experiences and these series note that in
patients with EoE, anti-reflux operations provide no sustainable symptom relief.

In some practices, the presence of suitable symptoms, the observation of endo-
scopic inflammation or the presence of hiatus hernia is sufficient justification for
fundoplication for GERD. In the authors’ experiences, the use of symptoms alone to
distinguish EoE from GERD is difficult at best, and endoscopic features associated
with EoE are non-specific. In this light, prior to performing fundoplication, the
authors will routinely use pH/impedance monitoring to insure that pathological
reflux is present. In our practice, the routine use of pH probe not only identifies
patients who should undergo fundoplication for recalcitrant GERD, but also permits
the identification of those patients who may have EoE as an etiology for their symp-
toms. If GERD-like symptoms persist, despite proton pump treatment, and a normal
ph monitoring of the distal esophagus is recorded when the patient is off proton
pump treatment, the diagnosis of EoE is highly likely [1]. Whether non-acid reflux is
a contributing cause of EoE is uncertain but at least two studies have shown that non-
acid reflux is not increased in at least two studies of children with EoE [71, 72].

Perforation

Perforation as a complication of dilation. Straumann et al. have highlighted
the risk of dilation of strictures in EoE; in their series, perforation occurred more
often with the use of rigid endoscopy compared to flexible endoscopy [34].
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Fig.15.2 Barium esophagram of a patient following rigid esophagoscopy for removal of a food
bolus obstruction, showing a submucosal dissection and partial perforation

Among other things, this report highlights the problem of practice organization;
referral patterns may send patients with EoE-related esophageal strictures to sub-
specialty surgeons who are not always aware of the EoE diagnosis and attendant
potential predisposition to perforate. In the USA, this most commonly occurs in the
emergency room setting where a patient presents acutely with an esophageal
obstruction; practice organizations may either rotate the responsibility of endo-
scopic management between gastroenterologist and surgeon or solely refer to the
surgeon. In the UK referral to an ear, nose and throat surgeon (Rhynolaryngologist)
rarely if ever results in a diagnosis of EoE. In these circumstances, when the sur-
geon is not aware of EoE, the underlying fragile mucosa may be at increased risk of
perforation with the use of a rigid endoscope.

In a subsequent report, Straumann et al. further emphasized the importance of per-
forming a flexible endoscopy, instead of a rigid endoscopy, in EoE patients [44]. In
this series, they identified the occurrence of esophageal perforation in two of ten
patients undergoing rigid endoscopies compared with O of 124 who underwent flexible
endoscopies (Fig. 15.2). Several recent studies examined practical aspects of esopha-
geal dilation with flexible endoscopes in over 300 EoE patients [16-18, 47]. These
studies report that dilation is safe when performed cautiously and despite post-proce-
dure pain, it is well received by most patients [16]. Reported that in a study of 70
dilations performed in 36 adults with EoE, complications of mucosal tears and pain
were predicted by younger patient age (23 vs. 42 years) and increased number of
dilations (4 vs. 1.7) [17]. Compared 61 EoE patients treated with dilation alone to
144 patients treated with dilation and topical steroids and identified no significant
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differences in luminal dilation or duration of response (23 vs. 20 months dilation
alone vs. dilation and treatment) [17]. No perforations were reported. A useful over-
view of the risk of perforation in discussed by Jacobs et al. in a recent review [31].

Perforation related to the simple passage of the endoscope. This problem lies
somewhere between spontaneous perforation and that due to dilatation. The compli-
cation is relatively rare [47, 73—75]. Cohen et al. identified mucosal lacerations (7),
perforations (3) in 36 adults with EoE undergoing endoscopy. The mean age of the
patients was 33.9 years and dilations had been performed in six of the patients who
developed complications. Again the decision on management depends on the degree
of perforation, the time of discovery and the extent of the leak with the reported
cases being successfully managed by esophagectomy or conservative approaches.

Muscular Involvement in EoE

Leiomyomatosis of the Esophageal Wall

A case of esophageal leiomyomatosis with eosinophilia was reported from our
group by Morris et al. that showed very similar pathology to the case of Liguori
et al. described above [53, 76]. In our case it was not known if the development of
this complication was a direct result of mucosal esophageal eosinophilia but the
dysphagia which occurred in this 61-year-old male was severe and the pathology of
the section of esophageal wall removed at surgery was remarkably similar to that
seen in the case of resected esophagus after perforation described by Liguori et al.
The circumstance of full thickness eosinophilic infiltration in eosinophilic esophagi-
tis was first raised by Nicholson et al. in 1997 and although their paper described the
potential for a “common allergic inflammatory profile” very few other cases have
been reported [77]. In the case of Morris et al., the patient had no detectable mucosal
disease and at the time there was no reason to link his condition with EoE [76]. His
intractable dysphagia was thought to be benign tumour on CT scan, but at surgery
by thoracotomy the diffuse nature of his esophageal wall swelling was not typical of
malignancy and after resecting a 2-cm wide strip of full thickness muscle from
along approximately 15 cm of oesophageal myotomy, and with suitable reassurance
from frozen section pathology, the esophagus was preserved and the patient swal-
lowed comfortably for many years after.

Esophageal Muscular Inflammation

It would be of great functional interest to know if the eosinophilic involvement of
muscle layers was a common phenomenon in EoE of the mucosa. The case report



15 Complications Associated with Eosinophilic Esophagitis 213

of Fassan published only in an abstract describing a myofibroblastic tumor as an
adverse outcome of EoE may be a similar condition [78]. The work of Korsapati
et al. suggests that the outer layers of esophageal longitudinal muscle show greater
degrees of dysfunction but we do not know if this is secondary to mediators released
from mucosal or submucosal eosinophils or it is due to eosinophil infiltration of the
muscle walls [79]. At least four other studies utilizing endoscopic ultrasound and
motility tracings support extension of the eosinophilia to the muscular layers in
children and adults [12, 80—83]. Further research in this area would be of great
interest and methods of biopsy of the deeper layers perhaps through EUS might be
very revealing, as long as they can be performed safely.

Summary

The list of complications of eosinophilic esophagitis grows as clinical experience
with diagnosis and treatment increases. Awareness of complications is very impor-
tant given the potential seriousness of their consequences. Precautions to avoid pre-
cipitating them during therapy are paramount to the caring physicians. From a
patient’s perspective, Whether the first presenting with EoE is chronic dysphagia or
acute bolus obstruction, the likelihood of serious complications appears to be
small;this being said, the most important aspect of care of the patient with a possible
complication of EoE or its treatment is attention toward prevention.
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