


CLINICAL GASTROENTEROLOGY

Series Editor
George Y. Wu
University of Connecticut Health Center, Farmington, CT, USA

For further volumes:
http://www.springer.com/series/7672



                      



Chris A. Liacouras  Jonathan E. Markowitz
Editors

Eosinophilic Esophagitis



Editors
Chris A. Liacouras, MD
Professor of Pediatrics
The University of Pennsylvania  
School of Medicine
Co-Director
Center for Pediatric Eosinophilic Disorders
The Children’s Hospital of Philadelphia
Philadelphia, PA, USA
liacouras@email.chop.edu

Jonathan E. Markowitz, MD, MSCE
Medical Director
Pediatric Gastroenterology and Nutrition
Greenville Hospital System University 
Medical Center
Greenville, SC, USA
JMarkowitz@ghs.org



v

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.
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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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Chapter 1
A History of Eosinophilic Esophagitis

Chris A. Liacouras and Jonathan E. Markowitz 
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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 
a persistent 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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Keywords

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 

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 

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-

-

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
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 400× 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 

15, 16]. 
Other series have utilized survey results, from both patients and providers alike, to 
estimate demographic parameters of pediatric EoE [17, 18 -
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 

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. 
-

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 

Furthermore, it has been well established that children with EoE may not have 
22], allowing for the occa-

Sex Distribution

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.  
[17]

Noel et al.  
[11]

 
[4]

Gill et al. 
[14]

Spergel 
[16]

Prasad et al. 
[12]

Cases 39 103 89 44 620 23
Presenting 

symptoms
% Median age  

(%)
Mean age 

(%)
% Median age 

(%)
%

Feeding 
disorder

NA 2 (13.6) 1 (3) NA 2.8 (19) NA

Vomiting 54 8.1 (26.2) 3.2 (59.5) 43 5.1 (25.4) 43.5
Abdominal  

pain
21 12 (26.2) 4.9 (24.7) 55 9 (14.1) 30.4

Dysphagia 36 13.4 (27.2) 4.3 (15.7) 9 11.1 (10) 60.9
Food  

impaction
36 16.8 (6.8) 8.8 (6.7) NA 21.7

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

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

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 

minority EoE remains to be determined.

Table 2.3 Publications describing racial breakdown of pediatric EoE populations

4] Spergel [16]

Cases 89 620
Racial breakdown
% White 94.4  90
% AA  4.5   4
% Asian NA   3
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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 

prevalences by 6-, 3.8-, and 15-fold for asthma, rhinitis, and food allergy, respectively 
[11
by 8.3-, 4-, and 2-fold for asthma, rhinitis, and eczema, respectively [16]. While the 

-
tors. Outside of animal models [35
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-

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 

Table 2.4 Publications describing prevalence of atopic disease in populations of children with EoE

Guajardo 
et al. [17]

Noel  
et al. [11] 15]

Gill  
et al. [14] Spergel [16]

Prasad 
et al. [12]

Cases 39 103 89 44 620 23
% Atopy, seasonal  

allergy, or 
rhinoconjunctivitis

64 57.4 NA 32  61 53.8

% Asthma 38 36.8 NA NA  50 63.6
% Eczema 26 NA NA NA  21
% Food allergic NA  46 75 NA NA 57.1
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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

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 

per 100,000 pediatric population, EoE occurs more frequently than other entities 
such as biliary atresia [40 41] that have an inci-

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 

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  
et al. [11]

Cherian  
et al. [13]

Gill  
et al. [14] Book [18]

Prasad  
et al. [12]a

Prevalence per 100,000 43 9 NA 52 54
Incidence per 100,000 12.8 NA 7.3 NA  2.39
a
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future. The Olmstead County population-based study has noted increasing incidence 

12]. Incidence has also increased 

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

basis of pediatric EoE [44

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 

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 

increasing intake of −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

2
, promoting Th2 sensitization. Conversely, −3 fatty acids have 

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-

reversed with acid-suppressant medications [52].

Disruption of the Esophageal Epithelial  
Barrier Contributes to EoE

-
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 

-
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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Constituents of Processed Food Contribute to EoE

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 

-
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
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 

-
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 

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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[27
28

with EoE [29
-

30 -

Mast Cells Are Increased in Number in the EoE Esophagus

10, 29

31
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EoE [16
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Possible Role of Mast Cells in the Pathogenesis of EoE

5.1) [34]. As a 

EoE, hence contributing to its pathogenesis.
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36], a 
-

37], a cytokine that participates in eosino-
38 39

-

IL-4, IL-5, and IL-13 [34
present in EoE [15, 26, 27 , 

-
40]. Dendritic cells are 

9].

34

41].
 [33], a 

42

10].

Table 5.1 34]

 
carboxypeptidase

Cytokine IL-4 and IL-13

neutrophils

Leukotrienes C4, D4,  
and E4

Attracts leukocytes

platelets
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disease, so that therapeutic trials can be tailored accordingly.

Conclusion

-

5.1 

Fig. 5.1
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Introduction

The normal esophagus is composed of layers from the lumen to the adventitia. The 
-
-

cosa, and muscularis propria [1]. The esophageal epithelium contains regenerative 

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 

the epithelium is devoid of eosinophilic infiltration. Therefore, epithelial  eosinophilia 
indicates a pathologic condition [3] (Fig. 6.1).
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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 

relies on the histologic finding of 15 eosinophils per high power field despite acid 
4

-
geal reflux disease, the hypereosinophilic syndrome, eosinophilic gastroenteritis, 

3]  
(Fig. 6.1).

11]. 

5
referred to as “tissue remodeling”. In essence, remodeling is a response of tissue 
regeneration and repair to injurious and inflammatory states. Tissue remodeling as 

Fig. 6.1 Esophageal 
pathology in eosinophilic 
esophagitis. A representative 

 
EoE patient demonstrates 

epithelial eosinophil 
accumulation. The lamina 
propria demonstrates 

increased  
collagen density
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syndrome and in asthma [6–9
-

-
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 

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-

and TNF-  (alpha) increased eosinophil trafficking leads to structural changes including non-stric-
ture food impactions. (c) Eosinophil-derived TGF-

-
, MBP, EPO, IL-13, and IL-5. (d) Activated eosinophils 

express TGF-  which may induce smooth muscle hypertrophy and dysfunction leading to muscu-
-

tility, and dysphagia. (Adapted from

Am. 2009;29:199; Fox VL, et al. High resolution EUS in children with eosinophilic “allergic” 

remodeling in pediatric eosinophilic esophagitis. J Allergy Clin Immunol. 2007;119:210; with 
permission.)
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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 

-
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 

-
standing the mechanisms and clinical implications of tissue remodeling in children 
and adults.

with EoE [10, 11 -
sis in pediatric EoE patients. Aceves et al. demonstrated that pediatric patients with 

-
atric patients with a histologically normal esophagus or patients with reflux 
esophagitis [12

13

-
cantly linked to peripheral eosinophil counts, duration of symptoms, or the pres-
ence of food or environmental allergies. Endoscopically, all patients with concentric 

13

strictures, or concentric rings and can occur even in children as young as 24 months 
[14

Potential Mechanisms of Esophageal Fibrosis in EoE

Pro-fibrotic Factors

Transforming Growth Factor beta-1 (TGFb1)

-
geal remodeling in pediatric EoE, we analyzed the expression of transforming 

1) and its signaling molecule phosphorylated Smad2/3 
(pSmad2/3). GF  RI/RII, resulting in a sig-
nal transduction cascade that phosphorylates the Smad transcription factor com-
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1-positive 

disease (GERD) or patients with a histologically normal esophagus [12]. Consistent 
with activation of the TGF
nuclear pSmad2/3 positive cells in the lamina propria of EoE patients as compared 
with GERD or normal patients. Messenger RNA for TGF 1 is also increased in 
EoE patients as compared with controls [15]. In vitro studies have suggested the 
clinical consequences of elevated TGF
et al. demonstrated that TGF 1 can increase the production of the extracellular 
matrix protein, periostin [16]. Importantly, human esophageal eosinophils produce 
TGF 1, directly implicating the eosinophil in EoE remodeling.

Interleukin-5

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 naïve mice. In this model system, Aspergillus causes 
significantly increased collagen accumulation in the lamina propria of allergen-

mucosa also demonstrates increased collagen deposition in the stromal papillae 

15].

remodeling in allergen-challenged mice. Specifically, transcript levels of TGF 1 and 
the mucin MUC5AC gene were increased in allergen-induced EoE as compared with 
control mice. Interestingly, MUC5AC mRNA levels were also significantly increased 

-
-

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 m in the allergen-challenged 
wild type mouse versus 5.2 ± 1.0 m in the IL-5 gene-deficient mouse. Additionally, 

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. 
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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-

Interleukin-13

Murine models have demonstrated that pulmonary expression of IL-13 is sufficient 

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-

trafficking.

increased airway IL-13 to induce EoE in the esophagus [19]. Transgenic (CC10-
iIL-13) mice, with IL-13 overexpression in the lung, demonstrated increased esoph-

independent of eosinophils, and IL-13-induced esophageal eosinophilia appeared to 
2 (alpha) 

-

2, which may function as a potential future 
therapeutic target.

Inflammatory Cells

[20

factors, such as TGF 1 [21, 22], PDGF-BB [23], IL-1  [24] and through their 
granule products such as MBP [25] and eosinophil peroxidase [26]. Eosinophil 

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 TGF 1 [12]. Definitive proof of the importance of the eosinophil in EoE-
associated tissue remodeling comes from Mishra and colleagues who demonstrated 



896 Esophageal Remodeling in Eosinophilic Esophagitis

15].
Recent data demonstrate that tryptase-positive mast cells in EoE also produce 

TGF 1 [29, 30]. Aceves et al. explored the role of mast cells in esophageal smooth 
muscle, the functional role of mast cell TGF- 1 expression in contractility of human 
esophageal smooth muscle cells in vitro, and the effect of topical steroid therapy on 

-
2 

in EoE versus median of 85 cells/mm2 in controls; p = 0.002) and TGF- 1-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 

-
onide significantly decreased epithelial tryptase-positive mast cells, lamina propria 
tryptase- and chymase-positive mast cells remained a relatively static population 

-

pathogenesis. Studies using mast cell-deficient mice in experimental EoE have not 

Structural Cells of the Esophagus

Epithelium

During inflammation or injurious conditions of the esophagus such as acid reflux 

total epithelial height in EoE [11]. In addition, the lamina propria papillae elongate 
and intercellular edema occurs within the esophageal epithelium during EoE [2]. 

-
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

TGF



90 L.M. Tourangeau and S.S. Aceves

the potential for epithelial-mesenchymal transformation in EoE, the severity of which 
correlated with the degree of eosinophilia, TGF 28].

One of the identified genes in genome-wide expression profiling studies of EoE 
-

 [16]. As such, periostin 
expression in the vascular papillae and lamina propria could increase eosinophil 

16].

Vascular Changes in Remodeling

Esophageal remodeling, like airway remodeling, is associated with increased vascular 

with GERD and normal control patients [12]. Furthermore, EoE patients had 

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 

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

remodeling correlated with typical symptoms and endoscopic features in pediatric 
EoE patients [32

intracellular spaces correlate with dysphagia + anorexia/early satiety [32]. Endoscopic 
features also correlate with histological remodeling features. While epithelial 

-

Interestingly, in our cohort of patients, only the symptoms of dysphagia and 

with reflux esophagitis and remodeling features correlated only with these EoE 
symptoms [32].



916 Esophageal Remodeling in Eosinophilic Esophagitis

Natural History

The most significant complication of EoE is esophageal stricture formation and it 

to strictures. We have reported that patients who are non-responders to therapy have 
14]. 

unlike other disease states where repeated tissue procurement is not required as a 

questions.

Effects of Therapeutic Interventions on EoE  
Associated Esophageal Remodeling

Corticosteroids

The question of whether therapeutic interventions can reduce esophageal remodeling 

who responded to therapy [14]. Patients were defined as “responders” ( 7 epithelial 
-

1 and its signaling 
pathway transcription factor, pSmad2/3, were decreased in the lamina propria of 

1 positive cells prior to therapy was not significantly different 
1 positive cells/hpf) and non-responders 

(mean = 109 TGF 1 positive cells/hpf ). After 3 months of therapy with swallowed 
1 

positive cells per high power field (hpf) as compared with the non-responders 
6.1) [14].

To assess the effects of steroid therapy on the downstream pathway from TGF
1
, 

-

decreased to 86; non-responders continued to have a mean of 119 pSmad2/3  positive 
cells per hpf. Similarly, responders demonstrated a decrease in VCAM-1 positive vessels 
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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 

1, 
pSmad2/3, and VCAM-1.

and/or improvements in esophageal remodeling in those patients who have decreased 

the dynamic nature of these changes and the potential progression to strictures in 

Anti-IL5

-

eosinophilic inflammation [33
-

34]. In addition to 
decreases in esophageal eosinophils, Straumann and colleagues reported decreased 
expression of TGF 1 following anti-IL-5 as well as decreased expression of 

Table 6.1
Responders Non-responders

Epithelial score Before tx: 2.2
After tx: 0.2

Before tx: 2.5
After tx: 2.3

LP eosinophils per hpf Before tx: 12.5
After tx: 1.8

Before tx: 13
After tx: 32

Before tx: 1.6
After tx: 0.67

Before tx: 2.3
After tx: 2.9

TGF
1
 positive cells per hpf Before tx: 84

After tx: 35
Before tx: 109
After tx: 97

pSmad2/3 positive cells Before tx: 152
After tx: 86

Before tx: 156
After tx: 119

VCAM-1 positive vessels per hpf Before tx: 19
After tx: 13

Before tx: 21
After tx: 20

Dilated Intercellular Spaces Before tx: 0.55
After tx: 0

Before tx: 0.71
After tx: 0.70

present [14]
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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-

-
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 

elongation pre- versus post-dilation. Schoepfer and colleagues found an increase in 
35]. In summary, they concluded that 

-

driving pathology of EoE.

Potential Future Targets to Decrease  
Esophageal Fibrosis in EoE

additive medications to IL-5 therapy or perhaps as lone therapy. These include 

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-

36]. As a result, these cytokines and their 

IL-13

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 

EDC genes [38

-

Eotaxin-3 and CCR3 Blockade

-

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.

TGFb1

Elevated levels of TGF
Functional consequences of TGF 1 in EoE include increased expression of pro-

16]. We have demonstrated 
that a single nucleotide polymorphism in the TGF 1 gene is associated with thera-
peutic response in EoE patients [14]. As such, TGF 1 may serve as a therapeutic 

phenotype.

Summary

who respond to steroid therapy in terms of eosinophil decreases in the epithelium. 

studied and potential therapies identified. In addition, the genetic predisposition to 
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Introduction

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 

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 

dysregulated genes (98%) in patients responsive to swallowed glucocorticoid therapy, 
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 

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 

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
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 

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-

and mast cell tryptase-  (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, 

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 1q21 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-

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 

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 , 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]. 

-
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 

 (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-
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known to be potentially involved in a particular disease (based on pathophysiology), 

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  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 

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 
6

the human genome, many common variants have been identified as risk variants for 
multiple heritable human diseases. This genome-wide association approach was 

-
dent EoE patient populations (n

total
 = 351) and two independent control populations 

(n
total

 = 3,104) [30]. Surprisingly, in both case-control cohorts a single EoE suscepti-
7.1

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
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with a combined p = 3.19 × 10−9 across the two case-control cohorts and an odds ratio 
of ~0.6 [30

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-

35], B and T lymphocytes, 
mast cells [36, 37], and eosinophils [38] toward a Th2 phenotype have implicated 

[39 40], and the 
41, 42]. However, inclusion of patient 

is particularly remarkable given the high prevalence of asthma in the two EoE patient 
populations (20–40%) [30

was independent of allergic status [43]. In this study, an additional association between 

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 5q22 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 

-

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
−log10 p values. Highlighted

42:289–91. Used with permission
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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 

and filaggrin, impacted by variation at the single nucleotide level, synergize to cre-

7.2).

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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Keywords

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 
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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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Introduction

Eosinophilic esophagitis (EoE) is a condition that affects nearly all ages. The 

and vary among individuals as well as across age ranges. The clinical manifesta-
tions are explored and placed into context for the evaluating physician.

therapy for most individuals. Patients and their physicians need to understand that 
-

mation are intertwined and require attention over many years.
EoE typically develops as a manifestation of adverse reaction to food antigens, 

any degree of dietary elimination, up to and including an elemental diet with an 

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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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 

-
-

withdrawal of that antigen will drive additional investigation, and the existing eosino-
-

The challenge for the evaluating physician is to understand that symptoms may 

the stage in the condition that the evaluation is taking place. Some symptoms may 
-

-
-

toms and the degree of histologic esophagitis [1]. One cannot assume that the 

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

occurs as a consequence of chronic inflammation, and if the inflammation is present 

3
inadequate control over the inflammation responds, if temporarily, to esophageal 

4, 5]. To 
-

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-

6–10].
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11]. Age may also inter-

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 

as gagging, choking, food refusal, and perhaps vomiting. Early school age children 

common in adolescents and adults. These generalizations have held up quite well 

Dysphagia

-

-

with feeding develop as a consequence of a multitude of disorders in children, includ-
ing EoE [12 -

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-

unusual for an adolescent to present with a food impaction that requires urgent 
13]. Those individuals, who have 

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 



122 P.E. Putnam

-
ing the dysphagia and treating the underlying disorder to prevent future impactions. 

any child or adult with a food impaction [14
a coin, may fail to pass through an inflamed esophagus, so an exam of the esophagus 

-
nity presents itself.

15].
-

mittent, persistent, or progressive. Older individuals with chronic dysphagia tend to 

why they eat the way they do.

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) 

along with odynophagia. However, when compared to primary dysphagia, the indi-

-
gestive of pill-induced esophagitis, as the patient reports taking medications, such 

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 

dysphagia of achalasia is qualitatively different from that of EoE and develops 

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 

strictures due to poorly controlled gastroesophageal reflux disease (GERD), Schtazki 
-

-
rowing at the anastomotic site. Importantly, we and others have diagnosed EoE in 

16].

Evaluation of Dysphagia

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-

There are no set rules for the evaluation of dysphagia for solids. Videofluoroscopic 

through the esophagus, and is a good method for detecting stenotic areas that impede 

Contrast radiography to document the anatomy and gross function of the esopha-
-

should achalasia.
-

-
-
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in a child who has EoE should promote an aggressive search for other pathology, 
-

They impact the pharyngeal phase of swallowing and cause choking on liquids. The 

to the posterior fossa, and direct laryngoscopy for the cleft.

Pain

Although EoE can create rather striking inflammation endoscopically and histologi-
-

with the child clearly indicating a pharyngeal rather then intrathoracic source of 
discomfort is more common in the author’s experience.

1].

manifestation of EoE, and sometimes have symptoms, such as dysphagia, that 

associated with asthma, eczema, or food allergies.

Vomiting

-
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 

-

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, 
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that need urgent attention (e.g., pyloric stenosis or malrotation). When anatomic 

-
tory and physical directing the order and priority of testing.

Perhaps the most common features of the vomiting associated with EoE is the 

is true vomiting, not the effortless regurgitation that characterizes GERD, which 
17

-
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. 

or colon, and individuals with eosinophilic gastroenteritis may well have esophageal 

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.

-

studies to determine the impact of treatment for the EoE on the frequency or sever-

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 

18, 19
-

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

in children who have Down syndrome, Pfeiffer syndrome, VATER syndrome, [syn-

(TE), and radial or renal dysplasia (R)], and CHARGE syndrome (association of 

heart defect, renal anomaly). There is no evidence to date to suggest or support any 

conditions, such as Chiari malformation. Once again, the association is loose without 

The Impact of Chronic Disease

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-

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 

-
-

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 

-
-

Because EoE is a chronic condition, it is important to assure that patients and 

-
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, 
-

comprehensive care. Core services from gastroenterology, allergy/immunology, and 

-

-
tal specialist, pulmonologist, and surgeon), assures consistent evaluation and clini-
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Introduction

 gastroenteritis, the rising field is related to the subset with isolated esophageal 
eosinophilia [1

Epidemiology

-
2

*)
 

Chapter 10
Clinical Presentation of Eosinophilic Esophagitis 
in Adults

Nirmala Gonsalves 



]. Looking 

-

5 -
-

Clinical Features

6

seen [7
-

8
9]. Patients 

7]. Although reports also suggest a Caucasian 

, 10 -

in rural and urban settings [11].

ring or gastroesophageal reflux disease (GERD) [6
-



12

7

interplay between these two entities is unknown.
EoE should be considered the leading diagnosis in adults presenting with dys-

1  1

and EoE [15
16

potential triggers.
-

gesting a genetic predisposition [17 19

stricture or known EoE [20 -

be identified.

21

22 -

2
-

2 ].

Natural History



25

-

EoE but it is unclear as to whether or not this is a causal relationship [26]. Esophageal 

27].

Conclusion

-
-

6]. It is 

-
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In a recent consensus report sponsored by the American Gastroenterological 

clinicopathologic disorder of the esophagus, characterized by esophageal and/or 
upper gastrointestinal tract symptoms in association with esophageal mucosal 
biopsy specimens containing 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

2]. Lack of 

S. Spechler (*)

e-mail: SJSpechler@AOL.com

Chapter 11
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disorders is too simplistic [3

patients with EoE [ –6].

in children [7
in the esophagus was found to correlate with abnormal acid clearance determined 

to that reported for patients with EoE.

Proposed Mechanisms Underlying an Association Between 
Gastroesophageal Reflux and Esophageal Eosinophils

3 -
ulation, causes the production of cytokines and other molecules that attract small 

-

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

cause the esophageal epithelium to produce molecules that recruit eosinophils. In 

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 

10]. 



137

11], 
and Souza has shown that esophageal squamous epithelial cells in culture secrete 

12]. It is not clear which, if any, 

GERD and EoE Coexist but Are Unrelated

[13, 1

by chance alone. It seems unlikely that either of these disorders protects against the 
other.

15–17

18

include differences in the methodology of probe placement among different medical 
-

19–21].

 inordinately high [6, 22
22

6
-

EoE Contributes to or Causes GERD

23, 2 ]. 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 

27–29

monolayers of human colonic carcinoma cells [30]. In the bronchial mucosa of 

31

scleroderma [32].

GERD Contributes to or Causes EoE

[33] and, normally, the esophageal epithelium is highly impermeable to such large 
molecules [3

3 ]. When that 
-

-
ment of allergies.

Anti-inflammatory Effects of PPIs

gastric parietal cell, are widely regarded as the agents of choice for treating acid-

-

-

35]. The mechanisms pro-

Table 11.1.
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Antioxidant Effects

like iron and copper [36, 37
of 
mediated by iron and copper [37, 38]. Similarly, lansoprazole inhibits the copper-

39], and both pantoprazole 
-

38, 0
-

inhibit gastric acid secretion [ 0
glutathione depletion in rats treated with indomethacin [ 1

2

Effects on Inflammatory Cells

+, K+

Table 11.1

Impaired phagocytosis of microorganisms by neutrophils

Impaired neutrophil migration
Effects on endothelial cells

Effects on epithelial cells

Growth inhibitory and killing effects on a number of bacteria and fungi

35



E. Cheng et al.

+

organelles like lysosomes [ 3, +

5

neutrophils [ 6– 9

-
sion of intercellular adhesion molecule-1 (ICAM-1) and VCAM-1, and decrease 
endothelial-dependent neutrophil adhesion [50

+

cells [51].

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

-
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 

Helicobacter pylori [52]. In a human gas-
H. 

pylori
IL-8 [53].

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

6]. In 

-

5



Potential Role for PPIs in the Pathogenesis of EoE

eosinophilia [55

-
ment of EoE [56–58].

weight between 3 and 90 kD [33, 59
of inducing an immunological response [60

-

fragments may be ignored by the immune system [61, 62 -
-

tides, and tripeptides would be unlikely to induce an immunological response.
The digestion of food proteins normally begins in the stomach through the action 

63, 6
6

 circumstances, dietary proteins that normally would be partially digested in the 

esophagus where they might initiate an immune response that contributes to the 

65]. In a subsequent 

before and after 8 weeks of treatment with esomeprazole [58]. Although the 
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to elicit an immunological response.

66, 67]. 

68, 69]. In a clinical 

70 -

69].

71, 72

might take these medications for years [73, 7
75]. 

76
little peptic digestion of a number of potential food allergens that normally would 

food allergic disorder.

-

clearly warrants further study.
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-

-

eosinophilic esophagitis? Case series of three patients with esophageal eosinophilia. Am J 
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with Barrett’s esophagus treated with three esomeprazole dosages: a randomized, double-
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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-

little attention in the gastroenterology literature. Lack of interest in esophagography 
is related to recognized advantages of endoscopy for directly visualizing the esoph-

radiation in patients with dysphagia.

-
1].

D.A. Katzka (*)

Chapter 12
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Esophagitis

Marc S. Levine and David A. Katzka 



148 M.S. Levine and D.A. Katzka

-

esophagography in the diagnostic work-up of this disease.

Technique for Performing Barium Esophagography

1]. The double-contrast phase is per-

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 

2].
At the end of the study, patients should routinely be evaluated for GERD by 

one radiograph of the esophagus should be obtained during the act of reflux for 
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].

Findings on Barium Esophagography

4 6
-

4, 5], 
-

phy, which therefore cannot be considered a sensitive test for the diagnosis of EoE. 

separately in the following sections.

Strictures

4, 5, 7

8 8 1 ], 
but the location of these strictures is variable. In one series, 70% of radiographically 

12.1) 
12], whereas in another series 64% were located in the distal thoracic esophagus or 

12.2 8

8 -
racic esophagus tend to be longer than those in the distal thoracic esophagus (see 

12.1 and 12.2 8]. In general, esophageal strictures associated with EoE 

12.1
8
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8]. 
Most patients with EoE and strictures are found to present with dysphagia.

12. ), caustic 
12.4

14, 15

12.5 14 -
gested by the clinical history and presentation.

Ringed Esophagus

been used to describe these rings in the gastroenterology literature, including 
“corrugation” and “trachealization” of the esophagus as well as the “ringed esophagus” 

Fig. 12.1 EoE with a 
stricture in the upper thoracic 

a double-contrast 

thoracic inlet to the carina 
(arrows

characteristic of strictures in 
EoE



15112 Radiographic Diagnosis of Eosinophilic Esophagitis

5, 7, 16 18]. The extent and location of these rings are highly variable at  endoscopy; 

5

5].
-

12.6 12.8 8]. In one study, the rings all occurred in the 
12.6 and 12.7 8

19]. As on endoscopy, there is considerable 

8, 19
12.8). Although the pathogenesis is uncertain, the ringed esophagus should be 

Fig. 12.2 EoE with a stricture in the distal thoracic esophagus. (a
arrow) in the distal esophagus just above the gas-

troesophageal junction. (b
arrow) in the distal esophagus above a hiatal hernia. Strictures 

12.1)
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highly suggestive of EoE on esophagography, particularly if associated with 

A ringed esophagus has also been described in patients with congenital esopha-

12.9 20, 21]. In such cases, the rings have 
-

20, 21]. In retro-

to have EoE as the cause of their disease.

12.10 22

22]. The feline 

Fig. 12.3 Radiation stricture 
in the upper thoracic 
esophagus. This stricture has 

(arrows
12.1
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12.11

2

Small-Caliber Esophagus

24 -
gus has been recognized as an endoscopic sign of EoE in which there is diffuse loss 

12.12 and 12.1 25 0]. 
-

Fig. 12.4 Chronic lye 

esophagus. This patient has a 

(arrows). Again note 

12.1
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19

19

19

19].
-

12.1 and 12.2 8]. Ring-like indentations 

Fig. 12.5
the distal esophagus. This 
patient has a focal stricture 
(arrow

esophagus just above a hiatal 

12.2
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(i.e., the ringed esophagus) have also been observed in about 60% of patients with a 
19], so the presence of rings should further support the 

when interpreting the studies.

adolescents and adults, but to our knowledge, not in the pediatric population. We 

-
fested by rings or strictures.

Fig. 12.6 EoE with a ringed 
esophagus. This patient has a 

the lower third of the thoracic 

distinctive ring-like 
indentations (arrows) in the 
region of the stricture. This 

studies
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Other Findings

-

12.14 8]. Recently, Schatzki rings have also 
been reported in children with EoE. In one study, eight patients with EoE had rings 

1]. Such observations reflect not only the subtle nature of Schatzki 
-

2]. Although there are no reports of Schatzki rings in adult 

12.7).

12.1 19,  4]. As in other 

Fig. 12.7 EoE with a ringed 
esophagus. A prone, 

upper thoracic esophagus 
with subtle ring-like 
indentations (black arrows) 
in the region of the stricture. 

white arrow) is 
seen to be lodged at the level 
of the stricture
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-
5

no relationship to this disease.

Other Radiologic Modalities

two case reports, CT of the chest revealed diffuse thickening of the esophageal wall 
6, 7]. Although  experience is 

Fig. 12.8 EoE with a ringed 
esophagus. In this patient, a 
prone, single-contrast 

distinctive rings (small 
arrows) of EoE without a 

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
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-
8 9

40
41

because of the high prevalence of strictures and rings in these individuals.

Fig. 12.9 Congenital 
esophageal stenosis with a 
ringed esophagus. This 
patient has distinctive 
ring-like constrictions 
(arrows) thought to be 
secondary to tracheobronchial 

rings in the wall of the 

the ringed esophagus of EoE
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Esophagography for Suspected Esophageal Perforation

 dysphagia associated with rings and/or strictures. In the endoscopic literature, the 
risk of esophageal perforation during these dilation procedures appears to be greater 

endoscopist’s concern about a possible perforation. As a result, EoE patients often 
undergo esophagography with water-soluble contrast agents to rule out esophageal 

-

sealed-off leaks than other patients with esophageal perforation. Because of the 

agent to increase the radiographic sensitivity for detecting subtle leaks. This 
approach increases the detection rate of esophageal perforation by 100% as 

42].

Fig. 12.10
folds in the distal esophagus 

reflux esophagitis. This 

stricture in the distal 

seen to be trapped between 

(arrows) in the region of the 

esophagus of EoE
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Fig. 12.11 a) The initial 
-

b

ringed esophagus of EoE



Fig. 12.12
caliber esophagus.  
A single-contrast 

distensibility of the entire 

narrowing without a 
discernible stricture. This 

EoE

Fig. 12.13
caliber esophagus. A 
double-contrast 

caliber of the entire thoracic 
esophagus indistinguishable 

12.12. This 
patient also has tiny 

pseudodiverticula seen as 

wall of the esophagus
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Conclusion

dysphagia and can be used not only to diagnose EoE, but also a host of other abnor-

-

such cases, enable visualization of the esophagus below the stricture, facilitating 

patients.

Fig. 12.14 EoE with a 
granular esophagus.  
A double-contrast 

diffuse granularity 
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Endoscopy of the Normal Esophagus

-
13.1 -

distal esophagus.

Table 13.1

Concentric rings
White exudates

Crepe-paper esophagus
Schatzki’s ring
Pseudodiverticula

Fig. 13.1
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Endoscopic Features of EoE

Linear Furrowing

-
13.2

]. 

5

3, , 6 11].

3].

Concentric Rings

13.3

Fig. 13.2



168

13.  and 13.5

3

Fig. 13.3

Fig. 13.4
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Fig. 13.5  

12
9

3, 7 10, 13 15].

White Exudate

white exudates include white specks, pinpoint nodules, patches, and scales. These vary 

13.6 
and 13.7 Candida esophagitis, but in the setting 

15
3 3, 7 11, 16].

Diminished Mucosal Vascularity

12]. 
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Fig. 13.6

Fig. 13.7

15]. 
3, 7, 10]. 

-
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Strictures

3, 7 10, 13, 15]. These strictures are 
-

3, ].

Small Caliber Esophagus

13 -

17
3, 9, 10, 13].

Crepe-Paper Esophagus

13.8 18].

Fig. 13.8
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Schatzki’s Ring

general population. It is typically associated with reflux disease but has also been 
19

11]. Gonsalves et al. reported that 

10]. 

20]. Thus the data to date suggest that there is no clear relationship between 
Schatzki’s rings and EoE.

Pseudodiverticulosis

-
ticulosis. Pseudodiverticulosis is a rare finding in the esophagus characterized by 

21]. These are usually seen in the set-
Candida -

22]. Pseudodiverticulae have been 
13.9 21, 22].

Normal Endoscopy in EoE

patients with EoE. 2, 3, 7, 1 -

3].

Endosonographic Findings

 

23
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2 ]. Wall 
25].

Conclusions and Future Directions

3

2

Fig. 13.9 -
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disorder of the esophagus affecting both adults and children [1–3]. EE shows a 
4]. Esophageal biopsies 

5, 6] (Figs. 14.1–14.3). Gene 

7]. Results of an 

8]. 

9–16].
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Fig. 14.1 (a
top), the 

bar), papillae appear elongated, and intercellular spaces 
appear dilated (arrow b

a  
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Fig. 14.2 (a black arrow
(black arrow

white arrow),  
as well as scattered eosinophils (outlined arrow -

b
biopsy in (a white 
arrow) and eosinophils (outlined arrow
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Fig. 14.3 (a -
gus, as the piece shown in (b

b -

arrows -
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Definition

17]. It is a clinicopatho-

cannot be diagnosed by biopsy only. EE is diagnosed in patients with the appropriate 

-

at least

18, 19]. It is not
lower than 15/hpf is set for the peak esophageal eosinophil count to diagnose EE.

Indeterminate Esophagitis

that contain eosinophils, but fewer than 15/hpf [20, 21
14.4). Clinicians and pathologists need to con-

supplies the entire diagnosis. In such cases, pathologists should be aware of the patchy 

14.3). In patients whose 

-

-

Differential Diagnosis

22

-
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Gastroesophageal Reflux Disease

23]. 

24, 25].

-
-

15/hpf reported a substantial 

26]. Although in the past, intraepi-

it is likely that there are few if any intraepithelial eosinophils in esophageal biopsies 

-
27

all patients who had intraepithelial eosinophils, and few eosinophils were reported or 

15 eosinophils/hpf 
occur [28

29, 30 -

Fig. 14.4 (a
-

arrow white arrow
outlined 

arrow
(b

(arrows
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there is not a histologic characteristic that occurs in one disease but not the other [31]. 

29, 30, 32].

and shows few if any intraepithelial eosinophils in esophageal biopsies. In practice, 

33, 34]. In sup-

15]. 

for eosinophils [7

[35 -

36].

Beyond GERD

bowel disease [37] (Fig. 14.3

bowel disease.

General Features

34, 38].

Eosinophils
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39]. 

is taken into account when reporting peak eosinophil counts. Reporting eosinophils as 

40] (Fig. 14.5
41].

Degranulation

14.3b
factors [42, 43 -

44, 
45
the pathogenesis of eosinophil-related disorders including EE. Antibodies to eosino-

20, 30, 46, 47

48].

Epithelial Reactivity

14.5

eosinophils [7, 49 -
thelial cell proliferation is increased in both EE and GERD [50]. Epithelial prolif-

12, 36, 49].
-

show greater basal layer hyperplasia after allergen challenge than nontransgenic 
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Fig. 14.5 (a

A focus of surface layering is seen at the upper left (arrow
(b
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14
12].

-

7, 15]. 

in part by IL-13.

therapy [7, 15 -

gene [15

Other Cell Types

-

-

Dendritic Cells

51]. Dendritic cells are antigen-presenting 

Langerhans cells are epithelial dendritic cells that stain with CD1a antibody 
(Fig. 14.6 -

volume 3

52
3
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Fig. 14.6 (a
arrow

(b) In eosinophilic esophagitis, dendritic cells are also seen (arrow
a
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3, also a 

3 are found [52
-

area 2 
2 2 2 in the 

53

Mast Cells

sections without the use of special stains or antibodies (Fig. 14.7). Mast cells par-

54]. Mast cell granules contain literally hundreds of 
-

55].
-

patients [56, 57

58].
-

[7, 59, 60
60

area) 4 ± 0.9/
2 volume 3 [52, 61].

7, 30, 36, 47, 52, 59, 61–64
30

64].
7, 30, 47], 

basal layer hyperplasia [7], and B-cell density [64
topical steroid therapy [36, 52, 63], and following anti-interleukin-5 (IL-5) 
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Fig. 14.7 (a brown
b
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12, 65
-

52].

receptor gene in EE [7, 66 -

52, 59, 61, 64]. IgE-bearing 

patients [64  
EE patients following therapy [52].

-

-

67].

Lymphocytes

14.8). Intraepithelial 

 
-

40 7].
-

pathogenesis of EE. Esophageal eosinophil counts correlate with the percentage of 
68

1, 7
secrete IL-5 and IL-13 [1
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Assessment of Atopy by Analysis of Blood Samples

Peripheral eosinophil count. 
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54

Table 19.2

Food

Milk 92.0 40.9 63.9 81.8
Egg 84.8 87.5 86.7 85.7
Soy 73.7 92.9 87.5 83.9

76.5 90.0 81.3 87.1
Corn 63.4 92.5 86.7 76.6

85.2 92.5 82.1 93.9
62.5 98.6 93.8 88.5

Apple 57.1 97.7 66.7 96.6
60.9 100.0 100.0 88.8
61.1 97.4 84.6 91.4
71.4 100.0 100.0 95.2

Oat 50.0 100.0 100.0 89.4
Barley 73.3 100.0 100.0 95.2
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Conclusion
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explored (Fig. 19.1).
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Introduction

Eosinophilic esophagitis (EoE) was first described by Landres et al. [1] and is char-
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agus in health. However, eosinophils are seen in conditions other than EoE, includ-

and achalasia.
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Topical Corticosteroids

 
 

corticosteroids.
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23.1). 

6 -

7]. All patients were treated with 
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tological response with significantly reduced eosinophil counts.
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loss [9
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Table 23.1

Study
 

Medication

Arora  
et al. [5]

21  
g 

BID × 6 weeks

Dysphagia resolution in all 

recurrence in 3/21 at 

et al. [6]
19  

g 
Dysphagia resolution in all 

and histological 

-

et al. [10]
36

daily × 15 days 72.2% vs. 11.1% and 

budesonide and placebo 
groups, respectively

et al. [12]
16

daily × 1 week, then 

daily (n = 5) or once 
daily (n = 11)  
× 5 weeks

All 16 patients with at least 

dysphagia, with 9 

resolution

5
-

ticosteroids [8
11

-

12

-
-
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was decreased to once daily, while the other five patients were continued on twice 
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cal, endoscopic, and histologic response [15]. Desai et al. reported on patients pre-
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g twice daily. He showed that there 

group [17
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3–7
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Table 24.1

Author
Allergy  
tests Diet

eosinophil 
count

1] 10  
diet 10/10 (100%)

0.5

9/10 (90%)

9] 11 Allergy test

10] 10  
diet

6] 146  
diet

Significant  
 

112 (77%)

1.1 ± 2.1

 
19 (13%)

12.0 ± 3.2

 
15 (10%)

36.3 ± 14.9

3] 172 Significant clinical  
and histologic 

 
160/164 (98%)

1.1 ± 0.6

4] 60 Allergy  
tests not 
utilized

3.1 ± 3.2

ELED 25 1.6 ± 2.1

7] 18 Significant clinical  
and histologic  

 
14/18 (78%)
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Table 24.2 Dietary introduction approach to food reintroduction in eosinophilic esophagitis

A B C D

Vegetables (non-legume)

types), sweet potato, 
white potato, string 

Citrus fruits
Orange, grapefruit, 

Tropical fruits
Banana, kiwi, 

Melons
-

Berries

Grains

Legumes

Grains

Meat a

Corn

Wheat

Beef

Soy

Egg

Milk

Fruit (non-citrus, 
nontropical)

Apple, pear, peaches, 

nectarine, grape, 
raisins

Vegetables

garlic, any other 

a 

24.2 8]. 

-
-

Directed Elimination Diets Based on Results of Allergy Testing

9, 10

7

6
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lacks standardization for food allergies and is currently a research tool awaiting 
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7

Fig. 24.1 a
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Soy Meats, allowed grains

Wheat
 

Table 24.4
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Food Reintroduction

25.3 shows the general protocol used 
-

Table 25.3
A B C D

Vegetables (non-legume)

Fruit (non-citrus, 
nontropical)

apricot
Citrus fruits

 

Tropical fruits
Banana, kiwi, pineapple, 

avocado

Melons

Berries

Legumes

“Allergic” fruit and 
vegetables

Apple, potato, peas

Grains

Meat a

turkey, pork

Fish/shellfish

Peanut and tree nuts

walnut, hazelnut, 

Corn

Chicken

Soy

Egg

Milk

a 
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Introduction

Eosinophilic esophagitis (EoE) is a recently described disorder marked clinically by 
symptoms of upper gastrointestinal distress and by histological evidence of increased 
eosinophils in the esophagus [1]. Although EoE has been reported in individuals 
across the lifespan, the disease has been most comprehensively described in chil-
dren and adolescents [2]. In addition to further clarifications of EoE symptom pre-
sentation, current studies are investigating the pathophysiology of the disease as 
well as the effectiveness and outcome of treatments [3, 4]. Attention has now turned 
to the impact of the disease on the quality of life and psychosocial functioning of 
children and their families [5–7]. Since investigation of psychological aspects of 
EoE is in its infancy, little systematic information is available at this time. 
Nevertheless, with some information from recent and current studies as well as from 
clinical experience, it is possible to pose key questions about the impact of the 
symptoms and the treatments specific to EoE on quality of life for children and 
adolescents. Further, a great deal of information is available regarding psychosocial 
effects of various chronic illnesses on children, and extrapolations from previous 
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studies are informative regarding likely effects on youth of all ages with EoE. This 
chapter reviews what is known about the impact of EoE on quality of life and 
psychosocial adjustment, discusses the bidirectional effects of pediatric chronic 
illness characteristics, psychosocial functioning, and quality of life, and examines 
the role of coping and adaptation in relation to psychosocial functioning and 
quality of life.

Demographics and Illness Characteristics of EoE  
in Children and Adolescents

To fully consider the quality of life impact and psychosocial aspects of EoE, it is 
important to understand the demographics of the disease, co-morbid conditions, 
diagnostic criteria, symptom patterns, and current treatments. Reports from numer-
ous studies have indicated that children diagnosed with EoE are predominantly 
male with an approximate 3:1 ratio, and they range in age from 6 months to 21 years 
of age, with an average age of about 9 years [1, 8]. A recent report on 620 patients 
identified in the past 14 years found that 68% of the children were less than 6 years 
of age and 36% were younger than 3 years [8]. Families of patients were more likely 
to be Caucasian, affluent, highly educated, and to reside in suburban areas.

Increasingly, pediatric EoE is considered to be an allergic disease [9] and, like 
other allergic diseases, a chronic illness [3]. The majority of pediatric patients with 
EoE have co-morbid allergic disease such as eczema, allergic rhinitis, and asthma, 
as well as IgE-mediated food allergies [5]. Eosinophilic esophagitis may be seen as 
another manifestation of allergic disease in children, where the esophagus is the 
target organ responding to environmental antigens, in this case, food. Food allergies 
may be causative in more than 90% of patients, although IgE-mediated food 
allergies resulting in anaphylaxis have been documented for a smaller proportion of 
patients, ranging from 6 to 24% [9].

Although clinical symptoms of EoE are similar to those of gastroesophageal 
reflux disease (GERD), EoE is distinguished from GERD by the presence of 
eosinophils in the esophagus even after appropriate acid suppression. Endoscopy 
is thus required to document eosinophil levels. Recently established diagnostic 
criteria for EoE include the presence of 15 eosinophils per high power field, associ-
ated with characteristic clinical symptoms unresponsive to anti-reflux medication 
[1]. Presenting symptoms vary according to patient age [1, 2]. For infants and 
young children, typical presenting symptoms are reflux, gagging, choking, vomit-
ing, and feeding aversion or refusal, resulting at times in failure to thrive [10, 11]. 
School-age children with EoE typically present with reflux, heartburn, regurgita-
tion, vomiting, and abdominal pain. Dysphagia, or difficulty swallowing, and food 
impaction have been reported on occasion among school-age children [12], but 
become increasingly common in adolescence and are the primary presenting symptoms 
for adults.
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Clinicians have consistently reported that presenting symptoms for EoE are 
nonspecific and highly variable among patients of all ages, and that there is often 
little relationship between symptom reports and histological findings. Several stud-
ies have shown that the association between symptoms and eosinophil counts is 
minimal [13–15]. Among a small number of pediatric patients, symptom reports 
were unrelated to eosinophil counts derived from endoscopies and, while endos-
copy results showed evidence of remission through decreased eosinophil counts, no 
correlated changes were seen for symptom decreases or quality of life improve-
ments [15]. In a larger study, symptom questionnaire and endoscopy results were 
evaluated for pediatric patients aged 3–18 who either had an EoE diagnosis but 
were not yet receiving treatment, or who were receiving follow-up assessments 
after treatment [14]. Children with untreated EoE had a higher symptom score than 
treated subjects, and for these untreated patients there was a modest correlation 
between symptom scores and the number of eosinophils found on biopsy. However, 
for the total sample there was no correlation between peak eosinophil counts and 
symptom scores. Importantly, among treated patients, 10% with persistent high 
eosinophil counts (i.e., with active EoE) reported no symptoms, while for 85% of 
patients, symptoms persisted despite histological resolution.

Some clarification of symptom patterns was provided in a study that used symp-
tom scores to distinguish pediatric patients with EoE from a group with GERD and 
from control patients with and without allergies [13]. Symptom scores were higher 
for patients with EoE and GERD compared with the two control groups. Those with 
EoE and GERD complained of more nausea/vomiting, abdominal pain, heartburn/ 
regurgitation, and nocturnal awakening than control groups. EoE patients were dis-
tinguished from GERD patients only by reports of dysphagia and anorexia/early 
satiety. Total symptom scores were uncorrelated with histological and endoscopic 
findings. However, the individual symptoms that distinguished EoE from GERD 
patients, dysphagia and dysphagia plus anorexia, were significantly correlated with 
severity ratings of histological and endoscopic findings. Dysphagia, typically 
reported by older children and adolescents, may have a different symptom status in 
comparison with the nonspecific symptoms reported for younger children.

The nonspecificity and high variability of EoE symptoms has many implications 
for the consideration of health-related quality of life and the relationship with 
psychosocial factors. For children and adolescents with EoE, the distinguishing 
diagnostic indicator is a high esophageal eosinophil count, while symptoms are 
highly variable. However, the psychological effects of EoE can be expected to be 
associated not with eosinophil counts, but with symptoms that are experienced or 
with treatments that are undergone. Given that children with EoE can have a wide 
variety of disease experiences, effects on quality of life or psychological adjustment 
can be expected to vary widely across individuals. Although decreases in symptoms 
may generally be associated with quality of life improvements, treatment may have 
clearer effects on some symptoms than on others, with associated improvements in 
quality of life or psychological adjustment more apparent for some children than for 
others. On the other hand, sometimes when symptoms fail to improve, psychological 
concerns may persist despite decreased eosinophil counts and histological disease 
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remission. It may be important to provide behavioral treatment for certain nonspe-
cific symptoms in their own right, albeit in parallel with the medical treatment. 
The complex interactions between symptoms and behavioral responses, such as 
those that occur with feeding disorders and persistent abdominal pain, impact quality 
of life and may lead to significant behavioral and emotional difficulties for children 
and adolescents with EoE.

The primary treatments that have been demonstrated to be effective for treating 
pediatric EoE are consistent with data indicating that food allergies underlie 
symptoms. Investigators have demonstrated that optimal treatments involve removal 
or avoidance of the offending foods or topical application of anti-inflammatory 
medications [16]. Removal of exposure to food is accomplished through partial or 
complete elimination diets, which involve restricting a selected set of foods from 
the diet or removing all foods from the diet and providing nutrition with elemental 
formulas either by oral ingestion or through feeding tubes. The dietary restrictions 
that are central to treatment of EoE may well constitute the most powerful factor 
impacting quality of life and psychosocial adjustment among children and adoles-
cents with this disease.

With EoE, the treatment involving food restrictions at various levels is often a 
major cause of psychological distress. At times the distress due to the treatment 
far outweighs the distress related to symptoms, leading to a conundrum for patients 
and medical providers alike. With EoE, as with many other chronic illnesses, chil-
dren often must continue to undergo treatments after symptoms have resolved in 
order to prevent further symptoms. For children in this situation, the disease expe-
rience primarily involves enduring treatments such as food restrictions, altered 
diets, and tube feeding for an indefinite period of time. In sum, emotional and 
behavioral responses to both symptoms and treatments for EoE have considerable 
potential for impacting quality of life and psychological adjustment for children 
and adolescents with this disease.

Impact of EoE on Quality of Life

The impact of disease on children and adolescents’ health-related quality of life 
(HRQL) has been studied for a wide variety of illnesses that afflict pediatric patients. 
Studies of HRQL among children who have medical illnesses are concerned with 
the effects of the disease and associated medical treatments not only on the physical 
status, but also on the psychological and social aspects of children’s lives [17]. 
HRQL instruments assess disease impact on academics, social interactions, extra-
curricular activities, and emotional functioning, as well as on health status. Generic 
instruments have been developed for the assessment of HRQL for children with 
health conditions and illnesses (e.g., Child Health Questionnaire-CHQ [18] and 
PedsQL™ [19]). Disease-specific instruments have also been developed for assess-
ments of HRQL for a variety of pediatric diseases such as asthma, food allergies, 
and gastroesophageal reflux disease (GERD) [20–22].
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In studies of HRQL, the primary focus is on the patient’s subjective perceptions 
of their illness and its impact on their life. Thus, children and adolescents’ self-report 
of their own experience provides the most valid HRQL information. Children of 
about age 8 years and older have been demonstrated as able to provide reliable reports 
of their subjective experience, although one self-report HRQL instrument has dem-
onstrated reliability for children as young as 5 years of age [17, 19]. Proxy HRQL 
reports completed by parents, necessary for very young children, are often provided 
for older children and adolescents as well. However, there is evidence that quality of 
life ratings made by parents and physicians of chronically ill children may agree 
poorly with the children’s own ratings, particularly for scales assessing subjective 
attributes such as emotions and pain [23]. Parents may overestimate quality of life 
effects on their children. Mothers of children with peanut allergy reported a greater 
impact on quality of life for their child in comparison with ratings made by siblings, 
fathers, or the peanut allergic children themselves [24]. In making proxy QOL 
ratings related to the impact of their children’s asthma, parents’ ratings were largely 
determined by their own psychological status rather than by objective measures of 
asthma care experienced by the children [25]. Similarly, when caregivers rated quality 
of life for their young children with otitis media, ratings of the children’s quality of 
life was highly influenced by the caregivers’ personal quality of life and functional 
health status [26]. Thus, while caregiver reports of children’s HRQL are valuable and 
even necessary for young children, self-reports of the impact of the disease by 
children and adolescents with EoE on their quality of life are highly desirable.

At the present time, several studies of HRQL for pediatric patients with EoE are 
underway, but results are as of yet unavailable. However, one published study pres-
ents an initial view of qualitative information about HRQL for children and adoles-
cents with EoE. Flood and colleagues [12] used an interview methodology to explore 
quality of life concerns among caregivers and pediatric patients with self-reported 
diagnoses of EoE. One-on-one interviews were conducted with parents of younger 
patients, age 2–7 years, and with older patients, age 8–17 years, about the effects 
that EoE had on the patients’ everyday lives. Having EoE was reported to impact 
school attendance and school-related activities because of symptoms, and also 
academic performance because of difficulties with concentration. Both parents and 
older children reported that social interactions at school and outside of school were 
affected because of symptoms, as when feeling sick interfered with plans to play 
with friends, and also because dietary restrictions interfered with participating in 
activities such as school parties or eating with friends. Symptoms were reported to 
interfere with sports activities ranging from soccer to football.

There was a significant emotional impact reported as a result of having EoE [12]. 
Children of all ages experienced feelings of frustration and anger about not being 
able to eat the same foods as other children. They talked about having worries about 
eating the wrong food or having symptoms. Older children talked about feeling sad, 
depressed, unhappy, and tired of being sick. Parents reported that when their young 
children were having symptoms, they were often irritable and moody. Children and 
adolescents were unhappy about feeling different from others. For children of all 
ages, having EoE was reported to have a significant impact on their families. Older 
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children were concerned about stress for the family or about the need for parents to 
adapt the family’s eating patterns. Parents of younger children also talked about the 
effect of the EoE on family meals and restrictions on the family’s ability to go out 
to eat or to participate in social events. Some parents noted a negative impact on the 
siblings of the child with EoE.

The concerns listed by the children and their parents illustrate how the symptoms 
of EoE and the treatments associated with it impact quality of life within all key 
domains of children’s lives: physical, emotional, social, and school functioning 
[12]. For example, children reported that symptoms such as “feeling sick” led to 
restrictions on social activities. Notably, many of the concerns reported in this quali-
tative study stemmed from the effects of treatment, which for this sample of young-
sters with EoE constituted dietary restrictions. The well-articulated emotional 
responses that occurred in response to both symptoms and treatment ranged across 
major categories of negative emotion, including anger/frustration, anxiety/worry, 
sadness/depression, and for younger children, irritability and moodiness.

While this initial qualitative study of QoL effects of EoE on children and adolescents 
was an important first step, future studies must attend carefully to the developmental 
status of the pediatric patients involved [7]. The changing impact of EoE across devel-
opmental stages of socioemotional development can hardly be overestimated. For 
each stage of development, pediatric patients have particular ways of communicating 
their symptom experiences and differing reactions to symptoms and to treatments. 
The disease impact occurs in social contexts that change with development and, per-
haps most importantly, the contextual meaning of the disease experience for the child’s 
emotional and social development changes dramatically with age.

For very young children, the social context in which EoE occurs is primarily 
confined to their immediate family, and for them the meaning of the disease is 
embedded in the quality of their interactions with their family members. For infants 
and toddlers, emotional responses to bodily sensations such as pain or nausea are 
expressed through behaviors such as food refusal, irritability and moodiness. Proxy 
reports of QOL for very young children are based on parents’ observations and 
interpretations of the children’s behavior. As noted above, parental reports of their 
young children’s quality of life are influenced by their own psychological status and 
stress level [26]. But it is not just the reports that are influenced by parental vari-
ables; young children’s behavior itself, while affected by multiple medical and 
developmental variables, is in part shaped by the parents’ caregiving behavior and 
the nature of the parent–child interactions, including their emotional communica-
tions regarding the burden and meaning of the disease. Thus, quality of life and 
reports of quality of life for young children cannot really be separated from their 
parents’ quality of life specific to the disease. Changes in disease status or treatment 
regimens, for better or worse, reflect the impact of the illness on both the child and 
the parent.

Preschool age children may not yet be able to complete questionnaires, but they 
are capable of verbally communicating their symptom experience and their feelings 
about the treatments they undergo. Proxy reports by parents of preschoolers’ symp-
toms and quality of life, while still influenced by parents’ emotional status and 
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stress levels, can be based on verbal complaints of tummy pain or feeling sick. 
Preschoolers’ emotional responses to their illness have to do not only with the phys-
ical discomfort they experience, but also with their observations of their own experi-
ence in relation to that of others. For example, preschoolers develop the ability to 
see that dietary restrictions apply to them and not to siblings or schoolmates. 
Nevertheless, their social context remains primarily centered within their family 
and they are amenable to parental influence such as being provided acceptable foods 
that are similar to those of their peers or being told that their food is “special.” While 
children at the school entry age of 5–7 years of age undergo enormous shifts in 
cognitive and emotional development, they continue to be influenced primarily by 
the guidelines and support provided by their families.

An important developmental shift occurs when children are about 8 years of age, 
resulting in a qualitative change in their illness experience [20], and perhaps also in 
the factors affecting their quality of life. As noted, it is at this age that children 
are able to provide reliable reports of their physical and emotional state. Even while 
their family remains their primary social context, at this age children become 
increasingly peer-oriented. As they spend greater amounts of time away from home, 
dietary restrictions and limitations on social and academic activities can produce 
feelings of anger and frustration, as well as a heightened awareness of being differ-
ent from others [12]. Thus, whereas they previously accepted their parents assur-
ances and support, they no longer accept their disease status as being special, but 
instead begin to see their difference from peers in a negative light [20]. It is very 
important to assess quality of life for children in this age range independently from 
proxy reports made by their parents, as their views, attitudes, and feelings about 
their disease set the stage for their entry into adolescence. With adolescence, 
the social context involves even less parental supervision and more peer involve-
ment, and is accompanied by the need to make independent decisions about han-
dling social situations that involve eating. For teens, even more than in the younger 
years, disease-specific quality of life may be associated with overall psycho-
logical adjustment.

Just as the quality of life of chronically ill children is significantly impacted 
by the physical and emotional demands of the disease, so too is the quality of life 
of parents and siblings. Effects on parents of their children’s chronic illness 
include time-consuming daily tasks, financial burdens, and effects on relation-
ships within the family and social contacts outside the family [27]. Parents of 
chronically ill children aged 3–18 years from ten different types of pediatric 
chronic diseases had significantly lower health-related quality of life compared 
with parents of healthy school children. For the parents, the areas impacted 
included social activities, daily activities, vitality, and sleep. They reported fewer 
positive emotions and more depressive feelings than parents from the compari-
son group [28]. The areas of family life that are impacted by pediatric chronic 
illnesses are likely to be similar for families of children with EoE. Families of 
food-allergic children share with EoE several burdensome daily tasks, such as 
shopping for food the child is able to eat, adapting the family’s diet to the needs 
of the food-allergic child, and explaining the condition to relatives, friends, and 
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school personnel [29]. They also share with EoE the worries regarding nutritional 
sufficiency of acceptable food and the long-term impact on their child’s growth 
and development [29].

Since the majority of children with EoE may be less than age 6 years [8], with 
symptoms often indistinguishable from GERD, the illness-related quality of life 
of caregivers of children with GERD are illustrative of parents’ day-to-day con-
cerns. Parents have described how routine care-giving activities for their children 
required extra work and care, such as special feeding techniques involving small 
portions, frequent feedings, and preparation of special meals or formulas [22]. 
The parents also talked about emotional concerns specific to their children’s 
reflux and feeding problems, such as fearing that the child might choke on the 
their vomit when they put them to bed at night. Parents of children with food 
refusal and failure to thrive worried a great deal about their children’s condition 
and prognosis. This is consistent with other studies that have documented high 
levels of parenting stress among parents of children with feeding disorders [30], 
a common condition among young children with EoE. Available information is 
mixed about effects of children’s tube feeding on caregivers’ emotional function-
ing and quality of life. Although feeding tubes can initially bring relief to parents 
concerned about their children’s nutritional intake, one study showed that par-
ents of children who had gastrostomy tubes had poorer quality of life in terms of 
social life, family life, sex life, and work [31]. However, another study showed 
no difference in rates of depression for caregivers of chronically ill children with 
a G-tube compared with those without [32].

Overall, available data indicate that both general concerns and burdens and EoE-
specific issues have considerable impact on quality of life for the parents and sib-
lings of children with EoE. However, like families of children with other diseases 
with comparable characteristics, families of children with EoE are likely to have 
varying emotional responses and coping strategies that result in a range of levels of 
adaptation.

Psychological Adjustment Among Children and Adolescents  
with Chronic Illness

To our knowledge, no systematic research has been published regarding psychologi-
cal adaptation among pediatric EoE patients. However, there is consistent evidence 
that children with a variety of chronic illnesses have increased levels of emotional 
and behavioral difficulties in comparison with healthy children [33–35]. Most often, 
these studies show that the average level of increased problems, although statistically 
significant, is small [35], which suggests that there is a subset of children with con-
siderable difficulty adapting to their illness although the remainder may be managing 
effectively. It is likely that a similar pattern will be found for children with EoE, such 
that most of the children will be found to be coping adequately, but a subset will be 
found to have adjustment problems that are concerning [7].
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The physical symptoms experienced by chronically ill children, as well as the 
medical procedures and the treatments, can be thought of as a series of general and 
disease-specific stresses with which the child must find a way to cope. General 
stresses for chronically ill children include receiving a diagnosis for an illness that 
requires medical intervention, the possibility of long-term consequences on physi-
cal health, interference with developmentally normal experiences, feeling set apart 
from healthy children, and requirements for a variety and range of illness manage-
ment strategies and behaviors. Other stresses associated with pediatric chronic ill-
nesses are related to the unique characteristics of the disease and the treatments. 
Children have been shown to have more adjustment problems when their disease is 
visible, has an unpredictable course, is potentially fatal, or has a sensory or motor 
component [34]. In applying this to EoE, we might expect those children to have 
more difficulty adjusting to their disease who have visible symptoms such as vomit-
ing at unpredictable times or food impactions in public settings. Children and ado-
lescents who have food restrictions, who are on elimination diets, or who have 
gastrostomy tubes may experience these treatments as visible evidence that they are 
different from peers. Those with co-morbid, potentially anaphylactic food allergies 
may experience the anxiety that is associated with potentially life-threatening ill-
ness. While it is normal to have emotional responses to EoE-related stresses that 
include feelings of frustration, anxiety, or sadness, for some children these feelings 
are manageable, whereas for others the feelings can become overwhelming.

The manner in which children and adolescents cope with chronic illnesses has an 
important influence on their quality of life and psychological adjustment. Coping 
responses involve problem-solving behaviors or cognitive strategies that aid in manag-
ing negative emotional responses, and when children and adolescents with chronic 
illness are having difficulty coping, they often report both poor quality of life and nega-
tive mood [36]. Certain cognitive coping strategies have been associated with better 
adjustment and quality of life and fewer feelings of anxiety, depression, and stress. For 
8- to 17-year-old youth with food allergies, more negative attitudes toward food allergy 
predicted more anxious and depressive symptoms as well as social stress [37]. For 
adolescents with inflammatory bowel disease, a coping strategy marked by a depres-
sive cognitions (e.g., often worrying about things in the past, not being able to think of 
anything else but the problem) was related to poorer quality of life, while an optimistic 
coping style was related to better quality of life [38]. For adolescents with cystic fibro-
sis, the coping strategy of social comparison was related to higher quality of life, 
whereas depressive coping was negatively related to quality of life [39].

Disease severity might be expected to predict poor psychological adjustment, 
but studies of pediatric chronic illness have been mixed as to whether increased 
disease severity is related to more psychological problems [35, 40]. In fact, the dif-
fering results appear to be due to the measurement of disease severity. Objective 
measures of illness severity, such as those based on physiological data or clinician 
ratings, have tended to be unrelated to psychological problems, while it has been the 
patient or parent’s perception of disease severity that has been correlated with psy-
chological distress [39, 41]. Given that with EoE there is a minimal relationship 
between objective measures such as eosinophil counts and patients’ symptoms, 
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psychological adjustment problems can be expected to be associated primarily with 
symptoms. Patients with frequent vomiting or food impactions might be more 
affected socially and emotionally than patients with periodic reflux or those with no 
clinical symptoms, regardless of esophageal eosinophil counts.

Although EoE symptoms are generally nonspecific and variable, for pediatric 
patients with EoE and their families, several patterns of symptoms associated with 
characteristic child behaviors, family interactions, and psychological distress occur 
regularly. The age and developmental status of the patient is central to the nature of 
the adjustment difficulties that are encountered. Among infants and young children, 
the presenting symptoms of EoE are often feeding disorders, with organic and non-
organic factors intertwined [42], accompanied by a great deal of emotional distress 
on the part of all family members. A different set of medical, behavioral, and emo-
tional issues are raised for children who require tube feeding. Abdominal pain, often 
persistent regardless of histological remission, is yet another medical/psychological 
complex that can be problematic among school-age children with EoE. And con-
cerns about peer status, stigma, and depression are yet another complex of areas of 
psychological distress that occur for older children and adolescents with persistent 
EoE disease. For each symptom pattern, there are complex relationships between 
EoE histology and symptoms, the child’s emotional response to and coping with 
the disease, and interactions with the family and the family’s coping responses. The 
complex interrelationships between disease symptoms, patient and family emo-
tional and behavioral responses, and child adjustment are illustrated in several of the 
symptom patterns that occur with EoE.

Feeding Disorders

For infants and toddlers with EoE, the most common symptom presentation is food 
aversion or refusal, central components of feeding disorders among young children 
[1, 5, 10, 11]. Since more than a third of pediatric patients with EoE are less than 
3 years of age [8], feeding disorders among patients with EoE are a common but sig-
nificant problem. The nature of feeding dysfunction among children with eosinophilic 
gastrointestinal disease has been well described [43]. Feeding problems associated 
with eosinophilic gastrointestinal diseases include food refusal, gagging, coughing and 
vomiting, as well as delayed attainment of age-appropriate self-feeding skills and eating 
patterns [43]. These behaviors may lead to decreased variety and volume of oral intake, 
compromised nutritional status and may ultimately lead to failure to thrive [43].

The etiology of feeding problems among children with eosinophilic gastrointes-
tinal diseases remains poorly understood. Although feeding disorders are known to 
occur in conjunction with a number of pediatric conditions, more than half of 700 
young children with severe feeding problems had a gastrointestinal medical problem, 
and GERD was most frequently identified as the underlying medical condition [42]. 
Thus it is no surprise that feeding problems are common among children with EoE, 
since presenting symptoms for young children with EoE are the same as those for 
GERD. Among infants and toddlers with EoE who present with feeding problems, 
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there appears to be an over-representation of neurodevelopmental disorders, with 
reports ranging from 12 to 67% of patients [10, 44]. This suggests that some chil-
dren have oral motor or oral sensory deficits that have disrupted the normal process 
of learning to eat. For other children, the experience of pain with swallowing or 
reflux is believed to lead to a conditioned food aversion response. Thus, food aver-
sion or intolerance is believed to stem from experiences of discomfort or pain with 
eating, leading to learned avoidance behavior in children too young to verbalize 
their pain. This causal pathway is supported by a study that showed that infants who 
have GERD during their first year of life were significantly more likely than healthy 
children to develop feeding problems within the following year [45], and it is likely 
that infants with EoE have a similar pattern. When children refuse food offered to 
them, parents often respond with altered feeding practices that reinforce ineffective 
eating behavior [43], setting in motion parent–child behavioral interaction patterns 
that can be extraordinarily resistant to change. Child behavioral patterns of food 
refusal are associated with significant stress for parents [30, 46, 47] and likely have 
a major impact on quality of life for siblings as well.

Research is needed to address various aspects of feeding disorders among children 
with EoE. There is a need for a description of the frequency of oral motor and oral 
sensory deficits among these children, as well as the role of behavioral issues in this 
group of children. It would be helpful to understand developmental predictors and 
correlates of feeding disorders as they relate to the development of EoE in infants and 
young children. For example, while the prevalence of feeding dysfunction is high 
among young children with EoE, as it is with the infants with GERD, not all children 
with EoE symptoms, such as reflux and vomiting, develop feeding problems. The 
question is, why is it that some infants who experience these unpleasant symptoms do 
not develop food aversion, while others develop frustrating and persistent problems 
that can become life threatening? What are the infant medical and temperamental 
characteristics, the parent physical and behavioral factors, and the environmental vari-
ables that constitute risk factors for the development of this difficult behavior pattern? 
There is also a need to assess the effectiveness of current interventions for these prob-
lem behaviors, and to understand what child and parent characteristics are associated 
with successful interventions. Ultimately, it will be important to understand the rela-
tionship between the course of EoE and the long-term nutritional and behavioral out-
comes for children with onset of EoE in their first years of life. Future research must 
address these issues surrounding feeding dysfunction in children with EoE, where 
biological, behavioral, and relationship systems all play a role.

Tube Feeding

Another psychological adjustment necessary in children with EoE concerns tube 
feeding. Because allergic responses to food are the primary triggering factor for 
most pediatric patients with EoE, and removing foods from the diet is central to 
treatment, the provision of nutrition for these children can be extremely challenging. 
Treatment for some children involves placing nasogastric (NG) tubes for a limited 
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period of time, in order to provide appropriate nutrition while allowing the esophagus 
to heal prior to re-introducing foods into the diet [48]. Some children continue to 
have high numbers of eosinophils in their esophagus and/or troublesome symptoms 
including the inability to ingest adequate nutrition and require gastrostomy tubes 
(G-tubes) [49]. The use of tube feeding in the treatment of EoE has clearly been 
associated with disease remission [48]. However, little information is available 
regarding the effect of either short- or long-term tube feeding on quality of life or 
behavioral and emotional functioning for children and adolescents with EoE, or on 
their families.

The use of feeding tubes in the treatment of EoE has the potential to seriously 
impact children in a number of ways, and the effect of tube feeding for any length of 
time on children with normal neurodevelopmental functioning is unknown. Although 
G-tube feedings ensure adequate nutrition, they may impede the development of oral 
feeding skills by decreasing children’s hunger driven motivation to eat and by decreas-
ing oral stimulation [50]. This may be a serious concern for infants and toddlers, who 
may miss oral stimulation and establishment of the connection between hunger and 
eating during critical periods for the development of eating behavior [43]. For older 
children with independent eating skills, eliminating the connection between hunger 
and eating may compound eating problems, making difficult the reinstatement of eat-
ing [50]. No information is available about how school-age children with NG or 
G-tubes feel about their bodies or about being different from others. Equally impor-
tant for older children are the emotional effects of removing food from the diet and the 
resulting impact on social activities and peer relationships. Thus, research is needed to 
investigate multiple aspects of this common treatment, both concurrently with tube 
placement, but also over time, in order to discover the short- and long-term effects on 
eating behavior, quality of life, and psychological adjustment.

Abdominal Pain

Abdominal pain, frequently a primary presenting symptom for EoE, represents 
another area in which medical and psychological factors are often inextricably 
intertwined. Although clinical symptoms of EoE are notoriously nonspecific, which 
is why the diagnosis depends on histological findings [14], some symptoms are 
more nonspecific than others. Dysphagia and anorexia/early satiety may be the most 
specific of reported symptoms, since they distinguished EoE patients from GERD 
patients [13], whereas abdominal pain may be the most nonspecific. In the study by 
Aceves, abdominal pain was present for both EoE and GERD patients, although it 
was among the symptoms distinguishing those two groups from normal controls 
[13]. In a group of 49 pediatric patients age 3–18 with diagnosed EoE, 69% reported 
experiencing abdominal pain; this was the most commonly reported symptom from 
this sample [14]. Among treated EoE patients who achieved histological remission, 
88% continued to report symptoms. Given its frequency, abdominal pain is likely 
one of the symptoms that persisted after remission. Although explanations for the 
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persistence of abdominal pain are being conceptualized and investigated [14], it 
seems that many patients with EoE who by objective measures have been success-
fully treated continue to have complaints of abdominal pain.

The frequent persistence of abdominal pain in patients with EoE, regardless of 
treatment status or histological resolution, suggests that behavioral treatment spe-
cific to managing or alleviating the pain may be indicated. Assuming that pharma-
cological and nutritional interventions are already in place, behavioral treatment 
could follow the model of treatments for recurrent or functional abdominal pain, 
which have been shown to be moderately effective [51]. These cognitive behavioral 
treatments include cognitive coping, progressive muscle relaxation and/or diaphrag-
matic breathing, and contingency management training for parents. The cognitive 
aspect involves addressing the appraisal of pain as a serious threat with responses of 
fear and avoidance of activities, a style of coping that interferes with children’s ability 
to engage in developmentally appropriate activities [52]. Contingency management 
examines and addresses the manner in which parents, teachers, and health care pro-
viders respond to the child’s pain behavior. Protective and anxious responses can 
promote the child’s focus on the pain, increased anxiety, and withdrawal from 
school and other activities. In contrast, an active approach to pain management and 
maintenance of daily activities helps a child to stay fully functional and less anx-
ious, and leads to better quality of life.

Research is needed to investigate the relationship between abdominal pain and 
physiological aspects of EoE, such as eosinophil counts and levels of stomach acid. 
In addition, the reciprocal relationship between abdominal pain and psychological 
factors merits investigation. Family stress levels and child or adolescent psychological 
functioning in relation to abdominal pain, both prior to and following evaluation and 
treatment for EoE might be explored. In a study of youth ages 8–17 with abdominal 
pain but no known gastrointestinal or chronic illness, family stress and psychologi-
cal functioning was assessed prior to diagnostic esophagogastroduodenoscopy [53]. 
For girls, depression predicted positive biopsy findings (including high levels of 
eosinophils for some children), while for boys, positive biopsies were predicted by 
family stress. These results are suggestive regarding relationships between stress, 
physiological processes, and symptoms. Also in need of investigation is the effec-
tiveness of behavioral approaches for pain management with children with EoE 
who have persistent abdominal pain.

Social Stigma and Adherence

As previously noted, children from about 8 years of age onward often struggle with 
feelings of self-consciousness and being different. For youngsters with EoE, these 
feelings may occur related to symptoms, as when a 12-year-old with dysphagia chokes 
on food in the school cafeteria. However, with EoE the dietary restrictions appear to 
be even more salient than the symptoms, as they impact all domains of children’s and 
teens’ lives [12]. The array of feelings related to being different from others has been 
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commonly noted among older children and adolescents across a range of chronic 
illnesses. Adolescents with celiac disease vividly described how adherence to their 
prescribed diet complicated their social relationships by drawing attention to them-
selves and making visible their otherwise invisible medical condition [54].

For youth with EoE, dietary adherence might be compromised. as a result of dif-
ficult social interactions resulting from limited diets. Dealing with similar concerns, 
older children and adolescents with food allergy were concerned about the lack of 
understanding on the part of others and the social embarrassment they experienced 
when attempting to avoid certain foods; as a result they sometimes felt that “just 
chancing it would be okay.” [55] In a study of risk-taking behavior among adoles-
cents with food allergy, a substantial number of the teens reported eating foods that 
“may contain” the foods to which they were allergic [56]. It seems likely that 
adolescents with EoE would have very similar experiences with their dietary restric-
tions as those reported by the adolescents with celiac disease and food allergies. If 
teens at risk for anaphylaxis take chances with possible exposure to foods, it seems 
very likely that the same behavior occurs for teens with EoE, where there is a less 
clear connection between ingesting restricted food and experiencing symptoms or 
developing increased eosinophils in the esophagus.

Little is known about dietary adherence among children and adolescents with 
EoE. It is unclear how completely parents manage their children’s diets, and to what 
extent they do it independently of or in concert with diets of other family members. 
It is also unknown how well older children and adolescents comply with their dietary 
restrictions when they are on their own, or when they are at home in the family 
context. Drawing from research regarding adherence with other chronic illnesses, it 
is hypothesized that dietary adherence is predicted by understanding the illness, by 
the quality of parent–child relationships, and by the child’s psychological and social 
adjustment. Teens with food allergy who had better peer relationships and who had 
disclosed their illness to their friends took fewer risks with food [56]. Research is 
needed to determine how youngsters and their families manage and adhere with 
their dietary restrictions, about the burden involved, and also about factors that 
facilitate or impede adherence. Only by knowing to what extent families and chil-
dren follow their diets will it be possible to evaluate the effectiveness of dietary 
restrictions in treating EoE. Further, only by systematically evaluating the perceived 
burden of dietary restrictions on children and families will it be possible to make 
treatment decisions that optimize effectiveness while minimizing burden.

Coping in Families of Children and Adolescents with EoE

There are many demands on families of a child with EoE, from the onset of symp-
toms and requirements for medical appointments and diagnostic procedures, to the 
acceptance of a diagnosis and collaborative decision-making on a treatment plan. 
Not only are there medical issues to comprehend; parents also are responsible for 
integrating treatment plans into the family structure. They must determine how food 
restrictions will be accomplished and how special diets will be instituted, they must 
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develop an understanding of the nutritional adequacy of recommended diets, and 
they may need to learn how to manage tube feeding. There are logistical issues of 
medical appointments, insurance concerns, and financial burdens. Besides these 
practical matters, parents have the task of helping the child with EoE to understand 
and cope with the illness and the related treatment plans and lifestyle changes that 
ensue. Further, they assume the responsibility of doing this in a developmentally 
appropriate, sensitive, and emotionally attuned manner. Finally, most parents 
attempt to stretch their attention and emotional and material resources to meet the 
needs of the other children in the family, and to create a family environment of 
mutual support and cohesiveness.

No wonder that parents of children with EoE, like parents of other chronically ill 
children, often feel extremely stressed, and sometimes experience anxiety and 
depression. A large epidemiological study showed that mothers of chronically ill 
children reported more negative affect than those of healthy children, and mothers 
and fathers were 2–3 times more likely to seek mental health treatment [57]. Across 
different pediatric chronic disorders, mothers’ adjustment problems were found to 
be one standard deviation above the mean for the general population [58]. Although 
families can experience considerable stress and distress as they learn to cope with 
their children’s chronic illness, overall their responses to children’s illnesses vary 
along a continuum, with many families coping extraordinarily well while a subset 
of families experience considerable difficulty. In this way parents and family coping 
responses parallel those of the children, with the majority managing well. Recent 
research regarding families of children and adolescents with health problems has 
supported the overall competence of families in adapting to and managing their 
children’s illnesses [41], and emphasizes the importance of focusing on families’ 
competence and the adaptive processes they employ.

As research is initiated regarding psychosocial aspects of EoE for children and 
adolescents, it is also important to investigate how the illness affects the child’s family. 
Consideration must be given to effects of the illness on parents and children’s quality 
of life, on their psychological adjustment, and their overall adaptation. While appre-
ciating the burdens and demands of the disease and the impact of the disease on 
pediatric patients and their families, it is important to maintain focus on families’ 
competence. The overall goal is to understand the adaptive and coping processes, by 
developing an understanding of families’ experiences and how they deal with the 
demands they encounter. By gaining a thorough understanding of these complex 
processes, it will be possible to better support families as they learn to cope with and 
achieve optimal adaptation for the child with EoE and for the entire family.

Implications for Psychological Care of Children  
and Adolescents with EoE

Clearly, there are many ways in which EoE impacts the quality of life and psycho-
logical adjustment of children and their families. For physicians and health care 
providers of these children and families, concerns about impact on quality of life 
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have risen to the forefront, along with medical discoveries and treatment innovations. 
Attention by clinicians to both children and parents’ emotional responses and their 
coping effectiveness is critical if one is to have a child and family-centered approach 
to caring for EoE. The problems that children present in response to inquiries about 
their quality of life point to the issues that are particularly salient for them, and their 
attitude toward their illness provides a window into their coping strategies. Similarly, 
the questions that parents raise indicate which of the multiple facets of their child’s 
care is foremost among their concerns.

Although attention by the clinician to the child and parents’ concerns is a crucial 
first step in facilitating families’ coping, a routine assessment by a psychosocial 
clinician that focuses on emotional concerns, quality of life issues, and coping 
strategies is an extremely helpful second step. The content of this quality of life 
assessment depends on each individual child’s developmental status as well as 
disease phase, whether it be in the stage of diagnostic testing, treatment planning 
and institution, or follow-up evaluation. Families may be dealing with symptom 
management, with implementation of food restrictions, or with introducing food 
back into the diet. Each family has unique concerns about how to manage these 
issues and tasks. The quality of life assessment necessarily includes brief interven-
tions such as anticipating with families the stages and components of evaluation and 
treatment of EoE, educating them regarding illness demands and coping challenges 
experienced by other families, and clarifying the family’s specific questions, concerns, 
and coping style. Finally, the quality of life assessment allows a review of the patient 
and family’s emotional functioning and overall adaptation, with an opportunity to 
evaluate for risk factors of significant co-morbid psychological conditions such as 
depression and anxiety.

The third level at which psychosocial issues can be addressed for pediatric 
patients with EoE and their families involves behavioral counseling or psycho-
therapy. The physician can make referrals based on clinical observations, or the 
need for treatment may become apparent during the quality of life assessment. 
Behavioral counseling may be required for patients having difficulties with EoE-
specific issues such as self-image, peer relationships, or treatment adherence. 
Children with abdominal pain may benefit from pain management treatment. 
Anxiety and depression occur for a subset of children and adolescents with 
chronic illness, and these patients require treatment from mental health profes-
sionals. Children with asthma have been shown to benefit from group art therapy 
[59], and it is likely that children with EoE would benefit similarly from the 
opportunity to express their feelings about their disease and share their experi-
ences with others who have similar problems. Parent counseling to address young 
children’s emotional, behavioral, or sleep regulation can be a useful adjunct to 
medical and feeding therapy. Finally, family therapy can be extremely helpful 
for parents and children struggling with the emotional burden of EoE, since 
family cohesion and open expression of feelings are associated with better child 
adjustment to chronic illness [60].
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Summary

For pediatric patients with EoE, symptoms, the nonspecific and variable symptoms 
and treatment involving dietary restrictions often have a major impact on the quality 
of life of the children and adolescents and on that of their families. Psychological 
adjustment among children and adolescents with EoE may be impacted to a lesser 
degree, but a subset of children will likely develop concerning psychological diffi-
culties that require treatment. Several patterns of symptoms and behavioral responses 
that are specific to EoE, including feeding dysfunction, tube feeding, and abdominal 
pain, can lead to considerable psychological difficulty, and older children and 
adolescents may be affected by problems often associated with chronic illness, 
including stigma, adherence challenges, and depression. Families of children with 
EoE experience a variety of burdens and challenges, and it is important to provide 
appropriate levels of intervention while supporting families’ competence.
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