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Abstract: Eosinophils, a constitutive component of the columnar-
lined gastrointestinal tract, play an essential role in allergic
responses and parasitic infections. The tissue density of these cells
also increases in a variety of conditions of uncertain etiology. With
the exception of the esophageal squamous epithelium, in which no
eosinophils are normally present, the population of normal
eosinophils in the remainder of the luminal gut is poorly defined.
Therefore, histopathologists must rely on their subjective judgment
to determine when a diagnosis of eosinophilic gastritis, enteritis, or
colitis should be rendered. Eosinophilic esophagitis is currently the
best defined and most studied eosinophilic condition of the
digestive tract; therefore, the confidence in accurate diagnosis is
increasing. In contrast, the characteristic clinicopathologic features
of eosinophilic conditions affecting other parts of the digestive tract
remain somewhat elusive. This review was designed to present
pathologists with simple and practical information for the biopsy-
based histopathologic diagnosis of eosinophilic esophagitis, gas-
tritis, enteritis, and colitis. It was prepared by critically reviewing
more than 200 articles on the topic, along with incorporating
evidence accumulated through our own collective experience. We
anticipate that by increasing pathologists’ confidence in reporting
these abnormal but often nameless eosinophilic infiltrates, we can
help better define and characterize their significance.
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The recent categorization of eosinophilic esophagitis as a
distinct condition with well-defined clinical and histo-

pathologic criteria and its undisputable surge during the
last decade have heightened our awareness of increased
eosinophilic infiltrates in other segments of the gastro-
intestinal (GI) tract. In contrast to the squamous mucosa of
the esophagus, the lamina propria of all other segments of
the GI tract contains constitutive eosinophils. The number
of intramucosal eosinophils is believed to vary widely
among normal individuals, depending on age, exposure to
food allergens, geography, and exposure to infectious
agents. Furthermore, eosinophil counts in the same
individual vary within different portions of an organ, for
example, the cecum versus the sigmoid colon. Thus far,
what constitutes the normal eosinophilic infiltrates in the
stomach, small intestine, and colon have not been agreed

upon. Consequently, the diagnosis of eosinophilic gastritis,
enteritis, or colitis depends more on a pathologist’s
subjective judgment than on objective criteria.

The purpose of this review is to provide simple and
practical data for the biopsy-based histopathologic diag-
nosis of eosinophilic esophagitis, gastritis, enteritis, and
colitis. With the exception of eosinophilic esophagitis,
evidence-based guidelines are lacking. Therefore, we have
relied on a critical evaluation of the published series and on
our personal experience in this area.

THE EOSINOPHIL

The Goddess of the Rosy Fingers
In 1871, Heinrich Caro, a German textile chemist from

Mannheim used bromine to bring out a reddish color from
fluorescein. In 1874, he named this tetrabromofluorescin
compound eosin, in a classic reference to the Greek goddess
of dawn Eos, who with her “rosy fingers” opened the gates
of heaven every morning so that Apollo could ride his
chariot across the sky.1 Later modified to become soluble in
water, the compound became known as “wasserlössisches
Eosin” and was one of many dyes used by Ehrlich2 to stain
blood cells. In 1879 while still a student, Ehrlich described
circulating leukocytes with a bilobular nucleus and
cytoplasm rich in fine granules that stained pink with
eosin, and named them eosinophils. In 1889, Gollasch3

noted an association with asthma, and in 1897, Brown4

reported high levels of peripheral and tissue eosinophils in 3
patients infected with Trichinella spiralis, followed by a
complete account of the observation.5 In 1912, Schlecht and
Schwenker6 consolidated their focus on allergic and
anaphylactic conditions. Studies on eosinophils as defense
mechanisms against helminthic parasites peaked in the
1970s and 1980s, in parallel with a renewed interest in
tropical diseases, and led to fundamental discoveries of the
structure and functions of these cells.

The Eosinophil: Structure and Function
Eosinophils are multifunctional proinflammatory cells

found in the hematopoietic system and also in certain tissues,
including the mucosal and submucosal areas of the GI,
respiratory, and genitourinary tracts. The normal range for
eosinophils in peripheral blood is 0 to 450 eosinophils/mL.
Eosinophils are formed in the bone marrow, where they
mature in approximately 8 days before moving into the
blood. After circulating for 8 to 12 hours, eosinophils reach
their destination tissues, with an overall lifespan of 1 to 2
weeks. In rare instances, such as in erythema toxicum
neonatorum, eosinophils have been shown to play a beneficial
modulatory function.7,8 However, in many other conditions
(eg, Loeffler disease, Churg-Strauss syndrome, and the
idiopathic hypereosinophilic syndrome) eosinophils have a
critical role in the pathogenesis of tissue damage.9,10
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Eosinophil granule proteins, such as major basic protein
(MBP), eosinophilic cationic protein (ECP), eosinophil
peroxidase (EPO), and eosinophil-derived neurotoxin, are
capable of inducing tissue damage and dysfunction. MBP,
EPO, and ECP have been shown to be toxic to heart, brain,
bronchial, and intestinal epithelium.7 The degree of tissue
injury is related to the duration of eosinophilia, the level of
eosinophil activation, and the type of stimulus attracting the
eosinophil.11–13 An important effect of prolonged eosinophi-
lic inflammation is tissue remodeling. Through secretion of
ECP, EPO, and ECP, and a number of cytokines such as
transforming growth factor-b1, phospho-SMAD2/3, and
vascular cell adhesion molecule 1, and through interactions
with mast cells and epithelial cells, eosinophils have a
profibrogenic function. This effect is particularly evident in
asthma and eosinophilic esophagitis.14–16

EOSINOPHILS IN THE GASTROINTESTINAL
TRACT

The GI tract is a principal target for migration of
eosinophils, which are part of the normal component of the
lamina propria in the stomach, small intestine, and colon.17

A number of cytokines and chemokines regulate the traffic
of eosinophils in the GI tract, including interleukin-3
(IL-3) and the granulocyte-macrophage colony-stimulating
factor.18,19 However, the major regulatory role is played by
IL-5. IL-5 not only promotes the development, prolifera-
tion, and migration of eosinophils in the bone marrow, but
also regulates their survival, stimulates degranulation, and
primes them for responding to the chemoattractant signals
that recruit them to the mucosa. Recent reviews by
Strauman20 and Powell et al17 provide more thorough
discussion of the complex interactions of eosinophils with
other inflammatory cells in the GI mucosa.

A TECHNICAL NOTE
In an astute systematic review of eosinophilic esopha-

gitis, Dellon et al21 noted that in the vast majority of articles
published until 2004, results were regularly reported in
eosinophils per high-power field (HPF). However, despite
the well known variability of the area of a “high-power field”
(from <0.100 to >0.400mm2, depending on the eyepiece
used), the actual area of measurement is virtually never
reported. Thus, comparisons between different studies can be
misleading. In this review, our own data are reported in
eosinophils /mm2. We use a 22mm eyepiece with a 40�0.75
lens, and our HPF measures 0.237mm2 [=p(22/40/2)2].
Thus, the number of eosinophils /mm2 is calculated using the
formula nHPF/0.237 (where nHPF is the count per HPF). As
most published counts are given in numbers of cells per
(undefined) HPF, we have reported literature data as stated
in the original publications.

ESOPHAGUS

Normal Eosinophil Counts in the Esophageal
Mucosa

The squamous mucosa of the normal esophagus does
not contain any eosinophils.20 Some purists claim that even
a single intraepithelial eosinophil is an indication of reflux-
induced damage. A less rigid approach, which we support,
suggests that rare eosinophils in close proximity to the
squamocolumnar interface are commonly found and
should not be attributed any diagnostic significance.

Causes of Esophageal Eosinophilia
The most common clinical situations in which eosino-

phils infiltrate the esophageal mucosa are gastroesophageal
reflux and eosinophilic esophagitis; both are discussed in
detail below. Other conditions that have been associated with
esophageal eosinophilia include achalasia,22 connective tissue
diseases (particularly scleroderma), vasculitis, drug reactions,
inflammatory bowel disease (IBD), and malignancies.23 The
esophagus may also be involved by systemic or diffuse GI
eosinophilic syndromes [peripheral hypereosinophilic syn-
drome and eosinophilic gastroenteritis (EGE)]. Although
eosinophils may be part of the inflammatory response to
fungal infections, they are virtually never the predominant
cell type. Although traditionally included among the causes
of esophageal eosinophilia, no helminthic infections affect the
human esophagus, thus parasites need not be considered.
Rare cases of esophageal leiomyomatosis associated with
dense eosinophilic infiltration are very likely overlapping
with, or possibly an expression of, long-standing eosinophilic
esophagitis.24,25

Gastrointestinal Reflux Disorder
Eosinophils may be found in the distal esophagus of

patients with documented gastroesophageal reflux disease,
albeit in no more than 20% of the cases. These infiltrates are
rarely dense, usually consisting of <10 eosinophils/HPF.26,27

Eosinophils, typically found only in the distal esophagus,
tend to be localized in the basal layer of the squamous
epithelium, and do not form microabscesses. However, the
distinction from eosinophilic esophagitis is sometimes im-
possible on histopathologic grounds alone.28,29

Eosinophilic Esophagitis
As recently as five years ago, few pathologists

practicing outside specialized centers for esophageal disease
were asked to “rule out eosinophilic esophagitis” on a set of
biopsies from the esophagus. At that time, only rare case
series had been published, almost exclusively in the
pediatric literature.30 Pathologists rarely questioned the
axiom that eosinophils in the squamous esophageal mucosa
equated with reflux. Those who looked for diagnostic
criteria for eosinophilic esophagitis were likely rewarded
with confusion and further skepticism. However, because of
its relatively high and apparently increasing incidence,
eosinophilic esophagitis has become the most intensely
studied eosinophil-related GI disorder. At the time of this
writing a MEDLINE search for “eosinophilic esophagitis”
yielded more than 630 articles, 117 of which were published
within the last 12 months.

In 2006, a multidisciplinary group with the aims of
understanding the pathogenesis of eosinophilic diseases and
developing evidence-based diagnostic and therapeutic
guidelines for eosinophilic esophagitis gathered at the First
International Gastrointestinal Eosinophil Research Sym-
posium (FIGERS).31 The FIGERS group proposed criteria
based on the number of intraepithelial eosinophils counted
by a diligent pathologist in the proverbial (but, alas, rarely
measured) HPF. This number had been arbitrarily set at 25
or 20 eosinophils/HPF,32,33 but most of the studies referred
to eosinophilic esophagitis without detailing the histo-
pathologic criteria are used.21 On the basis of extensive
literature review and the members’ clinical experience, the
FIGERS concluded that at least 1HPF must contain at
least 15 eosinophils. The FIGERS consensus recommenda-
tions define eosinophilic esophagitis as a “primary
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clinicopathologic disorder of the esophagus, characterized
by esophageal and/or upper GI tract symptoms in associa-
tion with esophageal mucosal biopsy specimens containing
Z15 intraepithelial eosinophils/HPF in 1 or more biopsy
specimens and absence of pathologic gastroesophageal
reflux disease as evidenced by a normal pH monitoring
study of the distal esophagus or lack of response to high-
dose proton pump inhibitor medication.”31 Additional
histologic features of eosinophilic esophagitis that should
be assessed are listed in Table 1.

Some patients whose esophageal biopsies meet the
criteria for eosinophilic esophagitis benefit from therapy with
proton-pump inhibitors, whereas others do not.34 Recently, it
has even been proposed that proton-pump inhibitors, by
causing a loosening of the tight junctions and allowing the
absorption of larger allergenic proteins, may contribute to the
pathogenesis of eosinophilic esophagitis.35 Furthermore, in
addition to acid inhibition, proton pump inhibitors may have
anti-inflammatory and antieotaxin-3 activity,36 which could
account for their effectiveness in some patients with eosino-
philic esophagitis. In light of these and other confound-
ing findings, the required “lack of response to high-dose
proton pump inhibitors medication” should probably be
deemphasized.

Practical Suggestions for Diagnosis
Clearly, although clinical and endoscopic criteria are

important, the diagnosis rests ultimately on finding a set of
histopathologic features that an experienced pathologist
recognizes as highly suggestive for eosinophilic esophagitis.
These findings, summarized in Table 1, include number and
distribution of eosinophils within the squamous epithelium,
the topographic extension of the eosinophilic infiltrates
along the esophagus, and the architectural and matura-
tional changes occurring in the squamous epithelium. As
depicted in Figure 1 (A–C), the delineation between
eosinophilic and reflux esophagitis is not always straight-
forward, since both conditions may coexist in the same
patient.37,38

When specimens from both distal and middle or
proximal esophagus are available and eosinophil counts
>15/HPF are found in both locations, a diagnosis of
“compatible with eosinophilic esophagitis” can be made. A

more elaborate comment may be added to the effect that
“the histopathologic criteria for the diagnosis of eosino-
philic esophagitis are met.” Clinicians can then decide
whether the clinical context is appropriate for this
diagnosis. Although the FIGERS consensus specifically
recommends that biopsies from both the distal and middle
or proximal esophagus be obtained if eosinophilic esophagitis

TABLE 1. Histologic Findings Suggestive of Eosinophilic
Esophagitis

Absolute eosinophil count per
HPF in at least 1HPF

Z15 eosinophils/HPF

Degranulated eosinophils Very common
Eosinophilic microabscesses Defined as clusters of

>4 eosinophils. Frequently
present

Distribution of eosinophils
within the mucosa

Spread throughout the depth of
the biopsies, particularly
superficial/luminal

Distribution of eosinophils
throughout multiple biopsy
sites

Can be patchy, but more often
diffuse and involves entire
length (lower, mid, and upper)
of esophagus

Fibrosis of the underlying
lamina propria

Can be seen, especially in long-
standing disease

Basal zone hyperplasia, intercellular edema, and elongation of the
lamina propria papillae occur in both eosinophilic esophagitis and
gastroesophageal reflux disease. HPF indicates high-power field. Adapted
from Gastroenterology. 2007;133:1342–1363.

FIGURE 1. Overlapping histopathologic features in gastroeso-
phageal reflux disease and eosinophilic esophagitis include basal
cell hyperplasia, intercellular edema, and papillary elongation. A,
Reflux esophagitis with few eosinophils, predominantly in the
basal portion of the squamous epithelium, and sparse lympho-
cytes and neutrophils. B, Eosinophilic esophagitis with eosino-
philic clustering and eosinophils spread throughout the depth of
the squamous mucosa. C, Distal esophagus biopsy with features
suggestive of eosinophilic esophagitis but fewer than 15 eosino-
phils per high-power field.
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is suspected, not all gastroenterologists follow the guidelines.
All too frequently only specimens from the distal esophagus
or the gastroesophageal junction are submitted with a
requisition stating “rule out eosinophilic esophagitis.” If
>15 eosinophils/HPF are found in these locations only, one
could state in a comment, “Although the histopathologic
criteria for the diagnosis of eosinophilic esophagitis are met,
reflux esophagitis may share similar features. Therefore,
specimens from the more proximal esophagus may be helpful
(or even necessary) to reach a more specific diagnosis.”

STOMACH

Normal Eosinophil Counts in the Gastric Mucosa
Although most observers consider the presence of a

few eosinophils in the lamina propria common, the
Updated Sydney System acknowledged that intraepithelial
eosinophils in the gastric mucosa are always viewed as
abnormal.39 Until recently, the limited information avail-
able regarding the normal range of gastric mucosal
eosinophils was derived from infrequent and often uncon-
trolled case series, isolated case reports, or brief sections in
textbooks of GI pathology.40–52 In the Kalixanda study,
Talley et al51 noted a mean eosinophil count of 11 eosinophils
in 5HPF in biopsies from the cardia, body, and antrum of
asymptomatic adult volunteers from Northern Sweden.
DeBrosse et al44 found peak eosinophil counts of 8 eosino-
phils/HPF in antral and 11 in oxyntic mucosal biopsies from
19 children.

We recently enumerated eosinophils in the lamina
propria of patients from a wide age range and geographic
areas in the United States who had no known history of
relevant GI disease, and whose gastric biopsies were
diagnosed as unremarkable (Table 2).53 The mean eosinophil
count for 135 normal patients (age range, 4 to 81 y) was
4 eosinophils/HPF (±4SD), equivalent to 15±17SD eosi-
nophils/mm2 (range, 0 to 110). There were no significant
differences between the counts in biopsies from the antrum
and corpus, and no significant variation by either age or
geographic location. Our findings were in essential agreement
with those of both DeBrosse et al and Talley et al.44,51

Causes of Gastric Mucosal Eosinophilia
Increased numbers of eosinophils in the lamina propria

have been documented in infection with Anisakis spp.,54

Strongyloides stercoralis,55 Helicobacter pylori infection,56–58

post H. pylori treatment,59 drugs,60 Crohn disease,53 pyloric
obstruction,41,46 tumors,49 connective tissue diseases, hema-
topoietic disorders, food allergy, and in patients with the rare
eosinophil-associated GI disorders.61,62

Eosinophilic Gastritis
Isolated (idiopathic) eosinophilic gastritis is a poorly

characterized condition. Although rare cases have been
reported sporadically through the literature,63–66 starting
from the mid-1980s H. pylori virtually monopolized the
efforts of gastric researchers, so the few cases or descrip-
tions of eosinophilia in the gastric mucosa were believed to
be related to either current or treated H. pylori infection.59

Recently, we reported a series of 60 patients with gastric
mucosal eosinophils counts between 50 and >160 eosino-
phils/HPF (200 and >600 eosinophils/mm2).53 Epigastric
pain was the most common reason for the endoscopy in both
adults and children, followed by reflux and dysphagia. The
most common endoscopic findings were a normal stomach or
erythema and gastritis, with or without erosions. The
histopathologic findings from our case series are described
below and summarized in Table 3.

Practical Suggestions for Diagnosis
In eosinophilic gastritis, epithelial eosinophilic infiltra-

tion (Fig. 2A) is a very common finding, particularly if a
sufficient number of sections are examined. Sheets of
eosinophils (Fig. 2B) are seen in more than half of these
patients’ biopsies. Eosinophils tend to surround the
foveolae and infiltrate the epithelium, but typically do not
spill into the lumen to form eosinophilic “pit abscesses”
(Fig. 2B). Involvement of the muscularis mucosae or
submucosal tissue may be noted. Although reactive
epithelial changes similar to those found in chemical
gastropathy are common, neither foveolar hyperplasia nor
intestinal metaplasia are characteristic.

TABLE 3. Pathologic Characterization of Eosinophilic Gastritis

Median density (eosinophils/HPF) 40
(Eosinophils/mm2) 170
Mean density (eosinophils/HPF) 49
(Eosinophils/mm2) 206
Range (eosinophils/HPF) 9-158
Range (eosinophils/mm2) 40-665
Epithelial involvement
Abundant 17
Rare 35
None 8
Eosinophils forming sheets 33
Muscularis mucosae involvement 26

Eosinophil counts and histologic characteristics from 60 patients with
marked gastric mucosal eosinophilia. HPF indicates high-power field.
Adapted from Mod Pathol. 2011;24:556–563.

TABLE 2. Eosinophil Counts in Gastric Biopsies From Three Control Cohorts

Normal Stomach Helicobacter pylori Gastritis Crohn Disease

n=135 n=93 n=53

Median density (eosinophils/HPF) 2 1 1
(Eosinophils/mm2) 8 5 3
Mean density (eosinophils/HPF) 1 2 2
(Eosinophils/mm2) 4.9 7.9 9.9
Range (eosinophils/HPF) 0-8 0-16 0-15
(Eosinophils/mm2) 0-34.6 0-69 0-64

Eosinophil counts in gastric biopsies from patients with unremarkable biopsies, H. pylori, or Crohn disease. The cohorts were matched for age, sex, and zip
code to a set of patients with markedly increased gastric eosinophils.

HPF indicates high-power field. Adapted from Mod Pathol. 2011;24:556–563.
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We recommend that the term “histologic eosinophilic
gastritis” be used for the diagnosis in patients who: (1)
have gastric biopsies that show an average density Z127
eosinophils/mm2 (or Z30 eosinophils/HPF on microscopes
equipped with wide-lens oculars) in at least 5 separate HPFs;
and (2) have no known associated cause of eosinophilia. If
H. pylori organisms are detected, the diagnosis of eosinophilic
gastritis can be established only if the mucosal eosinophilia
persists several months after successful eradication.

In cases where regenerative epithelial changes are
noted in a gastric biopsy with significant eosinophilic
infiltrates that fall below the recommended quantitative
threshold, we suggest a diagnosis of “reactive gastropathy
with prominent eosinophils.” This diagnosis should include
a comment mentioning the possibility of eosinophilic
gastritis among other differential diagnoses deemed appro-
priate in the context of the patient’s clinical situation.53

SMALL AND LARGE INTESTINE

Normal Eosinophil Counts in the Small and Large
Intestinal Mucosa

Lymphocytes, plasma cells, eosinophils, and a limited
number of macrophages and mast cells compose the normal

inflammatory component of the lamina propria in the small
and large intestine. Although the histopathologic charac-
teristics of lymphocytes in these regions have been studied
extensively,67 the quantity and quality of eosinophilic
infiltration have not received the same attention. Although
it is clear that the lamina propria of the normal small
intestine contains eosinophils, a consensus has not been
reached on the ranges of normal for the different segments
of the small intestine. Rare intraepithelial eosinophils are
considered normal in both the small and large intestine.68

In the colon, eosinophils and other constituent
inflammatory cells follow a decreasing gradient along the
length of the colon, from proximal to distal.69,70 On
account of this gradient, interpretation of eosinophilic
density must be performed in the context of the anatomic
site of the biopsy within the colon.71 Although several small
studies have quantified the number eosinophils in each
segment of the colon in healthy populations, with counts
ranging from 10 to 70 eosinophils/HPF in the cecum to 1 to
30 in the rectum, no universally accepted normal range has
been established.44,47,72 Reasons for the failure to achieve a
consensus include topographic variability, reports of higher
background counts in certain geographic regions, potential
seasonal variation, and the participation of eosinophils in
various nonspecific inflammatory response.73–75

Causes of Small and Large Intestinal Eosinophilia
Intestinal eosinophilia, a term used here to describe a

greater than usual number of eosinophils in the judgment of
an experienced pathologist, has been associated with both
systemic eosinophilic disorders (idiopathic hypereosinophi-
lic syndrome, chronic eosinophilic leukemia, and systemic
mastocytosis), and noneosinophilic disorders such as
parasitic infections, drug reactions, IBD, connective tissue
disease, vasculitis, and malignancy.76,77 Many secondary
causes of intestinal eosinophilia can be identified with
careful histopathologic examination and correlation with
clinical and laboratory data. Primary EGE, enteritis, or
colitis can be diagnosed only after excluding all other
known causes of eosinophilia.76

Parasitic Infection

Small Intestine
Focal dense aggregates of eosinophils can be found in

duodenal and proximal jejunal biopsies from patients with
various helminthic infections, particularly adjacent to the
worms, larvae, or eggs. As parts of the organism are often
visible, the parasitic origin of the eosinophilic infiltrate is
usually straightforward. However, only rarely is there
a sufficient portion of the parasite in a tissue section to
allow its taxonomic identification (Fig. 3A). Hookworms
(Ancylostoma caninum and Necator americanus), pinworms
(Enterobius vermicularis), Eustoma rotundatum, Ascaris
lumbricoides, Trichuris trichura, T. spiralis, Schistosoma
spp., and Anisakis spp., are among the helminths that can
be found in the small intestine. Eosinophilic ascites has
been reported in association with Toxocara canis and
S. stercoralis.78,79 Schistosoma spp. eggs within “eosinophilic
abscesses” are rarely found, and only in biopsy specimens
from the terminal ileum. Often these eggs are also found in
the colonic mucosa, making the diagnosis obvious.55,80–82

A special case is represented by the infection with
A. caninum, the dog hookworm, that may cause self-limited
skin infection in humans (larva migrans cutanea).83 In

FIGURE 2. Eosinophilic gastritis. A, Gastric mucosa with marked
eosinophilic infiltration within the lamina propria and eosinophils
infiltrating both glands and superficial foveolar epithelium. B,
Sheets (S) of eosinophils distort the gastric mucosal architecture
and infiltrate a gastric pit (arrow).
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certain parts of the world, notably the Northern Territory
in Australia, a peculiar type of human enteritis caused by
A. caninum has been described. Patients present with
persistent, severe abdominal pain, and marked peripheral
and mucosal eosinophilia in small intestinal biopsies.

Colon
Tissue-invading helminths elicit significant eosinophi-

lic responses in the colonic mucosa. Thus, the detection of a
dense focal eosinophilic infiltrate involving a few crypts and
the intervening lamina propria (Fig. 4A) should prompt a
search for helminthic larvae, such as S. stercoralis (Fig. 4B),
Schistosoma spp. eggs (Fig. 4C),84 or fragments of Trichuris
trichiura (a colon-dwelling nematode that anchors itself to
the mucosa by burying a portion of its cephalic end just
under the superficial epithelium (Fig. 4D).85,86 More rarely,
Angiostrongylus costaricencis, and Gnathostoma spp. have
been associated with colonic eosinophilia.87–89 Lumen-
dwelling helminths, whether they have a tissue invading
cycle (Ascaris lumbricoides, hookworms, and nonhuman
parasites such as A. caninum or Ascaris suum)90 or not
(tapeworms, Enterobius vermicularis), are rarely implicated
in eosinophilia of the colonic mucosa.91,92 With the possible
exception of Dientamoeba fragilis, protozoa do not cause
tissue eosinophilia.93 Patient origin, residence, and travel
history are important considerations when a parasitosis is
suspected. If recognizable parasite forms are not detected, a
generic diagnostic line such as “eosinophilic infiltrate
possibly related to a parasitic infection” should be used.
A comment suggesting stool examination and serological
tests should also be included in a comment.

Drug Reactions
Although we are frequently tempted to ascribe

unexplained eosinophilia (in tissues or in the peripheral
blood) to the use of certain medications, implicating a drug
as the cause of intestinal eosinophilia or other specific
histopathologic change is challenging. A temporal clinico-
pathologic correlation must be established between drug,
onset of symptoms, and tissue eosinophilia. Resolution
should be demonstrated when the drug is withdrawn and
symptoms should reemerge when the patient is challenged
with the medication. Histologic documentation of each
phase would be ideal, but is generally not available.94

Although case reports or small series have associated
intestinal eosinophilia with a number of prescription
medications (including clozapine, carbamazepine, enalapril,
gemfibrozil, rifampicin, nonsteroidal anti-inflammatory
agents, tacrolimus, and therapeutic gold compounds),
several of these drugs are implicated on the basis of single
cases, lacking detail, and confirmatory studies.72,95–104 In a
small case series (27 patients), Casella et al72 associated
colonic eosinophilia with nonsteroidal anti-inflammatory
agents (nimesulide, diclofenac, and ibuprofen), antiplatelet
agents (aspirin and ticlopidine), and estroprogestinic
agents. The increased eosinophilic infiltrate was primarily
localized to the left colon, supporting similar findings in
previous studies.77 Drug-induced colonic eosinophilia may,
therefore, be suspected when the previously described
temporal cause-effect relationship is observed and all other
causes of colonic eosinophilia are excluded, particularly in
the presence of the medications listed above. This diagnosis
requires clinicopathologic correlation; hence, communica-
tion with the treating clinician is imperative.

FIGURE 3. Eosinophilic enteritis. A, A portion of a parasitic organism is visible within a focus of dense eosinophilic inflammation. B, Small
bowel mucosa with eosinophilic infiltration of the lamina propria and epithelium, degranulated eosinophils, and villous blunting.
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Inflammatory Bowel Disease
In both active and inactive ulcerative colitis and Crohn

disease, eosinophils represent an important and often con-
spicuous component of the inflammatory response.105,106

However, neither sheets of eosinophils nor epithelial infiltra-
tion are usually evident in these patients. In addition, the
diagnosis is usually suggested by the distorted mucosal
architecture and the prominence of dense mixed inflamma-
tory infiltrates (Figs. 5–7). Both the contribution of
eosinophils to the pathogenesis of IBD and their prognostic
significance in active and quiescent disease is in need of
further elucidation. Recent studies suggest that eosinophils
may have an important role in tissue destruction, resolution,
and repair.107 Whether eosinophilic activity predicts a better
or worse outcome for the patient remains undetermined.

Connective Tissue Disease
Accumulations of eosinophils in the colon have been

described in connective tissue diseases,108,109 and the extent
and quality of the eosinophilic infiltrate may be revealing.
For example, in scleroderma, dermatomyositis, and poly-
myositis, biopsies may reveal a band-like infiltrate of
eosinophils and mast cells between the small intestinal
crypts and the muscularis mucosae, and involvement of the
deeper layers of the intestinal wall. Such histologic findings

should prompt a comment recommending ancillary studies
for serum autoantibodies implicated in the above condi-
tions, and evaluation for episodic peripheral eosinophilia.79

Vasculitides
Churg-Strauss syndrome is a systemic necrotizing

vasculitis characterized by asthma, blood hypereosinophi-
lia, and eosinophil-rich granulomatous inflammation of the
respiratory tract and extrapulmonary organs. The GI tract
is affected in approximately 30% of the patients, with
eosinophilic infiltration of the bowel wall and mesenteric
vasculitis causing diarrhea, bleeding, obstructive nodular
masses, peritonitis, ascites, ischemia, and perforation.110

Eosinophil-rich granulomas with necrosis involving med-
ium to small sized vessels are characteristic histopathologic
findings.79

Polyarteritis nodosa, another systemic necrotizing
inflammatory disease of small and medium-sized arteries,
affects the GI tract in up to 25% of the patients. These
patients develop inflammatory lesions that often involve
branching points and bifurcations of arteries and lead to
aneurysms, thrombosis, or rupture of the vessels. GI
hemorrhage, infarction, and perforation are rare complica-
tions. Histologically, arteritis may be identified in a
background of eosinophilic inflammation.111

FIGURE 4. Parasitic infection. A, A dense aggregate of eosinophils surrounds fragments of a parasitic organism. B, Strongyloides
stercoralis. C, Schistosoma spp. egg. D, Trichuris trichiura.(AFIP-69-7904). Arrows indicate parasitic organisms.
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Malignancies
Beside chronic eosinophilic leukemia and systemic

mastocytosis (discussed below in The GI Tract in Systemic
Eosinophilic Disorders), various malignancies may be
associated with intestinal eosinophilia. A brisk eosinophilic
response is occasionally observed in association with GI
adenocarcinomas.77 Massive tissue eosinophilia has also
been reported in the stomach and small intestine in patients
with malignant lymphoma. In these cases, although
eosinophils were the predominant inflammatory cell type,
plasma cells, epithelioid histiocytes, and lymphocytes were
also present.112 A single case of colonic eosinophilia has
been reported as a possible paraneoplastic syndrome in a
patient with low-grade marginal zone B-cell lymphoma.113

Rarely, graft-versus-host disease in bone marrow transplant
patients has been associated with eosinophilic colitis.114

Primary Eosinophilic Enteritis
In the endoscopic investigation of the small intestine,

biopsy specimens may be obtained from the duodenum, the
first few centimeters of the jejunum, or the terminal ileum.
To our knowledge, significant diffuse eosinophilic infiltra-
tion limited to the duodenum (eosinophilic duodenitis) has
not been described. Pure isolated eosinophilic enteritis has
been reported exceptionally, and only in the radiologic and
surgical literature.115,116 In the overwhelming majority of

patients, increased mucosal eosinophils in the small
intestine are accompanied by eosinophilia in other segments
of the upper or lower GI tract and represent an expression
of EGE.

Primary Eosinophilic Colitis
Idiopathic eosinophilia isolated to the colon occurs in

allergic colitis of infancy (also known as the “dietary
protein-induced proctocolitis of infancy syndrome”) and
the more poorly characterized adolescent and adult allergic
colitis. Both are diagnosed after exclusion of all other
known causes of eosinophilia.76 Allergic colitis in infancy
results from immune-mediated reactions to ingested pro-
teins, such as cow’s milk and soy proteins.76,117 Infants
most often present with rectal bleeding and diarrhea within
the first few months of life.117 Removal of causative
allergens through dietary manipulation usually results in a
complete response.76,117–120 Allergic colitis of infancy may
be an early expression of food-protein-induced enterocoli-
tis, a more severe disease that can produce diarrhea and
vomiting in infants several hours after ingesting certain
foods.76,121

Primary eosinophilic colitis is rarely diagnosed in older
children and adults.118 Similar to EGE, the natural history
of the disease has not been well documented.76 Studies in
older children reported abdominal pain, diarrhea, con-
stipation, and rectal bleeding as common presenting
symptoms.122 Immunoglobulin E (IgE)-associated triggers
are rarely identified, and the disease seems to be a chronic
waxing and waning condition requiring management with
anti-inflammatory agents, including aminosalicylates and
systemic or topical glucocorticoids.76,121

Histopathologic Features of Eosinophilic Colitis
and Suggested Criteria

Increased number of mucosal and intraepithelial
eosinophils with formation of eosinophil crypt abscesses,
extensive degranulation, epithelial regenerative changes,
and minimal active and chronic inflammation have been
described as the key features in eosinophilic colitis (Table 4).
If the disease has been long-standing, evidence of chronicity
would not be unexpected.68

In eosinophilic proctocolitis of infancy (a condition
reported exclusively in young children), the overall archi-
tecture of the mucosa is well preserved and the eosinophilic
infiltration is typically more localized to the rectum.68,76 It
has been proposed that more than 60 eosinophils/10HPFs
in the lamina propria and eosinophilic infiltration in the
epithelium or the muscularis mucosae are indicative of
eosinophilic proctocolitis. Other findings may include
peripheral blood eosinophilia (50%) and eosinophils in
the stool.121

Primary Eosinophilic Gastroenteritis
In 1937, Kaijser123 first described a condition char-

acterized by patchy or diffuse eosinophilic infiltration of GI
tissue, which was later named EGE. Patients with this
uncommon condition present with a wide range of GI
manifestations, focal or diffuse eosinophilic infiltration of
the GI wall, and no evidence of a disease process known to
cause intestinal eosinophilia (hence the designation of
“primary”).124 The majority of patients are diagnosed
between the third and fifth decade (although EGE has
been reported in all age groups),125 and present with a wide
range of clinical manifestations, including abdominal pain,

FIGURE 5. A, The normal inflammatory population of the lamina
propria in the large intestine includes lymphocytes, plasma cells,
eosinophils, and a limited number of macrophages and mast
cells. B, Distorted mucosal architecture and a mixed inflamma-
tory infiltrate with conspicuous eosinophils in a colon biopsy from
a patient with inflammatory bowel disease.
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nausea, vomiting, diarrhea, and weight loss.121,124,126 The
stomach and small intestine are the most frequently affected
segments of the gut.125 Tissue eosinophilia is often patchy
and may involve any portion and any layer of the GI tract
(mucosa, muscularis propria, or serosa) with different
intensity. Interesting but not surprisingly, the degree of
involvement of each layer determines, to an extent, the
clinical manifestations. When the infiltration is predomi-
nantly mucosal (the most common type of EGE in recent
years),127 manifestations include protein-losing enteropathy,
malabsorption, GI bleeding, and iron deficiency anemia.
Stricture, ulcers, or obstruction are more common when the
muscular layer is involved128,129; whereas eosinophilic ascites
is characteristic of serosal disease.126,130,131 Imaging studies
may reveal variable nonspecific abnormalities such as bowel
wall thickening, prominent mucosal folds, luminal narrowing,
or ascites.78,132 Nonspecific endoscopic findings have also
been described including hyperemic mucosa, friability, ulcera-
tions, erosions, nodules, and loss of vascularity.78,133

Although the pathogenesis of EGE has not been
completely elucidated, an allergic component is supported
by several observations: 10% of patients with EGE have an
immediate family member with a similar condition,61

approximately 75% of patients are atopic,134,135 the severity
of disease can sometimes be reversed by an allergen-free
diet,136 and mast cell degranulation is commonly found in
tissue specimens.121,137 Unlike patients with eosinophilic
esophagitis, the majority of those with EGE have increased
serum total IgE and food-specific IgE levels, and positive
skin test responses to a variety of food antigens. Peripheral

eosinophilia has been reported in the majority of EGE
patients.124 The diagnosis is commonly reached when
biopsies obtained for the evaluation of a chronic gastro-
enteritis-like syndrome show a marked eosinophilic infil-
trate.

The long-term course of EGE is not well characterized,
but it seems to be a chronic condition. Traditionally,
treatment options for EGE include elimination or elemental
diets and corticosteroids. More recently LTD4 (leuko-
triene) receptor antagonists and antibodies against IL-5 or
eotaxin have been studied.76,121,127

Histopathologic Features of Eosinophilic
Gastroenteritis and Suggested Criteria

Although there are no established diagnostic criteria to
determine what density or distribution mucosal eosinophils
constitutes a pathologic process,138 a benchmark of more
than 20 eosinophils/HPF has been suggested when the
clinical history is consistent with EGE.126 The great
variability of eosinophil counts in different parts of the
GI tract suggests such a general arbitrary upper limit of
normal seems ill-advised. In a recent review, Collins68 has
taken a more sensible position, suggesting less emphasis on
eosinophil quantity and focusing more on additional
pathologic changes. She also suggested using the term
“mucosal eosinophilia” to describe increased numbers of
mucosal eosinophils without other histologic alterations,
and reserving the term “EGE/colitis” for cases with
additional pathologic changes. Examples of such findings,
summarized in Table 4, include degranulated eosinophils,

FIGURE 6. Eosinophilic colitis. Colonic mucosa with increased eosinophils and additional pathologic features of injury including
degranulated eosinophils, intraepithelial eosinophils, and epithelial regenerative changes.
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intraepithelial eosinophils, eosinophil crypt abscesses,
epithelial degenerative and regenerative changes, villous
atrophy in the small bowel (Fig. 3B), or eosinophils in the
muscularis mucosae, submucosa, or both.68 It must be
emphasized, however, that if the eosinophilic infiltrates are
confined predominantly to the submucosa or serosa,
mucosal biopsies may be noncontributory. In these
patients, a full-thickness surgical biopsy may be necessary
if justified by a high index of suspicion derived from clinical
and radiologic evidence.124,131,139 In research settings, the

intensity of eosinophil degranulation, which has been
correlated with disease severity, can be highlighted using
a monoclonal antibody against human eosinophilic
MBP.29,140

The GI Tract in Systemic Eosinophilic Disorders
Eosinophil-associated enteritis and colitis may be the

manifestation of systemic diseases, such as idiopathic hyper-
eosinophilic syndrome, chronic eosinophilic leukemia, systemic
mastocytosis, and other hematopoietic disorders.141,142 The
idiopathic hypereosinophilic syndrome is defined by 3
diagnostic criteria: (1) marked peripheral eosinophilia exceed-
ing 1,500 cells/mL persisting for longer than 6 months with no
identifiable cause; (2) signs and symptoms of organ dysfunc-
tion mediated by intense eosinophilic infiltration; and (3) and
no evidence of clonality. The target organ varies in different
patients, with involvement of skin, heart, lungs, and central
and peripheral nervous systems in more than 50% of
cases.79,143,144 Chronic eosinophilic leukemia has a similar
presentation, but the diagnosis requires features indicative of
leukemia, such as increased blast cells, or evidence of
eosinophil precursor clonality.145,146

Systemic mastocytosis encompasses a heterogeneous
group of myeloproliferative neoplasms of the mast cell and
its precursors in which clonally derived mast cells infiltrate
various tissues, including bone marrow, skin, the GI tract,
liver, and spleen. Abdominal pain is the most common
symptom, followed by diarrhea, nausea, and vomiting.147

Gastrointestinal involvement includes microscopic infiltra-
tion of the liver, pancreas, and intestines by mast cells,
which can be recognized by their spindle-shaped nucleus
and fine eosinophilic granules. These mast cell granules
contain chemotactic mediators that attract eosinophils into
the tissues. Therefore, mast cell infiltrates can be masked by
a concomitant increase in eosinophils.148

I SEE TOO MANY EOSINOPHILS: NOW WHAT?
PRACTICAL SUGGESTIONS FOR THE

PATHOLOGIST
Neither clinical guidelines nor histopathologic criteria

have been published for any of the conditions described in
this review, with the exception of eosinophilic esophagitis.
Even for this condition, the distinction from reflux
esophagitis often remains elusive.

Therefore, in the absence of well defined diagnostic
categories to which we can assign our cases of mucosal
biopsies with increased eosinophils, what are we to do?
Clinicians have little patience for inconclusive descriptive
diagnoses followed by a catalog of differentials listing what
can be found in any textbook. In an attempt to avoid being
generic, some pathologists go through the consecrated
rituals of deeper sections and special stains. The chances of
finding a diagnostic fragment of parasite at the end of the
paraffin ribbon are low, yet in gastric and intestinal biopsies
it may be worth the minimal expense and the short delay. It
is difficult to think of other surprises buried in the paraffin
block that could explain mucosal eosinophilia.

Although immunostains against the eosinophil MBP are
available, they have little use outside the research context:
seeing dark brown instead of red granules can hardly help the
incidental user narrow down a diagnosis. The temptation to
stain for tryptase to highlight mast cells should also be
carefully considered, in the context of the clinical scenario.

FIGURE 7. Eosinophilic gastroenteritis. Markedly increased eosi-
nophilic infiltration of the mucosa, muscularis mucosae and
submucosa.

TABLE 4. Histopathologic Findings Suggestive of Eosinophilic
Gastroenteritis/Colitis

Increased number of mucosal eosinophils (subjective, no absolute
quantitative threshold is defined)

Degranulated eosinophils
Intraepithelial eosinophils
Eosinophil gland/crypt abscesses
Epithelial degenerative and regenerative changes
Foveolar/crypt hyperplasia
Villous atrophy in the small bowel
Minimal acute and chronic inflammation
Eosinophils in muscularis mucosae or submucosa

If secondary causes of eosinophilia have been ruled out, increased
eosinophils in the presence of some or all of the above pathologic features
suggests primary eosinophilic gastrointestinal disease. “Mucosal
eosinophilia” is recommended if there are no pathologic changes beyond
increased eosinophils. Adapted from Immunol Allergy Clin North Am.
2009;29:109–xi.
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Old-fashioned histopathology and a good interaction
with the clinician are more likely to help reaching a
diagnosis than additional stains and tests. Epithelial
damage, intercellular edema, regenerating epithelial cells,
accompanying inflammatory cells, sloughing or ulceration,
and architectural changes can reliably guide the pathologist
through the maze of histologic possibilities. Furthermore, a
succinct but relevant review of the clinical history including
any information about allergy or atopy, current or recent
medications (including nonprescribed home remedies), and
the geographic history (patient’s origin and recent travel) can
help focus on certain diagnostic options. Pertinent laboratory
data, including peripheral eosinophilia and serum IgE
immunoglobulin levels, should be investigated. The endo-
scopic report and any previous biopsies should also be
reviewed.

One of the reasons for the current state of uncertainty
in the eosinophilic diseases of the GI tract is probably
histopathologic underreporting. Uncertain of how to label
a case, a pathologist may simply decide to ignore the
increased eosinophils, ascribe the infiltrate to nonsteroidal
anti-inflammatory drugs use, or relegate the information to
a comment. Such practices may escape the attention of the
clinician, and detection and the discovery of potentially
important clinicopathologic relationships may be delayed.
With the assistance of these practical tips, pathologists
should now be able to recognize and report pertinent
eosinophilic infiltrates in luminal GI biopsies and to better
define and characterize these eosinophilic conditions.

REFERENCES

1. von Baeyer A. The history of Eosin. Adolf von Baeyers
Gesammelte Werke. Berlin: Strassuburg; 1875:146.

2. Ehrlich P. A contribution to the knowledge of aniline dyes and
their use in microscopic techniques. Archiv für mikroskopische
Anatomie. 1877;13:263.

3. Gollasch H. On the sputum in asthmatics. Fortschritte der
Medizin (Berlin). 1889;7:361–365.

4. Brown TR. Studies in trichinosis. Bull Johns Hopk Hosp.
1987;8:79–81.

5. Brown TR. Studies in trichinosis with especial reference to the
increase of eosinophiles in the blood and muscles, the origin of
these cells and their diagnostic importance. J Exp Med.
1898;III:315–347.

6. Schlecht H, Schwenker G. Ueber lokale Lunge anaphylak-
tischer Meerschweinchen. Archiv für experimentelle Pathologie.
1912;658:163.

7. Melo RC, Weller PF. Piecemeal degranulation in human
eosinophils: a distinct secretion mechanism underlying inflam-
matory responses. Histol Histopathol. 2010;25:1341–1354.

8. Morgan AJ, Steen CJ, Schwartz RA, et al. Erythema toxicum
neonatorum revisited. Cutis. 2009;83:13–16.

9. Clutterbuck EJ, Pusey CD. Severe alveolar haemorrhage in
Churg-Strauss syndrome. Eur J Respir Dis. 1987;71:158–163.

10. Simon D, Wardlaw A, Rothenberg ME. Organ-specific eosino-
philic disorders of the skin, lung, and gastrointestinal tract.
J Allergy Clin Immunol. 2010;126:3–13.

11. Akuthota P, Wang HB, Spencer LA, et al. Immunoregulatory
roles of eosinophils: a new look at a familiar cell. Clin Exp
Allergy. 2008;38:1254–1263.

12. Neves JS, Perez SA, Spencer LA, et al. Eosinophil granules
function extracellularly as receptor-mediated secretory orga-
nelles. Proc Natl Acad Sci USA. 2008;105:18478–18483.

13. Spencer LA, Weller PF. Eosinophils and Th2 immunity:
contemporary insights. Immunol Cell Biol. 2010;88:250–256.

14. Aceves SS, Newbury RO, Dohil R, et al. Esophageal
remodeling in pediatric eosinophilic esophagitis. J Allergy Clin
Immunol. 2007;119:206–212.

15. Straumann A. The natural history and complications of
eosinophilic esophagitis. Gastrointest Endosc Clin N Am.
2008;18:99–118.

16. Venge P. The eosinophil and airway remodelling in asthma.
Clin Respir J. 2010;4(Suppl 1):15–19.

17. Powell N, Walker MM, Talley NJ. Gastrointestinal eosino-
phils in health, disease and functional disorders. Nat Rev
Gastroenterol Hepatol. 2010;7:146–156.

18. Clutterbuck EJ, Hirst EM, Sanderson CJ. Human interleukin-
5 (IL-5) regulates the production of eosinophils in human bone
marrow cultures: comparison and interaction with IL-1, IL-3,
IL-6, and GMCSF. Blood. 1989;73:1504–1512.

19. Clutterbuck EJ, Sanderson CJ. Regulation of human eosino-
phil precursor production by cytokines: a comparison of
recombinant human interleukin-1 (rhIL-1), rhIL-3, rhIL-5,
rhIL-6, and rh granulocyte-macrophage colony-stimulating
factor. Blood. 1990;75:1774–1779.

20. Straumann A, Simon HU. The physiological and pathophy-
siological roles of eosinophils in the gastrointestinal tract.
Allergy. 2004;59:15–25.

21. Dellon ES, Aderoju A, Woosley JT, et al. Variability in
diagnostic criteria for eosinophilic esophagitis: a systematic
review. Am J Gastroenterol. 2007;102:2300–2313.

22. Goldblum JR, Whyte RI, Orringer MB, et al. Achalasia: a
morphologic study of 42 resected specimens. Am J Surg Pathol.
1994;18:327–337.

23. Ahmad M, Soetikno RM, Ahmed A. The differential diagnosis of
eosinophilic esophagitis. J Clin Gastroenterol. 2000;30:242–244.

24. Morris CD, Wilkinson J, Fox D, et al. Diffuse esophageal
leiomyomatosis with localized dense eosinophilic infiltration.
Dis Esophagus. 2002;15:85–87.

25. Nicholson AG, Li D, Pastorino U, et al. Full thickness
eosinophilia in oesophageal leiomyomatosis and idiopathic
eosinophilic oesophagitis: a common allergic inflammatory
profile? J Pathol. 1997;183:233–236.

26. Winter HS, Madara JL, Stafford RJ, et al. Intraepithelial
eosinophils: a new diagnostic criterion for reflux esophagitis.
Gastroenterology. 1982;83:818–823.

27. Ruchelli E, Wenner W, Voytek T, et al. Severity of esophageal
eosinophilia predicts response to conventional gastroesopha-
geal reflux therapy. Pediatr Dev Pathol. 1999;2:15–18.

28. Parfitt JR, Gregor JC, Suskin NG, et al. Eosinophilic
esophagitis in adults: distinguishing features from gastroeso-
phageal reflux disease: a study of 41 patients. Mod Pathol.
2006;19:90–96.

29. Mueller S, Neureiter D, Aigner T, et al. Comparison of
histological parameters for the diagnosis of eosinophilic
oesophagitis versus gastro-oesophageal reflux disease on
oesophageal biopsy material.Histopathology. 2008;53:676–684.

30. Straumann A. Idiopathic eosinophilic gastrointestinal diseases
in adults. Best Pract Res Clin Gastroenterol. 2008;22:481–496.

31. Furuta GT, Liacouras CA, Collins MH, et al. Eosinophilic
esophagitis in children and adults: a systematic review and
consensus recommendations for diagnosis and treatment.
Gastroenterology. 2007;133:1342–1363.

32. Hyams JS, Ricci A Jr., Leichtner AM. Clinical and laboratory
correlates of esophagitis in young children. J Pediatr Gastro-
enterol Nutr. 1988;7:52–56.

33. Leape LL, Bhan I, Ramenofsky ML. Esophageal biopsy in the
diagnosis of reflux esophagitis. J Pediatr Surg. 1981;16:379–384.

34. Ngo P, Furuta GT, Antonioli DA, et al. Eosinophils in the
esophagus—peptic or allergic eosinophilic esophagitis? Case
series of three patients with esophageal eosinophilia. Am J
Gastroenterol. 2006;101:1666–1670.

35. Merwat SN, Spechler SJ. Might the use of acid-suppressive
medications predispose to the development of eosinophilic
esophagitis? Am J Gastroenterol. 2009;104:1897–1902.

36. Huo XF, Zhang HY, Zhang X, et al. Omeprazole blocks
secretion of the inflammatory cytokine IL-8 in esophageal
squamous epithelial cells exposed to acid and bile salts: a
potential anti-inflammatory effect of PPIs independent of acid
inhibition. Gastroenterology. 2010;138:S-153–S-154.

Adv Anat Pathol � Volume 18, Number 5, September 2011 Eosinophilic Conditions in the GI Tract

r 2011 Lippincott Williams & Wilkins www.anatomicpathology.com | 345



37. Hirano I. Eosinophilic esophagitis and gastroesophageal reflux
disease: there and back again. Clin Gastroenterol Hepatol.
2010;9:99–101.

38. Spechler SJ, Genta RM, Souza RF. Thoughts on the complex
relationship between gastroesophageal reflux disease and eosi-
nophilic esophagitis. Am J Gastroenterol. 2007;102:1301–1306.

39. Dixon MF, Genta RM, Yardley JH, et al. Classification and
Grading of Gastritis. In: Graham DY, Genta RM, Dixon MF,
eds. Gastritis. Philadelphia: Lippincott Williams & Wilkins;
1999:35–49.

40. Ayyub M, Almenawi L, Mogharbel MH. Eosinophilic gastritis;
an unusual and overlooked cause of chronic abdominal pain.
J Ayub Med Coll Abbottabad. 2007;19:127–130.

41. Chaudhary R, Shrivastava RK, Mukhopadhyay HG, et al.
Eosinophilic gastritis—an unusual cause of gastric outlet
obstruction. Indian J Gastroenterol. 2001;20:110.

42. Copeland BH, Aramide OO, Wehbe SA, et al. Eosinophilia in
a patient with cyclical vomiting: a case report. Clin Mol
Allergy. 2004;2:7.

43. DeBrosse CW, Rothenberg ME. Allergy and eosinophil-
associated gastrointestinal disorders (EGID). Curr Opin
Immunol. 2008;20:703–708.

44. DeBrosse CW, Case JW, Putnam PE, et al. Quantity and
distribution of eosinophils in the gastrointestinal tract of
children. Pediatr Dev Pathol. 2006;9:210–218.

45. Kazi JI, Alam SM, Khan AA, et al. Eosinophilic gastritis.
J Pak Med Assoc. 1987;37:9–13.

46. Kulkarni SH, Kshirsagar AY, Wader JV. Eosinophilic antral
gastritis presenting as pyloric obstruction. J Assoc Physicians
India. 1998;46:744.

47. Lowichik A, Weinberg AG. A quantitative evaluation of
mucosal eosinophils in the pediatric gastrointestinal tract. Mod
Pathol. 1996;9:110–114.

48. Moorchung N, Srivastava AN, Gupta NK, et al. The role of
mast cells and eosinophils in chronic gastritis. Clin Exp Med.
2006;6:107–114.

49. Ormeci N, Bayramoglu F, Tulunay O, et al. Cancer-like
eosinophilic gastritis. Endoscopy. 1994;26:509.

50. Pausawasdi A, Thongprasroeth S, Viranuvatti V, et al. Diffuse
eosinophilic gastritis. J Med Assoc Thai. 1982;65:151–157.

51. Talley NJ, Walker MM, Aro P, et al. Non-ulcer dyspepsia and
duodenal eosinophilia: an adult endoscopic population-
based case-control study. Clin Gastroenterol Hepatol. 2007;
5:1175–1183.

52. Lash RH, Lauwers GY, Odze RD, et al. Inflammatory
Disorders of the Stomach. In: Odze RD, Goldblum JR, eds.
Surgical Pathology of the GI TRact, Liver, Biliary Tract, and
Pancreas. 2nd ed. Philadelphia: Sunders Elsevier; 2009:269–320.

53. Lwin T, Melton SD, Genta RM. Eosinophilic gastritis:
histopathological characterization and quantification of the
normal gastric eosinophil content.Mod Pathol. 2011;24:556–563.

54. Muraoka A, Suehiro I, Fujii M, et al. Acute gastric anisakiasis:
28 cases during the last 10 years. Dig Dis Sci. 1996;41:
2362–2365.

55. Rivasi F, Pampiglione S, Boldorini R, et al. Histopathology of
gastric and duodenal Strongyloides stercoralis locations in
fifteen immunocompromised subjects. Arch Pathol Lab Med.
2006;130:1792–1798.

56. Papadopoulos AA, Tzathas C, Polymeros D, et al. Sympto-
matic eosinophilic gastritis cured with Helicobacter pylori
eradication. Gut. 2005;54:1822.

57. Johnstone JM, Morson BC. Eosinophilic gastroenteritis.
Histopathology. 1978;2:335–348.

58. Takeyama J, Abukawa D, Miura K. Eosinophilic gastroenteritis
with cytomegalovirus infection in an immunocompetent child.
World J Gastroenterol. 2007;13:4653–4654.

59. Genta RM, Lew GM, Graham DY. Changes in the gastric
mucosa following eradication of Helicobacter pylori. Mod
Pathol. 1993;6:281–289.

60. Pusztaszeri MP, Genta RM, Cryer BL. Drug-induced injury in
the gastrointestinal tract: clinical and pathologic considera-
tions. Nat Clin Pract Gastroenterol Hepatol. 2007;4:442–453.

61. Khan S, Orenstein SR. Eosinophilic gastroenteritis: epidemiology,
diagnosis and management. Paediatr Drugs. 2002;4:563–570.

62. Sheikh RA, Prindiville TP, Pecha RE, et al. Unusual presenta-
tions of eosinophilic gastroenteritis: case series and review of
literature. World J Gastroenterol. 2009;15:2156–2161.

63. Cromwell TA, Campbell DA. Eosinophilic gastritis: a case
report and etiological investigation. Surgery. 1971;69:300–305.

64. Culver GJ, Pirson HS, Montez M, et al. Eosinophilic gastritis.
JAMA. 1967;200:641–642.

65. Doniach I, McKeown KC. A case of eosinophilic gastritis. Br J
Surg. 1951;39:247–250.

66. Villanacci V, Ragni F, Grigolato PG, et al. Eosinophilic
gastritis: clinico-pathologic considerations on a case and review
of the literature. Minerva Med. 1990;81:735–740.

67. Carmack SW, Lash RH, Gulizia JM, et al. Lymphocytic
disorders of the gastrointestinal tract: a review for the
practicing pathologist. Adv Anat Pathol. 2009;16:290–306.

68. Collins MH. Histopathology associated with eosinophilic
gastrointestinal diseases. Immunol Allergy Clin North Am.
2009;29:109–xi.

69. Carpenter HA, Talley NJ. The importance of clinicopatholo-
gical correlation in the diagnosis of inflammatory conditions of
the colon: histological patterns with clinical implications. Am J
Gastroenterol. 2000;95:878–896.

70. Kirby JA, Bone M, Robertson H, et al. The number of
intraepithelial T cells decreases from ascending colon to
rectum. J Clin Pathol. 2003;56:158.

71. Paski SC, Wightman R, Robert ME, et al. The importance of
recognizing increased cecal inflammation in health and
avoiding the misdiagnosis of nonspecific colitis. Am J
Gastroenterol. 2007;102:2294–2299.

72. Casella G, Villanacci V, Fisogni S, et al. Colonic left-side
increase of eosinophils: a clue to drug-related colitis in adults.
Aliment Pharmacol Ther. 2009;29:535–541.

73. Gonsalves N. Food allergies and eosinophilic gastrointestinal
illness. Gastroenterol Clin North Am. 2007;36:75–91. vi.

74. Pascal RR, Gramlich TL, Parker KM, et al. Geographic
variations in eosinophil concentration in normal colonic
mucosa. Mod Pathol. 1997;10:363–365.

75. Polydorides AD, Banner BF, Hannaway PJ, et al. Evaluation
of site-specific and seasonal variation in colonic mucosal
eosinophils. Hum Pathol. 2008;39:832–836.

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

77. Mueller S. Classification of eosinophilic gastrointestinal
diseases. Best Pract Res Clin Gastroenterol. 2008;22:425–440.

78. Chen MJ, Chu CH, Lin SC, et al. Eosinophilic gastroenteritis:
clinical experience with 15 patients. World J Gastroenterol.
2003;9:2813–2816.

79. Oh HE, Chetty R. Eosinophilic gastroenteritis: a review.
J Gastroenterol. 2008;43:741–750.

80. Croese J, Wood MJ, Melrose W, et al. Allergy controls the
population density of Necator americanus in the small intestine.
Gastroenterology. 2006;131:402–409.

81. Corsetti M, Basilisco G, Pometta R, et al. Mistaken diagnosis
of eosinophilic colitis. Ital J Gastroenterol Hepatol. 1999;31:
607–609.

82. Hesdorffer CS, Ziady F. Eosinophilic gastro-enteritis—a
complication of schistosomiasis and peripheral eosinophilia?
A case report and review of the pathogenesis. S Afr Med J.
1982;61:591–593.

83. Bowman DD, Montgomery SP, Zajac AM, et al. Hookworms
of dogs and cats as agents of cutaneous larva migrans. Trends
Parasitol. 2010;26:162–167.

84. Geboes K, el-Dosoky I, el-Wahab A, et al. The immuno-
pathology of Schistosoma mansoni granulomas in human
colonic schistosomiasis. Virchows Arch A Pathol Anat Histo-
pathol. 1990;416:527–534.

85. Krishnamurthy S, Samanta D, Yadav S. Trichuris dysentery
syndrome with eosinophilic leukemoid reaction mimicking
inflammatory bowel disease. J Postgrad Med. 2009;55:
76–77.

Hurrell et al Adv Anat Pathol � Volume 18, Number 5, September 2011

346 | www.anatomicpathology.com r 2011 Lippincott Williams & Wilkins



86. Kaur G, Raj SM, Naing NN. Trichuriasis: localized inflam-
matory responses in the colon. Southeast Asian J Trop Med
Public Health. 2002;33:224–228.

87. Loria-Cortes R, Lobo-Sanahuja JF. Clinical abdominal
angiostrongylosis: a study of 116 children with intestinal
eosinophilic granuloma caused by Angiostrongylus costaricen-
sis. Am J Trop Med Hyg. 1980;29:538–544.

88. Seguchi K, Matsuno M, Kataoka H, et al. A case report of
colonic ileus due to eosinophilic nodular lesions caused by
Gnathostoma doloresi infection. Am J Trop Med Hyg.
1995;53:263–266.

89. Sirikulchayanonta V, Chongchitnant N. Gnathostomiasis, a
possible etiologic agent of eosinophilic granuloma of the
gastrointestinal tract. Am J Trop Med Hyg. 1979;28:42–44.

90. Takeyama Y, Kamimura S, Suzumiya J, et al. Case report:
eosinophilic colitis with high antibody titre against
Ascaris suum. J Gastroenterol Hepatol. 1997;12:204–206.

91. Cacopardo B, Onorante A, Nigro L, et al. Eosinophilic
ileocolitis by Enterobius vermicularis: a description of two
rare cases. Ital J Gastroenterol Hepatol. 1997;29:51–53.

92. Macedo T, MacCarty RL. Eosinophilic ileocolitis secondary to
Enterobius vermicularis: case report. Abdom Imaging. 2000;
25:530–532.

93. Cuffari C, Oligny L, Seidman EG. Dientamoeba fragilis
masquerading as allergic colitis. J Pediatr Gastroenterol Nutr.
1998;26:16–20.

94. Price AB. Pathology of drug-associated gastrointestinal
disease. Br J Clin Pharmacol. 2003;56:477–482.

95. Anttila VJ, Valtonen M. Carbamazepine-induced eosinophilic
colitis. Epilepsia. 1992;33:119–121.

96. Bridges AJ, Marshall JB, Diaz-Arias AA. Acute eosinophilic
colitis and hypersensitivity reaction associated with naproxen
therapy. Am J Med. 1990;89:526–527.

97. Friedberg JW, Frankenburg FR, Burk J, et al. Clozapine-
caused eosinophilic colitis. Ann Clin Psychiatry. 1995;7:
97–98.

98. Jimenez-Saenz M, Gonzalez-Campora R, Linares-Santiago
E, et al. Bleeding colonic ulcer and eosinophilic colitis: a rare
complication of nonsteroidal anti-inflammatory drugs. J Clin
Gastroenterol. 2006;40:84–85.

99. Lange P, Oun H, Fuller S, et al. Eosinophilic colitis due to
rifampicin. Lancet. 1994;344:1296–1297.

100. Lee KJ, Hahm KB, Kim YS, et al. The usefulness of Tc-99m
HMPAO labeled WBC SPECT in eosinophilic gastroenteritis.
Clin Nucl Med. 1997;22:536–541.

101. Martin DM, Goldman JA, Gilliam J, et al. Gold-induced
eosinophilic enterocolitis: response to oral cromolyn sodium.
Gastroenterology. 1981;80:1567–1570.

102. Okpara N, Aswad B, Baffy G. Eosinophilic colitis. World J
Gastroenterol. 2009;15:2975–2979.

103. Saeed SA, Integlia MJ, Pleskow RG, et al. Tacrolimus-
associated eosinophilic gastroenterocolitis in pediatric liver
transplant recipients: role of potential food allergies in
pathogenesis. Pediatr Transplant. 2006;10:730–735.

104. Barak N, Hart J, Sitrin MD. Enalapril-induced eosinophilic
gastroenteritis. J Clin Gastroenterol. 2001;33:157–158.

105. Bischoff SC, Wedemeyer J, Herrmann A, et al. Quantitative
assessment of intestinal eosinophils and mast cells in
inflammatory bowel disease. Histopathology. 1996;28:1–13.

106. Carvalho AT, Elia CC, de Souza HS, et al. Immunohisto-
chemical study of intestinal eosinophils in inflammatory
bowel disease. J Clin Gastroenterol. 2003;36:120–125.

107. Lampinen M, Backman M, Winqvist O, et al. Different
regulation of eosinophil activity in Crohn’s disease
compared with ulcerative colitis. J Leukoc Biol. 2008;84:
1392–1399.

108. Barbie DA, Mangi AA, Lauwers GY. Eosinophilic gastro-
enteritis associated with systemic lupus erythematosus. J Clin
Gastroenterol. 2004;38:883–886.

109. Clouse RE, Alpers DH, Hockenbery DM, et al. Pericrypt
eosinophilic enterocolitis and chronic diarrhea. Gastroenter-
ology. 1992;103:168–176.

110. Baldini C, Talarico R, Della RA, et al. Clinical manifestations
and treatment of Churg-Strauss syndrome. Rheum Dis Clin
North Am. 2010;36:527–543.

111. Blackshaw AJ, Levison DA. Eosinophilic infiltrates of the
gastrointestinal tract. J Clin Pathol. 1986;39:1–7.

112. Shepherd NA, Blackshaw AJ, Hall PA, et al. Malignant
lymphoma with eosinophilia of the gastrointestinal tract.
Histopathology. 1987;11:115–130.

113. Piscaglia AC, Larocca LM, Cammarota G. Patchy left-sided
colitis: primary eosinophilic colitis or paraneoplastic syn-
drome? Clin Gastroenterol Hepatol. 2009;7:e61.

114. Zuo L, Rothenberg ME. Gastrointestinal eosinophilia.
Immunol Allergy Clin North Am. 2007;27:443–455.

115. Dalinka MK, Masters CJ. Eosinophilic enteritis: report of
a case without gastric involvement. Radiology. 1970;96:
543–544.

116. Steele RJ, Mok SD, Crofts TJ, et al. Two cases of eosinophilic
enteritis presenting as large bowel perforation and small
bowel haemorrhage. Aust N Z J Surg. 1987;57:335–336.

117. Odze RD, Bines J, Leichtner AM, et al. Allergic proctocolitis
in infants: a prospective clinicopathologic biopsy study. Hum
Pathol. 1993;24:668–674.

118. Yan BM, Shaffer EA. Primary eosinophilic disorders of the
gastrointestinal tract. Gut. 2009;58:721–732.

119. Chang JW, Wu TC, Wang KS, et al. Colon mucosal
pathology in infants under three months of age with diarrhea
disorders. J Pediatr Gastroenterol Nutr. 2002;35:387–390.

120. Velchuru VR, Khan MA, Hellquist HB, et al. Eosinophilic
colitis. J Gastrointest Surg. 2007;11:1373–1375.

121. Behjati S, Zilbauer M, Heuschkel R, et al. Defining
eosinophilic colitis in children: insights from a retrospective
case series. J Pediatr Gastroenterol Nutr. 2009;49:208–215.

122. Bischoff SC. Food allergy and eosinophilic gastroenteritis and
colitis. Curr Opin Allergy Clin Immunol. 2010;10:238–245.

123. Kaijser R. A contribution to the knowledge of the allergic
conditions of the alimentary tract from the surgical viewpoint.
Arch Klin Chir. 1937;188:36–64.

124. Talley NJ, Shorter RG, Phillips SF, et al. Eosinophilic
gastroenteritis: a clinicopathological study of patients with
disease of the mucosa, muscle layer, and subserosal tissues.
Gut. 1990;31:54–58.

125. Khan S. Eosinophilic gastroenteritis. Best Pract Res Clin
Gastroenterol. 2005;19:177–198.

126. Bischoff SC, Ulmer FA. Eosinophils and allergic diseases of
the gastrointestinal tract. Best Pract Res Clin Gastroenterol.
2008;22:455–479.

127. Chang JY, Choung RS, Lee RM, et al. A shift in the clinical
spectrum of eosinophilic gastroenteritis toward the mucosal
disease type. Clin Gastroenterol Hepatol. 2010;8:669–675.

128. Kristopaitis T, Neghme C, Yong SL, et al. Giant antral ulcer:
a rare presentation of eosinophilic gastroenteritis—case
report and review of the literature. Am J Gastroenterol.
1997;92:1205–1208.

129. Scolapio JS, DeVault K, Wolfe JT. Eosinophilic gastroenter-
itis presenting as a giant gastric ulcer. Am J Gastroenterol.
1996;91:804–805.

130. Klein NC, Hargrove RL, Sleisenger MH, et al. Eosinophilic
gastroenteritis. Medicine (Baltimore). 1970;49:299–319.

131. Lee M, Hodges WG, Huggins TL, et al. Eosinophilic
gastroenteritis. South Med J. 1996;89:189–194.

132. Zheng X, Cheng J, Pan K, et al. Eosinophilic enteritis: CT
features. Abdom Imaging. 2008;33:191–195.

133. Fleischer DM, Atkins D. Evaluation of the patient with
suspected eosinophilic gastrointestinal disease. Immunol
Allergy Clin North Am. 2009;29:53–63. ix.

134. Spergel JM. Eosinophilic esophagitis in adults and children:
evidence for a food allergy component in many patients. Curr
Opin Allergy Clin Immunol. 2007;7:274–278.

135. Spergel JM, Brown-Whitehorn T, Beausoleil JL, et al.
Predictive values for skin prick test and atopy patch test for
eosinophilic esophagitis. J Allergy Clin Immunol. 2007;
119:509–511.

Adv Anat Pathol � Volume 18, Number 5, September 2011 Eosinophilic Conditions in the GI Tract

r 2011 Lippincott Williams & Wilkins www.anatomicpathology.com | 347



136. Kelly KJ, Lazenby AJ, Rowe PC, et al. Eosinophilic
esophagitis attributed to gastroesophageal reflux: improve-
ment with an amino acid-based formula. Gastroenterology.
1995;109:1503–1512.

137. Bischoff SC, Kramer S. Human mast cells, bacteria, and
intestinal immunity. Immunol Rev. 2007;217:329–337.

138. Kelly KJ. Eosinophilic gastroenteritis. J Pediatr Gastroenterol
Nutr. 2000;30(Suppl:S28-35):S28–S35.

139. Kephart GM, Alexander JA, Arora AS, et al. Marked
deposition of eosinophil-derived neurotoxin in adult patients
with eosinophilic esophagitis. Am J Gastroenterol. 2010;
105:298–307.

140. Talley NJ. Gut eosinophilia in food allergy and systemic and
autoimmune diseases. Gastroenterol Clin North Am.
2008;37:307–332. v.

141. Kirsch R, Geboes K, Shepherd NA, et al. Systemic
mastocytosis involving the gastrointestinal tract: clinico-
pathologic and molecular study of five cases. Mod Pathol.
2008;21:1508–1516.

142. Lombardi C, Salmi A, Savio A, et al. Localized eosinophilic
ileitis with mastocytosis successfully treated with oral
budesonide. Allergy. 2007;62:1343–1345.

143. Kim YJ, Prussin C, Martin B, et al. Rebound eosinophilia
after treatment of hypereosinophilic syndrome and eosino-
philic gastroenteritis with monoclonal anti-IL-5 antibody
SCH55700. J Allergy Clin Immunol. 2004;114:1449–1455.

144. Roufosse FE, Goldman M, Cogan E. Hypereosinophilic
syndromes. Orphanet J Rare Dis. 2007;2:37.

145. Gleich GJ, Leiferman KM. The hypereosinophilic syndromes:
current concepts and treatments. Br J Haematol. 2009;145:
271–285.

146. Gotlib J. Chronic eosinophilic leukemia/hypereosinophilic
syndrome. Cancer Treat Res. 2008;142:69–106.

147. Sokol H, Georgin-Lavialle S, Grandpeix-Guyodo C, et al.
Gastrointestinal involvement and manifestations in systemic
mastocytosis. Inflamm Bowel Dis. 2010;16:1247–1253.

148. Stone KD, Prussin C, Metcalfe DD. IgE, mast cells, basophils,
and eosinophils. J Allergy Clin Immunol. 2010;125:S73–S80.

Hurrell et al Adv Anat Pathol � Volume 18, Number 5, September 2011

348 | www.anatomicpathology.com r 2011 Lippincott Williams & Wilkins




