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Abstract Eosinophilic gastrointestinal diseases (EGIDs), in-
cluding eosinophilic gastroenteritis and eosinophilic colitis,
have been increasing in prevalence in Western countries in
recent years. Eosinophils are normally scanty in the gastroin-
testinal tract, and increased numbers of eosinophils can denote
pathology. Normal values for tissue eosinophils vary widely
between different segments of the colon, thus location of the
biopsy is critically important for the interpretation of findings.
However, no standard diagnostic criteria have been proposed
for the diagnosis of eosinophilic gastroenteritis or eosinophilic
colitis. Gut eosinophilia encompasses entitites that are pre-
dominantly immunoglobulin E (IgE)-mediated, the primary
EGIDs and those that are secondary and not IgE-mediated.
A final diagnosis of eosinophilic gastrointestinal diseases re-
quires careful pathological assessment, clinical correlation
and exclusion of several differential diagnoses.
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Background

Eosinophilic gastrointestinal disease (EGID), including eosin-
ophilic gastroenteritis (EGE) and eosinophilic colitis (EC),
have been increasing in prevalence in Western countries in
recent years. Histological examination of endoscopic biopsies
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plays an important role in making a definitive diagnosis of
EGID, and pathologists must take into account the normal
number and distribution of eosinophils in gastrointestinal tract
(GIT) mucosa, when examining histological specimens from
these patients.

There have been a number of recent reviews on the topic of
EGIDs [1, 2]; this review concentrates on eosinophilic disor-
ders of the small and large intestines.

Epidemiology of EGIDs

There is very little information on the epidemiology of EGIDs
due to their relatively low prevalence. Most of the knowledge
relating to these disorders has been acquired from isolated
case reports of different ages, which makes it difficult to draw
firm conclusions and reach a consensus to establish diagnostic
criteria [3]. However, over the past few decades, there has
been a sharp rise in the prevalence of EGIDs, as evidenced
by the rapid growth in reported cases in numerous populations
[4-6].

Eosinophils

Eosinophils are granulocytes, first described by Paul Ehrlich
in 1879 [7]. In the bone marrow, progenitor primitive stem
cells differentiate into eosinophilic precursor myeloblasts un-
der the influence of interleukin (IL)-1, IL-3 and granulocyte-
macrophage colony stimulating factor (GM-CSF) [8]. The
terminal differentiation into eosinophils and any proliferation
thereafter is critically dependent on the presence of IL-5 [9].
Eosinophils are predominantly tissue-dwelling cells, with
greatest affinity for epithelial surfaces that interact with the
external environment (e.g. GIT, skin, lung), with only a small
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number of mature eosinophils circulating in peripheral blood
[9].

In response to eotaxin, a chemokine that is constitutively
expressed throughout the GIT, eosinophils migrate to the GIT.

Eosinophils are potent pro-inflammatory cells that produce
and release several cytotoxic proteins, cytokines, reactive ox-
ygen metabolites and leukotrienes. Their pro-inflammatory
functions are involved mainly in protecting against parasites
and allergies [10].

Identification of eosinophils

Eosinophils are readily recognized in both haematoxylin-and-
eosin (H&E)-stained and Giemsa-stained tissue sections. The
nucleus of eosinophils may appear small and uni-lobulated, or
there may appear to be two minor nuclei, depending on the
level at which the bi-lobated nucleus has been sectioned
[11].

Some eosinophils can only be recognized by their distinc-
tive eosinophilic cytoplasmic granules [11]. Degranulation
can be a morphological correlate of activation, but eosinophil
degranulation may also be induced by biopsy procurement
and processing [12] (Fig. 1).

Eosinophils and cell-free granular structures in degranula-
tion can be highlighted by immunohistochemistry using
monoclonal antibodies against eosinophil major basic protein
(MBP), eosinophilic cationic protein (ECP) and/or eosinophil
peroxidase (EPO) [13-15].

Eosinophils in the gastrointestinal tract

Eosinophils are part of the normal structure of certain di-
gestive tract organs (they are not usually present in the
oesophagus), where they are more numerous than in other
tissues.

There is only limited information regarding the normal
eosinophil count or normal distribution of eosinophils in
GIT mucosa, and there is no established consensus for the
histological diagnosis of eosinophilic gastroenteritis or colitis
[9, 16], therefore rendering morphological diagnosis of
EGIDs quite subjective [17-21].

It is thought that the number of lamina propria eosinophils
varies significantly depending on the geographic regions indi-
viduals come from, with differences by a factor of 40 being
reported [22]. Their numbers may also differ seasonally, with
reports suggesting greater numbers of eosinophils in the
months of April and May [11, 18].

It has been shown that in the lamina propria of the GIT,
eosinophils are more concentrated in the deep compared to the
superficial lamina propria [23].
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Eosinophils in the small bowel

It has been shown that in the small intestine, eosinophils are
more numerous in inter-cryptal lamina propria when
compared with intravillous lamina propria [19]. The normal
ileum may show up to as many as 30 eosinophils/HPF [20]
(Table 1).

Suggested criteria for the diagnosis of EGE include > 20
eosinphils/HPF, > 30 eosinophils/HPF and > 50 eosinophils/
HPF [20, 24]. However, the most accepted definition is a
count that exceeds at least 20 eosinophils/HPF in at least one
sample [25-27] (Table 1).

In the duodenum, eosinophilia has been defined as > 22
eosinophilsSHPFs at the base of glands for adults [28] and
> 10 eosinophilsHPF for children [20].

Any clustering, even of a few eosinophils, in the lamina
propria, in the muscularis mucosae, or in the crypts of the
small bowel is an abnormal finding [2].

Eosinophils in the large bowel

Lowichik and colleagues showed a mean of 17 eosinophils/
HPF (and observed up to 52 eosinophils/HPF) in colons of
individuals with no known gastrointestinal (GI) disease [20],
while DeBrosse and others found up to 50 eosinophils/HPF in
apparently normal colons [19] (Table 2) (Fig. 2).

It is known that eosinophils are concentrated mainly in the
right colon (particularly in the caecum and appendix (11)—up
to 30 eosinophils/HPF) with several studies showing a gradi-
ent of eosinophil density from proximal to distal large bowel
[19, 20, 29]. Polydorides and colleagues reported that lamina
propria eosinophils were, on average, three times more numer-
ous in the ascending colon compared with the descending
colon [18]. Similarly, Saad et al. reported a gradual decrease
in the number of eosinophils in the lamina propria from the
caecum to the descending colon, and, in addition, they showed
another peak in the rectosigmoid colon [17] (Fig. 3). Thus, it
seems that a cut-off value for eosinophil counts for rendering a
diagnosis of EGIDs, should be individualized to the different
biopsy sites, as relying on a single threshold for the entire
colon can lead to inaccurate diagnostic assessments [16].

It has been stated that the term ‘eosinophilic colitis” may be
used if there are more than 15-25 eosinophils/HPF [9], with
Lee et al. and Alfadda and colleagues using a threshold of 20
eosinophils/HPF [27]. Odze and others, however, used a
threshold of > 60 eosinophils/10HPFs [30] to make a diagno-
sis of eosinophilic colitis (Table 2).

Recently, Turner and colleagues established the following
thresholds for a diagnosis of eosinophilic colitis based on the
site in the colon: > 50 eosinophils/HPF in the right colon, > 35
eosinophils/HPF in the transverse colon and > 25 eosinophils/
HPF in the left colon [16] (Table 3).
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Fig. 1 Biopsies from the ileum
showing a marked increase in

lamina propria and submucosal
eosinophils (1a), with extensive
eosinophilic degranulation (1b)

Diagnosis of EGIDs

As no widely accepted diagnostic criteria has been established
for EGIDs, the diagnosis is dependent on the expertise of the
histopathologist evaluating the biopsy samples. Differentiation
of EGIDs from the normal condition relies on several factors,

namely [1] eosinophil quantification (and comparisons with
normal values), [2] the location of eosinophils (e.g. their
presence in abnormal positions such as intraepithelial, in the
superficial mucosa, and within crypts), [3] the presence of
extracellular eosinophilic staining constituents (often free
granules) and [4] the absence of pathological features

Table 1 Normal number of

eosinophils/HPF in the small Category

Number of eosinophils/HPF Authors

intestine and suggested minimum
eosinophil count/HPF for a
pathological diagnosis of
eosinophilic gastroenteritis

intestine

gastroenteritis

Normal number of eosinophils in the small

Suggested minimum eosinophil count for a
pathological diagnosis of eosinophilic

Up to 30 eosinophils/HPF Lowichik et al.

> 20 eosinophils/HPF Uppal et al., Chen et al.,

Lee et al.
> 30 eosinophils/HPF Lowichik et al.
> 50 eosinophils/HPF Ingle et al.

HPF high power field

@ Springer



Virchows Arch

Table 2 Normal number of eosinophils/HPF in the large intestine and suggested minimum eosinophil count/HPF for a pathological diagnosis of

eosinophilic colitis

Category Number of eosinophils/HPF Authors and location
Normal number of eosinophils in the large intestine Up to 50 eosinophils/HPF DeBrosse et al.; Cincinnati, USA
Up to 52 eosinophils/HPF Lowichik et al.; Texas, USA

Suggested minimum eosinophil count for a pathological diagnosis
of eosinophilic colitis
(see also Table 3)

(mean 17 eosinophils/HPF)
15-25 eosinophils/HPF

> 20 eosinophils/HPF
> 60 eosinophils/10 HPFs

Yan et al.
Lee et al., Taiwan; Alfadda et al.
Odze et al.; Boston, USA

HPF high power field, HPFs high power fields

suggestive of other primary disorders (e.g. neutrophilia associ-
ated with inflammatory bowel disease (IBD), vasculitis asso-
ciated with Churg—Strauss syndrome) [31].

Causes of eosinophilia in the small bowel and large
bowel

Classification of EGID is complex due to difficulty in
assigning aetiology in many cases, as clinical features,

morphology, localization, and site of manifestation often over-
lap in different GI diseases associated with eosinophilia [11].

Gut eosinophilia encompasses entitites that are predomi-
nantly immunoglobulin E (IgE)-mediated, the primary
EGIDs and those that are secondary and not IgE-mediated
[32].

Primary EGIDs (comprising eosinophilic oesophagitis,
eosinophilic gastritis, EGE, and EC) represent an unusual
spectrum of inflammatory GI disorders in which eosinophils
infiltrate the gut in the absence of known causes for such

Fig.2 Multiple colonic biopsies from the ascending colon (a) and transverse colon (b, ¢) showing a marked increase in the number of eosinophils in the
lamina propria and an occasional eosinophilic crypt abscess (¢)
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Fig. 3 Biopsies from the sigmoid
colon showing a marked increase
in lamina propria eosinophils
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Table 3 Suggested minimum eosinophil count per HPF for a
pathological diagnosis of eosinophilic colitis based on the site in the colon

Site in colon Number of eosinophils/HPF

> 50 eosinophils/HPF
> 35 eosinophils/HPF
> 25 eosinophils/HPF

Right colon
Transverse colon
Left colon

Reference population: Texas, USA
HPF high power field

tissue eosinophilia. Peripheral eosinophilia may or may not be
present (the eosinophil count is normal in 25% of patients

[33]).

Fig.4 Terminal ileal biopsy from
a middle-aged female with
diarrhoea, weight loss and
peripheral blood eosinophilia.
Acute erosive iletitis with
abundant eosinophils in the
lamina propria is seen. This
patient had a long history of
asthma and autoimmune
thyroiditis and likely has a
primary allergic eosinophilic
ileitis
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Sixteen percent of patients with EGID have a family mem-
ber with a similar disorder, indicating an interaction between
genetic and environmental factors [32]. An allergic compo-
nent is likely in EGIDs, as many patients (50-70%) have
allergic histories (62% experience specific food sensitivities
[34]), 80% have a co-existent atopic disease, and many have
elevated serum IgE [32] (Fig. 4).

EGE and EC are best categorised into primary
(idiopathic) or secondary EGE/EC. Secondary disorders
associated with these two disorders are similar, and in-
clude the hypereosinophilic syndrome, coeliac disease,
IBD, connective tissue disease (e.g. scleroderma, sclero-
derma variants, dermatomyositis, polymyositis [11], vas-
culitis (e.g. Churg—Strauss syndrome (Fig. 5), polyarteritis
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Fig.5 Images from a diagnostic full thickness small bowel resection in a
patient with intermittent peripheral blood eosinophilia and small bowel
obstruction. Partial villous atrophy (a) with increased lamina propria
eosinophils (b) is present. Deep submucosal perivascular granulomas

nodosa), infection (e.g. Helicobacter pylori, parasites,
fungi) and drug injury [9] (Table 4).

Eosinophilic gastroenteritis

EGE is an uncommon chronic disease [25]. The incidence has
risen in recent years, probably due to increased interest and
better recognition [25], with an estimated incidence of approx-
imately 1/100,000 population. It can affect individuals of any
age (peak incidence at 20-50 years of age) [11, 35]. Patients
may report a history of allergy (e.g. asthma, rhinitis, drug
allergy and/or eczema). Peripheral blood eosinophilia and el-
evated serum IgE are usually, but not always, present [24].
As mentioned previously, the disorder is best categorised
into primary (idiopathic) or secondary EGE. The term primary
EGE is applied to a diverse group of patients who share the
following characteristics: (a) GI symptoms, (b) GI eosinophil-
ic infiltrates, (c) no demonstrable cause of the eosinophilia

with numerous eosinophils (¢) are seen. Extensive serosal eosinophilia
(d) is also present. cANCA positivity confirmed a diagnosis of Churg—
Strauss syndrome

(e.g. parasitic infection or a specific allergic response) [33]
(Table 5).

The commonest sites of involvement are the stomach and
proximal small intestine [24, 32, 36]. Symptoms of EGE are
dependent on the intensity and the location of eosinophils
within the layers of the GIT [33]. Approximately 57% of
patients have mucosal disease, 30% of patients have involve-
ment of the muscle layer and 12.5% of patients have serosal/
subserosal disease [33]. Patients with eosinophilic infiltration
of the mucosa have non-specific symptoms and signs, similar
to those of IBD, such as nausea, vomiting, diarrhoea, anaemia
(due to chronic inflammation or iron deficiency), and/or clin-
ical manifestations secondary to malabsorption. Infiltration of
the muscularis propria by eosinophils leads to intestinal ob-
struction (most commonly jejunal obstruction) secondary to
the thickening of intestinal wall [19, 37]. Clinical presentation
of eosinophilic infiltration of the serosa is usually
characterised by ascites, sometimes associated with symptoms
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Table 4  Causes of eosinophilic enteritis and eosinophilic colitis

Primary EGID - Genetic
- Environmental
- Allergic
Secondary causes of eosinophilic - Coeliac disease
enteritis and eosinophilic colitis _ Inflammatory bowel disease —
Crohn’s disease, ulcerative colitis,
pouchitis

- Infections — parasitic and
non-parasitic

- Drugs

- Collagenous and lymphocytic
colitis

- Hypereosinophilic syndrome

- Graft-versus-host disease

- Autoimmune colitis

- Neoplastic lesions — inflammatory
fibroid polyp, inflammatory
myofibroblastic tumour,
carcinoma, T cell lymphoma,
eosinophilic leukimea

- Radiation

- Connective tissue disease and
vasculitis

- Deficiencies of magnesium,
vitamin E and selenium

- Toxic oil syndrome
- Peritoneal dialysis
- Hyperimmunologlobulinaemia E

Abbreviations: EGID, eosinophilic gastrointestinal disease

of intestinal obstruction. Ascitic fluid shows marked
eosinophilia.

Diagnosis requires endoscopy and biopsy. The endoscopic
appearance is non-specific, and endoscopy may show ery-
thematous, friable, nodular or ulcerated mucosa [26].

The diagnosis on biopsy and resection specimens is made
by observing a large number of eosinophils in the mucosa and
submucosa, including oedema of the latter, if included. It is
not sufficient to see elevated numbers of eosinophils; eosino-
phils have to be the dominant cell type, with little or no in-
crease in other inflammatory cell types. As outlined previous-
ly, the most accepted definition of EGE is a count that exceeds
20 eosinophils/HPF in at least one sample [25-27] (Table 1).
Crypt hyperplasia, epithelial cell necrosis, and villous atrophy
may also be seen [24].

In resection specimens, the muscularis propria and
subserosa can also be involved. In addition, an increase in

Table 5  Criteria for a diagnosis of primary eosinophilic gastroenteritis

Gastrointestinal symptoms
Gastrointestinal eosinophilic infiltrates

No demonstrable cause of the eosinophilia (e.g. parasitic infection, a
specific allergic response, etc.)
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mast cells is usually seen [8]. Signs of other inflammatory
diseases are absent—there is no evidence of crypt architectur-
al distortion, worms, eggs or larvae.

Eosinophilic colitis

EC is the least common entity within the group of primary
EGIDs [38]. There has been a rise in cases over the last decade,
possibly due to increased recognition of it as a distinct disease
entity [32]. Although first described more than 60 years ago,
EC has remained an obscure entity and there is no clear under-
standing of its clinical impact or natural history [38].

As outlined previously, EC can be primary or secondary
[38]. Primary EC represents an inflammatory disorder in
which eosinophils infiltrate the gut wall, in the absence of
known causes [32, 38]. A colitis that is dominated by an co-
sinophilic infiltration may also occur secondarily, in associa-
tion with atopic processes (typically in the infants and in
young patients) [31, 39, 40], infections (such as with
Strongyloides stercoralis, Enterobius vermicularis, Trichuris
trichiura or Ancylostoma [41-44], IBD [45], drug-induced
reactions [46-52], neoplasias, connective tissue diseases
[53, 54], hypereosinophilic syndrome [55], diffuse fasciitis
with eosinophilia, eosinophilia-myalgia syndrome and eosin-
ophilic myositis [16], amongst other causes [9] (Fig. 6). All of
these secondary causes must be excluded before making a
diagnosis of primary EC.

As with EGE, clinical presentation of EC depends on the
location of eosinophils within the layers of the large bowel [38].
Infiltration of the mucosa by eosinophils tends to cause diar-
rhoea. Mucosa-predominant disorder is often associated with

— U\ S A SN
Fig. 6 Eosinophilic colitis. Almost 100% of the lamina propria cellularity
is due to eosinophils. There is a wide differential diagnosis (see Table 4)



Virchows Arch

mucosal injury [32], although the overall architecture of the
mucosa is typically well-preserved [11, 56]. Transmural
eosinophilia is associated with colonic wall thickening and in-
testinal obstruction. Serosal eosinophilic infiltration is associat-
ed with eosinophilic ascites (up to 95% eosinophils in ascitic
fluid) [38]. The right colon is involved more often than other
parts of the large intestine [57].

Endoscopy may reveal oedematous mucosa with a loss of
the normal vascular pattern, patchy erythematous changes,
and/or superficial ulcerations.

In 2014, Alfadda and colleagues described seven patients
with EC. Colonic biopsies from all patients showed a dense
eosinophilic infiltrate (> 20 eosinophils/HPF) involving the
lamina propria [27, 38]. They suggested making the diagnosis
of primary eosinophilic colitis contingent on the presence of a
dense eosinophilic infiltrate in one or more segments of the
colon, without evidence of parasites or other underlying dis-
ease [32, 58].

Allergic proctocolitis in infants

In very young infants (nearly always younger than 1 year of
age), allergic proctocolitis is a well-recognized entity and is
among the commonest causes of diarrhoea and rectal bleeding
in this age group [11]. It is related to intolerance to human or
cows’ milk protein or to soy protein in formula.

Endoscopic biopsies typically show infiltration of the mu-
cosa by large numbers of eosinophils (> 60 eosinophils
/10hpfs) that can involve any colonic segment (but preferen-
tially involves the rectosigmoid) [30, 59-61]. Typically, there
are no other significant histological abnormalities. Severe
cases may show superficial aphthous erosions or frank ulcer-
ations covered by a surface exudate.

The condition resolves following exclusion of the
offending protein. The prognosis is very good and triggering
foods can be re-introduced by 1-3 years of age.

Allergy-associated colitis in adults

There is substantial evidence that allergic reactions similar
to allergic proctocolitis in infants also exist in adults (aged
3rd—7th decade), which can be allergy-associated or due to
drugs (e.g. non-steroidal anti-inflammatory drugs
(NSAIDs)) [11]. Allergy-associated colitis in adults can
affect the ileum as well as the colon and, but the rectum is
typically uninvolved.

Patients with allergy-related colitis pose a diagnostic chal-
lenge to their physicians as the clinical features are variable
and non-specific, occurring in other GI disorders, and specific
diagnostic tools are missing.

Ileal and colonic biopsies from patients with allergy-
associated colitis show prominent eosinophilic infiltration of
the epithelium, lamina propria, and submucosa, with variable

degrees of degranulation. Neutrophils or mononuclear infil-
trates are not significantly increased, and damage to the epi-
thelium is not prominent [11].

A definitive diagnosis depends upon careful clinical exam-
ination and exclusion of several differential diagnoses.

Secondary causes of eosinophilic
gastroenteritis/colitis

Coeliac disease

Cocliac disease is a malabsorption syndrome which affects
children and adults. It results from a specific immunological
hyperreactivity to gliadin in the diet (gluten and other prola-
mins), inducing gliadin-specific immunoreactive cells which
damage the mucosa.

Duodenal biopsies show hypercellularity of the lamina
propria, containing eosinophils, mast cells, lymphocytes, plas-
ma cells, macrophages, and neutrophils.

Other histological changes (increased numbers of
intraepithelial lymphocytes, villous blunting/flattening) are
highly characteristic, and when present clearly indicate the
diagnosis of coeliac disease to the pathologist, in the correct
clinical setting [62].

Eosinophilia associated with inflammatory bowel disease

Eosinophils are one of the many inflammatory cells involved
in the pathogenesis of IBD. The two most important roles that
eosinophils play in IBD appear to be as pro-motility and pro-
inflammatory agents, thus producing effects such as diarrhoea,
inflammation, tissue destruction, and formation of fibrosis and
strictures [8].

Villanacci and colleagues evaluated the presence of
basal plasmacytosis and eosinophils in more than 100 rou-
tine untreated cases of colitides and demonstrated that
80% of patients with evidence of basal plasmacytosis
intermingled with eosinophils in biopsies from at least
three ileocolic segments were subsequently classified as
IBD [63]. They therefore concluded that the finding of
basal plasmacytosis, associated with the presence of eo-
sinophils, in colonic endoscopic biopsies of naive patients
with “colitis” seems to be a strong histological clue toward
the presence of an IBD.

Bass et al. demonstrated that initial biopsies in children
with an eventual diagnosis of IBD (ulcerative colitis (UC) or
Crohn’s disease (CD)) in comparison to biopsies from chil-
dren with functional abdominal pain have significantly greater
frequency of eosinophilia in the rectosigmoid area, in addition
to crypt distortion in the colon and inflammation in the stom-
ach [64].
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Crohn’s disease

Inflammation in CD is characterised by a prominent mononu-
clear cell infiltrate consisting predominantly of lymphocytes
and plasma cells. The lamina propria typically also contains a
large number of mast cells and eosinophils [65]. In addition,
localized histiocytic collections are typically surrounded by
lymphocytes, plasma cells, and eosinophils. Increased num-
bers of eosinophils, plasma cells, lymphocytes, macrophages,
mast cells, and neutrophils can also be seen in all layers of the
bowel wall [11].

Xu and colleagues examined the roles of eosinophils and
mast cells in CD and found that they may affect fibrosis by
directly influencing intestinal fibroblast properties [66].

Ulcerative colitis

Colonic biopsies in active chronic UC typically demonstrate
an intense infiltrate of lymphocytes and plasma cells in the
lamina propria with glandular distortion. Mast cells are also
often increased in numbers [67].

A dense eosinophilic infiltrate may initially be present in
UC, mimicking EC and implicating a pathogenetic role for
eosinophils in IBD [45]. Although Lampinen and colleagues
showed that the number of activated eosinophils was higher in
the quiescent phase of UC than in the active phase [68], sev-
eral studies have shown significantly more severe eosinophilic
infiltration of the lamina propria in active UC compared with
long-standing inactive disease [15, 69].

Tanaka and colleagues suggested that five histological
criteria can reliably predict failure of medical treatment in
patients with UC, namely eosinophil infiltration, crypt abscess
formation, mononuclear cell infiltration, ulceration and endo-
scopic disease extent [70, 71]. In particular, they found that
infiltration of the lamina propria by eosinophils was signifi-
cantly lower in patients with active UC not responding to
medical treatment and ultimately requiring colectomy. In stark
contrast, however, Zezos and others have shown that severe
eosinophilic infiltration in patients with active UC was the
most significant predictor of no response to medical treatment
[15, 69].

It has been shown that focal eosinophilic mucosal infiltra-
tion is an important parameter in the histological differential
diagnosis between colonic CD and UC, with CD demonstrat-
ing a significantly higher mean percentage of eosinophils in
areas with focal inflammation [72].

Infection-associated eosinophilia of the gastrointestinal
mucosal

Parasitic infections (organisms such as schistosoma,
strongyloides, ancylostoma) can effect patients of all ages

[11].
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A prominent or focal eosinophilic infiltrate in the lamina
propria of the small bowel or large bowel and mural oedema is
seen in patients with helminthic infections. Increased numbers
of lamina propria eosinophils are particularly prominent near
areas of parasitic attachment.

Helminth larvae, worms or eggs may not always be seen in
histological sections, and so it is important for pathologists to
be aware of any relevant history of travel and the endoscopic
findings. If parasitic aetiology is suspected, stool examination
or specific serology may be performed [56].

Patients may also exhibit regional lymphadenopathy due to
the presence of granulomata with central eosinophilic degran-
ulation and degradation products.

Infectious non-parasitic and bacteria-associated inflamma-
tory diseases can also be associated with non-specific
increased numbers of eosinophils as a sequel of acute inflam-
mation (Table 6).

Drug-induced eosinophilia of the gastrointestinal mucosa

Colonic eosinophilic infiltration can occur secondarily to
drugs, such as NSAIDs (e.g. naproxen) [46, 52], clozapine
[32], carbamazepine [73], azathioprine, rifampicin and gold
[7, 49, 74]. Liver transplant recipients maintained on tacroli-
mus as an immunosuppressive agent, are at risk of developing
colonic eosinophilia; symptomatic improvement occurs when
the immunosuppression is reduced [47]. The density of eosin-
ophils in the colon can also increase following radiotherapy
treatment (Table 7).

Hypereosinophilic syndrome:

Hypereosinophilic syndrome (HES) is a heterogeneous group
of rare systemic diseases of idiopathic origin, characterized by
marked blood eosinophilia (at least 1500 cells/mm?) persisting
for more than 6 months. HES predominantly affects males,
aged between 20 and 50 years [75, 76]. HES patients tradi-
tionally develop eosinophilic endocardial disease with embo-
lization of peripheral organs (e.g. extremities, brain, skin,
heart, lungs) [31, 78]. Serum contains high levels of mast cell
tryptase [77] and bone marrow analyzes show a high number
of dysplastic mast cells which typically decrease after treat-
ment with the tyrosine kinase inhibitor imatinib mesylate [78]
(Table 8). Consequently, it is thought that HES could be relat-
ed to systemic mastocytosis and chronic myelogenous
leukemia.

Table 6
diseases

Infections associated with eosinophilic gastrointestinal

Parasites, e.g. Strongyloides stercoralis, Enterobius vermicularis,
Trichuris trichiura or Ancylostoma

Bacteria, e.g. Helicobacter pylori
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Table 7 Drugs associated with eosinophilic colitis

NSAIDs, e.g. naproxen
Mycophenolate
Azathioprine
Rifampicin

Clozapine
Carbamazepine

Gold

Tacrolimus

NSAIDS non-steroidal anti-inflammatory drugs

Thus, as per the definition, patients with EGIDs (typically
EGE) and sustained blood eosinophilia exceeding 1500 cells/
mm°> would be considered to have HES. Therefore, routine
surveillance of the cardio-respiratory system is warranted, es-
pecially if the patients have extra-GI manifestations.

Eosinophilia associated with connective tissue disease

Connective tissue disease, particularly scleroderma (also der-
matomyositis, polymyositis), has been reported to be associ-
ated with episodic peripheral eosinophilia and a band-like
mast cell-rich eosinophilic infiltrate in the lamina propria of
the large bowel [79]. One study by Clouse and colleagues
described the presence of a peri-cryptal eosinophilic infiltrate
in the colon, in patients with chronic diarrhoea and systemic
connective tissue disease [80].

Vasculitis

In polyarteritis nodosa and Churg—Strauss syndrome, vasculi-
tis is characterized by an infiltrate of eosinophils involving the
small blood vessels in the GIT and in extra-intestinal organs
(e.g. skin, lung, kidney, nervous system) [81].

Peripheral eosinophilia, along with elevated markers of in-
flammation and autoantibodies are typically present.

Collagenous and lymphocytic colitis

Some patients with chronic watery non-bloody idiopathic di-
arrhoea have histological evidence of colitis (microscopic co-
litis), even though the endoscopic appearance of the bowel is
normal.

Table 8 Features of hypereosinophilic syndrome

Marked blood eosinophilia (at least 1500 cells/mm?®) persisting for more
than 6 months

Eosinophilic endocardial disease with embolization of peripheral organs
(e.g. extremities, brain, skin, heart, lungs)

High levels of mast cell tryptase in serum
+ Eosinophilic gastrointestinal disease

In collagenous colitis, the lamina propria focally contains
slightly to moderately increased numbers of lymphocytes,
plasma cells, and mast cells, admixed with variable numbers
of eosinophils and neutrophils. Eosinophils can be focally
prominent and, in rare cases, a diffuse increase in eosinophils
can be seen [82].

In lymphocytic colitis, the lamina propria contains in-
creased numbers of eosinophils, lymphocytes, and/or neutro-
phils [83]. Infiltration of the surface epithelium with eosino-
phils and neutrophils may also be seen [84].

Eosinophilia associated with neoplasia

Massive tumoural eosinophilia has been observed histologi-
cally in association with gastric and colonic adenocarcinomas
[11]. Dense colonic eosinophilia is frequent in mastocytic co-
litis, either primary or part of systemic mastocytosis [16]. In
fact, the neoplastic mast cells may even be masked by the
dense eosinophilic infiltrate, requiring the pathologist to have
a high index of suspicion. As mentioned previously, mild to
moderate eosinophilia can also be seen in cancer tissues,
following radiation therapy.

Eosinophilia associated with graft-versus-host disease

Graft-versus-host disease (GVHD) occurs when immunolog-
ically competent donor lymphoid cells (which bear different
histocompatibility antigens) from the host are placed into an
immunosuppressed recipient (usually in the setting of a bone
marrow transplant).

The colon and rectum are often involved. Mucosal biopsies
typically reveal focal acute colitis/proctitis with isolated crypt
injury, apoptosis, and eosinophilic and neutrophilic infiltrates

[11].

Eosinophils in the appendix and gallbladder

In surgical resection specimens from patients with appendici-
tis and cholecystitis, eosinophils are commonly observed, par-
ticularly when there has been a slight delay between the onset
of symptoms and surgery [2]. Approximately 40% of
appendices removed within 12-84 h of symptom onset
display mural eosinophils, often in combination with lympho-
cytes [85]. Similarly, more than 20% of resected gallbladders
contain numerous eosinophils in addition to other types of
inflammatory cells [86]. It is thought that these findings reflect
the ‘subacute’ phase of the inflammatory process, rather than a
primary eosinophilic disorder, especially if eosinophils are not
the major component of the infiltrate and are evenly dispersed
among other inflammatory cells [2].
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Treatment

Some patients have symptoms just for a short period of time
and may need no treatment or just short-term treatment. The
natural history of this disorder has not been well studied. In
addition, the rarity of EGE and EC has limited any large pro-
spective randomised therapeutic trials [9], and therefore there
is no standard therapy [87]. Steroids are frequently used as the
first line of treatment, along with dietary restriction [27].
However, many patients relapse with steroid withdrawal, so
steroid-sparing agents can also be used.

Yan and colleagues proposed the following management
plan for patients with symptomatic EC: (a) if possible, stop
the intake of a drug related to EC; (b) treat parasites if present
(even if IBD co-exists); (c¢) treat with mesalazine (an
aminosalicylate); if mesalazine fails, montelukast (a leukotri-
ene receptor antagonist) can be used [88]; if IBD co-exists
with an eosinophilic infiltration of the colonic mucosa, treat-
ment of IBD is indicated [39].

Newer biologic medications (e.g. anti-ILS and anti-IgE
therapies) targeting specific points along the inflammatory
cascade are currently under investigation and may offer pos-
sible treatment options in these patients [87, 89, 90].

Conclusion

Eosinophils are normally scanty in the gastrointestinal tract,
and increasing numbers of eosinophils can denote pathology.
There are currently no consensus criteria or specific eosinophil
counts to confirm the diagnosis of eosinophilic gastroenteritis
or eosinophilic colitis. Thus, pathologists need to familiarize
themselves with the eosinophil content of the different seg-
ments of the normal colon and regularly report cases with
unequivocal increases of eosinophils. When eosinophilia is
present histologically, a final diagnosis depends upon careful
clinical correlation and exclusion of several differential
diagnoses.

Most of the knowledge relating to gastrointestinal eosino-
philic disorders has been acquired from isolated case reports
of different ages, which makes it difficult to draw firm con-
clusions and reach a consensus to establish diagnostic criteria.
Thus, further detailed clinical and morphological studies are
necessary to determine exact diagnostic criteria, including cut-
off values of eosinophils in normal and pathological gastroin-
testinal specimens.
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