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Summary

Clinical

Eosinophilic oesophagitis is an increasingly recognized allergic gastrointestinal disease,
& which is becoming more common. Although the average age at diagnosis is 30-50 years,
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it often affects very young children and carries significant long-term morbidity. While
our understanding of its pathophysiology is accumulating, the precise pathways by which
the disease arises remain unclear. There are inconsistencies in its diagnosis and definition,
and a drive towards international standardization is underway. Current methods for diag-
nosis and monitoring are relatively invasive, and controversies surround their interpreta-
tion. Management strategies are imperfect and involve burdensome long-term dietary
exclusions, or drug treatments with uncertain efficacy or serious side-effects. It is the
focus of a rapidly increasing body of research, the latest insights from which are system-
atically presented in this review.

Review methodology: literature search strategy

We present an exhaustive review of the recent literature
using the following search strategy. Medline was
interrogated for ‘eosinophilic oesophagitis’ published
between December 2008 and December 2013. All result-
ing abstracts were assessed and those most relevant and
important were selected for inclusion. Key earlier papers
are also included in our review, which were selected for
their particular contribution to the topic.

Eosinophils in the gut

In health, a large proportion of eosinophils home to and
reside in the gut and other mucosal surfaces. Here, they
appear to serve a sentinel function. Under normal condi-
tions, eosinophils are found from stomach through to
colon, where they have a relatively activated phenotype
[1]. Notably, they are not found in healthy oesophagus
[2]; their presence wherein denotes eosinophilic oesoph-
agitis (Eo0). Epithelial damage attracts and activates
eosinophils [3] which in health induce remodelling and
repair. The presence of eosinophils at normal tissue sur-
faces is crucial to epithelial homeostasis and luminal
defence. They provide not only a fast innate response
but also bridge to adaptive immune mechanisms.

Given the properties of eosinophils (to be detailed
further below), it is logical that excessive eosinophil
activity leads to direct tissue damage as well as immune
and inflammatory hyper-reactivity. This is seen both in
eosinophil-mediated diseases of the gut and in
widespread allergic processes, particularly of the skin
and respiratory tract. Eosinophil-derived cationic pro-
teins are found in bronchoalveolar lavage fluid of asth-
matic patients and in the skin lesions of patients with
atopic dermatitis, where they cause direct tissue dam-
age, increase vascular permeability and recruit other
immune cells involved in the allergic response such as
mast cells. The Th2 cytokines interleukin (IL)-5 and
IL-13 are key inducers of growth, differentiation,
recruitment, activation and survival of eosinophils.
These cytokines up-regulate eotaxin-3 expression, a
major eosinophil chemoattractant [4]. They are impli-
cated in various atopic diseases, and as such, they pres-
ent candidate therapeutic targets which are under
current study.

Eosinophilic oesophagitis: clinical features

Clinical evaluation of EoO should include careful his-
tory taking, with recognition that EoO presents differ-
ently at different ages. In young childhood, this may be
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predominantly with food refusal, feeding difficulties with
screaming and back-arching during feeds, vomiting and
poor growth [5]. Older children and adults tend to present
with more specific dysphagia, epigastric pain, heartburn,
anorexia and early satiety. Eczema is a common accom-
panying morbidity. Indeed, gut-associated problems
should be sought in infants presenting with eczema.
Children and adults may find strategies to counteract
their oesophageal limitations, such as texture avoidance
and water drinking, and an awareness of this is impor-
tant especially when a strong clinical suspicion exists.
Symptoms of EoO may closely mimic those of gastro-
oesophageal reflux disease (GORD); the similarities and
differences are outlined in Table 1. Physical examination
should include detailed growth assessment with careful
plotting of sequential weight, height and head circumfer-
ence on appropriate charts. We have recently seen a
number of infants with eczema and eosinophilic gastro-
intestinal disease (EGID) with faltering head growth and
sometimes neurodevelopmental consequences.
Oesophago-gastro-duodenoscopy (0GD) remains at
the cornerstone of diagnosis. Macroscopic findings

Table 1. Clinical features of eosinophilic oesophagitis vs. gastro-oesoph-
ageal reflux disease

Eosinophilic
oesophagitis

Gastro-oesophageal
reflux disease

Clinical features

Abdominal pain Yes Yes
Vomiting Yes Yes
Feeding difficulties Yes Sometimes
Food impaction Yes Rarely
Male: female Male No sex difference
predominant
Atopy Frequently Occasionally
associated
Food sensitization Frequently May be associated
associated
Lower oesophageal pH  Usually normal Abnormal
monitoring
Endoscopic appearances
Oesophagitis Sometimes Yes
Oesophageal rings Yes No
Exudates Yes No
Furrows Yes No
Narrowing Sometimes No
Histological findings
Eosinophil no. > 15/HPF 0-9/HPF
Surface layering Yes No
Extracellular granules Yes No
Oesophageal site Proximal/distal Distal
Microabscesses Yes No
Basal hyperplasia Yes Sometimes
Fibrosis Yes Rarely

HPF, high power field.
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typical (but not pathognomonic) of EoO include trans-
verse oesophageal rings (‘trachealization’), white exu-
dates, longitudinal furrows, general narrowing and
mucosal fragility (Fig. 1). A recent large meta-analysis
suggests that at least one macroscopic abnormality is
identified in 93% of patients, and although such find-
ings have a relatively high specificity, their low sensi-
tivity and variable predictive values make them an
unreliable tool for diagnosis [6]. The diagnostic process
will be discussed in more detail below.

Eosinophilic oesophagitis: epidemiology

An abnormal increase in eosinophils may be observed
in single or multiple areas of the gastrointestinal tract.
The clinical manifestations of EGID are widespread and
varied, including weight loss, failure to thrive, dyspha-
gia, abdominal pain, nausea, vomiting, diarrhoea and
constipation. There is a broad cross-over with many
other gastrointestinal conditions, and thus, a high index
of clinical suspicion must be maintained. Gastrointesti-
nal eosinophilia can represent primary (idiopathic or

P ~
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Fig. 1. Macroscopic appearances at endoscopy. (a) Oesophageal fur-
rowing. (b) Oesophageal narrowing and mucosal fragility. (c) White
exudates.
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allergic) EGID, or it may be secondary to a number of
different conditions (Table 2).

The incidence of EGID has increased dramatically
over the last decade, as has clinical interest in these
conditions. EoO is the commonest and best defined
EGID. A search on PubMed for eosinophilic oesophagi-
tis today yields 1116 results published in the last dec-
ade. In the decade before this, the same search yielded
81 results. Much of this increase is due to enhanced
recognition, although eosinophilic disease is probably
also genuinely increasing in prevalence alongside the
global increase in allergic disease seen throughout the
industrialized world [7]. Incidence estimates vary widely
within the literature, largely due to diagnostic inconsis-
tencies. A recent Swiss population-based prospective
study showed an average incidence of 2.45 cases per
100 000 with a mean age at diagnosis of 41 years
(range: 9-77) [8]. The incidence was shown to increase
over 20 years, most recently up to 7.4 per 100 000.
Prevalence of EoO at the close of this study was 42.8
per 100 000. The incidence of EoO in children varies
from 0.7 to 10 cases per 100 000 per person year, and
prevalence 0.2-43 per 100 000 [9].

Eosinophils: background and function in health

Eosinophils are granulocytes of the innate immune sys-
tem with cytotoxic effector functions against parasites
and helminths. Their role in allergy is long established,
in which their cytotoxic functions are directed against
host tissues. They circulate in relatively low numbers in
peripheral blood, comprising < 4% of total peripheral
white blood cells. Eosinophils localize to mucosal sur-
faces and lymphoid tissues, and when activated, they
quickly mobilize to the site of infestation or allergen
exposure.

Table 2. Eosinophilic gastrointestinal diseases and differential diagnoses

Characteristic to eosinophil structure are their cyto-
plasmic granules. These contain cytotoxic basic pro-
teins, cytokines, chemokines, growth factors and matrix
metalloproteinases (MMP) and undergo regulated
release when the cell is stimulated, by a process known
as piecemeal degranulation (PMD) [10]. The PMD vesi-
cles are mobilized from the cytoplasmic granules and
trafficked to the cell membrane where they dock and
are released [11, 12]. Thus, eosinophils are able to exert
their effects rapidly by the secretion of pre-formed
stored mediators and have no requirement for de novo
protein synthesis, an important property in the innate
host response.

The cationic cytotoxic proteins are major components
of eosinophil granules and include major basic protein
(MBP) [13], eosinophil peroxidase (EPO) [14], eosino-
philic cationic protein (ECP) [15] and eosinophil-derived
neurotoxin sometimes known as eosinophil protein X
(EDN/EPX) [16]. These proteins have direct antihelmin-
thic and cytotoxic effects, as well as a wider range of
indirect effects through their cell signalling functions,
properties which are more recently coming to light.
Eosinophil granules also contain a very broad variety
of cytokines, chemokines and growth factors, further
expanding their complex cell signalling role, and these
include both pro- and anti-inflammatory mediators as
well as cytokines involved in Th1, Th2 and regulatory
immune responses [17]. Eosinophils are also involved
in cross-talk with the enteric nervous system, secreting
neuroactive compounds and themselves degranulating
in response to nerve-derived mediators. Eosinophils
degranulate in response to IgA [18], defending against
luminal invaders. They also directly secrete antibacte-
rial compounds including ECP and EDN and extrude
extracellular traps that sequester and kill pathogens
[19].

Type of eosinophilic gastrointestinal disease

Eosinophilic

oesophagitis gastritis

Eosinophilic

Eosinophilic
gastroenteritis

Eosinophilic
enteritis

Eosinophilic
colitis

Differential diagnosis: eosinophilic
Hypereosinophilic syndrome
Churg—Strauss syndrome

Infection (viral, bacterial, parasitic)
GORD

Drug or food hypersensitivity

Differential diagnosis: non-
eosinophilic

More widespread gastrointestinal eosinophilia

Connective tissue disease (scleroderma, systemic lupus erythematosus)

Crohn’s disease

Coeliac disease
Malignancy

Ulcerative colitis

GORD, gastro-oesophageal reflux disease.

© 2014 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 44 : 802-812
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Eosinophilic oesophagitis: immune pathology and allergy

The precise aetiology of EoO is unknown; however, it is
understood to be an allergic (Th2-mediated) disease.
Local IgE production may occur and through mast cell
degranulation (producing eotaxin and cysteinyl leuko-
trienes) induce eosinophil recruitment. Additionally, IgE
can combine with receptors on antigen-presenting cells
creating a phenomenon known as antigen focussing
which induces further Th2 activation and via IL-5 fur-
ther eosinophilic inflammation. There is mounting
evidence that it has a hereditary component [20]. Can-
didate genes identified to date include CCL26 encoding
eotaxin 3 [21], and thymic stromal lymphopoietin
(TSLP) at 5q22 [22, 23], an important ‘master switch’
driving allergic (Th2) sensitization, and a cytokine
implicated in the pathogenesis of EoO. Inhibition of
TSLP in animal models of EoO limits both the develop-
ment of disease and the severity of established disease,
making it a potential future therapeutic clinical target
[24]. Specific EoO genotyping is not yet in clinical use.

The observation of seasonal variation in incidence of
EoO would suggest that aeroallergens play a role [25,
26]; however, such data come from adult studies, and in
children, food allergens are probably more relevant. Sea-
sonality may also of course arise through eating season-
ally available foods. A seasonal variation in incidence is
not universally found, even between the groups working
within the same country [27]. The other possibility is
that the combined exposure to an allergenic food and
inhalant allergen enhances adverse reactions. This is cer-
tainly true in peanut allergy with anaphylaxis more
likely to occur in the pollen season in pollen-allergic
individuals. In addition, there are cross-reactivities
between some foods and inhalants, for example house
dust mite and molluscs, tree pollen and tree fruits.
Finally, grain mites can contaminate cereals and cause
reactions in house dust mite-allergic subjects.

Atopic diseases such as asthma, eczema and allergic
rhinitis commonly coexist in patients with EoO [20]. A
variable proportion of patients with EoO also have IgE-
mediated food allergy [25, 28]. It is possible that two
separate EoO phenotypes exist, one with and one with-
out multiple concurrent allergies. Our experience with
two cohorts of patients presenting via a paediatric gas-
troenterology and a paediatric allergy centre certainly
supports this concept. Such anecdotal observations hold
relevance to the advancing understanding of the patho-
genesis of EoO and are the subject of our current study.

Eosinophilic oesophagitis is independently associated
with coeliac disease and usually does not respond to
gluten exclusion when the two conditions coexist [29].
This raises the possibility of an autoimmune basis for
both, although the HLA genotypes DQ2/DQ8 which pre-
dispose to coeliac disease do not occur at greater

© 2014 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 44 : 802-812

frequency in patients with EoO [30]. Intriguingly, a
higher prevalence of EoO in patients with Ehlers—Danlos
syndrome and other connective tissue disorders has
been observed [31]. In this cohort, gene expression pro-
files differ, and it may be that eosinophils behave dif-
ferently if the extracellular matrix is altered. This may
hold the explanation for mechanisms of tissue damage
and remodelling, important to disease progression in
Eo00. Other recent evidence from paediatric EoO biopsies
supports this concept, demonstrating up-regulation of
genes coding for extracellular matrix proteases and
reduced expression of intercellular junction proteins
[32].

Eosinophilic oesophagitis: diagnosis and definition

To fulfil the diagnosis of EoO, a minimum of 15
eosinophils per high power field (HPF) must be seen in
at least one oesophageal biopsy [33]. However, the diag-
nosis rests on both histological and clinical features and
uncertainties exist in both. Ideally, multiple biopsy spec-
imens should be examined from different oesophageal
sites. Using 15 eosinophils per HPF as a threshold, taking
2, 3 or 6 biopsies yields a diagnostic sensitivity of 84%,
97% or 100%, respectively [34]. A pathologist experi-
enced in the diagnosis of EoO will additionally seek
other signs of eosinophil activation and degranulation,
mucosal inflammation, hyperplasia and fibrosis (Fig. 2a,
b,e). The inflammatory infiltrate in EoO typically also
contains mast cells and CD4+ T cells (Fig. 2c,d). The
eosinophil count should be from an area of peak density,
and the size of the high power field may vary from one
laboratory to another. Some definitions require greater
than 15 eosinophils per HPF; some greater than 20, or
25 eosinophils per HPF. Thus, subjective elements exist
in the diagnosis of EoO, and discrepancies may arise in
its identification between one professional unit and
another. This gives rise to non-conformity within the
literature, and thus, data on all aspects of EoO, from
epidemiology to the evaluation of therapies, are complex
to interpret. As recognition of the disease increases,
attempts are being made to standardize its definition,
diagnosis and management internationally [33], and evi-
dence suggests that consensus guidelines are increas-
ingly being adopted and are directing meaningful
further study [35]. This has already been achieved for
assessing inflammation profiles in bronchial biopsies
with standardization of sampling, fixing, sectioning,
immunohistochemical and cell counting. These stan-
dards could be easily applied to gut biopsies.

While the diagnosis of EoO requires the exclusion of
GORD, the situation is further complicated by the
responsiveness in some cases of oesophageal
eosinophilia to proton pump inhibitor (PPI) treatment
[36]. Eosinophils are also sometimes seen in GORD,
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Fig. 2. Oesophageal mucosal appearances at histology. (a) Haematoxylin and eosin stain showing eosinophil infiltration and basal cell hyperplasia
(ai: magnification x 10, aii: magnification x20). (b) Carbol chromotrope 2R stain showing whole and degranulated eosinophils (bi: magnification
%20, bii: magnification x40). (c) CD4 stain showing CD4+ T cell infiltration (ci: magnification x20, cii: magnification x40). (d) CD117 stain
showing mast cell infiltration (Magnification x20). (Images courtesy of Dr Nicholas D Francis).
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although the infiltrate is less dense, perhaps between 6
and 9 eosinophils per HPF. A continuum therefore
appears to exist between GORD and EoO, with presum-
ably an overlap group lying in the middle who have
GORD and allergic features. Taking these features into
account, a practical approach to the evaluation of a
patient with symptoms or signs suggestive of EoO is
proposed in Fig. 3. This algorithm includes that group
of patients with GORD and allergy, who have oesopha-
geal eosinophilia which is non-diagnostic for EoO (5-
15 eosinophils per HPF). It also introduces a trial of PPI
as a prerequisite for the diagnosis of EoO. However, PPI
responsiveness may be transient [37], and the caveat
exists that despite ongoing PPI therapy, EoO may
relapse in some individuals. Therefore, endoscopic
re-evaluation must be prompted by clinical course in
all cases.

In addition to eosinophil numbers, certain markers of
eosinophil activation (as mentioned above and depicted
in Fig. 2) also appear useful in differentiating EoO from
GORD. These include eosinophilic microabscesses, sur-
face layering of eosinophils, extracellular eosinophil

granules, basal cell hyperplasia and lamina propria
fibrosis [38—41]. More targeted cellular stains can also
aid in the diagnosis of EoO and its differentiation from
GORD, including mast cell tryptase [42] as well as
staining for biomarkers such as eotaxin-3 and MBP
[43]. Other modalities of investigation may have a role
in the diagnosis of EoO and its differentiation from
GORD. These include lower oesophageal pH monitoring,
multiple intraluminal impedance testing [44, 45] and
endoscopic ultrasonographic measurement of oesopha-
geal mucosal and muscular wall thickness [44, 46].
More recently, high-resolution manometry has been
used to characterize disordered oesophageal motility in
EoO [47]. Many patients had pan-oesophageal pressuri-
zation (unlike GORD and other controls), and this motor
abnormality was associated with food bolus impaction,
suggesting that impaction in EoO may relate as much
to dysmotility as stricture formation. Clinical and endo-
scopic scoring systems have been proposed to create a
logistic regression model with reasonable power to dif-
ferentiate between EoO and GORD [48]; however, such
systems remain to be validated.

Feeding difficulty
Vomiting
Dysphagia

Food impaction

Careful history
Clinical examination
Height

Weight

—)

<5
eosinophils/hpf
with
oesophagitis

GORD

<5
eosinophils/hpf

OGD

Biopsy upper,
mid and lower
oesophagus

<5

-

eosinophils/hpf
without
oesophagitis

| Other diagnoses I

l

eosinophils/hpf

Trial of PPI
4-8 weeks

Repeat OGD
Biopsy upper,
mid and lower
oesophagus

5-15
eosinophils/hpf:
Non-EoO allergy

No symptoms

<5
eosinophils/hpf

T

With symptoms

or PPl-responsive
oesophageal
eosinophilia

>15
eosinophils/hpf

l

Fig. 3. Diagnostic algorithm for eosinophilic oesophagitis in childhood.
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Newer tools are under exploration, including the
oesophageal string test [49] and measurements of
oesophageal mechanics using an endoscopic functional
luminal imaging probe (EndoFLIP) [50]. This latter
modality uses impedance planimetry to determine the
cross-sectional area of the oesophagus and also assesses
its responses to pressure, that is, the distensibility and
compliance of the oesophageal wall. These were both
found to be reduced in adults with EoO compared to
controls, independently of mucosal eosinophil counts or
PPI therapy, highlighting the consistency of mechanical
dysfunction in EoO, and perhaps in future to provide a
standard to quantify this.

In the oesophageal string test, patients swallowed an
Enterotest capsule attached to a string and the proximal
part of the string was taped to the patient’s cheek, hold-
ing the string in position within the oesophagus for
24 h [49]. Enterotest capsules were previously used for
sampling within the gastrointestinal tract, although in
this new application it is simply used as a counter-
weight for the string. The device was then withdrawn at
endoscopy, the fluid eluted from the oesophageal por-
tion of the string and analysed for eosinophil-derived
proteins, including MBP-1, EPO, ECP and EDN/EPX.
Levels of these eosinophil-derived biomarkers correlated
with mucosal eosinophil counts and distinguished
between children with active EoO, asymptomatic EoO,
GORD and control subjects. On this principle, it may be
possible to develop and validate a minimally invasive
method of measuring oesophageal inflammation and
response to treatments.

Thus, the gold standard investigation, OGD, as well
as providing an imperfect reflection of disease activity
for the reasons detailed above, is also relatively inva-
sive, especially in children, in whom it is often per-
formed under general anaesthetic. The search continues
for peripheral or less invasive biomarkers for the diag-
nosis and monitoring of EoO. To date, no such disease
marker has been identified, either in the peripheral
blood or in the stool, although oesophageal fluid may
prove a source of such markers and work is ongoing to
find minimally invasive sampling methods and valida-
tion of mediator levels. Recently, fractionated exhaled
nitric oxide has been measured in EoO patients.
Although levels differed slightly before and after treat-
ment with topical steroids, they did not correlate with
clinical or histological response [51]. Changes in
exhaled nitric oxide may reflect inflammation in the
airway rather than the oesophagus.

Circulating (total and specific) IgE levels are
increased in some patients with EoO, but the association
is by no means consistent, and levels do not provide a
reliable corollary with disease activity or response to
treatment [52]. It is logical to hypothesize that allergic
sensitization and specific IgE response is generated

locally within the oesophageal mucosa and not seen in
skin or blood, and indeed, there is evidence to support
this [53]. Nonetheless, the clinical practice to fully
investigate patients with EoO for both aero- and food
allergen sensitization is sound, partly because identify-
ing and avoiding triggers may improve oesophageal
function and partly to address holistically any current
or potential future allergic comorbidities. The combined
use of specific IgE and skin prick testing is appropriate
to this aim. There has been a suggestion that atopy
patch testing may also have a place in achieving a spe-
cific allergy diagnosis. This is based on the assumption
that delayed T cell-mediated hypersensitivity may be
involved. However, there is no standardization of this
investigation and results are unconvincing.

Eosinophilic oesophagitis: treatments

Dietary therapy remains the most effective and non-
toxic treatment for EoO, and this is especially true in
children [54-56]. It may be that children are more
likely to adhere to dietary exclusions than adults, and
the motivation to avoid steroids is stronger in children;
however, dietary therapy is probably equally efficacious
in adults [57, 58]. A fully elemental (amino acid) diet is
the most efficacious, followed by an elimination diet
based on those foods which are statistically the most
likely culprits in EoO, for example a six food elimina-
tion diet (cows’ milk, soy, egg, wheat, nuts and fish)
[59-61]. Cow’s milk is the most commonly implicated
food, and in some patients, dairy exclusion alone may
be adequate [62]. Individually tailored elimination diets
based on targeted foods may be useful in selected
patients [63], and such an approach, although more
resource-consuming, tends to result in a less restrictive
diet than standard six food elimination. It appears that
sensitization to culprit foods is unlikely to diminish
over time (at least in the short-term), and reintroduction
of successfully eliminated foods reactivates disease.
However, longer-term data are currently unavailable on
this, and it is not clear whether dietary therapy must be
seen as a truly long-term or lifelong solution. Some
patients may improve in terms of tolerating previously
implicated foods, although asthma, rhinitis and inhalant
allergies may replace the foods, a pattern compatible
with the ‘allergic march’ — progressive manifestations of
allergic disease within an individual.

Proton pump inhibitor therapy has a role in the man-
agement of EoO, both as an initial diagnostic tool to
help differentiate EoO from GORD and also to alleviate
symptoms. As a therapy, it may be useful in patients
who have PPI-responsive oesophageal eosinophilia [36]
and in those who have a degree of GOR concurrent with,
or consequential to, EoO [64]. Independent from their
acid-suppressing action, PPI drugs inhibit Th2-driven

© 2014 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 44 : 802-812
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eotaxin-3 production in human oesophageal cell culture
[65]. Eotaxin-3 is an important eosinophil chemoattrac-
tant and this may be the mechanism by which oesopha-
geal eosinophilia responds to PPI therapy. There may be
a role for histamine (H2) receptor antagonists because
there are H2 receptors on many pro-inflammatory cells.
If IgE and mast cells are involved, then histamine may
be playing a part in the pathology.

Corticosteroids are effective at inducing remission in
EoO [66], but the disease usually relapses when treat-
ment is withdrawn [67]. Because of their side-effect
burden particularly with respect to growth and bone
mineralization, this is not a first-choice treatment
option, especially in children. However, in adults, ste-
roids form more of a cornerstone of treatment, and
their efficacy has been demonstrated both in the induc-
tion of remission [68] and as a longer-term mainte-
nance treatment [69], by both clinical and histological
indicators. When steroids are used in EoO, topical deliv-
ery is preferred to systemic, in order to minimize
side-effects. This can be given in the form of swallowed
fluticasone inhalations or swallowed budesonide, either
nebulized or in a viscous suspension. New evidence
suggests that a swallowed viscous suspension is more
efficacious, both symptomatically and histologically,
probably because it produces greater local oesophageal
budesonide exposure [70]. Swallowed fluticasone
appears to be less effective clinically, and it may have a
high rate of oesophageal candidiasis, in some series
26% [71]. Novel pharmacological delivery systems may
be developed in future which could yield further
improvements in treatment efficacy.

There is no proven efficacy for sodium cromoglycate
or leukotriene receptor antagonists in EoO; however,
patients with other allergic comorbidities may derive
benefit from these therapies.

Anti-IL-5 (mepolizumab) therapy, although it reduces
oesophageal eosinophil numbers, has so far produced
somewhat disappointing clinical results [72, 73]. Inter-
estingly, as well as reducing eosinophils, a recent sub-
analysis of the tissues revealed also reduced mast cell
numbers with anti-IL-5, similar to the findings in
asthma [74]. Further trials are ongoing. A large double-
blind randomized controlled trial of anti-IL-5 (in this
case reslizumab) in 226 children and adolescents simi-
larly showed reduced oesophageal eosinophil counts, as
well as improvements in disease activity assessment
scores, although the clinical improvement did not differ
significantly to that observed in the placebo group [75].
There is a single report of the use of anti-IgE (oma-
lizumab) in two patients with severe multiple food
intolerances and eosinophilic oesophagitis, in whom
symptom improvement was reported but this was not
supported by endoscopic or histological change [76].
Perhaps local application of anti-IL-5 or anti-IgE should

© 2014 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 44 : 802-812

be trialled. If local IgE production is occurring, even in
the absence of mast cell involvement, IgE-mediated
antigen focussing in antigen-presenting cells will pro-
mote Th2 activity and thus eosinophil activation.

Finally, chemoattractant receptor-homologous mole-
cule on Th2 cells (CRTH2) is a prostaglandin (PG) D(2)
receptor, expressed by eosinophils and various Th2
cells, mediating chemotaxis and activation. 0C000459,
a selective CRTH2 antagonist, has recently been trialled
in EoO, producing a modest reduction in mucosal
eosinophil numbers against placebo in a small random-
ized controlled trial [77]. Lack of correlation between
eosinophil numbers and clinical picture is a recurring
theme in EoO research, and a dissociation between
symptoms and histology is frequently reported [78].
While trials of other biological therapies (anti-IL-5
and anti-IgE, described above) demonstrate reduced
eosinophils without clinical benefit, in the case of anti-
CRTH2 the investigators did also show a modest
decrease in disease activity as per physician’s global
assessment.

Eosinophilic oesophagitis: long-term course and
complications

The natural history of EoO is not straightforward to
define, partly because of the lack of uniformity in the
original definition and diagnosis of the condition.
Oesophageal eosinophilia in childhood is associated
with significantly reduced health-related quality of life,
over at least the 15 years following diagnosis [79]. In
recognition of this, an EoO-specific paediatric quality
of life inventory is currently undergoing validation
[80]. Many recognized sequelae exist, including food
impaction, oesophageal stricture, narrow calibre
oesophagus, oesophageal tears and (rarely) perforations.
It remains unclear which proportion of EoO patients
progress to such complications, and estimates in the lit-
erature are very wide ranging [33]. Certainly in any
patient with these presentations, EoO should be
considered. Furthermore, the fragility of the oesophagus
in EoO is apparent, and it may be reasonable to assume
an increased perforation risk of these patients at endos-
copy [81, 82], both diagnostic and therapeutic.
Although early published guidelines recommended
extreme caution in therapeutic oesophageal dilatation
in EoO, more recent and extensive data based on sys-
tematic review of 1000 dilatations in 500 patients with
EoO gave a perforation rate of only 0.3%, more in
keeping with the standard risk in non-EoO patients
[83]. Oesophageal dilatation is now therefore an
accepted and effective treatment for strictures or nar-
row calibre oesophagus in EoO.

Evidence is accumulating particularly within the
adult EoO population that the natural course may
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mirror that of Crohn’s disease, starting with an uncom-
plicated inflammatory phenotype and progressing to
more complex stricturing behaviour as fibrosis sets in.
A retrospective analysis of 200 patients with EoO of all
ages showed that a longer delay to initial diagnosis was
associated with more fibrotic disease and oesophageal
strictures [84]. This suggests that eosinophilic oesopha-
geal inflammation left unchecked predisposes to the
development of complications, and supports the impor-
tance of early recognition and perhaps more aggressive
treatment. The efficacy of steroid treatment in reversing
oesophageal fibrosis is described, and recent evidence
suggests that dietary therapy is equally able to achieve
this [85-87]. However, some studies are less optimistic,
such as a recent prospective assessment of subepithelial
collagen deposition and pro-fibrotic gene expression,
before and after 1 year of topical steroid treatment [88].
The investigators showed only a slight (non-significant)
reduction in subepithelial fibrosis, although pro-fibrotic
gene expression was down-regulated, significantly in
the case of CCL18. This would parallel the situation in

asthma, in which subepithelial collagen deposition is
possibly irreversible and unaffected by steroids.

Summary

The role of eosinophils in human health and disease is
increasingly being elucidated. Eosinophilic oesophagitis
is an important eosinophilic disease which carries a
high morbidity, and discrepancies in its diagnosis, defi-
nition and management remain. Key outstanding ques-
tions to be answered include: clearer delineation of its
natural history; identification of reliable, and ideally
less invasive, biomarkers for diagnosis and monitoring;
more sensitive assays for specific IgE both in serum and
in oesophageal secretions; and refinement of treatment
options, perhaps individually targeted, based on geno-
type or allergic phenotype.
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