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Abstract

Purpose of review This review provides an overview of recent developments in the field of
eosinophilic gastritis (EG) and eosinophilic duodenitis (EoD) with emphasis on diagnostic
criteria, the clinical manifestation and available or emerging treatments.

Recent findings Eosinophilic gastrointestinal diseases such as EG and EoD are chronic
inflammatory conditions with gastrointestinal symptoms and increased density of mucosal
eosinophilic cells. Recent data suggest an association between increases of duodenal
eosinophils and symptoms in patients with functional dyspepsia. Eosinophil infiltrates
are patchy, and counts fluctuate with seasons, diet, medications and geographic factors.
Country-specific reference ranges remain to be defined. Few treatment trials explored symp-
tomatic improvement and resolution of eosinophilic infiltration in functional dyspepsia.
Summary Eosinophils are part of the physiologic adaptive and innate immune response.
A link between EG and in particular EoD with functional dyspepsia has been observed but
a causal link with symptoms remains to be established.

®

Check for
updates


http://crossmark.crossref.org/dialog/?doi=10.1007/s11938-022-00392-z&domain=pdf

502 Stomach (P Malfertheiner, Section Editor)

Introduction, definitions and epidemiology

Eosinophils are white blood cells involved in the adap-
tive and innate immune response [1]. They are named
eosinophils as staining with haematoxylin and eosin
(H&E) results in an intense pink colouring of these
cells. Eosinophils were initially believed to be relevant
for the immune response to parasites. Nowadays, their
broad role for the initiation, propagation and resolu-
tion of immune responses, including tissue repair, is
well established. Eosinophils originate from the bone
marrow where they mature before being released into
the blood stream. They travel via the blood stream to the
destination tissues including the gastrointestinal mucosa
where they remain for 1 to 2 weeks. Since eosinophils
convey a defence against unwanted interlopers including
parasites, they are frequently found in low numbers in
gut mucosal samples of apparently healthy subjects [2].
In recent years, there has been increasing interest in
eosinophilic gastritis (EG) and eosinophilic duodeni-
tis (EoD). Figure 1 shows a steady increase in research
interest in EG and EoD since the 1940s. In spite of
this growing attention, most studies are still based on
small samples or are simple case studies [3].

In the absence of obvious triggers for and accumulation
of eosinophils in mucosal tissue, primary infiltrative
eosinophilic disorders of the gut can occur [4]. Diagnosis
of these disorders is based on the anatomic distribution
of the eosinophil infiltration within the gastrointestinal
tract [4]. For eosinophilic diseases such as eosinophilic
oesophagitis (EoE), EG, EoD, eosinophilic gastroenteritis
(EGE) or eosinophilic colitis (EC), histologic diagnosis is
required [4]. While many patients presenting with eosino-
philic conditions show eosinophilic counts multiple times
above the reference range (e.g. in EC), other conditions are
reported to present with significant but numerically small
changes of eosinophil numbers (e.g. functional dyspepsia
and duodenal eosinophilia) [5]. Due to the adaptive nature
of eosinophilic cells as part of the immune response to
microbial and environmental challenges [6], normal val-
ues for eosinophil counts in mucosal tissues may require
local validation to account for environmental factors such
as general hygiene, climate and subsequent exposure to
microbes, variations in diet and exposure to other envi-
ronmental antigens.

Epidemiology and geographic variation
]

While epidemiologic data for EG and EoD are limited, based upon health insur-
ance data from the USA, the standardised estimated prevalence rates of eosino-
philic gastritis and eosinophilic gastroenteritis are believed to be 6.3/100,000 and
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8.4/100,000, respectively [7]. EG and EoD are found in all age groups [8]. Data on
gender distribution are controversial. While a higher prevalence in men has been
reported [3], this was not confirmed in a large combined paediatric/adult cohort
from the USA [9]. Overall, it is highly likely that due to the abovementioned chal-
lenges and the still limited awareness of EG and EoD, paired with the heterogeneity
of symptomatic presentation and lack of universally accepted or applicable diag-
nostic criteria, the real prevalence might be substantially higher than reported [10].

Diagnosis of EG and EoD
- _______0____0000___]

Symptoms referred to the upper gastrointestinal tract and an increased number
of eosinophils in the mucosa of the stomach or duodenum define EG and EoD.
To diagnose EG or EoD, it is thus required that the patient has ‘typical’ symptoms
and increased tissue eosinophil counts. In addition, other disorders causing the
symptoms and mucosal eosinophilic infiltrates (e.g. parasitic infections or systemic
immune diseases) need to be ruled out before EG or EoD are diagnosed [11]. How-
ever, even in healthy subjects, eosinophil infiltration as a reflection of a physiologic
immune response might be observed [12]. Indeed, a variety of factors may influence
eosinophil counts. Gastric eosinophil counts are influenced not only by autoimmune
processes such as gastritis but also by a concomitant colonisation of the stomach by
Helicobacter pylori [13]. Due to the complexity of occurrence of eosinophils, precise
cut-offs or normal ranges for eosinophil counts are widely lacking thus far. While
gastrointestinal symptoms in combination with increased eosinophil cell counts
define EG and EoD, symptoms and clinical presentations are variable, and potentially
influenced by the location, severity and depth of infiltration of the mucosa [14].
Since eosinophils are part of the physiologic mucosal immune response,
it is conceptionally necessary to define and compare thresholds for ‘normal’
eosinophil counts in healthy asymptomatic subjects with eosinophil counts in
patients with suspected EG or EoD rather than confirming presence or absence
of eosinophilic cells in the gastric or duodenal mucosa. One study from the USA
reported a mean eosinophil count of 8.2 eosinophils per high power field (HPF)
with a standard deviation of + 6.3 in 370 consecutive adults without small intes-
tinal disease. Based upon this, an upper range of the norm was determined to be
20.4 eosinophils/HPF (8.2 +(6.3x 1.96)) [15¢]. Others suggest a mean threshold
of eosinophils for EoD of 30 Eos/HPF counted in a minimum of 3 HPF [16].
However, when control groups from cohort studies focussing on the role of
duodenal eosinophilia are assessed [15¢, 17¢, 18, 19¢, 20-24, 25¢], considerable
variation in the mean cell counts per HPF are found. Figure 1 depicts the mean
eosinophil count per HPF found in controls of recent studies comparing patients
with FD with controls. The mean eosinophil number of the control groups was
found to be highly variable and ranged from<5 per HPF to>40 HPFE. These
studies also highlighted that not only the number of eosinophils was increased
in patients with FD but eosinophils in FD patients had a higher proportion of
activated eosinophils with degranulation [25¢]. In this context, it is not only
important to emphasise that ‘normal’ eosinophil counts are highly variable in
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controls, but one study compared subjects without intestinal disease with sub-
jects with elevated eosinophil counts and did not find a link between increased
eosinophil counts and specific gastrointestinal symptoms [15¢]. This may not
only present a significant challenge regarding the development of ‘normal’ val-
ues for duodenal eosinophil that guide diagnosis and assessment of treatment
response but raise the question if additional criteria are required to establish
eosinophil-related dyspepsia. It is possible that high eosinophil counts (with
or without degranulation) only play a role for the manifestation of dyspeptic
symptoms in patients with otherwise unexplained symptoms if there are other
factors such as altered gut-brain interaction that facilitate manifestation of the
gut-related symptoms. Thus, the current concept of increased eosinophils as the
causal factor for symptoms in patients with otherwise unexplained (functional)
dyspepsia needs to be complemented by a multicomponent pathophysiologic
model, whereby increased eosinophils are one factor (or potentially an indica-
tor for the presence of any kind of inflammatory stimulus) and it seems likely
symptoms manifest only in the presence of other ‘permissive’ factor(s).

Obviously, there is huge variation in the mean eosinophil counts. No stand-
ard pathological approach has been published and endorsed. This presents a
major challenge when globally acceptable thresholds for reference ranges need
to be established (Fig. 1). Considering these variations, thresholds to diagnose
EG or EoD need to be viewed with caution. A large number of factors influence
eosinophil counts that include widely used proton pump inhibitors [17¢], diet
[26] or even seasonal variation [27¢]. Thus, interpretation and diagnoses of EG
and EoD require caution if cell counts are only modestly elevated and potential
confounders carefully considered. To complicate matters, some investigators seek
HPF with clusters of eosinophils and report these ‘peak’ numbers of eosinophils
in selected sections [28] and report these peak numbers. This may potentially
introduce a bias for clinical studies when different cohorts or interventions are
compared, and the pathologist is not blinded for group or intervention.

To overcome the barriers of a tissue-based diagnosis, a recent study [29] uti-
lising samples from nearly 400 paediatric and adult patients with EG aimed to
develop a diagnostic test based upon the expression of a panel of 18 dysregulated
genes and blood EG scores derived from dysregulated cytokine/chemokine levels.
The authors observed robust associations between specific gastric molecular pro-
files and histologic and endoscopic features. This may point towards an opportu-
nity to develop in the future blood-based markers for the disease, and biopsy in
combination with blood samples may provide a more reliable diagnosis for EG.

Interval between manifestation of symptoms and diagnosis
of EG or EoD
]

Since the diagnosis of EG and EoD is based upon the histologic verifica-
tion of increased eosinophil counts in the mucosa, endoscopy is required
to obtain tissue from potentially affected organs. This may present a barrier
to timely diagnosis and a recent study [30] revealed that the mean interval
between symptom manifestation and diagnosis was 3.6 years. Besides delays
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in relation to diagnostic esophagogastroduodenoscopy, the failure to collect
biopsy specimens for histologic evaluation when an endoscopy actually was
performed contributed to the delay. This highlights the need to consider EG
and EoD early as differential diagnosis of chronic unexplained gastrointes-
tinal symptoms. In the above study [30], predictors for a more than 2-year
diagnostic delay included adult age, a previous diagnosis of irritable bowel
syndrome or functional dyspepsia, or gastric/peptic ulcer.

Endoscopic findings in eosinophilic gastritis or duodenitis

The diagnosis of EG, EoD or EGE, and eosinophilic colitis (EC) is based upon
the histologic verification of increased eosinophil counts and thus far no
specific endoscopic features for EGE has been reported from a large retrospec-
tive cohort of 317 children and 56 adults from the USA [31]. Indeed, most
patients had normal endoscopic appearance of the respective regions of the
GI tract and patients could have been categorised as a functional gastrointes-
tinal disorder if histology would not have revealed the increased eosinophils.

Risk factors for EG and EoD

Defining risk factors for the development of EG and EoD is key to understand-
ing the epidemiology of eosinophilic disorders of the gastrointestinal tract
and ultimately prevent the manifestation of these conditions. Data for EG
and EoD is very limited, but risk factors have been studied for eosinophilic
oesophagitis that can overlap with more distal gut eosinophilia [32]. Popula-
tion density and climate have been proposed confounders [33]. A negative
correlation has been shown between population density and risk of EOE when
rural and urban areas were compared to metropolitan areas [34]. In addition,
cold climate zones are associated with increasing odds of EoE compared with
tropical and arid zones [35].

Gastrointestinal symptoms in patients with EG and EoD

The most common reported symptoms are nausea/vomiting and abdominal
pain [9, 36]. Other gastrointestinal symptoms reported by patients with EG or
EoD are diarrhoea (potentially due to concomitant manifestation of eosino-
philia in the small intestine or colon) and early satiety [5]. Thus, symptoms in
patients with EG and EoD may not be different from patients with functional
gastrointestinal disorders and in particular functional dyspepsia. Recently, sev-
eral studies reported the association between increased duodenal eosinophils
and symptoms of FD [15¢, 17¢, 18, 192, 20-24, 25¢]. As described above, the
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mean eosinophil number of the control groups were highly variable in fre-
quent studies with considerable seasonal fluctuation. This may only present
a significant challenge regarding the development of globally acceptable ‘nor-
mal’ values for duodenal eosinophils that guide diagnosis and assessment of
treatment response. Ultimately, this would require that for all regions, locally
validated diagnostic criteria with relevant eosinophil thresholds are developed.

Psychological manifestations in patients with EG and EoD

A recent study reported higher degranulation levels of eosinophils in patients with
diarrhoea dominant irritable bowel syndrome compared to healthy controls with
an increased content of CORTICOTROPIN-releasing factor in the cytoplasmic gran-
ules [37]. This degranulation was linked not only to the clinical severity of the GI
symptoms, but also to life stress and depression. Similarly, in another study, anxiety
was associated with eosinophilia in the second part of the duodenum [19¢]. This
is consistent with the concept that the inflammatory process that is reflected by
eosinophil infiltration has systemic effects, and these effects of inflammatory media-
tors have been shown to influence brain function [38]. Indeed, patients with EG or
EoD frequently report symptoms that resemble symptoms of patients with func-
tional gastrointestinal disorders or patients with (mild) inflammatory bowel disease.
In these patients, an increased prevalence of psychological disorders is clinically
observed [39, 40]. Previous work has suggested a link between immune activation
and psychologic comorbidities in patients with IBS [41], while psychological stress
may augmented post-inflammatory visceral hyperalgesia [42] and thus may con-
tribute to severity of symptoms and ultimately to health care seeking. The chronic
GI symptoms experienced by patients with EG and EoD adversely affect impact
quality of life and psychological functioning in both adult and children [36]. While
research in psychological functioning and EG/EoD is limited, EoE is more widely
studied and shows high rates of psychological co-morbidity, especially depression
and anxiety [36, 43]. Thus far, it is unknown if the localised inflammatory process
reflected by EG and EoD per se is associated with mood disorders or the reported
increased prevalence is reactive and simply a reflection of the impaired quality of
life. Alternatively, specific personality traits such as anxiety and depression may be
linked to altered brain-gut interactions and thus may facilitate the manifestation
and subsequent health care seeking of patients with EG and EoD.

Differential diagnosis for mucosal eosinophilia

A variety of conditions are associated with mucosal eosinophilia including
food allergy, parasitic or bacterial infections, inflammatory bowel disorders,
drug reactions or autoimmune disorders [11]. An increase of eosinophils in
the gastrointestinal tract may occur as an allergic reaction to certain foods.
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While food allergy and food intolerance (non-allergic food hypersensitivities)
need to be differentiated, hypersensitivity/allergy is an adverse immunologic
reaction that can be due to IgE- or non-IgE-mediated immune mechanisms
resulting in increased eosinophil counts [44].

Treatment approaches

A variety of treatments appear to be effective to normalise eosinophilic tissue
counts. These interventions include diet, proton pump inhibitors or immune
modulators including steroids [45]. While elimination diets are considered effec-
tive in the short term, they may substantially impact on the patient’s quality of
life [46]. Thus, many patients will only consider them a short-term intervention
unless specific food triggers are identified. Therefore, stepwise re-introduction
of a 'normal’ diet is critical for the long-term management of patients. Unfor-
tunately, there is limited evidence to guide this stepwise re-introduction of the
normal diet [45]. At present, a frequently used, but poorly validated, approach
is to group foods according to a potential allergic risk and re-introduce starting
with the food components rated as having the lowest risk.

While systemic corticosteroids are effective, they may have long-term adverse
effects. Topical steroids such as budesonide that undergo first-pass inactivation
after intestinal absorption are another potential treatment approach [47]. In a
recent small prospective, randomised placebo-controlled study [48¢¢], the topical
steroid budesonide was tested in FD patients with increased eosinophil counts. In
this setting, a reduction in duodenal eosinophils from baseline to post-treatment
was significantly correlated with a reduction in diary-reported symptoms of post-
prandial fullness and severity of early satiety. However, no difference between
active medication and placebo was found. While the association between eosino-
phils and symptoms was encouraging, this can be seen as confirmation of a poten-
tial link between mucosal eosinophils and specific FD symptoms. On the other
hand, failure of the immunomodulatory active therapy might have been due to a
type-2 error, or it might suggest that the increase of the eosinophils is simply the
reflection of an immune response to for example an infectious agent.

Alternative treatments are under development. Anti-Siglec-8 antibody has
been shown in animal studies to deplete eosinophils and inhibit mast cells
and thus might be an effective treatment for eosinophilic gastritis and duo-
denitis [49]. Recent studies suggest that this Anti-Siglec-8 Antibody led to
significant reduction in eosinophil counts and symptoms for patients with
eosinophilic gastritis and eosinophilic duodenitis or both [50, 51].

Conclusions

The diagnosis of EG and EoD is based on the clinical presentation with GI
symptoms referred to the upper gut and the histologic confirmation that
eosinophil counts are increased in the stomach and/or in the duodenum. It
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is rare to find eosinophil counts multi-fold increased compared to asymp-
tomatic controls. Recent studies have proposed a link between functional
dyspepsia and duodenal eosinophilia, but the studies are characterised by
small increases (on average 10-40%) of eosinophil numbers. Similar changes
in the eosinophilic densities may occur due to geographic, seasonal or dietary
changes, and there are substantial differences in the mean eosinophil counts
reported for the control groups in recent studies exploring the link between
functional dyspepsia and eosinophils. Due to the adaptive nature of eosino-
philic cells as part of the immune response to environmental challenges, nor-
mal values for eosinophil counts in mucosal tissues may require local valida-
tion to account for environmental factors. The unanswered question is what
antigens may drive increased intestinal eosinophilia in functional dyspepsia;
foods and infections have both been implicated. Further, the exact nature of
the immune activation in the setting of duodenal eosinophilia remains to be
identified. The emerging concept that increased eosinophils may be a causal
factor for symptoms in patients with otherwise unexplained (functional) dys-
pepsia is exciting. However, it might not be the number of eosinophils (which
varies greatly) but rather degranulation and release of damaging contents,
such as major basic protein, which in turn leads to increased permeability and
neural damage that is important. Furthermore, the considerable variability of
eosinophil counts in asymptomatic controls in studies conducted in various
geographic regions of the world may present a challenge to ascertain a direct
relationship between eosinophil numbers and symptoms.
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