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Abstract
Having long been considered the mainstay in eosinophilic
esophagitis (EoE) diagnosis and pathogenesis, the role of
eosinophils has been questioned and might be less important
than previously thought. It is well known now that EoE is a Th2-
mediated disease with many more disease features than eo-
sinophilic infiltration. With more knowledge on EoE, less
pronounced phenotypes or nuances of the disease have be-
come apparent. In fact, EoEmight be only the tip of the iceberg
(and the most extreme phenotype) with several variant forms,
at least three, lying on a disease spectrum. Although a com-
mon (food induced) pathogenesis has yet to be confirmed,
gastroenterologists and allergologists should be aware of these
new phenomena in order to further characterize these pa-
tients. In the following review, we discuss the pathogenesis of
EoE, particularly those mechanisms beyond eosinophilic infil-
tration of the esophageal mucosa, non-eosinophilic inflam-
matory cell populations, the new disease entity EoE-like

disease, variant forms of EoE, and the recently coined term
mast cell esophagitis. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Eosinophilic esophagitis (EoE) is a chronic inflam-
matory disorder of the esophagus that is defined clinically
by symptoms of esophageal dysfunction and histologi-
cally by an eosinophil-predominant infiltration of the
esophageal squamous epithelium with at least 15 eo-
sinophils per high power field (hpf) [1]. EoE is a clinico-
endoscopic-histological syndrome with increasing inci-
dence and prevalence [2, 3], occurring particularly in
children and adolescents [1, 4]. The diagnosis of EoE is
complex and based on a combination of typical symp-
toms and histological findings [5]. Patients with EoE
suffer from symptoms of esophageal dysfunction, mainly
solid food dysphagia up to recurrent food impactions and
non-swallowing-related retrosternal pain [6]. However,
EoE can also present with atypical symptoms, including
abdominal pain, thoracic pain, or reflux. Such non-specific
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presentation is more frequently seen in younger chil-
dren; here, symptoms range from vomiting, and ab-
dominal pain, to food refusal, and failure to thrive [7].
To diagnose EoE, an upper endoscopy has to be per-
formed with at least 6 biopsies taken from the distal and
proximal esophagus (3 biopsies each) [4]. While many
patients show EoE-typical features among which are
edema, furrows, exudates (inflammatory signs) and rings
and strictures (fibrotic signs), upper endoscopy remains
normal in a non-negligible subset of patients [8, 9]. Thus,
only histology confirms the diagnosis of EoE, but a
sufficient number of biopsies is key as it may present as a
patchy disease. Five biopsies have been shown to result in
a diagnostic accuracy of 95% [10]. Nonetheless, other
conditions associated with eosinophilic infiltration of the
esophagus need to be ruled out, such as (among others)
gastroesophageal reflux disease (GERD), eosinophilic
gastroenteritis, Crohn’s disease, and systemic rheuma-
tologic diseases [5, 6]. Current treatment options of EoE
consist of the 3 Ds: drugs, diet, and dilation [11].
Swallowed topical corticosteroids and to a lesser extent
proton pump inhibitors (PPI) have both been demon-
strated to result in induction and maintenance of clinical
and histological remission [12–15]. Most recently, an
orodispersible budesonide tablet has been approved as
first EoE-specific treatment in Europe [16, 17]. In the
USA, the monoclonal antibody dupilumab that blocks IL-
4/13 has been recently made available for the treatment of
EoE [18]. Alternatively to medications, dietary restric-
tions can efficiently treat EoE [19, 20]. Different strategies
exist, all of them limiting exposure to one or several food
antigens. Finally, in patients presenting with fibrostenotic
disease, (repetitive) endoscopic dilatation might remain
the only treatment option [21]. However, dilations –
although effective – should never be used as a single
treatment modality because they do not affect underlying
disease activity [22]. Having been described as a rare
disease in the early 90s [23, 24], prevalence and incidence
of EoE have been steadily increasing in the last 30 years
[2, 3]. It is currently estimated that between one out of
2,000 and one out of 1,000 suffers from the disease [25].

While esophageal eosinophilia has long been considered
the mainstay in the diagnosis and pathogenesis of EoE, the
role of eosinophils has been questioned lately. Several
eosinophil-targeting treatments failed to achieve clinical
remission despite significant effects on eosinophilic infil-
tration [26–28]. Moreover, the correlation between
esophageal eosinophilia and clinical disease presentation is
at best moderate [29]. Finally, a novel entity clinically
resembling EoE but without eosinophilic infiltration in the
esophagus, so-called EoE-like disease, has been described

[30]. Thus, a particular focus in EoE research lays in the
discovery of non-eosinophil-related disease mechanisms
such as the role of the Th2 pathway and of non-eosinophil
histological changes [31–33]. In fact, the EoE histology
scoring system (EoE-HSS) has been demonstrated to better
correlate with disease activity than the raw eosinophil
count per hpf [34]. This is of particular interest as the EoE-
HSS accounts for histological signs beyond eosinophilia
including spongiosis, basal zone hyperplasia, and sub-
epithelial lamina propria fibrosis. In the following review,
we will discuss the pathogenesis of EoE, particularly those
mechanisms beyond eosinophilic infiltration of the
esophageal mucosa, non-eosinophilic inflammatory cell
populations, the new disease entity EoE-like disease,
variant forms of EoE, and the recently coined term mast
cell esophagitis.

Pathogenesis of EoE

The pathogenesis of EoE is multifactorial and at best
partially understood with numerous genetic, environ-
mental, and immunologic components involved. The
aggregation of cases of EoE within families, a disease
concordance between twins [35], and the male pre-
dominance [36] suggest a considerable genetic back-
ground in EoE. Indeed, EoE disease concordance in
monozygotic twins is 58%, whereas in dizygotic twins, it
is estimated at 36% [35]. The risk of having a second
child with EoE is 1.8–2.4% [35]. It remains unknown
why the risk is higher in dizygotic twins than it is in non-
twin siblings. A probable explanation could be the
predominant role of concomitant environmental ex-
posure, particularly those in early life. Several prenatal
factors have been associated with an increased risk for
EoE, among which are maternal fever, preterm labor,
and caesarean delivery, while early life factors in the
postnatal phase might also contribute to an increased
risk, such as antibiotic or acid suppressant use [37]. EoE
genetic susceptibility appears to be mediated through
both EoE specific and non-EoE specific but general
atopic disease loci, with the two having synergistic effects
[38]. Genetic variants have been identified in 13 protein-
coding EoE candidate risk genes, among which are
CAPN14, TSLP, or LRRC32 [39, 40]. EoE genes appear to
be regulated by the key EoE cytokine IL-13 [41]. In ad-
dition, CAPN14 has been shown to regulate barrier
function and repair responses to IL-13 [42]. Genetic
susceptibility in TSLP and CAPN14 has also been linked to
the production of the proatopy cytokine IL-33, another key
cytokine in early disease pathogenesis. Epithelial barrier
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defects – through injury or filaggrin mutations – have been
increasingly recognized as an important pathogenic
mechanism in EoE [43–45]. Other factors potentially
contributing to an epithelial barrier defect are changes in
the esophageal microbiome, chemical compounds, changes
in pH, and food additives [46, 47]. Barrier dysfunction
allows antigen presentation which then results in the re-
lease of L-33 together with TSLP [48]. These cytokines lead
to activation and recruitment of basophils and Th2 cells,
which then secrete IL-4, IL-5, IL-13, and TGF-β [31]. T-cell
population appears to be heterogenous, but two subtypes
have been recently identified to be enriched in EoE based
on single cell RNA sequencing: T regulatory cells and
effector Th2-like cells (for details, see section on EoE
beyond Eosinophils) [33]. IL-13 has long been known as
the key cytokine in EoE. Among its effects are upregulation
of eotaxin-3, cadherin-26, TNFAIP6, periostin, and serpin
B4 [41]. Eotaxin-3 and periostin both promote eosinophil
infiltration [49, 50]. Of note, IL-13-induced pathways and
genes are largely reversible by swallowed topical steroid
treatment [41]. IL-4 – similarly to IL-13 – is a key driver in
EoE as it leads to Th2 differentiation and IgE class
switching in B cells [51, 52]. Given their key role, both IL-4
and IL-13 are targeted by novel EoE medications such as
the anti-IL-4 receptor alpha antibody dupilumab (blocking
both IL-4 and IL-13) [53].While IL-5 appears to have a key
role in eosinophil trafficking and eosinophil survival,
targeting this cytokine has only been partially effective in
clinical trials [52].

Taken together, pro-inflammatory secreted products
disrupt the epithelial barrier, stimulate eosinophil/mast
cell infiltration, and finally promote tissue remodeling
with deposition of extracellular matrix [52]. Both eo-
sinophils and mast cells provide an additional source of
TGF-β in EoE [54]. This activation of TGF-β induces
increased expression of fibrotic genes and transition of
fibroblasts into myofibroblasts, causing fibrosis and
eventually the development of esophageal strictures
[31]. IL-13 also results in downregulation of some genes,
particularly filaggrin, which is important for epithelial
barrier integrity, further allowing antigen penetration
through the epithelium [48, 55, 56]. Epithelial barrier
dysfunction is further provided by eosinophil degran-
ulation [57]. The basal layer of the esophageal mucosa
becomes hyperplastic, and its integrity as a barrier
structure is impaired. This process is likely mediated by
increased expression of follistatin, a natural inhibitor of
bone morphogenetic protein signaling, resulting in
impaired basal progenitor cell differentiation [58]. Thus,
it remains an open question whether epithelial barrier
defects in EoE are indeed a pathogenic mechanism or

rather a consequence of the inflammatory changes within
the mucosa [43, 44, 59, 60]. Recently – however – Kaymak
and colleagues reported some evidence for the role of IL-20
subfamily cytokines for the regulation of esophageal
barrier function, highlighting the potential pathogenic key
role of barrier dysfunction in EoE [61, 62]. Other recent
advances in elucidating EoE pathogenesis include the role
of Siglec-8 in eosinophil apoptosis or lysyl oxidase in-
duction by fibroblasts resulting in fibrosis, with – however –
most of the studies focusing on eosinophil infiltration or
late-stage disease events [63, 64].

EoE beyond Eosinophils

Several non-eosinophilic aspects of EoE have been
discovered lately. Among those are various cell types in-
volved in EoE pathogenesis, particularly T cells. It has long
been known that EoE patients exhibit higher number of
T cells in the esophageal epithelium compared to healthy
controls [32]. Of note, only particular subpopulations of
T cells are enriched which were identified by single-cell
RNA sequencing of biopsies from patients with active EoE,
EoE in remission, and esophageal healthy controls [33].
Putative T regulatory cells and effector Th2-like cells were
specifically increased in patients with active EoE [33]. The
role of B lymphocytes is less clear than that of T cells. At
least, increasing numbers of B cells have been reported
with active disease [65, 66]. Upregulation of pro-
angiogenic cytokines such as (among others) VEGF,
FGF2, and PDGFA suggests a pro-angiogenic B-cell
phenotype, which is characterized by the surface
markers CD49b and CD73 [65]. Angiogenesis appears to
be critical for tissue remodeling in EoE [67], although the
exact role of these pro-angiocenic B cells remains to be
determined. Mast cells, which are tissue-resident immune
cells, are another cell type with increased density in the
esophageal epithelium of EoE patients [68, 69]. Upregu-
lation of mast cell-associated gene expression, correlation
between mast cell counts and disease recurrence, and their
responsiveness to EoE therapy suggest a role for mast cells
in EoE pathogenesis [68]. Of note, mast cells remain ac-
tivated even during disease remission [70]. They might
contribute to ongoing symptoms and particularly pain, in
otherwise well-controlled disease [71, 72], although this
finding has been inconsistent. Expression of TRPV1 (pain-
associated gene) and co-expression of CPA3 and HPGDS
(as surrogate markers for mast cells) correlated in active
and inactive EoE and were significantly increased in pa-
tients with pain regardless of EoE activity, while there was
no such relation with eosinophilia [72]. These findings
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suggest that TRPV1 and mast cells could potentially
modulate pain in EoE. The role of mast cells in gastro-
intestinal pain has further been suggested in otherwise
functional disease patients [73]. Bolton and al [71] studied
children with histologically inactive EoE (defined as <15
eosinophils per hpf) and discovered that mast cell density
is increased in patients with endoscopic and epithelial
abnormalities, and those with persisting symptoms, de-
spite resolution of esophageal eosinophilia after treatment.
Patients with persisting endoscopic abnormalities showed
significant increases in total and degranulated mast cell
numbers, with no such difference seen in eosinophil
counts. Mast cell count, after controlling for potential
confounders, predicted the presence of furrows and rings.
Total mast cell counts in patients in clinical remission were
significantly lower compared to patients with either
symptoms or endoscopic findings [71].

Detailed histological description and development of
EoE histological scores have led to the identification of
other non-eosinophilic aspects of EoE [34, 74, 75]. In fact,
non-eosinophilic histological changes appear to be very
specific for the disease, and consideration of these changes
might result in a high correlation with disease activity [34].
These beyond-eosinophil-histological changes are spon-
giosis, basal zone hyperplasia, surface epithelial alterations,
dyskeratotic epithelial cells, and subepithelial fibrosis of the
lamina propria [34]. Taken together, a plethora of non-
eosinophil mechanisms appear to play a prominent role in
EoE, shifting the focus away from eosinophils as hallmark
for EoE.

First Description of EoE-Like Disease

The new EoE-like phenomenon called EoE-like disease
has been coined by Straumann and colleagues in
2016 [30]: 5 patients from four EoE families have been
identified, presenting with EoE-typical symptoms but
complete absence of eosinophilic infiltration of the
esophagus. Their clinical presentation was impressive
with the presence of dysphagia in all patients, even ne-
cessitating endoscopic food bolus removal in 1 patient
and chest pain in 2 patients. None of these symptoms
were responsive to PPI, but 4 out of 5 patients showed
rapid and complete resolution upon treatment with
swallowed topical corticosteroids [30]. EoE-like disease
patients also lacked apparent endoscopic inflammatory or
fibrotic changes normally seen with EoE. It has to be
highlighted that primary motility disorders of the
esophagus were ruled out in 3 patients using high-
resolution manometry and pH impedance monitoring

(which were both completely normal). Interestingly,
quantitative immunohistological analyses revealed a
considerable infiltration with T cells, which were largely
CRTH2 negative and primarily located in the peri-
papillary region, but only minor infiltration with mast
cells [30]. Still, none of the patients qualified to be
classified as having lymphocytic esophagitis. While in this
case series, no signs of spongiosis or epithelial barrier
defect were observed, gene expression abnormalities were
comparable between classical EoE and EoE-like disease with
regards to eosinophilic genes such as MUC4 and CDH26
(which are both IL-13-induced downstream cytokines) but
not identical (in terms of eotaxin-3) [30]. Based on these
findings, a uniform underlying pathogenesis might be as-
sumed. The fact that 33% of the offspring of EoE-like
disease patients were diagnosed with conventional EoE
further suggests a possible pathogenic overlap [30].

EoE Variants

As a consequence of the aforementioned Straumann
case series, a group of EoE specialists around the world
collected and described their patients with EoE-like
diseases [60]. For this, they used the new term EoE
variants which consists of all disease entities clinically
resembling EoE but not fulfilling its histological criteria.
Among these variants were (1) EoE-like esophagitis (what
was formerly described as EoE-like disease by the
Straumann case series); (2) lymphocytic esophagitis; and
(3) non-specific esophagitis. For the exact definition of
these variants, see Table 1 [60]. A total of 69 patients
presenting with typical symptoms for EoE (mainly dys-
phagia), but with absence of significant esophageal eo-
sinophilia in esophageal biopsies, were analyzed and
compared with EoE, GERD, and healthy controls [60].
Based on H&E staining, patients were classified into the
three EoE variants; EoE-like esophagitis, lymphocytic
esophagitis, and non-specific esophagitis. These variants
were all clinically severely active. While, per definition, all
adult patients suffered from dysphagia, food bolus im-
pactions were observed in 71%. A third of patients re-
ported chest pain. While endoscopic changes occurred in
54%, but were mainly subtle (mild rings, edema), his-
tological changes were considerable, when assessed by the
EoE-HSS score with mostly basal zone hyperplasia and
spongiosis being reported [60]. Of note, subepithelial
eosinophilia was assessed in 40 patients with 19 of them
having detectable levels. Nonetheless, only 1 of the pa-
tients had significantly elevated eosinophilia in the lamina
propria. Thus, EoE variants do not appear to be a simple
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subepithelial form of EoE, which might be missed by
standard biopsies. In-depth analysis using immuno-
staining and mRNA sequencing enabled further de-
scription and characterization of these three EoE variants.
In all of them, some sort of epithelial barrier dysfunction
was observed. No cell infiltrates, except for T cells in
lymphocytic esophagitis (per definition), were found in
EoE variants (including mast cells) [60]. In addition, EPX
staining ruled out the possibility of degranulated eosin-
ophils contributing to the disease. Using next-generation
mRNA sequencing, the three EoE variants were found to
have distinct molecular fingerprints, partially sharing
pronounced traits of EoE. Hierarchical sample clustering
of RNA sequencing data finally confirmed the presence of
an EoE-like (characterized by eotaxin-3 expression), non-
specific, and lymphocytic variant cluster (characterized
by CD3 cells and TSLP expression) [60]. Based on the
considerable overlaps in the transcriptome profiles, a
common underlying pathogenesis of EoE variants (and
EoE) has been suggested. This ultimately raises the
question of whether EoE variants and EoE are different
entities or part of a disease spectrum.

Further support for this hypothesis comes from the
longitudinal follow-up of EoE variant patients that was
recently presented in abstract form [76]. Fifty-four
patients with EoE variants had at least one available
follow-up. Transition from one EoE variant (baseline) to
another variant (during follow-up) occurred in more
than a third of patients. In fact, in 8 patients, progression
to conventional EoE was observed. While all of these
patients initially presented with EoE-like esophagitis, 1
patient first developed non-specific esophagitis before
progressing to conventional EoE. In addition, the fre-
quent transition between all three EoE variants with 5
patients showing more than 1 transition suggests a di-
agnostic flux between the variants (and possibly EoE).
Sequential mRNA sequencing analyses revealed that
only a few genes are responsible for disease progression.
Finally, symptomatic improvement is seen with topical

steroids in over 90% of treated patients. All of these
findings further suggest the presence of a disease spectrum,
where EoE only represents the most extreme phenotype.

EoE-Like Esophagitis

EoE-like esophagitis has been defined as follows:
presence of 0–59 eos/mm2 (<15 eos/hpf) in esophageal
biopsies, but typical histological EoE features, particularly
dilated intercellular spaces and basal zone hyperplasia
[60]. Therefore, EoE-like esophagitis comes closest to the
entity initially described by Straumann and colleagues as
EoE-like disease [30]. It has been renamed in the
abovementioned multicenter study to avoid the term
“disease” by using the term “esophagitis” instead – in
order to show its potential similarities with lymphocytic
and non-specific esophagitis (see below). In contrast to
the other two EoE variants, EoE-like esophagitis shows
the highest risk for progression to EoE over time [76].
Thus, regular follow-up should be recommended, at least
once with a repeat upper endoscopy (and esophageal
biopsies). Furthermore, EoE-like esophagitis showed the
highest percentage of positive subepithelial eosinophil
levels [60]. Patients with EoE-like esophagitis more often
had fibrosis compared to patients with other EoE variants.
Cluster analyses revealed several EoE-like esophagitis-
specific genes such as CXCL11, CXCL10, and CASP14.
Pathogenesis of EoE-like esophagitis remains elusive, but
downregulation of LEKTI – although to a lesser extent of
what is seen in lymphocytic esophagitis or EoE – suggests
an epithelial barrier dysfunction [60].

Lymphocytic Esophagitis

Lymphocytic esophagitis has been suggested as an EoE
variant and characterized in detail in the aforementioned
multicenter study [60]. For the first time, mRNA profiles

Table 1. Histological definitions of EoE variants

EoE variant Histological definition

EoE-like esophagitis Presence of 0–59 eos/mm2 (<15 eos/hpf), but typical histological EoE features, particularly dilated
intercellular spaces and basal zone hyperplasia [30]

Lymphocytic
esophagitis

Typical pattern with high number of intraepithelial lymphocytes (≥30 per hpf), gathered mainly in
peripapillary fields, peripapillary spongiosis (dilated intercellular spaces) and absence of intraepithelial
granulocytes [79]

Non-specific
esophagitis

Histological infiltration of lymphocytes or neutrophils not fulfilling the numerical and distributional criteria
of lymphocytic esophagitis [60]

Eosinophilic Esophagitis beyond
Eosinophils
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of lymphocytic esophagitis were compared with EoE,
GERD, and esophageal healthy controls. Comparative
analyses of mRNA sequencing datasets revealed similar
upstream regulators in lymphocytic esophagitis as in the
other EoE variants and conventional EoE but not GERD.
Moreover, the top affected pathway in lymphocytic
esophagitis (axonal guidance signaling) was also among
the top five pathways changed in conventional EoE.
Most upregulated genes were zinc-finger protein Gli2,
the matrix metallopeptidase MMP25, and oxidative
stress-associated class III b-tubulin TUBB3. In-depth
analysis further revealed changes in collagens and Th2
activation, which were also found in conventional EoE
[60]. In addition, epithelial barrier dysfunction was most
pronounced in lymphocytic esophagitis, considerably more
than in the two other EoE variants and in GERD [60].

However, despite this recent in-depth characterization,
lymphocytic esophagitis has been known for several years
and has usually been reported as a histologically defined
entity distinct from EoE [77, 78]. The following diag-
nostic criteria have been proposed: presence of a
lymphocyte-predominant inflammation with high
number of intraepithelial lymphocytes (≥30 per hpf),
gathered mainly in peripapillary fields, peripapillary
spongiosis (dilated intercellular spaces) and absence of
intraepithelial granulocytes [79]. Lymphocytic esoph-
agitis seems to be more frequent in older women, in
contrast to EoE, which is more frequent in younger men
[60]. The clinical presentation is similar to EoE as dys-
phagia tends to be the most common symptom, but the
latter is often accompanied by odynophagia [80, 81].
Although endoscopic alterations are more subtle (up to
one-third of the cases present with a normal mucosa),
EoE typical abnormalities such as esophageal rings,
strictures, and furrows can be observed [80]. The sug-
gested treatment modalities are similar to those used in
EoE and include PPI, topical steroids, oral prednisone,
and repetitive esophageal dilations [82].

Hitherto, it remains unclear whether or not lym-
phocytic esophagitis can clearly be classified as an EoE-
related disease (variant) or if it presents a separate and
distinct entity. Future studies, particularly those focusing
on a long-term follow-up, will eventually help answer this
open question.

Non-Specific Esophagitis

Non-specific esophagitis has been defined as follows:
histological infiltration of lymphocytes or neutrophils not
fulfilling the numerical and distributional criteria of

lymphocytic esophagitis [60]. Thus, this esophagitis
is – as stated in its name – unspecific. However, the
molecular fingerprint of this EoE variant appears to be
rather specific, highlighting the presence of a distinct
entity [60]. Several disease-specific genes have been
identified, among which are PI15, MMP1, GALNT15.
Upregulation of fibrosis pathways and particularly col-
lagen(-related) genes suggests a strong fibrotic compo-
nent. Compared to the other EoE variants, non-specific
esophagitis shows lower histological disease activity when
measured by the EoE-HSS (both for staging and grading)
[60]. LEKTI expression is decreased, indicating an epi-
thelial barrier dysfunction, although to a lower extent
than what is seen in lymphocytic esophagitis or EoE [60].
Descriptions of disease presentation, outcome, and repet-
itive follow-up evaluations are urgently needed to charac-
terize this variant in more detail, which might result in
renaming it by a rather specific term.

Mast Cell Esophagitis

Mast cells are tissue-resident immune cells with in-
creased numbers in EoE, but their exact role remains
elusive [69]. More recently, a non-EoE esophagitis with
marked mast cell infiltration has been observed and the
entity of mast cell esophagitis has been proposed. This
observation has been described in 87 patients and
published in abstract form [83]. All of these patients
presented with symptoms of esophageal dysfunction
(mainly dysphagia and heartburn but also chest pain)
but had otherwise normal endoscopy and histology.
However, tryptase staining revealed a considerable mast
cell infiltration in 60% of the patients (>15 mast cells per
hpf) [83]. This is of particular interest given the fact that
mast cells were not much increased in the case series on
EoE-like disease and EoE variants. Thus, mast cell
esophagitis appears to be a distinct entity. Nonetheless,
in terms of age, atopic comorbidities, and female pre-
ponderance, the mast cell esophagitis patients were
comparable to the patients with EoE variants [60]. As
mast cells are known to be involved in allergic diseases
and their role has been suggested in EoE, mast cell
esophagitis might just be another phenotype within the
EoE spectrum. Nevertheless, for now, this remains pure
speculation and further studies, particularly studies
looking at mRNA profiles, are needed to test this hy-
pothesis. Moreover, no correlation between mast cell
levels and clinical features has been found questioning
their pathogenic role. At least, such correlation between
cell infiltration and symptoms is far from being perfect
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in EoE anyway. Up to date, the position of mast cell
esophagitis in relation to the other EoE variants or
within the EoE spectrum remains elusive.

Conclusions

The role of eosinophils in EoE diagnosis has been
questioned and might be less important than previously
thought [26–29]. Many features of a Th2-mediated dis-
ease, more than simply eosinophilic infiltration, are seen
in EoE [32]. With more knowledge on EoE, less pro-
nounced phenotypes or nuances of the disease have
become apparent. In fact, EoE might be only the tip of the
iceberg (and the most extreme phenotype) with several
variant forms, at least three, lying on a disease spectrum
(Fig. 1) [60]. Although a common (food induced)
pathogenesis has yet to be confirmed, gastroenterologists
and allergologists should be aware of these new phe-
nomena in order to further characterize these patients.
Re-examination of esophageal biopsies by an experienced
EoE pathologist is key in order to capture the subtle non-
eosinophilic features and other inflammatory cells seen in

EoE variants and other subtypes. Given the fact that these
cells can easily be missed by standard coloration, addi-
tional staining such as CD3 or tryptase immunostaining
might be considered in all these patients.

Conflict of Interest Statement

Thomas Greuter has consulting contracts with Sanofi-
Regeneron, Janssen, BMS, Takeda, AbbVie, and Falk Pharma
GmbH; received travel grants from Falk Pharma GmbH and Vifor;
and speaker’s fee from Norgine and an unrestricted research grant
from Novartis. Alex Straumann has consulting contracts with BMS,
EsoCap, Falk Pharma International, and GSK. Alain Schoepfer is a
consultant for Falk Pharma GmbH, Ellodi Pharmaceuticals Inc.,
Celgene-Receptos-BMS, and Sanofi-Regeneron. The other authors
have nothing to declare. No company representative was involved in
conception, writing, or financing of this study.

Funding Sources

This work was supported by grants from the Swiss National
Science Foundation to TG (Grant No. P2ZHP3_168561) and AMS
(32003B_204751/1). This work was further supported by the Swiss
EoE foundation, a young investigator award from the Swiss Society

Fig. 1. Potential classification of EoE and EoE variants (EoE-like
esophagitis, non-specific esophagitis, and lymphocytic esoph-
agitis) within a larger disease spectrum (inflammatory disease of
the esophagus). While transition between variants and progression
from EoE-like esophagitis to EoE has been shown, it remains

unknown whether or not non-specific esophagitis and lympho-
cytic esophagitis can progress to EoE. In addition, the position of
the recently coined term mast cell esophagitis within this classi-
fication system remains unclear.

Eosinophilic Esophagitis beyond
Eosinophils

Int Arch Allergy Immunol 2023;184:411–420
DOI: 10.1159/000529910

417

D
ow

nloaded from
 http://karger.com

/iaa/article-pdf/184/5/411/3959420/000529910.pdf by BC
U

 Lausanne user on 18 O
ctober 2023

https://doi.org/10.1159/000529910


of Gastroenterology to TG, a research grant from the Novartis
Foundation for Medical-Biological Research to TG, a research
award from the Swiss IBDnet to TG, and a training grant from the
Consortium of Eosinophilic Gastrointestinal Disease Researchers
(CEGIR) to TG. CEGIR (U54 AI117804) is part of the Rare Disease
Clinical Research Network (RDCRN), an initiative of the Office of
Rare Diseases Research (ORDR), and National Center for Ad-
vancing Translational Sciences (NCATS) and is funded through
collaboration between the National Institute of Allergy and In-
fectious Diseases (NIAID), National Institute of Diabetes and
Digestive and Kidney Diseases (NIDDK), and NCATS. CEGIR is
also supported by patient advocacy groups including the American
Partnership for Eosinophilic Disorders (APFED), Campaign

Urging Research for Eosinophilic Disease (CURED), and Eosin-
ophilic Family Coalition (EFC). As a member of the RDCRN,
CEGIR is also supported by its Data Management and Coordi-
nating Center (DMCC) (U2CTR002818).

Author Contributions

Vanessa Sofia Salvador Nunes: drafting the manuscript. Alex
Straumann, Luis Salvador Nunes, and AlainM. Schoepfer: drafting
the manuscript and critical review. Thomas Greuter: drafting the
manuscript, critical review, and a responsible investigator.

References

1 Liacouras CA, Furuta GT, Hirano I, Atkins D,
Attwood SE, Bonis PA, et al. Eosinophilic
esophagitis: updated consensus recommen-
dations for children and adults. J Allergy Clin
Immunol. 2011;128(1):3–20. e6; quiz 1-2.

2 Hruz P, Straumann A, Bussmann C, Heer P,
Simon HU, Zwahlen M, et al. Escalating
incidence of eosinophilic esophagitis: a 20-
year prospective, population-based study in
Olten County, Switzerland. J Allergy Clin
Immunol. 2011;128(6):1349–50. e5.

3 Giriens B, Yan P, Safroneeva E, Zwahlen M,
Reinhard A, Nydegger A, et al. Escalating in-
cidence of eosinophilic esophagitis in Canton of
Vaud, Switzerland, 1993-2013: a population-
based study. Allergy. 2015;70(12):1633–9.

4 Lucendo AJ, Molina-Infante J, Arias Á, von
Arnim U, Bredenoord AJ, Bussmann C, et al.
Guidelines on eosinophilic esophagitis: evidence-
based statements and recommendations for di-
agnosis and management in children and adults.
United European Gastroenterol J. 2017;5(3):
335–58.

5 Straumann A, Katzka DA. Diagnosis and
treatment of eosinophilic esophagitis.
Gastroenterology. 2018;154(2):346–59.

6 Greuter T, Straumann A. Medical algorithm:
diagnosis and treatment of eosinophilic
esophagitis in adults. Allergy. 2020;75(3):
727–30.

7 Liacouras CA, Spergel J, Gober LM. Eosin-
ophilic esophagitis: clinical presentation in
children. Gastroenterol Clin North Am. 2014;
43(2):219–29.

8 Hirano I, Moy N, HeckmanMG, Thomas CS,
Gonsalves N, Achem SR. Endoscopic as-
sessment of the oesophageal features of eo-
sinophilic oesophagitis: validation of a novel
classification and grading system. Gut. 2013;
62(4):489–95.

9 Kim HP, Vance RB, Shaheen NJ, Dellon ES.
The prevalence and diagnostic utility of en-
doscopic features of eosinophilic esophagitis:
a meta-analysis. Clin Gastroenterol Hepatol.
2012;10(9):988–96. e5.

10 Gonsalves N, Policarpio-Nicolas M, Zhang Q,
Rao MS, Hirano I. Histopathologic variability
and endoscopic correlates in adults with eosin-
ophilic esophagitis. Gastrointest Endosc. 2006;
64(3):313–9.

11 Greuter T, Alexander JA, Straumann A,
Katzka DA. Diagnostic and therapeutic long-
term management of eosinophilic esoph-
agitis- current concepts and perspectives for
steroid use. Clin Transl Gastroenterol. 2018;
9(12):e212.

12 Straumann A, Conus S, Degen L, Felder S,
Kummer M, Engel H, et al. Budesonide is ef-
fective in adolescent and adult patients with
active eosinophilic esophagitis. Gastroenterology.
2010;139(5):1526–37. 37.e1

13 Straumann A, Conus S, Degen L, Frei C,
Bussmann C, Beglinger C, et al. Long-term
budesonide maintenance treatment is par-
tially effective for patients with eosinophilic
esophagitis. Clin Gastroenterol Hepatol.
2011;9(5):400–9. e1.

14 Sawas T, Dhalla S, Sayyar M, Pasricha PJ,
Hernaez R. Systematic review with meta-anal-
ysis: pharmacological interventions for eosino-
philic oesophagitis. Aliment Pharmacol Ther.
2015;41(9):797–806.

15 Lucendo AJ, Arias Á,Molina-Infante J. Efficacy
of proton pump inhibitor drugs for inducing
clinical and histologic remission in patients
with symptomatic esophageal eosinophilia: a
systematic review and meta-analysis. Clin
Gastroenterol Hepatol. 2016;14(1):13–22. e1.

16 Lucendo AJ, Miehlke S, Schlag C, Vieth M,
von Arnim U, Molina-Infante J, et al. Efficacy
of budesonide orodispersible tablets as in-
duction therapy for eosinophilic esophagitis
in a randomized placebo-controlled trial.
Gastroenterology. 2019;157(1):74–86. e15.

17 Straumann A, Lucendo AJ, Miehlke S, Vieth M,
Schlag C, Biedermann L, et al. Budesonide
orodispersible tablets maintain remission in a
randomized, placebo-controlled trial of patients
with eosinophilic esophagitis. Gastroenterology.
2020;159(5):1672–85. e5.

18 Hirano I, Dellon ES, Hamilton JD, Collins
MH, Peterson K, Chehade M, et al. Efficacy of
Dupilumab in a phase 2 randomized trial of
adults with active eosinophilic esophagitis.
Gastroenterology. 2020;158(1):111–22. e10.

19 Kagalwalla AF, Sentongo TA, Ritz S, Hess T,
Nelson SP, Emerick KM, et al. Effect of six-
food elimination diet on clinical and histo-
logic outcomes in eosinophilic esophagitis.
Clin Gastroenterol Hepatol. 2006;4(9):
1097–102.

20 Molina-Infante J, Arias Á, Alcedo J, Garcia-
Romero R, Casabona-Frances S, Prieto-
Garcia A, et al. Step-up empiric elimination
diet for pediatric and adult eosinophilic
esophagitis: the 2-4-6 study. J Allergy Clin
Immunol. 2018;141(4):1365–72.

21 Moawad FJ, Molina-Infante J, Lucendo AJ,
Cantrell SE, Tmanova L, Douglas KM. Sys-
tematic review with meta-analysis: endo-
scopic dilation is highly effective and safe in
children and adults with eosinophilic oeso-
phagitis. Aliment Pharmacol Ther. 2017;
46(2):96–105.

22 Schoepfer AM, Gonsalves N, Bussmann C,
Conus S, Simon HU, Straumann A, et al.
Esophageal dilation in eosinophilic esophagitis:
effectiveness, safety, and impact on the under-
lying inflammation. Am J Gastroenterol. 2010;
105(5):1062–70.

23 Straumann A, Spichtin HP, Bernoulli R, Loosli
J, Vögtlin J. [Idiopathic eosinophilic esophagitis:
a frequently overlooked disease with typical
clinical aspects and discrete endoscopic find-
ings]. Schweiz MedWochenschr. 1994;124(33):
1419–29.

24 Attwood SE, Smyrk TC, Demeester TR, Jones
JB. Esophageal eosinophilia with dysphagia.
A distinct clinicopathologic syndrome. Dig
Dis Sci. 1993;38(1):109–16.

25 Dellon ES. Epidemiology of eosinophilic
esophagitis. Gastroenterol Clin North Am.
2014;43(2):201–18.

418 Int Arch Allergy Immunol 2023;184:411–420
DOI: 10.1159/000529910

Salvador Nunes/Straumann/Nunes/
Schoepfer/Greuter

D
ow

nloaded from
 http://karger.com

/iaa/article-pdf/184/5/411/3959420/000529910.pdf by BC
U

 Lausanne user on 18 O
ctober 2023

https://www.karger.com/Article/FullText/529910?ref=1#ref1
https://www.karger.com/Article/FullText/529910?ref=1#ref1
https://www.karger.com/Article/FullText/529910?ref=2#ref2
https://www.karger.com/Article/FullText/529910?ref=2#ref2
https://www.karger.com/Article/FullText/529910?ref=3#ref3
https://www.karger.com/Article/FullText/529910?ref=4#ref4
https://www.karger.com/Article/FullText/529910?ref=5#ref5
https://www.karger.com/Article/FullText/529910?ref=6#ref6
https://www.karger.com/Article/FullText/529910?ref=7#ref7
https://www.karger.com/Article/FullText/529910?ref=8#ref8
https://www.karger.com/Article/FullText/529910?ref=9#ref9
https://www.karger.com/Article/FullText/529910?ref=10#ref10
https://www.karger.com/Article/FullText/529910?ref=11#ref11
https://www.karger.com/Article/FullText/529910?ref=12#ref12
https://www.karger.com/Article/FullText/529910?ref=13#ref13
https://www.karger.com/Article/FullText/529910?ref=14#ref14
https://www.karger.com/Article/FullText/529910?ref=15#ref15
https://www.karger.com/Article/FullText/529910?ref=15#ref15
https://www.karger.com/Article/FullText/529910?ref=16#ref16
https://www.karger.com/Article/FullText/529910?ref=17#ref17
https://www.karger.com/Article/FullText/529910?ref=18#ref18
https://www.karger.com/Article/FullText/529910?ref=19#ref19
https://www.karger.com/Article/FullText/529910?ref=20#ref20
https://www.karger.com/Article/FullText/529910?ref=20#ref20
https://www.karger.com/Article/FullText/529910?ref=21#ref21
https://www.karger.com/Article/FullText/529910?ref=22#ref22
https://www.karger.com/Article/FullText/529910?ref=23#ref23
https://www.karger.com/Article/FullText/529910?ref=24#ref24
https://www.karger.com/Article/FullText/529910?ref=24#ref24
https://www.karger.com/Article/FullText/529910?ref=25#ref25
https://doi.org/10.1159/000529910


26 Straumann A, Conus S, Grzonka P, Kita H,
Kephart G, Bussmann C, et al. Anti-inter-
leukin-5 antibody treatment (mepolizumab)
in active eosinophilic oesophagitis: a rando-
mised, placebo-controlled, double-blind trial.
Gut. 2010;59(1):21–30.

27 Assa’ad AH, Gupta SK, Collins MH, Thomson
M, Heath AT, Smith DA, et al. An antibody
against IL-5 reduces numbers of esophageal
intraepithelial eosinophils in children with eo-
sinophilic esophagitis. Gastroenterology. 2011;
141(5):1593–604.

28 Spergel JM, Rothenberg ME, Collins MH,
Furuta GT, Markowitz JE, Fuchs G, et al.
Reslizumab in children and adolescents with
eosinophilic esophagitis: results of a double-
blind, randomized, placebo-controlled trial.
J Allergy Clin Immunol. 2012;129(2):456–63.
463.e1-3.

29 Safroneeva E, Straumann A, Coslovsky M,
Zwahlen M, Kuehni CE, Panczak R, et al.
Symptoms have modest accuracy in detecting
endoscopic and histologic remission in adults
with eosinophilic esophagitis. Gastroenterology.
2016;150(3):581–90. e4.

30 Straumann A, Blanchard C, Radonjic-Hoesli
S, Bussmann C, Hruz P, Safroneeva E, et al. A
new Eosinophilic Esophagitis (EoE)-like
disease without tissue eosinophilia found in
EoE families. Allergy. 2016;71(6):889–900.

31 O’Shea KM, Aceves SS, Dellon ES, Gupta SK,
Spergel JM, Furuta GT, et al. Pathophysiology
of eosinophilic esophagitis. Gastroenterology.
2018;154(2):333–45.

32 Straumann A, Bauer M, Fischer B, Blaser K,
Simon HU. Idiopathic eosinophilic esoph-
agitis is associated with a T(H)2-type allergic
inflammatory response. J Allergy Clin
Immunol. 2001;108(6):954–61.

33 Wen T, Aronow BJ, Rochman Y, Rochman
M, Kc K, Dexheimer PJ, et al. Single-cell RNA
sequencing identifies inflammatory tissue
T cells in eosinophilic esophagitis. J Clin
Invest. 2019;129(5):2014–28.

34 Collins MH, Martin LJ, Alexander ES, Boyd JT,
Sheridan R, He H, et al. Newly developed and
validated eosinophilic esophagitis histology
scoring system and evidence that it outperforms
peak eosinophil count for disease diagnosis and
monitoring. Dis Esophagus. 2017;30(3):1–8.

35 Alexander ES, Martin LJ, Collins MH,
Kottyan LC, Sucharew H, He H, et al. Twin
and family studies reveal strong environ-
mental and weaker genetic cues explaining
heritability of eosinophilic esophagitis.
J Allergy Clin Immunol. 2014;134(5):
1084–92. e1.

36 Kapel RC, Miller JK, Torres C, Aksoy S, Lash
R, Katzka DA. Eosinophilic esophagitis: a
prevalent disease in the United States that
affects all age groups. Gastroenterology. 2008;
134(5):1316–21.

37 Jensen ET, Kuhl JT, Martin LJ, Rothenberg
ME, Dellon ES. Prenatal, intrapartum, and
postnatal factors are associated with pediatric
eosinophilic esophagitis. J Allergy Clin
Immunol. 2018;141(1):214–22.

38 Martin LJ, He H, Collins MH, Abonia JP,
Biagini Myers JM, Eby M, et al. Eosinophilic
Esophagitis (EoE) genetic susceptibility is
mediated by synergistic interactions between
EoE-specific and general atopic disease loci.
J Allergy Clin Immunol. 2018;141(5):1690–8.

39 Kottyan LC, Rothenberg ME. Genetics of
eosinophilic esophagitis. Mucosal Immunol.
2017;10(3):580–8.

40 Kottyan LC, Trimarchi MP, Lu X, Caldwell
JM, Maddox A, Parameswaran S, et al.
Replication and meta-analyses nominate
numerous eosinophilic esophagitis risk genes.
J Allergy Clin Immunol. 2021;147(1):255–66.

41 Blanchard C, Mingler MK, Vicario M,
Abonia JP, Wu YY, Lu TX, et al. IL-13 in-
volvement in eosinophilic esophagitis: tran-
scriptome analysis and reversibility with
glucocorticoids. J Allergy Clin Immunol.
2007;120(6):1292–300.

42 Davis BP, Stucke EM, Khorki ME, Litosh VA,
Rymer JK, Rochman M, et al. Eosinophilic
esophagitis-linked calpain 14 is an IL-13-
induced protease that mediates esophageal
epithelial barrier impairment. JCI Insight.
2016;1(4):e86355.

43 Simon D, Radonjic-Hösli S, Straumann A,
Yousefi S, Simon HU. Active eosinophilic
esophagitis is characterized by epithelial
barrier defects and eosinophil extracellular
trap formation. Allergy. 2015;70(4):443–52.

44 Simon D, Page B, Vogel M, Bussmann C,
Blanchard C, Straumann A, et al. Evidence of
an abnormal epithelial barrier in active, un-
treated and corticosteroid-treated eosinophilic
esophagitis. Allergy. 2018;73(1):239–47.

45 Kleuskens MTA, Haasnoot ML, Herpers BM,
Ampting MTJV, Bredenoord AJ, Garssen J,
et al. Butyrate and propionate restore inter-
leukin 13-compromised esophageal epithelial
barrier function. Allergy. 2022;77(5):1510–21.

46 Kaymak T, Hruz P, Niess JH. Immune system
and microbiome in the esophagus: implica-
tions for understanding inflammatory dis-
eases. FEBS J. 2022;289(16):4758–72.

47 Celebi Sozener Z, Ozdel Ozturk B, Cerci P,
Turk M, Gorgulu Akin B, Akdis M, et al.
Epithelial barrier hypothesis: effect of the
external exposome on the microbiome and
epithelial barriers in allergic disease. Allergy.
2022;77(5):1418–49.

48 Ravi A, Marietta EV, Geno DM, Alexander
JA, Murray JA, Katzka DA. Penetration of the
esophageal epithelium by dust mite antigen
in patients with eosinophilic esophagitis.
Gastroenterology. 2019;157(1):255–6.

49 Blanchard C,WangN, Stringer KF, Mishra A,
Fulkerson PC, Abonia JP, et al. Eotaxin-3 and
a uniquely conserved gene-expression profile
in eosinophilic esophagitis. J Clin Invest.
2006;116(2):536–47.

50 Blanchard C, Mingler MK, McBride M,
Putnam PE, Collins MH, Chang G, et al.
Periostin facilitates eosinophil tissue infil-
tration in allergic lung and esophageal re-
sponses. Mucosal Immunol. 2008;1(4):
289–96.

51 de RooijWE, Dellon ES, Parker CE, Feagan BG,
Jairath V, Ma C, et al. Pharmacotherapies for
the treatment of eosinophilic esophagitis: state
of the art review. Drugs. 2019;79(13):1419–34.

52 Greuter T, Hirano I, Dellon ES. Emerging
therapies for eosinophilic esophagitis.
J Allergy Clin Immunol. 2020;145(1):38–45.

53 Dellon ES, Rothenberg ME, Collins MH,
Hirano I, Chehade M, Bredenoord AJ, et al.
Dupilumab in adults and adolescents with
eosinophilic esophagitis. N Engl J Med. 2022;
387(25):2317–30,

54 Hirano I, Aceves SS. Clinical implications and
pathogenesis of esophageal remodeling in
eosinophilic esophagitis. Gastroenterol Clin
North Am. 2014;43(2):297–316.

55 Wu L, Oshima T, Li M, Tomita T, Fukui H,
Watari J, et al. Filaggrin and tight junction
proteins are crucial for IL-13-mediated esoph-
ageal barrier dysfunction. Am J Physiol Gas-
trointest Liver Physiol. 2018;315(3):G341–50.

56 Blanchard C, Stucke EM, Burwinkel K,
Caldwell JM, Collins MH, Ahrens A, et al.
Coordinate interaction between IL-13 and
epithelial differentiation cluster genes in eo-
sinophilic esophagitis. J Immunol. 2010;
184(7):4033–41.

57 Furuta GT, Nieuwenhuis EES, Karhausen J,
Gleich G, Blumberg RS, Lee JJ, et al. Eosin-
ophils alter colonic epithelial barrier func-
tion: role for major basic protein. Am
J Physiol Gastrointest Liver Physiol. 2005;
289(5):G890–7.

58 Jiang M, Ku WY, Zhou Z, Dellon ES, Falk
GW, Nakagawa H, et al. BMP-driven NRF2
activation in esophageal basal cell differen-
tiation and eosinophilic esophagitis. J Clin
Invest. 2015;125(4):1557–68.

59 Ruffner MA, Song L, Maurer K, Shi L, Carroll
MC, Wang JX, et al. Toll-like receptor 2
stimulation augments esophageal barrier in-
tegrity. Allergy. 2019;74(12):2449–60.

60 Greuter T, Straumann A, Fernandez-Marrero
Y, Germic N, Hosseini A, Yousefi S, et al.
Characterization of eosinophilic esophagitis
variants by clinical, histological, and molec-
ular analyses: a cross-sectional multi-center
study. Allergy. 2022;77(8):2520–33.

61 Kaymak T, Kaya B, Wuggenig P, Nuciforo S,
Göldi A, Oswald F, et al. IL-20 subfamily
cytokines impair the oesophageal epithelial
barrier by diminishing filaggrin in eosino-
philic oesophagitis. Gut. 2022;327166.

62 Straumann A, Greuter T. Novel targets in
EoE: one step forward? Gut. 2022;2022-
327770.

63 Youngblood BA, Brock EC, Leung J, Falahati R,
Bochner BS, Rasmussen HS, et al. Siglec-8
antibody reduces eosinophils and mast cells
in a transgenic mouse model of eosinophilic
gastroenteritis. JCI Insight. 2019;4(19):e126219.

64 Kasagi Y, Dods K, Wang JX, Chan-
dramouleeswaran PM, Benitez AJ, Gam-
banga F, et al. Fibrostenotic eosinophilic
esophagitis might reflect epithelial lysyl oxi-
dase induction by fibroblast-derived TNF-α.
J Allergy Clin Immunol. 2019;144(1):171–82.

Eosinophilic Esophagitis beyond
Eosinophils

Int Arch Allergy Immunol 2023;184:411–420
DOI: 10.1159/000529910

419

D
ow

nloaded from
 http://karger.com

/iaa/article-pdf/184/5/411/3959420/000529910.pdf by BC
U

 Lausanne user on 18 O
ctober 2023

https://www.karger.com/Article/FullText/529910?ref=26#ref26
https://www.karger.com/Article/FullText/529910?ref=27#ref27
https://www.karger.com/Article/FullText/529910?ref=28#ref28
https://www.karger.com/Article/FullText/529910?ref=29#ref29
https://www.karger.com/Article/FullText/529910?ref=30#ref30
https://www.karger.com/Article/FullText/529910?ref=31#ref31
https://www.karger.com/Article/FullText/529910?ref=32#ref32
https://www.karger.com/Article/FullText/529910?ref=32#ref32
https://www.karger.com/Article/FullText/529910?ref=33#ref33
https://www.karger.com/Article/FullText/529910?ref=33#ref33
https://www.karger.com/Article/FullText/529910?ref=34#ref34
https://www.karger.com/Article/FullText/529910?ref=35#ref35
https://www.karger.com/Article/FullText/529910?ref=36#ref36
https://www.karger.com/Article/FullText/529910?ref=37#ref37
https://www.karger.com/Article/FullText/529910?ref=37#ref37
https://www.karger.com/Article/FullText/529910?ref=38#ref38
https://www.karger.com/Article/FullText/529910?ref=39#ref39
https://www.karger.com/Article/FullText/529910?ref=40#ref40
https://www.karger.com/Article/FullText/529910?ref=41#ref41
https://www.karger.com/Article/FullText/529910?ref=42#ref42
https://www.karger.com/Article/FullText/529910?ref=43#ref43
https://www.karger.com/Article/FullText/529910?ref=44#ref44
https://www.karger.com/Article/FullText/529910?ref=45#ref45
https://www.karger.com/Article/FullText/529910?ref=46#ref46
https://www.karger.com/Article/FullText/529910?ref=47#ref47
https://www.karger.com/Article/FullText/529910?ref=48#ref48
https://www.karger.com/Article/FullText/529910?ref=49#ref49
https://www.karger.com/Article/FullText/529910?ref=50#ref50
https://www.karger.com/Article/FullText/529910?ref=51#ref51
https://www.karger.com/Article/FullText/529910?ref=52#ref52
https://www.karger.com/Article/FullText/529910?ref=53#ref53
https://www.karger.com/Article/FullText/529910?ref=54#ref54
https://www.karger.com/Article/FullText/529910?ref=54#ref54
https://www.karger.com/Article/FullText/529910?ref=55#ref55
https://www.karger.com/Article/FullText/529910?ref=55#ref55
https://www.karger.com/Article/FullText/529910?ref=56#ref56
https://www.karger.com/Article/FullText/529910?ref=57#ref57
https://www.karger.com/Article/FullText/529910?ref=57#ref57
https://www.karger.com/Article/FullText/529910?ref=58#ref58
https://www.karger.com/Article/FullText/529910?ref=58#ref58
https://www.karger.com/Article/FullText/529910?ref=59#ref59
https://www.karger.com/Article/FullText/529910?ref=60#ref60
https://www.karger.com/Article/FullText/529910?ref=61#ref61
https://www.karger.com/Article/FullText/529910?ref=62#ref62
https://www.karger.com/Article/FullText/529910?ref=63#ref63
https://www.karger.com/Article/FullText/529910?ref=64#ref64
https://doi.org/10.1159/000529910


65 van de Veen W, Globinska A, Jansen K,
Straumann A, Kubo T, Verschoor D, et al. A
novel proangiogenic B cell subset is increased
in cancer and chronic inflammation. Sci Adv.
2020;6(20):eaaz3559.

66 Vicario M, Blanchard C, Stringer KF, Collins
MH, Mingler MK, Ahrens A, et al. Local
B cells and IgE production in the oesophageal
mucosa in eosinophilic oesophagitis. Gut.
2010;59(1):12–20.

67 Nhu QM, Aceves SS. Tissue remodeling in
chronic eosinophilic esophageal inflamma-
tion: parallels in asthma and therapeutic
perspectives. Front Med. 2017;4:128.

68 Hsu Blatman KS, Gonsalves N, Hirano I, Bryce
PJ. Expression of mast cell-associated genes is
upregulated in adult eosinophilic esophagitis
and responds to steroid or dietary therapy.
J Allergy Clin Immunol. 2011;127(5):1307–8. e3.

69 Strasser DS, Seger S, Bussmann C, Pierlot GM,
Groenen PMA, Stalder AK, et al. Eosinophilic
oesophagitis: relevance of mast cell infiltration.
Histopathology. 2018;73(3):454–63.

70 Ben-Baruch Morgenstern N, Ballaban AY,
Wen T, Shoda T, Caldwell JM, Kliewer K,
et al. Single-cell RNA sequencing of mast cells
in eosinophilic esophagitis reveals heteroge-
neity, local proliferation, and activation that
persists in remission. J Allergy Clin Immunol.
2022;149(6):2062–77.

71 Bolton SM, Kagalwalla AF, Arva NC, Wang
MY, Amsden K, Melin-Aldana H, et al. Mast
cell infiltration is associated with persistent
symptoms and endoscopic abnormalities
despite resolution of eosinophilia in pediatric
eosinophilic esophagitis. Am J Gastroenterol.
2020;115(2):224–33.

72 Zhang S, Shoda T, Aceves SS, Arva NC,
Chehade M, Collins MH, et al. Mast cell-pain
connection in eosinophilic esophagitis. Al-
lergy. 2022;77(6):1895–9.

73 Aguilera-Lizarraga J, Florens MV, Viola MF,
Jain P, Decraecker L, Appeltans I, et al. Local
immune response to food antigens drives
meal-induced abdominal pain. Nature. 2021;
590(7844):151–6.

74 Katzka DA, Tadi R, Smyrk TC, Katarya E,
Sharma A, Geno DM, et al. Effects of
topical steroids on tight junction proteins
and spongiosis in esophageal epithelia of
patients with eosinophilic esophagitis.
Clin Gastroenterol Hepatol. 2014;12(11):
1824–9. e1.

75 Whelan KA, Godwin BC,Wilkins B, Elci OU,
Benitez A, DeMarshall M, et al. Persistent
basal cell hyperplasia is associated with
clinical and endoscopic findings in patients
with histologically inactive eosinophilic
esophagitis. Clin Gastroenterol Hepatol.
2020;18(7):1475–82. e1.

76 Greuter T, Straumann A, Fernandez-Marrero
Y, Germic N, Hosseini A, Yousefi S, et al.
Sa1182: longitudinal follow-up of patients
with eosinophilic esophagitis variants and
their potential to progress to eoe: a clinical,
histological and molecular multi-center
analysis. Gastroenterology. 2022;162(7):335.

77 Rubio CA, Sjödahl K, Lagergren J. Lym-
phocytic esophagitis: a histologic subset of
chronic esophagitis. Am J Clin Pathol. 2006;
125(3):432–7.

78 Haque S, Genta RM. Lymphocytic oesopha-
gitis: clinicopathological aspects of an emerging
condition. Gut. 2012;61(8):1108–14.

79 Sonnenberg A, Turner KO, Genta RM. Asso-
ciations of microscopic colitis with other lym-
phocytic disorders of the gastrointestinal tract.
Clin Gastroenterol Hepatol. 2018;16(11):1762–7.

80 Rouphael C, Gordon IO, Thota PN. Lympho-
cytic esophagitis: still an enigma a decade later.
World J Gastroenterol. 2017;23(6):949–56.

81 Cohen S, Saxena A, Waljee AK, Piraka C,
Purdy J, Appelman H, et al. Lymphocytic
esophagitis: a diagnosis of increasing frequency.
J Clin Gastroenterol. 2012;46(10):828–32.

82 Nguyen AD, Dunbar KB. How to approach
lymphocytic esophagitis. Curr Gastroenterol
Rep. 2017;19(6):24.

83 Ocampo AA, Genta RM, Dellon ES. Su1169:
mast cell esophagitis: a novel entity in pa-
tients with unexplained esophageal symp-
toms. Gastroenterology. 2022;162(7)528.

420 Int Arch Allergy Immunol 2023;184:411–420
DOI: 10.1159/000529910

Salvador Nunes/Straumann/Nunes/
Schoepfer/Greuter

D
ow

nloaded from
 http://karger.com

/iaa/article-pdf/184/5/411/3959420/000529910.pdf by BC
U

 Lausanne user on 18 O
ctober 2023

https://www.karger.com/Article/FullText/529910?ref=65#ref65
https://www.karger.com/Article/FullText/529910?ref=66#ref66
https://www.karger.com/Article/FullText/529910?ref=67#ref67
https://www.karger.com/Article/FullText/529910?ref=68#ref68
https://www.karger.com/Article/FullText/529910?ref=69#ref69
https://www.karger.com/Article/FullText/529910?ref=70#ref70
https://www.karger.com/Article/FullText/529910?ref=71#ref71
https://www.karger.com/Article/FullText/529910?ref=72#ref72
https://www.karger.com/Article/FullText/529910?ref=72#ref72
https://www.karger.com/Article/FullText/529910?ref=73#ref73
https://www.karger.com/Article/FullText/529910?ref=74#ref74
https://www.karger.com/Article/FullText/529910?ref=75#ref75
https://www.karger.com/Article/FullText/529910?ref=76#ref76
https://www.karger.com/Article/FullText/529910?ref=77#ref77
https://www.karger.com/Article/FullText/529910?ref=78#ref78
https://www.karger.com/Article/FullText/529910?ref=79#ref79
https://www.karger.com/Article/FullText/529910?ref=80#ref80
https://www.karger.com/Article/FullText/529910?ref=81#ref81
https://www.karger.com/Article/FullText/529910?ref=82#ref82
https://www.karger.com/Article/FullText/529910?ref=82#ref82
https://www.karger.com/Article/FullText/529910?ref=83#ref83
https://doi.org/10.1159/000529910

	Eosinophilic Esophagitis beyond Eosinophils – an Emerging Phenomenon Overlapping with Eosinophilic Esophagitis: Collegium I ...
	Introduction
	Pathogenesis of EoE
	EoE beyond Eosinophils
	First Description of EoE-Like Disease
	EoE Variants
	EoE-Like Esophagitis
	Lymphocytic Esophagitis
	Non-Specific Esophagitis
	Mast Cell Esophagitis
	Conclusions
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


