
Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Review paper

Food allergens and oral immunotherapy as indicators 
of eosinophilic oesophagitis

Andrzej Kuźmiński1, Justyna Przybyszewska2, Zbigniew Bartuzi1

1�Department of Allergology, Clinical Immunology, and Internal Diseases, Collegium Medicum in Bydgoszcz, Nicolaus Copernicus 
University in Torun, Jan Biziel University Hospital No. 2 in Bydgoszcz, Poland

2�Department of Nutrition and Dietetics, Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Torun, Poland

Gastroenterology Review
DOI: https://doi.org/10.5114/pg.2024.139534

Key words: eosinophilic oesophagitis, allergy, gastrointestinal tract.

Address for correspondence: Andrzej Kuźmiński, Department of Allergology, Clinical Immunology, and Internal Medicine J. Biziel,  
University Hospital No. 2, 75 Ujejskiego St, 85-168 Bydgoszcz, Poland, phone: +48 52 356 55 57, e-mail: jendrek75@interia.pl 

Abstract
Eosinophilic esophagitis (EoE) is a chronic immune-mediated esophageal disease, clinically characterised by symptoms of 

esophageal dysfunction and histologically by eosinophilic infiltration of its wall. The last 3 decades have seen a sharp increase 
in its incidence to the point that it is called the second most common esophageal disease after reflux disease in some recent 
studies. The main indicators of EoE are food allergens and in recent years the extremely important role of oral immunotherapy 
(OIT) in the development of this disease has also been increasingly raised. To date, the appearance of EoE in the course of OIT is 
an absolute indication for discontinuation of this procedure; however, other therapeutic options that do not require termination 
of this procedure are increasingly being advocated. Unfortunately, our knowledge of EoE is full of gaps and requires numerous 
studies to fill in the missing elements of the pathogenesis and clinic of the described disease.

Introduction
Eosinophilic oesophagitis (EG, EoE) is a chronic im-

mune-mediated oesophageal disease, clinically charac-
terised by symptoms of oesophageal dysfunction and 
histologically by eosinophilic infiltration of its wall. The 
disease was first described in 1937 by Kaijser and was 
diagnosed as a new entity in the 1990s. It occurs more 
frequently in industrialised countries, more frequently in 
men than in women (ratio 2–3 : 1.0), and its incidence 
has increased rapidly in the last 3 decades (100-fold in-
crease between 1989 and 2009) reaching a prevalence 
of 1 : 1000 (0.1%); as a result, in some recent studies it 
is called the second most common oesophageal disease 
after gastroesophageal reflux disease [1]. 

The complaints of the disease are not specific and 
change with age. In young children feeding difficulties, 
stunted growth, and weight gain predominate, while in 
adolescents and adults, dysphagia and episodes of food 
bite entrapment prevail.

According to the guidelines, the basis for the di-
agnosis is the histological examination of oesopha-
geal specimens showing at least 15 eosinophils in the 

field of view at high magnification (400× in an area of  
~0.3 mm2). Importantly, for diagnosis, it is necessary 
to take at least 6 specimens from different parts of the 
oesophagus. 

The aetiology of the disease is unknown, and the 
only thing we know for sure is that it coexists with al-
lergic diseases. Commonly known evidence suggesting 
its association with allergy includes the following: co-
existing allergic conditions, peripheral eosinophilia, el-
evated total IgE (tIgE), presence of specific IgE (sIgE) for 
inhalant allergens (more common in adults) and food 
allergens (more common in children), association with 
the pollen season, reduction of symptoms following an 
elimination diet, and resolution of complaints following 
steroid therapy. This evidence has been joined in re-
cent years by another extremely important item, i.e. the 
more frequent diagnosis of EoE in patients undergoing 
oral immunotherapy [1].

Eosinophilic oesophagitis – aetiology
The prevalence of asthma in EoE patients is esti-

mated to be 25–50%; food allergy is 32–37%; atopic 
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dermatitis (AD) is 22–27%, and allergic rhinitis (ANN) is 
42–43% [2]. Patients with EoE were found to be 3 times 
more likely to have asthma and 5 times more likely to 
have ANN compared to controls. A history of food al-
lergy in childhood has been observed to increase the 
likelihood of EoE frequency by as much as 9-fold, and 
foods that are particularly associated with the later de-
velopment of EoE are milk, egg, soy, and wheat. In addi-
tion, it has been shown that children who grow out of 
food allergy (IgE-FA) generally develop EoE to the same 
allergens to which they had allergies in childhood [3]. 
Barbosa studied oesophageal eosinophilia in children 
with persistent milk allergy and found that as many as 
38% had eosinophilia in biopsy specimens, and 23.5% 
had symptoms of EoE [4]. In Wright’s study of 21 adult, 
asymptomatic patients with IgE-FA to peanuts under-
going screening prior to oral immunotherapy (OIT), up 
to 14% showed eosinophil counts > 15 in the field of 
view [5].

All these observations have led many researchers 
to call EoE “oesophageal asthma” and to include EoE 
in the spectrum of disorders that make up the “allergic 
march” as its final stage, with the average time from 
the diagnosis of asthma to the diagnosis of EoE esti-
mated to be about 3 years [6].

Several theories have been put forward attempting 
to explain the relationship between EoE and allergic dis-
eases, but a coherent picture is still lacking. We know 
that the role of food allergens in the development of 
EoE is indisputable and undisputed. Recently, a caus-
al relationship between oral immunotherapy (OIT) to 
food allergens and the development of EoE has also 
been proven. A role for inhaled allergens in both the 
onset and exacerbation of EoE seems less certain but 
possible, as suggested by a study that showed an as-
sociation between pollen season and the incidence of 
diagnosis and the timing of EoE exacerbations [7]. The 
development and exacerbation of EoE by inhaled aller-
gens through a cross-reactivity mechanism with food 
allergens is also thought to be potentially possible [7]. 
Recent studies have also increasingly suggested the 
possibility of EoE following sublingual immunotherapy 
for respiratory allergies.

Eosinophilic oesophagitis – triggering 
foods

Many studies have tried to identify the most com-
mon foods that cause EoE. There appear to be some 
geographic and age differences here. It has been shown 
that in children in the US, EoE is most often caused by 
milk, eggs, and wheat, while in adults only milk and 
wheat [8]. The situation is different in Spain, where soy 
and other legumes are allergens that are more likely 

to be triggers of EoE [9]. Interestingly, fish, seafood, 
and nuts, despite being among the 6 most common al-
lergenic foods, very rarely cause EoE. Milk is the most 
common allergen causing EoE (about 2/3 of patients), 
followed by eggs and wheat (about 25% each) and soy 
(about 19%) [8]. About 30–50% of patients have one 
food causing the disease, 30% have 2, and the remain-
ing 25% have 3 or more foods causing EoE [8].

Eosinophilic oesophagitis – 
identification of the causative allergen

One of the most important problems in the diag-
nosis and treatment of EoE is the identification of the 
triggering allergen.

Identification of the causative agent on the basis 
of skin spot tests, sIgE, or atopic patch tests has not 
proven to be a good solution because the targeted diet 
developed on their basis has low effectiveness: in adults 
about 32%; in children 45%. Attempts have also been 
made to identify trigger foods based on identification of 
allergen components (for example ISAC or ALEX tests). 

The ISAC and ALEX tests are molecular tests based 
on the determination of specific IgE antibodies in blood 
serum directed against single allergen components 
that are part of a given allergen and can induce an 
allergic immune response. The ISAC test includes the 
determination of 112 allergen components, while the 
ALEX test includes as many as 178 molecules and 117 
allergen extracts. These are currently one of the most 
modern and accurate diagnostic tests in allergology, 
allowing the identification not of entire allergens, but 
of their components against which an allergic reaction 
develops. Although Erwin et al. showed more positive 
results for milk (mainly Bos d4 or Bos d5) compared 
to sIgE or spot skin tests, suggesting increased sensi-
tivity of the test, these proteins were detected at low 
concentrations and were not shown to correlate with 
symptoms and oesophageal eosinophilia [10]. Anoth-
er study showed that food elimination based on ISAC 
testing did not lead to a reduction in oesophageal eo-
sinophilia [11]. The current thinking is that although 
the determination of allergen components shows more 
sensitisation, the clinical relevance and utility are still 
unclear [11].

Because allergy tests do not predict response to di-
etary treatment well, new strategies are being attempt-
ed. Two of these are showing promising results: 
1. �Lymphocyte proliferation test on patient serum. 

A positive result in either test resulted in a 53% to 
75% concordance between the tests and the results 
of the elimination diet [12].

2. �A more invasive approach was reported by the Am-
sterdam group: puncturing the oesophageal muco-
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sa during endoscopy and administering an aqueous 
extract of 6 allergens directly into the oesophageal 
mucosa. The mucosa was observed for 20 min, and 
a repeat endoscopy was performed after 24 h. Imme-
diate type reaction was observed in 5 of 8 patients, 
and delayed in 2 of 8 patients [13]. However, whether 
these reactions correlate with the results of elimina-
tion diets has not yet been established.
In view of the low usefulness of tests to identify the 

EoE-triggering allergen, elimination and elemental diets 
are still used to treat this disease.

Empirical food elimination diets (FED)
Empirical FEDs involve excluding the 6 most com-

monly allergenic foods (milk, eggs, soy, wheat, fish/
shellfish, nuts/peanuts) from the diet. The effectiveness 
of such a procedure has been estimated at about 72%. 
The problem with this diet is the high level of dietary 
restriction and the high number of endoscopies after 
reintroduction of individual foods. In the majority (65–
85%) of patients, the most common offending foods 
were cow’s milk, wheat, eggs, and, to a lesser extent, 
soy/legumes; on this basis, a diet was developed ex-
cluding the 4 most common allergenic foods (4-FED: 
cow’s milk, wheat, eggs, and legumes), and its effective-
ness in adults was estimated at 54%, while in children 
it was 71%. On further observation, it was found that in 
50% of adults and 74% of children the trigger was cow’s 
milk, wheat, or both at the same time. Therefore, a diet 
with elimination of the 3 most frequently sensitised 
foods (3-FED) eliminating cow’s milk and gluten-con-
taining cereals was developed, resulting in remission in 
up to 40% of patients. It has also been shown that elim-
ination of milk alone can also be effective in as much as 
35–65% of cases [14].

If the elimination empirical diet fails, especially if 
rapid clinical improvement is needed, elemental diets 
are used. In this diet, all food allergens are eliminated 
by giving the allergic person amino acid mixtures. This 
diet is highly effective (90% lead to hist-pat remission); 
however, it has numerous disadvantages such as poor 
taste, poor quality of life associated with severe dietary 
restrictions, and high cost [14].

Eosinophilic oesophagitis – predictive 
factors

It also appears that there may be some predictors 
of response to elimination of the causative allergens in 
patients with EoE. Predictors of poorer response include 
a family history of food allergy and personal food aller-
gy in a patient with positive serum sIgEs, while women 
and those with comorbid asthma respond better to di-
etary treatment [11].

Eosinophilic oesophagitis vs. oral 
allergy syndrome (OAS)

It was found that in the adult population with EoE, 
as many as a quarter (25.9%) have concurrent OAS 
(EoE-OAS); while in the general population, EoE occurs 
in 0.1% to 4.3% of adults. Patients with EoE-OAS were 
significantly more likely to have allergic rhinitis (but not 
asthma or atopic dermatitis) and higher IgE levels with 
the same eosinophilia count than patients with “pure” 
EoE. More than half (56.7%) of these individuals had re-
actions to more than one food. The most common trig-
gers here were apple, carrot, peach, and banana sharing 
cross-reactivity with antigens from the PR-10 family of 
proteins, which is homologous to the major birch pollen 
allergen (Bet v 1). Interestingly, OAS to products that are 
EoE triggers is not observed [15].

Eosinophilic oesophagitis vs. inhalant 
allergens

There is evidence of an important role for aeroal-
lergens in EoE, and over the past 10 years, literature 
has emerged describing how inhalant allergens may 
contribute to and exacerbate EoE in some individuals. 
A very high degree of comorbidity between EoE and al-
lergic rhinitis (AR) has been demonstrated beyond the 
usual epidemiological relationship of (OR = 2.8). Ram 
et al. showed in a group of 1180 patients with EoE that 
14% of them had a history of exacerbations caused by 
inhalant allergens, and 1/5 of them had biopsy-proven 
“seasonal” oesophageal eosinophilia [16]. Several oth-
er papers have shown a seasonal relationship of EoE 
with a decrease in EoE diagnosis during winter and an 
increase in detection during pollen seasons [17]. One 
study reported a significantly higher incidence of food 
bite tethering in people with EoE in summer and au-
tumn compared to winter [18].

Direct evidence for the role of inhalant allergens in 
EoE exacerbations comes from both animal models and 
clinical observations, but the observations are conflicting. 
The development of EoE in mice has been demonstrated 
by exposure to year-round allergens such as cockroaches, 
mites, and mould [19]. In addition, the development of 
EoE has been observed in patients exposed to allergens 
such as mould, dust, and grass after sudden, accidental 
contact with large amounts of them [20]. In later studies, 
associations between inhaled allergens and the devel-
opment of EoE were primarily related to pollen; no such 
correlation was observed with “indoor” allergens [21]. It 
is not entirely clear why pollen would be particularly rel-
evant, although this may be due to cross-reactivity with 
components of food allergens [22]. Interestingly, a protec-
tive effect of owning a furry animal in childhood on the 
later development of EoE has been shown [23]. 
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Despite this evidence, the correlation between pol-
len season and the frequency of EoE diagnosis is not 
consistent. Additionally, some studies have found no 
difference in the seasonal distribution of newly diag-
nosed EoE. Nevertheless, studies indicate that the role 
of inhalant allergens in EoE may be important, such as 
in certain groups of patients with inhalant allergy (e.g. 
older children and adults with allergic rhinitis), patients 
with seasonal inhalant allergy, and patients with in-
halant or food allergies specific to certain geographic 
regions [24].

Eosinophilic esophagitis vs. oral 
immunotherapy (OIT)

Recently, there have been numerous cases of pa-
tients undergoing oral immunotherapy (OIT) who de-
veloped EoE [1]. The first studies on this problem date 
back to 2014. Lucendo’s first meta-analysis of these 
studies found that EoE can develop in up to 2.7% of pa-
tients during OIT [25]. Other reviews of studies estimat-
ing cases of OIT termination due to EoE symptoms and/
or positive biopsy results have shown that EoE symp-
toms occur at a rate of between 8% and 14% [26]. EoE 
is primarily triggered by OIT to food allergens (milk, egg, 
peanuts), with only isolated cases reporting EoE during 
OIT to inhalant allergens [27]. In 2018, a meta-analy-
sis of all articles and abstracts on the development of 
EoE during oral immunotherapy was published. It found 
that symptoms suggestive of EoE occur in up to 34% of 
patients undergoing this procedure, and, on histopatho-
logical examination, eosinophilic infiltration characteris-
tic of EoE occurred in up to 5.3% of patients [28].

To date, we do not know whether OIT induces EoE 
or inadvertently exacerbates previously asymptomatic 
EoE [29]. A major problem is endoscopies because they 
are an invasive procedure, and for proper diagnosis they 
should be performed before OIT and when symptoms 
appear, so it seems that the incidence of EoE with OIT 
may be underestimated. An additional problem is the 
side effects of OIT; due to the high number of mast cells 
in the gastrointestinal tract, symptoms may occur that 
are related to their activation rather than to the devel-
opment of EoE [29]. Patients with peanut allergy have 
been shown to have asymptomatic eosinophilia in up 
to 15% already before OIT involvement [30]. Patients 
with food allergy are about 100 times more likely (2.6%) 
to develop EoE than the general population. The risk 
of developing EoE during OIT is estimated to be about 
5% [28]. Patients who grow out of food allergy in child-
hood generally develop EoE to the same allergen after 
reintroducing the food to which they were allergic, so it 
happens that EoE and food allergy can co-occur in the 
same patient [28].

Risk factors for developing EoE during OIT appear to 
include the following:
•	 Higher levels of peripheral eosinophilia before the 

inclusion of treatment. An Israeli study divided pa-
tients into 4 groups according to the eosinophilia 
count. The correlation between eosinophilia count 
and gastrointestinal symptoms was as follows: 
Group 1: < 900 eos/mm3 – 0.5% of patients had 
gastrointestinal symptoms; Group 2: 900–1500 
eos/mm3 – symptoms occurred in 15% of patients, 
Group 3: 1500–2500 eos/mm3 – symptoms in 27%; 
and Group 4 > 2500 eos/mm3 – symptoms in up to 
46% (33% vomiting).

•	 Higher starting dose of allergen.
•	 A higher rate of allergen dose increase during the 

OIT and simply reducing the allergen dose by half 
was associated with a 90% increase in the chance 
of OIT success. 

•	 Increased maintenance dose of allergen [31].
Although EoE can occur at any time in the OIT, there 

are clearly 2 time intervals in which EoE reveals itself 
more frequently:
1. �Early: at the beginning of the OIT, involving most cas-

es. It manifests with vomiting and abdominal pain. It 
is believed that if these symptoms occur early in the 
OIT and respond well to PPI treatment, then a diag-
nosis of EoE is unlikely.

2. �Late: 2–3 years after the start of immunotherapy, in-
volves far fewer cases. The onset of symptoms at this 
time makes the diagnosis of EoE more certain than 
for the early form [32].
The most likely mechanism in the development of 

EoE in the OIT appears to be dysfunction of the oesoph-
ageal epithelial barrier and secondary involvement of 
T lymphocytes, mast cells, and basophils. In a mouse 
model, repeated ingestion of food allergens further 
induced thymic stromal lymphopoietin, which, inde-
pendent of IgE, resulted in eosinophil recruitment and 
infiltration and secondary fibrosis, constriction, and re-
tention of the food bite. Unfortunately, the mechanism 
of EoE formation in the course of OIT is not fully known 
and requires further study [32]. 

Current guidelines recommend withholding OIT if 
EoE develops; however, recent work has emerged that 
appears to contradict this course of action. A study of 
20 patients receiving peanut OIT without gastrointesti-
nal complaints who underwent gastroscopy at weeks 
0, 52, and 104 showed that at week 0, as many as 14% 
patients had significant but asymptomatic eosinophilia 
[33]. At week 52 (from the start of OIT), eosinophilia 
was diagnosed in 57% of the participating patients. In 
addition, the cited study showed that 2/3 of patients 
had spontaneous resolution of eosinophilia by week 



5Food allergens and oral immunotherapy as indicators of eosinophilic oesophagitis

Gastroenterology Review

104. Only one patient developed EoE requiring treat-
ment [33]. In a study of 270 patients on peanut OIT, 
37 (14%) developed symptoms suggestive of EoE, 21 
(57%) discontinued the OIT, and 13 (35%) achieved res-
olution of symptoms after reducing the drug dose or 
using medications (PPIs, steroids) [34].

Thus, it seems that going forward, the final decision 
should be a trade-off between EoE symptoms and the risk 
of anaphylactic shock associated with OIT termination.

It appears that treatment options for OIT-induced 
EoE will include the following:
•	 suspension of OIT,
•	 continuation of OIT with modification of dosage 

regimen,
•	 continuation of OIT with a concomitant attempt to 

treat EoE [35].
For the continuation of the OIT, 2 options are pro-

posed:
1. �Lengthening intervals and reducing OIT doses, result-

ing in up to 50% complete resolution of complaints 
and another 15% significant relief of complaints al-
lowing continuation of OIT [35].

2. �Treatment of EoE: the first-line drug may be PPIs and, 
if ineffective, topical steroids [36]. 
Currently, the optimal approach would be to conduct 

screening for EoE before starting OIT. However, this is 
currently not possible because it would require perform-
ing gastroscopy on every patient, so other diagnostic 
options are being sought. The best option would be to 
find a marker for EoE; however, such a marker has not 
yet been developed. Therefore, other options are being 
considered, such as the following:
– �string test, which involves swallowing a capsule sus-

pended on a string and holding it in the digestive 
tract for several hours. After removal, an examination 
of the epithelium and an assessment of the number 
of eosinophils is made; 

– �cytosponge – a miniature sponge placed in the 
capsule, which expands after swallowing to form 
a sponge-like network 3 cm in diameter in the stom-
ach. After 5 min, it is removed through the mouth 
with a string and the collected cells are analysed in 
the laboratory; determination of eosinophil precursors 
in peripheral blood or lymphocyte proliferation test on 
patients’ serum is performed [37, 38].

Conclusions
EoE is one of the clinical forms of allergic gastroin-

testinal diseases. The last 3 decades have seen a sharp 
increase in its incidence. Food allergens play a major 
role in the development of EoE, but an increasingly im-
portant role is attributed to the OIT. In the treatment 
of EoE, the most important thing is to avoid the caus-

ative allergens. Diagnosis of EoE during the OIT is an 
indication for termination of desensitisation. However, 
other therapeutic options are increasingly being advo-
cated that do not require termination of this procedure. 
Unfortunately, our knowledge of EoE is full of gaps and 
requires numerous further studies to complete.

Funding sources
None.

Conflict of interest
The authors declare no conflict of interest.

References

1.	Chen P, Anderson L, Zhang K, et al. Eosinophilic gastritis/gas-
troenteritis. Curr Gastroenterol Rep 2021; 23: 13.

2.	Chehade M, Jones S, Pesek R, et al. Phenotypic characterization 
of eosinophilic esophagitis in a large multicenter patient popu-
lation from the consortium for food allergy research. J Allergy 
Clin Immunol Pract 2018; 6: 1534‐44.

3.	Ho HE, Chehade M. Development of IgE-mediated immediate 
hypersensitivity to a previously tolerated food following its 
avoidance for eosinophilic gastrointestinal diseases. J Allergy 
Clin Immunol Pract 2018; 6: 649-50.

4.	Barbosa A, Castro F, Meireles P, et al. Eosinophilic esophagitis: 
latent disease in patients with anaphylactic reaction to cow’s 
milk. J Allergy Clin Immunol Pract 2018; 6: 451-6.

5.	Wright B, Fernandez-Becker N, Kambham N, et al. Baseline 
gastrointestinal eosinophilia is common in oral immunother-
apy subjects with IgE-mediated peanut allergy. Front Immunol 
2018; 9: 2624.

6.	Hill D, Grundmeier R, Ramos M, et al. Eosinophilic esophagitis 
is a late manifestation of the allergic march. J Allergy Clin Im-
munol Pract 2018; 6: 1528-33.

7.	Maskey A, Srivastava K, Soffer G, et al. Induction of severe 
eosinophilic esophagitis and multi-organ inflammation by air-
borne allergens is associated with IL-4/IL-13 and CCL11 but 
not IgE in genetic susceptible mice. J Inflamm Res 2022; 15: 
5527-40.

8.	Kagalwalla A, Wechsler J, Amsden K, et al. Efficacy of a 4-food 
elimination diet for children with eosinophilic esophagitis. Clin 
Gastroenterol Hepatol 2017; 15: 1698-707 e7.

9.	 Lucendo A, Arias A, Gonzalez-Cervera J, et al. Empiric 6-food 
elimination diet induced and maintained prolonged remission 
in patients with adult eosinophilic esophagitis: a prospective 
study on the food cause of the disease. J Allergy Clin Immunol 
2013; 131: 797-804.

10.	Erwin E, Tripathi A, Ogbogu P, et al. IgE antibody detection and 
component analysis in patients with eosinophilic esophagitis. 
J Allergy Clin Immunol Pract 2015; 3: 896-904 e3.

11.	Erwin E, Kruszewski P, Russo J, et al. IgE antibodies and re-
sponse to cow’s milk elimination diet in pediatric eosinophilic 
esophagitis. J Allergy Clin Immunol 2016; 138: 625-8.

12.	Dellon S, Guo R, McGee S, et al. An allergen-specific immune 
signature identifies food triggers in eosinophilic esophagitis 
with high accuracy. Gastroenterology 2018; 154: S260.

https://pubmed.ncbi.nlm.nih.gov/?term=Barbosa+AC&cauthor_id=28566137
https://pubmed.ncbi.nlm.nih.gov/?term=Castro+FM&cauthor_id=28566137
https://pubmed.ncbi.nlm.nih.gov/?term=Meireles+PR&cauthor_id=28566137


6 Andrzej Kuźmiński, Justyna Przybyszewska, Zbigniew Bartuzi

Gastroenterology Review

13.	Warners M, Terreehorst I, van den Wijngaard RM, et al. Abnor-
mal responses to local esophageal food allergen injections in 
adult patients with eosinophilic esophagitis. Gastroenterology 
2018; 154: 57-60.e2.

14.	Molina-Infante J, Modolell I, Alcedo J, et al. Step-up empiric 
elimination diet for pediatric and adult eosinophilic esophagi-
tis: the 2-4-6 study. J Allergy Clin Immunol 2018; 141: 1365-72.

15.	Letner D, Farris A, Khalili H, et al. Pollen-food allergy syndrome 
is a common allergic comorbidity in adults with eosinophil-
ic esophagitis. Dis Esophagus 2018; 31: doi: 10.1093/dote/
dox122.

16.	Ram G, Lee J, Ott M, et al. Seasonal exacerbation of esoph-
ageal eosinophilia in children with eosinophilic esophagitis 
and allergic rhinitis. Ann Allergy Asthma Immunol 2015; 115: 
224-8.

17.	Fahey L, Robinson G, Weinberger K, et al. Correlation between 
aeroallergen levels and new diagnosis of eosinophilic esoph-
agitis in New York City. J Pediatr Gastroenterol Nutr 2017; 64: 
22-5.

18.	Larsson H, Bergquist H, Bove M. The incidence of esophageal 
bolus impaction: Is there a seasonal variation? Otolaryngol 
Head Neck Surg 2011; 144: 186-90.

19.	Rayapudi M, Mavi P, Zhu X, et al. Indoor insect allergens are 
potent inducers of experimental eosinophilic esophagitis in 
mice. J Leukoc Biol 2010; 88: 337-46.

20.	Wolf W, Jerath M, Dellon E. De-novo onset of eosinophilic 
esophagitis after large volume allergen exposures. J Gastroin-
test Liver Dis 2013; 22: 205-8. 

21.	Jensen E, Kuhl J, Martin L, et al. Prenatal, intrapartum, and 
postnatal factors are associated with pediatric eosinophilic 
esophagitis. J Allergy Clin Immunol 2018; 141: 214-22.

22.	Van Rhijn B, Van Ree R, Versteeg S, et al. Birch pollen sensiti-
zation with cross-reactivity to food allergens predominates in 
adults with eosinophilic esophagitis. Allergy Eur J Allergy Clin 
Immunol 2013; 68: 1475-81.

23.	Jensen E, Kuhl J, Martin L, et al. Early-life environmental expo-
sures interact with genetic susceptibility variants in pediatric 
patients with eosinophilic esophagitis. J Allergy Clin Immunol 
2018; 141: 632-7.e5.

24.	Capucilli P, Hill D. Allergic comorbidity in eosinophilic esopha-
gitis: mechanistic relevance and clinical implications. Clin Rev 
Allergy Immunol 2019; 57: 111-27.

25.	Lucendo A, Arias Á, Tenias J. Relation between eosinophilic 
esophagitis and oral immunotherapy for food allergy: a sys-
tematic review with meta-analysis. Ann Allergy, Asthma Im-
munol 2014; 113: 624-9.

26.	Hill D, Dudley J, Spergel J. The prevalence of eosinophilic esoph-
agitis in pediatric patients with IgE-mediated food allergy.  
J Allergy Clin Immunol Pract 2017; 5: 369-75.

27.	Bene J, Ley D, Roboubi R, et al. Eosinophilic esophagitis after 
desensitization to dust mites with sublingual immunotherapy. 
Ann. Allergy Asthma Immunol 2016; 116: 583-4.

28.	Petroni D, Spergel JM. Eosinophilic esophagitis and symptoms 
possibly related to eosinophilic esophagitis in oral immuno-
therapy. Ann Allergy Asthma 2018; 120: 237-40.

29.	Capucilli P, Hill D. Allergic comorbidity in eosinophilic esopha-
gitis: mechanistic relevance and clinical implications. Clin Rev 
Allergy Immunol 2019; 57: 111-27.

30.	Wright B, Fernandez-Becker N, Kambham N, et al. Baseline 
gastrointestinal eosinophilia is common in oral immunother-
apy subjects with IgE-mediated peanut allergy. Front Immunol 
2018; 9: 2624.

31.	Goldberg M, Nachshon L, Levy M, et al. Risk factors and treat-
ment outcomes for oral immunotherapy-induced gastrointes-
tinal symptoms and eosinophilic responses (OITIGER). J Allergy 
Clin Immunol Pract 2020; 8: 125-31. 

32.	Jin H, Trogen B, Nowak-Wegrzyn A. Eosinophilic esophagitis as 
a complication of food oral immunotherapy. Curr Opin Allergy 
Clin Immunol 2020; 20: 616-23.

33.	Wright B, Fernandez-Becker N, Kambham N, et al. Gastrointes-
tinal eosinophil responses in a longitudinal, randomized trial of 
peanut oral immunotherapy. Clin Gastroenterol Hepatol 2021; 
19: 1151-9.e14.

34.	Wasserman R, Hague A, Pence D, et al. Real-world experience 
with peanut oral immunotherapy: lessons learned from 270 
patients. J Allergy Clin Immunol Pract 2019; 7: 418-26.e4.

35.	Goldberg M, Nachshon L, Levy M, et al. Risk factors and treat-
ment outcomes for oral immunotherapy-induced gastrointes-
tinal symptoms and eosinophilic responses (OITIGER). J Allergy 
Clin Immunol Pract 2020; 8: 125-31.

36.	Straumann A, Lucendo AJ, Miehlke S, et al. Budesonide oro-
dispersible tablets maintain remission in a randomized, pla-
cebocontrolled trial of patients with eosinophilic esophagitis. 
Gastroenterology 2020; 159: 1672-85. 

37.	Nhu QM, Moawad F. New developments in the diagnosis and 
treatment of eosinophilic esophagitis. Curr Treat Options Gas-
troenterol 2019; 17: 48-62.

38.	Dilollo J, Rodriguez-Lopez E, Wilkey L, et al. Peripheral markers 
of allergen-specific immune activation predict clinical allergy in 
eosinophilic esophagitis. Allergy 2021; 76: 3470-8.

Received: 24.11.2023
Accepted: 27.04.2024
Online publication: 9.05.2024


