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ABSTRACT
Background: Dysphagia is the main symptom of adult EoE. We describe a novel 

syndrome, referred to as “Food-induced Immediate Response of the Esophagus” (FIRE), 

observed in EoE patients. 

Methods: FIRE is an unpleasant/painful sensation, unrelated to dysphagia, occurring 

immediately after esophageal contact with specific foods. EoE experts were surveyed to 

estimate the prevalence of FIRE, characterize symptoms and identify food triggers. We 

also surveyed a large group of EoE patients enrolled in the Swiss EoE Cohort Study 

(SEECS) for FIRE

Results: Response rates were 82% (47/57) for the expert- and 65% (239/368) for the 

patient-survey, respectively. Almost 90% of EoE experts had observed the FIRE 

symptom-complex in their patients. Forty percent of EoE patients reported experiencing 

FIRE, more commonly in patients who developed EoE symptoms at a younger age 

(mean age of 46.4 vs. 54.1 years without FIRE; p<0.01) and in those with high allergic 

comorbidity. FIRE symptoms included narrowing, burning, choking and pressure in the 

esophagus appearing within 5 minutes of ingesting a provoking food that lasted less than 

2 hours. Symptom severity rated a median 7 points on a visual analogue scale from 1-10. 

Fresh fruits/vegetables and wine were the most frequent triggers. Endoscopic food 

removal was significantly more commonly reported in male patients with vs. without FIRE 

(44.3% vs. 27.6%; p = 0.03).

Conclusions: FIRE is a novel syndrome frequently reported in EoE patients, 

characterized by an intense, unpleasant/painful sensation occurring rapidly and 

reproducibly in 40% of surveyed EoE patients after esophageal contact with specific 

foods.
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1 INTRODUCTION

Eosinophilic esophagitis (EoE) is a chronic inflammatory disease, defined clinically 

by symptoms of esophageal dysfunction and histologically by eosinophil-predominant 

inflammation. (1, 2) The clinical portion of this definition relies purely on patient reported 

outcomes (PROs), whereas the histological portion involves the quantitative 

determination of eosinophilic infiltration which serves as a biological marker, although 

pathological findings in addition to tissue eosinophilia are important. The inclusion of 

PRO’s in the disease definition, and the fact that dysphagia is often an undisclosed 

complaint, illustrate the importance of physician awareness of this disease in order to 

avoid unnecessary diagnostic delay. 

The main function of the esophagus is the transport of nutrients from the oral 

cavity to the stomach. Based on functional studies, in particular high resolution 

manometry (HRM), we know that this voluntarily initiated act lasts only a few seconds 

under healthy conditions. Solid food dysphagia up to food impaction is the hallmark-

symptom in adults with EoE. Thus, EoE patients are often asymptomatic except when 

they ingest solid food. In children the spectrum of symptoms is broader including food 

refusal in addition to chest and/or abdominal pain, likely due to the inability of children to 

precisely articulate complaints. (3–5)

Over the past few years our increasing clinical experience identified EoE patients 

reporting symptoms that were different than manifestations of altered esophageal 

transport, such as dysphagia and food impaction. Patients reported a previously 

undescribed esophageal symptom complex consisting of discomfort occurring exclusively 

and rapidly after esophageal contact with specific foods, such as certain fruits or nuts. 

Due to the intense and often frightening symptoms patients typically have avoided any 

further exposures to the inciting food(s). Although, the descriptions had several features 

in common with Food Pollen Allergy Syndrome (FPAS; formerly referred to as Oral 

Allergy Syndrome [OAS]), the site of symptoms was unequivocally the esophagus and 

retrosternal region rather than the oropharynx, clearly separating these patients’ reports 

from FPAS. (6–8) Of note, most patients also explicitly distinguished this symptomatology 

from either solid food dysphagia or reflux symptoms. A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

The purposes of this study were 1) to evaluate amongst a large group of EoE-

experts in Europe and the USA whether such a phenomenon was independently 

observed in individual clinical practices across physicians; 2) to characterize this novel 

EoE-related symptom-complex using the perspective of physicians; 3) to receive a 

comprehensive description of this syndrome from the perspective of a large number of 

EoE patients; and 4) to roughly estimate the prevalence of this syndrome among the EoE 

population.
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2 METHODS

2.1 Definitions and Design of the Study
Increasing clinical recognition of atypical symptoms in EoE patients led to a face to 

face meeting on May 7, 2017 of pediatric and adult gastroenterologists and allergists. 

Participants reached a consensus to perform a survey involving physicians experienced 

in the treatment of EoE patients and patients affected with EoE, to assess the 

phenomenon “food-induced immediate response of the esophagus” (FIRE) from the 

experts’ and patients’ perspective. Physicians experienced clinically and scientifically in 

the field of EoE were considered as EoE experts.

Clinical experiences of the group were gathered and consensus opinion identified 

that FIRE was defined as: 

1. symptoms of an unpleasant or painful retrosternal sensation,

2. symptoms occurring immediately and reproducibly after contact of the esophageal 

surface with a particular food or drink,

3. symptoms appearing separately from and unrelated to the well-characterized 

swallowing difficulties (i.e. dysphagia or food impaction) in EoE.

Exclusionary symptoms included a delayed passage or even interruption of the 

swallowing process specifically occurring when swallowing solid, dry or fibrous foods (i.e. 

typical solid food dysphagia), and any symptoms consistent with gastroesophageal reflux 

disease were deliberately not included in the reporting of FIRE.

2.2 Physicians’ Survey
The investigators developed a physician-oriented questionnaire with the purpose of 

determining 1) whether other providers who cared for EoE patients encountered FIRE in 

their EoE patients and 2) to obtain detailed information regarding the frequency, timing, 

clinical manifestation and triggers of these reactions. In addition, defined patient 

characteristics were recorded. (physicians’ questionnaire, S-Table 1). This questionnaire 

was distributed to EoE-experts in Europe and the USA, selected by the group of authors 

based on previous scientific and clinical contributions and recognized expertise in the 

field.A
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2.3 Patients’ Survey
Results of the physician survey were discussed by the investigators at a second face to 

face meeting on June 4, 2018. In order to gain more clarity regarding the initial findings, a 

patient survey was developed that assessed the following items: 1) whether patients 

experienced immediate reactions in their esophagus upon ingestion of specific foods or 

beverages and 2) comprehensive descriptions of their reactions including the triggering 

food categories. Patients were informed that they should disregard the well-known EoE-

associated solid food dysphagia and symptoms of gastroesophageal reflux disease 

(patients’ questionnaire, S-Table 2). 

The questionnaires were distributed among all patients, that had previously given 

their written informed consent for inclusion into the Swiss EoE Cohort Study (SEECS) 

and who were treated at the Swiss EoE Clinics in Zurich and Olten, Switzerland. In total 

368 patients with previously confirmed diagnosis of EoE according to established criteria 

[4] were invited to participate either via mail or in the outpatient clinics by a sub-group of 

authors (PS, LB, TG and AS). The study was supported by the Swiss National Science 

Foundation (SNF Grant 32473B_160115) and was approved by the local ethics 

committee (EKNZ 2015-388). All data were anonymized.

2.4 Statistical Analyses

All collected data were anonymized and entered into a database. Results of 

quantitative data are presented as median plus interquartile ranges (IQR) and range for 

non-normally distributed data or mean ± SD and range for data with normal distribution, 

whereas categorical data are summarized as the percentage of the group total. The 

Mann-Whitney test Chi-Square test and t-test were used to analyze potential differences 

between groups for nonparametric and parametric quantitative data, respectively, and for 

difference among categorical variables. A p-value of <0.05 was considered statistically 

significant. All statistical analyses were performed using Prism (version 7, GraphPad 

Software, La Jolla, CA, USA).
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3 RESULTS

3.1 Physicians’ Survey
The survey was sent to 57 physicians and 47 responded (response rate 82.5%), 

consisting of 25 gastroenterologists, 21 allergists and one epidemiologist, all of whom 

were familiar with EoE. Physicians treated adult, pediatric or both patient groups (40.4%, 

38.3% and 21.3%, respectively). Almost 90% of these EoE-experts declared that a Food-

induced Immediate Response of the Esophagus (FIRE) at least “may” exist in patients 

with EoE according to a Likert scale from 1-5, with “may exist” (3), “is likely to exist” (4) 

and “absolutely does exist” (5) in 30.4%, 30.4% and 26.1%, respectively. In contrast, only 

a minority stated that FIRE is “unlikely to exist” (2; 8.7%) or “absolutely does not exist” (1; 

4.4%). The majority of experts estimated the prevalence of FIRE symptoms in the EoE 

population between <5% and 20%. (Figure 1). 

FIRE was most frequently characterized as burning, painful and narrowing with a 

sensation of heat and pressure on the chest by physician (S-Figure 1). Milk products, 

wheat, nuts and fruits were considered to be the most frequent offending food products 

(S-Figure 2 illustrating whether physicians considered candidate food items as typically 

FIRE-provoking).

About a third of experts considered certain beverages in addition to solid food to also 

trigger FIRE in EoE patients (35.5%), while another third did not identify any role of 

beverages in FIRE (32.3%). Physicians who attributed a role of certain beverages in 

inducing FIRE symptoms, wine, beer and milk (29.4%, 23.5% and 23.5%, respectively), 

rated these beverages as rather typical or very typical in inducing FIRE symptoms) (S-

Figure 3). 

The onset of FIRE symptoms after food ingestion ranged from 1 to 60 minutes and 76.7% 

of patients had onset within 5 minutes. The typical duration of an episode of FIRE 

randged from < 10 minutes to 6 hours. The duration was <30 minutes in 72.4% and <2 

hours in 96.5% of patients (Figure 2).A
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A majority of 48.3% of EoE-experts felt that typical EoE patients with FIRE did not differ 

in terms baseline clinical characteristics from their counterparts without FIRE, with 

however a large fraction of undecided responses (41.4%). In contrast 10.4% thought that 

patients with vs. those without FIRE differed in terms of one or more epidemiological 

features. Likewise, 58.1% think of FIRE as a chronic/recurrent/reproducible phenomenon 

in EoE patients and only 12.9% considered it a temporary phenomenon, resolving over 

time (29.3% could not decide based on their current clinical experience). While FIRE is 

felt to be seen more often in patients with active EoE by 35.5%, 22.6% of physicians also 

considered FIRE a phenomenon independent of EoE activity (S-Figure 4).

3.2 Patient Survey

In total, 239 of 368 patients responded to the questionnaire (response rate 64.9%). 

Table 1 provides an overview of baseline characteristics of the patient cohort. 

The prevalence of FIRE amongst all patients was 39.7% (95/239) (i.e. positive response 

to the key question, Nr.6, from our questionnaire, Supplementary Table 1: “Did you ever 

experience an unpleasant or even painful sensation in the mouth, throat or esophagus 

(behind the breastbone), which is different from, and unrelated to, the well-known 

swallowing difficulties, immediately after the ingestion of a particular food or drink? (We 

are not referring to the typical EoE symptoms with a slight choking or even blockade in 

the swallowing process specifically occurring when swallowing solid, dry or fibrous 

foods). There was no significant difference in FIRE prevalence in male vs. female 

patients (41.7% vs. 35.2%). Of note, patients with FIRE were significantly younger than 

their counterparts without FIRE (mean age of 46.4 vs. 54.1 years; p<0.01). Likewise, we 

observed a younger age of EoE symptom onset (mean age at symptom onset of 28 vs. 

35.6 years, standard deviation 12.6 vs. 15.4 years; p<0.01) as well as diagnosis of EoE 

(mean age at diagnosis of 35.1 vs. 43.3 years, standard deviation 13.9 vs. 14 years, 

p<0.01). Interestingly, the presence of FIRE was associated with a significant increase in 

diagnostic delay in patients with vs. without FIRE (8.2 vs. 7.5 years, p<0.01; Figure 3).A
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3.2.1 Allergic Diseases and FIRE 
The prevalence of allergic diseases was 58.2% (139/239). We observed significantly 

more allergic diseases in general and allergic rhino-conjunctivitis (ARC) as well as FPAS, 

in FIRE patients compared to patients without FIRE, (allergies overall 69.2 vs 53.2%, 

p=0.02; ARC 51.6% vs. 33.3%, p<0.001; FPAS 26.3% vs. 11.1%, p<0.01). In contrast, 

prevalence of allergic asthma and food allergies was similar in the two groups. 

3.2.2 History of Food Bolus Impaction Requiring Endoscopic Intervention and FIRE
One third of the entire cohort (81/239; 33.9%) reported having suffered from food bolus 

impaction that had to be removed endoscopically. There was a trend toward a higher 

percentage of patients in need of endoscopic food bolus removal was higher in patients 

with vs. without FIRE (40% vs. 29.9%; p = 0.09). In contrast, taking only male patients 

into consideration, we observed a significant association of FIRE with a prior history of 

endoscopic food bolus removal (44.3% vs. 27.6% in male patients without FIRE, p = 

0.03; 30.4% vs. 34.8% in female patients, n.s.; S-Figure 4).

3.2.3 Characteristics of FIRE and associated Symptoms
The median intensity of FIRE symptoms on a visual analogue scale (VAS) from 1-10 with 

1 as the lowest and 10 as the highest intensity was 7 (IQR, 5-8; range 2-10). The 

distribution of patient reported FIRE intensity is depicted in Figure 4. 

Although there was a considerably wide distribution of patient reported FIRE intensity, the 

majority of patients reported an intensity as high as 8 out of 10, leading to the overall 

result that 50% of patients reported high intensity scores between 7-10. 

The latency, i.e. the interval between ingestion of the FIRE-triggering food or beverage 

and the onset of symptoms, was less than 5 minutes in the majority of EoE patients 

experiencing FIRE symptoms (Figure 5A). The duration of FIRE symptoms was reported 

to be shorter than 120 minutes in the majority of patients (Figure 5B). The most frequent 

triggering foods and beverages are depicted in Figure 6A. The characteristic features of 

FIRE most commonly reported by patients were a narrowing and burning sensation with 

a feeling of pressure and a choking sensation (Figure 6B). Anxiety, was also a typical A
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symptom of FIRE, according to a third of patients. Further, several patients reported the 

experienced sensation in FIRE as resembling a cramp or prick. These patient-reported 

characteristics were in line with the results from the free-text question (No. 16), with the 

aforementioned attributes most frequently mentioned and in addition “panic”, “scraping”, 

“squeezing” or “itching”. 

While the majority of patients did not experience an increase in dysphagia during the few 

days immediately after experiencing FIRE (68.4%), almost one third (29.5%) had more 

difficulties swallowing in the subsequent days (don’t know / not sure 1.1%).

FIRE was reported to occur only when EoE was active in 28.4% of patients, whereas 

38.9% of patients considered FIRE to occur independent of EoE activity (FIRE only when 

EoE is inactive: 3.2%; don’ t know / not sure: 28.4%). 

Regarding the temporal occurrence of FIRE in relation to the first manifestations of EoE, 

31.6%, 24.2% and 15.8% of patients stated, that FIRE had occurred prior, after or 

simultaneous to the first EoE symptoms, respectively (don’t know / not sure: 24.2%). The 

intensity of FIRE symptoms over time remained roughly stable in 34.7% of patients, while 

worsening and improvement was reported by 25.3% and 13.7%, respectively (don’t know 

/ not sure 13.7%). In 12.7% of patients, FIRE symptoms had completely resolved after a 

median of 4 years.
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4 DISCUSSION

This report describes a newly recognized, clinically defined syndrome associated 

with EoE.  Based on our findings and the esophageal origin of symptoms in these EoE 

patients, we propose the acronym FIRE: Food-induced Immediate Response of the 

Esophagus. This syndrome encompasses esophageal symptoms occurring rapidly after 

contact of the esophageal surface with a specific food. Like Pollen Food Allergy 

Syndrome (PFAS), FIRE is triggered by fruits and vegetables but FIRE symptoms, like 

EoE, originate in the esophagus instead of the oro-pharyngeal cavity. In contrast to 

PFAS, FIRE symptoms include pain as well as those suggestive of esophageal 

constriction, whereas in PFAS itching represents a prominent symptom. In addition, the 

patient reported symptoms suggest that FIRE occurs in the absence of the typical 

symptoms of PFAS. Whether the pathogenesis of FIRE symptoms are represented within 

the context of EoE or are unrelated is not certain but recognition of this syndrome may 

provide initial clues toward establishing the diagnosis of EoE.

Based on multiple clinical observations made by EoE-experienced physicians in 

the US and in Europe, and based on a comprehensive assessment of its features from 

expert- and patient-perspectives, we can provide a fairly clear picture of FIRE, identified 

by the following most important characteristics:

 First, FIRE is characterized by pronounced retrosternal symptoms strictly linked to 

the ingestion of a specific food or beverage, usually appearing shortly after the 

exposure with a latency of less than 5 minutes with limited duration, as most 

patients perceive symptoms for less than 30 minutes. 

 Second, despite the rather limited temporal impact of the symptoms, FIRE has a 

considerably high symptom intensity, graded by at least half of the patients as 7 or 

more on a 1-10 visual analog scale. Likewise, and in addition to the intensity of the 

symptoms, the impact on the patient is exemplified by the character of associated 

symptoms including perceptions of anxiety as well as chest pains or burning 

sensations in about 30 to 40% of patients. As a consequence, patients usually try 

to carefully avoid further exposures.A
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 Third, FIRE appears to be associated with distinctive baseline characteristics of 

the underlying EoE, in particular a younger age at symptom onset and at 

diagnosis, a high incidence of co-morbid atopic disease and a high prevalence in 

men with previous food bolus impaction requiring endoscopic removal.

Our data show that FIRE has a surprisingly high prevalence among adult EoE 

patients. EoE expert estimates reach 20%, whereas patient reports reach close to 40%. 

However, it is uncertain whether this syndrome is strictly linked to EoE or if it affects 

patients without EoE. To date, no corroborative reports have been published.

The detailed clinical description of this phenomenon suggests that under the 

conditions associated with EoE contact of specific foods with the esophageal surface can 

rapidly and reproducibly evoke impressive symptoms. Of note, today the mechanisms 

leading to this phenomenon remain undetermined. It is even possible that more than one 

mechanism may be involved. The definition of this symptom complex is therefore 

currently formulated without requiring determination of the pathogenesis. Interestingly, a 

small study reported an immediate (and also a delayed) response in the esophagus upon 

the injection of six different allergen extracts in patients with EoE but not in control 

subjects (9). In addition, some similarities with PFAS and the high co-morbidity with 

allergic diseases are indicators that, in at least a portion of the patients, an immediate 

allergic response of the esophageal mucosa likely induces the symptoms of FIRE. A 

chemical irritation of the inflamed mucosa and the well-known hypersensitivity of the 

esophagus in EoE (10) are other potential explanations for FIRE in some patients. A 

more detailed understanding of the pathogenic mechanisms underlying this immediate 

local reaction has the potential to improve our overall understanding of immune reactions 

in the esophagus and perhaps the genesis of symptoms in EoE.
 

Results of several studies treating EoE with protein-free elemental diets have 

consistently shown that EoE is triggered by food proteins in over 90% of the patients. (11) 

The identification and elimination of causative foods offers the option of a drug-free 

treatment. Of note, EoE is not simply an IgE-mediated food allergy. (12, 13) 

Unfortunately, the search for causative foods is still a challenge, because IgE-based tests A
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– e.g. skin prick tests, determination of food-specific serum IgEs – do not reliably identify 

triggering foods in EoE. If and how many patients with FIRE have positive skin tests to 

the foods that trigger their FIRE remains to be determined. Whether foods and beverages 

triggering FIRE are causing EoE as well remains to be clarified. Of note, there was only a 

small overlap between food items associated with EoE with the identified triggers of 

FIRE, such as for instance with milk, which was however more frequently identified as a 

FIRE trigger by physicians as opposed to patients. It remains unclear, if triggers of FIRE 

might sustain or even cause EoE. In this respect, the temporal relationship with FIRE 

symptoms antecedent to EoE diagnosis in about a third of patients is noteworthy also in 

view of the discussion of a potential causal relationship of oral immunotherapy in IgE-

mediated food allergies and subsequent de novo EoE (14). In case of such a potential 

relationship of FIRE triggers and EoE, FIRE could aid in identifying foods that should be 

eliminated from a given patient’s diet, although because of the severity of their FIRE 

symptoms, most patients avidly avoid them anyway.

Our work has several strengths and limitations. The confirmation of this newly 

observed phenomenon by a large group of physicians with significant experience in the 

field of EoE in several European countries and the USA represents a strength. Further, 

our findings are based on a comprehensive survey of both EoE-experts and patients 

affected by EoE. Answers to the questionnaires from physicians and patients were 

anonymized and most importantly, patients responded to the questions without input from 

the physicians treating their EoE, which would have invariably introduced the potential of 

bias or (involuntary) suggestion towards any desired responses. Finally, the high 

response rates to physician- and patient-questionnaires considerably minimized the risk 

of response bias.

Certainly, our study has several limitations. We cannot rule out the possibility that 

physicians and patients participating in the surveys were prone to suggestion due to the 

simple description of the possibility of such an immediate response upon food ingestion 

at the beginning of the questionnaire. However, we deliberately designed the introductory 

wording of the questionnaires to be as short and neutral as possible. Evidently and as 

applies to every questionnaire study, our investigation remains on a completely 

descriptive level. Our study did neither objectify endoscopic/histologic disease activity nor A
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concomitant medication. We also did not perform any longitudinal analyses regarding 

intensity of FIRE symptoms during induction treatment for EoE. We therefore cannot 

determine, whether disease activity or lack of response to initiated treatments for EoE 

impact on FIRE symptoms. According to the limited available information from the 

questionnaires FIRE does not appear to be strongly related to persistent esophageal 

inflammation or refractory disease. Physicians’ and patients’ responses were rather 

congruent although reflecting some uncertainty, with roughly a third in favor of an 

association of disease activity and FIRE, whereas the majority of responders were either 

uncertain or considered FIRE to be a phenomenon independent of disease activity of 

underlying EoE (the latter reported by almost 40% of patients). By design of the study, 

the classification of patients’ symptoms was not physician based but patient reported. 

Therefore, we cannot absolutely rule out, that an erroneous overlap with PFAS occurred 

in a few patients. However, amongst our patients with FIRE, none reported an exclusive 

localization of symptoms in mouth/tongue and/or throat, i.e. all patients reported 

symptoms in their esophagus (behind the breastbone) and/or chest and/or upper 

abdomen. Furthermore, due to the design of this study we cannot determine, whether 

there are differences in FIRE triggers between the United States or Europe.

In conclusion, this is the first systematic report on FIRE, a novel clinically defined 

syndrome characterized by an intense, localized, esophagus-attributed sensation, 

occurring in a large portion of EoE patients rapidly after, and linked to, the ingestion of a 

specific food or beverage. Despite some similarities, FIRE symptoms are different from 

symptoms of PFAS. Further investigation of the phenomenon FIRE will ultimately 

advance our current understanding of the overall pathogenesis of EoE and better define 

the overlap of EoE with other atopic diseases. 
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TABLE

Table 1

Patient number, n 239

Sex, male/female, n (%) 168/71 (70.3%/29.7%) 

Current age; years, mean (range, SD) 51 (20-89, 14.4)

Age at symptom onset; years, median (range, IQR) 31 (6-79, 20-44)

Age at diagnosis; years, mean (range, SD) 40.2 (6-85; 14.5)

Diagnostic delay; years, median (range, IQR) 5 (0-52; 1-12)

Presence of allergic diseases, n (%) 139 (58.2%)

History of bolus obstruction, n (%) 81 (33.9%)

Table 1. Demographic and disease-specific characteristics of the EoE patients included 

in the survey
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FIGURE LEGENDS

Figure 1: Estimated Prevalence of FIRE Symptoms within the EoE-Population. 

The percentage of EoE-patients affected by FIRE as estimated by EoE experts 

(percentage of EoE expert physicians on y-axis) is depicted (unsure refers to the answer 

“I can’t decide this according to my current experience”).

Figure 2: Typical duration of FIRE symptoms and latency.  

The estimated typical interval between ingestion of FIRE-triggering agent and occurrence 

of symptoms (A) and the estimated typical duration of FIRE symptoms (B) as estimated 

by EoE-experts (percentage of EoE expert physicians on y-axis) are shown (sec. = 

seconds; min. = minutes; h. = hours).

Figure 3: Age and diagnostic delay in FIRE vs. No-Fire patients. Current age, age at 

symptom onset and at diagnosis, as well as diagnostic delay according to presence or 

absence of FIRE are depicted (error bars represent standard deviation).

Figure 4: Intensity of FIRE symptoms.

The reported intensity of FIRE symptoms according to a Visual analogue Scale (VAS) 

from 1-10 with the number of patients (y-Axis) is depicted.

Figure 5: Duration and latency of FIRE. 

Temporal sequence of FIRE with latency (A) of symptoms and duration (B) upon 

ingestion of provoking food items.

Figure 6A, B: Pareto chart of most the frequent triggers (A, multiple answers possible) 

and characteristic features (B, multiple answers possible) of FIRE. A
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Patients had to report in a free-text field those foods or beverages they considered to 

induce FIRE symptoms. Several items not fitting in one of the categories are reported as 

“miscellaneous”, including mustard, chestnut, meat, chocolate, rice, and bread (A). 

Patient were to report from a given selection of characteristic features with multiple 

selections possible (from 1 – if only one feature - to 12 – if all given features would apply, 

B).Cumulative frequency of all given answers is depicted by the orange line and 

represented on the rights y-axis.)
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Supplementary Figures

S-Figure 1: Characteristic of FIRE Symptomatology according to physicians. Physicians were asked to provide a

rating from 1 to 5 (1 Very untypical /can’t remember having heard about from patients; 2 Rather untypical

/seldom, if all heard about from patients; 3 Not sure / possible / could be; 4 Rather typical / heard about from

my patients from time to time, 5 Very typical/ frequently or often heard about from my patients’ description)

according to their personal experience from their patients’ reports.



S-Figure 2: Physicians’ rating on typical FIRE offending food agents with 1,very untypical; left; 2,rather untypical

/seldom; 3, Not sure / possible; 4,rather typical; 5,very typical/ frequently, right.





S-Figure 3: Physicians’ rating on how typical certain beverages are FIRE offending food agents with 1,very

untypical; left; 2,rather untypical /seldom; 3, Not sure / possible; 4,rather typical; 5,very typical/ frequently,

right. This question was only to be answered if question 8 (“Would you according to your experience consider

that certain beverages may induce a FIRE-phenotype symptomatology in your EoE patients?”) was answered

with“yes”.



S-Figure 4: Frequency of occurrence of FIRE symptoms according to activity of disease.



Supplementary Tables



FI(I)RE questionnaire

Food-induced immediate response of Esophagus

Dear colleague,

With the following questionnaire, we would kindly like to ask for your personal experience and
opinion regarding a distinct clinical symptomatology, we have independently and repetitively been
observing in a fraction of our patients with EoE. The complex of symptoms we are referring to may be
characterized as a distinctive clinical reaction in some of our EoE patients with a rather immediate
occurrence of substernal chest discomfort subsequent to the ingestion of certain triggering foods
(potentially also beverages) – i.e. an immediate response/reaction of the esophagus induced by
foods. In the following, we would like to kindly ask you to fill out this survey to let us know more on
YOUR clinical experience regarding this observation. Thank you very much for your highly appreciated
response to share your clinical insights with all of us. With this questionnaire we aim to investigate,
whether a similar clinical picture has been observed by a larger fraction of expert physicians involved
in the treatment of EoE and if this is the case better characterize this phenomenon with publication of
the overall results.

Before we get started, please provide us some general personal information regarding your clinical
setting:

Name and surname: _____________

I am a: ○ gastroenterologist ○ allergist ○ other

with a special interest in EoE: ○ yes ○ no

I see mainly the following group of patients: ○ pediatric ○ adult ○ both

I am mainly a: ○ researcher ○ clinician ○ both

Offending Agents – “FIRE-starters”

1.Please note down which type of foods you have heard as offending agents to an immediate
esophageal response in your patients. Please list all agents you have heard described as offending
agents according to your experience in your patients.

Milk products ○ Seafood’s / shell fish ○
Wheat ○ Rice ○
Egg ○ Meat ○
Nuts ○ Fruits ○
Vegetables ○ Poultry ○
Corn ○ ○
Others, please specify ○

○
○
○
○
○



1. According to your clinical experience, do you believe that there IS such a thing as Food-induced
Immediate Response of the Esophagus (FIRE) in a fraction of patients with EoE? (single answer from
on a scale from 1-5)

○ 1: FIRE does not exist at all

○ 2: FIRE is unlikely to exsist at all, but I would not rule out, that it exists in some EoE patients.

○ 3: FIRE may exist in EoE patients

○ 4: FIRE is likely to exist in EoE patients

○ 5: FIRE absolutely does exist in EoE patients).

2. Please provide a rating for any of the given specific food triggers you would consider as being
typical triggers for FIRE symptomatology according to your experience in your patients

1 Very untypical /can’t remember having heard about from patients
2 Rather untypical /seldom, if all heard about from patients
3 Not sure / possible / could be
4 Rather typical / heard about from my patients from time to time
5 Very typical/ frequently or often heard about from my patients’ description

Product Rating Product Rating
Apple Citrus fruits
Banana Melon
Pineapple Tomato
Plum Pear
Peach Bell pepper
Avocado Apricots
Milk products Peach
Wheat Seafood’s / shell fish
Egg Rice
Nuts Meat
Vegetables Fruits
Corn Poultry
If others please specify
-
-
-
-
-
-

3. Would you according to your experience consider that certain beverages may induce a FIRE-
phenotype symptomatology in your EoE patients?

continue with question 4

○ no I do not think that certain beverages induce FIRE in EoE patientscontinue with question 5



consider these symptoms to be different from the “typical” FIRE symptoms induced by offending
foodscontinue with question 5

○ I can’t decide this according to my current experiencecontinue with question 5

4. With reference to your answer to question 3, please provide a rating for any of the given specific
beverages you would consider as being typical triggers for FIRE symptomatology according to your
experience in your patients. Please tick 1-5 for any of the given beverages according to your opinion
(see rating question 2)

Product Rating (1-5) Product Rating (1-5)
Coffee Wine (any)
Beer Cow’s milk
Wine (red) Soy milk
Wine (white) Liquor (e.g. Whiskey,

cognac, grappa etc.)If others please specify
-
-
-
-
-
-

Qualitative Description of Symptom:

5. Please provide us a short list of adjectives/verbs that would according to your experience best suit
to characterize the symptomatology of FIRE?

___________

___________

___________

___________

6. Please provide a rating for any of the given specific characterizations of typical FIRE
symptomatology as have been reported to you from your patients according to your experience.
Please keep in mind that we do refer to symptoms that primarily occur (or are perceived by the
patient to occur, respectively) within the esophagus potentially also including the pharyngeal region
but not primarily within the oral cavity (the latter being more indicative for oral allergy syndrome
(OAS). (see rating question 2)

Symptom Rating (1-5) Symptom Rating (1-5)
Oppressing Chocking
Burning Frightening
Crampy Causing numbness
Painful Feeling swollen
Like a knife Sensation of acute obstruction
Sensation of heat Collapsing feeling
Narrowing Acute chest pain



Pressure on the chest Radiating pain starting from the
esophageal region

Quantitative Description:

7. Please provide us a visual analog scale (VAS) of your estimated mean overall average
quantitativesymptom intensity your patients have been experiencing symptoms of FIRE according to
your judgement between 1-10 (1= almost no symptoms perceived at all; 10=strongest symptoms
your patients could imagine).

VAS (1-10):___________

8. Please provide us your estimation of a typical/average range of overall quantitative symptom
intensity in your patients EoE patients with FIRE having in mind, that the severity of symptoms per
given patient could be substantially variable according to a VAS between 1-10

VAS (1-10):___________

Temporal Evolution of symptoms:

In the following questions we will be inquiring several aspects of temporal evolution of symptoms
after ingestion of the offending foods.

9. What is the typical average interval between ingestion of the offending foods and firstoccurrence
of symptoms?

Time following ingestion of the foods
A few seconds ○
5-10 minutes ○
Within 30 minutes ○
30 – 60 minutes ○
1 – 2 hours ○
> 2 hours ○

10. What is the typical duration of any symptoms?

Duration symptoms
< 10 minutes ○
10 – 30 minutes ○
30 – 120 minutes ○
2 – 6 hours ○
6 - 24 hours ○
> 24 hours ○

Epidemiology/associated conditions

11. Which of the following answers would you rather tend to agree upon according to your
experience with EoE patients with FIRE?



one or more epidemiological itemscontinue with question 12

according to one or more epidemiological itemscontinue with question 13

○ I can’t decide this according to my current experiencecontinue with question 13



12. A typical EoE patient with symptoms of FIRE compared to an average patient with EoE

Characteristics Description FIRE patients are / have
Sex ○ more commonly males

○ more commonly females
○ comparable / unsure

Age ○ more commonly younger patients

○ comparable / unsure
Education

○ comparable / unsure
Concomitant atopic
diseases atopic history

○ comparable / unsure
Concomitant oral allergy
syndrome (OAS)

○ comparable / unsure
Concomitant systemic
symptoms (e.g. anxiety,
diaphoresis, pallor)

○ more commonly systemic symptoms
○ less commonly systemic symptoms
○ comparable / unsure

General Aspects about FIRE

13. How sure would you consider yourself according to your clinical experience, that there IS such a
thing as FIRE in a fraction of patients with EoE? (i.e. symptoms of an immediate reaction in the
esophagus after ingestion of certain foods/beverages)

I am very sure ○
I am quite sure ○
I rather feel yes ○
I don’t know. I just can’t tell, based on my clinical experience ○
I rather feel no, there isn’t ○
I am quite sure that there isn’t ○
I am very sure, that there isn’t ○

14. What is your rough estimate of the fraction of EoE patients with any symptoms compatible with
FIRE according to your clinical experience?

0% (there is NO FIRE in EoE) ○
<5% of EoE patients ○
between 5-10% of EoE patients ○
between 10-20% of EoE patients ○
between 20-40% ○
> 40% of EoE patients ○
I can’t decide this according to my current experience ○



15. Providing that a certain fraction of EoE patients would have symptoms compatible with FIRE
according to your experience – do you think, this is an exclusive symptomatology only in patients
with EoE?

○ Yes, I think this is absolutely or nearly exclusive to EoE

-EoE
subjects, albeit to a far lesser common extent

○ No, I think this is about evenly distributed in EoE and non-EoE subjects. Thus, FIRE is most likely
NOT associated with EoE at all

○ No, I even think that these symptoms occur more frequent in non-EoE subjects, for example in
patients with (e.g. other allergic/atopic disease etc.)

___________

___________

___________

○ I can’t decide this according to my current experience

16. Which of the following statements are most adequate regarding FIRE

○ FIRE is a temporary phenomenon that resolves over time

○ FIRE is a chronic phenomenon

○ I can’t decide this according to my current experience

17. FIRE is more frequently seen in patients with

○ Active EoE

○ EoE in remission

○ Independent of disease activity

○ I can’t decide this according to my current experience

18. Which of the following acronyms/descriptions would you consider most adequate and suitable to
describe the esophageal response to food intake discussed in this survey?

○ Food-induced Immediate Response of Esophagus (FIRE)

○ Food-induced Immediate Reaction of Esophagus (FIRE)

○ Food-induced Immediate Response of Esophagus Syndrome (FIRE-Syndrome*)

○ Food-induced Immediate Reaction of Esophagus Syndrome (FIRE-Syndrome*)

would
rather go into another direction and suggest and other term:



___________

___________

___________

___________

*the addition of syndrome would refer to the observation, that extraesophageal symptoms, such as
anxiety, diaphoresis, and pallor might be associated with FIRE

19. Which of the following acronyms/descriptions would you prefer?

○ FIRE

○ FIIRE (second “I” for immediate)

rather go into another direction and suggest and other term:

___________

___________

___________

S-Table 1: Physicians’ Questionnaire



Questionnaire for Patients with Eosinophilic
Esophagitis (EoE)

1. Age

2a.Do you suffer from allergies (ever been diagnosed with) in addition to your EoE?:

○ NO ○ YES

2b. In case you have answered yes to question 2a: which allergies? (multiple answers
possible):

○ eczema ○ allergic asthma

○ oral allergy syndrome (edema/itching in the mouth) ○ food allergies (in case YES,
please provide a list of the food items …………………………………………………………………..)

3. At what age did you notice dysphagia for the first time?                                           years

4. At what age has your EoE been diagnosed including endoscopy?                             years

5. Have you ever suffered from a long-standing occlusion or blockade of the esophagus in
need for endoscopic food bolus removal? ○ NO ○ YES

6.Did you ever experience an unpleasant or even painful sensation in the mouth, throat or
esophagus (behind the breastbone), which is different from, and unrelated to, the well-known
swallowing difficulties, immediately after the ingestion of a particular food or drink? (We are
not referring to the typical EoE symptoms with a slight choking or even blockade in the
swallowing process specifically occurring when swallowing solid, dry or fibrous foods).

○ NO You have already reached the goal and the questionnaire is over. Many
thanks for your cooperation

○ YES Please continue on the next page with question number 7



7.Please provide us below a list of those foods and drinks that are most likely to trigger this
unpleasant or even painful sensation in the mouth, throat or esophagus (multiple answers
possible):

……………………………………………………………

……………………………………………………………

……………………………………………………………

……………………………………………………………

8.Have you ever been treating your EoE with an elimination dieat?

○ NO (Please continue with question number 10)

○ YES In case Yes, have you ever experienced immediate response, being entirely different
from the difficulties in swallowing, that you are familiar with from your EoE?

○ NO (Please continue with question number 10)

○ YES In case Yes, please provide us a list of these food items and tell us, whether
these items were involved in the re-introduction process after elimination:

……………………………………………………………

9a. If this unpleasant / painful feeling occurs to you, where do you feel it? (multiple answers
possible)

○ Mouth/tongue

○ Throat

○ Esophagus (behind the breastbone)

○ chest (diffuse)

○ upper abdomen (stomach region)

9b. Is it easy for you to locate this unpleasant/painful feeling?

○ YES, I can precisely loclaize it.

○ NO, it is rather diffues and diffficult to localize

10. How strong do you think is this unpleasant /painful feeling? (rating on a scale from 1 to
10, with 10 being the strongest, please only one answer)



○ 1 ○ 2 ○ 3 ○ 4 ○ 5
○ 6 ○ 7 ○ 8 ○ 9 ○10

11. How long does it typically take between intake of the critical food/drink and occurrence
of this unpleasant/painful feeling? (only one answer)

○ < ½ minute ○ ½ - 1 minute ○ 1 - 2 minutes ○ 2 - 5 minutes

○ 5-10 minutes ○ 10 – 30 minutes ○ 30 – 60 minutes ○ > 60 minutes

○ I don’t know; I am not sure; I cannot exactly say.

12. How long does this unpleasant/painful feeling typically last? (only one answer)

○ <10 minutes ○ 10-30 minutes ○ 30-120 minutes ○ 2-6 hours

○ 6-24 hours ○ >24 hours ○ I don’t know; I am not sure; I cannot exactly say.

13. Do you have difficulties swallowing during this unpleasant/painful feeling? (only one
answer)

○ I do have difficulties swallowing both solid food and liquids during the presence of this
unpleasant/painful feeling.

○ I don’t know; I would not dare to try.

14. Do you feel more difficulties in swallowing (EoE symptoms) in the next few consecutive
days subsequent to this unpleasant/painful feeling? (only one answer)

○ YES ○ NO

15. Which of the following statements fits best to describe this unpleasant/painful feeling?

○ It rather is constantly present.

○ I don’t know.

16. Please describe in your own words how you would explain this unpleasant / painful
feeling to another person that is not familiar with EoE?



……………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………..

..……………………………………………………………………………………………………………………………………………..

17. Please tick all of the given suggestions below that correspond well to the character of
this unpleasant/painful feeling (multiple answers possible).
○ pressure ○ burning ○ cramp ○ prick ○ narrowing ○ chocking

○ causing anxiety ○ swelling ○ locking ○ like a collapse of the esophagus

○ knocking

18. Which statement is most appropriate regarding the occurrence of this
unpleasant/painful feeling? (only one answer)

○ … only present when my EoE is calm, i.e. when I do not have any difficulties swallowing.

○ … I don’t know; I am not sure.

19. Looking back: which statement is most appropriate regarding the first appearance of this
unpleasant/painful feeling? (only one answer)

○ this unpleasant/painful feeling, independent from the act of swallowing, has been plaguing
me already prior to the occurrence of my EoE.

○ this unpleasant/painful feeling, independent from the act of swallowing, did only occur
after my EoE had been there.

○ this unpleasant/painful feeling, independent from the act of swallowing, occurred
simultaneously to my EoE.

○ I don’t know; I don’t remember anymore.

20. If you compare the intensity of this unpleasant / painful feeling over time, which
statement is most appropriate? (only one answer)

○ It is about as strong as it was at the beginning.

○ It is stronger than at the beginning.

○ It is less strong than at the beginning.

Please write down the number of years)



○ I don’t know; I don’t remember anymore.

Thank you very much for your patience! Your answers are very important and will help us in
better understanding EoE. Since the survey must be conducted anonymously, we
unfortunately cannot inform you personally about the outcome. However, we will present
the results at the next informational evening for EoE patients and will invite you to
participate.

Please return the completed questionnaire within the next 2 weeks with the enclosed reply
envelope. Thank you very much indeed for your participation.

S-Table 2: Patients’ Questionnaire
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