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ABSTRACT

Skin tests and measurement of serum levels of inglobulin E do not accurately identify foods for
elimination from the diets of patients with eosihijec esophagitis (EoE). We investigated whether an
esophageal prick test (EPT), in which the esopHagaeosa is challenged by local injection of
allergen extracts, could identify individuals we&hophageal sensitization. During endoscopy 6
allergens were injected in the esophagus of 8 matigith EOE and 3 patients without EoE (controls).
A second endoscopy was performed after 24 hrsatuete delayed responses. Five of the 8 patients
with EoE had evidence for an acute response (ldrobgtruction and mucosal blanching); 2 other
patients had a delayed wheal or flare reactiontd$ponses were observed in controls. We conclude
that esophageal mucosal food allergen injectiodgda acute and/or delayed responses in patients
with EoE but not controls. The EPT deserves furthgiloration because it might guide elimination

diets.



Eosinophilic esophagitis (EOE) is an antigen-mexdiatisorder of the esophagus. Food allergens are
presumed to trigger a Th2 inflammatory responseettact mechanism by which foods can
exacerbate EoE is unknown.[1][2] Dietary eliminatiman be an effective and drug-free solution.
However, skin tests and specific IgE in serum penfpoorly as tools to guide diets, possibly because
the eosinophilic inflammation is restricted to #swphagus.[3] Therefore, our hypothesis was that an
“Esophageal Prick Test” (EPT), in which the esopisags challenged by local injection of allergen
extracts, would yield more clinically relevant infieation about esophageal sensitizations.

The aims of our study were to (1) investigate thepbageal response to food allergens in EoE, and
(2) compare local esophageal sensitization patteithsthose identified through skin prick tests T3P

and serum IgE testing (sIgE).

A detailed description of study method is availahlsupplementary materials and
methods. Briefly, in this prospective pilot study the esophageal maawas injected with food
allergens. The EPT was performed in adult EOE pejeafter a four-week course of dietary treatment
because severe esophagitis could have hampeesgratation of EPT-responses, and in controls. All
patients reported a list of clinically suspicioosds. During endoscopy 0.2ml of 6 diluted allergen
extracts (wheat, milk, soy and 3 allergens baseglatients’ history), a negative control (0.9% NacCl)
and a positive control (3ig/ml histamine diluted in 0.9% NacCl) were injectec pre-specified
order. Local responses were recorded up to 20 esnét second endoscopy was performed after 24
hours to evaluate delayed responses and to sanid@gly specimens, proximal from the injection
sites, to evaluate histologic disease activity.T$S&nd sIgE tests were performed for the same

allergens as the EPT.

We included 8 EOE patients, median age 49 (22 yé&dds, 75% male. Results were
compared with 3 controls, median age 49 (22 — Bd)s, 33% male. Six out of eight patients achieved
remission (<15 eos/HPF) after either an elementeB) or an elimination (n=5) diet, peak eosinophil

counts are presented in table 1. EoE-associataabenplic sings were present in all patients, median



endoscopic reference score (EREFS) 6 (4.3 — m#8)58% presented with dysphagia, median
symptoms score 1(0 — 5.3). No abnormalities weseied in controls.

In 6/8 patients SPTs were positive for one or niioogl allergens and in 5/8 patients increased sIgE
antibodies against one or more food allergens veened. All tests were negative in controls.

During the first endoscopy, in 5/8 patients anrisgeacute response was observed within 2 minutes
after injection with soy (n=2), banana, apple, @atbazelnut. Responses were characterized by
complete luminal obstruction and blanching of thecosa at the injection sitéidure 1a). Within 3-

10 minutes the obstruction decreased, enablingagass the endoscope. During the second
endoscopy the obstructive swellings were foundateehdissolved completely. In 2 patients obvious
delayed responses were identified, characterizealftare or an erythematous wheal at the injection
site of peach, and walniufigure 1c). Of the 48 allergens that were injected (6 ateg)in 8 EoE
patients), 8 induced a local esophageal respoegatdiess of patients’ histologic disease activity.
EPTs performed in controls and injection of conswlutions never induced mucosal changes. No
severe systemic reactions occurred. However, BfecEPT 3/5 patients with a positive acute EPT
response experienced chest pain of a type thategagnized as similar to pain occurring after
ingestion of these foods.

In only 3/8 of the patients, the sensitizationsidieed through EPT corresponded with sensitization
identified through SPT and sIgE. According to patséclinical anamnesis, six patients experienced
symptoms of food impaction within minutes aftegestion of one (n=3), two (n=2) or four (n=1)
culprit food(s). Of these 11 suspicious foods, 3% corresponded with sensitizations identified

through EPT, 2 (18%) with SPT sensitizations arf8686) with sIgE sensitizations.

This study was the first to report on local allerggections into the esophageal mucosa. We
demonstrated that the EPT is safe, feasible antdeatify abnormal responses to food allergens in
EoE patients. Compared with SPT and sIgE testirgseénsitization patterns identified through EPT
correlated more accurately with patients’ clinisaspicion of culprit foods. The convincing visible

mucosal changes to esophageal allergen injectigyost that EOE is an abnormal response to food



allergensThe results of our studyable 1) provide new insights in the complex allergic
pathophysiology of EOE but also raise new questidfes can only speculate on the pathway
responsible for the obstruction and blanching efrttucosa after allergen injection. The endoscopic
view looks similar to the patterns of distal esapdal spasms and type Il achalasia, suggestisgit i
spastic contraction. Activated mast cells and @efimediators can indeed increase smooth muscle
contractions and perhaps initiate this respons€fjcally, these spastic episodes may coincide
simultaneously with acute impaction after ingestidulprit foods. Alternatively, the narrowing and
blanching may be the result of esophageal edemagedaby the release of mast cell-derived mediators
that increase vascular permeability.[5] Either wagth assumptions and the acute onset of the
responses suggest a potential role for antigenfpawast cell degranulation and is worth further

exploration.

Based on our findings, we suspect that the patremienf EOE is an interplay between an
IgE-mediated reaction, responsible for esophaggahdtility and acute food impactions, and a
delayed non-IgE mediated reaction, inducing the déiRdriven chronic eosinophil-predominant
inflammation. This mixed model may also address houte EPT-responses occurred in patients with
limited numbers of intra-epithelial eosinophils.wiver, the chronic inflammation could also be a
delayed consequence of acute mast cell degranulediosed by allergen exposure. This study lays the
groundwork for future mechanistic studies, espbctdsigned to elucidate the responsible pathway.

This study has limitations. First, our study wasducted in a small cohort, although the
number of subjects was adequate to generate cangidata to proceed with further developments.
Second, the mechanism by which we injected allergedifferent from natural esophageal allergen
exposure. However, the mucosal barrier of EOE pties impaired, possibly facilitating epithelial
permeation of food allergens.[6][7] Hence, by mat@dlergen injections we may have accelerated
allergen permeation but the activation of the imenapstem through presentation of the allergens is
comparable. Third, our positive control solutionigim have been too diluted, for safety reasongesin

they failed to induce a visible mucosal reactioalirsubjects.



In conclusion, we demonstrated that esophageal salidood allergen injections induce impressive

acute and/or delayed responses in EoE patienta@rid controls. The esophageal response to food in
EoE may be restricted to the esophagus which peswaah explanation why skin tests and specific IgE
in serum perform poorly as tools to guide dietse BPT is safe and feasible and deserves further

exploration as it can potentially guide eliminatitiets.
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Figure 1. Acute responses to banana (1a) and soy (1b) ifct#opatients. From left to right, within 2
minutes after injection of 0,2 ml allergen extrd esophageal mucosa blanches and the lumen
occludes. 1c. Delayed responses to peach (lefthvahalt (right) in two EoE patients during the next

day endoscopy, characterized by a wheal (left)fara (right)



Table 1. Patients characteristics of EOE patients andtsaatson patterns

ID Sex Age Atopy Diet PEC CSF SDI EREFS SPT slgE Acute EPT Delayed EPT
Asthma, HF, Histamine,
1 M 58 FA. AD ELED 0 Peach 0 4 Wheat - Soy peach
2 F 49 . ELED 5 ot 6 . Milk . Histamine,
walnut walnut
Buckwheat,
3 M 47 Asthlr:n:, HF, SFED 10 Banana 6 8 milk, wheat, - Banana -
hazelnut
4 M 34 HF, FA SFED 75 Fish 0 7 Egg, wheat Crapefrut, soy, Soy -
wheat, egg, milk
5 M 33 ASthlr:“A"’" HF ELED 5 - 3 9 Sesame Soy, wheat - -
Apple, Soy, peanut, apple, )
6 M 54 HF, FA SFED 50 oats, beer 7 5 Soy, apple beer Apple, oats
F 49 - SFED 3 - 1 4 - - - -
M 53 Asthma, HF, SFED 13 Hazelnut 0 6 Hazelnut, Apple, hazelnut Hazelnut -
FA apple

Abbreviations; M: male; F: female; FA: food allgrgA\D: atopic dermatitis; HF: hay fever; PEC: pesdsinophil count per high power field after dietary
treatment; ELED: elemental diet; SFED: six foodnétiation diet; CSF: clinical suspicious food; SBtraumann Dysphagia Index; EREFS: endoscopic
reference score; SPT: Skin Prick Test; EPT: Esopdld@rick Test; slgE: allergen specific IgE; -: aon






SUPPLEMENTARY MATERIALS AND METHODS
Study patients

In this prospective pilot study patients wereinied from the outpatient clinic of the
Academic Medical Centrum in Amsterdam between Jan2@16 and October 2016. Adults were
eligible for enrollment if EOE was diagnosed acaogdo current guidelines, defined as typical
symptoms of EoE (dysphagia and/or food impactiow) the presence of more than 15 eosinophils per
high-power field (HPF) during a course of protomrpuinhibitors. In order to demonstrate that EPT
responses were exclusively found in EoE patientgsinsluded healthy controls as a reference.
Exclusion criteria were: a history of anaphylacgactions, other esophageal or gastrointestinal
diseases, previous surgery of the digestive tsastere comorbidity scored as ASA class Il or highe
and the inability to stop anti-inflammatory druge (topical or systemic steroids and leukotriene
inhibitors). For safety reasons SPTs were perforprext to the EPT and subjects with a severe
systemic reaction to SPTs were excluded from ppdiion. Controls were recruited through
advertisement and all subjects were screened toeftisey had no severe comorbidities classified as
ASA 1l or higher. Each study subject gave writteformed consent, and the study protocol was
approved by the Medical Ethics Committee of outiiason and prospectively registered in the Dutch
trial reqgistry (Trialregister.nl, NR6361).
Study protocol

Consented patients were pre-treated with an elezhena four-food elimination diet in the
four to six weeks preceding the EPT, because presgfisevere esophagitis could have hampered
interpretation of responses. The diet was guided digtician with special expertise in EOE. During
the trial patients were not allowed to use any imasuwppressive drugs. If appropriate, beta blockers
and ACE inhibitors were stopped 3 days in advabeeause of their possible interfere with
management of systemic anaphylactic reactions.rBefe initial endoscopy, serum was collected for
analysis of allergen specific IgE and SPTs weréopmed for the same allergens as that were tested
with the EPT.
All subjects underwent two endoscopies. Duringfits¢ endoscopy allergens were injected and acute

responses were recorded up to 20 minutes, therdopobiopsy specimens were sampled proximal to



the injection sites and subsequently stained watihdtoxylin and eosin to evaluate histologic disease
activity. Peak eosinophil counts (PEC) were deteettiper HPF, an area of 0.24 foActive disease
was defined as a PEC of more than 15 eosinophils/HiRese biopsies were obtained approximately
5 cm proximal to the allergen injection sites rder to prevent incorrect interpretation of theaged
EPT responses. These delayed EPT responses wéaratedaluring a second endoscopy that was
performed 24 hours after the first endoscopy. Spmgtof dysphagia were measured per
guestionnaire recording the frequency and sevefitlysphagia on a 5-point Likert-type scale,
comparable to the Straumann Dysphagia Instrumédt) (Endoscopic signs were scored blindly
according to the Endoscopic Reference Score (EREFS)
Outcome parameters

The primary outcome parameters of our study wénevi§ible mucosal changes within 20
minutes after esophageal allergen injections, thkearesponse, and (2) visible mucosal changes afte
24 hours, the delayed response. Secondly, we ceahplae local sensitization patterns identified
through EPT with those identified through SPT agmdis allergen-specific IgE testing. Finally, we
evaluated whether the allergens that tested pesitivEPT were in agreement with the reported
implicating foods in patients’ history.
Esophageal Prick Test

Endoscopies were performed under mild sedation mittazolam and during the entire
procedure blood pressure, heart rates and oxygerasans were monitored. The selection of injected
allergens consisted of three empiric allergens @g's milk, wheat, soy or egg) and 3 allergens
based on patients’ clinical suspicion. During ety 0.2 ml of diluted allergen extracts, a negativ
control (0.9%NacCl) and a positive control (g¥ml diluted in 0.9% NaCl) were injected, using a
through the scope injection needle with a volum@.afml. Fresh allergens were homogenized (for
solids), extracted and diluted, as is describedvioel he solutions were injected in a pre-specified
order at the 12 and 6 o’clock position at 5 cm aAbhatm above the squamocolumnar junction, and at
the 3 and 9 o’clock position at 8 cm and 14 cm alibe squamocolumnar junction. This guaranteed
enough space between injections and allowed sepaading of responses to different allergens.

Videos and images for scoring were taken at theetigin sites 5, 10 and 20 minutes after injection.



Additional videos were obtained if acute respormsmsirred during the procedure. After each injection
the through-the-scope needle was flushed in thraatb with 8 ml of saline solution and consequently
with 8 ml of air. All procedures were performedthg same gastroenterologist and accompanied by
an allergist with expertise in anaphylaxis and pred for emergency situations. All subjects
underwent a second endoscopy after 24 hours dutiich again videos and still images of the
injection sites were obtained.
Preparation food extracts

All allergens were extracted from fresh foods, lseathe sensitivity of allergy tests decreases
significantly when commercial food extracts aredug@4) Allergens were homogenized and diluted
as follows: foods were ground in a mortar usingilionitrogen. Food proteins were extracted for two
hours at 4°C in sterile water in 10% (w/v) extraéfer centrifugation (12000 rpm, 15 min at 4°C),
extracts were filtered using a 0.45 pum filter (Whah, Life Sciences, UK). After a protein
determination (Pierce BCA protein assay kit, Thesamentific, Rockford, I, USA), samples were
diluted to a final concentration of 2 mg/ml andefied again using a 0.45 pum filter. Aliquoted saapl
were immediately stored at -24°C.
Specific serum-1gE antibodies (sIgE)

Levels of specific serum-IgE antibodies (sIgE) weegermined for the same allergens as the
EPT with the ImmunoCAP 250 system (Phadia AB [aspnt Thermo Fisher Scientific], Uppsala,
Sweden). Measurements were performed accordingumfacturer’'s recommendations as is
previously described.[3] The cut-off value for gmsay was set at 0.35 kilounits of antibody per lit
(KUA/L).
Skin prick test

Preceding the EPT all subjects underwent skip pgsking for the same food allergens as the
EPT. SPTs were performed under the standard diiroaéine protocol. Histamine and saline were
used as positive and negative controls, respegtil@éhmeters of each wheal and flare were measured
after 20 minutes. A positive result was define@ ageal diameter af3 mm.

Sample size



This pilot study is explorative in nature, since ave the first to investigate the feasibility of
testing sensitizations on esophageal tissue by &leagen injections. The sample size of thistpilo
study was based on the assumption that test regtpatients would generate sufficient data to
determine whether the test was promising enougindceed with further developments or whether to
abandon the concept. If injections with negativetam solutions (saline) failed to induce resporises
EoE patients and food allergens would not to indusible mucosal reactions in the controls, they an
responses to food injections in patients couldbsted as true abnormal responses.

Statistical analysis

Statistical analysis was performed in SPSS 22nbanally distributed or continuous
variables, mean and standard deviation (SD) wererted. Medians with interquartile ranges were
reported for non-normally distributed variables geticentages for categorical variables. The small

sample size of this pilot study did not allow statial comparison between EoE patients and controls



