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Summary
Eosinophilic esophagitis (EoE) is a chronic allergen/immune-mediated disease leading to 
esophageal dysfunction. Food allergens play critical roles in the pathogenesis and treatment 
of EoE via different mechanisms. This study aimed to present the characteristics and evaluate 
the ability of skin prick test (SPT), skin prick to prick test (SPP) (IgE-mediated), and atopic 
patch test (APT) (cell-mediated) individually or simultaneously to diagnose food allergy in 
patients suffering from EoE. This prospective study was conducted on 58 patients with EoE. 
Seven patients (12.1%) were positive to only one, 3 (5.2%) were simultaneously positive 
to two, and 32 (55.2%) were simultaneously positive to three tests. Single and double sen-
sitizations were totally 10.4% in IgE-mediated reactions, while 36.5% in cell-mediated 
reactions. In contrast, poly sensitization (> 2 allergens) was 51.7% in IgE-mediated tests 
and 20.7% in the cell-mediated test. Multiple sensitization findings showed egg white, 
milk, yolk, and soy were the most frequent allergens. Our findings indicate that EoE is early 
onset and associated with multiple food sensitizations, particularly via IgE-mediated mech-
anisms. These immune-mediated responses encompass both IgE-mediated (SPT and SPP) 
and cell-mediated (APT) reactions simultaneously not individually. Therefore, employing 
multiple assays may strengthen the diagnosis of food sensitization.

© 2021 Associazione Allergologi Immunologi Italiani Territoriali e Ospedalieri - AAIITO. Published by EDRA SpA. All rights reserved.

Introduction

Eosinophilic esophagitis (EoE) is a chronic allergen/im-
mune-mediated disease leading to esophageal dysfunction and 
is characterized by eosinophil infiltration at least 15 eosinophils 
per high-power field (HPF), no clinical response to high-dose 
proton pump inhibitors, and normal pH of the distal esophagus 
(1). The incidence of EoE has been increased over the past two 
decades (2). Nevertheless, the role of allergy-mediated responses, 

clinical manifestation, and the age of onset of EoE is not fully 
determined. Foods have always been one of the main culprits 
in the pathogenesis of the disease (3, 4). Dietary therapeutic 
approaches, including amino acid-based elemental diets, either 
allergy test-directed elimination diets or non-directed empiric 
elimination diets resulted in partially clinical and histologic re-
mission and can be implemented as the first-line non-pharma-
cologic therapies (5, 6). Furthermore, the role of cellular immu-
nity in EoE is attributed to Th2 responses; thus, allergic patch 
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test (APT) may be used for type IV cell-mediated immunity (7, 
8). Although trial six or ten-food elimination diet was initial-
ly suggested, it is difficult to be continued because patients are 
deprived of major nutritional elements (9). Therefore, finding a 
non-invasive and accurate test sounds necessary to diagnose food 
trigger(s) in EoE. Various tests, such as SPT and APT, showed 
different results in children and adult in detecting food allergens 
(10). Therefore, this study aimed to assess the most relevant clin-
ical information such as the onset age of symptoms and clinical 
presentations along with SPT, SPP, and APT either individually 
or simultaneously to diagnose food allergy in patients with EoE.

Materials and methods

This prospective study was conducted on pediatric patients with 
EoE referred to the Allergy and Pediatric Gastroenterology Out-
patient Clinic of three tertiary Hospitals (including Rasoul Akram, 
Ali Asghar, and Firooz Abadi Hospitals, Tehran, Iran) from Sep-
tember 2013 to January 2018. The EoE disease was confirmed 
based on 2011 consensus document (11). Written informed con-
sent was obtained from all participants and the study protocol was 
approved by the Ethics Committee of Iran University of Medical 
Sciences (IR.IUMS.REC1396.8923496039). The SPT and SPP 
tests were used for IgE-mediated reactions, while APT was used 
for cell-mediated reactions (12-14) Statistical analyses were per-
formed using SPSS version 23.0 (Chicago, Illinois, USA). A p-val-
ue of less than 0.05 was considered statistically significant.

Results

Demographic data and clinical manifestation are shown in ta-
ble I. Of the 58 patients with EOE, 37 (64%) were males and 
21(36%) were females, the male/female ratio was 1.8:1. The 
median (IQR) gap between symptom onset and the definite 
diagnosis was 15 (9.37-21.4) months. The five most common 
clinical manifestations consisted of anorexia (77.6%), vomiting 
(69%), abdominal pain (63.8%), nausea (56.9%), and sleep 
disorder (37.9%). The mean age ± SD at the first endoscopy was 
24.4 ± 12.2 months (11 to 60 months). Thirty-one (53.4%) 
patients were diagnosed at the first endoscopy, 21 (36.2%) at 
the second time, 5 patients (8.6%) at the third time, and one 
patient (1.7%) after the fourth endoscopy. 
Sixteen patients were negative to all of the skin tests and 42 were 
reactive to at least one of the allergens in three types of the skin 
tests. Seven patients (12.1%) were positive to only one kind of 
skin test, 3 (5.2%) patients were simultaneously positive to two 
skin tests, and 32 (55.2%) patients were simultaneously positive 
to the three skin tests. The number of patients with multiple 
sensitizations (reactive to more than two allergens) in IgE-me-
diated reactions was 30 (51.7%) cases, whereas in cell-mediated 
reactions was 12 (20.7%) cases (table II). The most frequent 

food allergen detected by IgE-mediated tests (SPT and SPP) 
was cow’s milk protein (46.6%) and the most frequent detected 
by APT was egg white (34.5%). Moreover, the SPT and SPP re-
sults revealed that the cow’s milk, egg white and yolk (more than 
ten cases), and soy were the most frequent allergens, while APT 
indicated egg white, cow’s milk, and soy. According to the mul-
tiple sensitization results, egg white, milk, yolk, and soy were 
the most frequent allergens. The lowest positive reactions to 
food allergens in IgE- and cell-mediated reactions were observed 
for almond (table III). Twelve (20.7%) patients were sensitized 
to yolk in IgE-mediated reactions, but there are only 3 (5.2%) 
cases in cell-mediated reactions. Multiple sensitizations were 
more frequent in comparison to single or double sensitizations. 
Moreover, there was a significant positive correlation between 
total IgE and both peripheral eosinophil count/mm3 (p = 0.03, r 
= 0.28) and biopsy eosinophil count/HPF (p < 0.001, r = 0.53). 
However, no significant correlation was found between biopsy 
and peripheral eosinophil counts (p = 0.53).

Discussion 

Skin prick test (SPT or SPP), serum specific IgE assay and APT 
are the most available allergy tests; however, the specificity and 
sensitivity of these tests are under investigation (15-17). In par-
allel with the review of these tests, what is highlighted in our 
study is the nature of multiple sensitization in this disease, and 
interestingly, this finding is more evident in the IgE-depen-
dent mechanism than in the cell-dependent mechanism, which 
51.7% of the skin tests in IgE-mediated reactions are multiple 
sensitizations (more than two allergens), while 20.7% of the 
skin tests in the cell-mediated reactions are multiple sensiti-
zations. On the other hand, there were three cases with single 
sensitization (5.2%) in IgE-mediated reactions, whereas single 
sensitization constituted 19% of cell-mediated reactions. Nev-
ertheless, few studies have been done in this area of research. 
In the present study, the cow’s milk, egg white, yolk, and soy 
were the most frequent food allergens in IgE-mediate skin tests. 
In contrast, egg white, cow’s milk, rice, and soy were the most 
frequent food allergens in cell-mediated reactions. Given the 
frequency of multiple sensitizations, egg, milk, and soy were the 
most prevalent allergens. Mono and multiple sensitizations in 
allergy tests are topics that we focused on in the current study, 
otherwise many studies have performed different allergy tests 
regardless of this issue; for example, Spergel et al. (7) showed 
nearly 70% of the patients were reactive to only 1 to 3 foods. 
The number of food allergies was consistent with Kagalwalla et 
al. cohort study that 72% of the population was only allergic 
to one food. Also, they reported that milk, egg, wheat, and soy 
were the most common food allergens (18). In agreement with 
the above-mentioned studies, the current study demonstrated 
that milk, egg, and soy were the most prevalent food allergen.  
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Table I - Demographic characteristics and clinical data of the patients with EOE.

Parameters EOE patients (n = 58)

Age of diagnosis (month) 28 (20-36)

Age of onset (month) 9 (7-14)

Gender Female 21 (36%)

Male 37 (64%) **

Delivery NVD 25 (43%)

CS 33 (57%)

Nutrition breast milk 21 (36.2%)

Formula 10 (17.2%)

both 27 (46.6%)**

Age of supplementation food Before 4 month 3 (5.2%)

Ranging 4 to 6 month 20 (34.5%)

End of 6 month 35 (60.3%)***

Allergic family history Yes 43 (74%)***

No 15 (26%)

Asthma history Yes 33 (56.9%)

Allergic Rhinitis history Yes 36 (62.1%)

Eczema history Yes 20 (34.5%)

Anaphylaxis history Yes 11 (19%)

Peripheral eosinophil count/mm3 395 (188-832)

Serum IgE (IU/mL) 170 (70-332.5)

Tissue Eosinophil  
count /HPF

26(19-32)

Cesarean Section (CS).
Normal Vaginal Delivery (NVD).
Data were presented as median (IQR) and frequency (%).
Using one-sample chi-square test the p-value < 0.01 and < 0.001 presented as ** and ***, respectively.

Table II - The results range from single sensitization to multiple sensitizations.

Skin test Single 
sensitization

Double
sensitizations

Multiple 
sensitizations

Totally:
Negative vs. Positive

IgE-mediated (%) 3
(5.2)

3
(5.2)

30 
(51.7)***

22 (37.9)
36 (62.1)**

Cell-Mediated (%) 11
(19)

9
(15.5)

12
(20.7)

26 (44.8)
32 (55.2) 

IgE- and cell-mediated (%) 7
(12.1)

3
(5.2)

32 (55.2)*** 16 (27.6)
42 (72.4)**

The p-value<0.01 and <0.001 presented as ** and ***, respectively.
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Finding the exact food allergen as a true trigger is the main chal-
lenging topic in these dietary therapies. Most studies have shown 
that the use of different methods can increase the chance of suc-
cess in identifying allergens. However, there are some problems 
regarding this attitude; for example, basophil activation test is 
not available everywhere and APT is not well-standardized for 
implementation or interpretation (19, 20). Consistent with 
these studies, Philpott et al. declared that SPT, APT, sIgE, and 
BAT could not predict the exact food sensitivity related to EoE 
in comparison to oral food challenge as a gold standard test. We 
demonstrated that multiple assays can simultaneously increase 
the chance of finding positive sensitization results and may help 
find true trigger(s) to manage appropriate dietary therapy. But 
there are still two major challenges: first, these findings can only 
represent sensitization, not the main culprit and second, several 
studies previously established that local specific IgE production 
may play an important role in the pathogenesis of EoE (21, 22) 
and these tests miss the local IgE production. Gottlieb et al. (23) 

concluded that directed dietary elimination and reintroduction 
based on SPT/APT is not a worthwhile treatment approach, 
while other studies (24, 25) suggested that diet modification 
based on SPT/APT is a valuable approach in patients with EoE. 
On the other hand, the most limitation of the test-guided ap-
proach is its inability to detect true allergens. We discussed that 
this study along with other available evidence suggests that the 
combination of different tests may increase the success rate for 
food allergen detection and another important finding is the na-
ture of polysensitization in the pathogenesis of EoE, especially 
in IgE-mediated mechanism. 
Our findings revealed that EOE is early onset and associated with 
multiple sensitizations to common food allergens. Although both 
IgE- and cell-mediated mechanisms are suggested in the patho-
genesis, it appears that their impact and role in the pathogenesis 
are different and they may be helpful to categorize patients into 
IgE- or cell-mediated groups; accordingly, therapeutic approach-
es may be different. The mixed IgE- and cell-mediated nature of 

Table III - The frequency of allergens based on types of skin tests.

Allergens Skin Tests

IgE-mediated Cell-mediated ^^SPT + SPP + APT 

^SPT ^SPP ^APT

Positive 
(%)

Positive 
(%)

Positive 
(%)

Negative 
(%)

Positive (%) †

Single Allergen  Double Allergens†† Multiple Allergens†††

Milk 22 (37.9) 27 (46.6) 13 (22.4) 29 (50) 1 (1.7) 2 (3.4) 26 (44.1)**

Egg white 19 (32.8) 23 (39.7) 20 (34.5) 28 (48.3) 1 (1.7) 2 (3.4) 28 (47.5)**

Yolk 12 (20.7) 12 (20.7) 3 (5.2) 38 (65.6) 1 (1.7) 1 (1.7) 18 (30.5)**

Soya 11 (19) 12 (20.7) 8 (13.8) 40 (70) 2 (3.4) 1 (1.7) 16 (27.6)**

Wheat 8 (13.8) 3 (5.2) 4 (6.9) 50 (86.2) 1 (1.7) 0 7 (12.1)

Meat 6 (10.3) 3 (5.2) 2 (3.4) 51 (87.9) 1 (1.7) 0 7 (12.1)

Peanut 6 (10.3) 5 (8.6) 5 (8.6) 45 (77.6) 1 (1.7) 1 (1.7) 10 (17.2)**

Fish 4 (6.9) 1 (1.7) 1 (1.7) 53 (91.4) 0 0 5 (8.6)

Rice 4 (6.9) 4 (6.9) 9 (15.5) 47 (81) 0 0 11 (19)

Chicken 3 (5.2) 1 (1.7) 1 (1.7) 55 (94.8) 0 0 3 (5.2)

Sesame 3 (5.2) 5 (8.6) 5 (8.6) 49 (84.5) 0 0 9 (15.5)

Almond 2 (3.4) 1 (1.7) 0 (0) 56 (96.6) 0 0 2 (3.4)

^ Each test is assessed alone. ^^ tests are assessed simultaneously. 
† The positive results for three skin tests were considered totally for different food allergens.
†† Double allergens were considered when that allergen was positive with another food at the same time in one kind of tests.
††† Multiple Allergens were considered when that allergen was positive with more than 2 foods at the same time in one kind of test.The p-value<0.01 and <0.001 
presented as ** and ***, respectively.
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this disease necessitates the use of different laboratory methods 
that may elucidate different mechanisms.
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