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Airborne and food sensitization pa�erns in children and adults
with eosinophilic esophagitis
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Background: The pathogenesis of eosinophilic esophagitis
(EoE) is currently unknown, but evidence suggests that al-
lergic sensitization to food and airborne allergens may play
a key role. This retrospective study examines the rate of
sensitization to both food and airborne allergens in EoE pa-
tients, and compares their sensitivity pa�erns to control
groups.

Methods: We identified 103 patients with a diagnosis
of EoE via esophageal eosinophilia (�15 eosinophils/high-
power field [hpf]), who had undergone comprehensive food
and/or airborne allergen testing through either skin or in
vitro methods. Food and airborne allergen sensitization was
defined as positive testing in at least 1 food subgroup (milk,
peanut, tree nut, seafood/fish, soy, grain, egg) or airborne
subgroup (tree, grass, weed, mite/cockroach, animal, mold),
respectively. The same sensitization criterion was applied
to allergic rhinitis (AR) patients, with and without a clini-
cal suspicion of food allergy (FA), in order to create control
groups.

Results: Sensitization in the EoE group to at least 1 sub-
group of food allergen and airborne allergen was seen in
77.1% (64/83) and 71.7% (38/53), respectively (p = 0.82).

There were significant differences in sensitization between
EoE and control groups for tree nut, soy, grain, and egg, but
no differences noted in any of the other food or airborne
allergen subgroups, even a�er accounting for age and
gender.

Conclusion: EoE and control groups had similar airborne
allergen sensitization pa�erns, yet dissimilar food aller-
gen sensitization pa�erns, suggesting that specific aller-
gens may play a more prominent role in the pathogenesis
of EoE. The EoE group had a more uniform distribution pat-
tern for food allergens, compared to controls. C© 2018 ARS-

AAOA, LLC.
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E osinophilic esophagitis (EoE) is a chronic disease char-
acterized by esophageal eosinophilia in the squamous
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epithelium.1 Its clinical features include failure to thrive and
abdominal pain in children, and dysphagia with food im-
paction in older children and adults, often accompanied by
esophageal remodeling such as thickening or furrowing.2 It
affects more males than females in both adult and children
populations.

Its pathophysiology is yet unknown but emerging evi-
dence indicates that airborne and food hypersensitivity may
play a key role.3–6 Some reports show a seasonal variation
of incidence of EoE, suggesting a role for airborne allergens
in the clinical course of EoE, but the literature remains
unclear on this point.7–9 Studies have shown that 68% of
pediatric EoE patients have a history of allergic disorders
such as allergic rhinitis (AR), asthma, atopic dermatitis,
and food allergy (FA), and that allergy testing-directed
diets in children with EoE achieved 69% resolution of
the symptoms.10–12 On the other hand, skin-prick testing
(SPT)-directed diets in adult EoE patients only achieved a
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FIGURE 1. Selection of study participants for participants in study for the EoE and control groups. EoE = eosinophilic esophagitis.

13% to 26% response rate,13–15 though Penfield et al.15

reported that SPT-directed elimination diets were more
effective than diets based on specific immunoglobulin
E (IgE) testing. It is not known whether this is due to
more severe, refractory disease in the adult population, or
whether airborne allergens play a larger role in the adult
population, compared to the pediatric population.

The purpose of this study is to compare the patterns
of both airborne allergen and food allergen sensitization in
people with EoE with AR and FA control groups, confirmed
using skin testing and/or serum specific IgE testing. Because
previous studies have indicated that the prevalence of food
sensitivity in children and airborne allergen sensitivity in
adults varies over time, the results are adjusted for both
age and gender.3 The findings of this study are expected
to strengthen our understanding of the pathophysiology
behind this disease as future treatment strategies for EoE
are developing.

Patients and methods
Study population

Approval for this study was obtained from the Institutional
Review Board of Weill Cornell Medical College, New York
City (Protocol #1605017271). Electronic medical records
(EMRs) from 2010 to 2014 were searched for individuals
with the clinical diagnosis of EoE who had undergone ei-
ther SPT or serum specific IgE testing for airborne and/or
food allergens (Fig.1). The diagnosis of EoE was confirmed
in each case by esophageal biopsy demonstrating greater
than 15 eosinophils per high powered field (hpf). Positive
testing on SPT was defined as wheal diameter of greater
than 3 mm at 15 minutes, compared to 50% glycerin

control and positive histamine control. Positive serum test-
ing was defined as specific IgE level of 0.35 kU/L or greater.

The airborne control group (AR) included patients with
a diagnosis of AR, without a known diagnosis of EoE, who
tested positive to at least 1 of 6 subcategories of airborne al-
lergens on serum specific IgE testing. The food allergy con-
trol group (FA) included those individuals with a diagnosis
of AR, without a known diagnosis of EoE, plus a clinical
suspicion of FA, who tested positive to at least 1 of 7 subcat-
egories of food allergens on serum specific IgE testing. Clin-
ical symptoms leading to suspicion of food allergy included
swelling or itching in the oral cavity/oropharynx, gastritis,
dermatitis, or anaphylaxis coinciding with the ingestion
of food. Subcategories of airborne allergens included:
tree, grass, weed, animal, mite/cockroach, and mold.
Subcategories of food allergens included: milk, peanut, tree
nut, seafood/fish, soy, grain, and egg. The grain category
included mainly wheat, as well as rye, rice, oat, and barley.

Statistical analysis
Descriptive statistics (including mean, standard devia-
tion, range, frequency, and percent) for demographic and
air/food allergen characteristics were calculated for the EoE
and AR groups, separately. The 2-sample t test was used
to compare mean age and mean total number of allergies
between the EoE and AR groups. The chi-square test was
used to compare gender and airborne/food allergen status
(ie, absent/present) between the EoE and AR groups. Uni-
variate logistic regression was used to compute crude odds
ratios (ORs) and 95% confidence intervals (95% CIs) for
the association between air/food allergen status and type
of diagnosis type (ie, EoE vs AR). Multivariable logistic re-
gression models were performed to assess the independent
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TABLE 1. Patient demographics

Airborne allergens

EoE AR p

Age (years), mean (range) 22.79 (3–51) 43.54 (10–84) <0.0001

Age group <0.0001

Children, n (%) 19 (50) 15 (15)

Adults, n (%) 19 (50) 85 (85)

Gender <0.0001

Males, n (%) 30 (78.9) 36 (36)

Females, n (%) 8 (21.1) 64 (64)

Food allergens

EoE FA p

Age (years), mean (range) 17.92 (1–65) 41.52 (10–84) <0.0001

Age group <0.0001

Children, n (%) 42 (65.6) 12 (17.9)

Adults, n (%) 22 (34.4) 55 (82.1)

Gender 0.02

Males, n (%) 44 (68.8) 32 (47.8)

Females, n (%) 20 (31.3) 35 (52.2)

AR = allergic rhinitis; EoE = eosinophilic esophagitis; FA = food allergy.

effect of airborne/food allergen status on type of diagnosis
(EoE vs AR), controlling for gender and age group (<18
years vs �18 years) (ie, separate models for each allergen
sensitivity of interest). Adjusted ORs and 95% CIs from
the multivariable models are presented. All p values
are 2-sided with statistical significance evaluated at the
0.05 alpha level. Ninety-five percent confidence intervals
(95% CIs) were calculated to assess the precision of the ob-
tained estimates. All analyses were performed in SPSS ver-
sion 24.0 (IBM Corp., Armonk, NY) and Stata version 14.0
(StataCorp, College Station, TX).

Results
Study population

The demographic characteristics of the study participants
are presented in Table 1. Among the 103 EoE patients who
had been tested for all subcategories of airborne allergens
and/or food allergens, 38 of 53 (71.7%) were positive in
at least 1 airborne subcategory and 64 of 83 (77.1%) were
positive in at least 1 food allergy subcategory (p = 0.82).
Thirty-one percent (31%) of EoE patients underwent SPT,
59% serum IgE, and 10% both. As expected, based on the
typically high rate of atopy and allergies in those with EoE,
54% of the study group had a diagnosis of AR documented
on their EMR.

Airborne allergen sensitization patterns
Among EoE patients, there was an approximately 50%
to 60% rate of sensitization for each subcategory. Among
the AR control group, there was an approximately 40% to
50% rate of sensitization for each category, except for mold
(29.1%) and animals (61.2%). The airborne allergen sensi-
tization patterns for EoE and control patients are shown in
Figure 2A, demonstrating no significant difference in any
subcategory.

Food allergen sensitization patterns
Among EoE patients, there was an approximately 50% to
60% rate of sensitization for each subcategory, except for
seafood/fish (39.7%). Among the FA control group, the
most common food sensitivities included peanut (47.9%)
and seafood/fish (47.9%). The food allergen sensitization
patterns for EoE and controls are shown in Figure 2B. There
was a significant difference in sensitization rates between
the EoE and FA control groups for tree nut, soy, grain, and
egg.

Ranking of airborne allergen and food allergen
sensitization frequencies

The frequencies of each allergen sensitization out of the to-
tal number of sensitivities found among the EoE vs AR/FA
control groups were also examined. For airborne aller-
gens, there was a relatively uniform distribution of sensi-
tization frequencies among all the subcategories, especially
among EoE patients (Table 2A). Tree, weed, animal, and
mite/cockroach were among the most frequent allergen sen-
sitivities, with grass and mold slightly lower in both the EoE
and AR control groups.

For food allergens, there was a substantial difference be-
tween EoE and FA control groups in the ranking of al-
lergen sensitization frequencies (Table 2B). For the EoE
group, tree nut and soy were the most frequent sensitivities,
while seafood/fish accounted for only 9.5% of the sensitiv-
ities. For the FA control group, seafood/fish and peanut
were the most frequent sensitivities (21.9% and 21.3%,
respectively).

Discussion
EoE is a chronic inflammatory condition, associated com-
monly with atopic individuals. Studies examining the
pathophysiology of this disease in the mouse model have
shown an association with a variety of circulating cytokines
and chemokines that attract eosinophils to produce its clas-
sic appearance.16 In the broadest sense, individuals may
produce an allergic inflammatory response to certain air-
borne and food allergens, and the first step to that response
is the development of sensitization. Therefore, in this study
we sought to compare EoE with 2 chronic allergic dis-
eases, AR and FA, with respect to their patterns of allergen
sensitization. However, while this study focused on type I,
IgE-mediated hypersensitivity, it is understood that several
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FIGURE 2A. (A) Airborne allergen sensitization patterns for EoE and AR control groups, p value adjusted for age and gender (significant values in bold).

FIGURE 2B. (B) Food allergen sensitization patterns of EoE and FA control groups, p value adjusted for age and gender (significant values in bold). AR =
allergic rhinitis; EoE = eosinophilic esophagitis; FA = food allergy.

other inflammatory pathways are likely contributing to the
clinical entity of EoE.17

Our findings of sensitization rates of EoE patients in food
and airborne allergens (77.1% and 71.7%, respectively)
were consistent with previously published reports.10,18–20

Most of these studies included either pediatric or adult pop-
ulations, but combining these populations did not impact
the overall sensitization rates. Conversely, the heterogeneity
of age groups and methods of testing used (serum specific
IgE testing, SPT, atopy patch testing) likely contribute to
the wide range of sensitivities to individual allergens cited

in the literature.15,18,20–22 For this study, the sensitivities
for airborne allergens groups examined fell within the
range of sensitivities found in the literature. For the food
allergens subcategories, tree nut, seafood/fish, and grain
exceeded the sensitivity ranges cited in other studies, per-
haps because each subcategory included several allergens,
with most other studies examined single allergens only.

This is the first study comparing airborne allergen
sensitization patterns between patients with EoE and AR,
demonstrating no significant difference. The ranking of the
allergens from highest to lowest frequency was also similar
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TABLE 2. Airborne allergen sensitivities as a percentage
of total sensitivities in EoE and AR and FA control groups

(A) AR control group

Rank ordera EoE (% of total) AR (% of total)

1 Animal (17.8) Animal (20.1)

2 Mite/Cockroach (17.8) Mite/Cockroach (19.5)

3 Tree (17.8) Tree (18.8)

4 Weed (17.8) Weed (16.6)

5 Grass (16.3) Grass (15.3)

6 Mold (13.3) Mold (9.7)

(B) FA control group

Rank orderb EoE (% of total) FA (% of total)

1 Tree nut (16.2) Seafood/fish (21.9)

2 Soy (15.8) Peanut (21.3)

3 Peanut (15.0) Grain (14.2)

4 Grain (15.0) Milk (12.9)

5 Milk (14.6) Tree nut (10.3)

6 Egg (13.8) Soy (9.7)

7 Seafood/fish (9.5) Egg (9.7)

a1 = highest frequency; 6 = lowest frequency.
b1 = highest frequency; 7 = lowest frequency.
AR = allergic rhinitis; EoE = eosinophilic esophagitis; FA = food allergies.

between EoE and AR groups. Moreover, the allergen
sensitization rates were uniformly distributed in both the
EoE and AR control groups. This may be because airborne
allergen exposure tends to be similar in a given geographic
region, while food allergen exposure may be influenced by
cultural differences and dietary habits.

Tree nut, soy, grain, and egg sensitization rates were
significantly higher in EoE patients than in FA patients.
Similarly, when ranking each subcategory as a percentage
of total sensitivities, seafood/fish sensitization shifted
from having the highest sensitization frequency in the FA

control group to having the lowest sensitization frequency
in the EoE group. In addition, the FA control group
showed a higher prevalence of seafood and peanut allergen
sensitivities, while the EoE group showed a nearly even
distribution of sensitization rates for all the subcategories
of food allergens. This may be due to the higher percentage
of adults in the FA control group. However, it is also
possible that persistent sensitization to food allergens
which are typically outgrown past childhood, such as egg
and wheat, may be an event leading to clinical EoE.

One limitation of this study is that a 2-month proton-
pump inhibitor (PPI) trial was not part of the inclusion
criteria, because this information was often not available in
the medical record.23 In addition, because EoE is associated
with atopic diseases, it is possible that unrecognized EoE
was present in both the AR and FA control groups.24 The
FA control group was also not ideal, as the participants
were selected from the AR group and diagnosis did not
include oral food challenge.

Further research will be required to advance our under-
standing of the pathophysiology of EoE. Since there are
age-linked differences between food and airborne allergen
sensitivities, a study comparing pediatric and adult popu-
lations would be helpful to further explore this variable.
Moreover, IgE levels in the skin and circulatory systems
may not be indicative of the level of IgE sensitization in the
esophageal mucosa, and studies are currently underway to
determine how local sensitization translates into the clinical
manifestations of EoE.

Conclusion
Our study demonstrates that airborne allergen sensitiza-
tion patterns are similar between individuals with EoE and
those with AR, while food allergen sensitization patterns
between individuals with EoE and FA differed. It was also
determined that individuals with EoE have a highly uniform
distribution of food allergen sensitizations. It is anticipated
that this information will be useful as future investigations
aim to determine which factors in sensitized individuals are
associated with the development of clinical EoE.
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