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ABSTRACT

Eosinophilic esophagitis (EoE) is a clinicopathological diagnosis seen in children as well as adults. Growing evidence suggests
that EoE is strongly associated with atopic disorders. Presenting symptoms differ in children and adults and it is not known
whether atopic features vary by age. This study was designed to compare atopic features and allergic sensitization between
children and adults with EoE. We conducted a retrospective analysis of demographic and clinical data from 50 children (aged
2–18 years) and 50 adults (aged 21–75 years) with a biopsy-proven diagnosis of EoE referred to our allergy clinic. Data
regarding patient characteristics, history of atopic diseases, and allergy test results were collected for analysis. The majority of
children and adults were white and male patients. When compared with adults, a higher percentage of children had a history
of asthma (52% versus 24%; p � 0.05). There was no statistically significant difference between adults and children regarding
history of allergic rhinitis, atopic dermatitis, immunoglobulin E–mediated food allergy, and family history of atopy. There was
no statistically significant difference between children and adults regarding immediate-type sensitization to foods and
aeroallergens. Compared with adults, a higher percentage of children showed a positive reaction to one or more foods on patch
testing (62% versus 31%; p � 0.01). A high prevalence of comorbid atopic diseases and sensitizations to food and
environmental allergens was seen in both children and adults. Children had a significantly higher rate of asthma and positive
patch test to foods compared with adults.

(Allergy Asthma Proc 35:409–414, 2014; doi: 10.2500/aap.2014.35.3768)

Eosinophilic esophagitis (EoE) is a chronic inflam-
matory process and a clinicopathological disease

characterized by esophageal dysfunction and eosino-
philic infiltration.1–3 Clinical symptoms are variable
and differ by age.1,4 EoE has become an increasingly
recognized condition in both children and adults since
1990.5–8 It is estimated to affect up to 1 in 2500 indi-
viduals.9 Worldwide, the incidence rates range be-
tween 0.7 and 10 per 100,000 person years and the
prevalence rates range from 0.2 to 55 per 100,000 per-
sons.6,7,10 EoE occurs in most racial and ethnic groups,
but through observational studies EoE appears to dis-
proportionally affect non-Hispanic white subjects with
an increased male-to-female ratio.1,7,11

Patients with EoE often have a concurrent or history
of atopic diseases as well as a family history of atopy.
Atopic diseases such as food allergy, atopic dermatitis,
allergic rhinitis, allergic conjunctivitis, and asthma
have been reported in the majority of patients with EoE

(50–80%).2 Association with atopy has been reported
in both children and adults.9,12,13

In addition to a clinical history of allergic diseases,
antigen sensitizations based on skin-prick testing
(SPT), serum antigen–specific immunoglobulin (IgE),
and atopy patch testing (APT) have also been reported
in EoE patients.2,14–16 In a study of 45 children with
EoE, younger patients showed more IgE and APT to
foods and older patients showed greater IgE sensitiza-
tion to inhalant allergens.14 In children with EoE the
overall prevalence of food and inhalant sensitization
has been up to 80%.15 In a cohort of 50 adults with EoE,
more patients had sensitizations to aeroallergens alone
than foods alone.16 In both children and adults, sensi-
tizations to food allergens are most commonly seen to
milk, soybean, wheat, egg, and nuts.15–20 In adults,
sensitizations were also commonly seen to tomato, car-
rots, and onions.21

Animal models have shown a potential role for
aeroallergens eliciting EoE using dust mites, cock-
roaches, and Aspergillus.22,23 Rayapudi et al. found in
236 children, 38% had sensitizations to indoor aller-
gens, particularly cockroach and dust mite.23 Gon-
salves et al. studied 50 adults and 30% had isolated
positive SPT to aeroallergens, most commonly to pol-
len and dust mite.16

The pathogenesis of EoE is still not entirely clear. A
growing body of evidence suggests that the disease is
most likely a combination of both IgE and non-IgE
mechanisms.24,25 Cytokines such as interleukin (IL)-4,
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IL-5, and IL-13, as well as mast cells, play an important
role in atopic conditions and the migration of eosino-
phils to the esophagus. Among the Th2 cytokines,
IL-13 is thought to play a unique role because it can
generate EoE in mice and blockade of IL-13 in mice has
led to reduced esophageal inflammation.26,27 Several
studies have shown a positive correlation between eo-
taxin 3, IL-5, and IL-13 messenger RNA (mRNA) ex-
pression in esophageal tissue and disease activity.28

Food antigen sensitization is thought to be involved in
the pathogenesis based on improvement and/or reso-
lution of symptoms and pathological findings with
dietary therapies.29 It has been postulated that in EoE,
a type IV (Th1 mediated) delayed allergic response also
plays a role.30 Therefore, food patch testing may be
helpful in identifying foods related to the delayed hy-
persensitivity response.31

Because clinical presentations vary in children and
adults, we sought to investigate if atopic features are
different. Through our data, we examine the presence
of atopy and allergic sensitization in children and
adults with EoE.

METHODS

Chart Review Methodology
The study was approved by the Institutional Review

Board at Pennsylvania State University.
We performed a retrospective chart review of the

electronic medical records from 50 children (aged 2–18
years) and 50 adults (aged 21–75 years) randomly se-
lected from the 180 patients referred to our hospital-
based allergy clinic at Hershey Medical Center be-
tween 2006 and 2012. Patients had a physician
diagnosis of EoE based on their clinical presentations
and endoscopic biopsy showing 15 or more eosinophils
per high power field despite a trial of a proton pump
inhibitor for at least 8 weeks to exclude gastroesopha-
geal reflux disease. Medical records were reviewed for
data on demographics; personal history of asthma, al-
lergic rhinitis, IgE-mediated food allergy, and atopic
dermatitis; family history of atopy; and allergy test
results (SPT and serum-specific IgE levels to food and
aeroallergens and APT for foods). SPT is our preferred
method of measuring IgE sensitization because of its
high sensitivity. Some patients had serum-specific IgE
levels drawn before their initial visit to our clinic. We
performed serum-specific IgE levels for patients on
antihistamines at the time of the office visit as well as
for parental preference. APT was performed on 71
patients. APT was not performed if patients or their
parents refused.

Definitions
Serum in vitro assays of specific IgE � 0.35 kU/L

(ImmunoCaP Phadia AB, Portage, MI) and SPT with a

wheal size of 3 mm greater than the negative control
were considered positive testing and an indication of
sensitization to foods and/or aeroallergens. SPT was
performed by puncturing the forearm or back with a
bifurcated needle (ALK, Horsholm, Denmark) and in-
troducing a purified commercial allergen prepara-
tion (Greer Laboratories, Lenoir, NC) to be absorbed
through the skin. Reactions were recorded by measur-
ing the wheal and flare at 20 minutes. APT was per-
formed using Finn Chambers (Allerderm Laboratories,
Inc., Petaluma, CA). APT results were interpreted at 72
hours. APT showing palpable erythema, papules, or
pustules was considered positive testing and an indi-
cation of a delayed hypersensitivity. APT included the
following panel of foods: rice, barley, wheat, oat, po-
tato, soy, peanut, corn, apple, banana, peaches, carrot,
green beans, sweet peas, beef, chicken, turkey, ham,
egg, and milk. Each patient did not receive the same
panel of food or environmental allergens for SPT or
serum-specific IgE testing. Personal history of asthma,
allergic rhinitis, atopic dermatitis, and IgE-mediated
food allergy was considered positive if documented as
such in the medical history section of the medical
record. Family history of atopy was considered posi-
tive if there was a first-degree relative with a history of
asthma, allergic rhinitis, atopic dermatitis, or food al-
lergy documented in the medical record.

Statistical Analysis
All statistical analyses were performed using SAS 9.3

(SAS Institute, Cary, NC). Categorical variables were
summarized with proportions and continuous vari-
ables were summarized with means, medians, and
standard deviations. A chi-square test was used to
compare the group proportions, and an exact test was
used as needed when cell counts were too small to
meet the assumptions of the chi-square test. A value of
p � 0.05 was considered significant.

RESULTS

Patient Characteristics
A total of 100 patients were included in this study.

Participant characteristics are listed in Table 1. Of the
50 children, the majority were white (78%) and male
(72%) subjects, with the mean age at diagnosis being 8
years (Table 1). Among the 50 adults, most of the
patients (92%) were white with 60% male subjects. The
mean age at diagnosis was 40 years (Table 1).

History of Concurrent Atopy
Coexisting allergic diseases were common in both

children and adults. Cumulatively, among all 100 pa-
tients, allergic rhinitis was concomitant in 65%, asthma
in 38%, atopic dermatitis in 17%, IgE-mediated food
allergy in 22%, and family history of atopy in 62%.
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When compared with adults, a higher percentage of
children had a history of asthma (52% versus 24%; p �
0.05; Figure 1), which was statistically significant.
There was no statistically significant difference be-
tween adults and children regarding history of allergic
rhinitis, atopic dermatitis, IgE-mediated food allergy,
and family history of atopy in general (Fig. 1).

Immediate Hypersensitivity to Foods
Of the 100 patients, 42 (84%) children and 46 (92%)

adults had SPT performed to foods. Among children,
29 (69%) patients, and in adults, 34 (74%) patients
showed sensitization to one or more foods (p � 0.61).
In children, the three most common sensitizations were
to peanut, tree nut, milk, and soy (Table 2). In adults,
the three most common sensitizations were to tree nut,
shellfish, soy, and fruits (Table 3).

Thirty-five children and 12 adults had food-specific
IgE levels measured. Twenty-nine (83%) children and
eight (67%) adults had one or more food-specific IgE
level of �0.35 kU/L (p � 0.41). In children, the three

most common sensitizations were to milk, peanut, and
egg (Table 2). In adults, the three most common sensiti-
zations were to wheat, egg, and fruit (Table 3). Twenty-
seven children and eight adults had both SPT and
serum-specific IgE for food performed. Looking at both
SPT and food-specific IgE levels there was no statisti-
cally significant difference between children and adults
regarding immediate-type sensitization to foods.

Delayed Hypersensitivity to Foods
Of the 100 patients, 39 children and 32 adults had APT

performed to foods. Children had a significantly higher
number of positive reactions to APT (24 [62%] children
versus 10 [31%] adults; p � 0.01; Fig. 2). In children,
the most common foods were vegetables, meats,
milk, and soy (Table 2). In adults, the most common
foods were vegetables, potato, and milk (Table 3).

Immediate Hypersensitivity to Aeroallergens
Of the 100 patients, 30 children and 38 adults had

SPT to aeroallergens. Twenty-four (80%) children and

Table 1 Characteristics of the study participants

Characteristic All
(n � 100)

Children
(n � 50)

Adults
(n � 50)

p Value

Age at diagnosis (yr), mean (SD) 24 (19.07) 8.01 (5.11) 40.2 (13.37)
Male sex (n.) 66% (66) 72% (36) 60% (30) 0.2053*
Race (n) 0.2778**

White 85% (85) 78% (39) 92% (46)
Black 4% (4) 6% (3) 2% (1)
Hispanic 6% (6) 8% (4) 4% (2)
Other 5% (5) 8% (4) 2% (1)

*The p value calculated using asymptoticchi-squared test.
**The p value calculated using Fisher’s exact test.

Figure 1. History of atopy in children
and adults with eosinophilic esophagi-
tis (EoE). Each bar represents the per-
centage of participants, all (n � 100),
children (n � 46), and adults (n �

45), with a positive history for that
particular atopic disease except for the
family history group where data for 4
children and 5 adults is missing (*p �

0.05).
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32 (84%) adults showed sensitizations to one or more
aeroallergen (p � 0.65). In children, the most common
sensitizations were to trees, dust mite, cat, and mold
(Table 2). In adults, the most common sensitizations
were to dust mite, trees, and grass (Table 3).

Fifteen children and three adults had aeroallergen-
specific IgE levels measured. Eleven (73%) children
and one (33%) adult showed sensitizations to one or
more aeroallergens (p � 0.51). In children, the most
common sensitizations were to dog, cat, and dust mite
(Table 2). The one adult patient showed sensitizations
to cat, dog, and weed pollens (Table 3). A total of six
patients had both SPT and serum-specific IgE for
aeroallergens performed. When looking at both SPT
and aeroallergen-specific IgE levels there was no
statistically significant difference between children
and adults regarding immediate-type sensitization
to aeroallergens.

DISCUSSION
EoE is commonly associated with atopy. The disease

has been increasingly diagnosed in both children and

adults with variable clinical features. We follow a
growing number of patients in both age groups and
sought to investigate whether different atopic features
present in the two age groups by examining atopic
history and sensitization to aeroallergens and foods.

Regarding history of atopy, we found that, cumula-
tively, among children and adults, there was a large
percentage of concomitant allergic disease. Coexisting
allergic rhinitis (65%) was the most common and atopic
dermatitis (17%) was the least common. When we sep-
arated children and adults, there was a higher percent-
age of children with a history of asthma, atopic derma-
titis, and IgE-mediated food allergy. This difference
was only statistically significant for asthma (Figure 1).
It is possible that we saw a greater percentage of chil-
dren with concomitant allergic disease because sensi-
tizations to food and inhalant allergens start early in
life and symptoms can improve with age. The higher
percentage of children with a history of asthma may be
related to overdiagnosis of asthma in this age group,
because making a reliable diagnosis of asthma among
preschoolers with recurrent wheeze remains difficult.32

It is well known that not all children who wheeze have
asthma.33,34 It is also possible that we see a statistically

Table 2 Most common sensitizations found in
immediate and delayed hypersensitivity testing for
food and aeroallergens in children

Percent (n)

Food skin test
Peanut 45 (13)
Tree nut 41 (12)
Milk 38 (11)
Soy 38 (11)

Food serum–specific IgE
Milk 79 (23)
Peanut 66 (19)
Egg 62 (18)

Patch test
Vegetables (peas, beans, corn,

and carrots)
38 (9)

Meats (chicken, ham, turkey,
and beef)

33 (8)

Milk 29 (7)
Soy 29 (7)

Aeroallergen skin test
Trees 67 (16)
Dust mite 58 (14)
Cat 50 (12)
Mold 50 (12)

Aeroallergen serum–specific IgE
Dog 64 (7)
Cat 55 (6)
Dust mite 55 (6)

Percentages are percentages of positive tests.
IgE � immunoglobulin E.

Table 3 Most common sensitizations found in
immediate and delayed hypersensitivity testing for
food and aeroallergens in adults

Percent (n)

Food skin test
Tree nut 59 (20)
Shellfish 44 (15)
Soy 32 (11)
Fruit (apple, banana, cantaloupe,

orange, peach, and strawberry)
32 (11)

Food serum–specific IgE
Wheat 63 (5)
Egg 38 (3)
Fruit (apple and strawberry) 25 (2)

Patch test
Vegetables (peas, beans, and corn) 30 (3)
Potato 30 (3)
Milk 20 (2)

Aeroallergen skin test
Dust mite 75 (24)
Trees 69 (22)
Grass 69 (22)

Aeroallergen serum–specific IgE
Cat 100 (1)
Dog 100 (1)
Weeds 100 (1)

Percentages are percentages of positive tests.
IgE � immunoglobulin E.
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significant difference for asthma, as opposed to other
atopic disorders, because it has been proposed that an
interrelation exists between eosinophilic digestive dis-
ease and allergic bronchial asthma in terms of similar-
ity in pathogenesis.35

The majority of our patients had sensitizations to
food allergens, aeroallergens, or both, as identified by
SPT and/or ImmunoCap IgE assay. The most common
foods found correlate with the existing literature. Pre-
vious studies have shown that in children and adults
EoE may be driven by food antigens and we found
similar rates of IgE sensitization to foods in both pop-
ulations.4 IgE sensitization to aeroallergens was similar
between children and adults and we found no statisti-
cally significant difference between the two groups.
We had a very small number of adults that had an
ImmunoCap IgE assay performed for aeroallergens,
which may have affected our ability to detect a differ-
ence. We found mold and dust mites among the most
common sensitizations, as previously reported.

Our study also compared the results of APT among
children and adults, which can be a measure of non–
IgE-mediated sensitization to foods. In a previous
study with a smaller number of patients, we found that
children tended to have higher rates of positive results
to APT, although this did not reach statistical signifi-
cance.36 In this study, we found that compared with
adults, children had a statistically significant higher
number of positive APT to foods. Molina-Infante et al.
also reported a low rate of positive APT to foods in
their cohort of 22 adults with EoE.37 Previous studies
have shown both very low and very high positivity
rates of APT in children with EoE.38–40 The variance in
the previously reported literature suggests that age is
not a sufficient explanation for the difference between
children and adults.

One strength of this study is that the children and
adults had a physician-documented diagnosis of EoE
documented by esophageal biopsies after being treated
for gastroesophageal reflux disease. Also, we included
both children and adults in our analysis, whereas most
studies focus on only one age group. Limitations of this
study include the retrospective nature and the varia-
tion in testing for food and environmental allergen
sensitization among our patients. The majority of chil-
dren and adults received SPT and APT; however, a
smaller number had serum-specific IgE measured for
food and aeroallergens. SPT is our preferred method of
measuring IgE sensitization because of its high sensi-
tivity. The inconsistency in testing affected the size of
the groups analyzed for sensitization, which may mask
other significant atopic differences between children
and adults. The majority of the patients being white,
which reflects the patient population in the area, is in
concordance with the current literature showing that
EoE disproportionally affects non-Hispanic white sub-
jects.1,7,11

In accordance with the literature, our findings illus-
trate a high prevalence of comorbid atopic diseases and
sensitizations to food and environmental allergens in
both children and adults. However, we found that
children had a significantly higher rate of asthma and
positive patch test to foods compared with adults.
There was no significant difference between children
and adults regarding rates of IgE sensitization to foods
and aeroallergens.
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Figure 2. Allergy testing in children
and adults with eosinophilic esophagi-
tis (EoE). Each bar represents the per-
centage of participants with positive
testing for that category. Numbers
within the bars represent the n of that
group (*p � 0.05; NS � p � 0.05).
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40. Paquet B, Bégin P, Paradis L, et al. Variable yield of allergy
patch testing in children with eosinophilic esophagitis. J Allergy
Clin Immunol 131:613, 2013. e

414 September–October 2014, Vol. 35, No. 5


