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Abstract

BACKGROUND—Eosinophilic esophagitis (EoE) is an allergic inflammatory disease that is 

triggered by food allergens and characterized by progressive esophageal dysfunction. Recently, 

EoE has been identified in patients undergoing oral immunotherapy (OIT) for IgE-mediated food 

allergy, suggesting an association.

OBJECTIVE—We sought to ascertain whether significant associations exist between IgE-

mediated food allergies and EoE.

METHODS—Utilizing analysis of EMR data and manual chart review, we examined our sub-

specialty care network of 35,528 children and adolescents to identify and characterize patients 

with IgE-mediated, and EoE food allergy. The most common food allergens were defined, and the 

prevalence of EoE in patients with IgE-mediated food allergy was determined. Logistic regression 

was used to measure the extent to which IgE-mediated food allergy to specific foods is associated 

with EoE.

RESULTS—The most common causes of EoE were milk, grains, meats, peanut, tree nuts, egg, 

and soy, an allergen pattern that is distinct from that of IgE-mediated food allergy. The prevalence 

of EoE in patients with IgE-mediated food allergy was higher than that reported in the general 

population (4.7% vs 0.04%). The distribution of IgE-mediated food allergens in patients with EoE 

was similar to that of the general population, and IgE-mediated allergy to egg (2.27; 1.91–2.64), 
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milk (4.19; 3.52–4.97), or shellfish (1.55; 1.24–1.92) was significantly associated with EoE 

diagnosis.

CONCLUSIONS—Our findings support a clinical association between these conditions that has 

implications for the management of children with food allergy, and particular relevance to patients 

undergoing OIT.
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Introduction

IgE-mediated food allergies are common in the United States, and their prevalence and 

severity may be increasing.(1–5) Childhood food allergy is associated with impaired quality 

of life, limited social interactions, comorbid allergic conditions, and significant economic 

cost to our healthcare system. Importantly, a severe allergic reaction resulting in anaphylaxis 

can be life threatening, and food allergens are the most common cause of anaphylaxis and 

anaphylaxis-related mortality in children and adolescents.(6) Prior studies have identified an 

association between IgE-mediated food allergy and the development of comorbid atopic 

conditions including asthma and allergic rhinitis.(7, 8) However, the extent to which IgE-

mediated food allergy is associated with eosinophilic esophagitis (EoE) is unknown.

Eosinophilic esophagitis is a chronic allergic inflammatory disease of the esophagus that, if 

left untreated, can result in significant impairment in quality of life. EoE should be 

considered in older children and adults who present with symptoms of esophageal 

dysfunction and/or fibrosis such as dysphagia, odynophagia, or a history of food impaction 

and/or esophageal stricture formation. Diagnosis in younger children can be difficult as 

symptoms often mimic those of gastro-esophageal reflux disease, however, EoE-related 

symptoms do not respond to gastric acid suppression alone. On histology, esophageal tissue 

of patients with EoE is characterized by esophageal epithelial barrier defects and eosinophil 

infiltrates. Diagnosis requires the presence of 15 or more eosinophils per high power field in 

one or more of at least four esophageal biopsy specimens, while the patient is on optimal 

gastric acid suppression.(9–11) When an EoE diagnosis is made, it is important that measures 

be taken to eliminate or control esophageal inflammation, through allergen identification and 

avoidance or topical corticosteroid therapy, to relieve symptoms and prevent fibrotic 

complications of esophageal stricture formation and food impaction.(12)

The pathophysiology of EoE is complex and an active area of research.(13) However, there 

are several lines of experimental and clinical evidence from both animal and human studies 

to suggest that while IgE-mediated food allergy and EoE both lie on the atopic spectrum, 

they have distinct pathophysiology.(14–16) We have shown that eosinophilic inflammation is 

independent of both B cells and IgE in animal models.(17, 18) These findings are consistent 

with the clinical observations that 1) IgE-mediated food allergy and EoE have distinct 

natural histories (patients with IgE-mediated allergy frequently outgrow their disease, while 

those with EoE to the same allergen typically do not),(19–21) 2) testing for allergen-specific 

IgE molecules is not helpful when attempting to identify EoE-causative foods,(22) 3) patients 
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can develop EoE after resolution of IgE-mediated food allergy,(23) and 4) omalizumab (anti-

IgE) therapy is not beneficial in EoE.(24) Despite these observations, the extent to which 

IgE-mediated food allergy is associated with the development of EoE is not known.

We perform a retrospective cohort study of electronic medical record (EMR) data from one 

of the largest pediatric EoE cohorts available. We define and compare children with IgE-

mediated or EoE food allergy in terms of demographics, clinical characteristics, and most 

common food allergens. We determine the prevalence of EoE in patients with IgE-mediated 

food allergy, and perform multivariate logistic regression analysis to measure the extent to 

which IgE-mediated food allergy is associated with EoE diagnosis. Our results identify an 

important association between these conditions, have implications for the management of 

children with food allergy, and are of particular relevance to patients undergoing oral 

immunotherapy (OIT).

Methods

Cohort generation and data extraction

The Allergy Section at The Children’s Hospital of Philadelphia (CHOP), which includes six 

care locations, is the largest provider of sub-specialty allergy care services to patients 

residing in the eastern Pennsylvania, New Jersey, and Delaware region. In addition, we are 

an international referral center for eosinophilic esophagitis and have developed one of the 

largest pediatric cohorts for this condition through our Center for Pediatric Eosinophilic 

Diseases (CPED). We extracted data from the electronic medical record (EMR; Epic 

Systems, Verona, WI) of 35,528 children who obtained specialty care in our division 

between 1/1/2010 and 12/31/2015 (Fig 1). Direct patient identifiers (e.g., medical record 

number, name, etc.) were removed to create a dataset with limited identifiers (e.g., date of 

birth, dates of healthcare encounters, diagnoses, etc.) and data analyses tasks were 

completed using SAS v9.4 (Cary, NC). Three EMR study cohorts were defined: a cohort of 

11,513 children with IgE-mediated food allergy in the absence of EoE (Fig 1, a), 570 

children with concurrent IgE-mediated food allergy and EoE (Fig 1, b), and 266 children 

with EoE in the absence of IgE-mediated food allergy (Fig 1, c). We also utilized a manual 

cohort with detailed information on IgE and EoE allergens for 1795 patients with EoE who 

were evaluated in the CPED between 1/1/2006 and 5/1/2016. The CHOP Institutional 

Review Board (IRB) reviewed the retrospective cohort portion of our study and determined 

that it was exempt from requiring ethics approval or subject consent as it did not meet the 

definition of “human subject” research. The CPED cohort was approved by the CHOP IRB 

and performed under protocol number 07–005420.

Definitions of conditions studied

Diagnosis of IgE-mediated food allergy and EoE was made in accordance with established 

practice parameters.(10, 25) ICD-9 and ICD-10 codes were used to identify children with IgE-

mediated food allergy (ICD-9 codes 477.1, 693.1, 995.60–995.69 and V15.05; ICD-10 codes 

J30.5, L27.2, T78.0%, T78.1%, and Z91.01%, where % includes all variations that follow 

the preceding characters), and EoE (ICD-9 code 530.13; ICD-10 code K20.0). The allergy 

module of our EMR was used to identify specific food allergens. The presence of both a 
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respective ICD diagnosis code and a food allergen in the allergy module were required for 

inclusion in the EMR study cohorts. Requirement for inclusion in the CPED EoE cohort was 

diagnosis of EoE and identification of trigger food by biopsy while on an appropriate PPI 

regimen, in accordance with consensus guidelines.(10) For prevalence calculations, 

individual children with each diagnosis were enumerated. For determination of the most 

common food allergens, individual instances of food allergy were enumerated (even if 

multiple allergies occurred in the same patient).

Validation of ICD codes and food allergy data via chart review

To determine the extent to which ICD diagnosis codes and food allergy data correctly 

represented the presence of each of the conditions of interest, a manual review of 100 charts 

was performed. Additionally, to ensure accurate estimation of the association between IgE-

mediated food allergy and EoE, we performed a manual chart review of 100 patients with 

IgE-mediated food allergy and EoE. Evidence of IgE-mediated allergy was defined as 

presence of consistent history and laboratory analysis, skin testing, and/or food challenge. 

The chart review portion of our study was approved by the CHOP IRB and performed under 

protocol number 07–005420.

Statistics

We used multivariate logistic regression analysis of our EMR cohort to assess the 

relationship between demographic variables or IgE-mediated food allergy and EoE status. 

Analysis of IgE-mediated food allergy was adjusted for gender, race, and ethnicity. The top 

five IgE-mediated food allergens for patients with EoE (peanut, egg, tree nut, milk, shellfish) 

were included in our analysis. Odds ratios, 95% confidence intervals, and p values were 

calculated and reported.

Results

Cohort demographics and ICD code validation

A graphical representation of our EMR study cohorts is shown (Fig 1), as are the 

demographic characteristics of patients with IgE-mediated, and EoE food allergy (Table 1). 

Patients with IgE-mediated food allergy were found to be approximately 61% male and 58% 

white, while patients with EoE were found to be approximately 76% male and 74% white. 

These findings are consistent with prior studies that have found that EoE is most prevalent in 

Caucasian males.(26) Both cohorts had a similar ethnic distribution, while patients with EoE 

were slightly older (21% born before the year 2000 compared to 9% in the IgE cohort) 

consistent with the natural history of these conditions.(19) The demographic characteristics 

of the manual CPED cohort were similar to those of the EMR EoE cohort (data not shown). 

To determine the accuracy of our coded EHR data, a manual chart review was performed for 

100 patients. The percent confirmed diagnosis for all conditions studied (true positive rate 

for ICD codes) was 92% overall (92% for EoE, and 92% for IgE-mediated food allergy).

Analysis of food allergens in patients with IgE-mediated food allergy or EoE

To determine the most common food allergens in patients with IgE-mediated food allergy (in 

the absence of EoE), we utilized our EMR cohort. Consistent with previous reports, the most 
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common causal foods of IgE-mediated allergy were peanut, tree nut, egg, milk, and shellfish 

(Fig 2 a, b). To determine the most common causal foods of EoE, we examined our CPED 

cohort of 1795 patients with EoE. The most common causal foods of EoE were milk, soy, 

egg, grains, and meats (Fig 2 c, d). To determine the most common causes of IgE-mediated 

food allergy in patients with concurrent EoE, we performed a manual evaluation of our 

CPED cohort. Of patients with EoE, the most common causes of IgE-mediated food allergy 

were peanut, egg, tree nut, milk, and shellfish (Fig 2e, f).

Prevalence of EoE in patients with IgE-mediated food allergy

We next sought to determine the rate at which IgE and EoE food allergy co-occur. It has 

previously been shown that patients with EoE have a high rate of IgE-mediated food 

allergy.(27) We measured a rate of IgE-mediated food allergy in patients with EoE of 68%, a 

prevalence that is higher than previously reported.(27, 28) To ensure accurate measurement of 

IgE-mediated food allergy in patients with EoE, we performed a manual chart review of 100 

patients. In this review, 94% of patients with both an IgE-mediated food allergy and EoE 

diagnosis were found to have evidence of IgE-mediated allergy to at least one food.

To measure the prevalence of EoE in patients with IgE-mediated food allergy, we 

determined the number of patients in our EMR IgE cohort who had a diagnosis of EoE (Fig 

1b). Of the 12,083 patients with IgE-mediated food allergy, 570 patients had a diagnosis of 

EoE indicating a prevalence of 4.72% (~1 in 20). In comparison, the prevalence of EoE in 

the general population nationally is estimated to be 1 in 2500 when utilizing either a similar 

ICD-based methodology(29) or a national questionnaire of physicians.(30) Together, these 

findings indicate that the co-occurrence of IgE-mediated food allergy and EoE is high, and 

that the prevalence of EoE in patients with IgE-mediated food allergy is higher than that 

observed in the general population (Table 2).

Association between IgE-mediated allergy to specific foods and EoE

We next used multivariate logistic regression analysis of our EMR cohort of 12,083 patients 

with IgE-mediated food allergy to determine whether demographic variables, or the presence 

of IgE-mediated allergy to specific foods, were associated with a diagnosis of EoE. 

Consistent with previous reports, we found that EoE is more commonly diagnosed in males 

(OR 2.27, 95% CI 1.89–2.78) and Caucasians (OR 1.99, 95% CI 1.55–2.56) (Table 3).(31)

We next sought to measure the extent to which IgE-mediated food allergy to specific foods 

was associated with EoE. We took advantage of different causal allergen patterns for IgE-

mediated food allergy and EoE to differentiate foods causing IgE-mediated food allergy 

from foods causing EoE in our EMR cohort. To ensure that we were accurately measuring 

specific IgE-mediated food allergens in patients with EoE, we performed a manual chart 

review of 100 patients in our EMR cohort with both IgE-mediated food allergy and EoE. 

EMR food allergen data for the top five causes of IgE-mediated food allergy in patients with 

EoE (peanut, egg, tree nut, milk, shellfish) had a true positive rate (positive predictive value) 

of 91% for foods causing IgE-mediated allergy. There were no false-negatives (i.e. cases 

where a child was allergic to a specific food that was not identified in the EMR food allergy 

data).
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We next performed multivariate logistic regression analysis of our EMR cohort dataset to 

determine the extent to which IgE-mediated food allergy to specific foods is associated with 

EoE. We found that IgE-mediated allergy to egg (2.27; 1.91–2.64), milk (4.19; 3.52–4.97), 

or shellfish (1.55; 1.24–1.92) was significantly associated with a diagnosis of EoE (Table 3). 

Furthermore, we found that more than one IgE-mediated allergy diagnosis to a top 5 food 

(peanut, egg, tree nut, milk, shellfish) was associated with an increased risk of EoE (Table 

3). Together, these findings indicate that individuals with IgE-mediated allergy to specific 

foods are at increased risk of developing EoE, and that individuals are at increased risk of 

EoE with each additional IgE-mediated food allergy.

Discussion

Eosinophilic esophagitis is an increasingly commonly cause of esophageal symptoms in 

pediatric and adult patient populations. The pathophysiologic relationship between IgE-

mediated food allergy and EoE continues to be clarified. Here we provide one of the largest 

retrospective cohort studies of patients with EoE ever performed. We find the most common 

causal foods of EoE to be milk, soy, egg, grains, and meats. In comparison, the pattern of 

IgE-mediated food allergens in patients with EoE are distinct, and similar to those observed 

in the general population (peanut, tree nut, egg, milk, and shellfish). Together, these findings 

support different pathophysiology for these two conditions.

While IgE-mediated and EoE food allergy have been reported to occur together,(14, 15, 23, 28) 

it is difficult to estimate simultaneous occurrence of these conditions to the same food as 

avoidance of the causal food in IgE-mediated food allergy ameliorates EoE symptoms. 

Additionally, patients with EoE and IgE-mediated food allergy may display distinct clinical 

symptoms as compared to those without IgE-mediated food allergy, making EoE diagnosis 

difficult.(28) As such, there are likely a proportion of patients with concurrent IgE-mediated 

food allergy and EoE in which EoE is not detected.(23) We observed a higher rate of IgE-

mediated food allergy in patients with EoE as compared with prior studies,(27, 28) a finding 

which was confirmed by manual chart review. While differences in methodology may 

account for the higher rates of IgE-mediated food allergy observed in our study, it is possible 

that IgE-mediated food allergy is more common in patients with EoE than previously 

appreciated. As such, further study of the rate of IgE-mediated food allergy in patients with 

EoE is warranted.

Recently, diagnoses of EoE in patients undergoing OIT for IgE-mediated food allergy has 

raised concern that OIT could trigger EoE, at rates ranging from 1 to 10% depending on 

methodology.(32) The association between OIT and EoE was the focus of a recent meta-

analysis which reported a positive correlation between OIT and EoE, with new onset of EoE 

occurring in 2.7% of patients undergoing OIT.(33) However, this meta-analysis defined EoE 

by biopsy, excluding patients with symptoms of EoE (such as abdominal pain or vomiting) 

that did not undergo biopsy. In our review of studies that documented discontinuation of OIT 

due to EoE symptoms and/or consistent biopsy findings, we found that symptoms of EoE 

occur at a rate between 8 and 14% (Table 4). While it should be noted that abdominal pain 

or vomiting are non-specific symptoms that are not diagnostic for EoE, many patients who 

Hill et al. Page 6

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



discontinue OIT due to these symptoms do not obtain biopsies. As such, actual rates of EoE 

during OIT may be higher than previously appreciated.

Our findings indicate that the prevalence of EoE in patients with IgE-mediated food allergy 

is higher than the rate of EoE in the general population,(31) and similar to rates of biopsy-

confirmed EoE observed during trials of OIT (Table 4).(33–35) Furthermore, we found that 

allergy to three of the most common IgE-mediated food allergens (milk, egg, and shellfish) 

was highly associated with diagnosis of EoE. Together, our findings suggest that IgE-

mediated food allergy is a marker of risk for development of EoE, possibly because of 

shared genetic predisposition or environmental modulators. Furthermore, the concern for 

iatrogenic EoE in patients undergoing OIT is likely warranted, and patients undergoing OIT 

should be closely monitored for development of EoE symptoms.

Limitations

This study is a secondary analysis of health records of a sub-specialty clinic at a single 

institution collected as part of routine care. Utilization of a sub-specialty cohort can result in 

selection bias. Additionally, we relied on diagnosis codes to identify conditions of interest, 

and choice of diagnosis codes can be affected by billing or administrative constraints. 

However, in a chart review of a subset of our cohorts we found a high degree of diagnosis 

code accuracy when compared to commonly accepted practice parameters. In patients with 

history consistent with IgE-mediated food allergy, diagnosis of allergy to a food not yet 

consumed may be made based on positive testing. With this methodology, an over-

estimation of IgE-mediated food allergy rates could occur. Finally, our patients primarily 

reside in an urban and suburban setting which should be considered when extrapolating to 

rural communities or comparing to national studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this topic?

IgE-mediated food allergy is associated with comorbid atopic conditions such as asthma 

and allergic rhinitis. However, it is not known whether patients with IgE-mediated food 

allergy are at risk for developing eosinophilic esophagitis (EoE).

What does this article add to our knowledge?

We find that the causal allergens for IgE-mediated and EoE food allergy are distinct, that 

the prevalence of EoE is higher in the IgE-mediated food allergy population, and that 

allergy to common IgE-mediated food allergens is associated with developing EoE.

How does this study impact current management guidelines?

The association between IgE-mediated food allergy and EoE suggests a shared 

predisposition, and has implications for the management and monitoring of children with 

food allergy. Our results identify a very real risk of EoE in patients with IgE-mediated 

food allergy, and have implications for patients undergoing oral immunotherapy.
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Figure 1. 
EMR study cohorts. Three study cohorts were identified: (a) A cohort of 11,513 children 

with IgE-mediated food allergy in the absence of EoE, (b) a cohort of 570 children with 

concurrent IgE-mediated food allergy and EoE, and (c) a cohort of 266 children with EoE in 

the absence of IgE-mediated food allergy.
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Figure 2. 
The most common food allergens in patients with IgE-mediated food allergy or EoE. (a) 

Number of diagnoses for the most common food allergens in patients with IgE-mediated 

food allergy. (b) Frequency of the most common food allergens in patients with IgE-

mediated food allergy. (c) Number of diagnoses for the most common food allergens in 

patients with EoE food allergy. (d) Frequency of the most common food allergens in patients 

with EoE food allergy. (e) Number of diagnoses for the most common IgE-mediated food 
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allergens in patients with EoE. (f) Frequency of the most common IgE-mediated food 

allergens in patients with EoE.
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Table 1

Demographic characteristics of the EMR cohorts

Frequency, % (n)

Characteristic IgE (12,083) EoE (836)

Gender

   Male 61 (7,393) 76 (638)

   Female 39 (4,690) 24 (198)

Race

   White 58 (6,994) 74 (621)

   Black 20 (2,463) 11 (88)

   American Indian or Alaska Native <1 (15) <1 (1)

   Asian 6 (750) 2 (14)

   Native Hawaiian or Other Pacific Islander <1 (11) 0 (0)

   Other 13 (1620) 12 (99)

   Multiple 1 (168) 1 (12)

   Unknown <1 (11) <1 (1)

   Refused <1 (51) 0 (0)

Ethnicity

   Non-Hispanic or Latino 88 (10,692) 85 (714)

   Hispanic or Latino 5 (591) 5 (43)

   Unknown 5 (599) 9 (76)

   Refused 2 (201) <1 (3)

Birth year

   Before 2000 9 (1044) 21 (178)

   2000 to 2004 20 (2421) 31 (261)

   2005 to 2009 36 (4319) 34 (283)

   2010 to 2015 36 (4299) 14 (114)
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Table 2

Rate of EoE

Rate Source Referencesa

General Population 0.0004 ICD, Survey 1, 2

IgE Population 0.0472 ICD

a
See supplemental references
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Table 3

Association between patient characteristics and EoE in the EMR cohort

Characteristic Odds Ratio 95% CI P value

Gender

   Male vs Female 2.27 1.89 – 2.78 < 0.0001

Race

   White vs Black 1.99 1.55 – 2.56 < 0.0001

Ethnicit y

   Hispanic vs Non-Hispanic 0.99 0.67 – 1.47 ns

Specific Food Allergens

   Peanut 1.07 0.90 – 1.27 ns

   Egg 2.27 1.91 – 2.64 <0.0001

   Tree nut 1.04 0.88 – 1.23 ns

   Milk 4.19 3.52 – 4.97 <0.0001

   Shellfish 1.55 1.24 – 1.92 <0.0001

Number of Food Allergies

   2 foods 2.93 2.16 – 4.05 <0.0001

   3+ foods 5.29 3.82 – 7.32 <0.0001
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Table 4

Rate of abdominal pain and biopsy-confirmed EoE during OIT

Food Abdominal pain Biopsy Referencesa

Milk 14.3% 4.7% 3–11

Egg 7.9% 2.5% 12–21

Peanut 13.4% 7.3% 22–33

a
See supplemental references
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