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Objectives

 Provide a brief clinical overview of eosinophilic 
esophagitis 

 Discuss recent findings on the epidemiology of EoE
in the U.S. Medicaid population

 Review the known pathophysiology of EoE and 
discuss and the potential role of IgG4



Case Presentation

 34 year-old Caucasian man presents to the 
allergy clinic for evaluation of allergic rhinitis
 Itchy eyes and sneezing in the spring/fall

 He endorses itching in his mouth when eating almonds, 
hazelnuts, and some raw fruits

 Skin prick testing is markedly positive to trees, grasses, 
and weeds



Case Presentation (continued)

 On review of systems, he endorses dysphagia
 Present since he was 12

 His brothers always made fun of him because he was 
a slow eater and choked frequently

 He can’t eat without drinking water

 His symptoms are worse when eating chicken and beef



Upper Endoscopy



Pathology

 Distal:  > 25 eosinophils/hpf
 Middle:  > 25 eosinophils/hpf
 Proximal:  > 25 eosinophils/hpf

 Subepithelial fibrosis present

Other potential causes of esophageal 
eosinophilia were excluded



Definition of EoE (2018)

A clinicopathologic disorder defined by the 
following criteria:
Symptoms related to esophageal dysfunction
Eosinophil-predominant inflammation on esophageal 

biopsy (≥15 eos/hpf) 
Secondary causes of esophageal eosinophilia are 

excluded

Dellon ES et al.  Gastroenterology 2018



Eosinophilic Esophagitis

http://content.nejm.org/content/vol356/issue20/images/large/11f1.jpeg


Project #1:

Epidemiology of EoE



Epidemiology

Males > Females (~3:1)
Caucasians > other race/ethnicities
Has been reported in every continent 
Strongly associated with atopic diseases
Can run in families 

 Brother with EoE:  RR 64
 Father with EoE:  RR 43

Possible seasonal variation Dellon ES, Gastroenterology, 2018
Rothenberg ME et al, Gastroenterology 2015



Prevalence Estimates

 Prevalence estimates are highest in the United States, 
Western Europe, and Australia

 Prevalence estimates:
 General population:  22-90/100,000
 Among those with food allergy:  ~5%
 Among those undergoing EGD for dysphagia: 12-23%
 Among those undergoing EGD for food impaction:  46-63%

Dellon ES, Gastroenterology, 2018
Arias A et al, AP&T, 2016

Hill DA et al, JACI-IP, 2017

Prasad GA et al, Am J Gastro, 2007
Hiremath GS et al, Dig Dis Sci, 2015



Knowledge Gaps

 Disparities exist in asthma morbidity and food allergy 
diagnosis among impoverished children

 Our understanding of the association between poverty, 
urbanization, and EoE is poor

 Previous studies estimating the prevalence of EoE
using administrative data have not included the U.S 
Medicaid population

Keet CA JACI 2017; McGowan EC Annals 2015



Questions

 What is the prevalence of EoE in the U.S. 
Medicaid population?

 Is there any association between EoE, poverty, 
and urbanization?



EoE Prevalence in Medicaid

McGowan EC et al, JACI IP 2020



Inverse Association with Poverty

 Higher neighborhood-level 
poverty (>20%) is protective 
for EoE diagnosis

 This is true despite taking 
into account sex, age, 
race/ethnicity, state, and 
urbanization

McGowan EC et al, JACI IP 2020



Associations with Race, Urbanization

McGowan EC et al, JACI IP 2020



Then . . . 

Sabet C et al, JACI-IP 2021



Then . . . 

Yes – We 100% agree.

McGowan EC et al, JACI-IP 2021



Disparities Exist in EoE Diagnosis
Urban-Rural Poverty

McGowan EC et al, JACI-IP 2021



Lesson #1

 The “protective” effect of living in a rural 
environment was explained by distance to a 
pediatric provider (i.e. underdiagnosis)

 The protective effect of poverty did not change
 Protective environmental exposures?
 Decreased access to specialty care?
 Inability to take off work for appointments?
 Distrust in medical providers?



Is this just the tip of the iceberg?

Lack of access to specialty providers

Symptoms are gradually progressive

Other financial barriers to care

Patients modify eating behaviors

The diagnosis requires an 
endoscopy

We rarely ask questions about 
dysphagia



Questions

 What is the prevalence of EoE symptoms in an allergy 
clinic population?

 Do any of those patients have undiagnosed EoE?



Pilot Study
1. Allergy Clinic Patients

• Asthma
• Allergic Rhinitis
• IgE-Mediated Food Allergy
• Eczema

2. Unselected Adults

Both groups completed the Brief Esophageal Dysphagia 
Questionnaire

Eid R et al, JACI-IP 2022



105 subjects 
completed survey

Typical EoE
Symptoms:
44 (44.0%) 

Atypical EoE
Symptoms:
37 (37.0%) 

Asymptomatic
19 (19.0%)

9- AIT 
maintenance
2- Prednisone
1- Dupilumab
1- Pregnant

2- Withdrawn
1- Deceased 
2- Diagnosis of EoE prior to 
survey

100 subjects

Eligible for 
Cytosponge
33 (75.0%)

Completed 
Cytosponge

5 (11.4%)

Eligible for 
Cytosponge
24 (64.9%)

Completed 
Cytosponge

5 (13.5%)

Eligible for 
Cytosponge
13 (68.4%)

Completed 
Cytosponge

0 (0%)

10- Lost to 
Follow-up
3 - Declined

6- AIT maintenance
8- AIT 
maintenance
2- Dupilumab
1- Gelatin 
Allergy

12-Lost to 
Follow-up
7- Declined

13-Lost to Follow-
up
12- Declined

EoE
0 (0%)

EoE
1 (1%)

Eid R et al, JACI-IP 2022



The Cytosponge



Eosinophils via the Cytosponge

McGowan EC, unpublished data
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Typical EoE Symptoms:
44 (44.0%) 

Eligible for Cytosponge
33 (75.0%)

Completed Cytosponge
5 (11.4%)

8- AIT maintenance
2- Dupilumab
1- Gelatin Allergy

13-Lost to Follow-
up
12- Declined

EGD 
3 (4.55%)

Normal Cytosponge
4 (9.10%)

EoE on Cytosponge
1 (2.27%)

EGD confirmed ?EoE
1 (2.27%)

EGD confirmed EoE
1 (2.27%)

EGD confirmed EoE
2 (4.55%)

Weighted estimate of EoE: 
8.8 – 16.5% of allergy 

patients

Eid R et al, JACI-IP 2022



Lesson #2

 The prevalence of EoE symptoms in allergy 
patients is very high

 There is likely undiagnosed EoE in patients 
with other allergic conditions

 As allergists, we should always ask about 
symptoms of dysphagia in our allergy patients



Project #2:

EoE and the Enigma of IgG4



Knowledge Gap

 EoE is driven by food antigens (milk, wheat, egg, 
soy, etc)

 The mechanisms underlying this food-induced 
inflammation remain unknown

 Because of this knowledge gap, we do not have 
accurate diagnostic tests to identify food triggers



Pathophysiology

Davis BP, Clin Rev Allergy and Immunol, 2018



Adult with EoE Control

Red = granular intercellular IgG4
Blue = DAPI nuclear counterstain

Co-staining for complement 9 (Green) is negative

IgG4 content of esophageal tissue 
homogenate in adults with EoE compared 

with control subjects
Clayton F, Gleich GJ, Peterson KA et al, Gastroenterology, 2014



Subsequent Studies

 Granular deposits of IgG4 and IgG4-containing plasma cells 
have been found in the esophagi of patients with EoE

 Intrasquamous IgG4 deposits can distinguish EoE from GERD
 Total IgG4 and food-specific esophageal IgG4 levels decrease 

in patients who respond to diet
 Esophageal IgG4 levels correlate with esophageal eosinophil 

counts, histologic grade, stage scores, and cytokine 
expression in children with EoE

Clayton et al, 2014; Zuckerberg et al, 2015; Wright et al, 2016; 
Mohammad et al, 2018; Rosenberg et al, 2018



Overview of IgG4

 Least abundant IgG subclass
 Increases in response to IL-4 and 

IL-13, as well as IL-10, and IL-21
 Flexible hinge region allows Fab 

arm exchange
 Limited ability to form immune 

complexes
 Pathologic in certain diseases 

Stone et al, NEJM, 2012



Question

 Are food-specific IgG4 levels higher in children 
with EoE than unselected controls?



Elevated sIgG4 to Milk and Gluten

Schuyler A, McGowan EC et al, JACI, 2018



sIgG4 to Milk Proteins are Elevated in EoE

Bos d 4 sIgG4 Bos d 5 sIgG4 Bos d 8 sIgG4

Schuyler A, McGowan EC et al, JACI, 2018



Question

 Are serum food-specific IgG4 levels higher in 
patients with EoE than controls with a matched 
distribution of allergic disease?



UVA EoE Cohort

 Established in May 2017, and enrollment is ongoing
 Patients are eligible for enrollment if they are:

A. Followed in the multidisciplinary EoE clinics 
(pediatric or adult) OR

B. Undergoing EGD for evaluation of suspected EoE
 All data is stored in a REDCap database
 350 patients have enrolled (50% pediatric)



Case-Control Study Results

McGowan EC et al, Clin Exp Allergy, 2022



Lesson #3

 Food sIgG4 levels are higher among patients with 
EoE than atopic controls

 This is likely due to the unique milieu in EoE, 
characterized by T2 inflammation and chronic 
antigen exposure

 Whether IgG4 is an epiphenomenon or pathogenic 
in EoE is still unknown



Question

 Why is IgG4 present in the tissue?



Hypothesis

 IgG4 is forming immune complexes with food in 
esophageal tissue.



IgG4-Wheat Co-Localization

A (Left) FITC green fluorescence with IgG4 primary Antibody; B (Middle) Cy5 red fluorescence with 
wheat protein; C (Right) Combined Green and red fluorescence plus blue dye (DAPI for nucleus)



Milk and IgG4 Co-localization
Active EoE

Red = Milk proteins
Blue = DAPI nuclear counterstain

Green = Co-staining for IgG4 Medernach J, et al, under review



Milk and IgG4 Co-localization
Active EoE Remission (Same patient)

Red = Milk proteins
Blue = DAPI nuclear counterstain

Green = Co-staining for IgG4 Medernach J, et al, under review



Co-Localization and Disease Activity

Medernach J, et al, under review



Co-Immunoprecipitation

 Allergens identified:
 Cow’s milk (Bos d 5, 6, 10)
 Almond (Pru du 6)
 Tuna (enolase)
 Sesame (Ses I 6) 
 Tilapia (Ore m 4)
 Pea (Pis s 1)
 Cherry (Pru av 1)
 Dust mite (elongation factor 2, Der p 14)

Medernach J, et al, under review



Overview of autoSTOMP



autoSTOMP of EoE Sample

Medernach J, et al, under review



Proteins Enriched Around IgG4

Medernach J, et al, under review



Patient-Specific Pattern of Foods

Subject #2

Medernach J, et al, under review



Working Model . . . 

Created with biorender.com



Lesson #4

 IgG4 co-localizes with milk and wheat proteins in 
the esophageal tissue of EoE patients with active 
disease

 Whether this is pathogenic, however, remains 
unknown and is the subject of ongoing work . . . 



Conclusions

 EoE is less often diagnosed in those with decreased 
access to care

 EoE is likely underdiagnosed in patients with allergic 
disease

 Individuals with EoE have very high serum titers of 
sIgG4 to cow’s milk, wheat, and soy proteins

 IgG4 and food proteins appear to co-localize in the 
esophageal tissue of patients with EoE
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Thank You!



Questions?
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Timeline of Allergic Disease

1819: Allergic 
Rhinitis first 

defined

~400 BC: 
Asthma first 
defined by 

Hippocrates

1662:  First 
report of food 
allergy in the 

medical 
literature

1977: EoE first 
described 

(case report)
1 AD:  Celiac 
Disease first 

described



History of EoE

1977: EoE 
first 

described 
(case report)

1980s: 
Papers 
linked 

eosinophilia 
with GERD

1993 & 1994:  
2 case series 
defined EoE 
as a distinct 

condition

1995: Food 
was found to 
be causative 

factor

1998: 
Topical 
steroids 

first used

2003-2007 
Retrospective 

studies

2007:  First 
consensus 
guidelines

2008:  ICD-9 
Code first 

implemented

2011: 
Revised 

consensus 
guidelines

2013:  
Revised 

consensus 
guidelines

2018: 
Revised 

consensus 
guidelines

2022:  
Dupilumab 
approved 
for EoE



EoE Appears to be Increasing

Dellon ES, Gastroenterology, 2018



Evidence for a True Increase
Diagnosis Outpaces Biopsies EoE Not Missed in the Past

Dellon ES et al, AP&T, 2015 DeBrosse CW et al, JACI, 2010



Milk Component sIgG4 Levels

Li RC, McGowan EC, unpublished data



UVA EoE Cohort (continued)
Clinical Database
 Exposures
 Atopic/Medical History
 Family/Dietary History
 Treatment 
 Pathology/Lab values
 EREFS Scores
 Validated Symptom Scores 

(PEESS, EASI)

Biorepository
 Serum
 Esophageal Tissue
 Saliva
 Urine
 PBMCs (subset)



Typical Symptoms

Children
 Feeding dysfunction (~2y)
 Vomiting (~8y)
 Abdominal pain (~12y)
 Dysphagia (~13y)
 Food impaction (~17y)

Adults
 Dysphagia
 Food impaction
 Chest pain
 Heartburn
 Upper abdominal pain
 Esophageal perforation



Natural History

 Diagnosis is typically delayed (average 4.6 years)

 Considered a chronic disease
 EoE does not typically spontaneously resolve
 EoE recurs in most patients when treatment is stopped

 No reports of transformation to hypereosinophilic syndrome 
(HES), extension to other areas of GI tract, or malignancy

Straumann A et al, Gastroenterology 2003
Straumann A et al, Clin Gastro Hep, 2011

Schoepfer AM, et al, Gastroenterology, 2013



Progression to Fibrosis

 Thought to progress 
from inflammation to 
fibrosis
 ~2 years of symptoms:  

17% had strictures
 ~20 years of symptoms: 

70% had strictures

Schoepfer AM, et al, Gastroenterology, 2013
Dellon ES, Gastroenterology, 2018



Treatment Dose frequency Cost Side Effects* Side effect profile Pros Cons 
Proton pump 
inhibitor 

Once to twice 
daily 

$ Headache, diarrhea, 
increased risk of enteric 
infections 

Low Low cost, well tolerated Once or twice daily 
medication, only 30-
50% response rate 

Swallowed steroids 
(Fluticasone 220mcg 
2-4 puffs or 
budesonide 1mg 
thickened) 
 

Twice daily $$ Candida esophagitis, voice 
changes, sore throat 

Low/Moderate Effective, no dietary 
elimination 

Twice daily medication, 
not designed for 
esophageal-specific 
delivery, can be 
expensive 

Food elimination 
diet 

Requires 
constant 
elimination 

$  Food cravings, nutrition 
deficiencies 

Very Low Natural treatment 
without medications, low 
cost overall (alternate 
foods are more 
expensive) 

Requires constant 
elimination, typically 
requires 4-6 
endoscopies to identify 
triggers with 
accompanying costs 

Dupilumab Once weekly $$$ Injection site reactions, 
conjunctivitis, joint pains, 
cold sores  

Low/Moderate Effective, once weekly 
dosing 

Very expensive, limited 
long-term data 

 

Treatment Options



Treatment Options

1. Proton Pump Inhibitors (PPI)
2. Swallowed Steroids
3. Dietary Therapy
4. Esophageal Dilations
5. Dupilumab
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UVA Approach to Dupilumab

 Other allergic conditions 
(eczema, asthma, CRSwNP)

 Side effects from swallowed 
steroids

 Non-compliance
 Non-responders
 Severe disease?



Drivers of High IgG4 Levels

McGowan EC et al, Clin Exp Allergy, 2022



Proposed Model
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