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Abstract 

Background:  Eosinophilic esophagitis (EoE) is a non-IgE mediated, antigen-driven disease 

characterized by eosinophilic inflammation with resultant tissue remodeling, fibrosis, and 

esophageal dysfunction.  The current approach for diagnosis and management requires 

multiple esophageal biopsies.  Eosinophil peroxidase (EPX) is an eosinophil-specific granule 

protein that serves as a surrogate for eosinophil activity.  We aim to develop a rapid, minimally 

invasive clinical screening test for EoE.  We hypothesize EPX from buccal swabs will be elevated 

in samples from EoE patients versus non-EoE controls. 

Methods:  We compared EPX levels from buccal swabs obtained from adult subjects with EoE 

(n=5) and non-EoE controls (n=5).  EoE cases were defined by consensus criteria.  EPX levels 

were detected by ELISA and normalized for protein content. 

Results:  Median EPX levels from buccal swabs from EoE cases were elevated compared to 

controls (1.97 ng/g protein vs. 1.01 ng/g protein, p =0.22), though differences did not reach 

statistical significance.  

Conclusions:  EPX levels tended to be elevated in buccal swabs from EoE cases vs non-EoE 

controls, however these differences were not statistically significant.  This may be due to small 

sample size.  Because the esophagus is contiguous with the posterior oropharynx we plan to 

measure EPX using a throat swab in a larger number of pediatric subjects.  We will compare 

throat-derived EPX levels in cases and controls, then correlate throat-derived EPX with EPX 

levels from esophageal biopsy specimens.  Finally, we plan to correlate EPX from throat swabs 

with esophageal eosinophil counts.  Development of this diagnostic strategy would provide a 

rapid clinical EoE screen useful for diagnosis and monitoring response to therapy. 
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Introduction/Significance 

EoE is a newly recognized disorder with the first case reports appearing in the literature in the 

1960’s and 1970’s1,2. Since that time, its prevalence has increased significantly, affecting up to 

56.7 in 100,000 individuals3. Food antigens have been implicated in the pathogenesis of EoE, 

given that a majority of patients will improve with implementation of an elemental diet. While 

food allergy and atopy are common comorbidities, the immunopathogenesis of EoE is distinct 

from other IgE-mediated disorders. Unlike IgE-mediated food allergies where trigger ingestion 

usually provokes immediate symptoms, EoE is more commonly associated with delayed-type 

Th2 (T Helper Cell) responses that result in chronic inflammation and fibrosis.  The mainstays of 

treatment are dietary modification, topical glucocorticoids and esophageal dilation.  

Although nutritional and corticosteroid treatments of EoE have become well-accepted, precise 

treatment endpoints are much less clear. The only method currently available to determine 

esophageal inflammation is endoscopy with mucosal biopsy. While this procedure is safe 

overall, negative consequences include the potential complications of conscious sedation or 

general anesthesia (e.g., hypoxia, medication side effects, airway compromise) and procedure 

risks (e.g., esophageal perforation, bleeding, infection). Endoscopy with biopsy is also limited, 

providing an assessment of <0.001% of the total esophageal surface area. Finally, endoscopy is 

costly, resulting in lost time from school or work and may not be reimbursed by insurance 

companies when repeated as described above.  

Other methods to analyze the esophageal mucosa include monitoring symptoms, radiological 

studies, and serum/stool analyses have not provided durable findings predictive of histological 

evidence of disease remission or progression. Because it is well-recognized that symptoms do 

not necessarily correlate with evidence of histological inflammation, mucosal biopsies remain 

the “gold standard” for diagnosis and in some cases, follow up. Collectively, observations 

suggest that there is a need for both an accurate high throughput assay with which to diagnose 

esophageal disease patients and a minimally invasive, inexpensive, safe, and reliable method 

for direct measurement of esophageal inflammation for initial diagnosis and post-treatment 

assessment of patients with EoE. 
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Hypothesis: Throat-derived EPX will serve as a surrogate marker of esophageal mucosal 

inflammation and correlate with peak eosinophil counts in esophageal biopsies. 

Rationale: We suggest that the EPX-mAb-based ELISA and minimally invasive sampling (e.g., a 

simple “strep throat” swab) may reduce the need for diagnostic and interval endoscopic 

biopsies. 

Our anticipation is that buccal-derived EPX levels will correlate with eosinophilic inflammation 

in the esophagus. Specifically, given that the mucosal epithelium of the posterior oropharynx is 

contiguous with the squamous epithelium of the esophagus, normal physiologic mechanisms 

such as reflux, throat clearing and mucociliary clearance will likely lead to eosinophil granule 

protein granule deposition in the throat. Thus, we expect buccal swab EPX levels will serve as a 

minimally invasive, surrogate measure. 

  



3 
 

Research Methods and Materials 

The ability of a novel EPX-mAb-based immunohistochemical scoring system has previously 

demonstrated the ability to identify intact eosinophils and detect eosinophil degranulation with 

strong correlation to key clinical features of disease.  More importantly, in parallel studies the 

ability of our EPX-mAb-based ELISA to detect differentially the presence of EPX in the oral cavity 

of EoE patients using epithelial brush smear has also been demonstrated. In this study, samples 

were taken from subjects 18-80 years old, manifesting typical symptoms of EoE (dysphagia, 

heartburn, reflux, chest pain, and/or food impaction). Cases of EoE will be defined by consensus 

guidelines. Incident cases of EoE must have an esophageal biopsy with >15 eosinophils per high-

power field (eos/hpf). Samples from subjects whose esophageal biopsy specimens do not meet 

histologic criteria for EoE will serve as non-EoE controls.  Clinical data including demographics, 

symptoms and comorbid atopic disorders was collected prior to endoscopy through a 

standardized questionnaire. In previous studies from our lab, of which I was not apart of, an 

EPX mAb assay was used which is a monoclonal antibody specific for an eosinophil secondary 

granule protein (eosinophil peroxidase [EPX]) was developed and shown to specifically identify 

intact eosinophils and detect eosinophil degranulation in formalin-fixed specimens. In these 

studies, an outside party (not including myself), used a swab of the buccal mucosa of each 

patient using sterile polyester swabs on wood applicators. Following collection, the throat 

swabs were immediately archived “dry” in labeled tubes at -80°C prior to assessment of EPX 

and total protein levels. We compared EPX levels from buccal swabs obtained from adult 

subjects with EoE (n=5) and non-EoE controls (n=5).  EoE cases were defined by consensus 

criteria.  A T Test was used to analyze the data. EPX levels were detected by ELISA and 

normalized for protein content. 
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Figure 1 
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Figure 2 
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Figure 3 
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Results 

Subjects used in this study were ages 18-80 years old, manifesting typical symptoms of EoE 

(dysphagia, heartburn, reflux, chest pain, and/or food impaction). The patients in question had 

diagnosed EoE, active symptoms as well as steroid use were unknown. Cases of EoE were 

defined by consensus guidelines. Incident cases of EoE must have an esophageal biopsy with 

>15 eosinophils per high-power field (eos/hpf). Samples from subjects whose esophageal 

biopsy specimens do not meet histologic criteria for EoE served as non-EoE controls.  Diagnosis 

of EoE is defined by the critical threshold number of 15 eosinophils in a high-power (40X) 

microscopy field in an esophageal tissue sample.  

EPX-mAb-baed sandwich ELISA assessments of EPX levels using buccal throat swabs was done 

by first preparing of EPX-mAb coated 96-well microtiter plates, followed by application of 

eluent from throat swabs. Then the addition of biotinylated EPX-mAb. Lasting streptavidin-

alkaline phosphatase conjugate was bound and a colorimetric assay was used to assess EPX 

levels.All of this was done by other members of the lab, I was not apart of this assessment.  

Median EPX levels from buccal swabs from EoE cases were elevated compared to controls (1.97 

ng/g protein vs. 1.01 ng/g protein, p =0.22), though differences did not reach statistical 

significance.  

EPX-mAb-based ELISA of minimally invasive epithelial brushings from buccal mucosa 

demonstrated the ability to detect and quantify the differential presence of EPX in eosinophilic 

esophagitis patients relative to otherwise healthy control subjects. Buccal-derived EPX was 

detectable in all EoE cases and did not distinguish EoE cases from controls in a statistically significant 

manner.   



8 
 

 

Figure 4 
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Discussion 

This study aimed to claim that buccal-derived EPX levels will correlate with patients with EoE. 

Specifically, given that the mucosal epithelium of the posterior oropharynx is contiguous with 

the squamous epithelium of the esophagus, normal physiologic mechanisms such as reflux, 

throat clearing and mucociliary clearance will likely lead to eosinophil granule protein granule 

deposition in the throat. Thus, we had expected that buccal swab EPX levels will serve as a 

minimally invasive, surrogate measure. Our lab has previously demonstrated the feasibility of 

this approach by measuring nasal mucosal-derived EPX in asthmatics.9 In this previous setting, 

our data showed that EPX obtained from patient nasal swabs correlates with sputum 

eosinophilia, confirming previous studies linking the immune responses of the upper and lower 

airway.  

In this study, EPX levels in EoE patients were higher than controls but the differences were 

found to be not statistically significant.  This could be for various reasons. Limitations included a 

small sample size, and incomplete characterization of case and control cohorts. We did not 

attempt to correlate buccal EPX levels with esophageal eosinophil counts or patient reported 

symptoms. We did not control for other atopic conditions which could serve as confounders. 

These atopic conditions include allergic rhinitis, asthma, and atopic dermatitis.  

The need for a non-invasive biomarker of EoE is critical, particularly for children.  Current 

methods under investigation for minimally invasive detection of EoE disease activity such as the 

esophageal string test, cytosponge and transnasal endocosopy still pose significant hurdles for 

pediatric patients due to difficulty associated with swallowing capsules and discomfort 

associated with procedures/sample collection.   Identification and validation of EoE biomarkers 

from minimally invasive samples (blood, urine, saliva) remains a high priority. 
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Future Directions 

We plan to repeat a similar study in a larger number of pediatric subjects using a throat swab. 

We will characterize this cohort by atopic comorbidities, histopathologic findings, and validated 

patient reported outcome measures. We will compare throat derived EPX levels in cases and 

controls, then correlate throat-derived EPX with EPX levels from esophageal biopsy specimens. 

We plan to correlate EPX from throat swabs with esophageal eosinophil counts.  
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Conclusions 

EPX levels tended to be elevated in buccal swabs from EoE cases vs non-EoE controls, however 

these differences were not significant.  This may be due to small sample size.  Because the 

esophagus is contiguous with the posterior oropharynx we plan to measure EPX using a throat 

swab in a larger number of pediatric subjects.  We will compare throat-derived EPX levels in 

cases and controls, then correlate throat-derived EPX with EPX levels from esophageal biopsy 

specimens.  Finally, we plan to correlate EPX from throat swabs with esophageal eosinophil 

counts.  Development of the diagnostic strategy would provide a rapid clinical EoE screen useful 

for diagnosis and monitoring response to therapy. 
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Appendix A: Follow Up Study 

We have performed a study of pharyngeal and nasal swabs obtained from pediatric subjects with 

EoE (n = 21) at Phoenix Children’s Hospital using our novel EPX ELISA. This study was approved 

by the Phoenix Children’s Hospital Institutional Review Board (16-098). Methods for collection 

and processing of the swabs have been described previously. Active EoE cases (n = 12) were 

defined by consensus criteria and the control group consisted of atopic and non-atopic subjects 

without EoE and some subjects with inactive EoE (eosinophils per high powered field < 15).  

Clinical data including demographics and comorbid atopic disorders are described in Table 1.  EPX 

was quantified by ELISA and normalized for protein content.  We compared throat-derived EPX 

levels in cases and controls and correlated throat-derived EPX with eosinophil counts from 

esophageal biopsy specimens.  We also quantified EPX levels in nasal swabs from the same 

subjects.  Throat-derived EPX was undetectable in all EoE cases and did not distinguish EoE cases 

from controls.  Consequently, EPX levels from the throat swabs did not correlate with esophageal 

eosinophil counts.  Nasal EPX levels were higher in subjects with allergic rhinitis; however, this 

difference did not reach statistical significance. 

Our findings in pediatric subjects suggest that eosinophil granule degranulation products do not 

extend upward into the posterior oropharynx despite their ubiquitous presence in the esophagus 

of patients with EoE. The need for a non-invasive biomarker of EoE is critical, particularly for 

children.  Current methods under investigation for minimally invasive detection of EoE disease 

activity such as the esophageal string test, cytosponge and transnasal endocosopy still pose 

significant hurdles for pediatric patients due to difficulty associated with swallowing capsules and 

discomfort associated with procedures/sample collection.   Identification and validation of EoE 

biomarkers from minimally invasive samples (blood, urine, saliva) remains a high priority. 
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Table 1 

 Controls 
(n = 9) 

Active EoE  
(n = 12) 

P* 

Mean age (± SD) 9.68 ± 3.16 11.79 ± 4.52  
Males (n, %) 4 (44) 11 (92)  
White (n, %) 7 (78) 12 (100)   
Symptoms at time of endoscopy    
     Dysphagia 3 (33) 2 (17)  
     Heartburn      0 1 (8)  
     Poor weight gain     1 (11) 1 (8)  
     Vomiting     0 0  
     Abdominal pain  1 (11) 1 (8)  
     None* 5 (56) 8 (67)  
Atopic conditions (n, %)    
 Asthma 6 (60) 5 (45)  
 Dermatitis 2 (20) 0 (0)  
 Seasonal allergies 7 (70) 7 (64)  
 Food allergies 0 8 (67)  
Tissue eosinophils (max eos/hpf ± SD) 3.56 ± 4.77 51.08 ± 34.8 p < 0.001 
Throat EPX (ug/g protein ± SD) 6.01 ± 11.95 0 ± 0  
Nasal EPX (ug/g protein ± SD) 5.44 ± 8.89 5.45 ± 8.64  
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