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Abstract

Background—The Pediatric Eosinophilic Esophagitis Symptom Score (PEESS® v2.0) measures 

patient-relevant outcomes. However, whether patient-identified domains (dysphagia, 

gastrointestinal reflux disease (GERD), nausea/vomiting, and pain) align with clinical 

symptomology and histopathologic and molecular features of eosinophilic esophagitis (EoE) is 

unclear.

Objective—The purpose of this study was to determine if clinical features of EoE, measured 

through the PEESS® v2.0, associate with histopathologic and molecular features of EoE. This 

represents a novel approach for analysis of allergic diseases, given the availability of allergic 

tissue biopsy specimens.

Methods—We systematically recruited treated and untreated, pediatric patients with EoE (aged 

2–18 years) and examined parent proxy–reported symptoms using the PEESS® v2.0. Clinical 

symptomology was collected by questionnaire. Esophageal biopsy samples were quantified for 

levels of eosinophils, eosinophil peroxidase (EPX) immunohistochemical staining, and mast cells. 

Molecular features were assessed by the EoE Diagnostic Panel (94 EoE-related gene transcripts). 

Associations between domain scores and clinical symptoms and biologic features were analyzed 

using Wilcoxon Rank Sum and Spearman correlation.

Results—The PEESS® v2.0 domains correlated to specific parent-reported symptoms: dysphagia 

(p = 0.0012), GERD (p = 0.0001), and nausea/vomiting (p < 0.0001). Pain correlated with 

multiple symptoms (p < 0.0005). Dysphagia correlated most strongly with overall histopathology, 

particularly in the proximal esophagus (p ≤ 0.0049). Markers of esophageal activity (EPX) were 

significantly associated with dysphagia (strongest r = .37; p = 0.02). Eosinophil levels were more 

associated with pain (r = 0.27; p=0.06) than for dysphagia (r = 0.24; p = 0.13). The dysphagia 

domain correlated the most with esophageal gene transcript levels, predominantly with mast cell–

specific genes.

Conclusion—We have 1) established a validated, parent proxy–report measure for pediatric EoE 

— the PEESS® v2.0; 2) verified that parent-proxy effectively captures symptoms; 3) determined 

that the dysphagia domain most closely aligns with symptoms and tissue-based molecular 

biomarkers; 4) established that symptoms correlate EPX staining; and 5) observed association 

between mast cells and dysphagia.

Keywords

allergy; reflux; quality of life; surveys; mast cells; molecular genetics; pediatrics; microarray; 
patient-reported outcomes

Introduction

Eosinophilic esophagitis (EoE) is a chronic allergic inflammatory disease driven by food 

antigen exposure. Although a variety of histological features including the accumulation of 

eosinophils, mast cells and the deposition of their granule contents in the tissue, as well as 

epithelial hyperplastic and remodeling changes have been noted, the importance of each of 

these histological findings for discrete symptoms has been unclear. Clinical outcome 

endpoints such as disease-specific, patient-reported outcomes (PROs) are increasingly being 
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recognized as essential for linking disease processes with key effector mechanisms and 

developing treatments that effectively improve clinically relevant features..(1, 2) We 

recently developed the Pediatric EoE Symptom Score (PEESS® v2.0) in an effort to identify 

and uniquely measure relevant outcomes that patients with EoE and their families identified 

as important.(3) Input from patients and their families established that the 20 questions from 

the PEESS® v2.0 could be consolidated into four major domains: dysphagia, gastrointestinal 

reflux disease (GERD), nausea/vomiting, and pain.(3) To further validate these domains, it 

is important to demonstrate that the domains align with clinical symptomology and 

histopathologic features.

EoE is typified by eosinophil-predominant infiltration of the esophagus (≥ 15 eosinophils 

per high-powered field [hpf] in at least one hpf in esophageal biopsies) that is not responsive 

to prolonged, high-dose acid suppression with proton pump inhibitors.(4) However, 

esophageal changes are not limited to the number of eosinophils and may also depend upon 

the extracellular content of eosinophil granule proteins such as eosinophil peroxidase (EPX), 

which may have a functional role in EoE.(5) In addition, a unique esophageal gene 

expression profile exists in EoE, and the magnitude of its expression is proportional to the 

quantity of inflammatory cells (e.g. eosinophils and mast cells).(6, 7) This early work 

implicates Th2 inflammatory responses (e.g. IL-13 and eotaxin-3), as well as the expression 

of mast cell–specific genes, in EoE pathogenesis.(7–10) Importantly, the gene expression 

profiles of a specific set of 94 genes can discriminate EoE from non-EoE.(11) However, 

whether the underlying clinical symptomology, histology, and molecular profiles relate to 

specific clinical manifestations has not been established.

The purpose of this study was 1) to validate patient-defined domains of the parent proxy–

reported PEESS® v2.0 questionnaire; 2) to determine which histological features correlate 

most strongly and specifically with distinct clinical symptoms; and 3) to gain insight into 

disease pathophysiology by deeply probing molecular transcript expression as a function of 

distinct clinical symptoms.

Methods

Study Subjects

Pediatric patients had a confirmed diagnosis of EoE, which was defined as the presence of 

upper gastrointestinal tract symptoms and an endoscopy with ≥15 eosinophils/hpf in the 

proximal or distal esophageal tissue biopsies as per consensus recommendations.(12) 

Additional data collected included a parent-reported clinical symptom questionnaire and an 

endoscopic sample collection (see Supplementary Methods). Consent was performed by a 

study staff member and was completed either in same-day surgery or in the outpatient clinic. 

Assent was obtained for participants aged 11 to 17 years. This study was approved by the 

CCHMC Institutional Review Board.

Histological and Laboratory Methods

Biopsies obtained were evaluated for histologic features including eosinophil number, 

tryptase- and chymase-positive cells, and EPX-based immunohistochemistry (see 
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Supplementary Methods). We performed PCR amplification of representative genes from 

total RNA extracted from distal esophageal biopsies (see Supplementary Methods).(11)

The PEESS® v2.0 and Domains

The PEESS® v2.0 is a content-validated metric that seeks to capture EoE-specific symptoms 

directly from children with EoE (8–18 years of age) and from their parents (2–18 years of 

age).12 From parent/participant interviews, four domains were established: dysphagia, 

gastroesophageal reflux disease (GERD), nausea/vomiting and pain (Table S1). The range 

for these PEESS® v2.0 scores was 0 to 100, with a higher score being indicative of more 

frequent and/or severe symptoms for total score, and the dysphagia, GERD, nausea/vomiting 

and pain domains. For further details, see the Supplementary Methods.

Statistical Analysis

To provide construct validation for the parent proxy–reported PEESS® v2.0 domain scores, 

we sought to demonstrate that the domain scores associated in an anticipated manner with 

the presence of specific clinical features obtained by interview and to determine whether any 

of the domains were associated with expected EoE biological features. A correlation 

corrected Bonferroni adjustment was made to establish the p value required for statistical 

significance (comparison between domains p ≤ 0.005; PEESS® v2.0 and clinical symptoms 

p ≤ 0.003, eosinophil measures p ≤ 0.03, and mast cells p ≤ 0.02). All analyses were 

performed in JMP v9.0 (SAS Institute, Cary, NC). Detailed statistical analyses are described 

in the Supplementary Methods.

Results

Patient Population

Overall, this pediatric cohort (n = 46) had a median age of 6.9 years and a median duration 

since initial diagnosis of 2.4 years (Table 1). Only three participants were untreated at the 

time of sample collection. Therapies were swallowed steroids alone (either fluticasone 

propionate or budesonide), diet modification alone (elemental diet, elemental diet and food, 

elimination diet; or food trial), or both swallowed steroids and diet modification (Table 1).

Patient Characteristics and PEESS® v2.0 Scores

The parent reports correlated well with child reports with correlations ranging from 0.58 – 

0.78 (Table 2). Overall, the PEESS® v2.0 total and domain scores showed modest elevations 

(median range 12.5–25.0) compared to the expectation of a score close to zero for those not 

reporting symptoms and a maximum score of 100 (Table 2). Of note, the pain domain score 

was significantly higher than the GERD domain, nausea/vomiting domain, and total scores 

(p < 0.0025 vs. pain domain for each).

PEESS® v2.0 Domains Associate with Clinical Symptomology

We sought to demonstrate the unique sensitivity of the domains in measuring disease-

specific characteristics relative to patient symptomology. Participants had a diverse set of 

symptoms including a high proportion with upper gastrointestinal and allergic symptoms 
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(Table 3, Table S2). To determine whether PEESS® v2.0 domains were related to specific 

gastrointestinal symptoms often associated with EoE, Wilcoxon rank sums were used to 

compare domain scores in individuals with and without specific symptoms (Table 3, Figure 

1). The total score was associated with symptoms of difficulty swallowing, heartburn, poor 

appetite, food aversions, abdominal pain, and nausea (p ≤ 0.0027). However, as the total 

score is a composite measure of the four domains, it was important to examine associations 

with the individual domains. Of note, food impaction was not significantly associated with 

the dysphagia domain; however, this study was underpowered to detect an effect given the 

low frequency of food impaction in the study cohort (8.7%). In contrast, several symptoms 

were associated with multiple domains: difficulty swallowing was associated with the 

dysphagia and pain domains (p ≤ 0.0017, Table 3), heartburn was significantly associated 

with each of the four domains (p ≤ 0.0026), and nausea was associated with the nausea/

vomiting and pain domains (p ≤ 0.0004). Symptoms associated with a single domain 

included clinical dysphagia (dysphagia domain, p = 0.0012), reflux (GERD domain, p = 

0.0001), and emesis (nausea/vomiting domain, p < 0.0001). The PEESS® v2.0 domains 

were not associated with age, age at diagnosis, time since diagnosis, allergic status, asthma 

status, or eczema (p > 0.2).

PEESS® v2.0 Domains Associate with EoE Biological Features

Eosinophil Measures Most Strongly Correlate with the Dysphagia Domain—
Most individuals (n = 33) had active EoE, and very few (n = 3) had biopsies without 

eosinophils. Peak eosinophil counts ranged from 0 to 205 eosinophils/hpf with a median 

count of 35.5 eosinophils/hpf (Table 1). Counts from the distal esophagus tended to be 

higher than from proximal counts (Table 1). The extracellular EPX staining demonstrated 

that most patients had some level of eosinophil activation and that this eosinophil activation 

was much more prominent in the distal than the proximal esophagus (Table S3).

Esophageal mucosal eosinophil counts did not exhibit statistically significant (p > 0.05) 

associations with the PEESS® v2.0 domain scores, but suggestive trends were identified 

(Figure 2). The strongest association with distal eosinophil count was with the pain domain 

(r = 0.28, p = 0.06) while the strongest association with proximal eosinophil count was with 

the dysphagia domain (r = 0.24, p = 0.13). While individuals histologically active disease (≥ 

15 eosinophils/hpf) had higher domain scores than those with normal histology (0 

eosinophils/hpf) with respect to the PEESS® v2.0 domain scores or total score (Table S4), 

these differences were not statistically significant, likely due to the small sample size in the 

normal histology group (n=3). Further, when we examined all possible comparisons between 

eosinophil classifications, no differences reached significance (p > 0.05). However, 

individuals in remission had the lowest PEESS® v2.0 scores (Table S4).

Among all of the PEESS® v2.0 scores, the dysphagia domain score consistently exhibited 

the strongest correlation with EPX values for both distal and proximal biopsies (ρ = 0.23 – 

0.37, p value = 0.019–0.17; Figure 2). The only correlations that reached nominal (p ≤ 0.05) 

significance were between EPX parameters of the proximal esophagus (degranulation and 

reproducibility) and the dysphagia domain. To determine whether the dysphagia domain 

correlates more strongly with the eosinophil markers than the other domains, we compared 
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the median correlation coefficient of eosinophil counts and EPX of the dysphagia domain to 

the other domains. The dysphagia domain had higher median correlation than the total and 

domain scores for both distal (p ≤ 0.022) and proximal (p ≤ 0.0022) measures (Figure S1).

Mast Cell Markers and CPA3 Gene Expression Associate with the Dysphagia 
Domain—Tryptase+ and chymase+ mast cells were identified in proximal and distal 

esophageal biopsies (Table S3). In the proximal esophagus, both tryptase+ and chymase+ 

intraepithelial mast cells were significantly associated with the PEESS® v2.0 dysphagia 

domain (ρ = 0.34, p = 0.036 and ρ = 0.32, p = 0.041, respectively; Figure 1). The distal 

measures did not reach statistical significance. Notably, we found a strong correlation 

between dysphagia and CPA3 gene expression (ρ = 0.36, p = 0.02). The dysphagia domain 

also exhibited a correlative tendency with tryptase gene expression (ρ = 0.28) that did not 

reach statistical significance (p = 0.076), perhaps due to the small cohort size.

Diagnostic Subset of the EoE Transcriptome (EDP) Most Strongly Associates 
with the Dysphagia Domain—Overall, there was weak correlation between the domains 

and the genes (absolute median value ρ = 0.08, IQR 0.04–0.14, range 0–0.42) (Figure 3; 

Table S5). The dysphagia domain exhibited a significantly (p < 0.0001) higher magnitude of 

correlation with the EDP than the other domains and the total score (absolute median value ρ 

= 0.18, IQR 0.10–0.25 for the dysphagia domain; ρ = 0.07, IQR 0.04–0.12 for the total 

score; ρ = 0.06, IQR 0.02–0.10 for the GERD domain; ρ = 0.06, IQR 0.02–0.10 for the 

nausea/vomiting domain; and ρ = 0.08, IQR 0.04–0.12 for the pain domain). Focusing on the 

dysphagia domain and categories of genes, we observed that genes related to eosinophilia 

(IQR 0.28–0.41), chemokines (IQR 0.23–0.28), mast cells (0.10–0.36), neurosensory (0.18–

0.20), cytokines (IQR 0.11–0.33) and inflammation (IQR 0.08–0.24) had positive Spearman 

correlation interquartile ranges that did not overlap zero, suggesting a positive relationship 

with the dysphagia domain. To determine how the domains relate to each other with respect 

to the gene expression patterns, we created a hierarchical tree using the Spearman 

correlation values (Figure 4), as indicated by tree-branch hierarchy. The PEESS® v2.0 

dysphagia domain differed from the other domains but was most similar to the total score. 

These data suggest that the dysphagia domain is more effective at capturing biological 

processes underlying the EDP than the other PEESS® v2.0 domains or total score.

Genes that correlated with the dysphagia domain (Figure 5) include the vascular 

development gene VEGFA (ρ = 0.32, p = 0.048), the other/unknown category genes GPR160 

(ρ = 0.36, p = 0.024) and LRRC31 (ρ = 0.33, p = 0.039), the mast cell gene CPA3 (ρ = 0.36, 

p = 0.024), the ion channel gene SLC26A4 (ρ = 0.35, p = 0.027), the inflammation genes 

SAMSN1 (ρ = 0.40, p = 0.01) and HPGDS (ρ = 0.35, p = 0.027), the eosinophil genes IL5RA 

(ρ = 0.42, p = 0.0092) and CLC (ρ = 0.33, p = 0.039), and the cytokine gene IL4 (ρ = 0.42, p 

= 0.0070).

Discussion

EoE has been well characterized biologically, but the severity and prevalence of signs and 

symptoms of this disease are less well documented. The development of therapeutics that 

improve the biological and clinical underpinnings of EoE in children are dependent upon 
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availability of validated metrics for measuring clinical symptoms in pediatric patients with 

EoE.(1, 13, 14) This study demonstrated that parent proxy–reported PEESS® v2.0 domains 

are consistent with both clinical symptomology obtained by parent interview and EoE 

biological features, thus providing construct validity for these domains. Specifically, using a 

well-characterized, prospective cohort of treated and untreated pediatric patients with EoE, 

we were able to examine associations between parent proxy–reported PEESS® v2.0 domains 

and parent-reported clinical symptoms, EoE-specific gene expression and histology, thereby 

testing the validity of the domains. We found that parent proxy–reported PEESS® v2.0 

domains correlated with parent-reported patient symptomology. Additionally, an EoE-

specific gene expression panel (the EDP) most strongly correlated with the PEESS® v2.0 

dysphagia domain. Furthermore, the PEESS® v2.0 dysphagia domain significantly 

correlated with esophageal histology (both EPX staining and mast cell levels) in the 

proximal esophagus. Notably, the EPX staining but not the eosinophil levels significantly 

correlated in the proximal esophagus, suggesting that it is the activity of the eosinophils 

rather than their absolute levels that correspond most as a marker of dysphagia. Collectively, 

these results support the value of the parent proxy–reported PEESS® v2.0 and it domains, 

especially dysphagia, and suggest a key role of eosinophil activity and mast cells in eliciting 

symptoms.

Most (93.5%) of our patient population was undergoing treatment, but they still exhibited 

signs of disease, both based on clinical symptoms and histology. The most common clinical 

symptoms included early satiety, abdominal pain and nausea. On the basis of these clinical 

symptoms, our patient population seems representative of EoE pediatric populations, as 

abdominal pain is one of the most commonly reported symptoms.(15–20) The lower 

frequency of dysphagia, food impaction, and emesis compared to other studies may be due 

to the high frequency of treated subjects.(21, 22) We also found that most of our patients 

had detectable eosinophils in their esophageal biopsies; only 6.5% were in remission (no 

eosinophils), and 71% had active disease (eosinophils/hpf ≥ 15/hpf). Though both dietary 

and swallowed steroid therapies have been noted to have high success rates,(23, 24) patients 

whose EoE has periodic flares and relapses may require multiple courses of treatment.(25, 

26) Of note, given the study design, we were unable to explore the effect of different 

treatments on patient symptomology. Longitudinal studies will be required to capture the 

full symptomology of disease and response to treatment.

The parent proxy–reported PEESS® v2.0 demonstrated substantial disease burden across 

various domains. The PEESS® v2.0(27) addresses the concerns most pressing to patients 

with EoE and their families. Patients had previously identified four domains (dysphagia, 

GERD, nausea/vomiting and pain). Importantly, our patients exhibited moderate impairment 

across all domains, which is consistent with reported symptoms of EoE.(16, 17, 19, 28, 29) 

Reported clinical symptoms aligned well with related domains designed to capture the 

different aspects of disease, thus validating the domains. This is important because the 

impact of EoE clearly extends beyond dysphagia(30) but may not be captured by generic 

PROs.(27) These results provide tools that may be used to evaluate different aspects of EoE 

and determine the efficacy of different treatments on the quality of life of pediatric patients. 

This work will complement the recently developed symptom-based activity index for adults 

by Schoepfer and colleagues,(31) which aligns well with endoscopic changes seen less 
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frequently in children (rings, furrows and strictures), as well as the recently developed 

PedsQL™ EoE Module.(13, 14)

Beyond clinical symptoms, we also found that one specific domain of the PEESS® v2.0, the 

dysphagia domain, correlated with a newly developed molecular diagnostic test for EoE, the 

EDP,(11) to a stronger degree than any of the other domains or the total score. Previous 

studies of EoE have identified sets of genes (~500) whose esophageal expression can 

discriminate EoE from non-EoE.(6, 10, 32, 33) This work led to the development of a 

smaller set of genes that provides strong discriminatory value (the EDP) for individuals who 

have ≥ 15 eosinophils/hpf in the esophagus compared to those with ≤2 eosinophils/hpf in the 

esophagus.(11) Thus, the PEESS® v2.0 dysphagia domain captures information associated 

with alterations in esophageal gene expression. Specifically, genes exhibiting association 

with dysphagia include IL4, IL5RA, CLC, SAMSN1, HPGDS, CPA3, GPR160, LRRC31, 

SLC26A4 and VEGFA. Although little is understood about the biology of LRRC31, 

SLC26A4 and GPR160, the other genes have strong ties to eosinophils (CLC, IL4, IL5RA 

and HPGDS) and mast cells (VEGFA, HPGDS, CPA3, SAMSN1, IL4 and IL5RA).(7, 34–38) 

These genes have deep and diverse implications, as CLC is a marker that is now being used 

in a new minimally invasive test, the EoE string test,(39) CPA3 is a specific marker of mast 

cells,(9, 40, 41) IL4 and IL5 are targets of relevant therapeutic humanized antibody therapies 

being developed (e.g. anti–IL-5/anti–IL-5 receptor, anti–IL-4 receptor),(42–44) HPGDS can 

be blocked by a variety of drugs (e.g. cyclooxygenase inhibitors)(42) and VEGFR highlights 

consideration of anti-VEGF and related angiogenesis-based therapeutics, particularly for 

treatment of the cardinal EoE symptom dysphagia. Furthermore, one gene (CPA3) has been 

previously associated with chronic pelvic pain,(45) thereby supporting a role in patient 

symptomology. Notably, only the PEESS® v2.0 dysphagia domain was associated with 

these tissue-based molecular biomarkers. It is interesting to speculate that dysphagia may be 

more reflective of pathophysiological mucosal responses, whereas pain and nausea/vomiting 

may reflect processes primarily outside of the mucosa. The failure to associate EoE gene 

transcripts with the other PEESS® v2.0 domains (pain, nausea/vomiting and GERD) may 

also explain why current treatments that alter the transcriptome do not resolve all symptoms.

(46)

Importantly, we found that histologic markers of EoE, related to both eosinophil activity and 

mast cells, exhibited the strongest associations with the dysphagia domain. Though elevated 

esophageal eosinophil level is a hallmark of EoE, recent work also supports a role for mast 

cells.(7, 47–50) The association between dysphagia and mast cells is consistent with recent 

findings from adult studies.(51) In addition, both the eosinophil activity (EPX staining) and 

mast cell level from the proximal esophagus showed stronger associations than the distal 

esophagus with the PEESS® v2.0 dysphagia domain. The reason for these relationships is 

not known, but perhaps could be related to acid exposure in the esophagus which also 

contributes to distal esophageal eosinophilia. These data support the value of collecting 

proximal esophageal biopsies, as these may be more reflective of patient symptomology.

Lastly, unlike EPX staining, the absolute measures of eosinophils in the proximal esophagus 

were not significantly correlated with patient symptomology, suggesting that the presence of 

eosinophils alone is not the primary contributor for patient symptomology. The lack of 
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association between dysphagia and eosinophil number is notable as the eosinophil level in 

the esophageal epithelium is considered the gold standard for the diagnosis of EoE. It is 

important to highlight that there was a trend between eosinophil levels and symptom scores, 

indicating that eosinophil levels alone may have a clinical correlation, but it is likely less 

contributory compared with the levels of their activation and levels of mast cells. It should 

also be noted that within the dysphagia domain, individuals with low eosinophil counts had 

a wide range of dysphagia scores, suggesting that an esophageal count of <15 

eosinophils/hpf may still be clinically significant. These results are consistent with previous 

reports that demonstrated that individuals with low eosinophil counts (e.g. 5 eosinophils/hpf) 

were at risk for multiple endoscopies and chronic symptoms.(52, 53) Thus, other factors 

such as eosinophil activity and mast cell activity as well as other histologic alterations may 

also contribute to disease. These data suggest that additional evaluation of esophageal 

histologic changes may be valuable in understanding clinical symptoms.

In summary, patient-reported outcomes are increasingly recognized as important for the 

management of chronic conditions, but validated questionnaires for pediatric EoE are just 

now emerging. Previous work had validated 20 questions comprising the PEESS® v2.0, and 

pediatric patients with EoE and their parents indicated that these questions reflected four 

major domains (dysphagia, GERD, nausea/vomiting and pain). Herein, we have 1) 

established a validated report measure for pediatric EoE — the PEESS® v2.0. While this 

metric could be considered limited by parent report by proxy, we view this as a potential 

strength as it allows capture of symptoms in this key age range, particularly focused on an 

age window where approved drugs are needed. 2) Despite its potential limitation, we show 

that parent-proxy report is effective in capturing symptoms using this instrument; 3) 

demonstrated value of the four domains — dysphagia, GERD, pain and nausea/vomiting; 4) 

determined that the dysphagia domain most closely aligns with parent-reported symptoms 

and tissue-based molecular biomarkers; 5) established that symptoms correlate with the 

eosinophil activity marker of EPX staining; and 6) highlighted a relatively strong association 

between mast cells (and their markers) and dysphagia. Collectively, these results 

demonstrate that the parent proxy–reported PEESS® v2.0 is an objective measure of patient 

symptomology and may be used to help evaluate treatment response and better understand 

how biological changes associate with patient and parent perceptions of wellness.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key message

• Parent proxy–reported PEESS® v2.0 domains correlate with symptomology.

• The dysphagia domain correlates with EoE specific gene expression and 

esophageal histology, most notably identifying a link between markers of mast 

cells and eosinophil activity with symptomology.

• Eosinophil activity, rather than absolute level, associate with dysphagia.
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Figure 1. The relationships between gastrointestinal symptoms and PEESS® v2.0 scores
The x-axis represents the negative log10 p-value of the Wilcoxon Rank Sum test comparing 

individuals reporting the clinical symptom to those who do not report the clinical symptom. 

The x-axis columns in the figure are PEESS® v2.0 scores while the y-axis indicates clinical 

symptoms reported as yes/no. GERD, gastroesophageal reflux disease; GI, gastrointestinal; 

NV, nausea/vomiting domain.
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Figure 2. Spearman correlations between PEESS® v2.0 scores and disease parameters
Strength of the association with a diagnostic subset of the eosinophilic esophagitis 

transcriptome is measured using Spearman’s ρ (text within cell). Darker red shades indicate 

stronger negative correlations, whereas darker blue shades indicate stronger positive 

correlations. Bolded values indicate correlations that are significant at p ≤ 0.05. CPA3, 

carboxypeptidase A3; Eos, eosinophil; EPX, eosinophil peroxidase; GERD, 

gastroesophageal reflux disease; NV, nausea/vomiting domain
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Figure 3. Spearman correlations between PEESS® v2.0 scores and a diagnostic subset of the 
eosinophilic esophagitis transcriptome
Darker red shades indicate stronger negative correlations, whereas darker blue shades 

indicate stronger positive correlations. Correlations by functional groupings of genes.
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Figure 4. The hierarchical relationships between domains based on gene expression profile 
correlations
Using the Spearman r for the correlation between a diagnostic subset of the eosinophilic 

esophagitis (EoE) transcriptome (EoE diagnostic panel) gene expression and PEESS® v2.0 

domain scores, we created a clustering tree representing the hierarchical order of the 

domain’s representativeness and plotted it with the Spearman r–based heat-diagram for the 

correlation at gene level. Darker red shades indicate stronger negative correlations, whereas 

darker blue shades indicate stronger positive correlations. The shorter the distance (tree-

branch length), the more similar the expression correlation for each domain is.
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Figure 5. Associations between the PEESS® v2.0 dysphagia domain and a diagnostic subset of 
the eosinophilic esophagitis transcriptome
The x-axis represents the negative log10 p-value of the Spearman correlation between the 

dysphagia domain and a diagnostic subset of genes from the eosinophilic esophagitis (EoE) 

transcriptome (EoE diagnostic panel, EDP). The y-axis is organized by genes within 

functional groupings, color shading is for ease of interpretation only. Dashed line indicates p 

= 0.05.
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Table 1

Characteristics of the pediatric, eosinophilic esophagitis study cohort

Characteristics Statistics

N 46

Age (year ± SD) 8.2 ± 4.2 (median 6.9, range 2.4–17)

Age at diagnosis 6.1 ± 4.4 (median 4.4, range 0.8–17)

Sex (% male)† 100

Race (% white)† 97.8

Duration since histological diagnosis (years ± SD) 2.4 ± 1.6 (Range 0.2–7.3)

Treatment (%) 93.5

  Diet only (%) 30.4

  Swallowed steroids only (%) 28.3

  Diet and swallowed steroids (%) 34.8

Peak eosinophil count (median [IQR, range]) 35.5 (7.8–88.8, 0–295)

Disease activity* (% of cohort)

  Active disease count (eos ≥ 15 hpf) 71.7

  Intermediate count (15 > eos ≥ 6 hpf) 6.5

  Low count (6 > eos > 0) 15.2

  None (eos = 0)‡ 6.5

Distal eosinophil count (median [IQR, range]) 27.5 (7.8–77.3, 0–295)

Proximal eosinophil count (median [IQR, range]) 4 (0–35, 0–295)

*
Activity was based on the peak eosinophil count (e.g. maximum of the proximal and distal counts).

Eos, eosinophils; hpf, high-power field; IQR, interquartile; SD, standard deviation

†
The inclusion of only males and primarily whites was an inclusion criteria for the analysis set to minimize heterogeneity.

‡
All indivduals with no eosinophils were treated.
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