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Abstract

Eosinophilic esophagitis (EoE) requires a peak count of 15 eosinophils per high-power field (hpf). 

Herein, the peak eosinophil count specified by a pathologist was compared to research assistant’s 

second review. Of 477 biopsies, 106 had a peak count between 1–14 eosinophils/hpf cited in the 

pathology report, and 23/106 (22%) had ≥15 eosinophils/hpf on second review. The pathology 

report detected potential EoE with 99% specificity, but 80% sensitivity. As such, additional 

review of esophageal biopsies yields higher eosinophil counts in ~5% of cases. We propose that 

biopsies with a count between 1–14 eosinophils/hpf require further investigation because ~22% 

may yield a potential EoE diagnosis.
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Introduction

Eosinophilic esophagitis (EoE) is a chronic, relapsing, antigen-induced inflammatory 

disease characterized by numerous intraepithelial eosinophils in esophageal biopsies. 
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Consensus recommendations for diagnosis include a threshold peak intraepithelial 

eosinophil count of 15 or more eosinophils per high-power field (hpf) in esophageal 

biopsies, with the exclusion of other causes of esophageal eosinophilia, such as eosinophilia 

responsive to a proton pump inhibitor (PPI), and the evaluation of both clinical and 

pathologic information (1,2).

Over the past decade, we have developed a research database of esophageal samples derived 

from endoscopic biopsies. For virtually all of our studies, we have re-reviewed esophageal 

biopsies for eosinophil levels to ensure data integrity. The second review process, conducted 

after the surgical pathology report has been issued, has progressed to include evaluation of 

esophageal biopsies by research personnel specifically trained to count intraepithelial 

eosinophils in esophageal biopsies. We became aware of discrepancies, significant in some 

cases, between peak intraepithelial eosinophil counts reported by pathologists in the surgical 

pathology reports and the counts obtained by systematic re-review. Herein, we report that 

secondary quantification of eosinophils in esophageal biopsies yields higher values, 

potentially affecting diagnostic outcome in ~5% of the total cases examined. Our data 

substantiate consideration that biopsies with eosinophil counts between 1–14 eosinophils/hpf 

may require further investigation because an additional ~22% may yield a potential EoE 

diagnosis after a second review.

Materials and Methods

Protocol

The full methods are provided in the Supplement. In brief, biopsies were examined by one 

trained research assistant, who generated a peak intraepithelial eosinophil count (second 

review) independent of and blinded to the count specified in the surgical pathology report. 

The research assistant was trained to examine every level of each biopsy present on a slide, 

identify the area with the greatest concentration of eosinophils, and count cells with nuclei 

and intensely red cytoplasmic granules to generate a peak eosinophil count. Granules 

without nuclei were not counted, and only intraepithelial eosinophils were counted; 

eosinophils in the lamina propria, papillae, and muscularis mucosa were excluded. The 

correlation between the count obtained by the research assistant and the count obtained by 

the training pathologist was very strong (rs = 0.99, P < 0.0001) (Supplemental Figure 1) with 

no significant median difference (P = 0.10).

Results

Reevaluation of esophageal biopsies

We identified 477 biopsies (429 from EoE patients, of which 316 were from PPI confirmed 

EoE patients) that met the inclusion criteria for this study. There was an overall strong 

correlation (rs = 0.89, P < 0.0001) between peak eosinophil counts recorded in the pathology 

report and the second review counts (Figure 1a). Ninety-seven of the 477 biopsies had a 

peak eosinophil count ≥15 eosinophils/hpf recorded in the pathology report, and 380 had a 

peak count of <15 eosinophils/hpf in the pathology report. We further divided the peak 

eosinophil counts in the pathology reports into ranges based on peak number of 
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eosinophils/hpf to demonstrate a discrepancy that exists between pathology report counts 

and second review counts for all ranges, including small numbers of eosinophils and large 

numbers of eosinophils (Table 1). We noted that second review counts yielded statistically 

higher eosinophil counts (P < 0.0001) and that differences between the two reviews were 

particularly notable for pathology report values of 0–14 eosinophils/hpf and 30–44 

eosinophils/hpf (Table 1, Supplemental Figure 2). Of the 274 samples that had a peak 

eosinophil count of 0 eosinophils/hpf in the pathology report, 212 also had a second review 

count of 0 eosinophils/hpf. We excluded the 212 samples with 0 eosinophils/hpf recorded in 

both the pathology report and in the second review and analyzed the pathology reports with 

values of 0–14 eosinophils/hpf and observed a lower correlation coefficient (0.62) that was 

still significant (P < 0.0001) for the remaining 168 samples (Figure 1b).

Potential clinical relevance of eosinophil count discrepancies

We specifically focused on the 106 cases in which peak eosinophil counts were 1–14/hpf in 

the pathology report. Second review resulted in a count of ≥15 eosinophils/hpf for 23/106 

biopsies (22%). Of the entire dataset (n = 477), only one (1%) of the 97 biopsies with 

pathology reports with ≥15 eosinophils/hpf had a second review count of <15 

eosinophils/hpf (Supplemental Table 1). In contrast, 24/380 (6%) of the slides with 

pathology report counts <15 eosinophils/hpf had a second review count of ≥15 

eosinophils/hpf (Supplemental Table 1), including one (0.4%) of the 274 biopsies with 0 

eosinophils/hpf that had ≥15 eosinophils/hpf after the second review. Sixty-two slides with a 

pathology report count of 0 eosinophils/hpf had second review counts >0 ranging from 1–17 

eosinophils/hpf.

Predictive value of final surgical pathology report counts

Pathology reports detected EoE with 80% sensitivity and 99% specificity (Supplemental 

Table 1). The positive predictive value was approximately 99%, whereas the negative 

predictive value was 94% (Supplemental Table 1). Inaccuracies between pathology report 

counts and second review counts were noted among pathology reports generated by all 9 

pathologists.

Discussion

After retrospectively investigating a dataset comprised of esophageal biopsies, we 

determined that “negative” surgical pathology reports met the histologic criterion for EoE 

(i.e. ≥15 eosinophils/hpf) in approximately 5% of the total cases examined. This study 

emphasizes the degree of variation in eosinophil counts even at a major medical center 

where referral for and diagnosis of EoE is routinely made. Specifically examining counts 

close to the consensus diagnostic cutoff value of 15 eosinophils/hpf (1,2), we found a 

substantial percentage of false-negative results. Although biopsies with <15 eosinophils/hpf 

may be the result of GERD or PPI-responsive eosinophilia, these diagnostic inaccuracies 

may amount to a considerable number of undiagnosed cases in the patient population at 

large.
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The focus of our study was the eosinophil counts and how discrepant counts could affect the 

diagnosis of EoE; we did not consider clinical criteria in this study but for many of the study 

subjects, the diagnosis was EoE based on both clinical and pathologic criteria. Since our 

focus was eosinophil counts, the only histologic information extracted from the pathology 

report was an exact peak eosinophil count; information about other histologic findings such 

as basal cell hyperplasia, increased lymphocytes and elongated papillae was not extracted.

It is important to point out that EoE is a clinicopathologic disease even though this study 

mainly focused on pathology. To determine the clinical significance of these findings, we 

examined the clinical characteristics of the patients who were shown to have eosinophils 

above the EoE diagnostic threshold of at least 15 eosinophils/hpf (SDC Table 1) even 

though their clinical counts did not. Of these cases, nearly all (22/24) were patients 

previously diagnosed with EoE. Of these 22 EoE cases, 19/22 cases (86%) had PPI 

confirmed EoE. It is interesting to note that the patients were treated as they were indeed in 

EoE remission (SDC Table 1). Thus, the identified cases in this study represent bona-fide 

EoE, adding clinical value to the findings.

The consensus guidelines have postulated a number of explanations for the interobserver 

discrepancies that have led to difficulties in standardizing the optimal method by which to 

make a histologic diagnosis (1–5). Causes of variability include size of the hpf, reporting of 

peak versus average eosinophils/hpf, selection of the region with the highest eosinophil 

density, and the number of areas per slide reviewed. While these variables may be 

significant causes of inter-institution variability, we attempted to minimize their affect in 

this study by addressing each potential cause for discrepancy individually in a single 

institution. Regarding the size of the hpf, the second review counts were obtained using an 

hpf with an area similar to, if not smaller than, that used to obtain the pathology report 

counts. Although recent consensus guidelines also recommend reporting densities in mm2 

rather than eosinophils/hpf (3,5), we could not do so due to the retrospective nature of this 

study. We used peak eosinophils/hpf rather than mean values, as recent consensus guidelines 

recommend selecting the peak counts due to the patchy nature of eosinophil distribution in 

EoE (2,6,7). Selecting the region with highest eosinophil density and determining the 

number of areas per slide to review remain practical issues in that they are dependent upon 

observer judgment and time constraints. In some of the discrepant cases that we found 

through our review, only a few hpfs of esophageal sections had ≥15 eosinophils/hpf due to 

the patchy distribution of eosinophils. This characteristic patchiness of EoE can be 

particularly problematic during histologic review if not all of the sections or areas of the 

esophageal biopsies are examined to determine a true peak count from the most eosinophil-

inflamed area. An alternative explanation for the observed discrepancies, which has not been 

extensively addressed in the literature, involves the volume of slides that pathologists are 

required to evaluate per day. With limited time to review multiple areas on each slide, a 

greater volume of samples may increase the error rate substantially. Furthermore, there is no 

pathology service solely dedicated to evaluating histologic samples from EoE patients.

In conclusion, additional review of esophageal biopsies yields higher eosinophil values, 

potentially affecting clinical diagnostic outcome in ~5% of the total slides examined. We 

propose that biopsies with eosinophil counts between 1–14 eosinophils/hpf should be 
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considered for additional investigation because ~22% are likely to yield a diagnosis of EoE 

after additional review (Figure 2). Due to the considerable impact that peak eosinophil 

counts have both at diagnosis and during therapy, pathologists should strongly consider re-

reviewing esophageal biopsies for which they report peak eosinophil counts from 1–14/hpf 

to confirm the accuracy of the count before issuing a final report. Furthermore, clinicians 

should not dismiss patients with eosinophil counts between 1–14 eosinophils/hpf, but rather 

flag them and consider both clinical and pathologic aspects of the individual case, including 

adequacy and compliance of PPI therapy, gross endoscopic findings, clinical symptoms and 

re-review of the pathologic specimens.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Correlation of pathology report eosinophil counts and second review eosinophil counts
(a) The entire dataset (n = 477) is included. Line y = x represents where the values would be 

located if the pathology report count and second review count were equivalent. (b) 
Correlation of pathology report counts vs. second review counts for pathology reports that 

had counts <15 eosinophils/hpf that were not 0 eosinophils/hpf for both reviews (n = 168). 

Dotted line y = 15 represents the diagnostic threshold, for which 24 points were at or above 

after the second review. Line y = x represents where the values would be located if the 

pathology report count and second review count were equivalent. hpf, high-power field.
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Figure 2. Potential testing algorithm for stratifying need of second review for eosinophilic 
esophagitis
The percentage of cases found to be eosinophilic esophagitis (EoE) on second review are 

reported under the corresponding pathology report count ranges as shown.
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