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Summary

Many studies of eosinophilic esophagitis (EOE) utilize expert pathology review, but it is unknown
whether less experienced pathologists can reliably assess EOE histology. We aimed to determine
whether trainee pathologists can accurately quantify esophageal eosinophil counts and identify
associated histologic features of EOE, as compared to expert pathologists. We used a set of 40
digitized slides from patients with varying degrees of esophageal eosinophilia. Each of six trainee
pathologists underwent a teaching session and used our validated protocol to determine eosinophil
counts and associated EoE findings. The same slides had previously been evaluated by expert
pathologists, and these results comprised the gold standard. Eosinophil counts were correlated, and
agreement was calculated for the diagnostic threshold of 15 eosinophils per high-power field (eos/
hpf) as well as for associated EoE findings. Peak eosinophil counts were highly correlated
between the trainees and the gold standard (Rho ranged from 0.87-0.92; p<0.001 for all). Peak
counts were also highly correlated between trainees (0.75-0.91; p<0.001), and results were similar
for mean counts. Agreement was excellent for determining if a count exceeded the diagnostic
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threshold (kappa ranged from 0.83 to 0.89; p<0.001). Agreement was very good for eosinophil
degranulation (kappa 0.54 to 0.83; p<0.01) and spongiosis (kappa 0.44-0.87; p<0.01), but was
lower for eosinophil microabscesses (kappa 0.37-0.64; p<0.01). In conclusion, using a teaching
session, digitized slide set, and validated protocol, the agreement between pathology trainees and
expert pathologists for determining eosinophil counts was excellent. Agreement was very good for
eosinophil degranulation and spongiosis, but less so for microabscesses.
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Introduction

Eosinophilic esophagitis (EOE) is an allergy/immune-mediated condition defined clinically
by symptoms of esophageal dysfunction and histologically by eosinophilic infiltration of the
esophageal mucosa [1, 2]. The clinical presentation consists of a spectrum of symptoms
depending upon age, with children having feeding difficulties, failure to thrive, vomiting,
heartburn, and abdominal pain, and adolescents and adults complaining of dysphagia and
food impaction [3]. A subsequent esophagogastroduodenoscopy (EGD) is required to obtain
esophageal biopsy samples. The hallmark pathologic feature of EoE is a peak eosinophil
count = 15 eosinophils per high-power field (eos/hpf), which persists after high-dose proton-
pump inhibitor and after other potential causes of secondary esophageal and systemic
eosinophilia have been excluded [1, 2, 4, 5]. In addition to the presence of eosinophils, there
are a number of other associated histologic findings. Though these are not specific for EoE,
they include epithelial spongiosis, basal layer hyperplasia, lamina propria fibrosis,
eosinophilic microabscesses, eosinophilic degranulation, and superficial infiltration of the
epithelium [4, 5]. However, all findings may not be noted in a single biopsy [6-9].

The histopathologic findings of EoE are well described, and recently a new summary score
has been developed and validated for use in EoE that may be more accurate than the
eosinophil count alone [10]. However, much of the research on EoE has been performed at
referral centers in conjunction with expert pathology review [11-20]. There are few studies
of the reproducibility of determining eosinophil counts and assessing the other associated
findings outside of this setting [21-23]. For example, we have previously validated a
protocol for determining eosinophil counts with excellent inter reliability, but these results
were limited to expert gastrointestinal (GI) pathologists [21]. It is currently unknown how
well this protocol would perform outside of an expert setting. However, it is important to
understand how diagnosis could translate to other settings.

The aim of this study was to determine whether non-expert trainee pathologists could
accurately quantify esophageal eosinophil counts and identify associated histologic features
of EoE, as compared to expert pathologists.
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Materials and Methods

Patients and pathology samples

This study utilized a previously constructed set of esophageal biopsy samples from 40
patients in the University of North Carolina (UNC) EoE Clinicopathologic Database. These
were selected specifically to represent a wide spectrum of eosinophilia (ranging from 0-400
eos/hpf), and the methodology for selecting these patients has been described previously [21,
24-27]. Archived slides were de-identified (and there was no linked reference to clinical or
endoscopic findings) and scanned using the Aperio ScanScope® CS slide scanner (Aperio
Technologies, Vista, CA). The digitized slides were evaluated by six second and third year
pathology residents after a training session as detailed below. The images were viewed using
the Aperio ImageScope software. This study was approved by the UNC Institutional Review
Board.

Training curriculum

Prior to analysis of the 40 patient slide set, each trainee pathologist reviewed our previously
published protocol for determination of eosinophilic counts and associated histologic
findings of EoE [21]. Additionally, each pathologist participated in a teaching session to
acclimate to the Aperio software, quantify eosinophil counts, characterize the eosinophil
infiltrate, and identify microabscesses, eosinophil degranulation, spongiosis, and lamina
propria fibrosis. Questions could be addressed to the senior study pathologist (JTW) or the
senior author (ESD) during this time, but not during the evaluation of the study slide set. The
pathology residents were either in their second or early in their third year of pathology
training at the time of participation.

Histologic analysis

Our previously validated protocol, which also showed excellent agreement between scanned
and glass slides, was used for analysis [8, 21]. In brief, after reviewing the entire biopsy
sample, five high-power fields on the digitized slides were evaluated for maximum
eosinophil density (eosinophils/mm?2 (eos/mm?2). Trainees were instructed to quantify
eosinophils in the most highly inflamed field, the second most highly inflamed field, and in
three additional fields that were representative of the biopsy overall. The field was selected
on the computer screen using the ImageScope software, and this provided an area (mm2).
The eosinophil density (eos/mm?) was then converted to an eosinophil count (eos/hpf) for an
assumed hpf size of 0.24mm2, which is the most commonly reported hpf size in the
literature [28].

Next, each hpf was evaluated for the other histologic features of EOE. These included the
presence of eosinophilic microabscesses (defined as clusters of > 4eosinophils), eosinophilic
degranulation (defined as release of eosinophilic granules from eosinophils into the
surrounding epithelium), basal layer hyperplasia (expansion of the basal zone by >25% of
epithelial height; evaluated in properly oriented specimens only), spongiosis (also termed
dilated intercellular spaces), and lamina propria fibrosis (increased deposition of collagen in
the lamina propria, if sufficient subepithelial stroma was present for evaluation).
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Statistical analysis

Results

We calculated the peak eosinophil count (highest count of all of the 5 hpfs examined) as well
as the mean count of the 5 hpfs for each sample as recorded by each of the participating
pathologists. Additionally, it was noted whether a sample had eosinophil degranulation,
eosinophil microabscesses, or spongiosis in any hpf examined. Of note, lamina propria
fibrosis was not seen commonly enough to be included in this analysis, and not enough of
the samples were properly oriented to accurately assess basal layer hyperplasia.

To create a gold standard for comparison, we utilized the data previously determined in our
original pathology protocol validation study, as the identical 40 patient samples were used in
that analysis [21]. Specifically, the data from three expert pathologists were averaged to
generate reference standards for peak and mean eosinophil counts, and for the presence of
eosinophil degranulation, eosinophil microabscesses, and spongiosis.

Correlations between the trainee and gold standard peak eosinophil counts, and the trainee
and gold standard mean eosinophil counts were calculated using Pearson’s Rho (R). We also
assessed correlations amongst all pairwise comparisons of the trainees. We then used the
kappa statistic to determine agreement for determining a count above the diagnostic
threshold of = 15 eos/hpf, both comparing trainees to the gold standard, and comparing
trainees amongst themselves. Finally, we assessed agreement, again with kappa, between the
trainees and the gold standard for the associated histologic findings of EoE. Statistical
analysis was performed with Stata version 9 (College Station, TX).

Correlation for peak and mean eosinophil counts

In the training set of 40 slides, the gold standard peak eosinophil count was 101 + 107 eos/
hpf, and the trainee counts ranged from 72 to 113 eos/hpf (Table 1). The correlation for peak
eosinophil counts between the trainees and gold standard was excellent, with R values
ranging from 0.87 to 0.92 (p < 0.001 for all) (Figure 1). Additionally, correlations between
trainees for peak counts were similarly good, ranging from 0.75 to 0.91 (p < 0.001 for all)
(Table 2).

The gold standard mean eosinophil count was 53 + 60 eos/hpf, and the trainee counts ranged
from 38 to 72 eos/hpf (Table 1). The correlation for mean eosinophil counts between the
trainees and the gold standard was also excellent, with R values ranging from 0.89 to 0.96 (p
< 0.001 for all) (Figure 2). Similarly, the correlation among trainees ranged from 0.79 to
0.96 (p<0.001 for all) (Table 2).

Agreement for the diagnostic threshold of 15 eos/hpf

A total of 27 (68%) of the gold standard slides were above the diagnostic threshold, and
trainees only classified a range of 0-2 cases as above the threshold when the gold standard
was below it, and a similar number were classified below the threshold when the gold
standard was above it (Table 1). The overall agreement between the trainees and the gold
standard for determining an eosinophil count above the diagnostic threshold of 15 eos/hpf
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was excellent; kappa values ranged from 0.83 to 0.89 (p < 0.001 for all) (Figure 3).
Agreement amongst the trainees was also very good to excellent (Table 3). Fourteen of the
fifteen comparisons fell within the range of 0.71 to 1.00 (p < 0.001 for all) with a single
correlation that was lower at 0.66 (p < 0.001).

Agreement for associated EOE histologic findings

A total of 27 (68%) of slides had eosinophil degranulation on the gold standard analysis,
with trainee ranges from 58-85% (Table 1). There was very good agreement between the
trainees and the gold standard, with four of the six residents having kappa values between
0.62 and 0.73 (p < 0.001 for all) (Figure 4). The two values outside of this range were 0.54
and 0.83 (p<0.001 for both).

A total of 29 (73%) of slides had spongiosis on the gold standard analysis, with trainee
ranges from 50-80% (Table 1). The evaluation of epithelial spongiosis also showed very
good agreement (Figure 4). The range of kappa values was 0.65 to 0.87 (p < 0.001 for all)
for five of the trainees, with one value of 0.44 (p = 0.001) out of this range.

A total of 17 (43%) of slides had microabscesses on the gold standard analysis, with trainee
ranges from 58-85% (Table 1). Agreement on the presence of microabscesses was not as
high as the other microscopic findings (Figure 4). While the kappa values for four of the
trainees ranged from 0.48-0.64 (p < 0.001 for all), values of 0.46 (p = 0.001) and 0.37 (p =
0.009) were also noted.

Discussion

EOE is a clinicopathologic diagnosis, and pathologic features must be interpreted in the
context of clinical symptoms. However, diagnosis does require accurate determination of the
peak esophageal eosinophil count as well as associated histopathologic findings [1, 2, 4, 5].
To date, most studies of EOE have involved expert pathologists reviewing biopsy samples.
With the rapidly increasing incidence and prevalence of EoE [29, 30], however, many
patients are seen outside of centers with this expert pathology review available, and the
accuracy of assessing histologic features of EOE in this setting is poorly understood. Our
study, which was performed to determine the accuracy of non-expert trainee pathologists
quantifying esophageal eosinophil counts and identifying associated histologic features of
EOE, had a number of interesting findings. As compared to a composite gold standard from
expert pathologists, trainees had excellent correlation for both peak and mean eosinophil
counts, and excellent agreement for identifying specimens with counts above the diagnostic
threshold. While there was very good agreement for the associated findings of eosinophil
degranulation and spongiosis, eosinophilic microabscesses were less reliably determined.
Overall, however, our results suggest that non-expert pathologist can accurately characterize
esophageal biopsies with a range of eosinophil counts and EoE-associated findings.

In our previous study that focused only on expert pathologists, we found that correlations for
peak and mean counts were similarly excellent, and that agreement for the diagnostic
threshold was also outstanding [21]. However, there are few other studies in the literature
that have assessed this topic, and much of the literature on histologic findings in EcE
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focuses on describing the features and characterizing the variability and patchiness of
findings throughout the esophagus [5-10, 12, 13, 31-34]. A study by Stucke et al assessed
accuracy of esophageal biopsy interpretation by re-reviewing a 106 biopsies with eosinophil
counts in the 1-14 eos/hpf range [22]. The authors found 23 of these samples (22%) met the
criteria for EOE on a second review by a research assistant who was trained by an expert
pathologist, and they further calculated that re-review of biopsies may yield additional EoE
diagnoses in 5% of all biopsies. While we are not able to directly investigate their hypothesis
that under diagnosis could be due to non-specialized pathologist review, our results would
indicate that non-expert pathologists can provide reliable results compared with experts. In
one of the few published studies that we could identify addressing this topic, agreement
between pathologists was 95% with a kappa of 0.89, in range with what our results show
[23]. In a recent study validating a histologic scoring system for EOE, there was strong-to-
moderate agreement for the score among expert pathologists [10], and in a prior autopsy
study interobserver correlation for eosinophils in the gastrointestinal tract (with the
exception of the esophagus) was 0.96 [35].

There are several limitations of this study to consider when interpreting the results. First, we
assessed a relatively small and limited number of trainees, and because of this could not
comment on differences that may be present by length of training. We also did not assess
medical students or other training levels. Second, this work was conducted at a tertiary
referral center, so results may not be generalizable. Third, the training for this protocol was
largely self-directed, but even with this limitation the results were still excellent overall. It is
possible, however, that additional training may be required, particularly with the associated
histologic findings of EoE. Finally, we did not have enough samples with lamina propria
fibrosis or that were oriented well enough to assess basal zone hyperplasia. However, these
limitations are balanced by the strengths of the study which included use of a previously
validated pathologic interpretation protocol, use of digitized slides, standardized training,
and a standardized set of patient slides specifically selected to demonstrate a range of
esophageal eosinophilia and associated EoE findings.

In conclusion, we found that after undergoing a training session and using a standardized
digitized slide set and a validated counting protocol, non-expert trainee pathologists could
determine eosinophil counts with excellent agreement and correlation compared to gold
standard values derived from expert pathologists. Though agreement was not as good for the
identification of eosinophil microabscesses, it was still in the very good range for eosinophil
degranulation, and spongiosis. These results show that biopsy slide analysis techniques with
a validated protocol are generalizable to non-specialized pathologists when assessing
esophageal biopsy samples for features of EoE, and that pathology trainees can be important
collaborators in EoOE research.
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Highlights

The study assessed non-expert trainee pathologists compared to expert
pathologists.

Correlation was excellent between trainees and experts for total eosinophil
counts.

Agreement was excellent for eosinophil counts above the diagnostic
threshold.

Agreement was very good for degranulation and spongiosis, but not for
microabscesses.
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Figure 1.
Correlation, as measured by Pearson’s R, between the gold standard peak eosinophil count,

and the peak eosinophil counts determined by each of the trainees.
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Figure 2.
Correlation, as measured by Pearson’s R, between the gold standard mean eosinophil count,

and the mean eosinophil counts determined by each of the trainees.
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Figure 3.
Agreement, as measured by the kappa statistic, between the gold standard and trainee-

determined eosinophil count, for a count = 15 eos/hpf.
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Figure 4.
Agreement, as measured by the kappa statistic, between the gold standard and trainee

pathologists, for determining the presence of eosinophil degranulation, eosinophil
microabscesses, and spongiosis.
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