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Abstract: Eosinophilic esophagitis (EoE), an atopic disease of the esophagus, has become increasingly
recognized over the last 15 years. The epidemiology of EoE has now been reported from many
countries around the world. While the clinical diagnosis of this disease depends on the patient’s
clinical manifestations, the final diagnosis should be made based on the histopathological examination
of esophageal mucosal biopsies. In the diagnosis of EoE, to facilitate the appropriate treatment
of patients, it is extremely important to precisely recognize the presence of eosinophils in biopsy
specimens of the esophageal mucosa. If eosinophils are present, EoE patients should be referred to an
allergist for appropriate management with dietary modification, pharmacological agents (including
corticosteroids), and/or mechanical dilation of the esophagus. We herein present and recommend
the use of direct fast scarlet staining for the easy and precise recognition of eosinophils in biopsy
specimens of the esophageal mucosa, a technique that has been routinely used in our laboratory.
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1. Introduction

Eosinophilic esophagitis (EoE) is a chronic and immune-mediated esophageal disease caused
by a large number of eosinophils infiltrating the epithelium of the esophageal mucosa [1].
Patients with EoE present various symptoms, which differ according to age. These include dysphagia,
dysfunctional feeding, food impaction, chest pain, gastroesophageal reflux disease (GERD)-like
symptoms, abdominal pain, vomiting, and anorexia [1]. Landres et al. [2] first reported EoE in
a patient with vigorous achalasia, which was considered a variant of eosinophilic gastroenteritis.
Forget et al. [3] followed this by reporting an infant case of EoE. Lee [4] then reported young patients
(average age of 14.6 years) with marked infiltration of the esophagus by eosinophils. In 1993, EoE was
defined as a distinct clinicopathological disease entity [5]. Since then, case reports and small series
of affected patients have increasingly appeared in the literature. Consensus recommendations on
the diagnosis were documented for the first time in 2007, and updated in 2011 and 2017 [1,6,7].
All guidelines and/or recommendations cite a peak eosinophil count of ≥15 eosinophils in at least one
high-power field (HPF) in a biopsy specimen from at least one site among the distal, mid, and proximal
portions of the esophagus as the pathologic criterion for the diagnosis of EoE. However, we have
experienced cases in which it was difficult to identify eosinophil(s) infiltrating the esophageal mucosa
on histological specimens stained with hematoxylin and eosin (H&E), specifically when hemorrhage
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and/or congestion were found in the mucosa. To fully understand EoE, improvements in diagnostic
techniques are essential.

Direct fast scarlet 4BS (DFS) is commonly used for staining amyloid deposited in tissues [8].
Two other staining methods, Congo red staining [9] and Dylon staining [10], which are used for the
detection of amyloid, are reported to be useful for staining eosinophilic granules in tissue sections.
In addition, several reports [11,12] have described that DFS staining can visualize cytoplasmic granules
of eosinophils.

In this short report, we introduced the utility of direct fast scarlet staining for identifying
eosinophilic granules in tissues and for the diagnosis of EoE. This staining technique was originally
used for detecting amyloid deposits in tissues.

2. Results

The present study included a total of 46 cases in which EoE was clinically diagnosed based on
endoscopic findings, and then processed for histopathological examination. The biopsy specimens
obtained during endoscopic examination were processed for routine histopathological examination.
After, two serial sections were made and stained with H&E and DFS, respectively. The number of
eosinophils per HPF was counted on both sections. Our results are summarized in Table 1. It was
difficult for us to identify eosinophils on biopsy specimens stained with H&E, especially in cases where
hemorrhage and congestion were present in the esophageal squamous cell epithelium (Figure 1a,c) and
in which degranulation of eosinophils occurred (Figure 1a). However, we clearly detected eosinophils
in the esophageal squamous cell epithelium with DFS staining (Figure 1b,d). On the H&E-stained
section (Figure 1a,c,e,g), 18 (39.1%) of 46 cases had more than 15 eosinophils/HPF in the esophageal
epithelium. On the other hand, we found that 27 (58.7%) of 46 cases had more than 15 eosinophils/HPF
in the esophageal mucosa stained with DFS (Figure 1b,d,f,h). On the DFS-stained sections alone,
we detected ≥15 eosinophils/HPF in a total of nine cases (case nos. 3, 8, 19, 27, 29, 32, 33, 34, and 46),
in which <15 eosinophils/HPF were counted on the H&E-stained section (Table 1). Finally, 27 (58.7%)
of 46 cases were histopathologically diagnosed as EoE, confirming the clinical diagnosis (Table 1).
Fisher’s exact probability test revealed a statistically significant difference (p = 0.0018) between H&E
staining (18/27 cases) and DFS staining (27/27 cases) for diagnosis of EoE by identification of eosinophils
infiltrated in the esophageal epithelium. In cases 20, 21, and 28, a number of eosinophils were
clearly observed to have infiltrated the duodenal mucosa (Figure 1i,j) or gastric mucosa (Figure 2b),
suggesting that the patients had eosinophilic enteritis or eosinophilic gastritis [13]. All patients
histopathologically diagnosed with EoE received a proton pump inhibitor or corticoseroid and were
confirmed for histological remission (≤5 eosinophils/HPF).

Table 1. The histopathological diagnosis on H&E- and DFS-stained sections obtained from esophageal
biopsies of clinically/endoscopically diagnosed EoE patients.

Case No.
Sex

(Female/Male)
Age

(Years)

No. of Eosinophils/HPF
Final DiagnosisH&E-Stained

Section
DFS-Stained

Section

1 Female 55 3 0 Glycogenic acanthosis

2 Female 81 0 4 GERD

3 Male 52 10 42 EoE

4 Female 26 5 8 Esophageal ulcer

5 Male 85 0 0 GERD

6 Male 19 4 1 GERD

7 Female 18 0 0 No esophageal lesion

8 Male 60 13 30 EoE
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Table 1. Cont.

Case No.
Sex

(Female/Male)
Age

(Years)

No. of Eosinophils/HPF
Final DiagnosisH&E-Stained

Section
DFS-Stained

Section

9 Male 24 15 23 EoE

10 Male 63 5 8 GERD

11 Male 49 3 8 GERD

12 Male 13 1 5 GERD

13 Male 58 15 24 EoE

14 Male 12 0 3 Hiatal herniation

15 Male 24 62 133 EoE

16 Male 73 10 8 GERD

17 Female 66 3 0 GERD

18 Male 24 2 6 GERD

19 Male 49 5 30 EoE

20 Female 49 28 49 EoE *

21 Female 53 16 55 EoE *

22 Female 50 52 84 EoE

23 Female 49 30 34 EoE

24 Male 22 25 120 EoE

25 Male 57 37 58 EoE

26 Female 50 11 2 GERD

27 Male 25 6 15 EoE

28 Female 60 15 24 EoE *

29 Male 43 13 45 EoE

30 Male 35 22 21 EoE

31 Female 48 25 48 EoE

32 Male 80 3 27 EoE

33 Female 49 12 23 EoE

34 Female 50 13 26 EoE

35 Female 72 5 0 GERD

36 Male 25 98 183 EoE

37 Female 18 55 143 EoE

38 Male 49 3 0 Barrett’s esophagus

39 Male 55 0 0 GERD

40 Male 14 30 20 EoE

41 Female 51 10 1 GERD

42 Male 15 27 32 EoE

43 Male 14 62 96 EoE

44 Female 46 3 1 Glycogenic acanthosis

45 Female 51 15 31 EoE

46 Female 51 14 32 EoE

* A number of eosinophils are present in the gastric and/or duodenal mucosa.
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Figure 1. Two serial sections stained with H&E (a,c,e,g) and DFS (b,d,f,h) from esophageal biopsy
specimens in case nos. 32, 36, 15, and 46. Eosinophils with bright orange-colored granules are noted in
the squamous epithelium (b,d,f,h). On the duodenal biopsy specimen stained with H&E (i) and DFS (j)
from case no. 20, eosinophilic cytoplasmic granules are clearly seen in bright orange by DFS staining
(j). Note: small and bright orange-colored granules in the cytoplasm of the esophageal squamous
epithelium are degranulation of eosinophils (b,d,f,h,j). H&E and DFS staining, bar 20 m.
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(1) Preparation of DFS solution:
DFS 4BS 0.1 g is dissolved in 50 ml of 50%
isopropyl alcohol, and then add 0.4 g of sodium
sulfate (anhydrate). The solution is stirred
using a stirrer for 10 min and then filtered just
before use.

(2) Staining procedure:
1. A section is deparaffinized and rehydrated
2. Wash in tap water and place in distilled
water

3. Stain with a DFS solution for 10 min
4. Wash in tap water
5. Wash in distilled water
6. Deep inMayer’s hematoxylin for 3 min
7. Differentiate in diluted ammonia water ()
for a few seconds

8. Wash in tap water
9. Dehydration, clear, and mount

a b
Figure 2. The preparation of the DFS solution and the DFS staining procedure. Note: the bright
orange-colored granules of eosinophils are ones that infiltrated (a) the esophageal squamous epithelium
and (b) gastric mucosa stained with DFS. DFS staining, bar 20 m.

3. Discussion

In the current study, we detected eosinophils on DFS-stained specimens more easily in comparison
to H&E-stained sections. The preparation of the DFS staining solution and the staining procedure are
simple, practical, and can be routinely applied in a histopathology laboratory to identify cytoplasmic
granules of eosinophils.
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In the assessment of biopsy tissues for EoE, well-oriented biopsy specimens of full epithelial
thickness of the esophagus are necessary. Quite often, biopsy samples are taken with small pinch
forceps, which results in a small, superficial specimen that is difficult to orient. If endoscopy is being
performed to obtain a pathological diagnosis, an appropriate endoscope with forceps that are capable
of grasping large specimens should be used. It is important to avoid the use of picric acid-containing
dyes and fixatives, for example, Bouin’s solution, because this interferes with the staining of the
eosinophil granules, finally resulting in failure to recognize the granules.

The increasing number of EoE cases throughout the world, especially in Western countries [14],
and several risk factors, such as sex (male predominant), race (Caucasian), and other allergic conditions
(asthma, seasonal rhinitis, and atopic dermatitis), are known to be associated with the development of
EoE [15]. However, in Japan, EoE is a rarer disease in comparison to Western countries [16]. The precise
reason for this is not known, although a recent higher awareness of EoE among Japanese endoscopic
physicians has resulted in an increased prevalence of EoE [17], which is reported to range between
0.02% and 0.4% [17–20]; this prevalence is still lower than that in Western countries (0.057% [21]).

EoE is defined as a clinicopathological disease characterized by ≥15 eosinophils/HPF in one or
more esophageal mucosal biopsy specimens without pathologic findings of GERD [22,23]. However,
the number of eosinophilic alone does not differentiate EoE from GERD [24]. In our study,
GERD was the most important differential diagnosis of EoE, as listed in Table 1. The integration of
histopathological findings with clinical data and endoscopic findings is thus required for accurate
medical management [24].

All guidelines or recommendations published from 2007 cited a peak eosinophil count
(≥15 eosinophils) in at least one HPF in an esophageal biopsy specimen from at least one site
in the esophagus (distal, mid, or proximal) as the pathological criterion for the final diagnosis [1,6,7,23].
However, Adachi et al. [18] recently reported that lower sites of the esophagus are the most suitable
for biopsies for the detection of EoE and the presence of exudate in EoE can be suspected based
on endoscopic findings. In cases of GERD in which eosinophils are also present in the esophageal
epithelium [24], alterations may have a patchy distribution; thus, multiple biopsies are required
and recommended.

4. Materials and Methods

We conducted a histopathological analysis of a total of 46 cases of clinically diagnosed EoE.
All patients visited our hospital from April 2017 to September 2020. According to the diagnostic
algorithm for EoE in our hospital, when the patients have certain symptoms that are suggestive of
EoE, an upper gastrointestinal endoscopic examination using Olympus GIF-H260 (Olympus Co.,
Tokyo, Japan) is performed. Upper gastrointestinal endoscopic findings that are suggestive of EoE
include linear furrows, rings, whitish exudate or plaque, edema, strictures, or a fragile mucosa [25].
In this study, a total of 46 patients (females, n = 19; males, n = 27, Table 1) were clinically diagnosed
with EoE based on the endoscopic findings, which included linear erosion/ulcer, linear or circular
edematous mucosa, mucosal scarring, and localized white spots. During the endoscopic examination,
biopsy specimens were obtained from the esophageal lesion(s). The biopsied tissues were fixed in 10%
neutral buffered formalin for at least 3 h, processed routinely for the histopathological examination,
and then two serial sections (each 3–4 m in thickness) were made for each biopsy specimen. One section
was stained with H&E for a histopathological analysis, including the counting of eosinophils present
in the esophageal mucosa. The other section was stained with DFS (Muto Pure Chemicals Co., Ltd.,
Tokyo, Japan) to detect cytoplasmic granules of eosinophils. The preparation of the DFS solution and
the procedure for DFS staining using benzo fast scarlet 4BS (C35H25N7Na2O10S2, MW 813.74) [12],
which was modified from the Yanagihara’s method of Dylon staining using Pagoda Red to detect
amyloid deposition [10,26], are shown in Figure 2. The DFS solution could clearly and specifically
stain cytoplasmic granules of eosinophils, yielding a bright orange color (Figure 2a,b).
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5. Conclusions

We tried to use DFS staining to identify eosinophils that infiltrated the esophageal squamous
epithelium of patients who were clinically diagnosed with EoE. DFS staining enabled us to clearly
observe bright orange-colored granules in the cytoplasm of eosinophils. Since the staining method is
simple and practical, it can be routinely used in the histopathological diagnosis of EoE. Furthermore,
it could easily detect eosinophils in tissues other than esophageal tissue.
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