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Background & Aims: Eosinophilic esophagitis (EE) oc-
curs in families. Methods: Record review confirmed pa-

tient kinship and provided clinical information. Slide re-
view confirmed the diagnosis (threshold peak number =24
eosinophils/high-power field). Results: Fifty-nine mem-
bers (41 males, 18 females) of 26 families were 3 months to
47 years of age (mean age, 10.3 y) at diagnosis. The only
recorded race was Caucasian. In 4 families a parent of an
affected male had EE. The most common complaint at
diagnosis was dysphagia (68% of patients). Endoscopy
showed esophageal mucosal furrows (93% of patients) and
exudates (44%). Fifty-one percent had asthma. Skin prick
tests to food and aeroallergens were positive in 76% and
71%, respectively. Familial EE characteristics (clinical, en-
doscopic, pathologic, and global esophageal transcript ex-
pression profile analysis) were similar to sporadic EE, ex-
cept among patients with mucosal furrows: familial
patients had lower peak eosinophil counts in the distal
esophagus (P = .03) compared with sporadic patients. The
basic characteristics of EE (eg, eosinophil levels, rate of
atopy) did not vary with patient age. By using genome-wide
microarray analysis, no significant differences (P < .05,
false-discovery rate) were observed between familial and
sporadic EE. Among all patients, chest pain was more com-
mon in females (P = .02), and thickened mucosa was more
common in males (P = .006). Conclusions: These data
support a familial pattern of inheritance of EE and a patho-
genesis shared with sporadic EE. EE should be considered
in symptomatic family members of patients who have EE.

E osinophilic gastrointestinal diseases (EGID) show in-
creased numbers of eosinophils in one or more parts of the
gastrointestinal tract.! Primary EGID is diagnosed if a known
cause (parasitic infections, allergies, drug reactions, hypereosi-
nophilic syndrome, and so forth) is not identified. Eosinophilic
esophagitis (EE), a form of EGID, is a chronic, relapsing in-
flammatory disease manifesting large numbers of intraepithe-
lial eosinophils in esophageal mucosal biopsy specimens? and
characteristic endoscopic findings.>* EE must be distinguished
from gastroesophageal reflux disease® because EE requires treat-
ment other than or in addition to therapy for gastroesophageal
reflux disease.6~13

EE patients frequently are atopic.®1%1114 Aropic disease has a
strong familial association, predominantly owing to complex
interactions between environmental and genetic factors, the
latter accounting for approximately 50% of atopic disease.!

EE has stronger genetic components than other atopic dis-
eases. Families with more than one member with EE have been
reported.'®-2° Based on the estimated prevalence of EE as 4 per
10,000 in the pediatric population,!® the sibling risk recurrence
ratio for EE is very high, approximately 80,2! compared with
approximately 2 for asthma.! EE is linked to a single nucleo-
tide polymorphism in the eotaxin-3 gene based on case-control
and transmission disequilibrium test analyses.?? We report the
clinical and histopathologic characteristics and genetic tran-
scriptome of familial patients compared with EE patients who
do not have affected family members (sporadic cases).

Materials and Methods

This study was performed with the approval of the
Institutional Review Board at Cincinnati Children’s Hospital
Medical Center. The database in the Division of Pathology and
Laboratory Medicine, which contains pathology cases from
1970 to the present, was searched (by M.H.C.) for biopsies with
the diagnosis of EE. Inclusion criteria were a threshold peak
count of 24 or more eosinophils/high-power field (hpf) in an
esophageal biopsy specimen that was reviewed at the Cincinnati
Center for Eosinophilic Disorders (CCED). Biopsy specimens from
other sites in the gastrointestinal tract obtained at the same en-
doscopy as the diagnostic esophageal biopsy specimen were not
required for inclusion, and, if those biopsy specimens were ob-
tained, absence of pathology in those biopsy specimens was not
required for inclusion.

The hospital database was searched to confirm that patients
having the same surname resided at the same address. In addi-
tion, for all families except one, review of the medical records or
query of a gastroenterologist who cared for one or more mem-
bers of the family confirmed the familial relationships.

Abbreviations used in this paper: CCED, Cincinnati Center for Eosin-
ophilic Disorders; EE, eosinophilic esophagitis; EGID, eosinophilic gas-
trointestinal disease; FDR, false-discovery rate; hpf, high-power field.
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A relational database of patients treated at the CCED who
have EGID was created in 2001 using Microsoft (Redmond,
WA) Access with approval from the Institutional Review Board.
Only data from patients who consented had their information
entered into the database. Data included patient demographics,
signs and symptoms, endoscopic findings, pathology diagnosis,
results of skin prick tests, pertinent laboratory tests, treatment,
and final clinical diagnosis. Information for the database was
obtained mainly from hospital records retrospectively. All clin-
ical information used in this study was gathered from the
CCED database (by C.K.). One family member of each of the 26
familial patients registered in the database was matched as
closely as possible by date of birth and sex to 26 sporadic
patients who did not have affected family members. There were
insufficient numbers of patients to permit random matching of
familial and sporadic patients.

Signs and symptoms, endoscopic findings, and results of
allergy tests for all patients were obtained from the database.
Thick esophageal mucosa diagnosed at endoscopy indicated
opaque mucosa in which vascular markings were not visible and
that appeared thicker than normal when the biopsy was per-
formed, furrows indicated thick mucosa with evenly spaced
vertical lines, exudate indicated patches or plaques of white
material on the mucosal surface, stricture indicated small esoph-
ageal lumen and a rigid wall, and 7ings indicated mucosal
elevations. For patients whose diagnostic endoscopy was per-
formed at CCED, esophageal cultures were performed if clini-
cally indicated. None of those patients was receiving antibiotics
or topical steroid therapy at the time of the diagnostic endos-
copy. Evenly spaced white patches or plaques on the vertical
lines of abnormal mucosa were considered eosinophilic exu-
dates, but randomly dispersed white patches or plaques were
considered suspicious for fungal infection and were cultured.
Atopy was defined as reaction to at least one antigen as shown
by a skin prick test at the time of EE diagnosis.??

All biopsy specimens were fixed in formalin, and 5-pum-thick
slides that were cut from paraffin blocks were stained with
H&E. The available slides of esophageal biopsy specimens on
which the diagnosis initially was made were re-reviewed to
confirm the diagnosis and to quantitate eosinophilic inflam-
mation more extensively for this report (by M.H.C.). The num-
ber of intraepithelial eosinophils was counted in all hpfs (400X,
0.30 mm?) in one complete section of a biopsy specimen, and
the mean number and SD were calculated. The peak eosinophil
number was defined as the greatest number of eosinophils in a
hpf. The threshold peak number used to identify EE biopsy
specimens was set at 24 or more per hpf.”10-122223 Quantitative
evaluation of eosinophil number was performed for most pa-
tients, but because our clinical practice is composed largely of
patients referred from other locales, several initial diagnostic
biopsies that had been reviewed at the CCED, confirmed to
have the threshold peak eosinophil number and returned to the
hospital of origin, could not be obtained for re-review for this
study (Table 1).

Reports of biopsy specimens from other sites in the gastro-
intestinal tract that were obtained during the endoscopy that
yielded the initially diagnostic esophageal biopsy specimen were
reviewed. Slides or photographs of biopsy specimens that were
not reported as normal were re-reviewed. The peak number of
eosinophils in normal pediatric gastrointestinal tract biopsy
specimens in Cincinnati was used as a guide to distinguish
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normal from abnormal biopsy specimens.?* For purposes of
this study, mucosal eosinophilia designates increased numbers
of eosinophils in the lamina propria without eosinophilic cryp-
titis or other alterations. Eosinophilic cryptitis is the presence
of multiple eosinophils in the epithelium of one or more crypts.
Eosinophilic enteritis is mucosal eosinophilia plus significant
architectural alterations, such as cryptitis, elongated crypts, and
reactive epithelial changes.

Data were considered absent if neither positive nor negative
responses were found in the database or hospital records. Data
were analyzed using SAS version 9.1 (SAS Institute, Cary, NC).
Simple descriptive statistics were run on each group to obtain
N and percentages. The McNemar test was used to test agree-
ment between the familial and nonfamilial groups. The paired
t test was used to determine differences between groups. Biserial
correlations were used to test correlations between eosinophil
counts and endoscopic and atopic findings. A simple ¢ test was
used to determine differences among all patients in the study.
A P value of .05 or less was considered significant.

Several patients reported in this study had participated in a
prior study that used esophageal biopsy specimens in a ge-
nome-wide DNA microarray analysis.?> The available results of
the microarray analysis for the familial and sporadic patients
were extracted and compared using the Welch ¢ test with and
without false-discovery rate (FDR) correction.

Results

Eosinopbhilic Esophagitis Family Member
Relationships

Twenty-six families with more than one affected mem-
ber were identified. A total of 59 patients in these families had
EE (Table 1), 41 males and 18 females, with a mean age of 10.3
years (range, 0.25-47 y) at diagnosis. Affected members were
siblings in 85% of families, and children and their parents in
15% of families. Four families had affected members in more
than 1 generation. In 2 families, the father of a male proband
had EE, in 1 family the mother of a male proband had EE, and
in 1 family the mother of a male proband and all 4 of his male
siblings had EE.

Clinical Features of Familial Eosinophilic

Esophagitis

Among all familial patients for whom the information
was available, the most common complaint at diagnosis was
dysphagia, reported by 68% of patients (Table 2). Emesis, ab-
dominal pain, and heartburn were other common complaints,
reported by 62%, 57%, and 45% of patients, respectively. These
symptoms varied with patient age. Patients who reported dys-
phagia had a mean age of 12.9 years at diagnosis, and were
significantly older than patients who reported emesis (mean
age, 7.99 y; P < .05), or abdominal pain (mean age, 7.96 y, P <
.02), but not significantly older than patients who reported
heartburn (mean age, 9.76 y).

Endoscopic Features of Familial Eosinophilic
Esophagitis
Diagnostic endoscopy showed esophageal mucosal

furrows in 93% of patients, thick mucosa in 68%, and exudate
in 44%.
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Table 1. Characteristics of Familial EE Patients

FAMILIAL EE 623

Mean = SD (peak) eosinophil no.

Family Age at
no. Sex Patients diagnosis, y Distal esophagus Proximal esophagus Other biopsies
1 Female Proband 18 5.76 = 6.73 (24) ND ND
aMale Brother 18 3.17 = 4.13(17) 4.84 + 7.15(24) D = eos agg; S = NDA
Male Sporadic 15 13.3 £ 8.62(32) 8.63 = 7.19 (21) D, S = NDA
2 Female Proband 7 10.7 £ 15.03 (42) ND D = eos cryptitis; S = mild chronic
aFemale Sister 11 16 + 13.11 (38) 2.2 +4.41(12) D = NDA; S = MME + MA
Female Sporadic 11 23.92 + 14.53 (64) ND D, S = NDA
3 Male Proband 17 21.5 + 14.45 (67) 26.6 + 14.83 (58) D, S = NDA
aFemale Sister 20 16.5 = 9.36 (32) 0.3 = 0.57 (21) D, S = NDA
Female Sporadic 20 31.8 = 17.63 (84) 41.83 + 24.8 (101) D, S = NDA
4 Male Proband 17 109.2 + 51.81 (223) 5.6 = 7.12(21) D = NDA; S = ME
aMale Brother 11 75 + 36.13 (167) 53 + 34.58 (151) D = ME + MA; S = NDA
Male Father 47 80.3 = 48.44 (184) 41.5 + 45.62 (148) D = eos cryptitis; S = NDA
Male Sporadic 9 58.06 + 28.36 (108) ND D = NDA
5 aMale Proband 0.08 12.7 = 9(28) 12.7 = 7.6 (25) D, S, S/R = NDA
Female Mother 36 22.7 = 23.2(111) ND ND
Male Sporadic 1.5 22.6 + 19.3(69) 5.11 + 5.33(22) D, S = NDA
6 Male Proband 0.25 37 £ 20.5(74) 41.2 = 20.92 (76) D = ND; S = ME
aMale Brother 5 23.9 = 14.09 (61) 4.5 *+ 7.31(26) D = NDA; S = NDA
Male Sporadic 5.5 23.25 + 15.17 (50) 15.5 = 15.77 (54) D, S, Tl = NDA C/A, T/D, S/R = ME
7 Female Proband 0.5 87 = 35.11 (176) ND D = CH; S = NDA
aMale Brother 1 13.8 £ 8.7 (33) 45.8 = 27.2 (110) D, S, Tl = NDA C/A, T/D, S/R = ME
Male Sporadic 1 36.5 *+ 26.7 (86) 0.17 = 0.41 (1) D = NDA
8 aMale Proband NA >24 ND ND
Male Brother NA >24 ND ND
Male Brother NA >24 ND ND
Male Brother NA >24 ND ND
Male Brother NA >24 ND ND
Female Mother 34 27.3 +21.9(57) ND ND
Male Sporadic 5 1.56 *+ 1.26 (4) 38.86 + 28.56 (105) (mid) D, S = NDA
9 Male Proband 2 1.5+ 0.5(2) 12 + 10.37 (28) (mid) ND
aMale Brother 5 43.3 = 17.66 (82) 1.2 +1.63(5) D, S = NDA
Male Sporadic 3 17.92 = 7.42 (34) 0.33 +0.62(2) D, S = NDA
10 Female Proband 8 9.33 £ 5.91 (22) 86.8 = 53.32 (151) S = NDA
aFemale Sister (twin) 15 32.5 + 15.57 (64) 5.11 + 9.5(31) D, S = NDA
Female Sporadic 17 50 + 26.29 (106) 1.09 * 1.38 (5) (mid) D = NDA; S = CG
11 Female Proband 4 36.9 = 25.17 (88) 35.1 + 28.14 (88) D = eos cryptitis; S = NDA
aMale Brother 3 39.5 +13.41 (62) 36.7 £ 25.54 (86) D, S = NDA
Male Sporadic 2 33.75 + 15.26 (54) ND D, S = NDA
12 Male Proband 5 31.4 = 22.03(92) ND S = NDA
aMale Brother 1 13.5 + 8.9 (39) 12.2 = 14.47 (67) D, S, Tl,A/C, T/D, S/R = NDA
Male Sporadic 2 66.25 + 34.38 (160) 77.05 = 48.55 (245) D = eos duodenitis; S = NDA
13 Male Proband 9 38.5 + 26.83 (106) 7.9 £7.74(26) D, S = NDA
aFemale Sister 14 9.4 + 8.98 (26) 27.5 + 5.36 (36) S = ME
Female Sporadic 11 8.82 = 8.71(33) ND ND
14 aFemale Proband 1 21 + 13.89 (48) 0.47 = 0.7 (26) D, S = NDA
Male Brother 7 17.6 = 14.88 (61) 1.29 +1.1(3) D, S, Tl, C/A, T/D, S/R = NDA
Male Brother 8 7.2 £9.32(33) 1.3 +£2.24(9) D, S, Tl, C/A, T/D, S/R = NDA
Female Sporadic 1 5.05 *+ 8.81 (33) 6.41 *+ 8.89 (27) D, S = NDA
15 Female Proband 6 32.1 +15.77 (78) 36.1 + 14.57 (65) D = NDA; S = MCG
aFemale Sister 11 51.5 + 27.94 (121) 39.1 + 29.2 (104) D, S = NDA
Female Sporadic 7 18.7 + 18.53 (62) 13.5 £ 10.97 (42) D = eos agg; S = NDA
16 Male Proband 16 6.5 + 7.89(31) 13.8 = 10.26 (31) D = NDA; S = MCG
aFemale Sister 18 14.2 + 22.4 (100) ND ND
Female Sporadic 20 28.44 + 19.46 (70) ND D, S, Tl, C/A, T/D, S/R = NDA
17 Male Proband 11 36.4 + 19.62 (85) 26.8 + 10.4 (47) D, S = NDA
aMale Brother (twin) 12 11.7 = 11.63(51) 7.6 £ 7.39(24) D, S, Tl, C/A, T/D, S/R = NDA
Female Sister 14 25.5 + 24.3 (99) ND D, S = NDA
Male Sporadic 11 34.4 + 24.41 (79) 22.1 +20.23(73) D, S = NDA
18 Female Proband 17 5.8 £ 5.2(18) 6.9 = 8.66 (28) D, S = NDA
aMale Brother 20 14.6 = 11.91 (46) 6.1 = 7.93(38) D, S = NDA
Male Sporadic 22 42.82 *+ 35.3(126) ND D, S = NDA
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Table 1. (continued)
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Mean = SD (peak) eosinophil no.

Family Age at
no. Sex Patients diagnosis, y Distal esophagus Proximal esophagus Other biopsies
19 aMale Proband 13 7.9 +£7(27) 1.8 + 3.47 (16) D, S, Tl, C/A, T/D, S/R = NDA
Male Brother 12 5.8 + 4.47 (14) 10 = 10.5 (37) D, S = NDA
Male Sporadic 10 19.45 + 16.28 (60) 33.65 + 20.56 (69) D, S = NDA
20 aMale Proband 8 59.8 + 23.3 (107) 28.7 = 17.15 (86) ND
Male Father 21 6 *+2.16(7) 39.3 +8.99(52) D, S = NDA
Male Sporadic 11 185 * 76.8 (349) 45.2 + 43.6 (146) D, S = NDA
21 Male Proband 4 65.3 + 28.52(113) 45.7 + 19.26 (77) D, S = NDA
aMale Brother 4 39.8 = 20.06 (84) 16.8 = 16.76 (56) D, S = NDA
Male Sporadic 1 21.5 + 16.9(83) 7.88 = 9.27 (36) D, S = NDA
22 aMale Proband 5 16.3 +11.43(33) ND D = NDA; S = NA
Female Sister 3 10.5 = 9.52 (30) 8.1 + 6.57 (26) D = NDA; S = GC
Male Sporadic 5 14.7 = 9.43 (30) ND D, S = NDA
23 Male Proband 7 52.6 + 41.99 (140) 12.9 + 21.58 (62) D, S = NDA
aMale Brother 13 10.7 £ 9.85 (41) 8.5 = 8.45(27) D = erosive duodenitis; S = NDA
Male Sporadic 9 25.39 + 23.5 (76) 20.15 + 33.51 (132) D = NDA; S = Chem g
24 aMale Proband 4 12.7 + 7.49 (34) 11.4 = 6 (24) D, S, Tl,C/A, S/R = NDA, T/D =
eos agg
Male Brother 2 21.9 = 8.03(41) 41.6 + 16.3(71) D, S = NDA
Male Sporadic 7 20.4 + 27.8(91) 13.4 + 11.1 (36) D, S = NDA
25 aMale Proband 9 17.3 = 19.48 (70) ND D, S = NDA
Male Brother 2 34.6 = 17.65 (60) ND ND
Male Sporadic 11 39.1 + 12.9 (55) 78.4 + 33.3(168) D = reac epi; S = ME
26 aMale Proband 5 16.4 = 7.31(28) 11.3 = 9.92(33) D = NDA
Male Brother 5 42.8 + 35.38 (129) 21 +11.3(42) D, S = NDA
Male Sporadic 1.3 33.5 + 20.7 (61) 12.9 + 10.2(35) D, S = NDA

Sporadic, patient with sporadic disease; ND, not done; D, duodenum; Eos agg, eosinophil aggregate in superficial epithelium; S, stomach; NDA,
no diagnostic abnormality; Eos, eosinophilic; MME, mild mucosal eosinophilia; MA, mild acute inflammation; ME, mucosal eosinophilia; S/R,
sigmoid/rectum; TI, terminal ileum; C/A, cecum/ascending colon; CH, crypt hyperplasia; T/D, transverse/descending colon; NA, not available;
mid, midesophagus; CG, chronic gastritis; MCG, mild chronic gastritis; Chem g, chemical gastropathy; Reac epi, reactive epithelial changes. GC,

lamina propria giant cell.

aMember of family matched to a patient with sporadic disease based on gender and age.

Atopic Features of Familial Eosinophilic

Esopbhagitis

Fifty-one percent of familial patients reported asthma,
and 73% had allergic rhinitis. More than 70% of patients had
skin prick tests that were reactive to either food (76%), aeroal-
lergens (71%), ot both (63%).

Clinical, Endoscopic, and Pathologic

Comparison Between Familial and Sporadic

Eosinopbhilic Esophagitis

Information concerning race was available for at least
one member of 17 families, and Caucasian was the only re-
corded race. If all members of those 17 families were the same
race, then 38 familial patients were Caucasian. Information
concerning race was recorded for 14 sporadic EE patients, and
all also were Caucasian.

Familial patients did not have statistically significant differ-
ences in signs and symptoms, endoscopic esophageal character-
istics, or skin prick test results compared with matched spo-
radic patients (Table 2). Among the paired patients who had
furrowed mucosa at endoscopy, however, the peak number of
intraepithelial eosinophils in the distal esophagus was greater
in the sporadic (n = 12) compared with familial (n = 11;
107/hpf vs 51.5/hpf; P = .03) patients. Peak esophageal eosin-
ophil counts were not different between the matched pairs for

patients who had dysphagia, or skin prick tests reactive to food
only. There were insufficient patients with information re-
corded concerning mucosal exudate among the pairs for statis-
tical analysis. Peak esophageal eosinophil numbers in distal
esophageal biopsy specimens in the matched pairs did not
correlate with endoscopic abnormalities, or positive skin prick
tests to food.

Biopsy specimens from the distal esophagus were performed
in all patients, and frequently were diagnostic, in 53 of 59 (90%)
familial EE patients, and in 25 of 26 (96%) paired familial and
sporadic patients. The peak eosinophil number in distal esoph-
agus biopsy specimens ranged from 2 to 223 per hpf among
familial patients, and from 4 to 349 per hpf among sporadic
patients. Statistically significant differences for peak and mean
eosinophil counts in distal esophageal biopsy specimens were
not found in familial patients compared with sporadic patients.

Biopsies from other esophageal sites were performed less
frequently than biopsies from the distal esophagus. Among
patients whose biopsy specimens were available for review, there
were biopsy specimens from sites in addition to the distal
esophagus, mostly proximal, in 43 of 54 (71%) familial patients,
in 21 of 25 (84%) paired familial patients, as well as 19 of 26
(74%) sporadic patients. Biopsy specimens from sites other than
the distal esophagus were diagnostic less frequently than biopsy
specimens from the distal esophagus, but established the diag-



June 2008

Table 2. Clinical Characteristics
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All familial
patients (N = 59)

Signs and symptoms
Dysphagia
Emesis
Abdominal pain
Heartburn
Food impaction
Chest pain
Cough
Nausea
Diarrhea
Choking
Allergic rhinitis
Asthma
Allergic conjunctivitis
Eczema

Endoscopic findings
Furrows
Thickened
Exudate
Stricture
Rings

Skin prick tests
Environment
Food

25 (51%) N = 49
29 (59%) N = 49
22 (47%)N = 47

36 (68%) N = 53
32 (62%) N = 52
7(57%) N = 47
23 (45%) N = 51
9(17%) N = 52
2 (24%) N = 49
11 (23%) N = 47
0(22%) N = 46
5(10%) N = 48
7 (32%) N = 22
6 (73%) N = 49

)

)

)

37 (93%) N = 40

27 (68%) N = 40

9 (44%) N = 43

4 (10%) N = 42
3(7%) N = 45

27 (71%)N = 38
31 (76%) N = 41

Familial patients matched to Sporadic All patients
sporadic patients (N = 26) patients (N = 26) (N = 85)

3(54%) N = 24 10 (40%) N = 25 6 (59%) N =78
6 (64%) N = 25 15 (63%) N =24 7 (62%) N = 76
5 (65%) N = 23 1(46%) N = 24 8 (54%) N = 71
0 (43%) N =23 14 (58%) N = 24 7 (49%)N = 75
3 (13%)N =24 3(13%)N =24 2(16%)N = 76
6 (26%) N = 23 6 (25%) N = 24 8 (25%)N =73
4 (18%) N = 22 2(8%)N =24 3(18%)N=71
6 (26%) N = 23 4(17%)N = 24 4(20%)N =70
3(13%)N =24 4 (17%) N =24 9 (13%)N =72
1(11%)N=9 8(33%)N =24 5(33%) N = 46
15 (65%) N = 23 13 (57%) N = 23 9 (68%) N = 72
2 (52%) N = 23 13 (54%) N = 24 8 (52%) N =73
1(48%) N = 23 11 (48%) N = 23 1(56%) N =72
3(57%)N =23 8 (36%) N = 22 0 (44%) N = 69
9 (95%) N = 20 16 (89%) N = 18 3(91%) N = 58
3(68%) N =19 9 (69%)N =13 6 (68%) N = 53
9 (45%) N = 20 3(27%) N =11 2 (41%) N = 54
0(0%) N =19 2 (12%)N = 17 6 (10%) N = 59

1(5%)N =21 2 (13%) N =15 5(8%) N =60

3(65%) N = 20
4(70%) N = 20

13 (59%) N = 22
16 (80%) N = 20

40 (67%) N = 60
A7 (T7T%)N = 61

nosis in all 7 patients (6 familial and 1 sporadic) whose distal
biopsy specimens were not diagnostic. Biopsy specimens from
esophageal sites other than the distal esophagus were diagnos-
tic in 35 of 43 (81%) familial patients, in 17 of 21 (81%) paired
familial patients, and in 15 of 19 (79%) sporadic patients. The
peak number of eosinophils in biopsy specimens from sites
other than the distal esophagus was lower than in biopsy
specimens from the distal esophagus: the peak number ranged
from 5 to 151 per hpf among familial patients, and from 1 to
245 per hpf among sporadic patients. Statistically significant
differences for peak and mean eosinophil counts in biopsy
specimens from sites other than the distal esophagus were not
found in familial patients compared with sporadic patients.

Among all 85 patients who had EE, there were not statisti-
cally significant differences in the peak eosinophil count at any
esophageal site for patients who had dysphagia as a presenting
symptom compared with those who did not, for those who had
furrows or exudates at endoscopy compared with those who did
not, or for those who had reactive skin tests to food compared
with those who did not.

Information concerning anaphylaxis was available in 48 pa-
tients; 25% reported anaphylactic reaction to food, 13% to
nonfood, and 6% to both. Seven familial patients and 7 sporadic
patients reported anaphylaxis to either food or aeroallergens; 2
familial patients and 1 sporadic patient reported anaphylaxis to
both. The prevalence among familial EE patients was not sig-
nificantly different from the prevalence among their matched
sporadic pairs.

Biopsy Specimens From Other Sites

Forty-one members of 19 families had biopsy specimens
from sites in addition to the esophagus, mainly from the duo-
denum and stomach (Table 1). Ten of 41 (24%) familial patients

from 7 families had eosinophilic inflammation in extraesopha-
geal sites. In 2 families, both members who had biopsy speci-
mens from extraesophageal sites had eosinophilic inflamma-
tion in one of those sites, and in another family all 3 members
who had extraesophageal biopsy specimens had eosinophilic
inflammation in one of those sites. The pathology was mild
focal eosinophilic duodenal cryptitis (n = 3); mild mucosal
eosinophilia in stomach (n = 4), duodenum (n = 1), or colon
(n = 1); and an aggregate of eosinophils in superficial duodenal
epithelium (n = 1). Other pathology in extraesophageal sites in
familial EE patients was mild acute inflammation (with mild
eosinophilic inflammation) in stomach (n = 1) or duodenum
(n = 1), chronic gastritis (n = 2), focal duodenal crypt hyper-
plasia (n = 1), gastric lamina propria giant cell without other
inflammation (n = 1), and erosive duodenitis (n = 1).

Among sporadic patients, 3 of 25 (12%) who had biopsy
specimens of extraesophageal sites at the time of diagnosis had
eosinophilic inflammation in 1 of those sites each: eosinophilic
duodenitis, an aggregate of eosinophils in superficial duodenal
epithelium, and mild gastric mucosal eosinophilia. Other pa-
thology in extraesophageal sites in sporadic EE patients in-
cluded juvenile retention polyp in cecum/ascending colon (1),
chemical gastropathy (1), chronic gastritis (1), and reactive
surface duodenal epithelial changes (1). Although the preva-
lence of eosinophilic inflammation in extraesophageal sites was
greater in familial EE patients, the difference was not statisti-
cally significant (P > .05).

Age-Related Analyses

The inclusion of patients with a wide age range (includ-
ing children and adults) provided a valuable opportunity to
determine if there were significant differences in EE character-
istics as a function of age. The greatest number of patients was
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Figure 1. Esophageal eosinophil levels as a function of patient age.
Bar graph shows the peak eosinophil count in distal esophageal biopsy
specimens with increasing age. The mean of the peak eosinophil counts
in biopsy specimens from the distal esophagus also is shown; there
were insufficient numbers of patients in age groups older than 25 years
to calculate a mean.

in the 0- to 5-year age group, but 5 patients were older than 20
years of age (Table 1). In this study, neither the peak eosinophil
number in distal esophageal biopsy specimens, nor the mean of
the peak eosinophil number in distal esophageal biopsy speci-
mens, showed a progressive decline with increasing patient age
(Figure 1). Similarly, the percentage of patients in each age
group who were skin prick tested and had positive tests did not
decline appreciably with increasing age (Figure 2).

Sex-Related Analyses

Males (N = 60, 41 familial, 19 sporadic) were compared
with females (N = 25, 18 familial, 7 sporadic) for the charac-
teristics listed in Table 1. Among familial patients, there were
not any sex-related differences. Among sporadic patients, chest
pain (4 of 6 females vs 2 of 18 males, P = .006), choking (4 of
6 females vs 4 of 18 males, P = .04), and strictures (2 of 5
females vs 0 of 12 males, P = .01) were more common in
females, and thickened mucosa was more common among
males (1 of 4 females vs 8 of 9 males, P = .02). Among all
patients, similar to sporadic patients, chest pain was more
common in females (9 of 21) than males (9 of 52) (P = .02), and
thickened mucosa was more common in males (30 of 38) than
females (6 of 15) (P = .006). There was not a significant
difference in peak eosinophil number in distal esophageal bi-
opsy specimens in males compared with females in any of the
groups.

Intrafamilial Analyses

There was insufficient information recorded for all fam-
ily members to permit intrafamilial comparisons, except for
family 4 (Table 1). In that family, the affected parent and each
child had furrows and thick mucosa at endoscopy, the parent
and 1 child had exudate and rings, and none had strictures. The
parent was not skin prick tested, but both children reacted to
both food and aeroallergens. All had allergic rhinitis, 1 child
had asthma, and none had eczema or allergic conjunctivitis. All
had dysphagia, the parent had emesis, and none had chest pain,
heartburn, nausea, diarrhea, or abdominal pain. In another
family (family 8), information concerning dysphagia was re-
corded for 3 family members and was reported by the parent
and both children.
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Gene Expression in Familial Eosinopbilic
Esophagitis Versus Nonfamilial Eosinophilic
Esopbhagitis Patients

We queried if there was a unique gene expression profile
associated with familial EE. To identify a molecular signature
that might distinguish familial EE from sporadic EE, we re-
trieved gene expression data in these 2 groups from microarray
analysis on esophageal biopsy specimens.?! In the biopsy spec-
imens from familial (n = 6) and sporadic (n = 10) EE patients,
the expression of the 54,681 genes represented in the genome-
wide microarrays was subjected to the Welch ¢ test with FDR.
Significantly different gene expression was not found in familial
EE compared with sporadic EE patients (including expression
of eotaxin-3). To identify genes that possibly truly were ex-
pressed differently between the groups but eliminated from
analysis by the FDR correction, the same analysis was per-
formed without correction. The number of genes that thus were
obtained was always fewer than the number of genes expected
to be obtained by chance, and the expression of only 15 genes
was significantly different (P < .001, no FDR) in familial EE
compared with sporadic EE patients. Of these 15 genes, the
expression of only 5 genes differed by more than 2-fold in
familial EE compared with sporadic EE patients (Figure 3). The
expression of eotaxin-3 gene did not differ between the groups.
The relative average expression of the genes of the EE transcript
signature (574 genes) in familial compared with sporadic EE
patients is presented in Figure 3.

Discussion

This was a large series of EE patients who have other
affected family members, and included both pediatric and adult
patients. Major findings included the following: all patients in
this study whose race was known were Caucasian; patients who
had dysphagia at diagnosis were significantly older than pa-
tients who complained of emesis or abdominal pain!%; mucosal
furrows, thick mucosa, and mucosal exudates were common
esophageal findings in the diagnostic endoscopy; most patients
had positive skin prick test reactions to food and aeroallergens;
and distal esophageal biopsy specimens were diagnostic in 90%
of patients in the study. One member of each family was
matched for age and sex to EE patients who did not have other
affected family members: familial EE patients who had furrows
at diagnostic endoscopy had a significantly lower peak eosino-
phil count in distal esophageal biopsy specimens compared
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Figure 2. Prevalence of positive skin prick tests as a function of age.
Results of skin prick tests in older age groups were not available.
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Figure 3. Gene expression in familial EE patients versus sporadic EE
patients. (A) The peak eosinophil number per hpf in distal esophageal
biopsy specimens from familial EE and sporadic EE patients are pre-
sented in a dot plot; the line is the mean. (B) The expression of the EE
transcript consisting of 574 genes in familial EE and sporadic patients is
presented in a heat diagram. Up-regulated genes are in red, down-
regulated genes are in blue, and yellow corresponds to unchanged
gene expression compared with controls. The peak eosinophil number
in distal esophageal biopsy specimens of each patient is shown at the
right. (C) The average expression of the EE transcript signature in familial
EE and sporadic EE is presented in a heat diagram. Each line corre-
sponds to the average of the patients in each group. Up-regulated
genes are in red, down-regulated genes are in blue, and yellow corre-
sponds to unchanged gene expression compared with controls.

with sporadic patients who had mucosal furrows at diagnostic
endoscopy. We report comparable degrees of eosinophilic in-
flammation in esophageal biopsy specimens and a comparable
prevalence of positive skin prick tests in older compared with
younger patients. Our study represents a large analysis of EE
across a wide age range (pediatric and adult), and although the
number of adult patients was small (only S individuals were
older than 20 years), our data provide evidence that adult and
pediatric EE are likely to involve the same primary disease
processes.

We report members of 2 successive generations in multiple
families who have biopsy-proven EE. However, several of these
families reported 1 or more members of a preceding third
generation who showed signs and symptoms suggestive of EE.
We have not yet had the opportunity to examine slides of
biopsy specimens from those family members to confirm the
diagnosis, and they therefore are not included in this report.
Other investigators recently reported that esophageal biopsy
specimens of symptomatic grandparents of EE probands did
not contain sufficient numbers of intraepithelial eosinophils to
diagnose EE, including biopsy specimens from older patients
who had Schatzki rings that may be found in EE.? The number
of intraepithelial eosinophils in adults who have EE was re-
ported to diminish over time in 1 study?’; however, our cohort
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analysis of esophageal eosinophil levels as a function of age at
diagnosis (Figure 1) did not reveal statistical differences. The
significance of a relatively low number of intraepithelial eosin-
ophils in esophageal biopsy specimens from older members of
a proband’s family remains unclear.

The probability that 3 male siblings would develop EE if
there were not a familial component has been estimated as
1071217 In one of the families we reported, 5 male siblings are
affected (Table 1), and the probability that a disease devoid of
a familial component would occur in 5 siblings must be con-
siderably greater than 10712 These findings do not eliminate
the possibility that disease in multiple family members is in
some manner related to their environment, but our findings
enhance the view that there is a familial form of EE that
includes an inherited predisposition to the disease. Notably, the
estimated recurrence risk for siblings of affected EE patients is
much larger than the estimate for other atopic diseases,?!:?
suggesting a strong role for genetics in EE. The results of
genome-wide DNA microarray analyses of esophageal biopsy
specimens from EE patients and controls suggest that the
eotaxin-3 gene may be important in disease pathogenesis.?? A
single nucleotide polymorphism at the 3’ untranslated region
of the eotaxin-3 gene contains a GG allele that preferentially is
transmitted from heterozygous parents to their children who
have EE in a manner that appears to be independent of atopic
status.?? This finding further supports genetic transmission as
an important component of EE pathogenesis, and suggests that
inheritance of EE occurs independently of inheritance of atopy.

The occurrence of EE exclusively in Caucasian patients in
this study is intriguing, and has not been reported in other
atopic diseases. We postulated that genes with large allele fre-
quency differences between Caucasian and African populations
might contribute to the apparently virtual restriction of EE to
Caucasian people.?! From the HapMap database (http://www.
hapmap.org) we obtained the allele frequencies of each identi-
fied single nucleotide polymorphism in each of 34 genes that
were overexpressed/underexpressed (>10-fold change) in EE
patients compared with controls identified in our genome-wide
DNA microarray analysis.?? Five of those genes (EPB41L3,
TMEM?71, CES4, FLG, and CDH26) have a significantly greater
allele frequency difference between Caucasians and Africans
(>0.6) compared with the average allele frequency difference
between these groups (Table 3). The FLG gene encodes the
protein filaggrin, which is essential for skin barrier integrity,
and loss-of-function variants of FLG predispose to atopic der-
matitis.?” Notably, in mice, epicutaneous antigen exposure pre-
disposes to the development of EE?® further highlighting the
potential importance of skin and barrier function in EE patho-
genesis.

Statistically significant differences in signs and symptoms,
esophageal mucosal appearance at endoscopy, or atopic status
were not found between a subset of familial patients compared
with patients with sporadic EE. Although we report on a rela-
tively large number of EE patients, our study was retrospective
and therefore we do not have complete information on all the
patients in the study; it is possible that differences would be
uncovered with larger numbers of patients in each group. In
addition, we cannot eliminate the possibility that the sporadic
cohort includes patients whose family members do not cur-
rently manifest disease, but who will in the future.
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Table 3. List of Genes With More Than 10-Fold Expression Change in EE Patients and a Large Allele Frequency Difference

Between Caucasian and African Populations

Largest allele frequency difference?

Single nucleotide Allele frequency

Gene symbol Gene description Fold change? polymorphism rs# difference
EPB41L3 Erythrocyte membrane protein band 4.1-like 3 0.10 rs2874686 0.87
TMEM71 (FLJ33069) Transmembrane protein 71 14.03 rs2280871 0.68
CES4 Carboxyl esterase 4-like 0.09 rs7188256 0.64
FLG Filaggrin 0.10 rs2184953 0.62
CDH26 Cadherin-like 26 23.64 rs2426865 0.61

aFold change was obtained by comparing the gene expression level between patients with EE and controls.
bLargest allele frequency difference between Caucasian and African patients was obtained from the HapMap database (http://www.hapmap.org)
by comparing the allele frequency of each identified single nucleotide polymorphism of the gene between Utah residents with ancestry from

northern and western Europe (CEU) and Yoruba in Ibadan, Nigeria (YRI).

In this study, biopsy specimens from the distal esophagus
more commonly were diagnostic compared with biopsy speci-
men from other esophageal sites, generally the proximal esoph-
agus. However, in 7 patients with nondiagnostic distal esoph-
ageal biopsy biopsy specimens from other
esophageal sites established the diagnosis, underscoring the
patchy nature of the disease, and the need to obtain biopsy
specimens from multiple sites. In a study of adult EE patients,
biopsy specimens from sites other than the distal esophagus
were diagnostic in a patient whose distal biopsy specimens were
nondiagnostic.?’ In our study, eosinophil density tended to be
greater in biopsy specimens from the distal esophagus com-
pared with biopsy specimens from other sites, which also was
observed in adult EE patients.?*30

There was wide variation in the eosinophil number among
and within biopsy specimens at all esophageal sites (Table 1),
and therefore a lack of statistical differences between the famil-
ial and nonfamilial pairs is not surprising. The large SDs result
from the varying intensity of inflammation within biopsy spec-
imens obtained from any site, a fact that also emphasizes the
need to obtain multiple biopsy specimens. In a study of biopsy
specimens from adult patients using a threshold number of 15
or more per hpf, the sensitivity to detect EE was 55% with 1
esophageal biopsy specimen, but sensitivity was 100% with 5§
esophageal biopsy specimens.3

Among all 85 patients for whom the presence or absence of
furrowed esophageal mucosa was recorded (n = 59), peak
eosinophil numbers in biopsy specimens from the proximal or
distal esophagus were not significantly different for patients
who had furrows compared with those who did not. However,
among familial and sporadic patient pairs who had furrowed
esophageal mucosa, the peak number of intraepithelial eosino-
phils in biopsy specimens from the distal esophagus was sig-
nificantly lower in familial patients compared with sporadic
patients. The cause of furrowed mucosa is unclear, but likely
involves alterations of the mucosa, lamina propria, and possibly
deeper layers of the esophageal wall, that could be related to
inflammation. Furrows are reversible after proper therapy for
EE, but the natural history if left untreated is unknown. We
cannot rule out the possibility that the difference between
familial and nonfamilial patients is related to recording bias,
but it also is possible that the alterations that lead to mucosal
furrows occur with less inflammation in familial compared with
nonfamilial patients. This finding may indicate a fundamental

specimens,

difference between familial and nonfamilial patients, and requires
further investigation. Currently, it should provide greater impetus
to obtain detailed family histories of patients, and to evaluate
symptomatic family members of affected patients thoroughly.

Sex-related analysis uncovered significant differences
among all patients and sporadic patients, but not familial EE
patients. EE is much more prevalent among males than
females, and the number of females in the sporadic group
was small (n = 7). Our data nonetheless suggest that thick-
ened mucosa and chest pain are more common among males
and females, respectively, and these findings should be con-
firmed in larger studies.

We did not require an absence of eosinophilic inflammation
in biopsy specimens from extraesophageal sites for inclusion in
this study. Our practice is to obtain biopsy specimens from the
stomach and duodenum, and the lower gastrointestinal tract if
indicated, in patients suspected to have EE.!> However, some of
the initially diagnostic biopsy specimens of our patients were
obtained at other institutions that do not routinely perform a
biopsy of extraesophageal sites in patients suspected of having
esophageal disease. The biopsy specimens from extraesophageal
sites generally were normal, and those that showed eosinophilic
inflammation usually were not impressive histologically. How-
ever, twice as many familial as sporadic patients had any eosin-
ophilic inflammation in extraesophageal biopsy specimens, in-
dicating that familial EE is more likely part of eosinophilic
gastroenteritis than sporadic EE. This also may indicate a fun-
damental difference between familial and sporadic patients, and
requires further study. This finding also provides support for
obtaining careful family histories from EE patients, and
strongly suspecting EE in symptomatic family members, par-
ticularly if eosinophilic inflammation is found in extraesopha-
geal sites of the proband.

It is remarkable that global transcript expression profile
analysis of esophageal tissue from sporadic EE and familial EE
patients were largely similar even in the absence of false-discov-
ery correction. It is important to note that the EE transcriptome
also is conserved across sex, age, and atopic background.?? The
EE transcriptome consists of a common set of genes that
include Th2-associated genes and effector pathways (eg,
eotaxin-3) that are remarkably similar between individuals de-
spite their age, sex, and atopic status.?®?! The largely similar
transcript expression profile between EE patients indicates that
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the effector phase of tissue disease is largely conserved despite
the underlying upstream trigger (eg, genetics).
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