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The incidence and prevalence of eosinophilic esophagitis (EoE)
have markedly increased over the past 2 decades, outpacing
increased detection of the disease. Although genetic
susceptibility markers for EoE have begun to be elucidated, the
rate at which EoE has increased in incidence suggests
environmental factors predominate. Despite many advances in
understanding of the pathogenesis of EoE, the cause of EoE is
unknown. This article reviews the emerging data related to
environmental risk factors for EoE. Many of these
environmental factors are rooted in the theoretical framework
of the hygiene hypothesis, specifically mediation of disease
development through dysbiosis. Other hypotheses are based on
associations that have been observed in studies of non-EoE
allergic disease. We describe the evidence that early-life
exposures, including antibiotic use, acid suppression, and
cesarean delivery, can increase the risk of disease. We also
describe the evidence that infectious agents, such as
Helicobacter pylori, are inversely associated with disease.
Current evidence on geographic risk factors, such as population
density, climate zone, and seasonality, is reviewed. We also
describe behavioral factors that have been evaluated.
Limitations of the existing research are discussed, and
recommendations for future areas of research, including
assessment of gene-environment interaction, are presented. (J
Allergy Clin Immunol 2018;142:32-40.)
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Eosinophilic esophagitis (EoE) is an immune-mediated
chronic disease associated with significant morbidity, including
1-6

dysphagia, food impactions, and, in the pediatric population in
particular, food intolerance and faltering growth.7-13 Disease
management can be challenging. No pharmacologic therapies
have been approved for the treatment of EoE, and current treat-
ments necessitate dietary elimination strategies, topical steroids,
or elemental formula diets. Most patients with EoE have evi-
dence of concomitant atopic illness. However, although specific
foods elicit clinical and histologic manifestations of disease for
many patients, EoE is not believed to be an IgE-mediated
disease.14,15

The incidence and prevalence of EoE have increased dramat-
ically since its initial recognition as a unique disease entity just
2 decades ago.16-20 In the 1990s, when EoE was first described,
disease incidence was estimated at just 0.4 cases/100,000/y. Cur-
rent estimates of disease incidence and prevalence vary but are
generally described to be approximately 10 cases/100,000/y,
with a prevalence of 50 to 100 cases/100,000.17,20-23 The eco-
nomic burden of EoE is substantial. In the United States, where
as many as approximately 400,000 persons are affected,24 the
estimated annual health care costs associated with EoE are $1.4
billion.25

Although some of this increase can be attributed to increased
awareness and surveillance of the disease, incident diagnoses
have outpaced the increase in upper endoscopies.17,20,26 Candi-
date and genome-wide association studies have identified
possible susceptibility genes associated with disease develop-
ment27-30; however, given the rate at which disease incidence
has increased, environmental factors are likely implicated in dis-
ease pathogenesis. Furthermore, a twin and family study of EoE
identified a stronger concordance for EoE between dizygotic
twins than in siblings, suggesting that not only do environmental
factors contribute but also shared environmental factors experi-
enced in early life might be important to disease cause.31

To date, the body of evidence to support the contribution of
environmental factors in patients with EoE is still under
development, with considerable gaps in knowledge. Much of
the existing evidence has focused on early-life factors implicated
in patients with other allergic diseases, infectious disease factors,
geographic factors, and behavioral factors, with limited data on
the contribution of genetic and epigenetic factors in relation to
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FIG 1. Candidate risk factors for development of EoE. NICU, Neonatal intensive care unit.
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these environmental factors (Fig 1). This article describes the ev-
idence thus far and provides recommendations for future direc-
tions to address these gaps in knowledge (Table I).
ALLERGIC DISEASES, THE HYGIENE HYPOTHESIS,

AND THE MICROBIOME
Given the high proportion of patients with EoE with concom-

itant atopic disease, it is not surprising that the focus of much of
the research on environmental factors and EoE has focused on
factors implicated in other atopic diseases. As with EoE, the
incidence and prevalence of other atopic diseases have also been
increased in recent decades. One of the prevailing theories to
explain this increase, the hygiene hypothesis, asserts that an
overly hygienic environment, although important in the reduction
of infectious disease, might have untoward effects on the host-
microbiome balance necessary for immune system development.
However, this theory has been met with scrutiny and has been
adapted recently with advances in our ability to characterize the
human gut microbiome.32-35 Evidence supports the role of the mi-
crobiome in establishing immune function health, but it is not
necessarily an aseptic environment that is to blame but rather
the absence of certain necessary commensal bacteria. Although
the microbiome research field is still relatively underdeveloped
(ie, technology for characterizing species continues to evolve
and our capacity to analyze the complexity of the microbiota re-
mains relatively crude),36-42 numerous studies have identified dif-
ferences in microbiota diversity and patterns of relative
abundance in association with atopic disease.43 A challenge in
the literature is establishing the temporality of the association,
specifically whether the differences observed are attributable to
the disease process itself or whether differences in the microbiota
lead to the cascade of events that elicit disease development (eg,
microbiota-host interactions and alterations in barrier function
that contribute to aberrant immune response and loss of antigen
tolerance).44-47

Although much of the microbiota research initially focused on
gut microbiota, the field has expanded to include assessment of
the entire human microbiome. Differences in the esophageal
microbiome have been described between patients with EoE,
patients with gastroesophageal reflux disease, and healthy control
subjects,48 but again, it is unknown whether these differences are
driven by disease or whether they preceded disease development.
With treatment, the differences between patients with EoE and
healthy control subjects has been suggested to diminish, although
not completely.37

Studies evaluating the use of synbiotics to prevent atopic
disease have yielded varied results,49-51 likely because our under-
standing of the microbiome and microbiota interactions is rela-
tively immature, establishing which synbiotics confer
protection remains elusive.52 For patients with EoE, a single study
conducted in a murine model identified a beneficial effect of the
probiotic Lactococcus lactisNCC 2287 on esophageal inflamma-
tion.53 Because only a few studies of the esophageal microbiome
have been conducted, this is an area where further research is
needed to establish the significance, if any, of the esophageal mi-
crobiome in disease pathogenesis.
EARLY-LIFE FACTORS AND EoE
EoE can develop in infancy but is observed more frequently

later in childhood and sometimes into adulthood. Thus it might
not be readily apparent how factors experienced in early life could
contribute to disease development later in life. However, early life
is a period of unique developmental susceptibility, and immune
maturation might be sensitive to early-life experiences.54,55

Furthermore, it has been suggested that EoE might be part of
the atopic march continuum, appearing later in the cascade of
atopic illnesses frequently coexisting in childhood.56



TABLE I. What is unknown?

Potential for interaction between environmental factors and EoE

Epigenetic modifications and the environment in relation to EoE

Factors that might contribute to dysbiosis of the gut microbiota, such as diet,

in relation to EoE

Examination between early-life factors and EoE and whether associations

are mediated by dysbiosis

Temporal association between esophageal microbiome in association with

EoE

Association between acid suppressant use in early life and EoE

Improved understanding of how geographic factors can contribute to disease

pathogenesis
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Antibiotic use, cesarean delivery, and other

microbiome-altering factors
Colonization of the microbiome occurs in early life and after

the age of 2 or 3 years becomes relatively stable.57 Changes in the
microbiome can be observed at older ages with dietary changes,
use of probiotics and antibiotics, illness, and other exposures,
but these changes have been characterized generally as transient
and self-limited. Because early life is important in development
of the microbiome and, consequently, development of the im-
mune system,44-47 numerous studies have examined early-life ex-
periences that can shape microbiota colonization.58 Many factors
are now described to alter the diversity and/or relative abundance
of the microbiota in early life, factors including cesarean delivery,
preterm delivery, neonatal intensive care unit admission, choice
of infant feeding, maternal and infant use of antibiotics, and
others.39,59-73 It is this body of literature that has informed studies
evaluating the contribution of early-life factors in relation to EoE.

To date, 5 case-control, single-center studies have been
conducted examining the contribution of early-life factors and
the development of EoE. Four of these included pediatric patients
only,74-77 and 1 study examined adult patients.78 With the excep-
tion of 1 study, which observed only a weak inverse association
between postnatal environmental tobacco smoke exposure and
EoE in the pediatric population,76 all 4 other studies, which
were conducted at 3 different centers, identified associations be-
tween early-life factors and EoE development.74,75,77,78 For the
pediatric studies, although not all of the studies examined the
same factors and although differences in associations were
observed between studies, factors identified were consistent
with those that have been demonstrated to alter microbiota colo-
nization in the gut, including supplemented breast-feeding or for-
mula feeding (possible protective effect for breast-feeding
observed), neonatal intensive care unit admission, antibiotic use
in infancy, cesarean delivery, ownership of a furred pet in the
home in infancy (protective association observed), and infant
use of acid suppressants (further described below). Perhaps the
strongest and most consistent evidence of an association (positive
association indicated in 4 of the 5 studies) has been observed for
antibiotic use in infancy (Fig 2).
Acid suppressants
Acid suppressants, specifically proton pump inhibitors (PPIs),

are routinely used to aid in the diagnosis and treatment of EoE
because patients with clinical symptoms and histologic evidence
consistent with EoE diagnosis (>_15 eosinophils/high-power field
on biopsy) can experience clinical and histologic improvement
after treatment with a PPI. Paradoxically, acid suppressants,
including PPIs, have been demonstrated to alter gut perme-
ability.79-81 This increased permeability can compromise oral
tolerance, and in both animalmodels and human studies, acid sup-
pressants have led to inhibition of dietary protein digestion and
development of IgE antibodies in response to the inhibited protein
or proteins.82,83 In observational studies acid suppressants, when
used during pregnancy, have been associated with increased risk
of atopy in offspring.84

The association between acid suppressant use and development
of EoE has only been evaluated minimally. One study examined
EoE among patients prescribed a PPI after an initial upper
endoscopy and described that there was no evidence of an
increase in absolute EoE cases after repeat endoscopy or evidence
that an increasing PPI dose was associated with an increased
proportion of EoE diagnoses on repeat endoscopy.85 Conversely,
a small case series of three patients described development of EoE
after initial diagnoses of reflux esophagitis or infectious esopha-
gitis treated with a PPI.86 In the most recent case-control study
of early-life factors and EoE, a positive association was observed
between reported use of an acid suppressant in infancy and EoE
diagnosis at age 3 years or older.77 Although intriguing, the asso-
ciation observed could be attributable to protopathic bias or
symptoms of EoE leading to use of a PPI in infancy, with delayed
diagnosis at age 3 years. Thus additional mechanistic research is
needed to evaluate these associations further.
INFECTIOUS RISK FACTORS FOR EoE

Helicobacter pylori
Perhaps providing support for the hypothesis that the increase

in prevalence described for atopic conditions can be driven in part
by changes in the environment that decrease infectious disease,
Helicobacter pylori has been inversely associated with atopic
conditions, including allergic rhinitis, atopic dermatitis, and
asthma.87 This same inverse association has also been observed
for EoE in both pediatric and adult studies, with a reduction in
EoE risk in the absence of H pylori.88-91 This relationship also
fits the temporality noted for the increase in EoE over the past
2 decades and is supported by a possible mechanism. Specifically,
H pylori is thought to polarize toward more of a TH1 immune
response, and absence of H pylori can polarize toward a TH2
response.88 However, this mechanism has yet to be tested
experimentally.
Herpes simplex virus
Case reports and case series have suggested a possible asso-

ciation between herpes simplex virus (HSV) esophagitis and
EoE.92-94 In one series of 3 pediatric patients with atopy, HSV
esophagitis was diagnosed initially, and there was no evidence
of EoE, but EoE developed within 2 months of the HSV diag-
nosis.93 A case series of 5 adults with HSV esophagitis showed
histologic and clinical symptoms consistent with an EoE
diagnosis.95 Similarly, a retrospective assessment of 11 immuno-
competent patients with HSV esophagitis identified 5 patients
with eosinophilic infiltrate consistent with EoE at follow-up bi-
opsy.96 Although these reports suggest HSV esophagitis can co-
occur with EoE in some patients, observational studies are needed
to evaluate the potential for a temporal association.
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FIG 2. Early-life factors evaluated in association with EoE.
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Galactose-alpha-1,3-galactose
In a case-control design study IgE sensitization to tick-borne

galactose-alpha,1,3-galactose (alpha-gal) was evaluated in rela-
tion to EoE because this is an infectious vector that causes a food
allergy. Sera biobanked from adults with EoE (n 5 50) and
control subjects (n 5 50) were evaluated for IgE sensitization to
alpha-gal. Although a high proportion of cases and control
subjects were observed to have evidence of sensitization, no
differences were observed between cases and control subjects.97
Mycoplasma pneumoniae
A case series of 12 patients with EoE found a high proportion

(83%) of IgG positivity for Mycoplasma pneumoniae with sero-
logic testing.98 However, without characterization of seropreva-
lence of M pneumoniae in control subjects, the association with
EoE cannot be determined.
Geographic risk factors for EoE
Geographic factors, although likely not directly causal for EoE,

could offer insight into other environmental factors that might be
implicated in disease development.
Population density/geographic differences
To date, 4 studies have examined population density or rural

versus urban residence in relation to EoE. The first, a single-
center, case-control study of 508 cases, 508 gastroenterology
specialty clinic control subjects, and 508 allergic control
subjects observed a higher proportion of patients with EoE
arising from suburban areas compared with allergic control
subjects (adjusted odds ratio [aOR], 2.1; 95% CI, 1.2-3.5).
However, when comparing patients with EoE with
gastroenterology clinic control subjects, no association be-
tween residence was observed. Another study surveyed gastro-
enterologists and allergists on patients with eosinophilic
gastrointestinal disease, and found that EoE was more common
in patients with a rural residence.22 In a study of 14,381 cases
and 89,754 control subjects identified in a pathology database
containing patients from throughout the United States, a
dose-response inverse relationship was observed between pop-
ulation density and increased risk of EoE. Compared with the
most populous residence, there was a 40% increase in the
risk of EoE observed for the least populous area of residence
(aOR, 1.4; 95% CI, 1.1-1.8). Another study examined EoE inci-
dence and clinical symptoms of EoE according to rural versus
urban residence in 57 patients with EoE in Iowa. Although no
difference was observed in the incidence of EoE diagnosis, dif-
ferences in symptoms were reported, with a higher proportion
of urban residents reporting dysphagia (P 5 .047) and a higher
proportion of rural residents reporting heartburn or reflux
(P 5 .04).99
Climate zone/seasonality
The same national pathology database described above was

also used to examine the association between climate zone and
EoE. Relative to the temperate climate zone, this study reported
an increased risk for EoE for patients residing in a cold climate
zone (aOR, 1.4; 95%CI, 1.3-1.5).100 Climate zones can be closely
linked to local vegetation patterns and might implicate certain
aeroallergens, but this requires further study.

Numerous single-center studies have examined seasonality in
relation to EoE, although a challenge in such studies is
determining symptom onset because diagnosis is known to lag
far behind initial onset of symptoms. Although some of these
studies suggest an association between season and EoE,20,101-105
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some studies have indicated no association.106-108 Diagnostic
delay can contribute to some of these inconsistencies, but
geographic and climate differences can also contribute because
aeroallergens (type, count, and temporal variability) are known
to vary across climate zones. A recent study of seasonality and
pollen counts conducted in 36 patients with EoE in the New
York City area identified increased patient reporting of symptoms
in summer months (July-September) and increased diagnoses in
the Fall (October-December). Counts from 11 different pollen
taxa were examined, including Acer (maple), Betula (birch), Pop-
ulus (poplar), Ulmus (elm), Quercus (oak), Carya (hickory),
Fraxinus (ash), Platanus (sycamore and London planetree), Fa-
gus (beech), Poaceae (grass pollen family), and Ambrosia
(ragweed). Symptoms of EoE correlated with peak levels of grass
pollen.109 Another study examined seasonality and EoE, taking
into account climate zone, again by using the national pathology
data described above. As expected, this study identified differ-
ences in the relationship between seasonality and EoE by climate
zone, with the strongest evidence of seasonal variation in EoE di-
agnoses in temperate and cold climates. Summer months were
associated with higher EoE diagnosis; however, peak diagnoses
by month differed according to climate zone.110
BEHAVIORAL RISK FACTORS FOR EoE
Smoking and alcohol have been associated with gastroesoph-

ageal reflux disease, and nonsteroidal anti-inflammatory drug
(NSAID) use has been associated with atopic illnesses111-113 and
other inflammatory gastrointestinal illnesses, including micro-
scopic colitis.114 Thus far, only 1 study has examined these factors
in patients with EoE. In a single-center case-control study of 115
incident cases and 225 control subjects who had undergone upper
endoscopy for symptoms of esophageal dysfunction, data on
smoking behaviors and alcohol and NSAID use were collected
through a patient questionnaire administered before endoscopy
and diagnosis. This study observed a decreased risk of EoE
among those who had ever smoked (aOR, 0.5; 95% CI, 0.2-0.9)
and a decreased risk of EoE for current NSAID use (aOR, 0.4;
95% CI, 0.2-0.8). Current alcohol use was moderately associated
with EoE, but the estimate was attenuated with adjustment for
age, sex, race, education level, smoking, and atopy (aOR, 1.6;
95% CI, 0.8-3.1).115 Other potential confounders, specifically
factors that could be associated with smoking behaviors and diag-
nosis of EoE, were not assessed.
GENETICS AND EPIGENETICS AND THE

ENVIRONMENT

Gene-environment interaction
Studies of gene-environment interaction offer the potential to

identify novel genes, exposures, or both whereby risk is only
conferred in the presence or absence of the other. These studies
could offer increased mechanistic understanding of disease and
also help identify modifiable environmental factors for disease
prevention in those with underlying genetic susceptibility for
disease (eg, siblings of patients with EoE). To date, only 1 study
has investigated genetic susceptibility markers in relation to
environmental factors. This study, although small (n 5 248),
observed that breast-feeding conferred a protective effect for EoE
among those with the susceptibility gene variant at rs6736278.116

More studies are needed to examine how environmental factors
can interact with underlying genetic susceptibility to increase or
decrease risk of disease.
Epigenetic modifications and environmental factors
Epigenetic assessments have elucidated novel mechanistic

pathways in the development of childhood asthma and al-
lergy,117-119 and environmental factors have been associated
with changes in epigenetic methylation and histone modification
patterns.120,121 Epigenetic modifications in patients with EoE
have been explored minimally in patients with EoE122 yet offer
the potential to improve our understanding of how environmental
factors infer increased (or decreased) disease risk. These evalua-
tions could provide mechanistic insights that are important in the
development of therapeutic targets for disease treatment.
EoE phenotypic heterogeneity
It should be noted that although most of the research on

environmental factors in the development of EoE has been
informed primarily by risk factors demonstrated to be associated
with atopic disease, there is heterogeneity in the comorbid
conditions experienced by patients with EoE, and in a proportion
of patients (approximately 30%), the disease does not appear to be
associated with having other atopic conditions. Indeed, for some
patients with EoE, there appears to be increased co-occurrence of
autoimmune conditions, including celiac disease, Crohn disease/
ulcerative colitis, rheumatoid arthritis, IgA deficiency, multiple
sclerosis, common variable immunodeficiency, and autoimmune
thyroid disease.123-125

EoE has also been associated with tracheoesophageal fistulae,
although even in those with co-occurring EoE and tracheoeso-
phageal fistulae, 70% were indicated to have at least 1 or more
additional atopic conditions. Additionally, EoE has been associ-
ated with inherited connective tissue disorders (CTDs), with 3.3%
of patients with EoE having a CTD (Marfan syndrome,
Marfanoid-related syndrome, Ehlers-Danlos and related syn-
dromes, and Loeys-Dietz syndrome) at one center (compared
with a prevalence of approximately 0.02% in the general popu-
lation).126-128 Again, the co-occurrence of atopy was similar in
those with and without a co-existing CTD. Environmental etio-
logic studies of EoE conducted thus far have not differentiated
EoE based on atopic co-occurrence or the presence of other co-
morbid conditions.
CONCLUSIONS AND FUTURE DIRECTIONS
Although numerous studies have been conducted on environ-

mental factors and EoE, this body of research remains relatively
undeveloped. Consistent evidence has supported possible asso-
ciations between antibiotics in infancy and development of EoE,
but the studies conducted thus far have the potential for bias
given the fact that use of antibiotics has been collected
retrospectively through recall. Furthermore, there is a potential
that these associations could reflect confounding by indication;
specifically, some other factor associated with early-life anti-
biotic use, such as asthma, might also be associated with EoE.
None of the studies examining antibiotic use examined infection
as a possible contributing factor and antecedent for antibiotic
use, although there are studies suggesting infections might
increase atopy risk.129-131 Thus it is unknown whether



J ALLERGY CLIN IMMUNOL

VOLUME 142, NUMBER 1

JENSEN AND DELLON 37
antibiotics are the true causal agent in the associations observed
for EoE or whether they are simply intermediates in some other
mechanistic pathway.

Mechanistic and observational studies support a possible role
for acid suppressants, particularly early-life use, in the develop-
ment of EoE; however, this too must be explored more fully,
ideally in a prospectively designed study in which temporality of
the association can be firmly established. A prospective assess-
ment would also provide the opportunity to assess whether certain
subjects (ie, atopic subjects) are at increased susceptibility to EoE
given exposure to acid suppressants.

Clear evidence supports an inverse association between H py-
lori and EoE, but this relationship has only been described
through cross-sectional data, and it is unknown whether this is a
correlative or causative relationship. Other infectious factors,
including HSVesophagitis andMpneumoniae, warrant investiga-
tion in robustly designed, case-control, or case-cohort studies
from which appropriately selected control subjects can provide
a comparison for evaluation.

Studies on geographic factors have described the association
between season and climate and suggest generally the potential
that aeroallergens contribute to disease development. However,
seasonality and climate are relatively crude proxy measures for
aeroallergens, and associations observed do not preclude the
possibility that other factors associated with climate and season
(eg, particulate matter, pollutants, and seasonal agricultural
factors) could contribute. Studies of population density provide
mixed evidence, although the largest of the studies conducted to
date suggests risk is greater in rural areas. Population density is
certainly a proxy for some other contributory factor, and thus
additional studies are needed to evaluate what these other factors
might include.

A single-center study has been conducted on behavioral factors
in adults, but this study suggests that there might be opportunities
to mitigate risk even in adulthood. This is an area of research that
merits additional development; however, an ongoing challenge
will be establishing disease duration and whether exposures
preceded disease development. It is likely that adults presenting
with long-standing fibrostenotic disease might be less suitable for
studying exposures experienced in adulthood. The challenge of
establishing temporality is pervasive in the literature evaluating
environmental factors and EoE.

One approach to addressing this issue establishing temporality
would be to assemble a prospective longitudinal cohort for study
of EoE. However, despite increasing incidence and prevalence,
assembling a prospective cohort for evaluation of risk factors
leading to EoE development would be extremely challenging.
Existing population-based databases can be used, although often
with concomitant loss in detailed exposure data. Consortia,
specifically assembling cases across multiple sites into a shared
resource for study, might be critical to building the sample sizes
needed for developing this body of evidence further. Potentially,
an existing cohort of children with atopy could be leveraged, but
the relative uncommonness of EoE might prove challenging to
study, even in this higher-risk population. Large sample sizes will
be needed to investigate whether there are differences in observed
risk factors according to EoE phenotype or comorbid disease
presentation.

Another approach to evaluating the contribution of environ-
mental factors in EoE would be designing a sibling pair study,
specifically enrolling index cases and their siblings and evaluating
differences in the exposures experienced. This design would
potentially offer improved control for possible confounders in the
observed associations. Hypotheses and associations generated by
epidemiologic studies will need to be evaluated in in vivo and
in vitromodels and in experimental animal models to dissect dis-
ease mechanisms and confirm causality.

In conclusion, there is much to be learned about environmental
factors and EoE. As this area of research continues to mature,
more robustly designed studies with appropriately selected
comparator groups and well-characterized exposure and pheno-
typic data will continue to advance our capacity to identify
exposures implicated in disease development. Integration of
environmental factors data with omics-based data sources offers
the potential to provide mechanistic insights and opportunities for
disease mitigation through behavior or novel therapeutics.

REFERENCES

1. Jensen ET, Martin CF, Kappelman MD, Dellon ES. Prevalence of eosinophilic

gastritis, gastroenteritis, and colitis: estimates from a national administrative

database. J Pediatr Gastroenterol Nutr 2016;62:36-42.

2. Assa’ad A. Eosinophilic esophagitis: association with allergic disorders. Gastro-

intest Endosc Clin N Am 2008;18:119-32, x.

3. Chehade M, Sampson HA. Epidemiology and etiology of eosinophilic esophagi-

tis. Gastrointest Endosc Clin N Am 2008;18:33-44, viii.

4. Liacouras CA, Spergel JM, Ruchelli E, Verma R, Mascarenhas M, Semeao E,

et al. Eosinophilic esophagitis: a 10-year experience in 381 children. Clin Gastro-

enterol Hepatol 2005;3:1198-206.

5. Roy-Ghanta S, Larosa DF, Katzka DA. Atopic characteristics of adult patients

with eosinophilic esophagitis. Clin Gastroenterol Hepatol 2008;6:531-5.

6. Spergel JM, Brown-Whitehorn TF, Beausoleil JL, Franciosi J, Shuker M, Verma

R, et al. 14 years of eosinophilic esophagitis: clinical features and prognosis.

J Pediatr Gastroenterol Nutr 2009;48:30-6.

7. Abonia JP, Rothenberg ME. Eosinophilic esophagitis: rapidly advancing insights.

Annu Rev Med 2012;63:421-34.

8. Aceves SS, Newbury RO, Dohil R, Schwimmer J, Bastian JF. Distinguishing

eosinophilic esophagitis in pediatric patients: clinical, endoscopic, and histologic

features of an emerging disorder. J Clin Gastroenterol 2007;41:252-6.

9. Attwood SE. Mechanisms underlying dysphagia in eosinophilic oesophagitis. Gut

2009;58:1041-2.

10. Basavaraju KP, Wong T. Eosinophilic oesophagitis: a common cause of dysphagia

in young adults? Int J Clin Pract 2008;62:1096-107.

11. Baxi S, Gupta SK, Swigonski N, Fitzgerald JF. Clinical presentation of patients

with eosinophilic inflammation of the esophagus. Gastrointest Endosc 2006;64:

473-8.

12. Dauer EH, Freese DK, El-Youssef M, Thompson DM. Clinical characteristics of

eosinophilic esophagitis in children. Ann Otol Rhinol Laryngol 2005;114:827-33.

13. Liacouras CA. Clinical presentation and treatment of pediatric patients with

eosinophilic esophagitis. Gastroenterol Hepatol (N Y) 2011;7:264-7.

14. Clayton F, Fang JC, Gleich GJ, Lucendo AJ, Olalla JM, Vinson LA, et al. Eosin-

ophilic esophagitis in adults is associated with IgG4 and not mediated by IgE.

Gastroenterology 2014;147:602-9.

15. Simon D, Cianferoni A, Spergel JM, Aceves S, Holbreich M, Venter C, et al.

Eosinophilic esophagitis is characterized by a non-IgE-mediated food hypersen-

sitivity. Allergy 2016;71:611-20.

16. Attwood SE, Smyrk TC, Demeester TR, Jones JB. Esophageal eosinophilia with

dysphagia. A distinct clinicopathologic syndrome. Dig Dis Sci 1993;38:109-16.

17. Hruz P, Bussmann C, Heer P, Simon HU, Zwahlen M, Beglinger C, et al. Esca-

lating epidemiology of eosinophilic esophagitis: 21 years of prospective

population-based documentation in Olten County. Gastroenterology 2011;

140(suppl 1):S238-9.

18. Hruz P, Straumann A, Bussmann C, Heer P, Simon HU, Zwahlen M, et al. Esca-

lating incidence of eosinophilic esophagitis: a 20-year prospective, population-

based study in Olten County, Switzerland. J Allergy Clin Immunol 2011;128:

1349-50.e5.

19. Noel RJ, Putnam PE, Rothenberg ME. Eosinophilic esophagitis. N Engl J Med

2004;351:940-1.

20. Prasad GA, Alexander JA, Schleck CD, Zinsmeister AR, Smyrk TC, Elias RM,

et al. Epidemiology of eosinophilic esophagitis over three decades in Olmsted

County, Minnesota. Clin Gastroenterol Hepatol 2009;7:1055-61.

21. Dellon ES. Epidemiology of eosinophilic esophagitis. Gastroenterol Clin North

Am 2014;43:201-18.

http://refhub.elsevier.com/S0091-6749(18)30627-4/sref1
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref1
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref1
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref2
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref2
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref3
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref3
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref4
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref4
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref4
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref5
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref5
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref6
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref6
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref6
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref7
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref7
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref8
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref8
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref8
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref9
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref9
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref10
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref10
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref11
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref11
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref11
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref12
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref12
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref13
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref13
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref14
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref14
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref14
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref15
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref15
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref15
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref16
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref16
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref17
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref17
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref17
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref17
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref18
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref18
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref18
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref18
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref19
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref19
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref20
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref20
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref20
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref21
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref21


J ALLERGY CLIN IMMUNOL

JULY 2018

38 JENSEN AND DELLON
22. Spergel JM, Book WM, Mays E, Song L, Shah SS, Talley NJ, et al. Variation in

prevalence, diagnostic criteria, and initial management options for eosinophilic

gastrointestinal diseases in the United States. J Pediatr Gastroenterol Nutr

2011;52:300-6.

23. van Rhijn BD, Verheij J, Smout AJ, Bredenoord AJ. Rapidly increasing incidence

of eosinophilic esophagitis in a nationwide cohort. Gastroenterology 2012;

142(suppl 1):S1138.

24. Dellon ES, Jensen ET, Martin CF, Shaheen NJ, Kappelman MD. Prevalence of

eosinophilic esophagitis in the United States. Clin Gastroenterol Hepatol 2014;

12:589-96.e1.

25. Jensen ET, Kappelman MD, Martin CF, Dellon ES. Health-care utilization, costs,

and the burden of disease related to eosinophilic esophagitis in the United States.

Am J Gastroenterol 2015;110:626-32.

26. Dellon ES, Gibbs WB, Fritchie KJ, Rubinas TC, Wilson LA, Woosley JT, et al.

Clinical, endoscopic, and histologic findings distinguish eosinophilic esophagitis

from gastroesophageal reflux disease. Clin Gastroenterol Hepatol 2009;7:

1305-13.

27. Sherrill JD, Rothenberg ME. Genetic dissection of eosinophilic esophagitis pro-

vides insight into disease pathogenesis and treatment strategies. J Allergy Clin

Immunol 2011;128:23-34.

28. Collins MH, Blanchard C, Abonia JP, Kirby C, Akers R, Wang N, et al. Clinical,

pathologic, and molecular characterization of familial eosinophilic esophagitis

compared with sporadic cases. Clin Gastroenterol Hepatol 2008;6:621-9.

29. Blanchard C, Wang N, Stringer KF, Mishra A, Fulkerson PC, Abonia JP, et al.

Eotaxin-3 and a uniquely conserved gene-expression profile in eosinophilic

esophagitis. J Clin Invest 2006;116:536-47.

30. Rothenberg ME, Spergel JM, Sherrill JD, Annaiah K, Martin LJ, Cianferoni A,

et al. Common variants at 5q22 associate with pediatric eosinophilic esophagitis.

Nat Genet 2010;42:289-91.

31. Alexander ES, Martin LJ, Collins MH, Kottyan LC, Sucharew H, He H, et al.

Twin and family studies reveal strong environmental and weaker genetic cues ex-

plaining heritability of eosinophilic esophagitis. J Allergy Clin Immunol 2014;

134:1084-92.e1.

32. Liu AH. Revisiting the hygiene hypothesis for allergy and asthma. J Allergy Clin

Immunol 2015;136:860-5.

33. Weber J, Illi S, Nowak D, Schierl R, Holst O, von Mutius E, et al. Asthma and the

hygiene hypothesis. Does cleanliness matter? Am J Respir Crit Care Med 2015;

191:522-9.

34. Ellermann M, Carr JS, Fodor AA, Arthur JC, Carroll IM. Characterizing and

functionally defining the gut microbiota: methodology and implications. In:

Ringel Y, Walker WA, editors. The microbiota in gastrointestinal pathophysi-

ology. Boston: Academic Press; 2017. pp. 15-25.

35. Bendiks M, Kopp MV. The relationship between advances in understanding the

microbiome and the maturing hygiene hypothesis. Curr Allergy Asthma Rep

2013;13:487-94.

36. Sankar SA, Lagier JC, Pontarotti P, Raoult D, Fournier PE. The human gut micro-

biome, a taxonomic conundrum. Syst Appl Microbiol 2015;38:276-86.

37. Benitez AJ, Hoffmann C, Muir AB, Dods KK, Spergel JM, Bushman FD, et al.

Inflammation-associated microbiota in pediatric eosinophilic esophagitis. Micro-

biome 2015;3:23.

38. Fujimura KE, Sitarik AR, Havstad S, Lin DL, Levan S, Fadrosh D, et al. Neonatal

gut microbiota associates with childhood multisensitized atopy and T cell differ-

entiation. Nat Med 2016;22:1187-91.

39. Muir AB, Benitez AJ, Dods K, Spergel JM, Fillon SA. Microbiome and its impact

on gastrointestinal atopy. Allergy 2016;71:1256-63.

40. Statovci D, Aguilera M, MacSharry J, Melgar S. The impact of western diet and

nutrients on the microbiota and immune response at mucosal interfaces. Front Im-

munol 2017;8:838.

41. Stewart CJ, Marrs EC, Nelson A, Lanyon C, Perry JD, Embleton ND, et al. Devel-

opment of the preterm gut microbiome in twins at risk of necrotising enterocolitis

and sepsis. PLoS One 2013;8:e73465.

42. West CE, Jenmalm MC, Prescott SL. The gut microbiota and its role in the

development of allergic disease: a wider perspective. Clin Exp Allergy

2015;45:43-53.

43. Abrahamsson TR, Jakobsson HE, Andersson AF, Bjorksten B, Engstrand L, Jen-

malm MC. Low diversity of the gut microbiota in infants with atopic eczema.

J Allergy Clin Immunol 2012;129:434-40, e1-2.

44. Walker A. Intestinal colonization and programming of the intestinal immune

response. J Clin Gastroenterol 2014;48(suppl 1):S8-11.

45. Walker WA, Iyengar RS. Breast milk, microbiota, and intestinal immune homeo-

stasis. Pediatr Res 2015;77:220-8.

46. Abrahamsson TR, Jakobsson HE, Andersson AF, Bjorksten B, Engstrand L, Jen-

malm MC. Low gut microbiota diversity in early infancy precedes asthma at

school age. Clin Exp Allergy 2014;44:842-50.
47. Olszak T, An D, Zeissig S, Vera MP, Richter J, Franke A, et al. Microbial expo-

sure during early life has persistent effects on natural killer T cell function. Sci-

ence 2012;336:489-93.

48. Harris JK, Fang R, Wagner BD, Choe HN, Kelly CJ, Schroeder S, et al. Esoph-

ageal microbiome in eosinophilic esophagitis. PLoS One 2015;10:e0128346.

49. Osborn DA, Sinn JK. Prebiotics in infants for prevention of allergy. Cochrane

Database Syst Rev 2013;(3):CD006474.

50. Cabana MD, McKean M, Caughey AB, Fong L, Lynch S, Wong A, et al. Early

probiotic supplementation for eczema and asthma prevention: a randomized

controlled trial. Pediatrics 2017;140.

51. Wickens K, Black PN, Stanley TV, Mitchell E, Fitzharris P, Tannock GW, et al. A

differential effect of 2 probiotics in the prevention of eczema and atopy: a double-

blind, randomized, placebo-controlled trial. J Allergy Clin Immunol 2008;122:

788-94.

52. Ferreiro A, Crook N, Gasparrini AJ, Dantas G. Multiscale evolutionary dynamics

of host-associated microbiomes. Cell 2018;172:1216-27.

53. Holvoet S, Doucet-Ladeveze R, Perrot M, Barretto C, Nutten S, Blanchard C.

Beneficial effect of Lactococcus lactis NCC 2287 in a murine model of eosino-

philic esophagitis. Allergy 2016;71:1753-61.

54. Georgountzou A, Papadopoulos NG. Postnatal Innate immune development: from

birth to adulthood. Front Immunol 2017;8:957.

55. Butel MJ, Waligora-Dupriet AJ, Wydau-Dematteis S. The developing gut micro-

biota and its consequences for health. J Dev Orig Health Dis 2018;1-8.

56. Hill DA, Spergel JM. Is eosinophilic esophagitis a member of the atopic march?

Ann Allergy Asthma Immunol 2018;120:113-4.

57. Jensen ET, Bertelsen RJ, Ringel-Kulka T. Microbiota of the gastrointestinal tract

in infancy. In: Floch M, Ringel Y, Walker WA, editors. The microbiota in gastro-

intestinal pathophysiology. Boston: Academic Press; 2017. pp. 27-35.

58. Sordillo JE, Zhou Y, McGeachie MJ, Ziniti J, Lange N, Laranjo N, et al. Factors

influencing the infant gut microbiome at age 3-6 months: findings from the ethni-

cally diverse Vitamin D Antenatal Asthma Reduction Trial (VDAART). J Allergy

Clin Immunol 2017;139:482-91.e14.

59. Arboleya S, Sanchez B, Milani C, Duranti S, Solis G, Fernandez N, et al. Intes-

tinal microbiota development in preterm neonates and effect of perinatal antibi-

otics. J Pediatr 2015;166:538-44.

60. Azad MB, Konya T, Guttman DS, Field CJ, Sears MR, HayGlass KT, et al. Infant

gut microbiota and food sensitization: associations in the first year of life. Clin

Exp Allergy 2015;45:632-43.

61. Azad MB, Konya T, Maughan H, Guttman DS, Field CJ, Chari RS, et al. Gut mi-

crobiota of healthy Canadian infants: profiles by mode of delivery and infant diet

at 4 months. CMAJ 2013;185:385-94.

62. Azad MB, Konya T, Persaud RR, Guttman DS, Chari RS, Field CJ, et al. Impact

of maternal intrapartum antibiotics, method of birth and breastfeeding on gut mi-

crobiota during the first year of life: a prospective cohort study. BJOG 2016;123:

983-93.

63. Bager P, Melbye M, Rostgaard K, Benn CS, Westergaard T. Mode of delivery and

risk of allergic rhinitis and asthma. J Allergy Clin Immunol 2003;111:51-6.

64. Biasucci G, Rubini M, Riboni S, Morelli L, Bessi E, Retetangos C. Mode of de-

livery affects the bacterial community in the newborn gut. Early Hum Dev 2010;

86(suppl 1):13-5.

65. Bisgaard H, Li N, Bonnelykke K, Chawes BL, Skov T, Paludan-Muller G, et al.

Reduced diversity of the intestinal microbiota during infancy is associated with

increased risk of allergic disease at school age. J Allergy Clin Immunol 2011;

128:646-52, e1-5.

66. Cassidy-Bushrow AE, Sitarik A, Levin AM, Lynch SV, Havstad S, Ownby DR,

et al. Maternal group B Streptococcus and the infant gut microbiota. J Dev

Orig Health Dis 2016;7:45-53.

67. Celedon JC, Fuhlbrigge A, Rifas-Shiman S, Weiss ST, Finkelstein JA. Antibiotic

use in the first year of life and asthma in early childhood. Clin Exp Allergy 2004;

34:1011-6.

68. Chernikova DA, Koestler DC, Hoen AG, Housman ML, Hibberd PL, Moore JH,

et al. Fetal exposures and perinatal influences on the stool microbiota of prema-

ture infants. J Matern Fetal Neonatal Med 2016;29:99-105.

69. Corvaglia L, Tonti G, Martini S, Aceti A, Mazzola G, Aloisio I, et al. Influence of

intrapartum antibiotic prophylaxis for group B Streptococcus on gut microbiota in

the first month of life. J Pediatr Gastroenterol Nutr 2016;62:304-8.

70. Dominguez-Bello MG, Costello EK, Contreras M, Magris M, Hidalgo G, Fierer

N, et al. Delivery mode shapes the acquisition and structure of the initial micro-

biota across multiple body habitats in newborns. Proc Natl Acad Sci U S A 2010;

107:11971-5.

71. Fallani M, Young D, Scott J, Norin E, Amarri S, Adam R, et al. Intestinal micro-

biota of 6-week-old infants across Europe: geographic influence beyond delivery

mode, breast-feeding, and antibiotics. J Pediatr Gastroenterol Nutr 2010;51:

77-84.

http://refhub.elsevier.com/S0091-6749(18)30627-4/sref22
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref22
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref22
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref22
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref23
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref23
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref23
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref24
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref24
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref24
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref25
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref25
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref25
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref26
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref26
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref26
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref26
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref27
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref27
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref27
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref28
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref28
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref28
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref29
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref29
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref29
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref30
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref30
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref30
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref31
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref31
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref31
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref31
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref32
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref32
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref33
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref33
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref33
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref34
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref34
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref34
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref34
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref35
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref35
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref35
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref36
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref36
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref37
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref37
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref37
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref38
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref38
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref38
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref39
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref39
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref40
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref40
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref40
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref41
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref41
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref41
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref42
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref42
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref42
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref43
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref43
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref43
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref44
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref44
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref45
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref45
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref46
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref46
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref46
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref47
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref47
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref47
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref48
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref48
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref49
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref49
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref50
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref50
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref50
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref51
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref51
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref51
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref51
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref52
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref52
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref53
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref53
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref53
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref54
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref54
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref55
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref55
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref56
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref56
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref57
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref57
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref57
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref58
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref58
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref58
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref58
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref59
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref59
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref59
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref60
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref60
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref60
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref61
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref61
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref61
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref62
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref62
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref62
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref62
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref63
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref63
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref64
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref64
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref64
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref65
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref65
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref65
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref65
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref66
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref66
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref66
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref67
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref67
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref67
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref68
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref68
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref68
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref69
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref69
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref69
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref70
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref70
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref70
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref70
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref71
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref71
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref71
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref71


J ALLERGY CLIN IMMUNOL

VOLUME 142, NUMBER 1

JENSEN AND DELLON 39
72. Kozyrskyj AL, Ernst P, Becker AB. Increased risk of childhood asthma from anti-

biotic use in early life. Chest 2007;131:1753-9.

73. Mulder IE, Schmidt B, Lewis M, Delday M, Stokes CR, Bailey M, et al. Restrict-

ing microbial exposure in early life negates the immune benefits associated with

gut colonization in environments of high microbial diversity. PLoS One 2011;6:

e28279.

74. Jensen ET, Kappelman MD, Kim HP, Ringel-Kulka T, Dellon ES. Early life ex-

posures as risk factors for pediatric eosinophilic esophagitis. J Pediatr Gastroen-

terol Nutr 2013;57:67-71.

75. Radano MC, Yuan Q, Katz A, Fleming JT, Kubala S, Shreffler W, et al. Cesarean

section and antibiotic use found to be associated with eosinophilic esophagitis.

J Allergy Clin Immunol Pract 2014;2:475-7.e1.

76. Slae M, Persad R, Leung A-T, Gabr R, Brocks D, Huynh H. Role of environ-

mental factors in the development of pediatric eosinophilic esophagitis. Dig

Dis Sci 2015;60:3364-72.

77. Jensen ET, Kuhl JT, Martin LJ, Rothenberg ME, Dellon ES. Prenatal, intrapar-

tum, and postnatal factors are associated with pediatric eosinophilic esophagitis.

J Allergy Clin Immunol 2018;141:214-22.

78. Jensen ET, Shaheen O, Koutlas NT, Chang AO, Martin LJ, Rothenberg ME, et al.

Early life factors are associated with risk for eosinophilic esophagitis diagnosed

in adulthood. Gastroenterology 2017;152:S861.

79. Hopkins AM, McDonnell C, Breslin NP, O’Morain CA, Baird AW. Omeprazole

increases permeability across isolated rat gastric mucosa pre-treated with an acid

secretagogue. J Pharm Pharmacol 2002;54:341-7.

80. Mullin JM, Valenzano MC, Whitby M, Lurie D, Schmidt JD, Jain V, et al. Eso-

meprazole induces upper gastrointestinal tract transmucosal permeability in-

crease. Aliment Pharmacol Ther 2008;28:1317-25.

81. Gabello M, Valenzano MC, Zurbach EP, Mullin JM. Omeprazole induces gastric

transmucosal permeability to the peptide bradykinin. World J Gastroenterol 2010;

16:1097-103.

82. Untersmayr E, Scholl I, Swoboda I, Beil WJ, Forster-Waldl E, Walter F, et al.

Antacid medication inhibits digestion of dietary proteins and causes food allergy:

a fish allergy model in BALB/c mice. J Allergy Clin Immunol 2003;112:616-23.

83. Trikha A, Baillargeon JG, Kuo YF, Tan A, Pierson K, Sharma G, et al. Develop-

ment of food allergies in patients with gastroesophageal reflux disease treated

with gastric acid suppressive medications. Pediatr Allergy Immunol 2013;24:

582-8.

84. Andersen AB, Erichsen R, Farkas DK, Mehnert F, Ehrenstein V, Sorensen HT.

Prenatal exposure to acid-suppressive drugs and the risk of childhood asthma: a

population-based Danish cohort study. Aliment Pharmacol Ther 2012;35:1190-8.

85. Moawad FJ, Maydonovitch CL, Lake JM, Veerappan GR. PPIs may not predis-

pose to eosinophilic esophagitis. Am J Gastroenterol 2010;105:468-9, author

reply 9.

86. Orel R, Turk H. Re: might the use of acid-suppressive medications predispose to

the development of eosinophilic esophagitis? Am J Gastroenterol 2010;105:468,

author reply 9.

87. Taye B, Enquselassie F, Tsegaye A, Medhin G, Davey G, Venn A. Is Helicobacter

pylori infection inversely associated with atopy? A systematic review and meta-

analysis. Clin Exp Allergy 2015;45:882-90.

88. Dellon ES, Peery AF, Shaheen NJ, Morgan DR, Hurrell JM, Lash RH, et al. In-

verse association of esophageal eosinophilia with Helicobacter pylori based on

analysis of a US pathology database. Gastroenterology 2011;141:1586-92.

89. von Arnim U, Wex T, Link A, Messerschmidt M, Venerito M, Miehlke S, et al.

Helicobacter pylori infection is associated with a reduced risk of developing

eosinophilic oesophagitis. Aliment Pharmacol Ther 2016;43:825-30.

90. Furuta K, Adachi K, Aimi M, Ishimura N, Sato S, Ishihara S, et al. Case-control

study of association of eosinophilic gastrointestinal disorders with Helicobacter

pylori infection in Japan. J Clin Biochem Nutr 2013;53:60-2.

91. Elitsur Y, Alrazzak BA, Preston D, Demetieva Y. Does Helicobacter pylori pro-

tect against eosinophilic esophagitis in children? Helicobacter 2014;19:367-71.

92. �Zaja Franulovi�c O, Lesar T, Busic N, Te�sovi�c G. Herpes simplex primo-infection

in an immunocompetent host with eosinophilic esophagitis. Pediatr Int 2013;55:

e38-41.

93. Squires KA, Cameron DJ, Oliver M, da Fonseca Junqueira JC. Herpes simplex

and eosinophilic oesophagitis: the chicken or the egg? J Pediatr Gastroenterol

Nutr 2009;49:246-50.

94. Lindberg GM, Van Eldik R, Saboorian MH. A case of herpes esophagitis after

fluticasone propionate for eosinophilic esophagitis. Nat Clin Pract Gastroenterol

Hepatol 2008;5:527-30.

95. Zimmermann D, Criblez DH, Dellon ES, Bussmann C, Pfeifer D, Froh M,

et al. Acute herpes simplex viral esophagitis occurring in 5 immunocompe-

tent individuals with eosinophilic esophagitis. ACG Case Rep J 2016;3:

165-8.
96. Fritz J, Lerner D, Suchi M. Herpes simplex virus esophagitis in immunocompe-

tent children: a harbinger of eosinophilic esophagitis? J Pediatr Gastroenterol

Nutr 2018;66:609-13.

97. Burk CM, Beitia R, Lund PK, Dellon ES. High rate of galactose-alpha-1,3-

galactose sensitization in both eosinophilic esophagitis and patients undergoing

upper endoscopy. Dis Esophagus 2016;29:558-62.

98. Srivastava MD. M. pneumoniae is a potential trigger for eosinophilic esophagitis

[abstract] . J Allergy Clin Immunol 2013;131:AB177.

99. Lee YJ, Redd M, Bayman L, Frederickson N, Valestin J, Schey R. Comparison of

clinical features in patients with eosinophilic esophagitis living in an urban and

rural environment. Dis Esophagus 2015;28:19-24.

100. Hurrell JM, Genta RM, Dellon ES. Prevalence of esophageal eosinophilia

varies by climate zone in the United States. Am J Gastroenterol 2012;107:

698-706.

101. Moawad FJ, Veerappan GR, Lake JM, Maydonovitch CL, Haymore BR, Kosisky

SE, et al. Correlation between eosinophilic oesophagitis and aeroallergens.

Aliment Pharmacol Ther 2010;31:509-15.

102. Wang FY, Gupta SK, Fitzgerald JF. Is there a seasonal variation in the incidence

or intensity of allergic eosinophilic esophagitis in newly diagnosed children?

J Clin Gastroenterol 2007;41:451-3.

103. Almansa C, Krishna M, Buchner AM, Ghabril MS, Talley N, DeVault KR, et al.

Seasonal distribution in newly diagnosed cases of eosinophilic esophagitis in

adults. Am J Gastroenterol 2009;104:828-33.

104. Iwanczak B, Janczyk W, Ryzko J, Banaszkiewicz A, Radzikowski A,

Jarocka-Cyrta E, et al. Eosinophilic esophagitis in children: frequency, clinical

manifestations, endoscopic findings, and seasonal distribution. Adv Med Sci

2011;56:151-7.

105. Sorser SA, Barawi M, Hagglund K, Almojaned M, Lyons H. Eosinophilic esoph-

agitis in children and adolescents: epidemiology, clinical presentation and sea-

sonal variation. J Gastroenterol 2013;48:81-5.

106. Elitsur Y, Aswani R, Lund V, Dementieva Y. Seasonal distribution and eosino-

philic esophagitis: the experience in children living in rural communities.

J Clin Gastroenterol 2013;47:287-8.

107. Elias MK, Kopacova J, Arora AS, Dierkhising RA, Enders FT, Katzka DA, et al.

The diagnosis of esophageal eosinophilia is not increased in the summer months.

Dysphagia 2015;30:67-73.

108. van Rhijn BD, Verheij J, Smout AJ, Bredenoord AJ. Rapidly increasing incidence

of eosinophilic esophagitis in a large cohort. Neurogastroenterol Motil 2013;25:

47-52.e5.

109. Fahey L, Robinson G, Weinberger K, Giambrone AE, Solomon AB. Correlation

between aeroallergen levels and new diagnosis of eosinophilic esophagitis in

NYC. J Pediatr Gastroenterol Nutr 2017;64:22-5.

110. Jensen ET, Shah ND, Hoffman K, Sonnenberg A, Genta RM, Dellon ES. Seasonal

variation in detection of oesophageal eosinophilia and eosinophilic oesophagitis.

Aliment Pharmacol Ther 2015;42:461-9.

111. Shaheen SO, Newson RB, Henderson AJ, Headley JE, Stratton FD, Jones RW,

et al. Prenatal paracetamol exposure and risk of asthma and elevated immuno-

globulin E in childhood. Clin Exp Allergy 2005;35:18-25.

112. Sordillo JE, Scirica CV, Rifas-Shiman SL, Gillman MW, Bunyavanich S,

Camargo CA Jr, et al. Prenatal and infant exposure to acetaminophen and

ibuprofen and the risk for wheeze and asthma in children. J Allergy Clin Immunol

2015;135:441-8.

113. Magnus MC, Karlstad O, Haberg SE, Nafstad P, Davey Smith G, Nystad W. Pre-

natal and infant paracetamol exposure and development of asthma: the Norwegian

Mother and Child Cohort Study. Int J Epidemiol 2016;45:512-22.

114. Masclee GM, Coloma PM, Kuipers EJ, Sturkenboom MC. Increased risk of

microscopic colitis with use of proton pump inhibitors and non-steroidal anti-in-

flammatory drugs. Am J Gastroenterol 2015;110:749-59.

115. Koutlas NT, Eluri S, Rusin S, Perjar I, Hollyfield J, Woosley JT, et al. Impact of

smoking, alcohol consumption, and NSAID use on risk for and phenotypes of

eosinophilic esophagitis. Dis Esophagus 2018;31:1-7.

116. JensenET,Kuhl JT,MartinLJ,LangefeldCD,DellonES,RothenbergME.Early-life

environmental exposures interact with genetic susceptibility variants in pediatric pa-

tients with eosinophilic esophagitis. J Allergy Clin Immunol 2018;141:632-7.e5.

117. Xu CJ, Soderhall C, Bustamante M, Baiz N, Gruzieva O, Gehring U, et al. DNA

methylation in childhood asthma: an epigenome-wide meta-analysis. Lancet Re-

spir Med 2018;6:379-88.

118. DeVries A, Wlasiuk G, Miller SJ, Bosco A, Stern DA, Lohman IC, et al. Epige-

nome-wide analysis links SMAD3 methylation at birth to asthma in children of

asthmatic mothers. J Allergy Clin Immunol 2017;140:534-42.

119. Michel S, Busato F, Genuneit J, Pekkanen J, Dalphin JC, Riedler J, et al. Farm

exposure and time trends in early childhood may influence DNA methylation in

genes related to asthma and allergy. Allergy 2013;68:355-64.

http://refhub.elsevier.com/S0091-6749(18)30627-4/sref72
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref72
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref73
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref73
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref73
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref73
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref74
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref74
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref74
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref75
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref75
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref75
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref76
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref76
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref76
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref77
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref77
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref77
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref78
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref78
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref78
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref79
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref79
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref79
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref80
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref80
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref80
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref81
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref81
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref81
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref82
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref82
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref82
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref83
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref83
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref83
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref83
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref84
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref84
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref84
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref85
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref85
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref85
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref86
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref86
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref86
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref87
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref87
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref87
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref88
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref88
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref88
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref89
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref89
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref89
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref90
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref90
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref90
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref91
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref91
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref92
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref92
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref92
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref92
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref92
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref92
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref93
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref93
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref93
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref94
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref94
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref94
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref95
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref95
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref95
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref95
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref96
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref96
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref96
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref97
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref97
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref97
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref98
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref98
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref99
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref99
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref99
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref100
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref100
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref100
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref101
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref101
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref101
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref102
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref102
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref102
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref103
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref103
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref103
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref104
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref104
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref104
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref104
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref105
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref105
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref105
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref106
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref106
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref106
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref107
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref107
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref107
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref108
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref108
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref108
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref109
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref109
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref109
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref110
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref110
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref110
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref111
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref111
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref111
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref112
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref112
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref112
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref112
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref113
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref113
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref113
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref114
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref114
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref114
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref115
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref115
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref115
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref116
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref116
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref116
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref117
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref117
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref117
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref118
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref118
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref118
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref119
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref119
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref119


J ALLERGY CLIN IMMUNOL

JULY 2018

40 JENSEN AND DELLON
120. Vercelli D. Are we what our mothers made us? Lessons from epigenetics.

J Allergy Clin Immunol 2018;141:525-6.

121. Jahreis S, Trump S, Bauer M, Bauer T, Thurmann L, Feltens R, et al. Maternal

phthalate exposure promotes allergic airway inflammation over 2 generations

through epigenetic modifications. J Allergy Clin Immunol 2018;141:741-53.

122. JensenET,LangefeldC,DellonES.Genome-wide epigenetic scanofEoEpatientswith

and without treatment response to topical steroids. Gastroenterology 2018; in press.

123. Peterson K, Firszt R, Fang J, Wong J, Smith KR, Brady KA. Risk of autoimmu-

nity in EoE and families: a population-based cohort study. Am J Gastroenterol

2016;111:926-32.

124. Jensen ETMC, Shaheen NJ, Kappelman MD, Dellon ES. High prevalence of co-

existing autoimmune conditions among patients with eosinophilic esophagitis.

Gastroenterology 2013;144(suppl 1):S491.

125. Jensen ET, Eluri S, Lebwohl B, Genta RM, Dellon ES. Increased risk of esoph-

ageal eosinophilia and eosinophilic esophagitis in patients with active celiac dis-

ease on biopsy. Clin Gastroenterol Hepatol 2015;13:1426-31.
126. Abonia JP, Wen T, Stucke EM, Grotjan T, Griffith MS, Kemme KA, et al. High

prevalence of eosinophilic esophagitis in patients with inherited connective tissue

disorders. J Allergy Clin Immunol 2013;132:378-86.

127. Judge DP, Dietz HC. Marfan’s syndrome. Lancet 2005;366:1965-76.

128. Byers PH, Belmont J, Black J, De Backer J, Frank M, Jeunemaitre X, et al. Diag-

nosis, natural history, and management in vascular Ehlers-Danlos syndrome. Am J

Med Genet C Semin Med Genet 2017;175:40-7.

129. Amberbir A, Medhin G, Abegaz WE, Hanlon C, Robinson K, Fogarty A, et al.

Exposure to Helicobacter pylori infection in early childhood and the risk of

allergic disease and atopic sensitization: a longitudinal birth cohort study. Clin

Exp Allergy 2014;44:563-71.

130. Schwarze J, Gelfand EW. Respiratory viral infections as promoters of

allergic sensitization and asthma in animal models. Eur Respir J 2002;19:

341-9.

131. Holt PG. Infection and the development of allergic disease. Allergy 2011;

66(suppl 95):13-5.

http://refhub.elsevier.com/S0091-6749(18)30627-4/sref120
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref120
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref121
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref121
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref121
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref122
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref122
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref123
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref123
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref123
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref124
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref124
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref124
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref125
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref125
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref125
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref126
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref126
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref126
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref127
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref128
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref128
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref128
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref129
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref129
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref129
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref129
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref130
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref130
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref130
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref131
http://refhub.elsevier.com/S0091-6749(18)30627-4/sref131

	Environmental factors and eosinophilic esophagitis
	Allergic diseases, the hygiene hypothesis, and the microbiome
	Early-life factors and EoE
	Antibiotic use, cesarean delivery, and other microbiome-altering factors
	Acid suppressants

	Infectious risk factors for EoE
	Helicobacter pylori
	Herpes simplex virus
	Galactose-alpha-1,3-galactose
	Mycoplasma pneumoniae
	Geographic risk factors for EoE
	Population density/geographic differences
	Climate zone/seasonality

	Behavioral risk factors for EoE
	Genetics and epigenetics and the environment
	Gene-environment interaction
	Epigenetic modifications and environmental factors
	EoE phenotypic heterogeneity

	Conclusions and future directions
	References


