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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;nnn:nnn-nnn.)
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Eosinophilic esophagitis (EoE) is an immune-mediated1-6

chronic disease associated with significant morbidity, including
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 evidence
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,
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geographic factors, and behavioral factors, with limited data on
the contribution of genetic and epigenetic factors in relation to
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 ofmuch 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 themicrobiome 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 remains relatively
crude),36-42 numerous studies have identified differences inmicro-
biota 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 differ-
ences observed are attributable to the disease process itself or
whether differences in themicrobiota lead to the cascade of events
that elicit disease development (eg, microbiota-host interactions

and alterations in barrier function that contribute to aberrant im-
mune 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
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FIG 1. Candidate risk factors for development of EoE. NICU, Neonatal intensive care unit.
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