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The ins and outs of an ‘outside-in’ view of
allergies: atopic dermatitis and allergy prevention
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Purpose of review
The skin barrier is a dynamic innate immune organ. This review summarizes the current understanding of
how deficiencies associated with atopic dermatitis invite other atopic disorders of the allergic march.

Recent findings

Atopic dermatitis is characterized by skin barrier defects (such as mutations in filaggrin), intrinsic
proallergic T-helper cell 2 immune dysregulation, and skin microbiome alterations. These factors promote
the development of food allergy and asthma. Prevention of atopic dermatitis may involve topical
emollients and oral probiotic supplementation, while some food allergies can be prevented by early
infroduction of potential food allergens to at-risk infants. Traditional therapies for atopic dermatitis involve
skin hydration, emollients, and anti-inflammatory topical therapies including topical corticosteroids and
calcineurin inhibitors. Dupilumab is @ new and promising targeted biologic medication approved for use
in adults with more severe atopic dermatitis; however, additional research is needed to determine whether

this medication should be incorporated more broadly into management of severe childhood atopic

dermatitis.

Summary

Atopic dermatitis management involves early diagnosis, skin barrier function support, mitigation of
cutaneous inflammation, and concomitant risk stratification for the development of food allergy, asthma,

allergic rhinitis, and environmental allergies.
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INTRODUCTION

Atopic dermatitis (also known as eczema) is a prev-
alent chronic skin condition thought to affect
between 20 and 30% of infants [1]. The epithelium
of patients with atopic dermatitis exhibits numez-
ous abnormalities including skin matrix protein
defects [2], decreased levels of antimicrobial pep-
tides, and upregulation of T-helper cell 2-type cyto-
kines [3,4]. These defects contribute to alterations
of the skin microbiome [5]. Historically it was
assumed that atopic dermatitis was the result of
abnormal immunologic responses within the skin
(the so-called inside out hypothesis), but in recent
years the ‘outside-in’ hypothesis has gained trac-
tion [6-8]. The ‘outside-in’ paradigm describes
defects in the skin barrier that allow penetration
of microbes and passive transfer of protein allergens
in susceptible infants, which in turn initiates a cycle
of environmental sensitization and subsequent
allergic disease [6].
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THE MICROBIOME IN ATOPIC DERMATITIS

Therole of the skin microbiome in the development
of atopic dermatitis is currently a subject of intense
investigation. Staphylococcus aureus may worsen
skin barrier dysfunction through numerous mech-
anisms, including increased serine protease activity
in keratinocytes [9"%]. An increased incidence of
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KEY POINTS

e The allergy ‘outside-in’ paradigm highlights that the
epithelium plays an important role in protecting against
the development of allergic disease.

e Proactive emollient therapy may prevent or delay the
development of atopic dermatitis.

e Early peanut introduction to at-risk infants with atopic
dermatitis or egg allergy decreases the risk of
subsequent peanut allergy.

e Dupilumab is the first biologic approved for
management of refractory atopic dermatitis.

staphylococcus aureus colonization of the skin
early in infancy predicts a higher risk of atopic
dermatitis, and infants colonized with staphylococ-
cus aureus tend to develop atopic dermatitis earlier
than infants who are uncolonized [10"%,11]. Diver-
sity of the skin microbiome is reduced in patients
with atopic dermatitis as compared with healthy
controls. Furthermore, among patients with atopic
dermatitis, reduced diversity of the skin micro-
biome is associated with more severe clinical
eczema phenotypes. Significantly, even nonle-
sional skin in patients with atopic dermatitis dis-
plays a less diverse microbiome from healthy
controls, suggesting that patients with atopic der-
matitis may have a globally impaired microbiome
[12*%]. Treatment of atopic dermatitis with topical
corticosteroids (with or without bleach baths)
has been shown to restore microbial diversity in
the skin so that it resembles nonlesional skin,
although it still remains less diverse than the skin
of controls [13].

Oral probiotics may have a role in treatment of
atopic dermatitis, as suggested in a study of 50
children ages 4-17 showing that 12 weeks of daily
supplementation with a probiotic containing Bifi-
dobacterium lactis, Bifidobacterium longum, and Lac-
tobaillus casei led to a statistically significant
reduction in atopic dermatitis severity (as measured
by the SCORAD index) as compared with controls
[14"%]. Patients taking probiotics were also less likely
to use topical corticosteroids for eczema flare treat-
ment. Another recent study analyzed the fecal
microbiome of children with atopic dermatitis with
or without a concomitant food allergy. The authors
identified a specific microbial signature in the
group with food allergies, suggesting that, in chil-
dren with atopic dermatitis, the gut microbiome
differs between children with and without food
allergy [157].
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FILAGGRIN DEFECTS IN ASTHMA,
ENVIRONMENTAL ALLERGY, AND FOOD
ALLERGY

Defects in filaggrin (FLG), a skin matrix protein that
promotes keratin aggregation, are strongly associ-
ated with atopic dermatitis. Experimentally, FLG
deficiency has been shown to lead to a failure of
the barrier function of the skin [16,17]. Physiologic
FLG breakdown products also appear to play arole in
maintaining the optimal pH of the skin, which in
turn protects against adhesion of pathogens such as
staphylococcus aureus.

Among patients with atopic dermatitis, those
with FLG mutations are at increased risk for more
severe and persistent skin disease [18], for environ-
mental allergies [19], asthma [19], and food allergy
[20,21%"]. Although FLG mutations are also strongly
associated with peanut allergy [odds ratio (OR) 5.3,
P <0.0001] [20], it is also of interest that the use of
peanut oil containing skin preparations increases
the risk for peanut allergy [OR 6.8, 95% confidence
interval (CI) 1.4-32.9] [22], apart from FLG abnor-
mality. This suggests that the skin barrier may play a
key role in immunologic priming and sensitization
to this allergen.

THE EPITHELIUM, ATOPIC MARCH, AND
ALLERGY PREVENTION

Children who initially develop atopic dermatitis are
at higher risk for the subsequent development of
food allergy, asthma, environmental allergies, and
allergic rhinoconjunctivitis later in childhood (the
so-called atopic march). Because atopic dermatitis is
typically the first of these allergic diseases to pres-
ent, it has been postulated that the skin may serve
as the organ through which initial sensitization
occurs [4]. In mouse model studies, mice whose
skin was repeatedly exposed to egg allergen devel-
oped skin eczema, as well as asthma-like airway
hyperreactivity after exposure to egg aerosol [23].
Worldwide, these allergic diseases are common
during childhood, with asthma prevalence
reported at 11.7-14.1%, rhinoconjunctivitis at
8.3-14.6%, and atopic dermatitis as high as 20-
30% [1,24,25"]. The prevalence of challenge-
proven food allergy at 1 and 4 years of age is 11.0
and 3.8%, respectively [257].

The sequential trend in these conditions has led
investigators to study the potential preventive effect
of early atopic dermatitis treatments, resulting in
several encouraging findings [26"]. Because the
majority of atopic dermatitis develops in the first
2 years of life [27], primary prevention efforts have
focused on the prenatal period and early infancy. To
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date, three studies have suggested that the applica-
tion of emollients to the skin early in life may reduce
the subsequent risk of developing atopic dermatitis
[28,29,30%]. In the Early Treatment of the Atopic
Child study, treatment with cetirizine for 18 months
decreased the odds of developing asthma in at-risk
1-2-year-old children with atopic dermatitis and
environmental allergen sensitization over a 3-year
follow-up (for those with house dust mite sensitiza-
tion relative risk 1.6, 95% CI 1.3-1.9) [31].

Similar early preventive studies have looked at
whether early food interventions can decrease the
risk of developing food allergy. In the Learning Farly
from Peanut study, infants 4-11 months of age with
severe eczema, egg allergy, or both were assigned
early peanut consumption or avoidance. At 5 years
of age the prevalence of peanut allergy was 1.9% in
those who consumed peanut protein early vs. 13.7%
in those who delayed introduction (P < 0.001) in the
intention to treat population [32]. Subsequently,
these same investigators instructed all participants
to avoid peanuts for 12 months and then reassessed
the durability of peanut tolerance, finding no sig-
nificant loss of tolerance after 1 year of avoidance in
previously tolerant at-risk children [33]. Given the
success of early peanut introduction in peanut
allergy prevention in high-risk infants (infants with
severe eczema and/or egg allergy), these authors
next evaluated exclusively standard-risk breast fed
infants at 3 months of age, assigning them ran-
domly to early introduction of six allergenic foods
(peanut, cooked egg, cow’s milk, sesame, whitefish,
and wheat) or to usual food introduction at
6 months of age. Although the intent to treat pro-
tocol analysis did not show significant differences in
food allergies between groups, the per-protocol
analysis demonstrated a lower food allergy preva-
lence in the early introduction group (2.4 vs. 7.3%,
P=0.01) [34].

Given the dramatic risk reduction in peanut
allergy through early introduction in at-risk groups,
recommendations have been issued around the
globe encouraging early peanut protein introduc-
tion in select infants (infants with severe eczema
and/or egg allergy). However, variation exists and
international consensus is lacking. In the United
States and Canada, a three step addendum guideline
from the National Institute of Allergy and Infectious
Diseases-sponsored expert panel was published in
January 2017 [35"]. This guideline recommends
infants with severe eczema and/or egg allergy
undergo screening skin testing or serum IgE mea-
surement before peanut is introduced in early
infancy. In contrast the approaches endorsed by
the Australiasian Society for Clinical Immunology
and Allergy (Australia/New Zealand) (ASCIA) and
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the United Kingdom Department of Health
(UKDORH) endorse early introduction of peanut but-
ter without specific screening (ASCIA) or with a
patient-preference sensitive approach to screening
(UKDOR). Itis notable that a no-screening approach
was recently found to have superior health and
economic outcomes in terms of the number of
peanut allergy cases prevented, healthcare costs,
and quality of life [36™]. In addition, a requirement
for screening prior to peanut introduction may
inadvertently delay early introduction, as only
31% of caregivers expressed willingness for screen-
ing procedures before 6 months of life [37"].

MANAGEMENT OF ATOPIC DERMATITIS

The presence of increased transepidermal water loss
and skin barrier dysfunction in patients with atopic
dermatitis explains why hydration and restoration
of barrier function is so critical in management of
atopic dermatitis [38]. Controversy has long existed
as to the optimal bathing frequency; primary care
physicians more often recommend infrequent bath-
ing, whereas allergists and pediatric dermatologists
more often recommend frequent bathing [39].
Although there are studies supporting both sides
of this debate, those that support the benefits of
frequent bathing are more numerous [40]. We advo-
cate daily bathing, ideally a 20-min tub soak in plain
warm (but not hot) water followed by application of
topical corticosteroids to involved skin and a bland,
thick emollient to normal skin within 3min of
exiting the bath before evaporative water losses
occur [4,41]. For patients who do not have access
to a bathtub, wet wraps can be an effective alterna-
tive [42%]. Although emollients intended to more
closely simulate the natural skin barrier have been
designed [43], in one trial use of petrolatum emol-
lients after skin hydration was as effective as
using more expensive products [44]. We typically
recommend plain Vaseline, which is highly effective
when applied immediately after a tub soak. Once to
twice weekly bleach baths are frequently recom-
mended by dermatologists for patients with atopic
dermatitis and a history of frequent staphylococcus
infections, with the goal being to reduce the fre-
quency of skin infections and subsequent exposure
to oral antibiotics.

For moderate-to-severe eczema, the inflamma-
tion that results from this abnormal immune
response is typically addressed through 1-2 week
bursts of topical corticosteroid ointments of increas-
ing but lowest necessary potency, at times with
prophylactic twice-weekly topical corticosteroids
to refractory or recurrent trouble spots [4]. Topical
calcineurin inhibitors serve to reduce the T-cell
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inflammatory response and can have benefits for
children whose atopic dermatitis is insufficiently
controlled with conventional topical corticosteroid
therapy. The use of topical calcineurin inhibitors
(considered a second-line agent approved for chil-
dren at least 2 years of age) is a helpful addition for
some patients, and many of our patients with more
severe disease benefit from using these therapies
preventatively 1-2 times daily Monday through
Friday with topical steroids of lowest necessary
potency on the weekends. Calcineurin inhibitors
such as tacrolimus or pimecrolimus are beneficial
in that they do not carry the risk of skin atrophy or
suppression of the hypothalamic—pituitary axis. In
2006, the Food and Drug Administration placed a
black box warning on tacrolimus ointment based on
a theoretical risk of lymphoma and skin cancer
arising from systemic use of calcineurin inhibitors
among transplant recipients and in animal studies.
Since then, numerous studies have failed to reveal a
causal relationship with malignancy. In 2005 the
American College of Allergy, Asthma, and Immu-
nology (ACAAI), the American Academy of Allergy,
Asthma, and Immunology (AAAAI), and the Ameri-
can Academy of Dermatology (AAD) concluded
there was no evidence of increased incidence of
lymphoma with short-term or intermittent long-
term application of topical tacrolimus and pimecro-
limus, despite use of these drugs in nearly 7 million
persons [45,46]. In 2013 a subsequent report
highlighted a 54-fold decreased risk in lymphoma
incidence in topical pimecrolimus-exposed individ-
uals compared with the US general population [47].
With the exception of those with Netherton syn-
drome, among patients with atopic dermatitis,
serum concentrations resulting from topical appli-
cation of tacrolimus are usually low or undetectable,
and generally decrease over time as skin barrier
function improves [48]. Topical calcineurin inhib-
itors are widely used by pediatric dermatologists and
are generally felt to have a reassuring safety profile.
Present recommendations from the AAAAI/ACAAI
for the use of topical calcineurin inhibitors include:
using these medications only as a second-line treat-
ment, using only short courses of this medication,
avoiding use in children less than 2 years of age and
avoiding use in children with immunosuppression
[45]. However, the AAD has noted that off-label use
of calcineurin inhibitors may be appropriate for
some patients with severe refractory atopic derma-
titis because other alternative therapies in this sub-
group (such as psoralen and ultraviolet A, and
systemic immunosuppression with cyclosporine or
azathioprine) carry known potential risks of malig-
nancy and opportunistic infections. When used oft-
label, a discussion of risks and benefits of possible
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therapies should be conducted in a patient-prefer-
ence sensitive care model in which the perspectives
of patients and families are elicited and incorpo-
rated into the decision process [46]. Indeed, a deci-
sion aid may be of some utility in refractory cases.

Newly approved crisaborole ointment, a nonste-
roidal phophodiesterase 4 inhibitor, has been
shown to modestly reduce the severity of atopic
dermatitis, although determining how this agent
will be incorporated into treatment plans will
require further study [49]. Crisaborole may be used
to replace calcineurin inhibotors as Monday
through Friday maintenance therapy for some
severely affected patients.

Traditionally, severe refractory cases of atopic
dermatitis may necessitate phototherapy and/or
immunomodulatory or immunosuppressive ther-
apy including agents such as methotrexate, cyclo-
sporine, azathioprine, and mycophenolate mofetil,
in addition to topical therapy [4]. The first biologic
designed to treat atopic dermatitis, dupilumab, was
approved in early 2017 as a very effective inhibitor
of the IL-4 and IL-13 pathways. In randomized,
double-blind, placebo-controlled trials of adults
with moderate-to-severe atopic dermatitis despite
regular treatment with topical corticosteroid and
calcineurin inhibitor use, dupilumab was evaluated
in 4-12 weeks trials. Rapid and dose dependent
improvements were noted. A 50% reduction in
the Eczema Area and Severity Index score occurred
in 85% of treated patients compared with 35% of
placebo recipients (P<0.001) [50]. Although not
approved as an asthma treatment yet, evidence
suggests that dupilumab may also be effective for
this condition as well [51,52].

CONCLUSION

It is now clear that early onset severe atopic derma-
titis is a red flag that should suggest not only the
need for early evaluation and treatment of the skin
condition, but also risk-stratification for food
allergy, asthma, and inhalant allergies. A partner-
ship between primary care, pediatric allergy, and
dermatology specialists is essential to effectively
manage this chronic condition. Optimal manage-
ment may in turn have the potential to prevent the
development of food allergy and possibly other
allergic diseases.
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