
THE ROLE OF THE SKIN IN ALLERGY

EVIDENCE OVERVIEW



THE SKIN STILL 
HOLDS SURPRISES

The traditional view of allergy holds that sensitization occurs at the site of symptoms: atopic dermatitis (AD) is triggered
through skin contact, food allergies are triggered by ingesting the offending substance and respiratory allergies are triggered
via inhalation.

The contemporary model of allergy challenges this understanding. Research increasingly confirms that the skin is a major

route to all types of allergy, regardless of where allergy symptoms eventually occur.

Impaired skin barrier function is a key part of the process. When this critical barrier is disrupted, allergens pass into the
dermis and come into contact with the immune cells of this skin. It is this contact that can cause sensitization. For reasons
that are complex and not yet fully elucidated, the immune cells may overreact, treating the allergen as a harmful substance
and triggering the production of allergen-reactive cells in the lymph nodes.

While the skin–allergy link has been known for some time, it has only recently become a hot area of research. Most studies
are from the past 5 years. Large, robust studies have now been conducted across a range of allergens and allergic diseases
which have confirmed and strengthened the contemporary view.

We are please to offer you this Evidence Overview to guide you through the science behind this exciting field. The document
is organized into two sections: clinical/preclinical studies and review articles. Note that several studies included patients with
AD as a proxy for compromised skin barrier function. As the studies themselves show, AD itself is not the driving force
behind allergy. Patients who have compromised skin barrier function for any reason have increased allergic risk.

If you have any questions or comments, we would be happy to discuss them with you. Please contact your
LA ROCHE-POSAY medical representative.
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Page Publication
Allergic 

disease
Allergen No. patients Key finding

CLINICAL/PRECLINICAL STUDIES

6 Lack 2003 Food allergy Peanut 49
Sensitization to peanut can be triggered by the application of 
peanut oil to the skin

7 Brough 2014 Food allergy Peanut 623
Impaired skin barrier function increases the risk of peanut 
allergy via household dust

8 Brough 2015 Food allergy Peanut 512
Severe AD increases the risk of sensitization to peanut dust 
more than overall AD

9 Kelleher 2016 Food allergy Multiple 1260
Skin barrier impairment at birth, not AD per se, predicts 
development of food allergy

10 Flohr 2014 Food allergy Multiple 619
Exposure of the gut to food antigens is not necessary for 
sensitization to foods

11 Marenholz 2009 Asthma Not applicable 871
Skin barrier impairment plus food allergy predicts asthma 
development with 100% accuracy

12 Grant 2018 Allergic rhinitis Mouse 394 New allergy development via the skin can occur throughout life

13 Yokooji 2013 Food allergy Wheat 32 New allergy development via the skin can occur throughout life

14
Wisniewski 
2013

Allergic march Multiple 66 The allergic march is initiated in the skin
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Page Publication
Allergic 

disease
Allergen No. patients Key finding

CLINICAL/PRECLINICAL STUDIES (cont.)

15 Simpson 2014 Atopic dermatitis Not applicable 124
Emollient enhancement of the skin barrier from birth offers 
effective atopic dermatitis prevention

16 Chalmers 2017 Atopic dermatitis Not applicable 1400 (anticipated)
The effect of emollients on prevention of AD and allergies is the 
topic of a major study

17 Dunkin 2011 IgE response Milk protein Not applicable
While sensitization can occur via all routes of exposure, the skin 
shows the highest response

18 Noti 2014 Food allergy Ovalbumin Not applicable
The skin's own immune response initiates food allergy when 
first exposure occurs via the skin

REVIEW ARTICLES

20 Kim 2018 Not applicable The epidermis provides both a physical and functional barrier to 
the skin

21
Wesemann
2016

Not applicable Allergy risk could essentially be a function of barrier integrity

22 Han 2017 Not applicable
Skin barrier function could help explain progression of the 
allergic march

23 Natsume 2018 Not applicable Early skin protection with emollients could help slow the 
allergic march



CLINICAL/PRECLINICAL STUDIES



SENSITIZATION TO FOODS CAN 
OCCUR VIA THE SKIN

Lack G, et al. Factors associated with the development of peanut allergy in 
childhood. N Engl J Med. 2003;348(11):977-985.

Peanut oil skin products used in young infants 

increases the risk of peanut allergy at preschool age

• The use of skin preparations containing peanut oil (e.g. 
diaper rash creams) increased the risk of peanut allergy by 
6.8-fold in preschool children vs no use

• Risk of peanut allergy was NOT associated with:

o Consumption of peanuts during pregnancy or 
breastfeeding

o Use of peanut oil-containing breast creams

o High peanut consumption by infants

Sensitization to peanut can be triggered by the 
application of peanut oil to the skin



IMPAIRED SKIN BARRIER FUNCTION 
INCREASES RISK OF SENSITIZATION 

1. Brough HA, et al. Peanut allergy: effect of environmental peanut exposure
in children with filaggrin loss-of-function mutations. J Allergy Clin Immunol. 
2014;134(4):867-875.e1.
2. Barker JNWN, et al. Null mutations in the filaggrin gene (FLG) determine 
major susceptibility to early-onset atopic dermatitis that persists into 
adulthood. J Invest Dermatol. 2007;127(3):564-567. 

In children with impaired skin barrier function, early 

exposure to peanut antigen in household dust is a risk 

factor for peanut allergy1

• Filaggrin (FLG) null mutations prevent the formation of a 
structurally sound stratum corneum (the uppermost layer 
of the epidermis)2

o Such mutations are associated with impaired skin 
barrier function and an increased risk of atopic 
dermatitis

• For each ln unit increase in peanut protein levels in 
household dust, children with FLG mutations showed1:

o >6-fold higher odds of peanut SPT sensitization*

o >3-fold higher odds of peanut of peanut allergy†

• There was no significant effect of exposure in children 
without FLG mutations1

Impaired skin barrier function increases 
the risk of peanut allergy via household dust



SEVERE AD PROMOTES ALLERGY 
TO AN EVEN GREATER DEGREE

Brough HA, et al. Atopic dermatitis increases the effect of exposure to peanut 
antigen in dust on peanut sensitization and likely peanut allergy. J Allergy Clin
Immunol. 2015;135(1):164-70.

*Children with peanut skin prick test (SPT) responses of 3 mm or greater were described as peanut SPT sensitized.
†Children with serum sIgE levels to peanut of 5 kUA/mL or greater were described as having a serologic diagnosis of likely peanut allergy (PA); this was postulated as in previous studies, 70% to 90% of 

5- to 7-year-old children had positive diagnostic peanut challenge results with this level of peanut sIgE. 

The risk of peanut allergy is increased in children 

with AD, and even more so when AD is severe

• The incidence of peanut SPT sensitization* was 2-fold 
higher in children with impaired skin barrier function 
due to AD, vs no AD (odds ratio 1.97, p<0.01)

• The incidence was even higher in children with severe 
AD, vs no AD (odds ratio 2.41, p<0.01)

Severe AD increases the risk of sensitization to 
peanut dust more than overall AD



ALLERGY RISK IS A DIRECT EFFECT 
OF SKIN BARRIER IMPAIRMENT

1. Kelleher MM, et al. Skin barrier impairment at birth predicts food allergy at 2 
years of age. J Allergy Clin Immunol. 2016;137(4):1111-1116.e8.
2. Kelleher M, et al. Skin barrier dysfunction measured by transepidermal water
loss at 2 days and 2 months predates and predicts atopic dermatitis at 1 year.
J Allergy Clin Immunol. 2015;135:930-5.

Increased risk of transcutaneous sensitization to 

food is due to impaired skin barrier function, not AD 

itself1

• Transepidermal water loss (TEWL) is a functional marker 
of impaired skin barrier and is associated with future 
development of AD2

• In children without AD, high TEWL at birth was a strong 
predictor of food allergy at 2 years of age1

o Infants with in the highest quartile of TEWL were 
18 times more likely to have food allergy than 
those with in the lowest quartile

• Even skin that is not symptomatic or obviously abnormal 
can have impaired skin barrier function and increased 
risk of allergy1

Skin barrier impairment at birth, not AD per se, 
predicts development of food allergy



THE SKIN, NOT THE GUT, DRIVES 
SENSITIZATION TO FOOD

Flohr C, et al. Atopic dermatitis and disease severity are the main risk factors 
for food sensitization in exclusively breastfed infants. J Invest Dermatol. 
2014;134(2):345-350. 

Exclusively breastfed infants with impaired skin 

barrier function have an elevated risk of food 

sensitization

• Infants who had only over breastfed had a higher risk of 
sensitization to food if they also showed high 
transepidermal water loss (TEWL) – a marker of impaired 
skin barrier function

o This remained significant when adjusted for FLG 
mutation status and AD presence

• The fact that these sensitized infants had never ingested 
food suggests that allergic sensitization to foods can be 
directly mediated by immune cells in the skin rather than 
the gut

Exposure of the gut to food antigens is not necessary 
for sensitization to foods



ASTHMA DEVELOPMENT IS ALSO 
LINKED TO BARRIER DEFECTS

Marenholz I, et al. An interaction between filaggrin mutations and early food
sensitization improves the prediction of childhood asthma. J Allergy Clin
Immunol. 2009;123(4):911-916. 

Atopic march is facilitated by FLG-mutation and food 

allergy

• In infants with eczema and sensitization to food 
allergens within the first 3 years of life, the presence of 
an FLG loss-of-function mutation predicts the future 
development of asthma with a positive predictive value 
of 100%

Skin barrier impairment plus food allergy predicts 
asthma development with 100% accuracy



ADULTS CAN ALSO BECOME 
SENSITIZED VIA THE SKIN

Grant T, et al. Physician-diagnosed eczema is an independent risk factor for 
incident mouse skin test sensitization in adults. Allergy Asthma Proc. 
2018;39(4):311-315. 

Eczema increases the risk of developing allergic 

rhinitis in adults exposed to mice

• New employees at a mouse production and research 
facility were followed for 30 months

• 36% of adults with eczema versus 14% of those without 
eczema developed a positive mouse skin test result 
(p=0.02)

• Eczema increases allergen exposure independent of 
allergy

o Eczema was an independent risk factor for incident 
mouse skin prick test (SPT) sensitization (hazard 
ratio 5.6, p=0.001) after adjusting for age, race, sex, 
smoking status, current asthma, hay fever, the 
number of positive SPT results at baseline and 
mouse allergen exposure

New allergy development via the skin 
can occur throughout life



ADULTS CAN ALSO BECOME 
SENSITIZED VIA THE SKIN

Yokooji T, et al. Characterization of causative allergens for wheat-dependent 
exercise-induced anaphylaxis sensitized with hydrolyzed wheat proteins in 
facial soap. Allergol Int. 2013;62(4):435-445.

Wheat-containing skin products induce allergy to 

wheat protein in foods in adults

• Multiple studies have demonstrated transcutaneous 
sensitization from wheat-containing soap or cosmetics

• Transcutaneously sensitized patients show wheat 
protein-specific IgE and have immediate allergic 
reactions to wheat-containing foods

New allergy development via the skin can occur 
throughout life



EARLY PREVENTION OF AD MAY 
PREVENT OTHER ALLERGY 

Wisniewski JA, et al. Sensitization to food and inhalant allergens in relation to 
age and wheeze among children with atopic dermatitis. Clin Exp Allergy. 
2013;43(10):1160-70.

Children with AD accumulate sensitivities to different 

types of allergens as they grow into adolescence

• Development of the "allergic march" starts with AD 
which then gives way to food and respiratory allergies 
and asthma

• Children with AD showed an evolution of their 
sensitivities (as measured by IgE) over time

o Food sensitivities developed in infancy and 
remained stable over time

o Aeroallergen sensitivities showed a strong 
continuous increase from childhood through 
adolescence 

• These findings argue for early intervention strategies 
designed to mitigate skin inflammation in children with 
AD

The allergic march is initiated in the skin



EMOLLIENT USE CAN PREVENT 
ATOPIC DERMATITIS

Simpson EL, et al. Emollient enhancement of the skin barrier from birth offers
effective atopic dermatitis prevention. J Allergy Clin Immunol. 2014;134(4):818-823.

Daily emollient therapy in newborns significantly 

prevented AD at 6 months of age

• Newborns at high risk for atopic dermatitis received full-
body application of an emollient at least once per day 
starting within 3 weeks of birth

• Emollients prevent skin barrier dysfunction: Treating 
newborns with daily full-body emollient therapy led to a 
50% decrease in AD after 6 months vs controls (p=0.017)

Emollient enhancement of the skin barrier from birth 
offers effective atopic dermatitis prevention



AD PREVENTION WITH EMOLLIENTS 
IS BEING RIGOROUSLY TESTED

Chalmers JR, et al. Effectiveness and cost-effectiveness of daily all-over-body 
application of emollient during the first year of life for preventing atopic 
eczema in high-risk children (The BEEP trial): protocol for a randomised
controlled trial. Trials. 2017;18(1):343.

A large, independently funded study is being undertaken 

to test the long-term effect of daily emollient application 

on AD and allergies

• The BEEP study is a large, rigorous randomized controlled 
trial to the benefits of daily emollient application in the first 
year of life on prevention of AD

o Up to 1400 high-risk infants included

o AE will be assessed in a blinded manner at Year 2

o Funded by the National Institute for Health Research 
(NIHR) in the UK

• The study will show whether emollients are effective, cost-
effective, whether their effects persists through 5 years of 
age and whether emollients reduce the severity of any AD 
that does develop

• The effect on any other allergic conditions associated with 
atopic eczema (allergic rhinitis, asthma and food allergy) will 
also be assessed

The effect of emollients on prevention of AD and 
allergies is the topic of a major study



THE SKIN IS THE EASIEST 
ROUTE TO SENSITIZATION

Dunkin D, et al. Allergic sensitization can be induced via multiple physiologic 
routes in an adjuvant-dependent manner. J Allergy Clin Immunol. 
2011;128(6):1251-1258.e2.

In a mouse model for sensitization, cutaneous 

exposure generated the highest levels of allergen-

specific IgE

• The impact of allergen (the milk protein ALA) exposure 
via the gut, sublingual, nasal or cutaneous routes was 
tested

• While an IgE response could be induced via all sites, the 
epicutaneous route showed a significantly higher 
symptomatic response in the as compared with the oral 
route

• This suggests that skin is a potent important physiologic 
route of sensitization, with the sensitization response 
being initiated in the skin itself

While sensitization can occur via all routes of 
exposure, the skin shows the highest response



FOOD ALLERGY CAN BE INITIATED 
BY IMMUNE RESPONSE IN THE SKIN

Noti M, et al. Exposure to food allergens through inflamed skin promotes intestinal food 
allergy through the thymic stromal lymphopoietin-basophil axis. J Allergy Clin Immunol. 
2014;133(5):1390-9, 1399.e1-6. 

In a mouse model of allergy based on 

transcutaneous sensitization, immune response in 

the skin was necessary for food allergy

• Mice sensitized to the food antigen ovalbumin on a 
developing AD-like skin lesion showed allergic 
responses in the gut upon intragastric challenge

• Intestinal food allergy was shown to be dependent on 
basophils infiltration of the skin, leading to antigen-
specific Th2 cytokine responses

The skin's own immune response initiates 
food allergy when first exposure occurs via the skin



REVIEW ARTICLES



SKIN BARRIER FUNCTION 
IN DEPTH

Kim BE, Leung DYM. Significance of skin barrier dysfunction in atopic 
dermatitis. Allergy Asthma Immunol Res. 2018;10(3):207-215.

Impaired skin barrier enhances allergen penetration 

and activates the innate immune system

• The epidermis contains epithelial cells, immune cells, 
and microbes which act as a physical and functional 
barrier

• AD is not just a local skin disease, but a systemic 
immune disease

• Recent studies have demonstrated that moisturizers 
reduce rates of AD development

The epidermis provides both a 
physical and functional barrier to the skin



THE BARRIER REGULATION 
HYPOTHESIS OF ALLERGY

Wesemann DR, Nagler CR. The microbiome, timing, and barrier function in the 
context of allergic disease. Immunity. 2016;44(4):728-38.

Differences in skin barrier function between 

individuals could explain differences in susceptibility 

to allergy

• A barrier regulation hypothesis of allergy suggests that 
diverse barrier mechanisms including allergen exclusion 
and deactivation might underlie varying allergy risk. 

o In the context of food allergy, non-food-allergic 
individuals might have relatively more effectual 
barrier immunity—thus leaving the allergic 
response untriggered

o Allergen penetration of barriers might induce 
perturbations that lead to epithelial stress, which 
can set the stage for a Th2 cell response

Allergy risk could essentially be a function 
of barrier integrity



SKIN BARRIER DYSFUNCTION & 
THE ALLERGIC MARCH

Han H, et al. The atopic march: current insights into skin barrier dysfunction 
and epithelial cell-derived cytokines. Immunol Rev. 2017;278(1):116-130.

The skin barrier and the skin immune system play 

key roles in the allergic march

• Atopic dermatitis often precedes the development of 
other allergic diseases

• While this progression is not yet well understood, the 
skin appears to act as a key route to sensitization to 
allergens

Skin barrier function could help explain 
progression of the allergic march



EMOLLIENT USE SLOWS 
THE ALLERGIC MARCH

Natsume O, Ohya Y. Recent advancement to prevent the development of allergy 
and allergic diseases and therapeutic strategy in the perspective of barrier
dysfunction Allergol Int. 2018;67(1):24-31.

Reinforcing skin barrier function with emollients 

repairs and prevents damage

• Two randomized controlled trials using emollients 
showed successful results in prevention of atopic 
dermatitis in infancy

• In a context where allergy prevention is shifting from 
allergen avoidance to tolerance, emollients could 
provide protection from environmental factors

Early skin protection with emollients could help 
slow the allergic march


