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Review article

Early-onset atopic dermatitis increases an individual’s risk 
of food allergies, suggesting that transcutaneous sensitiza-
tion may occur through inflamed skin. Regarding food 
allergy causation, the dual allergen exposure hypothesis 
proposes that oral allergen exposure leads to immune 
tolerance, whereas allergen exposure via inflamed skin 
causes food allergies. This hypothesis suggests that it is 
important to induce oral immune tolerance and prevent 
allergic food sensitization through the skin. This review 
focuses on the breakthrough evidence based on the dual 
allergen exposure hypothesis that involves both skin and 
oral interventions for food allergy prevention.
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Key message
To prevent food allergy in infants, based on the dual allergen 
exposure hypothesis, we recommend a personalized approach 
consisting of both skin intervention (eczema treatment to achieve 
early remission and well-controlled skin without eczema to 
prevent percutaneous immunoglobulin E sensitization) and 
oral intervention (early allergenic food introduction).

Introduction

Food allergies and allergic diseases are widespread in 
South Korea, Japan, and other countries.1-4) The emergence 
of food allergy epidemics has become a global concern, 
while its psychosocial and economic tolls have become a 
public health concern.5) Food allergies affect approximately 
10% of children in the United States6) and Japan.7) The 
major allergens responsible for food allergies vary among 
countries and ethnicities. Peanut allergies are the most 
common food allergies in North America and Europe, 
whereas hen’s egg allergies are prevalent in Australia and 
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Asia.8)

Interest has recently increased in preventing immuno-
globulin E (IgE)-mediated food allergies.9) Although the 
mechanisms of sensitization and food allergy onset are not 
fully understood, a major shift in preventive approaches 
to food allergies is underway. It has been suggested that 
environmental and genetic factors (including epigenetic 
changes) may also influence the development of food aller-
gies.10) Factors that reportedly influence the risk of develop-
ing food allergies in childhood include genetic and environ-
mental factors (family history,11) specific genes,12) atopic 
dermatitis [AD],13) gut microbiota,14) sunlight, and vitamin 
D15)). AD is a major risk factor for the onset of food allergies. 
Food allergy prevention is defined as the primary prevention 
of sensitization (production of specific IgE antibodies) and 
secondary prevention of the development of food allergies in 
sensitized individuals.16) Lack17) proposed the dual allergen 
exposure hypothesis, which states that percutaneous ex-
posure of infants with eczema to food anti gens induces an 
allergenic immune system that enhances allergy, whereas 
the oral intake of food antigens induces immune tolerance 
by enhancing the immune system that suppresses allergy. To 
prevent the onset of food allergies, it is essential to prevent 
transdermal sensitization by controlling AD and inducing 
oral immune tolerance by initiating oral intake during early 
infancy.18)

We understand that various environmental factors, 
such as delivery mode, animal exposure, air pollution, 
smoking, and medications such as antibiotics and harmful 
chemicals, might modify the allergy mechanism.19-22) This 
review focuses on breakthrough evidence based on the dual 
allergen exposure hypothesis—which consists of both skin 
and oral interventions for food allergy prevention, excluding 
environmental interventions (Fig. 1).
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AD is a significant risk factor in food allergy 
onset

Lack et al.23) reported an association between eczema 
and peanut allergy, specifically severe dermatitis, as well as 
skincare containing peanut oil as risk factors for the onset 
of peanut disease, suggesting sensitization to percutaneous 
peanut allergen exposure. A cohort study in Australia 
reported that eczema in infancy increased the risk of 
developing peanut and hen egg allergies later in life.24) We 
previously reported that the onset of eczema at 1–2 months 
of age was associated with the highest adjusted odds ratio 
(aOR, 6.61; 95% confidence interval [CI], 3.27–13.34), fol-
lowed by 3–4 months of age (aOR, 3.90; 95% CI, 2.34–6.52) 
from a general birth cohort in Tokyo.25) We also reported 
that persistent eczema was associated with food allergies 
at 3 years of age in a national birth cohort in Japan.13) A 
Canadian birth cohort study demonstrated that AD at 1 year 
of age was associated with a higher risk of food allergies at 
3 years of age.26) There are several phenotypes of AD.27,28) A 
European birth cohort showed that early-onset AD is a risk 
factor for food allergy.28) According to these reports, AD is a 
major risk factor for food allergies. The earlier AD develops, 
the higher the risk of food allergy development.

Environmental food allergens

Environmental food allergens have been identified, in-

cluding tables, beds, hands, and dust.29) In Japan, we de-
tected hen’s egg allergens in the bed dust of 3-year-old 
children and peanut and hen’s egg proteins in pet fur.30,31) 
The concentration of hen’s egg protein in the dust in living 
rooms and bedrooms increases after the consumption 
of hen’s eggs at home.32) In the United States, the levels of 
peanut protein in dust are higher at schools than at home.33) 
In the United Kingdom, one study demonstrated a positive 
association between peanut antigen levels in dust, infant 
peanut sensitization, and peanut allergy.34) Peanut allergy is 
associated with the reaction of T cells that express homing 
receptors on the skin to peanut antigens, suggesting a 
mechanism of percutaneous sensitization.35) Food allergens 
are thought to contribute to food allergies in children via 
sensitization through inflamed skin, such as eczema.

Early enhanced anti-inflammatory treatment of 
eczema and maintenance of remission

For allergen exposure via inflamed skin, an animal study 
demonstrated that, when mice were exposed to peanut and 
ovalbumin allergens across disrupted skin, they developed a 
potent systemic immune response to them.36) As previously 
stated, several cohort studies and a systematic review indi-
cated that early-onset eczema is among the most important 
risk factors for food allergies.24,25,37-39) We recently identified 
1-month-old infants who had already developed AD as 
evidenced by mRNAs in their sebum.40) As early interven-
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Fig. 1. Breakthrough evidence based on the dual allergen exposure hypothesis consisting of skin and oral 
interventions for preventing food allergies. IgE, immunoglobulin E; PACI, Prevention of Allergy via Cutaneous 
Intervention; JACI, Journal of Allergy and Clinical Immunology; NEJM, New England Journal of Medicine; LEAP, 
Learning Early About Peanut; PETIT, Prevention of Egg Allergy with Tiny Amount Intake; SPADE, Strategy for 
Prevention of Milk Allergy by Daily Ingestion of Infant Formula in Early Infancy.
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tions to prevent or treat AD, emollients (moisturizers)41,42) 
or pimecrolimus using the reactive method alone did not 
prevent food allergies.43) Emollients and weak anti-inflam-
matory medications applied only to clinically affected skin 
lesions may be insufficient for preventing food allergies. 
Emollients (moisturizers) are not anti-inflammatory pro-
ducts. In 2014, we conducted the first confirmatory rando-
mized controlled trial (RCT) of AD prevention using mois-
turizer.44) We discovered that applying moisturizers to 
infants with a family history of AD reduced the onset of AD, 
but it did not affect the onset of food allergies.

Guttman-Yassky et al.45) presented strong evidence that 
immune and barrier abnormalities exist in both clinically 
affected and unaffected skin lesions in AD, suggesting that 
sufficient anti-inflammatory treatment of the whole body, 
including clinical and subclinical lesions, is required for 
food allergy prevention through the skin route. Proactive 

treatment (Figs. 2, 3) is a long-term maintenance approach 
that uses low-dose intermittent anti-inflammatory topical 
agents, such as topical corticosteroids, to treat and prevent 
flare-ups of chronic subclinical skin inflammation in AD.46-

50) We showed the proactive treatment protocol on a daily 
basis at our allergy center51) (Figs. 3, 4). Approximately 90% 
of children with severe AD are able to achieve good con-
trol of their eczema (clear or mild AD) through proactive 
treatment and education from our real-world data.51) Im-
paired skin barrier function and inflamed skin, such as in 
AD, have been suggested as risk factors for percutaneous 
sensitization to food allergens.

A case-control study by Yamasaki et al.52) demonstrated 
that infants with AD who started proactive therapy by 4 
months of age had a significantly lower incidence of hen’s 
egg allergy by 18 months of age versus those who started 
proactive therapy after 5 months of age (9.1% vs. 24.2%, res-
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Fig. 2. Reactive versus proactive treatment.
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Fig. 3. Protocol for proactive treatment of atopic dermatitis (AD). TCS, Topical corticosteroids.
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pectively). We also found a significantly lower prevalence 
of food allergies at 2 years of age in the group of infants 
with AD who started proactive therapy within 4 months of 
developing AD versus those who received delayed treatment 
for AD (Fig. 5).51) These results suggest that, in children 
with AD, starting enhanced therapy for remission induction 
as early as possible and maintaining remission consisting of 
well-controlled skin may reduce the risk of developing food 
sensitization and food allergy by preventing percutaneous 
IgE sensitization to food allergens.

We recently completed the Prevention of Allergy via 
Cutaneous Intervention (PACI) study,53,54) a multicenter, 
investigator-blinded, randomized, and parallel group-con-

trolled trial of an early enhanced intervention for infantile 
AD to prevent the onset of food allergy. Enhanced proactive 
treatment for infant AD reduces the risk of hen’s egg allergy, 
but with some concerns regarding early growth. The PACI 
study provides a new and convincing proof of concept that 
enhanced treatment of early-onset AD can reduce the risk of 
hen’s egg allergy onset based on the dual allergen exposure 
hypothesis. However, we do not recommend widespread 
use of our protocol of enhanced AD care in the PACI study 
for food allergy prevention in a real-world setting. In a real-
world setting, we adopted a personalized staged approach 
to AD treatment according to each infant’s morphology, 
distribution, severity, and treatment response.

A 4-year-old girl (severe AD)
Mother was a steroid phobia 
Decreasing urine volume, hypoproteinemia
Serum TARC 92,700 (2–19 years <743 pg/mL)
• Education 
• Skincare with washing body and emollients
• Proactive therapy with topical corticosteroids and 

topical tacrolimus without systemic agents

Fig. 4. A case of severe atopic dermatitis treated with remission induction therapy and maintenance 
therapy (proactive therapy). AD, atopic dermatitis; TARC, thymus and activation-regulated chemokine. We 
obtained infromed consent for publication from her parent.

Fig. 5. Delayed enhanced treatment of eczema increases the risk of developing a food allergy.51)
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Not recommended maternal allergenic food 
eliminations

Although the Cochrane Review did not directly evaluate 
food allergies as an outcome of maternal allergenic food 
elimination, it found that maternal food elimination during 
pregnancy and lactation did not prevent food allergen sen-
sitization or the development of eczema and asthma.55) 
According to the European Academy of Allergy and Clinical 
Immunology guidelines, maternal allergenic food elimina-
tion during pregnancy and lactation is not recommended 
for preventing the onset of food allergies.56)

Breastfeeding and infant formula

Although breastfeeding has many benefits for both infants 
and mothers, Lodge et al.57) found no association between 
breastfeeding duration and food allergies in a systematic 
review and meta-analysis of observational studies. An RCT 
by Sakihara et al.58) showed that consuming at least 10 mL 
of regular milk per day, in addition to breast milk, at ages 
1–2 months reduced the onset of milk allergy. In a systematic 
review and meta-analysis, Boyle et al.59) showed that parti-
ally or fully hydrolyzed milk was not associated with the 
development of food allergies compared with regular milk. 
An RCT by Urashima et al.60) showed that the addition of 
amino acid formula for 3 days after birth to otherwise ex-
clusive breastfeeding was associated with a lower risk of 
cow’s milk allergy at 1 year of age than the addition of 5 mL 
or more of regular milk per day for 3 days after birth. The 
World Health Organization (WHO) recommends exclu-
sive breastfeeding for at least the first 6 months of life for 
all children worldwide including those in developed and 
developing countries. However, along with evidence from 
clinical trials, this suggests that avoidance of cow’s milk 
formula during the first few days after birth and the de-
livery of a small amount of cow’s milk formula beginning at 
1 month of age might prevent milk allergy.

Weaning food introduction in infants

There is no evidence suggesting that delaying weaning 
foods prevents the onset of food allergies. Nwaru et al.61) 
showed that delaying the introduction of solid foods was 
associated with food allergen sensitization. In a systematic 
review, Burgess et al.62) found that starting solid foods other 
than milk before versus after 4 months of age was not asso-
ciated with the development of food allergies. Currently, 
local guidelines recommend different timings for the intro-
duction of solid foods to infants.63) The Asia Pacific Academy 

of Pediatric Allergy, Respirology, and Immunology recom-
mends solid food introduction at 6 months of age,64) while 
the Canadian guidelines recommend solid food introduc-
tion at approximately 6 months. In contrast, the United 
Kingdom guidelines recommend solid food introduction 
at 4 months of age.63) As we mentioned before, exclusive 
breastfeeding is suggested by the WHO, and the recommen-
dation of a duration of 4–6 months for allergy prevention 
varies among guidelines.

Oral ‘single’ allergen introduction—hen’s egg in 
infants

The Learning Early About Peanut allergy trial was the 
first to report that early peanut intake in high-risk infants 
prevented the subsequent onset of a peanut allergy.65) Based 
on this evidence, various food allergy guidelines recom-
mend early single allergen food intake to prevent food 
allergies.56,66-68) Similarly, regarding the early introduction 
of hen’s eggs, we reported that a tiny portion of cooked hen’s 
eggs fed to infants with AD at 5–6 months of age significantly 
reduced the incidence of hen’s egg allergy versus avoiding 
hen’s eggs until 12 months of age (Prevention of Egg Allergy 
in High-risk Infants with Eczema study).69) Our trial docu-
mented no adverse events related to the interventions. We 
believe that the successful prevention point was that eczema 
among infants could become controlled through proactive 
therapy along with a small dose of hen’s egg. Four RCTs70-

73) evaluated the preventive effect of early ingestion of hen’s 
eggs as a single allergen using a large portion of raw eggs; 
reportedly, some children developed anaphylaxis. A small 
dose of allergenic food has sufficient preventive effects. A 
recent observational study demonstrated that the consump-
tion of hen’s eggs ≥2 times per week (not every day) in late 
infancy reduced the child’s risk of consequent egg allergy.74) 
We believe that food allergies can be prevented even if 
infants with well-controlled eczema safely eat only small 
amounts of allergenic foods.

Oral ‘multiple’ food allergen introductions in 
infants

In the Enquiring About Tolerance study75) of exclusively 
breastfed infants who were not considered at high risk of 
developing food allergies, the early induction group, which 
started on mixed allergenic foods (at least 2 g weekly of food 
proteins each of peanuts, cooked eggs, cow’s milk, sesame, 
whitefish, and wheat) at 3–5 months of age did not demon-
strate a reduced onset of food allergies compared to the 
standard group, which started the foods after 6 months of 
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age. Because the dropout rate from the protocol was high, it 
was unfeasible to use a large proportion of allergenic foods. 
Nishimura et al.76) conducted an RCT of high-risk infants 
aged 3–4 months with AD. In this trial, the early introduction 
group received allergenic food powder (containing tiny 
doses of hen’s eggs, milk, wheat, soybean, buckwheat, and 
peanut powder) from the age of 3–4 months, whereas the 
control group received placebo powders. The powder dosage 
was gradually increased (2.5, 7.5, and 20 mg of each allergenic 
food protein) throughout the 12-week trial among infants 
with well-controlled eczema. The early multiple allergenic 
food introduction group showed a significantly reduced 
onset of food allergies. Similar to the results of our previous 
trial of egg allergy prevention,18) a small dose was sufficient 
to induce immune tolerance.

Quake et al.77) conducted a pilot study of healthy infants 
without current food allergies to preliminarily evaluate the 
safety of 10 mixed food allergen proteins. They tested the 
early introduction of single foods (milk, eggs, or peanuts), 
two foods (milk/egg, egg/peanut, or milk/peanut), and 
multiple foods (milk/egg/peanut/cashew/almond/shrimp/
walnut/wheat/salmon/hazelnut at low, medium, or high 
doses). Adherence was as high as 95%, with no cases of 
anaphylaxis. Safety and feasibility were satisfactory. These 

results indicate that even low doses of the mixed powder 
featured a sufficient preventive effect. Furthermore, mixed-
powder interventions outperformed single and 2 allergenic 
food interventions.

Multiple allergenic food products recently became com mer-
cially available as early allergen introduction foods. Many of 
these agents are marketed as aids for the preven tion of food 
allergies. However, there are concerns regarding safety 
among infants in the absence of a medical assessment; in 
fact, there have been several reports of allergic reactions to 
commercial food products.78)

Conclusion

Although several studies have investigated the preventive 
efficacy of oral supplements, such as vitamin D, prebiotics, 
and probiotics, several guidelines do not recommend sup-
plements, prebiotics, and probiotics for food allergy pre-
ven tion owing to the low certainty of evidence.56,79,80) We 
have been conducting an online parental preparation class 
to implement the latest findings of various studies.9) We 
believe that the major invaluable interventions for food 
allergy prevention are eczema management and the early 

Fig. 6. Preventing food allergies in children. The timing of interventions may be modified for each 
infant. It is difficult to specify the target populations for individual interventions. In a real-world setting, 
to prevent food allergies in infants, we recommend a personalized approach involving both skin 
intervention (eczema treatment to achieve early remission and well-controlled skin with no eczema 
to prevent percutaneous immunoglobulin E sensitization) and oral intervention (early allergenic food 
introduction) to avoid adverse events based on the dual allergen exposure hypothesis.
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tematic review and meta-analysis. Allergy 2023;78:351-68.

 5. Warren CM, Jiang J, Gupta RS. Epidemiology and burden of 
food allergy. Curr Allergy Asthma Rep 2020;20:6.
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Davis MM, et al. The public health impact of parent-reported 
childhood food allergies in the United States. Pediatrics 2018; 
142:e20181235.

 7. Yamamoto-Hanada K, Pak K, Saito-Abe M, Yang L, Sato M, 
Irahara M, et al. Allergy and immunology in young children of 
Japan: the JECS cohort. World Allerg Org J 2020;13:100479.

 8. Lee AJ, Thalayasingam M, Lee BW. Food allergy in Asia: how 
does it compare? Asia Pac Allerg 2013;3:3-14.

 9. Inuzuka Y, Yamamoto-Hanada K, Akaishi R, Haruna M, 
Matsubara M, Saito-Abe M, et al. Dissemination of atopic 
dermatitis and food allergy information to pregnant women in 
an online childbirth preparation class. J Allerg Clin Immunol 
Global 2022;1:24-6.

 10. Gilles S, Akdis C, Lauener R, Schmid-Grendelmeier P, Bieber T, 
Schäppi G, et al. The role of environmental factors in allergy: a 
critical reappraisal. Exper Dermatol 2018;27:1193-200.

 11. Saito-Abe M, Yamamoto-Hanada K, Pak K, Iwamoto S, Sato M, 
Miyaji Y, et al. How a family history of allergic diseases influ-
ences food allergy in children: the Japan Environment and 
Children’s Study. Nutrients 2022;14:4323.

 12. Kanchan K, Clay S, Irizar H, Bunyavanich S, Mathias RA. 
Current insights into the genetics of food allergy. J Allerg Clin 
Immunol 2021;147:15-28.

 13. Yamamoto-Hanada K, Suzuki Y, Yang L, Saito-Abe M, Sato 
M, Mezawa H, et al. Persistent eczema leads to both impaired 
growth and food allergy: JECS birth cohort. PLoS One 2021; 
16:e0260447.

 14. Rachid R, Stephen-Victor E, Chatila TA. The microbial origins 
of food allergy. J Allerg Clin Immunol 2021;147:808-13.

 15. Briceno Noriega D, Savelkoul HFJ. Vitamin D and allergy sus-
ceptibility during gestation and early life. Nutrients 2021;13: 
1015.

 16. Du Toit G, Tsakok T, Lack S, Lack G. Prevention of food allergy. 
J Allerg Clin Immunol 2016;137:998-1010.

 17. Lack G. Epidemiologic risks for food allergy. J Allergy Clin 
Immunol 2008;121:1331-6.

 18. Natsume O, Ohya Y. Recent advancement to prevent the de-
velopment of allergy and allergic diseases and therapeutic 
strategy in the perspective of barrier dysfunction. Allergol Intl 
2018;67:24-31.

 19. Sikorska-Szaflik H, Soza ska B. Primary prevention of food 
allergy—environmental protection beyond diet. Nutrients 2021; 
13:2025.

 20. Akdis CA. Does the epithelial barrier hypothesis explain the 
increase in allergy, autoimmunity and other chronic conditions? 
Nat Rev Immunol 2021;21:739-51 .

 21. Yamamoto-Hanada K, Yang L, Narita M, Saito H, Ohya Y. In-
fluence of antibiotic use in early childhood on asthma and 
allergic diseases at age 5. Ann Allergy Asthma Immunol 2017; 
119:54-8.

 22. Ogawa K, Tanaka S, Limin Y, Arata N, Sago H, Yamamoto 
Hanada K, et al. Beta 2 receptor agonist exposure in the uterus 
associated with subsequent risk of childhood asthma. Pediatr 
Allerg Immunol 2017;28:746-53.

introduction of small doses of allergenic foods. In daily 
practice, we can almost completely prevent IgE-mediated 
food allergies (to hen’s eggs, milk, wheat, and soy) in infants 
with early-onset eczema.81) The new nutrition science has a 
holistic paradigm shift because it is informed by integrating 
social (including cultural, economic, and political) dimen-
sions with “classical” biological (biochemical, physiological, 
and medical) dimensions.81) We should promote infant 
nu trition should be promoted not only from a classical 
biological perspective but also from cultural, economic, and 
political perspectives. The flow of the food allergy prevention 
strategy (Fig. 6) is recommended in daily practice based on 
the dual allergen exposure hypothesis—both skin and oral 
interventions for food allergy prevention. To overcome the 
food allergy epidemic, pediatricians must become specialists 
in the treatment of AD with holistic approach.82)
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