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Preventing Atopic Dermatitis and ALLergies in Children—the

PreventADALL study

To the Editor

Reversing or aborting the increase in allergic and other immune-
related noncommunicable diseases (NCDs) in the Western world,
first observed for allergic rhinitis from the 1890s® requires pri-
mary prevention strategies, probably on a general population level.
The diseases are likely to be related to changes in lifestyle, envi-
ronment, or both,? including reduced microbial diversity, increased
use of xenobiotics in industrial and consumer products, exposure
to tobacco or nicotinic products, and variations in diets and nutri-
tional elements. While some primary allergy preventive strategies
may be effective in high-risk children,® the relevance for preven-
tive strategies on a population level is unclear.* We propose using
allergic diseases as model diseases for understanding effects of
modern lifestyle upon immune-related noncommunicable diseases
(NCDs), with allergy manifestations already from the start of life.
The Preventing Atopic Dermatitis and ALLergies in children
(PreventADALL) study will provide new insight into early life
prevention of NCDs. This letter briefly outlines why and how we
will determine effects of a dual approach to preventing allergic
disease development in early infancy, as well as provide a basis
for identification of novel strategies for future prevention of
NCDs.

Allergic diseases often start with atopic dermatitis (AD) or food
allergy in early infancy, followed by wheeze or asthma and allergic
rhinitis in childhood, and frequently occur as comorbidities. The
reduced skin barrier in AD may predispose for food and other allergy
development, suggesting that primary allergy prevention should start
early and target barrier enhancement and the alimentary tract.”
While no commonly accepted effective primary prevention is cur-
rently available, skin emollients have reduced AD in high-risk chil-
dren® and peanut intake from infancy in children with severe AD
and/or egg allergy reduced peanut allergy.®> However, in a general
population-based study of breast-fed infants,” food allergy was pre-
vented only in children fully adherent to the protocol of regular
intake of 6 food items from 3 months of age.

The PreventADALL study has 2 main objectives: primarily to
determine whether primary prevention of allergic diseases is possible
by simple and low-cost strategies and secondarily to assess early life
factors and exposures, including intrauterine environment, micro-
biota, and xenobiotics, involved in the development of asthma and
allergic diseases or other NCDs including cardiovascular diseases,
obesity, and diabetes.

A general population-based mother-child birth cohort recruited
at 18-week pregnancy will be assessed at follow-up investigations

(Figure 1) into adulthood of the children in this international, multi-
center study, including a 2 x 2 factorially designed, randomized clin-
ical trial of 2 primary prevention interventions (skin care and early
food introduction) in infancy. Based upon an estimated 22% relative
risk reduction in AD, deemed clinically relevant, we recruited 2697
women (2701 pregnancies) from December 2014 through October
2016, with their last baby enrolled April 11, 2017 (Online Supple-
ment). Based upon femur length® at the 18-week ultrasound investi-
gation, mean (range) gestational age (GA) was 18.7 (15.7-22.7)
weeks, among the 2149 women enrolled in Norway (Oslo University
Hospital and @stfold Hospital Trust) and the 552 in Sweden
(Karolinska Institutet, Stockholm) (Table 1). Most women (mean
[range] age 32 [18-42]) were well educated, lived with their hus-
bands (41.2%) or cohabiting partner (55.9%), as is common in Scandi-
navia (Table 1). With 88.2% (n = 2397) of all fetuses included at
birth (52.7% boys), we largely met the targeted 2400 mother-child
pairs, which is larger than the 1306 children in the Enquiring About
Tolerance (EAT) study.” Mean (range) infant estimated GA was 39.2
(35.6-42.9) weeks (Figure S1), and 16.4% were delivered by Caesar-
jan section rate, in line with national practice.” The mothers reported
at least one (42%) or two (20.1%) doctor diagnosed allergic disease
(Table 1).

To ensure a general, nonselected population, all pregnant
women (GA 16-22 weeks) attending routine ultrasound screening
at, or in collaboration with (in Sweden), the 3 participating hospi-
tals were eligible, provided sufficient language skills. Women carry-
ing more than 2 fetuses, fetuses with severe malformations or
disease and infants born prior to 35.0 weeks of GA, were
excluded.

All infants were randomized at birth to 1 of 4 similar sized
groups: (1) no intervention; (2) skin care (oil-bath at least 5 days per
week from 0.5 to 9 months of age); (3) consecutive introduction,
between 3 and 4 months of age, of peanut, milk, wheat, and egg at
least 4 days per week complementary to breastfeeding; or (4) both
interventions. Weekly electronic diaries (2-26 weeks of age)
recorded skin care, infant feeding, and symptoms of allergic diseases.
Adverse events (0-12 months of age) elicited relevant investigations
and treatment by direct access for the participants to the local pedi-
atric department.

Data collection (Figure 1, Table S1) includes electronic question-
naires with information of health and disease in the mother, child,
and family; lifestyle; environment; stress; quality of life; diet in the
mother and offspring; clinical investigations; fetal and child anthro-
pometrics; lung function; skin barrier; allergy; and blood pressure
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Figure 1. The PreventADALL study overview is shown for the enrolment and follow-up investigations for the first 4 years of the children.

The study is planned for future follow-up studies from year 4 onward

measurements. Biological sampling includes blood (serum, DNA,
RNA), urine, skin swabs and feces for microbiota, placental biopsies
and swabs, amniotic fluid (if caesarean section), vernix caseosa, sal-
iva, and breast milk.

The main intervention outcomes are AD and food allergy to
intervention foods, assessed first at 12 and 36 months, respec-
tively. Assessment of AD with validated international criteria is
performed by a blinded assessor, and food allergy will be
confirmed by food challenges, when appropriate. Secondary out-
comes assessed annually include recurrent wheeze or asthma,
allergic sensitization, allergy to other foods, anaphylaxis, and aller-
gic rhinitis. Other NCDs will be defined in future phases of the
study.

The study was approved by the Regional board for Medical
Ethics in Oslo (2014/518) and Stockholm (2014/2242-31/4) and
registered at clinicaltrial.gov NCT02449850.

We are unaware of studies other than the PreventADALL
study testing whether primary prevention of allergy in early
infancy is effective, based upon the dual allergen exposure
hypothesis.> The high participant educational attainment reflects
that of Scandinavian women and may influence identification of
lifestyle factors that affect NCD development. The comprehensive
data collected and careful phenotyping of participants will enable
identification of personalized novel preventive strategies to related
microbial diversity, diet, lifestyle, and gene-environment influence

on allergic and other NCD development from fetal life.
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Human milk oligosaccharide profiles and food sensitization
among infants in the CHILD Study

To the Editor,

Allergies originate early in life, and food sensitization is often the
first manifestation of allergic disease.! Breastfeeding has been
inconsistently associated with allergic conditions.? These inconsis-
tencies could reflect differences in human milk composition, which
varies across different settings and populations. However, it
remains poorly understood which of the bioactive components in
human milk contribute to the developmental programming of aller-
gic disease.

Human milk oligosaccharides (HMQs) are the third most abun-
dant component of human milk, yet they are absent from most
infant formulas.®> HMO composition is influenced by genetic fucosyl-
transferase-2 secretor status and also by lactation stage, gestational
age, maternal health, ethnicity, geographic location, and breastfeed-
ing exclusivity.> Among their many functions,® HMOs act as selective
substrates to guide development of the infant gut microbiota.* We
have previously reported that gut microbiota richness in early
infancy is associated with subsequent food sensitization, suggesting
that HMOs and other determinants of early gut colonization could
influence the development of allergic disease.> This hypothesis is
also supported by experimental research in rodents® and a small clin-
ical study where low concentrations of the HMO lacto-N-fucopen-
taose Il (LNFPIII) were associated with higher incidence of cow’s
milk allergy.” However, the potential impact of other individual
HMOs on food sensitization is not known, and the impact of overall
HMO composition has not been studied, yet this may be important
because breastfed infants are naturally exposed to complex combina-
tions of HMOs in human milk.

In this study, among 421 mother—infant dyads from the Canadian
Healthy Infant Longitudinal Development (CHILD) cohort,® we exam-
ined the associations of 19 individual HMOs and overall HMO pro-
files with food sensitization at 1 year of age using Projection on
Latent Structures-Discriminant Analysis (PLS-DA).? Detailed methods
are provided in Supplementary Materials.

Overall, 59/421 infants (14.0%) were sensitized to 1 or more
food allergens at 1 year of age (Table S1). We did not observe any
significant associations for the 19 individual HMOs or total HMOs
and food sensitization (Figure 1A); however, overall HMO profiles
differed significantly in milk consumed by sensitized vs nonsensitized

infants (P <.001; robust to leave-one-out cross-validation) (Fig-
ure 1B). The discrimination performance was “fair,” with an area
under the curve (AUC) of 0.73, 95% Confidence Interval (Cl) 0.66-
0.79 (robust to permutation testing with 100 replicates; P = .02)
(Figure 1C). Similar results were observed in a sensitivity analysis
excluding 22 infants with food allergy symptoms prior to milk sample
collection (AUC 0.75, 95% CI: 0.69-0.81) (Figure S1).

Restricting our analysis to the top 10 most important HMOs con-
tributing to the PLS-DA score resulted in similar discrimination (AUC
0.71; 95% CI: 0.64-0.78), indicating that these 10 HMOs are sufficient
to explain the association of HMO profile and food sensitization. The
rankings, PLS-DA scaled importance scores, and direction of associa-
tion for these 10 HMOs are shown in Figure 1D. HMO profiles associ-
ated with lower risk of food sensitization were characterized by
relatively higher concentrations of fucodisialyllacto-N-hexaose
(FDSLNH), lacto-N-fucopentaose Il (LNFPII), lacto-N-neotetraose
(LNNT), lacto-N-fucopentaose | (LNFPI), sialyl-lacto-N-tetraose c
(LSTc) and fucosyllacto-N-hexaose (FLNH), and relatively lower con-
centrations of lacto-N-hexaose (LNH), lacto-N-tetrose (LNT), 2’-fuco-
syllactose (2'FL), and disialyllacto-N-hexaose (DSLNH).

Finally, to account for potential confounders and adjust for
known allergy risk factors, we evaluated the PLS-DA score in multi-
variable logistic regression models (Table 1). Compared to infants
consuming milk with a discriminant score in the highest quintile,
those in the lowest quintile had a 90% lower risk of food sensitiza-
tion (Odds Ratio [OR] 0.10 [95% CI: 0.03, 0.34]).

To our knowledge, only 1 previous study has explored the asso-
ciation of HMOs with food sensitization in children, where infants
receiving milk with low LNFPIII concentrations were more likely to
develop cow’s milk allergy.” In contrast, we did not observe associa-
tions of any individual HMOs with food sensitization, and LNFPIII
was not among the most discriminatory HMOs in our analysis. This
may reflect differences in study populations (high-risk infants’ vs our
general population cohort), timing of milk collection (1 month vs 3-
4 months), or outcomes assessed (confirmed milk allergy” vs sensiti-
zation to various food allergens).

Recently, a randomized trial reported that infants receiving for-
mula supplemented with 2’FL had more similar immune responses to

breastfed controls, compared to infants receiving formula without
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