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Background: Food allergy (FA) and atopic dermatitis (AD) are
common conditions that often present in the first year of life.
Identification of underlying mechanisms and environmental
determinants of FA and AD is essential to develop and
implement effective prevention and treatment strategies.
Objectives: We sought to describe the design of the Systems
Biology of Early Atopy (SunBEAm) birth cohort.
Methods: Funded by the National Institute of Allergy and
Infectious Diseases (NIAID) and administered through the
Consortium for Food Allergy Research (CoFAR), SunBEAm is a
US population-based, multicenter birth cohort that enrolls
pregnant mothers, fathers, and their newborns and follows them
From athe Department of Pediatrics, University of North Carolina, Chapel Hill; bthe

Icahn School of Medicine at Mount Sinai, New York; cRho Inc, Federal Research Op-

erations, Durham; dthe Division of Allergy, Immunology and Transplantation, Na-

tional Institute of Allergy and Infectious Diseases, National Institutes of Health,

Bethesda; ethe Department of Pediatrics, Baylor College of Medicine, Houston; fthe

Department of Obstetrics and Gynecology, Baylor College of Medicine, Houston;
gCincinnati Children’s Hospital Medical Center, Cincinnati; hthe University of Cincin-

nati, Cincinnati; iHenry Ford Health, Detroit; jthe Department of Pediatrics, Division

of Pediatric Allergy, Immunology and Rheumatology, Johns Hopkins University

School of Medicine, Baltimore; kthe Department of Obstetrics and Gynecology, Johns

Hopkins University School of Medicine, Baltimore; lMassachusetts General Hospital,

Boston; mMassachusetts General Hospital, Newton-Wellesley Hospital, Newton; nthe

National Jewish Health, Denver; othe Saint Joseph Hospital of Obstetrics and Gynecol-

ogy, Denver; pthe Sean N. Parker Center for Allergy and Asthma Research, Stanford

University, Palo Alto; qthe Division Maternal Fetal Medicine and Obstetrics, Stanford

University, Palo Alto; rthe University of Arkansas for Medical Sciences and Arkansas

Children’s Hospital, Little Rock; sthe University of Arkansas for Medical Sciences,

Little Rock; tthe Department of Obstetrics and Gynecology, University of North Car-

olina, Chapel Hill; uthe Department of Pediatrics, University of Wisconsin, Madison;

and vMaternal and Fetal Medicine, Obstetrics and Gynecology, SSMHealth, Madison.

Received for publication December 23, 2022; revised May 1, 2023; accepted for publi-

cation May 5, 2023.

Available online June 3, 2023.

Corresponding author: Corinne Keet, MD, PhD, University of North Carolina, Chapel

Hill, Pediatric Allergy/Immunology, 4008 Mary Ellen Jones Building, 116 Manning

Drive, Chapel Hill, NC 27514. E-mail: corinne_keet@med.unc.edu.

The CrossMark symbol notifies online readers when updates have been made to the

article such as errata or minor corrections

2772-8293

� 2023 The Author(s). Published by Elsevier Inc. on behalf of the American Academy of

Allergy, Asthma & Immunology. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.jacig.2023.100124
to 3 years. Questionnaire and biosampling strategies were
developed to apply a systems biology approach to identify
environmental, immunologic, and multiomic determinants of
AD, FA, and other allergic outcomes.
Results: Enrollment is currently underway. On the basis of an
estimated FA prevalence of 6%, the enrollment goal is 2500
infants. AD is defined on the basis of questionnaire and
assessment, and FA is defined by an algorithm combining
history and testing. Although any FA will be recorded, we focus
on the diagnosis of egg, milk, and peanut at 5 months, adding
wheat, soy, cashew, hazelnut, walnut, codfish, shrimp, and
sesame starting at 12 months. Sampling includes blood, hair,
stool, dust, water, tape strips, skin swabs, nasal secretions, nasal
swabs, saliva, urine, functional aspects of the skin, and maternal
breast milk and vaginal swabs.
Conclusions: The SunBEAm birth cohort will provide a rich
repository of data and specimens to interrogate mechanisms and
determinants of early allergic outcomes, with an emphasis on
FA, AD, and systems biology. (J Allergy Clin Immunol Global
2023;2:100124.)

Key words: Food allergy, atopic dermatitis, eczema, birth cohort,
systems biology, multiomics, omics

Food allergy (FA), which affects approximately 5% to 10% of
young children, with the highest incidence in the first year of life,
accounts for almost $25 billion per year in US costs.1-5 Atopic
dermatitis (AD, also known as eczema) is a major risk factor
for FA and other allergic diseases; in and of itself, it has major ef-
fects on the quality of life of children and families.6 AD affects
approximately 13% of US children, of whom approximately
one third have moderate to severe disease.6,7 Early life AD is
strongly associated with subsequent FA (relative risk, ;5-10)
and asthma (relative risk, ;3).8,9 The relationship between AD
and later allergy may be causal; early life skin barrier dysfunction
and inflammationmay facilitate sensitization to allergens through
the skin, leading to chronic systemic allergic inflammation.10

While early introduction of allergens into the diet of those with
AD reduces the risk of FA, many children are already allergic at
the time of introduction, and there are still no effective methods to
prevent AD itself.11-17 Several potential methods of prenatal and/
1
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Abbreviations used

AD: Atopic dermatitis

EoE: Eosinophilic esophagitis

FA: Food allergy

NIAID: National Institute of Allergy and Infectious Diseases

SPT: Skin prick test
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or early life intervention to prevent eczema and/or FA have been
proposed, including introduction of allergenic foods in the
neonatal period, use of emollients to enhance skin barrier
(NCT01142999, NCT03376243, NCT03742414), attempts to
modify the microbiome of mother, and/or infant, and various
dietary interventions (NCT02286999, NCT00798226,
NCT03567707). However, efforts to test these preventative
methods are limited by the lack of accurate predictors to identify
high-risk individuals for study. Most commonly, studies have
used the presence of at least 1 family member with allergic dis-
ease to define a high-risk population, but family history has
proved to be a poor predictor of FA and AD. For example, in a
recent Australian study, such a definition only conferred a modest
increase in risk (odds ratio, 1.4) compared to no family his-
tory.18,19 Various biomarkers that might identify high-risk new-
borns have been proposed, including markers of skin barrier
function, in utero sensitization, and in utero immune function,
but so far, there are no biomarkers with sufficient sensitivity or
specificity for clinical application.20-28 In the absence of ways
to focus studies on those at highest risk for FA, testing new inter-
ventions is inefficient, requiring large populations (eg, 2000 sub-
jects or more) to have sufficient power to identify preventative
effects. Finding biomarkers and risk factors that reliably identify
a high-risk population for intervention would facilitate study of
these and other approaches.

Allergic conditions are complex diseases, and parsing the
biological heterogeneity hidden under their clinical umbrellas is
paramount to improving prevention, diagnosis, and clinical
management.29,30 While substantial research has contributed to
our understanding of biological alterations underlying FA and
AD, omics has the potential to advance this understanding by
comprehensively capturing molecular dimensions that contribute
to allergy development and disease course, thereby expanding the
discovery field. Increasingly accessible high-throughput omic
technologies enable systemwide characterization of biological
systems at multiple levels, including the capacity to profile whole
genomes, transcriptomes, proteomes, metabolomes, and micro-
biomes.29-32 Systems approaches have been applied to tackle
many challenges to date, permitting elucidation of elucidating
informative details about signaling networks in breast cancer,
cellular responses to cancer therapy, and drug sensitivity, toxicity,
and synergy based on molecular omic backgrounds, for
example.33 A systems biology approach where the biology of
allergic conditions is investigated comprehensively at several
levels longitudinally over time is a promising approach to identify
potentially modifiable pathways of allergy development.29,30

Effective systems biology is enabled by robust multiscale data
from large, well-phenotyped cohorts and integrative analytic
strategies. The comprehensive modeling of molecular interactions
within and across -omes that drive the behavior of complex
biological systems requires rationally designed and acquired
multiomic data from a well-phenotyped sample as input, plus the
application of mathematical and computational tools tailored to the
study of complex system architecture and behavior.29 There has
been limited work done thus far on the systems biology of allergy.29

Systems Biology of Early Atopy (SunBEAm) is a general
population birth cohort funded by the National Institute of
Allergy and Infectious Diseases (NIAID) and spearheaded by
the Consortium for Food Allergy Research, known as CoFAR,
with additional support from the Atopic Dermatitis Research
Network and the Immune Tolerance Network to transform
approaches to studying allergy by recruiting and phenotyping a
large, well-characterized multicenter cohort where systems
biology can be applied to identify mechanisms and biomarkers
underlying the development of FA, AD, and other allergic
diseases. SunBEAm will study the role and interrelationships of
genetic, clinical, biological, and environmental early life factors
in the development of allergic diseases, with an emphasis on FA,
AD, and their endotypes. Pregnant women, children born to them,
and the children’s biological fathers are being enrolled and
phenotyped with extensive longitudinal biosample collections.
SunBEAm is collecting, processing, assaying, and storing
environmental and biological samples for current and future use
in the study of allergic disease development. Here we provide an
overview of the study design and methods of SunBEAm.

METHODS

Overview
This is a prospective cohort study in which pregnant women (at

any stage of pregnancy), the offspring’s biological father, and the
offspring are being enrolled at 12 study sites around the United
States (listed in Table E1 in this article’s Online Repository at
www.jaci-global.org), and the offspring are observed from birth
to age 3 years.During the study, biological and environmental sam-
ples and questionnaire information are collected from the parents
and the children, and the children are assessed for allergic diseases
at clinic visits at ages 2, 5, 12, 24, and 36 months. Fig 1 provides a
study overview and Table I the study’s objectives.

Inclusion and exclusion criteria
Inclusion and exclusion criteria are defined in Table II. Briefly,

women are enrolled at any stage in pregnancywithout regard to per-
sonal or family history of allergic disease. The rationale is to iden-
tify risk factors in the population as a whole for the development of
allergic disease, so selection of pregnant womenwhose children are
at an elevated risk of allergic disease would prevent the study of the
risk factors used to select the women and would prevent the assess-
ment of the risk factors of children with FA and AD who do not
come from backgrounds that are recognized as high risk. The bio-
logical father of their child is also enrolled, although this enrollment
is optional. Inclusion and exclusion criteria are otherwise designed
to include individuals likely to complete the protocol and to protect
particularly vulnerable populations. Because a goal of the study is
to understand the genetic transmission of FA and AD, pregnancies
as a result of egg donation are excluded.
Study end points
Primary clinical end points are detailed below. Secondary and

exploratory end points are listed in Table III and are described
below.

http://www.jaci-global.org


FIG 1. Study overview.

TABLE I. Study objectives

d To study the role and interrelationships of established and novel clinical,

environmental, biological, and genetic prenatal and early life factors in

the development of allergic diseases through age 3 years, with an

emphasis on FA and AD.

d To apply systems biology to identify mechanisms and biomarkers

underlying the development of FA, AD, and their endotypes.

d To collect, process, and assay or store environmental and biological

samples for current and future use in the study of allergic disease

development.
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Food allergy. IgE-mediated, immediate-type allergy to
protocol-specified foods will be assessed at each clinic visit starting
at the child’s 5-month visit. The foods, which are age specific, are
milk, egg, and peanut at all visits starting at the 5-month visit; and
wheat, soy, tree nuts (cashew, hazel, walnut), fish (cod), shellfish
(shrimp), and sesame at the 12-, 24-, and 36-month visits.

The timing of the first FA assessment at 5 months is intended to
be at around the time that early introduction of peanut and other
foods would be accomplished; the intention is to not delay
introduction for children for whom screening would be recom-
mended by guidelines or desired by parents. Clinical assessments
and diagnostic criteria for FA are described in the FA algorithm
described in the Online Repository’sMethods and Figs E1 and E2
(available at www.jaci-global.org). Briefly, determination of IgE-
mediated FA status is made by a combination of exposure to foods
and symptoms of FA as collected periodically by questionnaire
clinical history, skin prick testing (SPT) if tolerance has not
been established by clinical history, and oral challenge where
necessary if the combination of clinical history and SPT are not
diagnostic. If SPT cannot be completed, allergen-specific IgE is
substituted in the algorithm. Ingestion and tolerance of baked
forms of milk and egg are not evaluated by the algorithm.

Information on the resolution of FA is assessed periodically by
questionnaire and at the 12-, 24-, and 36-month visits by the same
FA algorithm used for the diagnosis of FA; however, special rules
for the application of the FA algorithm to FA resolution apply (see
the Methods section in the Online Repository).

Information on IgE-mediated, immediate-type allergy to foods
not on the protocol-specified list is collected periodically by
questionnaire starting in early infancy and assessed at each clinic
visit starting at age 5 months; however, the diagnosis of allergy to
these additional foods is not determined by the FA algorithm or by
study-conducted oral food challenges. Allergy to a non–protocol-
specified food is not included in the primary end point for FA.

Atopic dermatitis. AD is defined as the following since the
last assessment (or since birth for the 2- and 5-month visits): a
history of a dry or itchy rash that is (1) either continuous or
intermittent lasting at least 4 weeks; or (2) requiring medicated
treatment and rash was or is present in the skin creases (folds of
elbows, behind the knees, fronts of ankles, or around the neck)
or on the extensor aspects of the forearms or lower legs or on
cheeks or trunk. Any infant fulfilling these criteria but who, on ex-
amination by a suitably trained health professional, is deemed to
have a different skin disease that explains the above findings will
not be classified as having AD.

In addition to the above definition, information relevant to AD
classification includes collection of Scoring Atopic Dermatitis
(aka SCORAD) and Eczema Area and Severity Index (aka EASI)
at each clinic visit (Table IV).
Secondary and exploratory end points
Sensitization to aeroallergens. Sensitization to aeroal-

lergens is assessed by serum IgE and SPT at the 12-, 24-, and 36-
month visits. For IgE testing at any given time point, a positive
specific test is defined as an IgE concentration at or above the level
of detection for the assay. For SPT at any given time point, a
positive specific test is defined as a wheal >_3 mm above the
negative control wheal. For either test, different thresholds could
be defined for specific analyses, and sensitization could poten-
tially be defined by IgE alone, skin test alone, either, or both.

Recurrent wheeze. Information onwheezing episodes, other
respiratory symptoms, and medication receipt is collected period-
ically by questionnaire starting in early infancy and assessed at
each clinic visit for the interval of time since the previous visit
(since birth for the 2-month visit) (see Table E6 in the Online Re-
pository at www.jaci-global.org for the child’s schedule of events).
Recurrent wheeze, assessed at age 3 years, is defined as at least 2
episodes of wheezing during the first 3 years of life, with at least
1 episode between the ages of 24 and 36 months.

Seasonal and perennial allergic rhinitis and conjunc-

tivitis. Information on nasal and conjunctival signs, symptoms,
and medication receipt is collected periodically by questionnaire
starting in early infancy and assessed at each clinic visit for the

http://www.jaci-global.org
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TABLE III. Secondary and exploratory clinical end points

Secondary clinical end points

d Sensitization to food allergens.

d Sensitization to aeroallergens.

d Recurrent wheeze.

d Seasonal and perennial allergic rhinitis and conjunctivitis.

Exploratory clinical end points

d Resolution of FA.

d Allergy to non–protocol-defined foods.

d Non–immediate-type FA (eg, food protein–induced enterocolitis

syndrome, food protein–induced proctocolitis and EoE).

More details are available in the Supplementary Appendix.

TABLE II. Inclusion and exclusion criteria

Criterion Pregnant women Biological fathers Child

Inclusion d Able to understand oral and written instructions asso-

ciated with study visits and procedures and provide

informed consent.

d Pregnant at any stage.

d Age 18 years or older.

d Planning to give birth at study site–designated center.

d Agrees to enroll offspring onto study at birth.

d In case of multiple gestation, agrees to enroll only 1

child who will be selected by randomized birth order.

d Able to understand oral and writ-

ten instructions associated with

study visits and procedures and

provide informed consent.

d Age 18 years or older.

—

Exclusion d Inability or unwillingness to comply with study

protocol.

d Serious pregnancy complication (as judged by

investigator) before enrollment.

d Fetus has major chromosomal anomaly.

d Plans to move and would not be available for

in-person visits at study site.

d Plans to give up child for adoption at birth.

d Pregnancy is result of egg donation.

d Inability or unwillingness to

comply with study protocol.

d Delivered earlier than 34 weeks’

gestation.

d Sibling already enrolled.

d Born with significant birth defect

or medical condition, and, as

judged by investigators, participa-

tion is not in infant’s best interest.

At screening for enrollment of either the mother or the child, if the biological mother intends to give the infant up for adoption, neither the mother nor the child should be enrolled;

however, if the biological mother gives up legal guardianship of the child after the child is enrolled and the legal guardian wants the child to remain in the study, the child may

remain enrolled as long as a legal guardian agrees to meet the child’s study requirements and provides written informed consent for the child’s continued participation.
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interval of time since the previous visit (since birth for the 2-
month visit). At age 36 months, a determination will be made of
seasonal or perennial allergic rhinitis and allergic rhinoconjunc-
tivitis according to diagnostic criteria that include clinical data in
combination with allergic sensitization.

Non–immediate-type FA and eosinophilic esophagi-

tis. Information on non–immediate-type FA (specifically, food
protein–induced allergic proctocolitis and food protein–induced
enterocolitis syndrome)34 and eosinophilic esophagitis (EoE) is
collected periodically by questionnaire starting in early infancy
and assessed at each clinic visit starting at age 5 month. These
end points will not be included in the primary end point for FA.

For this study, the diagnosis of food protein–induced allergic
proctocolitis is based on parental report of visible specks or
streaks of blood mixed with mucous in the stool, clinical
improvement in symptoms with dietary exclusion, and lack of
systemic symptoms, vomiting, diarrhea, and poor growth,34 and
we also collect parental history of physician-confirmed blood in
the stool (by visual confirmation or guaiac testing). Food
protein–induced enterocolitis syndrome is recorded when the
diagnosis fulfills the criteria listed in Table E2 or E3 in the Online
Repository at www.jaci-global.org, based on parental report. For
this study, evaluations for EoE are not required or undertaken as
part of the study, but the diagnosis is recorded if there is a history
of a physician diagnosis of EoE and a positive biopsy result ob-
tained during clinical care outside of the study.
Biosample collections and assessments
The schedules of events in Tables E4, E5, and E6 in the Online

Repository at www.jaci-global.org detail the assessments and bio-
sample collections for the mother, father, and child, respectively,
throughout the study. Salient details of sample collections are
given in Table IV and assessments in Table V.35 SunBEAm sites
are collecting, processing, and barcoding biosamples according
to a centralized manual of procedures. Biosamples are shipped
to a central repository, where they are stored according to the con-
ditions specified in Table IV. A laboratory information manage-
ment system is used to catalog and track samples. Although
there will likely be additional uses for the biosamples, we broadly
expect that blood will be used to characterize immune cell iden-
tity and function, genomics and transcriptomics, sensitization sta-
tus, and selected environmental exposures; breast milk to
characterize microbial and other environmental exposures; hair
to characterize environmental exposure; house dust to charac-
terize allergen and other environmental exposures; house water
to characterize water hardness; nasal samples to characterize
nasal cytokine levels and microbiome; saliva to characterize ana-
lytes and microbiome; skin tape strips to measure proteins, lipids,
metabolites, and gene expression; skin swabs to measure micro-
biome; stool tomeasure microbiome; urine to characterize metab-
olite levels; and vaginal swabs to characterize microbiome. Omic
assays will address discovery-oriented hypotheses and yield data
for system biology analyses designed to identify mechanisms and
biomarkers of allergy development.
Stability studies
To optimize the management of biosamples that are being

longitudinally collected and banked for SunBEAm, stability studies
were initiated before the start of SunBEAm’s biosample collection.
Blood and skin tape biosampleswere collected from an independent

http://www.jaci-global.org
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TABLE IV. Biosample collection

Sample type Maternal samples

Paternal

samples Child samples Collection and processing details

Storage

condition

Venous blood At enrollment and 2

months

At enrollment At 2 months,* 5 months,

12 months,

24 months, and 36 months

Collected in lavender-top tubes with EDTA. Plasma

for serology, metabolomics, and proteomics, fixed

whole blood cells for cytometry, and whole blood

cells for RNA and DNA extraction (subject to blood

volume collected and time from collection to

processing) are stored frozen at 2808C after each

collection and batch shipped frozen to

biorepositories. PBMCs are processed and

cryopreserved by the biorepository from whole blood

shipped overnight at RT.

2808C

Cord blood At birth Collected by needle from vein in cord, transferred

into EDTA tubes, and transported to processing

laboratory at RT. If processed within 6 hours of

collection, plasma for serology, metabolomics, and

proteomics, fixed whole blood cells for cytometry,

and whole blood for RNA and DNA extraction

(subject to blood volume collected) are stored frozen

at 2808C and batch shipped to the biorepositories.

PBMCs are processed and cryopreserved by the

biorepository from whole blood shipped overnight at

RT. For blood processed more than 6 hours after

collection, plasma for serology and whole blood for

DNA extraction are stored frozen at 2808C and

whole blood is shipped at RT to the biorepository for

PBMC and plasma collection.

2808C

Breast milk Up to 3 times during

child’s first year

Collected by hand expression (preferred) or breast

milk pump into a sterile container. May be frozen at

home before return to clinic. Batch shipped frozen to

the biorepository.

2808C

Scalp hair At enrollment At each clinic visit Cut hair is stored at RT and batch shipped at RT to the

biorepository.

RT

Home dust In prenatal period Between 2 and 5 months,

and

at 12, 24, and 36 months

Collected using a DUSTREAM collector at the end

of a vacuum cleaner hose. A seat cushion in the living

room and a 1 m2 floor area in the living room is each

vacuumed for 1 minute. The capped dust collector is

then mailed to the study site at RT, stored at 2808C,
and shipped to the biorepository on dry ice.

2808C

Home water Between 2 and 5 months Hot tap water is collected in provided tube after

allowing water to run for 30 seconds. Tube is returned

to study site at RT, where the MQuant carbonate

hardness test is performed.

Not

stored

Nasal

secretion

sample

At each clinic visit Mucosal lining fluid is sampled on strips of filter

paper (fibrous hydroxylated polyester sheets) with the

single-use Nasosorption FX-I device. A filter pad is

inserted in the nostril, placed at the anterior part of

the inferior turbinate, and left in place for 20 seconds;

the device is then returned to a storage tube. Tubes

are stored at 2808C and shipped frozen to the

biorepository.

2808C

Nasal swab 1 at enrollment 1 at

enrollment

1 at each clinic visit An absorbent swab (HydraFlock sterile swab) is

inserted into one nostril, rotated gently against the

nasal mucosa, and then withdrawn; the procedure

repeated in the other nostril. The swab is inserted into

a DNA/RNA Shield collection tube. Tubes are stored

at 2808C and batch shipped frozen to the

biorepository.

2808C

Saliva At each clinic visit Saliva is collected by swabbing inside the child’s

cheeks with a collection swab (SalivaBio). Saliva is

recovered via swab centrifugation and transferred

into cryovials. Vials are stored at 2808C and batch

shipped frozen to the biorepository.

2808C

(Continued)
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TABLE IV. (Continued)

Sample type Maternal samples

Paternal

samples Child samples Collection and processing details

Storage

condition

Skin tapes At enrollment and at 2

months

At enrollment At 1-2 days and at

each clinic visit

A strip of sterile medical tape (D-SQAME) is applied

to an area of the skin with light pressure, then slowly

removed and applied to a cardboard card for storage.

For adults, tape strips are collected from an adjacent

site on the same anterior forearm as the skin swabs.

For children, tape strips are collected from the

opposite cheek and anterior forearm as the skin

swabs. For children, lesional tape strips may be

collected and the primary site adjusted. Cardboard

cards are stored at2808C and batch shipped frozen to

a specified laboratory for processing for RNA,

proteins, lipids, and metabolites.

2808C

Skin swabs At enrollment and 2

months

At enrollment At 1-2 days and every

clinic visit.

Skin swabs are collected using Puritan 20MM

HydraFlock sterile swabs. Study staff swab an area of

skin with a moistened swab near the area to be skin

taped as follows:

d Swab 1: Environmental control.

d Swabs 2 and 3: Anterior forearm (for DNA/RNA

extraction).

d Swab 4: Anterior forearm (for bacterial culture).

d Swabs 5 and 6: Cheek (for DNA/RNA extraction;

children only).

d Swab 7: Cheek (for bacterial culture; children only).

d Swabs 8 and 9 (optional): AD lesion (for DNA/RNA

extraction; children only)

d Swab 10 (optional): AD lesion (for bacterial culture;

children only).

Swabs are placed into prepared cryovials, stored at

2808C, and batch shipped frozen to the biorepository.

2808C

Stool 1 sample in prenatal

period; 1 sample at 2

months

1 sample at

enrollment

1 meconium/stool sample

in first 2 days of life; 1

sample at 1-2 weeks and at

1, 2, 5, 9, 12, 24, and 36

months

Mother and father collect their own stool. For the

child, stool is collected from the diaper or a collection

device in the toilet. One scoop of stool is placed into

each of 2 Zymo DNA/RNA Shield fecal collection

tubes. Tubes are stored frozen at 2808C and batch

shipped frozen to the biorepository.

2808C

Urine At enrollment and at 2

months

At each clinic visit For the child, urine is collected using a urine

collection bag in the diaper or a urine collection

device on the toilet. Urine is transferred into prepared

cryovials, stored at 2808C, and batch shipped frozen

to the biorepository.

2808C

Vaginal swabs 1 sample in the

prenatal period

Pregnant participants self-collect a vaginal swab and

place it into a DNA/RNA Shield collection tube.

Tubes are stored at 2808C and batch shipped frozen

to the biorepository.

2808C

Additional study assessments are described in Table V, with additional information about timing provided in the schedules of events for the mother, father, and child in Tables E4,

E5, and E6, respectively. PBMC, Peripheral blood mononuclear cell; RT, room temperature.

*A heel stick may be conducted if venipuncture is not successful.
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sample of participants and stored, shipped, and processed under
different conditions and over varying durations of storage time to
assess the stability of biosamples for anticipated assay modalities
within SunBEAm, including immune profiling and selected omic
assays. Antibody panels were also developed, and staining
conditions were tested to optimize immune profiling protocols.
Study governance
Decisions regarding the use of study data and biosamples will

include input from the SunBEAm Steering Group, and final
decisions are made in a cooperative manner with NIAID. The
SunBEAm Steering Group, comprising the protocol chairs, the
SunBEAm site investigators, the SunBEAm Analysis and Bioin-
formatics Center, Division of Allergy, Immunology and Trans-
plantation/NIAID Statistical and Clinical Coordinating lead staff, a
representative from the Immune Tolerance Network, and NIAID
project scientists, is organized to review SunBEAm activities and
to provide recommendations for study design, data and biosample
collection, assays, and analyses. The SunBEAm Analysis and
Bioinformatics Center is funded by an independent NIAID
cooperative agreement grant and serves as SunBEAm’s center
for assays, analyses, data integration, and system biology efforts.
Projects seeking to generate data from SunBEAm biosamples will
coordinate their activities with the SunBEAm Analysis and
Bioinformatics Center.



TABLE V. Assessments

Assessment type Details

Height (or length) and

weight

Study staff measure the mother’s height and weight at enrollment and at the 2- and 12-month clinic visits; the father’s at

enrollment; and the child’s at each clinic visit. If the father does not come for a clinic visit, the information may be collected by

questionnaire.

Allergen SPT In children only, study staff conduct allergy SPT to food allergens at the 5-, 12-, 24-, and 36-month visits and to aeroallergens at

the 12-, 24-, and 36-month visits.*

OFC Starting at age 5 months, allergy to protocol-specified foods is assessed at each clinic visit. Open, graded OFCs are conducted

when indicated by the FA algorithm.� Some combinations of food exposure history, symptomology, and SPT wheal size or

specific IgE concentration require an OFC to determine allergy status, whereas other combinations do not. Large clinic visit

windows are provided to accommodate multiple OFCs for a given child. If an OFC is indicated, before the first OFC, the

mother or legal guardian will provide written informed consent.

SCORAD and EASI Study staff conducts a visual assessment of the child’s skin at every clinic visit. AD is scored by SCORAD and EASI at each

clinic visit.

TEWL Study staff measure TEWL on the mother’s skin at enrollment and at the child’s 2-month visit; on the father’s skin at

enrollment; and on the child’s skin at 1-2 days after birth (or during the first 7 days at a home visit, an unscheduled study visit,

or a pediatrician visit if not collected before hospital discharge) and at every clinic visit. TEWL is measured with a GPSkin Pro

device.

Addendum guidelines

counseling

Study staff counsel parents at the 2-month visit on the Addendum Guidelines for the Prevention of Peanut Allergy35 and offer

the option of the child receiving a guidelines-based assessment and recommendation at any time between ages 4 and 6 months.

The 61-month window for the 5-month visit provides for a guidelines-based assessment between ages 4 and 6 months.

EASI, Eczema Area and Severity Index; OFC, oral food challenge; SCORAD, Severity Scoring of Atopic Dermatitis; TEWL, transepidermal water loss.

*Allergens to be tested are listed in the footnotes of Table E6.

�The FA algorithm is described in the Methods and Figs E1 and E2 in the Online Repository.
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Analysis plan
Associations between exposures (which includes risk factors

and predictors) and primary, secondary, and exploratory clinical
end points will be investigated in either the full cohort or the case–
cohort population with bivariate and multivariate statistical
techniques. Analyses will include, but will not be limited to,
standard statistical techniques such as the following:

d Chi-square and t tests for categorical and continuous data,
respectively.

d Logistic regression for dichotomous outcomes, such as pea-
nut allergy by age 12 month (yes or no).

d Ordinal or multinomial logistic regression for categorical
outcomes, such as AD by age 12 months categorized as se-
vere, moderate, mild, or none.

d Linear regression for continuous outcomes, such as SPT
wheal sizes or IgE concentrations.

d Poisson regression for end points that are counts, such as
number of food allergies or number of positive SPTs.

d Cox regression for time-to-event analyses, such as diag-
nosis of shellfish allergy by age 36 months.

d Mixed linear models for multilevel, longitudinal, or corre-
lated data.

d Nested case–cohort design.

Because of the high cost of analyzing biological and environ-
mental samples for the entire cohort, some samples will be
collected, processed, and stored for later analysis.Many questions
of interest that involve associations between a disease outcome
and information derived from samples can be investigated with a
nested case–control design in which stored samples are analyzed
only for disease cases and selected controls. This design can result
in substantial cost savings to the study; however, a significant
limitation of the nested case–control design is that it requires the
selection of a separate control group for each disease under study,
and this study has multiple disease end points. To overcome this
limitation, SunBEAm will utilize a case–cohort design that will
provide a common control group across multiple case–control
analyses and reduce the number of samples that have to be
assayed. The design was first described in 1986 by Prentice,36 and
since then, it has become a standard design in prospective cohort
studies. Twenty percent of study participants will be randomly
enrolled onto the subcohort without respect to their disease
outcome. For the analysis of a given disease, such as AD, all cases
will be identified and selected from the entire birth cohort (inside
and outside the subcohort); however, noncases will only be
selected from inside the subcohort. Thus, the sample size for
the analysis (ie, the case–cohort sample) will be the number of
participants in the subcohort (which will consist of cases and non-
cases) plus all cases that arise outside of the subcohort. For
selected analyses, only samples collected from the subcohort
and the cases that arise outside of the subcohort have to be as-
sayed. This subcohort can be utilized for the investigation of
any number of disease outcomes.

Although it is anticipated that the case–cohort design will be
used for most investigations involving stored samples, a nested
case–control designmay be utilized for a given investigation if the
situation warrants. Decisions about which study questions will be
investigated with the full cohort, a case–cohort sample, or a
nested case–control samplewill bemade throughout the life of the
study and will be dependent on resources available, assay costs,
suitability of samples for storage, time to complete assays, and
statistical considerations. Various weighting methods have been
proposed to make results for the case–cohort sample representa-
tive of the full cohort.36-39 At the time of the analysis, the lead
statistician and scientist will make recommendations to the Sun-
BEAm Steering Group on a weighting method. Sensitivity ana-
lyses may be conducted to evaluate the effects of the different
weighting methods. A variety of statistical, mathematical, and
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modeling approaches will be used for systems biology analyses,
including network models, machine learning, and causal
inference.30,33,40,41
Sample size considerations
Sample size of full cohort. The sample size for a prospec-

tive cohort design is a function of the desired statistical power and
the proportion of participants in the study samplewith the exposure
(or risk factor or predictor) of interest. Sample size is optimized at a
risk factor proportion of 0.50 (ie, 1:1). Sample sizes increase
sharply at risk factor proportions of <0.30 and >0.70. The overall
risk of disease in the study sample was also considered; less
prevalent diseases require a larger sample size. For example,
investigations of FA questionswill require a larger sample size than
investigations of AD. The size of the relative risk was also taken
into account; smaller relative risks require larger sample sizes.

The accrual objective is to enroll at least 2500 pregnant women
and their offspring. Fig E3 in the Online Repository at www.jaci-
global.org shows power curves for 8 disease prevalences at 3
different cohort sizes. The tables embedded within the panels
show the minimum exposure prevalences that can be investigated
at 80%power. For a sample size of 2500, a prevalence of FA of 6%
(the clinical end point with the lowest risk), a relative risk of 2.0,
and a 20% dropout rate, the study could investigate exposures
with a prevalence as low as 9.4% at 80% power. It is important
to note that for exposures that are rarer than 9.4%, the study
will not have sufficient power to find statistically significant asso-
ciations unless the relative risks are greater than 2.0 or the sample
size is increased.

Sample size of subcohorts. As above, the subcohort is
used for case–cohort analyses when the cost of analyzing all
subjects is prohibitive. Fig E4 in the Online Repository at www.
jaci-global.org shows power curves for 8 disease prevalences at
3 subcohort sizes. The tables embedded within the panels show
the minimum risk factor proportion that can be investigated at
80% power. Sample size selection for the subcohort is a compro-
mise between a smaller sample size that minimizes the number of
biological samples that have to be assayed in a case–cohort anal-
ysis and a larger sample size that allows for the investigation of
rare exposures among rare diseases. For this study, a subcohort
sample size of 500 was selected because it allows for investiga-
tions of exposures with the smallest proportions among the 3 sam-
ple size examples while staying within budgetary constraints for
conducting sample assays. A subcohort size larger than 500 (not
shown) does not provide sufficient gains in power to offset the
additional assays that would be required. We note that analyses
using the full cohort of 2500 will have greater statistical power
than analyses using the case–cohort design. For example, for
the full cohort of 2500 and a disease prevalence of 6%, the min-
imum risk factor proportion that can be investigated at a relative
risk of 2.0 and 80% power is 0.094, compared to 0.158 for a case–
cohort analysis based on a subcohort of 500.
Summary
The SunBEAm birth cohort is a large-scale effort to understand

the mechanisms of early life AD and FA and to identify risk
factors that can be used with the ultimate goal of preventing these
diseases. The comprehensive clinical phenotyping combinedwith
the collection of multiple simultaneous biosamples allows for a
systems biology approach to these diseases. The collection and
storage of these biosamples for future use will provide an
invaluable resource to the scientific community to explore the
contribution of environmental factors and biological processes to
the development of these diseases.
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