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Population-based birth cohorts on asthma and allergies
increasingly provide new insights into the development and
natural history of the diseases. More than 130 birth cohorts
focusing on asthma and allergy have been initiated in the last
30 years. A National Institute of Allergy and Infectious
Diseases; National Heart, Lung, and Blood Institute;
Mechanisms of the Development of Allergy (MeDALL;
Framework Programme 7 of the European Commission) joint
workshop was held in Bethesda, Maryland, on September 11-12,
2012, with 3 objectives: (1) documenting the knowledge that
asthma/allergy birth cohorts have provided, (2) identifying the
knowledge gaps and inconsistencies, and (3) developing
strategies for moving forward, including potential new study
designs and the harmonization of existing asthma birth cohort
data. The meeting was organized around the presentations of 5
distinct workgroups: (1) clinical phenotypes, (2) risk factors, (3)
immune development of asthma and allergy, (4) pulmonary
development, and (5) harmonization of existing birth cohorts.
This article presents the workgroup reports and provides Web
links (AsthmaBirthCohorts.niaid.nih.gov or www.medall-fp7.eu),
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Asthma and allergic diseases commonly appear during infancy
and tend to persist until adult life, and thus birth cohort studies
help in understanding their determinants and evolution. More
than 130 birth cohorts focusing on asthma and allergy have been
initiated in the last 30 years,1-3 and some have followed the
participants for more than 30 years.4,5

Work has begun to pool information across birth cohorts.3 An
Asthma Birth Cohort Workshop was held in Bethesda, Maryland,
Institute of Occupational Safety and Health; has consultant arrangements from

Merck, Genentech, and Teva; and has received payment for lectures from Merck.

M. D. Cabana has consultant arrangements with Mead Johnson and Abbott

Nutrition and has received research support from Nestec and Wyeth Nutrition.

M. Castro has received research support from the NIH, Asthmatx/Boston

Scientific, Amgen, Ception/Cephalon/Teva, Genentech, MedImmune, Merck,

Novartis, GlaxoSmithKline, Sanofi Aventis, Vectura, Next Bio, and KaloBios;

has consultant arrangements with Asthmatx/Boston Scientific, Genentech, IPS

Holaira, Pulmagen, and Sanofi-Aventis; has received payment for lectures

from Merck, GlaxoSmithKline, Genentech, Asthmatx/Boston Scientific, and

Boehringer Ingelheim; and has received royalties from Elsevier. P. J. Cooper is

employed by the Liverpool School of Tropical Medicine and has received research

support from the Wellcome Trust UK. D. R. Gold has received research support

from and is employed by the NIH and the US Environmental Protection Agency.

J. Henderson has received research support from the Medical Research

Council UK and Wellcome Trust and has received travel support from the NIH.

D. J. Jackson has received research support from the NHLBI and has consultant

arrangements with GlaxoSmithKline and Genentech. T. Keil has received

research support from the European Union and is employed by Charite Berlin.

K. Lodrup-Carlsen has received research support from RegionHealth Southeast,

ThermoFisher Scientific, Furst Medical Laboratory, Regional Health Board East

(Norway), Health and Rehabilitation (Norway), and the Norwegian Research

Council and has received travel support from EU-FP7 MeDALL. W. J. Morgan

has consultant arrangements with Genentech and the Cystic Fibrosis Foundation

and is employed by the University of Arizona; has received research support

from the Cystic Fibrosis Foundation, Mount Sinai Hospital/Research Institute,

and the NHLBI; has received payment for lectures from the AAAAI and the

American Thoracic Society; and has received royalties from Elsevier.

D. R. Ownby has received research support from the National Institute of Allergy

and Infectious Disease. M. R. Sears has consultant arrangements with

AstraZeneca and Novartis and has received payment for lectures from

AstraZeneca and Merck. A. Simpson has received research support from the

Medical Research Council. R. Valenta has received research support from and

has consultant arrangements with Biomay AG and ThermoFisher. S. T. Weiss

has consultant arrangements with Novartis. R. Wood has consultant arrangements

with the Asthma and Allergy Foundation of America, is employed by Johns

Hopkins University, has received research support from the NIH, and has received

royalties from UpToDate. A. L. Wright has received research support from

the NIH. The rest of the authors declare that they have no relevant conflicts of in-

terest.

Received for publication November 1, 2013; revised January 16, 2014; accepted for

publication January 21, 2014.

Corresponding author: Jean Bousquet, MD, Centre Hospitalier Montpellier, 34295

Montpellier, Cedex 05, France. E-mail: jean.bousquet@inserm.fr.

0091-6749

http://dx.doi.org/10.1016/j.jaci.2014.01.018

http://AsthmaBirthCohorts.niaid.nih.gov
http://www.medall-fp7.eu
http://dx.doi.org/10.1016/j.jaci.2014.01.018


J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

BOUSQUET ET AL 3
Abbreviations used
AHR: A
irway hyperresponsiveness
ECA: E
nvironment and Childhood Asthma
FP6: F
ramework Program for Research and Technological

Development 6
FP7: F
ramework Program for Research and Technological

Development 7
GA2LEN: G
lobal Allergy and Asthma European Network
GINIplus: G
erman Infant Nutrition Intervention plus environmental

and genetic influences on allergy development
LCI: L
ung clearance index
MAS: M
ulti-centre Allergy Study
MeDALL: M
echanisms of the Development of Allergy
NHLBI: N
ational Heart, Lung, and Blood Institute
NIAID: N
ational Institute of Allergy and Infectious Diseases
on September 11-12, 2012, to further improve our understanding
of existing asthma birth cohorts. The meeting was jointly
sponsored by the National Institute of Allergy and Infectious
Disease (NIAID) and the National Heart, Lung, and Blood
Institute (NHLBI) of the National Institutes of Health and
Mechanisms of the Development of Allergy (MeDALL; Frame-
work Program for Research and Technological Development 7
[FP7], European Commission). The workshop allowed epidemi-
ologic, clinical, and laboratory researchers conducting research
on asthma and other allergic diseases in birth cohorts to meet in
order to address a wide research agenda. Representatives from
major birth cohorts on asthma and allergies from North America,
Europe, Asia, and Australasia attended.

The workshop had the objectives of (1) documenting the
knowledge that asthma/allergy birth cohorts have provided, (2)
identifying the knowledge gaps and inconsistencies, and (3)
developing strategies for moving forward, including potential
new study designs and the harmonization of existing birth cohort
data.

The meeting was organized around the presentations of 5
distinct workgroups, 4 of which were charged with reviewing
available birth cohort data and preparing a presentation of results
and knowledge gaps in the preidentified topics of asthma
phenotypes, risk factors, immune development, and pulmonary
development. The fifth workgroup worked to identify approaches
for data pooling and harmonization (Table I). Before the meeting,
investigators from birth cohorts in North America, Europe, Asia,
and Australasia were sent a questionnaire to report their findings
to date relevant to the workgroups (Table II). The workgroups
used this information along with extant literature and expertise
as the basis for their reports. The draft reports were presented
and discussed at the meeting.

This article contains the final reports incorporating input
obtained from the meeting attendees. Additional information
gathered as part of the workshop is available at the National
Institute of Allergy and Infectious Disease (AsthmaBirthCohorts.
niaid.nih.gov) and MeDALL (www.medall-fp7.eu) Web sites. At
these sites, the reader will find the characteristics of the birth
cohorts included in this report, the types of data collected at
differing ages, and a selected bibliography provided by the
participating birth cohorts. The database allows the user to search
for data collected across cohorts. The database will be updated as
more cohorts are identified.
WORKGROUP 1: CLINICAL PHENOTYPES (GROUP

MEMBERSHIP: TABLE I)

Current definition and classification of childhood

wheezing/asthma and allergic diseases
Birth cohort studies have been a highly productive source of

knowledge about the characteristics of asthma phenotypes in
childhood because of their unique longitudinal nature.

Studies in asthma have often used definitions developed by the
International Study of Asthma and Allergies in Childhood
(ISAAC)6 and partly adopted by the European birth cohort
collaborations Global Allergy and Asthma European Network
(GA2LEN)7 and MeDALL,8,9 particularly physician-diagnosed
asthma. In some studies, definitions have combined symptoms
andmarkers, such as lung function and airwayhyperresponsiveness
(AHR), to improve their validity.10 Commonly, symptoms were
combinedwith IgEmeasurement to stratify allergic and nonallergic
subjects. Other approaches have included health care data using
record linkage and with response to treatment (inhaled steroids)
as a diagnostic criterion. Few cohorts have studied asthma severity
or other specific phenotypes, such as exercise-induced asthma,
cough, and difficulty in breathing.Most longitudinal studies in asth-
matic patients have adopted the wheezing phenotype definitions
described in theTucsonbirth cohort (UnitedStates).11The etiologic
classification of wheezing (episodic viral wheeze and multitrigger
wheeze12) has been used less often. An alternative approach has
used scoring systems, such as the Asthma Predictive Index,13 or
qualitative categories (eg, definite, probable, and possible asthma).

For rhinitis, the term allergic is restricted to symptoms with
demonstrable IgE sensitization (skin tests, serum-specific IgE
measurements, or both). Either atopic dermatitis or atopic eczema
is reported in the majority of birth cohorts, but definitions vary.

Unsupervised statistical techniques, such as latent class or
cluster analyses, were used to identify and define asthma
phenotypes.8,9,14 Using latent class analysis in the Avon Longitu-
dinal Study of Parents and Children (ALSPAC; United Kingdom)
and Prevention and Incidence of Asthma and Mite Allergy–
Natural History Study (PIAMA; The Netherlands), wheezing
patterns were in agreement with the Tucson classification.11,15,16

The Manchester Asthma and Allergy Study (MAAS; United
Kingdom) used another unsupervised approach to describe
multiple longitudinal patterns of sensitization.17 This is an area
of growing interest, and many cohorts are part of MeDALL,8,9

which is applying both hypothesis-driven and data-driven
(unsupervised) techniques to redefine asthma and allergic
phenotypes.9
The contribution of birth cohort studies to

understanding asthma and allergy phenotypes
In the Tucson birth cohorts, late-onset and persistent wheezing,

together with AHR and low airway function during childhood, are
predictors of new asthma in young adulthood.18 Reduced lung
function at birth is associated with an increased risk of asthma
by age 10 years and with a low respiratory function at the age
of 22 years.19,20 Lung function patterns have been studied in the
Perth Infant Asthma Follow-up (PIAF) study (Australia), but
the lung function impairment in children with transient wheeze
was not replicated.21

TheMulti-centre Allergy Study (MAS; Germany) did not show
that exposure to inhaled allergens was a causal determinant of

http://AsthmaBirthCohorts.niaid.nih.gov
http://AsthmaBirthCohorts.niaid.nih.gov
http://www.medall-fp7.eu


TABLE I. Participants in workgroup

Clinical Phenotypes Asthma Risk Factors

Chair: Fernando D. Martinez, MD

Co-Chair: Josep M. Anto, MD, PhD
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John Henderson, MD

Allan Becker, MD
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Robert Wood, MD
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MD, MSc

Co-Chair: Robert F. Lemanske,

Jr, MD
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Immune Development Pulmonary Development
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asthma,22 a finding confirmed by other studies. However, inMAS,
sensitization to inhaled allergens and persistence of sensitization
during childhood were associated with persistence of wheezing at
school age.23 MAS showed that children with nonallergic
wheezing are more likely to lose their symptoms and have normal
lung function at puberty.23 In MAS, allergic rhinitis in preschool
children is a predictor for subsequent wheezing onset.24 In the
Childhood Asthma Prevention Study (CAPS; United States),
children with atopic eczema were more likely to have a history
of food allergies, allergic rhinitis, and current wheeze.25

A substantial degree of asthma, rhinitis, and eczema comorbidity
was observed in the Environment and Childhood Asthma (ECA)
study (Norway) and Barn (Children), Allergy,Milieu, Stockholm,
Epidemiological Study (BAMSE; Sweden).26,27

Pediatricians are frequently asked to predict the future course
of wheezing and asthma in individual subjects. However,
determining prognosis in an individual patient is difficult.28 The
Asthma Predictive Index13 is effective for groups of subjects
and has been proposed for individual subjects.29 In the ECA
study, combining IgE levels to inhalant allergens and severity of
airways obstruction at 2 years was superior in predicting asthma
at 10 years than the use of either factor alone.30 However, current
prediction algorithms aiming to identify individual preschool
children having asthma at school age are still of modest diagnostic
value.31
Unmet needs
There is no consistent evidence that clinical phenotypes

correspond to genuine biological entities that reflect specific
interactions between genes and the environment. These
phenotypes could eventually reflect a continuum of states rather
than discrete entities. Exploration of new phenotypes could
eventually result in a refined classification of phenotypes that
more closely reflects the relevant pathogenic mechanisms. The
interplay among asthma, rhinitis, and eczema is still poorly
understood. Current asthma phenotypes are not amenable to
primary prevention, and their natural history cannot be reliably
predicted. There is a need to consider alternative research
approaches, including the use of unsupervised statistical
techniques with available data, as well as integrative systems
biology. Some initiatives, such as MeDALL,8,9 combine both
approaches.

Research priorities
Broadly, research priorities could be classified into 3 groups

(Table III):

1. Better characterization of phenotypes, including (1) a
unique agreed-upon classification of asthma that can be
applied to research, diagnosis, and treatment; (2) a better
understanding of the interplay between asthma and allergy;
(3) how allergic phenotypes interrelate across the life cy-
cle; and (4) whether extreme phenotypes can be defined.8,9

2. Natural history and its determinants. There is a well-
established relationship between lung function impairment
and chronic wheezing and asthma. However, links to new-
onset and chronic asthma in adults and to chronic obstruc-
tive pulmonary disease are of great interest but require
more data.32 Another relevant aspect concerns risk stratifi-
cation and risk prediction because current models lack suf-
ficient accuracy to be of clinical use at the individual level.

3. Pathogenesis. Understanding the mechanisms of asthma
and allergies from early life to old age (across the life cy-
cle) is an important requirement for a better understanding
of phenotypes and their natural history (ie, expression,
progression, and remission). There is a close interaction
between clinical and epidemiologic research.

WORKGROUP 2: ASTHMA RISK FACTORS (GROUP

MEMBERSHIP: TABLE I)

The contribution of birth cohort studies to

understanding risk and protective factors
Numerous environmental determinants have been assessed in

birth cohorts: exposure to environmental tobacco smoke, ambient
air pollution, and indoor factors, such as household chemicals,
molds, and water damage. Environment plays a role during



TABLE II. Request for information sent to birth cohorts before the meeting

Clinical Phenotypes Workgroup

1. Which are the main asthma phenotypes you have identified in your birth cohort? Please provide a definition of these phenotypes.

2. Which are the more relevant new findings you have published so far about the asthma phenotypes in your cohort? Please mention up to 5 findings (each)

about these phenotypes/risk factors.

3. Has your birth cohort contributed to any relevant methodological development in regard to phenotypes? Please specify.

4. Which are the main priority areas for future research in birth cohorts regarding asthma phenotypes?

Asthma Risk Factors Workgroup

1. Which are the more relevant new findings you have published so far about the risk factors for asthma in your cohort? Please mention up to 5 findings

(each) about these risk factors.

2. Has your birth cohort contributed to any relevant methodological development in regard to risk factors? Please specify.

3. Which are the main priority areas for future research in birth cohorts regarding asthma risk factors?

Immune Development Workgroup

1. Which are the main immunologic outcomes you have measured in your birth cohort and at what ages?

2. Which are the more relevant new findings you have published so far about immune development in your cohort? Please mention relationships to

wheezing, asthma, and allergic sensitization.

3. Has your birth cohort contributed to any relevant methodological development for immune assessments? Please specify.

4. Which are the main priority areas for future research in birth cohorts regarding immune development and asthma? Include suggestions related to

technologic advances and study designs.

Pulmonary Development Workgroup

1. What pulmonary outcomes have you included in your birth cohort and at what ages?

2. Which are the more relevant new findings you have published so far about the pulmonary development in your cohort?

3. Has your birth cohort contributed to any relevant methodological development in regard to pulmonary development? Please specify.

4. Which are the main priority areas for future research in birth cohorts regarding pulmonary development?

Networking and Harmonization Workgroup

1. Harmonization efforts to date (current MeDALL focus on phenotypes)

2. Future harmonization efforts

3. Develop a harmonized questionnaire for the comparability of existing birth cohort studies
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pregnancy and across the life cycle.33 Early animal exposure,
such as keeping a dog, might be protective,34-36 but a meta-
analysis37 showed no overall protection with pet exposure.
Consistent protective associations were reported for growing
up in a farming environment,35 whereas consistent adverse
associations were found for living in homes with visible mold.1

Some gene-environment interactions have been detected.
For example, in the Isle of Wight cohort (United Kingdom), an
interaction between maternal smoking during pregnancy and
regions of the IL13 gene (single nucleotide polymorphism
rs20541) was reported in patients with persistent childhood
asthma.38 In the Cincinnati Childhood Allergy and Air Pollution
Study (CCAAPS; United States), an association between traffic
exposure and persistent wheezing during childhood was modified
by endotoxin exposure.39

Lifestyle has been studied in many cohorts, such as day care,
parental smoking, parental stress, and psychosocial factors;
dietary factors, such as maternal allergen intake, vitamin D and
antioxidant ingestion in pregnancy, breast-feeding, hydrolyzed
formula feeding, bottle-feeding in bed, introduction of solids, and
fish intake; introduction of probiotics; and obesity. In the Asthma
Coalition on Community, Environment, and Social Stress
(ACCESS), independent effects of prenatal and postnatal
maternal stress on repeated wheeze risk were found in children
followed to age 2 years.40 In the Project Viva cohort (United
States), a greater risk for recurrent wheeze at age 2 to 3 years
was predicted by lower birth weight, greater increase in weight
for length in the first 6 months of life, and adiposity.41 In the
combined German Infant Nutrition Intervention plus Environ-
mental and Genetic Influences on Allergy Development
(GINIplus) and Influences of Lifestyle-Related Factors on the
Immune System and the Development of Allergies in Childhood
plus Air Pollution and Genetics (LISAplus) cohorts (Germany),
rapid weight gain velocity was associated with an increased risk
for asthma until age 10 years.42 This finding was replicated by
using data from 8 European birth cohorts.43

Viral or bacterial diseases and infections might be a risk or a
protective factor for wheeze, asthma, and allergic diseases.44

Particular attention has been given to respiratory syncytial virus
and human rhinovirus infections. In the Childhood Origins of
Asthma study (COAST; United States), human rhinovirus
wheezing in the first 3 years of life was a highly significant
risk factor for the development of asthma,45 and this risk was
significantly increased based on genetic variation at the 17q21
locus.46 Allergic sensitization further enhanced this risk,45 but
interestingly, this increase in risk was independent of genetic
variation at the 17q21 locus. Endotoxin might be a biomarker
for complex microbial exposures. High home endotoxin levels
protect against allergic sensitization in farm and urban settings,
whereas in urban settings (Epidemiology of Home Allergens and
Asthma; United States), endotoxin increased early wheeze
risk.47,48 The microbiome in the gastrointestinal tract, respira-
tory tract, skin, and environment has received much attention,
but data from cohort studies are very few and mostly relate
to the gut microbiome and the development of atopic
dermatitis.49-52
Unmet needs
The prospective design of birth cohort studies allows the

investigation of the temporal relation between environmental
exposures and the new onset of disease. Exposures occurring
before the inception of disease suggest causal factors. The trans-
lation of these findings to primary and secondary prevention is a



TABLE III. Research priorities of clinical phenotypes

workgroup

Better characterization of clinical phenotypes

Allergic vs nonallergic phenotypes

Comorbidity of allergic phenotypes

Unsupervised phenotyping (using cluster analysis, latent class analysis,

and other methods)

Environment-induced phenotypes (eg, air pollution and low chemical dose)

Risk factors of severity and difficult-to-treat wheezing

Stratified medicine approach in asthma

Evolution and validation of new phenotypes

Sex, race, and genetics as phenotypic determinants

Computational models for complex data/multifactorial assessment of risk

factors

Natural history and its determinants

Long-term patterns of airflow limitation from early life to late adulthood

and chronic obstructive pulmonary disease

Role of lung function in assessing phenotypes

Risk prediction and severity scores

Natural history (eg, puberty, sex, race/ethnicity, and minorities)

Influence of antenatal and in utero risk factors on phenotypes

Mechanisms of asthma and allergies

Genomic (genes and epigenetics) determinants

Overweight, obesity, growth, fat distribution, and related mechanisms

Biomarkers

Immunologic mechanisms and immunophenotyping

Vitamin D

Gut microbiome

Stress and neurophenotyping

Microbiome and its interactions with immunologic mechanisms
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major goal, and future studies should focus and interrogate factors
that are promising and amenable to prevention and intervention
trials. Birth cohort studies can ideally inform later trials by:

d investigating the relevant time windows of exposures
through repeated measurements starting in pregnancy;

d assessing the individual and cumulative dose of exposures
at these repeated time periods; and

d assessing the relevance and importance of various covari-
ates and context dependency (race, ethnicity, geography,
and age) of any observed risk and protective exposures.

Research priorities

1. Birth cohort studies that include biological measures can
investigate responses to environmental exposures (eg, im-
mune responses and gene-environment interactions).
Such inbuilt mechanistic aspects will help understand
whether risk and protection is limited to particular subpop-
ulations that might need to be targeted in subsequent
intervention trials.

2. In future and current (Canadian Healthy Infant
Longitudinal Development [CHILD] and Wayne County
Health, Environment, Allergy, and Asthma Longitudinal
Study) studies, the new technologies for exposure
assessment, such as high-throughput techniques for
microbial exposures on body surfaces and the environment
and the intrinsic ‘‘-omics’’ determinants, will create large
and complex data sets of interrelated measures of exposure
(‘‘exposome’’) and intrinsic determinants of disease (eg,
genome, metagenome, and transcriptome).
3. Novel statistical analytic techniques, such as unsupervised
approaches and systems biology, must be developed and
applied to the vast amount of collected data.
WORKGROUP 3: IMMUNE DEVELOPMENT (GROUP

MEMBERSHIP: TABLE I)

The contribution of birth cohort studies to

understand immune development
Immune responses at birth are related to risk factors for

wheezing, asthma, lower respiratory tract infection, allergic
sensitization, and atopic dermatitis in infancy. Even so,
reconciling birth cohort findings is hindered by the complexity
involved in immunologic predictors, their measurement, devel-
opmental changes, and uncertainties in outcomes definitions,
such as wheezing and asthma phenotypes, and differences in
methodology among investigators. Distinct immunologic
patterns are associated with different outcomes previously
considered collectively under the umbrella of atopy.53 This
complexity, along with technical limitations in the standardiza-
tion of assays, has presented a major challenge to understanding
the relationship between immune development and asthma.

A bias toward TH2 responses at birth is consistently associated
with subsequent IgE sensitization and wheezing. The purported
TH2 bias might be better described as generally low mononuclear
cell responses to mitogens and allergens, with a more pronounced
reduction in IFN-g responses. After birth, children with recurrent
wheezing might have enhanced TH1 responses, whereas TH2
responses remain a risk factor for asthma. Accordingly, early
sensitization to allergenic proteins indicates increased risk of
wheezing and asthma.54 This relationship is not dichotomous
and is influenced by quantitative and qualitative measurements
of allergic sensitization.17

Early patterns of immune development and allergic sensitiza-
tion influence the subsequent risk for wheezing and asthma.55

Prenatal and early postnatal factors modify early immune
development. These include but are not limited to family history,
race, season of birth, maternal smoking, mode of delivery, size at
birth, diet, bioactive environmental exposures, and day care.56,57

Studies in animal models and in infants and children suggest that
microbial effects can act on innate immunity and/or metabolic
pathways and subsequent sensitization to allergens, airway
responses to infections, and eventual asthma.

Environmental factors influence the epithelium and innate
immune elements to modify adaptive immunity, and these
mechanisms appear to be relevant to the development of airway
inflammation and asthma.58
Unmet needs
A number of technologic advances would facilitate future

research efforts in the immune development of asthma and
allergy.

d Many assays of innate and adaptive immune responses are
potentially useful but require optimization and standardiza-
tion. Examples include generalized measures of cellular
responses to innate and adaptive stimuli and especially
assays providing information about cell-specific responses.
For example, tetramer technology could enable the tracking
of T-cell responses in an organ-specific manner.59



TABLE IV. Reasons favoring harmonization of existing questionnaires and pooling of established and future birth cohorts

d Improving the assessment of the consistency of findings across various populations and facilitating research explaining heterogeneous results from analyses

of individual cohorts

d Achieving the statistical power needed to assess both genetic and environmental determinants and their interactions

d Assessing the life course of subgroups of allergic and asthmatic phenotypes, including economic burden and quality of life associated with rare but very

severe phenotypes

d Determining sex-specific differences across different cultures and regions

d Broadening the diversity of environmental exposures as represented in different geographic settings (dietary, inhalant, and socioeconomic factors)
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Standardized protocols, quality control checks, and pools of
standardized reagents are necessary first steps.

d Comprehensive systems biology approaches60 offer the
promise of providing unbiased insights into biologic
networks associated with asthma.61 Examples include
measurements of the lung and gut microbiome, gene
coexpression networks, epigenetic changes, metabolomic
approaches focusing on airway-derived fluids, and protein
and epitope mapping of allergen-specific IgE and IgG
responses. Data from studies using these technologies are
needed to gain a holistic understanding of environmental
effects on immune development and the development of
asthma.

d New technologies are needed to provide information about
lung immunity and asthma.62 Do upper airway responses,
which are easily accessible, provide an informative model
of immune changes in the lung in early life? Identification
of new biomarkers that reflect lung immune development
and airway inflammation is an important research objective.

d Development of integrative statistical methodology is
needed for data sets that are complex, voluminous, and
contain both immune measurements and a host of clinical
data. Statistical methods are needed to account for repeat
sampling and time and age effects and to distill huge data
sets from systems approaches into conceptual advances
that can be translated into novel therapeutic targets. Obser-
vational studies and systems biology approaches can
generate reams of data, but a lack of appropriate high-
throughput data processing methodology represents a
considerable bottleneck to progress.
Research priorities
Three specific areas of investigation relate to this central theme.

1. In-depth studies on the postnatal maturation of systemic
adaptive and innate immune function during early life are
required, incorporating (where feasible) both systems-level
and epigenetic analyses. These studies should include the
functions of a range of ‘‘orphan’’ cell populations that have
received limited attention in previous birth cohort studies.
These include but are not restricted to neutrophils, cytolytic
T cells, natural killer cells, dendritic cells, andT-cell receptor
excision circle (TREC)–positive recent thymic emigrants
that dominate the circulating neonatal T-cell compartment.
Studies should specifically analyze thematuration of respira-
tory mucosal immune function, as exemplified by secretory
IgA responses in saliva and nasal wash fluid. Both systemic
and local immunity in the airways should be broadened to
encompass situations in which the steady state is perturbed
by environmental challenges known to be associated with
asthma risk, as typified by viral respiratory tract infections.

2. Studies focusing on bidirectional interactions between the
microbiome and the host in relation to immune maturation
and asthma63 should be carried out at a holistic level and
encompass the 3major tissue compartments: gastrointestinal
tract, respiratory tract, and skin. The key questions relate to
colonization effects (qualitative/quantitative/kinetic) on
metabolic pathways and immunologic and clinical out-
comes, identification of specific bacteria within complex
exposures that are associatedwith beneficial effects,modula-
tion of acute viral respiratory tract infections on host immune
responses, modulatory effects of host immune responses on
microbiome components at baseline and during episodic
airways inflammation, and the subsequent development
and progression of asthma and related phenotypes.

3. Major underlying effects of sex on asthma risk might be
mediated partly by sex-related differences in immune
maturation that are poorly characterized. These effects
can manifest throughout childhood before, during, and
after puberty. Additional studies on sex-specific immune
development are needed.
WORKGROUP 4: PULMONARY DEVELOPMENT

(GROUP MEMBERSHIP: TABLE I)

Contribution of birth cohort studies to

understanding the effect of early lung function for

later allergic diseases
Low lung function in early life is associated with low function in

adulthood, an increased risk of wheeze in infancy and preschool
children, and an increased risk of asthma in childhood.20,21,64-66

Male sex andmaternal smoking during pregnancy increase the risks.
Reduced peak flow values have been found in preschool

children exposed to high traffic-related air pollution, supporting
findings in later childhood.67

The most predictive pulmonary function measurements are
those that assess expiratory flow at a given lung volume. Increased
AHR in infancy is associated with adverse respiratory outcomes
in early childhood, but this association might decrease with
increasing age.64,68
Methodology to assess early pulmonary function in

birth cohorts
Methods depend on the research question, ethical issues,

anticipated cohort size, and resources available because some
of the most informative tests are more expensive to perform and
require special expertise and sometimes sedation, and commer-
cial equipment is not always available.
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d The raised-volume forced expiration technique provides the
most reproducible and useful information on airway and
pulmonary function.69,70 Its comparability with forced
expiration measurements used later in childhood allows
better longitudinal comparisons. However, it usually
requires the infant to be asleep with sedation, and ethics
committees often require a pediatrician to be present. Further
studies are needed to determinewhether thevalues early in life
are influenced by increased airway tone or are secondary to
smaller-sized airway lumen or lower pulmonary elastic recoil.

d The tidal forced expiratory flow technique71 predicts
respiratory outcomes in several long-term studies20 and is
easier to perform than raised-volume forced expiration.

d Tidal breathing flow pattern assessments have the advan-
tage of being quicker to perform, do not require sedation,
and can be performed in both awake and sleeping babies.
Tidal breathing techniques would appear to be more subject
to variation in breathing patterns unrelated to underlying
airway and lung structure, but in practice, results derived
can provide similar future associations19 to those of forced
expiration. The ratios derived from tidal breathing patterns
predict respiratory outcomes.19

d Airway responsiveness assessments are more time
consuming to perform than baseline respiratory function
tests. Inhalation challenge with histamine and methacholine
in early life can predict respiratory outcomes in child-
hood,64,68 but the physiologic mechanisms that contribute
to AHR or the relationships with future outcomes are un-
known. Given the difficulties in matching agonist dose
for the size of the subject, comparisons between subjects
of very different sizes are best avoided, although for
cohorts reviewed at specific ages, valid longitudinal
comparisons can be made by evaluating ranked data.21

d Responses to b2-adrenergic agonists have not been measured
in neonatal cohort studies. In older infants, increased
bronchial tone can be present before any wheeze episodes,72

but bronchodilator response of infants with a history of
wheeze has been inconsistently associated with asthma
risk.73,74

d The forced oscillation technique is useful in preschool
children and can be performed with minimal cooperation
but is less applicable in children under 2 years of age.
When performed in birth cohort studies, reported
results are comparable with those obtained by using
spirometry.75,76

d The lung clearance index (LCI), providing information on
ventilation inhomogeneity in the lung, can be assessed by
using the multiple-breath inert gas washout technique
with tidal breathing. LCI has been used to detect airway
disease in infants with cystic fibrosis.77,78 LCI is being
evaluated in a neonatal cohort study of asthma, but results
are not yet available. However, LCI might be more useful
as a marker of disease than of airway or lung development.
Methodology to assess other related outcomes in

birth cohorts

d Fraction of exhaled nitric oxide has been assessed in many
birth cohorts. Although there have been some relationships
to wheezing early in life,79,80 levels might be more related
to IgE sensitization than to asthma.81 In addition, the online
and offline measurements used in infants might not
adequately approximate the standardized technique used
in older cooperative subjects.82,83

d Lung imaging has rapidly advanced in recent years.
High-resolution computed tomographic scans produce
excellent resolution with substantially lower radiation
exposures and scanning times short enough to avoid
general anesthesia.84 Magnetic resonance imaging can
assess lung growth and development in utero, as well as
extra utero without ionizing radiation.85,86 Further develop-
ment of both high-resolution computed tomography and
magnetic resonance imaging might allow pulmonary
assessment early in life for birth cohort studies. However,
imaging neonates during tidal breathing are limited to
only the first few airway generations in which quantitative
measurements of airway size and wall thickness can be
obtained, and, ideally, lung volume will need to be stan-
dardized by using the augmented-breath-hold technique,
which requires sedation.87,88

Unmet needs

d There is a need for the development of additional physio-
logic and imaging techniques to assess infants without
sedation and with or without minimal ionizing radiation.

d There is a need to integrate respiratory functional and struc-
tural assessment with immunologic, cellular, molecular,
and genetic information.

Research priorities

1. Premorbid pulmonary dysfunction occurs very early in life
and is associated with asthma symptoms in childhood;
however, trajectories and physiologic mechanisms for
different phenotypes are not well understood.

2. Pulmonary function assessments should be carried out as
part of future birth cohort studies when possible because
the contribution of initial pulmonary function to asthma-
related outcomes is needed when evaluating other risk
factors.

3. Systems biology studies using assessments of molecular
and cellular biology, genetics, proteomics, immunologic
responses, and the microbiome are needed to elucidate
the mechanisms that affect pulmonary development.

WORKGROUP 5: NETWORKING AND

HARMONIZATION (GROUP MEMBERSHIP: TABLE I)

Needs for harmonized birth cohorts
More than 130 birth cohorts with data on asthma and allergy

have been initiated in the world over the past 30 years. The timing
of the establishment of these cohorts is critical because they span
the time period of a dramatic increase in these diseases. The
information gathered is remarkable, but data are in isolated
independent databases. Although the assessment methods of the
studies vary, most cohorts were established and followed by using
rigorous methodology, and data are usually available in electronic
format. Most cohorts will follow children up to adulthood. Since
2004, several research initiatives funded under the European
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Union’s Framework Program for Research and Technological
Development 6 (FP6)–FP7 have attempted to identify, compare,
and evaluate pooling data from existing European birth cohorts
(GA2LEN7,89,90; Environmental Health Risks in European
Birth Cohorts, FP7 [ENRIECO]1,2; Developing a Child
Cohort Research Strategy for Europe, FP7 [CHICOS]2; and
MeDALL8,9). The growing networking capacity of birth cohort
studies needs to be expanded to other countries and made sustain-
able, and the cumulative learning of successive projects needs to
be facilitated.3 Furthermore, as old cohorts continue follow-up
and new cohorts are developed, it would be optimal to collect
data in a standardized fashion that would allow either comparison
or harmonization of essential core elements. Several reasons
favor harmonization of existing questionnaires and the pooling
of established and future birth cohorts (Table IV).
Definition of the term birth cohort
Epidemiologists use the term cohort to describe a group of

persons who are observed over a period of time, commonly
multiple years. An observational cohort study is an epidemi-
ologic study of subjects who are exposed in different degrees
(or not exposed at all) to a risk or protective factor hypoth-
esized to influence the occurrence of a given disease or
outcome. Terms such as follow-up, longitudinal, and prospec-
tive study describe essential features of an observational cohort
study.91

The term birth cohort study is generally used to describe a
cohort study in which study subjects (newborns and infants) were
recruited shortly after birth (sometimes mothers were approached
already during pregnancy) and observed over many years to
examine associations between early-life exposures and childhood
outcomes.

The term interventional birth cohort study has been used
occasionally. It refers to investigations in which newborns
(often at high risk, such as from allergic parents) were recruited
for evaluating the efficacy of a preventive measure. Many
epidemiologists would not describe such an approach as a
cohort study (not purely observational anymore) but rather as an
intervention study. This type of study is an experiment, such as
a randomized or nonrandomized controlled trial, in which
subjects are allocated into groups to evaluate the efficacy and
safety of a preventive or therapeutic regimen.91 Such studies
have also been used to evaluate etiologic factors for allergic dis-
orders. However, direct pooling of data from observational and
interventional studies is not advisable because inclusion and
exclusion criteria and protocols from such studies usually differ
considerably. Furthermore, interventions, even placebo, might
have influenced the occurrence of disease, making it difficult
to properly evaluate associations between exposures and
occurrence of these diseases. Depending on the specific
research question, however, separate pooling of data from either
observational or intervention studies might be desirable, and
operating definitions can be discussed during harmonization
meetings.
Systematic review on birth cohorts
A systematic review aimed to identify, appraise, select, and

report all high-quality evidence concerning birth cohorts in
allergy and asthma was initiated around the world by using an
exhaustive summary of the literature.
How harmonization of birth cohorts can be done
The complexity and work load of harmonizing research

protocols and databases, in part or in total, needs to be addressed
with a well-planned agenda of long-term initiatives and investi-
gator and programming resources. The numerous institutional
and ethical issues underlying large networked studies should be
identified and addressed. These challenges are complex and
demanding and require research strategies to reduce fragmenta-
tion and facilitate the incorporation of lessons learned from
studies so they are effectively passed into the next ones.2

MeDALL has started to harmonize 123 clinical questions, and a
workshop was held in Barcelona from November 6-9, 2012, to
finalize the process.
Uniform core questionnaire for birth cohorts on

asthma and allergy
MeDALL (www.medall-fp7.eu) has developed a uniform

questionnaire translated into 6 languages and available online.
This questionnaire is interoperablewith the harmonized questions
so that historical and newly collected data can be compared.92
Research priorities
The discussion during the workshop showed the difficulties that

can be encountered in pooling existing data. In particular, funding
and ethical issues were clearly identified. Workshop participants
indicated that ethical issues must be carefully considered, and that
an Ethics Work Package is needed in the project, as well as an
Ethics Advisory Board. Another important aspect was the trust of
the different cohort principal investigators to release data to other
investigators. This has also been taken into account inGA2LENand
further expanded in MeDALL to preserve privacy of data.

On the other hand, the importance of pooling data to better
answer etiologic questions was recognized, as well as the
possibility of developing a uniform questionnaire, which could
be used in ongoing or new studies and could be linked with
existing historic data.
CONCLUSIONS
Existing population-based birth cohorts have contributed to our

knowledge of the development of asthma and atopy in many
areas, such as (1) characterizing different wheezing phenotypes;
(2) documenting the differing onset of aeroallergen reactivity; (3)
describing the natural history of asthma and pulmonary functions;
(4) noting the importance of early-life risk factors, such as lower
lung function or prenatal and postnatal environmental tobacco
smoke exposure, and the later development of asthma; and (5)
identifying gene-environment interactions, such as the respiratory
syncytial virus 17q21.

Collaboration across population-based asthma birth cohorts
can provide information when findings from individual cohorts
are inconclusive or contradictory. Harmonization across existing
and newly created birth cohorts will facilitate these types of
analyses. A number of collaborative efforts involving multiple
birth cohorts have already occurred. The topics have included
pet ownership,37 maternal smoking in pregnancy,93 mold and

http://www.medall-fp7.eu
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dampness,1 and the link between weight gain and asthma.43 These
efforts demonstrate how collaboration across cohorts can
provide adequate sample sizes to answer research questions.
The availability of the publically accessible data set
(AsthmaBirthCohorts.niaid.nih.gov and www.medall-fp7.eu)
that was developed as part of this workshop will provide
researchers with information to establish future research
collaborations.

New birth cohorts will be needed to apply new technologies to
current research interests in order to provide data on new research
interests and the effect of ongoing societal changes. The
MeDALL allergen chip, which can evaluate the IgE- and
IgG-reactive profiles of more than 170 allergen molecules, is
now available to more completely characterize the allergic status
of a subject.94 New technologies are now available to more
accurately and completely characterize the microbiome.
However, stored samples from existing cohorts will not be
sufficient to fully investigate this issue. Exposure to a Western
lifestyle has been an area of considerable interest in asthma and
allergy. A number of countries around the world (eg, in Eastern
Europe and Asia) are in transition to a more Western style of
life. Birth cohorts in these countries could help us better under-
stand how these changes will affect future asthma and allergy
rates.

The 5workgroups have identifiedmany areas of future research
interest. Establishing criteria for asthma phenotypes that are
mechanistically based and reflect biological entities, including
degrees of severity, is the highest priority. Other research
priorities include investigations to define the natural history and
determinants of disease and underlying mechanisms of the
various asthma phenotypes. Incorporation of pulmonary function
and/or structure measurements and measurements of immune
development are strongly encouraged in all birth cohorts. Further
technical development will be necessary to make this possible.
Innovative statistical approaches, such as systems biology
approaches, should be used for analysis of complex data sets
created by cohort studies. Efforts to harmonize data of the
different cohorts are just beginning and appear to be important
steps toward understanding similarities and differences related to
exposures, outcomes, and phenotypes around the world. The
panel concluded that a combination of investigator leaders and
novel ideas is required to move forward toward achieving these
goals and objectives. Future directions include expanding the
reach of existing cohorts into other chronic diseases as the
participants age. A follow-up meeting on this topic was held in
Montpellier, France, in December 2013.
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46. Calişkan M, Bochkov YA, Kreiner-Møller E, Bønnelykke K, Stein MM, Du G,

et al. Rhinovirus wheezing illness and genetic risk of childhood-onset asthma.

N Engl J Med 2013;368:1398-407.

47. Park JH, Gold DR, Spiegelman DL, Burge HA, Milton DK, Ryan L, Platts-Mills

TA. House dust endotoxin and wheeze in the first year of life. Am J Respir Crit

Care Med 2001;163:322-8.

48. Celed�on JC, Milton DK, Ramsey CD, Litonjua AA, Ryan L, Platts-Mills TA,

et al. Exposure to dust mite allergen and endotoxin in early life and asthma

and atopy in childhood. J Allergy Clin Immunol 2007;120:144-9.

49. Abrahamsson TR, Jakobsson HE, Andersson AF, Bjorksten B, Engstrand L,

Jenmalm MC. Low diversity of the gut microbiota in infants with atopic

eczema. J Allergy Clin Immunol 2012;129:434-40.

50. Bisgaard H, Li N, Bonnelykke K, Chawes BL, Skov T, Paludan-M€uller G, et al.

Reduced diversity of the intestinal microbiota during infancy is associated with

increased risk of allergic disease at school age. J Allergy Clin Immunol 2011;

128:646-52.

51. Ismail IH, Oppedisano F, Joseph SJ, Boyle RJ, Licciardi PV, Robins-Browne RM,

et al. Reduced gut microbial diversity in early life is associated with later

development of eczema but not atopy in high-risk infants. Pediatr Allergy

Immunol 2012;23:674-81.

52. Azad MB, Konya T, Maughan H, Guttman DS, Sears MR, Becker AB, et al. Gut

microbiota of healthy Canadian infants: profiles by mode of delivery and infant

diet at 4 months. CMAJ 2013;185:385-94.
53. Rothers J, Halonen M, Stern DA, Lohman IC, Mobley S, Spangenberg A, et al.

Adaptive cytokine production in early life differentially predicts total IgE

levels and asthma through age 5 years. J Allergy Clin Immunol 2011;128:

397-402.

54. Sly PD, Boner AL, Bj€orksten B, Bush A, Custovic A, Eigenmann PA, et al. Early

identification of atopy in the prediction of persistent asthma in children. Lancet

2008;372:1100-6.

55. Holt PG, Rowe J, Kusel M, Parsons F, Hollams EM, Bosco A, et al.

Toward improved prediction of risk for atopy and asthma among preschoolers:

a prospective cohort study. J Allergy Clin Immunol 2010;125:653-9.

56. Gold DR, Bloomberg GR, Cruikshank WW, Visness CM, Schwarz J, Kattan M,

et al. Parental characteristics, somatic fetal growth, and season of birth influence

innate and adaptive cord blood cytokine responses. J Allergy Clin Immunol 2009;

124:1078-87.

57. Pfefferle PI, B€uchele G, Bl€umer N, Roponen M, Ege MJ, Krauss-Etschmann S,

et al. Cord blood cytokines are modulated by maternal farming activities and

consumption of farm dairy products during pregnancy: the PASTURE Study.

J Allergy Clin Immunol 2010;125:108-15.

58. Lambrecht BN, Hammad H. The airway epithelium in asthma. Nat Med 2012;18:

684-92.

59. Li Y, Zhu Y, Zhou L, Fang Y, Huang L, Ren L, et al. Use of HLA-DR*08032/E7

and HLA-DR*0818/E7 tetramers in tracking of epitope-specific CD41 T cells in

active and convalescent tuberculosis patients compared with control donors.

Immunobiology 2011;216:947-60.

60. Dobrin R, Zhu J, Molony C, Argman C, Parrish ML, Carlson S, et al. Multi-tissue

coexpression networks reveal unexpected subnetworks associated with disease.

Genome Biol 2009;10:R55.

61. Bousquet J, Anto JM, Sterk PJ, Adcock IM, Chung KF, Roca J, et al. Systems

medicine and integrated care to combat chronic noncommunicable diseases.

Genome Med 2011;3:43.

62. Wheelock CE, Goss VM, Balgoma D, Nicholas B, Brandsma J, Skipp PJ, et al.

Application of ’omics technologies to biomarker discovery in inflammatory

lung diseases. Eur Respir J 2013;42:802-25.

63. Han MK, Huang YJ, Lipuma JJ, Boushey HA, Boucher RC, Cookson WO, et al.

Significance of the microbiome in obstructive lung disease. Thorax 2012;67:

456-63.

64. Bisgaard H, Jensen SM, Bonnelykke K. Interaction between asthma and lung

function growth in early life. Am J Respir Crit Care Med 2012;185:1183-9.

65. Grad R, Morgan WJ. Long-term outcomes of early-onset wheeze and asthma.

J Allergy Clin Immunol 2012;130:299-307.

66. Lodrup Carlsen KC, Jaakkola JJ, Nafstad P, Carlsen KH. In utero exposure to

cigarette smoking influences lung function at birth. Eur Respir J 1997;10:1774-9.

67. Nordling E, Berglind N, Mel�en E, Emenius G, Hallberg J, Nyberg F, et al.

Traffic-related air pollution and childhood respiratory symptoms, function and

allergies. Epidemiology 2008;19:401-8.

68. Turner SW, Young S, Goldblatt J, Landau LI, Le Souef PN. Childhood asthma

and increased airway responsiveness: a relationship that begins in infancy.

Am J Respir Crit Care Med 2009;179:98-104.

69. Turner DJ, Stick SM, Lesouef KL, Sly PD, Lesouef PN. A new technique

to generate and assess forced expiration from raised lung volume in infants.

Am J Respir Crit Care Med 1995;151:1441-50.

70. Feher A, Castile R, Kisling J, Angelicchio C, Filbrun D, Flucke R, et al. Flow

limitation in normal infants: a new method for forced expiratory maneuvers

from raised lung volumes. J Appl Physiol 1996;80:2019-25.

71. Taussig LM, Landau LI, Godfrey S, Arad I. Determinants of forced expiratory

flows in newborn infants. J Appl Physiol 1982;53:1220-7.

72. Goldstein AB, Castile RG, Davis SD, Filbrun DA, Flucke RL, McCoy KS, et al.

Bronchodilator responsiveness in normal infants and young children. Am J Respir

Crit Care Med 2001;164:447-54.

73. Debley J, Stanojevic S, Filbrun AG, Subbarao P. Bronchodilator responsiveness in

wheezy infants and toddlers is not associated with asthma risk factors. Pediatr

Pulmonol 2012;47:421-8.

74. Lodrup Carlsen KC, Pettersen M, Carlsen K-H. Is bronchodilator response in

2-yr-old children associated with asthma risk factors? Pediatr Allergy Immunol

2004;15:323-30.

75. Guilbert TW, Singh AM, Danov Z, Evans MD, Jackson DJ, Burton R, et al.

Decreased lung function after preschool wheezing rhinovirus illnesses in children

at risk to develop asthma. J Allergy Clin Immunol 2011;128:532-8.

76. Gangell CL, Hall GL, Stick SM, Sly PD. Lung function testing in preschool-aged

children with cystic fibrosis in the clinical setting. Pediatr Pulmonol 2010;45:

419-33.

77. Lum S, Gustafsson P, Ljungberg H, H€ulskamp G, Bush A, Carr SB, et al. Early

detection of cystic fibrosis lung disease: multiple-breath washout versus raised

volume tests. Thorax 2007;62:341-7.

http://refhub.elsevier.com/S0091-6749(14)00173-0/sref29
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref29
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref30
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref30
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref30
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref31
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref31
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref31
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref32
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref32
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref33
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref33
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref33
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref34
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref34
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref34
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref35
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref35
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref36
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref36
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref36
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref37
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref37
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref37
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref37
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref37
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref38
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref38
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref38
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref38
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref39
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref39
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref39
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref39
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref40
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref40
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref40
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref41
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref41
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref41
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref42
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref42
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref42
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref42
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref43
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref43
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref43
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref43
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref44
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref44
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref45
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref45
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref45
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref46
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref46
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref46
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref46
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref46
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref46
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref47
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref47
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref47
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref48
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref48
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref48
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref48
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref49
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref49
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref49
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref50
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref50
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref50
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref50
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref50
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref51
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref51
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref51
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref51
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref52
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref52
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref52
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref53
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref53
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref53
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref53
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref54
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref54
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref54
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref54
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref55
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref55
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref55
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref56
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref56
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref56
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref56
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref57
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref57
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref57
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref57
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref57
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref57
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref58
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref58
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref59
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref59
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref59
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref59
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref59
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref60
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref60
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref60
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref61
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref61
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref61
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref62
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref62
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref62
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref63
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref63
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref63
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref64
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref64
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref65
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref65
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref66
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref66
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref67
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref67
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref67
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref67
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref68
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref68
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref68
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref69
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref69
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref69
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref70
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref70
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref70
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref71
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref71
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref72
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref72
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref72
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref73
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref73
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref73
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref74
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref74
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref74
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref75
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref75
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref75
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref76
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref76
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref76
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref77
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref77
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref77
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref77


J ALLERGY CLIN IMMUNOL

nnn 2014

12 BOUSQUET ET AL
78. Amin R, Subbarao P, Jabar A, Balkovec S, Jensen R, Kerrigan S, et al. Hypertonic

saline improves the LCI in paediatric patients with CF with normal lung function.

Thorax 2010;65:379-83.

79. Latzin P, Kuehni CE, Baldwin DN, Roiha HL, Casaulta C, Frey U.

Elevated exhaled nitric oxide in newborns of atopic mothers precedes respiratory

symptoms. Am J Respir Crit Care Med 2006;174:1292-8.

80. Gabriele C, Jaddoe VW, van Mastrigt E, Arends LR, Hofman A, Moll HA, et al.

Exhaled nitric oxide and the risk of wheezing in infancy: the Generation R Study.

Eur Respir J 2012;39:567-72.

81. Simpson A, Custovic A, Pipis S, Adisesh A, Faragher B, Woodcock A.

Exhaled nitric oxide, sensitization, and exposure to allergens in patients

with asthma who are not taking inhaled steroids. Am J Respir Crit Care

Med 1999;160:45-9.

82. Martinez T, Weist A, Williams T, Clem C, Silkoff P, Tepper RS. Assessment

of exhaled nitric oxide kinetics in healthy infants. J Appl Physiol 2003;94:

2384-90.

83. Jackson DJ, Virnig CM, Gangnon RE, Evans MD, Roberg KA, Anderson EL,

et al. Fractional exhaled nitric oxide measurements are most closely associated

with allergic sensitization in school-age children. J Allergy Clin Immunol

2009;124:949-53.

84. Lell MM, May M, Deak P, Alibek S, Kuefner M, Kuettner A, et al. High-pitch

spiral computed tomography: effect on image quality and radiation dose in

pediatric chest computed tomography. Invest Radiol 2011;46:116-23.

85. Alamo L, Gudinchet F, Reinberg O, Vial Y, Francini K, Osterheld MC, et al.

Prenatal diagnosis of congenital lung malformations. Pediatr Radiol 2012;42:

273-83.
86. Altes TA, Mata J, de Lange EE, Brookeman JR, Mugler JP. Assessment of lung

development using hyperpolarized helium-3 diffusion MR imaging. J Magn Res

Imaging 2006;24:1277-83.

87. Long FR, Castile RG, Brody AS, Hogan MJ, Flucke RL, Filbrun DA, et al. Lungs

in infants and young children: improved thin-section CT with a non-invasive

controlled-ventilation technique-initial experience. Radiology 1999;212:588-93.

88. Sarria EE, Mattiello R, Rao L, Tiller CJ, Poindexter B, Applegate KE, et al.

Quantitative assessment of chronic lung disease of infancy using computed

tomography. Eur Respir J 2012;39:992-9.

89. Eller E, Roll S, Chen CM, Herbarth O, Wichmann HE, von Berg A, et al.

Meta-analysis of determinants for pet ownership in 12 European birth cohorts

on asthma and allergies: a GA2LEN initiative. Allergy 2008;63:1491-8.

90. Keil T, Kulig M, Simpson A, Custovic A, Wickman M, Kull I, et al.

European birth cohort studies on asthma and atopic diseases: I. Comparison of

study designs—a GALEN initiative. Allergy 2006;61:221-8.

91. Last J. A dictionary of epidemiology. Oxford: Oxford University Press; 2001.

92. Hohmann C, Pinart M, Tischer C, et al. The Development of the MeDALL

Core Questionnaires for a harmonized follow-up assessment of 11 European birth

cohorts on asthma and allergies. Int Arch Allergy Immunol 2014 [Epub ahead of

print].

93. Neuman �A, Hohmann C, Orsini N, Pershagen G, Eller E, Kjaer HF, et al.

Maternal smoking in pregnancy and asthma in preschool children: a pooled

analysis of eight birth cohorts. Am J Respir Crit Care Med 2012;186:1037-43.

94. Lupinek C, Wollmann E, Baar A, et al. Advances in allergen-microarray

technology for diagnosis and monitoring of allergy: The MeDALL allergen-

chip. Methods 2013 [Epub ahead of print].

http://refhub.elsevier.com/S0091-6749(14)00173-0/sref78
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref78
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref78
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref79
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref79
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref79
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref80
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref80
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref80
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref81
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref81
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref81
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref81
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref82
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref82
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref82
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref83
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref83
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref83
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref83
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref84
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref84
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref84
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref85
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref85
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref85
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref86
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref86
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref86
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref87
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref87
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref87
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref88
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref88
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref88
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref89
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref89
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref89
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref90
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref90
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref90
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref91
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref92
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref92
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref92
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref92
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref93
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref93
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref93
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref93
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref94
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref94
http://refhub.elsevier.com/S0091-6749(14)00173-0/sref94

	Birth cohorts in asthma and allergic diseases: Report of a NIAID/NHLBI/MeDALL joint workshop
	Workgroup 1: Clinical phenotypes (group membership: Table I)
	Current definition and classification of childhood wheezing/asthma and allergic diseases
	The contribution of birth cohort studies to understanding asthma and allergy phenotypes
	Unmet needs
	Research priorities

	Workgroup 2: Asthma risk factors (group membership: Table I)
	The contribution of birth cohort studies to understanding risk and protective factors
	Unmet needs
	Research priorities

	Workgroup 3: Immune development (group membership: Table I)
	The contribution of birth cohort studies to understand immune development
	Unmet needs
	Research priorities

	Workgroup 4: Pulmonary development (group membership: Table I)
	Contribution of birth cohort studies to understanding the effect of early lung function for later allergic diseases
	Methodology to assess early pulmonary function in birth cohorts
	Methodology to assess other related outcomes in birth cohorts
	Unmet needs
	Research priorities

	Workgroup 5: Networking and harmonization (group membership: Table I)
	Needs for harmonized birth cohorts
	Definition of the term birth cohort
	Systematic review on birth cohorts
	How harmonization of birth cohorts can be done
	Uniform core questionnaire for birth cohorts on asthma and allergy
	Research priorities

	Conclusions
	References


