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Childhood asthma develops from a complex interaction among
host and environmental factors in early life. Birth cohort studies
have provided valuable insight into asthma risk factors and the
natural history of wheezing and asthma through childhood and
beyond. Early life aeroallergen sensitization and wheezing
illnesses associated with virus and bacterial infections have been
identified as pivotal risk factors for asthma inception. Recently,
focus has turned toward protective factors that promote lung
health in children. Studies in a variety of environments,
including farms and urban communities, suggest that diverse
exposures to microbes in early life lead to a lower risk of allergy
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and asthma in childhood. The mechanisms underlying how
these exposures and the gut and airway microbiomes alter the
host response to allergens and viruses are of interest and an area
of ongoing study. Longitudinal follow up of birth cohorts in
diverse environments worldwide will continue to provide critical
knowledge about the factors that impact the natural history of
asthma. (J Allergy Clin Immunol 2017;139:379-86.)
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The development and ultimate clinical expression of various
childhood asthma phenotypes depend on genetic and environ-
mental determinants that interact at various stages in the
development of airway structural elements and the immune
system, beginning in utero. Thus, for many patients with asthma,
the disease has its roots during infancy and early life, with the
initial clinical presentation most commonly being wheezing
caused by viral respiratory tract infections, bacterial infections,
or both. These wheezing illnesses in preschool children have
been classified phenotypically based on their acute temporal
pattern (episodic and multitrigger)' or their time of onset and
duration chronically (transient, persistent, and late onset).2
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Abbreviations used
CAS: Childhood Allergy Study
CDHR3: Cadherin-related family member 3
COAST: Childhood Origins of Asthma
COPSAC: Copenhagen Prospective Studies on Asthma in Childhood
LRTI: Lower respiratory tract illness
NGM: Neonatal gut microbiota
25(0OH)D: 25-Hydroxyvitamin D
OR: Odds ratio
RSV: Respiratory syncytial virus
TCRS: Tucson Children’s Respiratory Study
URECA: Urban Environment and Childhood Asthma
WHEALS: Wayne County Health Environment Allergy and Asthma
Longitudinal Study

Eventually, when these wheezing illnesses persist and respond
appropriately to therapy, clinicians usually concur that the dis-
ease/syndrome of asthma can then be properly diagnosed and
treated.

Based on investigations by multiple clinicians and scientists, a
number of genetically regulated histopathologic, physiologic, and
immunologic events have been uncovered that characterize the
inception and natural history of asthma phenotypes. Some of
these observations have been initially made, studying smaller
cross-sectional populations beginning at or near conception and
also at various ages in the first 5 years of life. Other data have been
generated by using diverse birth cohorts followed longitudinally
from birth (or during pregnancy) out to adulthood.” This review
will highlight factors uncovered from birth cohorts™ and related
observations that have provided us with novel and insightful in-
formation on childhood asthma development.

PERINATAL RISK FACTORS
Early-life immune development

Birth cohort studies have consistently identified overall im-
mune hyporesponsiveness and type 2 inflammatory skewing in
mononuclear cells at birth and during infancy with the risk of
lower respiratory tract illnesses (LRTIs) and allergic sensitiza-
tion, although the relationship of these early-life immune re-
sponses to longer-term asthma outcomes has been less clear.”
A number of factors affect early-life immune responses, including
season of birth,”” sex,® maternal stress,” and allergen and micro-
bial exposures (farms, dog, cockroach, and endotoxin) during
pregnancy and early life.”'” Reduced IFN-y responses in cord
blood and early infancy have been linked to the risk of LRTIs
and recurrent wheezing in multiple cohorts.'''* Interestingly,
early-life LRTIs are associated with a significant increase in
mononuclear cell Tyl and Ty2 responses in early life.”'* An
exaggerated response of PBMCs to bacterial pathogens in infancy
has also been associated with an increased risk of subsequent
wheezing and asthma in the Copenhagen Prospective Studies
on Asthma in Childhood (COPSAC) study."” Furthermore, a
diminished regulatory T-cell response at birth has been identified
as a risk factor for allergic sensitization and wheezing.'®

Microbial contact and colonization
It is becoming increasingly apparent that the composition of the
intestinal microbiome beginning in wutero has long-term
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consequences on disease expression, including inflammatory
bowel disease, obesity, allergic diseases, and asthma, among
others."” A number of factors influence intestinal colonization
and subsequent risk of disease, including mode of delivery, pre-
maturity, perinatal antibiotic exposure, and breast-feeding.'®
These initial observations leveraged studies to determine whether
treatment both during pregnancy and in the neonatal period with a
number of agents (probiotics, prebiotics, dietary fiber, among
others'”) could alter disease expression over time. Thus far, in
terms of allergic diseases, most of these interventions have had
some success in attenuating the temporal onset and disease
severity for atopic dermatitis but have been disappointing for
asthma.

Regarding asthma specifically, accumulating evidence indi-
cates that the environmental microbiome plays a significant role
in asthma development. The very low prevalence of asthma in
populations highly exposed to microbial environments (European
farm children'” and Amish populations'®) indicates its potential
for disease prevention. These protective effects might be related
to differences in gene expression related to environmental compo-
nents that are capable of differentially regulating innate immune
system pathways that in turn influence the development of more
long-term adaptive immunity, which regulates responses to respi-
ratory microbial pathogens and inhaled allergens."’

Vitamin D

The observation that vitamin D had a number of effects on
immunoinflammatory pathways relevant to asthma made it an
intriguing target for further scientific exploration, regarding its
potential contributions to allergic respiratory tract disease
pathogenesis.”” In an early observation higher maternal vitamin
D intake during pregnancy was shown to be associated with a
lower risk of wheezing illnesses by age 3 and 5 years.”' Two sub-
sequent studies examining 25-hydroxyvitamin D (25[OH]D) in
cord blood found lower levels of cord blood 25(OH)D to be
related to allergic sensitization”> and wheeze™ but not
asthma.”””* Ten additional studies using both dietary histories
to estimate vitamin D status and actual serum measurements
found increased, decreased, or no effect on future asthma or atopy
risk.”* In recent analyses in 2 high-risk birth cohorts, one of urban,
largely minority, and low-income children (Urban Environment
and Childhood Asthma [URECA])** and one of largely suburban
white children (Childhood Origins of Asthma [COASTY)),* cord
blood concentrations of 25(OH)D were not associated with risk of
asthma, wheeze, or atopic outcomes in the first 6 years of life.”’

Early-life allergic sensitization and asthma risk
Multiple studies have identified allergic sensitization in early
life as a pivotal risk factor for the subsequent development of
asthma.”® Furthermore, the type, timing, and degree of sensitiza-
tion to aeroallergens have all been shown to be relevant to asthma
risk. The German Multicenter Allergy Study reported that chil-
dren sensitized and exposed to aeroallergens by the age of 3 years
had a significantly increased risk for subsequent asthma and low
lung function.”” The Manchester Asthma and Allergy Study used
machine learning to identify a phenotype of children with early
sensitization to multiple aeroallergens who were at dramatically
increased risk of wheezing, asthma, and exacerbations, leading
to hospitalization.” These relationships have been corroborated
in additional birth cohort studies.’’™* A recent analysis in the
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FIG 1. The contribution of age of sensitization (A) and number of allergens producing sensitization at

various ages (B) on future asthma risk at various ages.
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FIG 2. Lung function measurements over time in children with various
wheezing phenotypes.®® *P < .001 compared with never wheeze; 1P < .03
compared with never wheeze.

COAST study has substantiated the importance of these findings
to 13 years of age. Cluster analyses identified a group sensitized to
aeroallergens by 1 year of age to be at highest risk of asthma, fol-
lowed by those sensitized by age 5 years. Interestingly, sensitiza-
tion after age 5 years did not increase asthma risk at age 13 years
(Fig 1).*?

Perennial and indoor allergen sensitization is most strongly
linked to the development of asthma. However, the specific
allergens responsible for this increased risk vary by environment.
For example, Alternaria species sensitization was strongly linked
to asthma in the Tucson Children’s Respiratory Study (TCRS),*
dog sensitization was particularly important in the suburban
COAST population,”" and dust mite sensitization has been iden-
tified as a critical risk factor for wheeze in climates with high
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FIG 3. Percent predicted FEV, in participants enrolled in the Melbourne
Asthma Study. COPD, Chronic obstructive pulmonary disease. Adapted
with permission from Tai et al.>*

humidity, such as the Dunedin Multidisciplinary Health and
Development Study.”

The mechanisms by which early-life aeroallergen sensitization
affect subsequent asthma risk are incompletely understood.
However, sensitization leads to viral wheeze, particularly
wheezing associated with rhinovirus infection,’“’ a critical risk
factor discussed further below. Additional potential mechanisms
have been reviewed previously.”’

AIRWAY PHYSIOLOGIC ALTERATIONS
Airflow obstruction/limitation

The development of infant/early childhood pulmonary function
testing has enabled investigators to study the 2 major airway
physiologic features of asthma: airflow obstruction/limitation and
airway hyperresponsiveness at an early time point in asthma
inception. One of the first prospective evaluations of lung function
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TABLE |. Pathologic features in preschool wheezing children
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® In infants, eosinophilic inflammation and reticular basement membrane (RBM) thickening NOT yet present despite presence of reversible airflow

obstruction

Increased angiogenesis and epithelial shedding also reported

At 3 years of age, both are present in children with severe persistent wheezing

Markers of airway wall remodeling may not differ between episodic versus multiple trigger wheezers
Airway smooth muscle (ASM) increased only in atopic wheezers (differences not seen with other features of remodeling)
Increased ASM mass only reported feature to be a predictor of future asthma

in a birth cohort was from the TCRS, which followed more than
800 normal-risk children out to 16 years of age.”* In the process
they were able to define 3 wheezing phenotypes: transient
(wheezed in the first 3 years of life but not after age 3 years),
late onset (did not wheeze in the first 3 years of life but did so
beyond age 3 years), and persistent (wheezed both before and af-
ter 3 years of age). Measurements of maximal flow at functional
residual capacity were made before 6 months of age and again at
ages 6,9, and 16 years. One of the striking findings was the loss of
lung function in the first 6 years of life in those children who were
persistent wheezers (Fig 2).*®

A long-term prospective study evaluating the natural history of
lung function in various wheezing phenotypes has been conduct-
ed by investigators in Melbourne, Australia.>>° Although the
participants began being observed at age 9 years, follow-up has
been out to age 26 years.”” Interestingly, the data indicate that
once a lung function trajectory has been determined in childhood,
the predicted loss of lung function with increasing age tends to
follow this established pathway (Fig 3).”” Recently, this same
cohort was evaluated out to age 50 years and separated into groups
based on the participants’ current diagnoses: control, asthma
remission, current asthma, and chronic obstructive pulmonary
disease.”® All of these observations indicate that if a subject’s
loss of lung function can be attenuated or even prevented, the
intervention likely needs to be made at an early critical time in
lung development.

A number of factors could potentially influence these de-
velopments. One of the most important is exposure to passive
smoke both in utero and in early life. Genetic studies have linked
the risk of loss in lung function to various genotypes that might act
either alone or due to interactions with environmental expo-
sures.*” Moreover, large genome-wide association studies have
indicated that 26 loci and more than 100 variants could collec-
tively explain 7.5% of the polygenic variance in the FEV/forced
vital capacity ratio and 3.4% of the variance for the FEV, values
independent of smoking history.“‘42 In addition to indoor envi-
ronmental influences, outdoor pollutants have also been demon-
strated to influence preschool wheezing and ultimate asthma
expression as well.

Viral respiratory illnesses in early life have been documented in
a number of cohorts to be associated with subsequent asthma
development and loss of lung function. Findings in both the
COAST* and Childhood Allergy Study (CAS)* birth cohorts
have documented the novel findings that preschool rhinovirus-
related wheezing illnesses significantly increase future asthma
risk. Furthermore, data from the COAST study have demon-
strated that wheezing illnesses in the first 3 years of life related
to rhinovirus-induced illnesses are significantly associated with
loss of lung function during early school age; this could not be
demonstrated with wheezing illnesses caused by respiratory

syncytial virus (RSV).*® Conversely, low lung function during

early infancy might predispose to wheezing with either RSV~ or
rhinovirus.*”**® In the COPSAC cohort low lung function in neo-
nates was a risk factor for asthma at age 7 years.*’

These findings indicate that the strong relationship between
rhinovirus-related wheezing in infancy and childhood asthma is
likely partially due to pre-existing low lung function, at least in
some children. However, it seems likely that acute episodes of
viral wheeze in early life cause airway damage and promote
airway remodeling™~" and that preventing viral wheeze might
preserve lung function and reduce the risk of asthma. Indeed,
the frequency and severity (defined by corticosteroid interven-
tion) of respiratory illnesses has been shown to be associated
with diminished lung function during school age.>

Finally, interventional studies with palivizumab, which de-
creases the risk for acute RSV-related bronchiolitis, also reduces
the risk for recurrent wheeze and nonatopic asthma in some
populations’ * and thus provide a proof of concept for this hypoth-
esis. Interventional studies are needed to determine whether pre-
venting rhinovirus-related wheezing illnesses would preclude
loss of lung function.

Airway hyperresponsiveness

Airway hyperresponsiveness, a major physiologic feature of
asthma, appears to predict and track with many outcome
measures considered important in the development of asthma
and the potential for loss of lung function over time. In a
prospective cohort from Western Australia,”* increased airway
responsiveness to histamine at 1 month of age was associated
with the following at 6 years of age: decreased FEVy,
decreased forced vital capacity, physician-diagnosed asthma,
and lower respiratory tract symptoms. All reported significant
associations of histamine responsiveness with outcomes of in-
terest derived from multivariate modeling were independent of
sex, family history of asthma, cord blood IgE levels, maternal
smoking status at 1 month or 6 years, skin reactivity or length
at 1 month of age, and drug therapy for asthma or height at
6 years of age. Of all the variables evaluated during the study,
the only one to show such consistent associations with clin-
ical and physiologic outcomes was airway response to hista-
mine bronchoprovocation.

These participants had histamine bronchoprovocation per-
formed again at ages 6, 11, and 18 years of age.55 Interestingly,
asthma at age 18 years was associated with increased airway
responsiveness at 6, 12, and 18 years but not during infancy.
Based on these results, the investigators concluded that increased
airway responsiveness and its association with asthma at age
18 years is established between infancy and age 6 years. They pro-
posed that airway responsiveness in early life is a reflection of the
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initial airway geometry and that airway responsiveness later in
childhood increasingly reflects immunologic responses to envi-
ronmental influences.”™

Airway inflammation and remodeling

Data regarding the emergence of airway histopathologic
alterations consistent with the clinical expression of asthma
have not been possible in birth cohort studies for obvious reasons
related to the need for invasive procedures in large numbers of
children. However, data are available from smaller studies in
preschool children that have been informative related to the
timing and nature of airway structural changes consistent
with those seen in the setting of established childhood asthma
(Table 1).°° Saglani et al’’ were one of the first groups to
demonstrate that in infants with respiratory symptoms and
reversible airflow obstruction 2 histopathologic features of
asthma, eosinophilic airway inflammation, and reticular base-
ment membrane thickening were not present despite the presence
of physiologic alterations. However, both were present by age
3 years in some children with severe recurrent wheeze, and
evidence for angiogenesis and epithelial shedding have been
reported at this developmental stage as well.”® Airway smooth
muscle thickening has been reported to be present only in atopic
versus nonatopic wheezers and is the only histopathologic finding
thus far that tracks with an increased risk for the subsequent
development of childhood asthma.”® Taken together, these
findings indicate that airway histopathologic changes and
alterations consistent with airway remodeling occur by 3 years
of age in children who are destined to have persistent asthma
by school age.®’

VIRUSES AND ASTHMA
Bronchiolitis, wheezing, and asthma

Children who have wheezing illnesses with respiratory tract
viruses in early life are at increased risk for going on to have
childhood asthma. This statement is supported by incontrovert-
ible evidence, but the nature of this association is less certain. Do
viral infections or illnesses in early life cause asthma, or is virus-
related wheezing the first sign of abnormal lung physiology and
pre-existing asthma? The root of the question is whether viral
lower respiratory tract infections cause asthma. The answer to this
question could be yes, no, or a qualified yes (under some
circumstances).

Studies from birth cohorts have shed light on this important
question, but the evidence is discordant, which has engendered
some controversy. The TCRS and a number of other cohort
studies have demonstrated that viral wheezing illnesses and RS V-
related bronchiolitis in particular are risk factors for asthma.®'%>
Many viruses can cause wheezing in young children, and next to
RSV, rhinovirus is the virus most often implicated. The virology
of acute illnesses can vary by population and geographic location;
in urban infants adenovirus infections are increased in frequency,
whereas infections with rhinovirus and RSV are not as common as
in suburban children.”

In most studies the cause of the wheezing illness is related to
the subsequent risk for asthma. For example, in the COAST study
RSV-related wheezing was associated with an odds ratio (OR) of
2.6 for having asthma, whereas rhinovirus-related wheezing was
associated with an OR of 9.8.** In the Australian CAS study a
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similar relationship was noted, except that rhinovirus-related
wheezing was a risk factor for asthma in children who also had
allergic sensitization.”” Recently, COPSAC investigators re-
ported that the number of troublesome lung symptoms (cough,
noisy breathing, or shortness of breath) in the first 3 years of
life was related to asthma risk; however, the cause of the acute
episodes did not add additional predictive value.”” In this
analysis detection of rhinoviruses was lower than in other studies
(23% of episodes),”’ suggesting that reduced detection of
rhinovirus Cs, which are closely related to wheezing and asthma
and have considerable sequence diversity in areas targeted for
molecular detection,®* might account for the difference in
outcomes.

Subsequently, data from the COAST study was examined
through age 13 years to evaluate the effects of viral wheezing and
cause on risk of childhood asthma. Early wheezing episodes with
rhinovirus (OR, 3.3; 95% CI, 1.5-7.1) but not RSV (OR, 1.0; 95%
CI, 0.4-2.3) were associated with asthma at age 13 years.”
Furthermore, statistical models that included viral cause were
most informative for predicting the risk for asthma at 6-, 8-,
11-, or 13-year assessments.”” Rhinoviruses were detected in
49% of wheezing episodes in the first 3 years, and the number
of rhinovirus-related wheezing episodes were most predictive
for asthma risk.”

Although viral wheezing episodes are closely associated
with the risk for asthma, whether this relationship is causal
remains unresolved. Some findings support a causal relation-
ship. For example, RSV-related wheeze is seasonal, and
follow-up of children in the Tennessee Medicaid database
indicates that date of birth is related to the risk of RSV-related
wheeze: there is a similar relationship between birth date and
the risk of asthma.°® In addition, more severe wheezing
illnesses confer a greater risk for asthma, suggesting that
virus-related inflammation or lung damage promotes long-
term airway narrowing.(’2

On the other hand, data from some cohorts suggest there are
common risk factors for wheezing in infancy and childhood
asthma. For example, analyses of twins in a Danish twin registry
study concluded that genetic determinants for RSV-related hos-
pitalization and asthma had complete overlap, indicating that
there are genetic risk factors that promote both clinical out-
comes.”” However, longitudinal observations in cohort studies
suggest that viral infections can increase asthma risk in children
with certain genotypes. For example, polymorphisms in the
1721 region factor are the most replicated asthma risk alleles.
In the COAST and COPSAC studies there was an interaction be-
tween 1721 polymorphisms (TT genotype at rs7216389),
rhinovirus-related wheezing illnesses, and the development of
asthma. Asthma risk was greatly increased in children with the
TT genotype who also had a rhinovirus-related wheezing
illness.®® This finding suggests that viral infections promote the
development of asthma in children who are genetically
predisposed.

Cadherin-related family member 3 (CDHR3) is another gene
that can interact with viral infection to modify the risk of asthma.
1s6967330 is a functional polymorphism in the CDHR3 coding
region (Csp9_.Y) that puts more CDHR3 on the surfaces of
epithelial cells.” This polymorphism is associated with early
childhood asthma with frequent wheezing episodes.”” CDHR3
was also recently identified as the receptor for rhinovirus C, and
the asthma risk variant of this gene enables greater binding and
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replication of rhinovirus C compared with the more prevalent G
allele.’”® This suggests the theory that children with the
CDHR3-Y 59 variant are more likely to experience rhinovirus C
illnesses and that these illnesses in early life can cause airway
damage, inflammation, and remodeling to promote the develop-
ment of asthma.

Bacteria, acute wheezing, and asthma

Birth cohort studies have added considerably to our
understanding of the role of bacteria and fungi on asthma risk.
These studies have been conducted in a variety of different
environments and have provided new information about
associations between asthma and bacteria in the environment,
the gut, and the airways.

Environmental microbes. Studies in Western Europe
provided hints that exposure to a wide variety of microbes on
traditional farms could protect against asthma, and these concepts
have been validated and expanded by studies in other locations. In
the Prevention of Allergy-Risk Factors for Sensitization in
Children Related to Farming and Anthroposophic Lifestyle
(PARSIFAL) and the Multidisciplinary Study to Identify the
Genetic and Environmental Causes of Asthma in the European
Community (GABRIEL) studies, exposure to numbers of envi-
ronmental bacteria (assessed by using single-strand conformation
polymorphism) and fungi (assessed by using culture) were
inversely associated with development of atopic asthma.’' More
recently, animal shed exposures were found to be inversely related
to transient wheezing illnesses,”” which are usually associated
with viral infections.

Exposure to dogs in early life has been associated with
protection against wheezing illnesses, asthma, or both in several
birth cohort studies, including the TCRS, the Wayne County
Health Environment Allergy and Asthma Longitudinal Study
(WHEALS), and COAST.”*"° Having a dog alters the home mi-
crobiome, and mice exposed to dust from homes with dogs are
protected against airway inflammatory responses to allergens
and have less airway pathology after inoculation with RSV.”®

Home dust exposure has also been assessed in US inner-city
homes from neighborhoods with high rates of poverty in the
URECA study. Surprisingly, exposure to the most common
indoor allergens (cockroach, mouse, and cat) in the first year of
life was inversely associated with recurrent wheeze by age
3 years.”” In a subset of homes stratified by atopy (allergic
sensitization) and wheeze, the house dust microbiome was
assessed by means of array (PhyloChip; Affymetrix, Santa Clara,
Calif). The microbial richness (number of species) in the dust
samples was inversely related to the risk of atopy or atopy
together with wheeze. In fact, children with atopy and wheeze
were most likely to have been exposed to the combination of
low allergen exposure and low microbial richness.”” Conversely,
children with neither atopy nor wheeze were most likely to have
been raised in homes with high exposure to allergens and
microbes in house dust.

Airway bacteria. The linkage between airway bacteria and
acute wheezing and asthma is strong. In the COPSAC study
bacteria cultured from pharyngeal aspirates obtained at 1 month
of age predicted the risk for troublesome lung symptoms in
infancy and asthma at age 4 to 5 years.”® Infants who had either
Streptococcus pneumoniae, Haemophilus influenza, or Moraxella
catarrhalis cultured from upper airway secretions were at
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increased risk for wheezing compared with cultures that were
positive for Staphylococcus aureus or no pathogens. Nasal secre-
tions in neonates were also analyzed for cytokines, and bacterial
detection was associated with increased levels of inflammatory
cytokines (eg, IL-1 and TNF).'” Interestingly, bacteria detected
in similar specimens at 12 months of age predicted neither
wheezing nor asthma.’® At ages 2 to 5 years, the same bacterial
pathogens were detected more often during acute wheezing ill-
nesses, and in fact, detection of either bacterial or viral respiratory
pathogens had the same OR for wheezing illnesses.”®

Children in the COAST study together with additional subur-
ban children were monitored for both viral and bacterial
pathogens by using PCR during September, which is the peak
season for rhinovirus infections and exacerbations of asthma in
Wisconsin.”’ Analyses of weekly nasal secretions revealed evi-
dence of an order effect; viral infections either preceded or
were concurrent with increased detection of bacterial pathogens.
Although rhinovirus infections were associated with colds and ex-
acerbations of asthma, detection of the combination of rhinovirus
and a bacterial pathogen was associated with the greatest risk for
illness or exacerbation of asthma.

Investigators in the CAS study used 16S ribosomal
sequencing to identify airway bacteria in nasal secretions of
more than 200 children in the first year of life.*” The airway
microbiome could be classified into 6 groups according to
dominant bacterial families. Similar to findings in COAST,
viral infections were associated with increased detection of
pathogen-dominated microbial communities. Those children
with an early-life microbiome dominated by Streptococcus
species were at increased risk for subsequent asthma by age
6 years.

Gastrointestinal microbes. Two major studies have
identified strong relationships between gastrointestinal mi-
crobes and the risk of atopy and wheeze. In the Canadian
Healthy Infant Longitudinal Development study stool samples
obtained at age 3 months from a subset of children were
analyzed for microbial composition and compared with atopy
and wheeze at age 1 year.81 The diversity of the stool micro-
biome did not differ between groups, but microbial composi-
tion was remarkable for reduction in certain bacterial genera
(Lachnospira, Veillonella, Faecalibacterium, and Rothia) in
children with wheeze and atopy. Predicted metabolic functions
of these “protective” bacteria included LPS biosynthesis and
short-chain fatty acid production, and some of the predicted
differences in metabolites were verified by means of analysis
of stool specimens.

The WHEALS recently published analyses of gastrointestinal
microflora, and this study found 3 different states of neonatal
gut microbiota (NGM) based on dominant bacteria and fungi.*
One of these states (NGM3) was strongly associated with
multiple early allergic sensitization at age 2 years and asthma
at age 4 years. Within the stool microbiome, there were inverse
relationships between some bacteria and fungi. For example,
NGM3 had lower relative abundance of Bifidobacterium and
Faecalibacterium species and higher relative abundance of
Candida and Rhodotorula species. Predicted metabolic
functions of NGM3 were evaluated, and one metabolite
(12,13-DiHOME) was enriched in stool samples from NGM3
and had proinflammatory immunomodulatory effects (increased
IL-4-producing and reduced regulatory T-cell counts) when
studied in vitro.
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SUMMARY

Birth cohort studies have produced significant advances
toward understanding how genetic and environmental factors
contribute to the inception of asthma and related allergic
diseases. Histopathologic, physiologic, microbiologic, and
immunologic findings indicate that critical developmental
windows exist in which these various factors either alone or
in concert induce the expression of the childhood asthmatic
phenotype. The microbiome in early life clearly influences
immune development and asthma. Early environmental
exposures, including those related to the home, parents, siblings,
pets, and pests, are all likely to influence patterns of microbial
colonization and also might shape immune responses to
allergens and viruses. As with other contributing factors, there
appear to be windows of opportunity in early life when
microbial exposures have the greatest effect on these processes.
Recent studies of bacterial metabolic products and their effects
might suggest new strategies for immune modulation in early
life.

What do we know?
o Birth cohort studies in diverse environments have identi-
fied key risk and protective factors for asthma
development.

e Diverse microbial exposures in early life are associated

with a reduced risk of allergy and asthma in later child-
hood.

What is still unknown?
o The mechanisms by which the host microbiome influences
immune responses are incompletely understood.
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