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Editorial on the Research Topic

Asthma is the most prevalent chronic disease of childhood in high income countries, with
prevalence rising steeply during the late 20th century, a pattern now echoed in some
middle-income countries (1, 2). How can this vast burden of illness be reduced?
Current strategies focus appropriately on environmental factors such as indoor and
outdoor air quality, and ensuring access to effective medical treatment (3). This series
summarizes growing evidence that exposure to microbes and human breastmilk during
infancy shape the immune system and influence lifelong risk for atopic disease,
including asthma. Such evidence begs the question: can existing public health
interventions, such as reducing unnecessary antibiotic exposure during infancy and
promoting breastfeeding, contribute to reversing the global pandemic of asthma and
atopic disease?
open the series by reviewing the changing epidemiology and

distribution of asthma and allergy. The global burden of asthma and allergic disease has
remained high since the late 20th century, but uneven distribution of prevalence
between countries and across socioeconomic contexts highlights the complexity of early
life exposures and their interaction with genetic predisposition for atopic disease.

neatly summarize crucial insight from experimental models that
provide evidence of a link between antibiotic exposure, disrupted development of infant
gut microbiota and subsequent risk of atopic disease. Mice without microflora have a
higher risk of atopic disease, but proper immune function can be rescued by
replacement of missing bacterial taxa in a critical early-life window.
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second contribution is a detailed review of
known mechanisms of immune mediation by the developing gut
microbiota and its links to lifelong atopic disease risk. The
human gut is the major point of contact between the immune
system and the environment. Specific microbes produce
metabolites, including short chain fatty acids, that “train” the
immune system away from atopic responses by regulating a
variety of processes, including T,.; development. Thus, there is a
plausible pathway by which early life exposures imprint on life-
long immune responses.

The global literature points to the importance of a number of
pre- and perinatal exposures in predicting asthma risk, and in
such studies, receipt of antibiotics during infancy has a large
effect (4).

of antibiotics on the intestinal microbiota in children. Antibiotic

provide a systematic review of the effect

therapy during the first year of life clearly disrupts the gut
childhood,
implicated as beneficial in preventing atopic disease. Moreover,

microflora during infancy and including taxa
the effects on microbiota and atopic disease risk seem worse for
macrolides than aminopenicillins; an important observation,
because health systems are contemplating broad wuse of
prophylactic macrolides for children in regions with possible
benefit for infant mortality (5).
summarizes the potential for human milk to mitigate

antibiotic-mediated atopic disease risk by preventing or repairing
antibiotic-associated disruption of the infant gut microbiota.
Human milk oligosaccharides, while not metabolized by the
infant, favour the growth of Bifidobacterium infantis and other
beneficial bacteria. Human milk feeding to at least six months is
already recommended, but there is variation in the practice
globally and limited availability of donor human milk for
families unable to breastfeed.

provides a detailed study of factors associated with
breastfeeding in Bangladesh, outlining the individual and system
challenges in lower resource settings. Providing human milk to
an infant is harder where both parents need to work, where
public breastfeeding is less accepted and in the face of intensive
formula marketing. In settings where antibiotic use in infancy
and caesarean section rates are also high, a compounding effect
on microbiome disruption must be considered when investigating
the impact on atopic disease outcomes. Stronger system-level
supports are required to overcome deficits in education, services
and policies to promote and protect breastfeeding.

An important criticism of any theory linking antibiotics to
atopic disease is the question of confounding by indication: what
if the infections that caused antibiotic prescription are themselves
the cause of asthma? analyze data from a
prospective birth cohort to address the interface with early-life
respiratory infections and conclude that while those infections
may confer independent risk for asthma, they do not explain the
impact of antibiotic exposure. Further, antibiotics are associated
with an array of atopic outcomes, not just asthma, speaking to
the importance of a common immunomodulatory pathway.

This
observations about the complex pathogenesis of atopic asthma.

issue also includes articles that address additional

speak to the importance of outdoor environmental
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exposures by contributing a global systematic review and meta-
analysis of the effect of pesticide exposure on childhood asthma,
wheezing and respiratory infections. contribute an
important study on asthma severity in children with comorbid
obesity in China. This reminds us that inflammation and
immune modulation may be a common pathway linking asthma
and obesity; both associated with disrupted microbiota.

With growing evidence of a plausible and impactful causal
mechanism at play in patients and in experimental models, this
issue focuses on the relevance of recent findings to population
health.

findings relate to health equity and cross-generational risk of

contribute important thinking on how such

chronic disease. Their article makes cogent arguments about how
safeguarding the early-life microbiota may not only reduce atopic
disease risk but also contribute to reducing intergenerational
public health disparities.

contribute a regional study that characterises the
burden that childhood asthma places on families through missed
school days, missed work days, hospital visits and medical costs.
Li et al. provide a modelling study that probes the impact of an
observed 70% drop in infant antibiotic exposure on asthma
burden in British Columbia, Canada. Very large drops in
with
exacerbations have been realized, highlighting that asthma

incident asthma cases, person-years asthma and
reduction should be considered in the value proposition of public
health interventions such as antibiotic stewardship.

address whether the observed effects of reducing
exposure to antibiotics and promoting breastfeeding should have a
significant effect at the population level. They observe that large
declines in asthma seen in high income countries are in line with
modelled predictions driven by lower exposure to antibiotics and
improved uptake of breastfeeding. Falling asthma rates in British
Columbia, Canada and in Germany have been linked to
significant drops in antibiotic exposure (6, 7). Large drops in
asthma have also been recorded in other countries where
researchers are now looking for such an association (8).

Much remains to be done. Findings need to be replicated in
additional cohorts and populations. Work is needed to quantify
infant antibiotic exposure in resource-limited settings and
identify opportunities to safely reduce unnecessary use. The
complexities of competing risks are large. Antibiotic use for
infants will be more important and more difficult to reduce in
settings with higher sepsis rates. Approaches that have led to less
antibiotic use in Canada, Germany or the UK may not be viable
in other epidemiological contexts. Yet, observations outlined in
this issue also remind us that atopic disease risk associated with
antibiotics may be mitigated where breastfeeding or donor milk
are available. A detailed understanding of beneficial bacteria and
their function may also lead to better design of probiotics,
prebiotics and synbiotics for the benefit of infants who need
antibiotics and cannot be fed human milk.

This
experimental, population, cohort and modelling studies in this

series provides a comprehensive introduction to
key area. When considered in aggregate, the evidence points to a
significant potential to reduce the burden of atopic disease where

it is possible to reduce unnecessary antibiotic use and encourage
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human milk feeding for infants, alongside existing evidence of the
benefit of improved air quality. Antimicrobial resistance and
optimal infant nutrition are already sound reasons for such
actions, but it now appears increasingly likely that they may also
have a sizable impact on the scale of atopic disease pandemics,
morbidity and costs.
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