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According to the World Health Organization, by 2050,
approximately 50% of the world’s population will have had
asthma and/or allergy at least once in life.' Increasing evidence
suggests that air pollution is a primary risk factor that can help
explain the increase in incidence of these diseases.”

AIR POLLUTION IS A UBIQUITOUS RISK FACTOR

Although air quality has improved in many regions over
recent decades, the levels of certain air pollutants still exceed
the World Health Organization guidelines in most countries,
with 9 of 10 people on the Earth breathing polluted air. Various
air pollutants (nitrogen dioxide [NO,], ozone [Os], volatile
organic compounds, and particulate matter [PM] of varying
size and composition) are emitted from a multiplicity of sour-
ces, including stationary sources (power plants, oil refineries, in-
dustrial facilities, factories, and domestic heating), mobile
sources (cars, buses, trucks, planes, and trains), anthropogenic
sources (agricultural activities, cities, wood burning fireplaces,
and indoor settings), and natural sources (windblown dust, wild-
fires, and volcanic eruptions). As a result, individuals across the
globe are continually exposed to pollutants as they breathe. This
exposure is expected to grow as urbanization increases and also
as a consequence of climate change-related phenomena such as
continued fossil fuel emissions, excess heat, wildfires, drought,
and increased confinement indoors. Compounding this issue, in-
dividuals are also regularly exposed to air pollutants that are not
yet regularly monitored, such as ultrafine PM, 1,3-Butadiene,
and mobile persistent pollutants, which have also been associ-
ated with adverse health effects.
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AIR POLLUTION DOES CONTRIBUTE TO ASTHMA
AND ALLERGY DEVELOPMENT

Recent data indicate that air pollution is responsible not only
for exacerbations of asthma and allergy but also for their
development. A causal relationship between new onset of child-
hood asthma and long-term exposure, especially to metrics of
traffic-related air pollution such as NO,, O3, PM, 5 (fine particles
less than 2.5 pm in diameter), and black carbon, has been estab-
lished.”” The impact of air pollution starts in early life and con-
tinues onward, as revealed by recent data demonstrating that
long-term exposures to PM, 5, NO,, and black carbon causally
contribute to new-onset asthma in adulthood. Regarding mortal-
ity, new data indicate that at the population level short-term expo-
sures to PM, 5, NO,, and O3 may increase risk of mortality due to
asthma.” For the first time, this year a UK court recognized that air
pollution was a causal factor in a 9-year-old London girl’s induc-
tion, progression, and death due to asthma. Various experimental
and epidemiologic studies have well demonstrated the association
between air pollution (particularly PM) and the rising prevalence
of allergic rhinitis.” Several mechanisms plausibly explain how
air pollution can induce new-onset asthma and allergic rhinitis,
including the action of oxidative stress on the mucous membrane
of the respiratory tract and its subsequent inflammation, remodel-
ing, and immune changes, which then induce sensitization to
aeroallergens and allergic inflammation.”* Air pollution is also
arisk factor for skin diseases such as atopic dermatitis, the occur-
rence of which, according to data available in the literature, can be
linked to exposure to many air pollutants, including cigarette
smoke, volatile organic compounds, NO,, and PM.’ Again, the
underlying mechanism seems to be due to oxidative stress that af-
fects the integrity of the barrier by inducing epithelial damage.”
Finally, widely used emerging industrial chemicals such as phe-
nols and phthalates, which are commonly used in plasticization,
have also been shown to play a role in asthma and allergies.*”’
New evidence shows that effects are induced even at low air
pollutant concentrations, including concentrations that are some-
times below even standard air quality levels and are predominant
in subjects already predisposed to atopy.”

AIR POLLUTION INTERACTS WITH OTHER
FACTORS

To fully explain the increase in the prevalence of asthma and
allergy observed worldwide, however, air pollution has to be
considered as a part of the exposome, namely, the set of all
exposures to the external environment (Fig 1) to which a given in-
dividual is subjected from preconception onward and the conse-
quences of these exposures at the cellular and organ levels (the
internal exposome).3

Environmental exposures prenatally and early in life appear to
play a very important role in the etiopathogenesis of asthma and


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaci.2021.05.026&domain=pdf
mailto:isabella.annesi-maesano@inserm.fr
mailto:isabella.annesi-maesano@inserm.fr
https://doi.org/10.1016/j.jaci.2021.05.026

J ALLERGY CLIN IMMUNOL
VOLUME 148, NUMBER 1

Global warming

External Biodiversity &——=

..

Green spaces

%

Mobility

: ®/\

H Social dimension

Biocontaminats (viruses, bacteria..)

ANNESI-MAESANO ET AL 71

o)

Air Pollutants

|h|

Indoor Pollutants

- —
Smoking

Hqﬁﬁfg

Urban Environment

(D

Diet

Drugs

FIG 1. The surrounding environment involved in asthma and allergy.

allergy. This is the period of life in which a child’s airways and
immune system develop.

A growing body of scientific evidence confirms that air
pollutants interact with aeroallergens (pollen, molds, house dust
mites, etc), increasing the risk of atopic sensitization.” Further-
more, several experimental studies have shown that Oz, NO,,
and diesel particulate emissions have the ability to increase bron-
chial epithelium permeability and reduce mucociliary clearance,
facilitating the residence of allergens and irritants at the level of
the epithelium and allowing their entry at the level of the submu-
cosa.'” This facilitates encounter between antigen and immune
cells as well as initiation of the allergic response. Air pollutants
can also increase the ability of pollen-derived allergens to induce
an IgE response (allergenicity) in sensitized subjects, thus putting
susceptible individuals at higher risk of aggravation or develop-
ment of allergic diseases.* Evidence suggests that diets rich in
carotenoids, vitamin D, and vitamin E help protect against air
pollution damage that can trigger asthma. Vitamin C, curcumin,
choline, and omega-3 fatty acids may also play a role.®

Nonspecific external factors of the exposome that interact with
air pollution include climate conditions and surrounding biodi-
versity.” Climate change, urbanization, and loss of biodiversity
affect the sources, emissions, and concentrations of many aeroal-
lergens and air pollutants,”’ and they are among the most critical
challenges facing the health and quality of life of the ever-
increasing number of patients with allergy, both today and in
the coming decades. Policy perspectives in this context should
include prevention and mitigation in regard to climate, air pollu-
tion, and pollens, with improvement of environmental monitoring
methods and alerts directed toward the at-risk groups. Poverty and

lifestyle factors are also crucial aspects in the relationship be-
tween air pollution and asthma and allergy development, and
they must be considered when addressing prevention through
multidisciplinary efforts to eliminate detrimental environmental
exposures while promoting a healthy lifestyle and implementing
all components of high-quality health care (prevention, screening,
diagnosis, and treatment).9 Overall, environment- or lifestyle-
driven aberrancies in the composition of the gut and skin micro-
biome represent key mediators of allergic diseases."

Building the exposome is challenging in various respects. In
terms of assessments, it requires reliable assessment of the
maximum number of environmental factors at different periods
of life in the different settings attended by the individual (home,
school, work, transportation, community, etc) so as to be
representative of individual exposures across the entire lifespan
or at least in those life periods identified as critical in the lifespan.
These assessments rely on technologies that need to be
validated to avoid exposure misclassification, which can be
time-consuming and expensive. In terms of statistical analysis
to identify those factors among the several hundred being
considered that are significantly related to the studied outcome,
the challenge consists of use of sophisticated methods to account
for the heterogeneity of the assessments and the multitude of
testing in the context of big data. The last challenge consists of
identification of the avoidable exposome at the individual, family,
and community levels to promote prevention.

Although it has been used rarely so far, the exposome approach
has been applied successfully, for instance, in the Canadian
Healthy Infant Longitudinal Development Study, which observed
an association between first-trimester exposure to traffic-related
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air pollution and increased risk of allergic sensitization at 12
months of age. In a smaller Canadian birth cohort study, it was
found that regular use of air fresheners and presence of mold in
the residence were associated with early childhood wheezing and
cough.'“ Further studies are needed, however.

CALL TO ACTION

To conclude, we can no longer ignore the fact that the impact of
air pollution on asthma and allergy development has to be
considered within the larger context of the exposome. Air
pollution interacts with allergens, pollen, molds, climate, green-
space, and lifestyle, among others. Therefore, efforts to reduce
exposure to air pollution to protect the public’s health, especially
against emissions resulting from both fossil fuel combustion and
biomass combustion, are needed urgently. Tackling both air
pollution and climate change simultaneously would bring sub-
stantial benefits for public health and should not be under-
estimated.® This should be advocated through green-friendly
industrial, agricultural, and vehicle renovations, as well as
through interventions at the population level, including public
health prevention strategies and individualized interventions to
lower personal exposures. At the same time, it is necessary to
improve nature relatedness; revegetate urban areas; reforest, pro-
tect, and conserve natural elements; and organize traffic and
mobility infrastructure to promote bicycling, walking, and emis-
sions avoidance. Efforts to electrify indoor cooking methods and
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promote other healthy indoor habits should be considered. In
addition, more research is needed to better understand the
involved phenomena and the effectiveness of these actions.
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