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ABSTRACT

The twenty-first century has seen a fundamental shift in disease epidemiology with anthropogenic
environmental change emerging as the likely dominant factor affecting the distribution and
severity of current and future human disease. This is especially true of allergic diseases and asthma
with their intimate relationship with the natural environment. Climate change-related variables
including increased ambient temperature, heat waves, extreme weather events, air pollution, and
rainfall distribution, all can directly affect asthma in children, but each of these variables also
indirectly affects asthma via alterations in pollen production and release, outdoor allergen expo-
sure or the microbiome. Air pollution, with its many and varied respiratory consequences, is likely
to have the greatest effect, as it has increased globally due to rapid increases in fossil fuel com-
bustion, global population, crowding, and megacities, as well as forest burning and trees suc-
cumbing to an increasingly hostile environment. Human activities have also caused substantial
deterioration of the global microbiome with reductions in biodiversity for molds, bacteria, and
viruses. Reduced microbiome diversity has, in turn, been associated with increases in Th2 allergic
responses and allergic disease. The collective effect of these changes has already shifted allergy
and asthma disease patterns. Given that changes in climate have been relatively small to date, the
unavoidable, much greater shifts in climate in the future are concerning. Determining the relative
scale of the direct versus indirect effects of climate change variables is needed if effective
avoidance and adaptive measures are to be implemented. This would also require much more
basic, epidemiological, and clinical research to understand the causal mechanisms, the most
relevant climate factors involved, the regions most affected and, most importantly, effective and
actionable adaptation measures. We suggest that allergy and respiratory health workers should
follow current guidance to reduce present risks related to climate change and watch for new
recommendations to reduce future risks. Since the respiratory system is the one most affected by
climate change, they also need to call for more research in this area and show strong leadership in
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advocating for urgent action to protect children by reducing or reversing factors that have led to

our deteriorating climate.

Keywords: Climate change, Environmental pollution, Global changes, Pediatric asthma, Direct

effects, Indirect effects

INTRODUCTION

Humans have in a very short time caused major
damage to the earth’s ecosystems ' and despite
urgent calls for action, damage continues to
accelerate.? The climate crisis, a phenomenon
started over the past 5 decades, is a component
of this damage and the World Health
Organization (WHO) now states that it is the
greatest threat to future human health.® Climate
change has already caused major changes to
environmental antigens and human exposure,
leading to an increase in immunologic diseases,
including allergic diseases.*® And it is expected
that by 2025 more than 50% of all Europeans will
suffer from at least 1 type of allergy, with no age,
social, or geographical distinction.® The
prevalence of pediatric asthma has, in parallel,
increased in recent decades, with growing
evidence pointing to the role of climate change
and air pollution as contributing factors that are
not expected to reduce in the imminent future.®”

Global changes implicate complex and over-
lapping anthropogenic phenomena including
climate changes, landscape transformations, envi-
ronmental pollution and the increased transport of
organisms on a continental scale. The analysis of
each driver of global change has many manifes-
tations but the combination of them reflects the
complexity of this global crisis.

Climate change includes changes in 4 major
dimensions:  Firstly,  atmosphere  changes,
including increased levels of greenhouse gases,
leading to increase of ambient temperature of the
Earth’s surface; secondly, land changes resulting
from the increase of rainfall during wet seasons
and raining less during dry seasons, as well as
shifts in climate zones; thirdly, ice changes
including the thawing of ice leading to huge
quantities of water into the oceans; and lastly, the
ocean which is warming faster than any other time,
increasing sea levels and become more acidic.?
Air pollution, particularly through use of fossil

fuel, is a major inducer of climate change, and is
further increased by it. Rapid increases in
temperature have already affected physical and
biological systems, regionally and globally.?"®
These changes derive from the anthropogenic
increase in concentrations of greenhouse gases
and come in parallel to destruction of the natural
environment, urbanization, industrialization, and
Western lifestyle, all of which are strongly
associated with the observed loss of biodiversity.*

Carbon emissions from all human sources,
including agriculture and land use, were estimated
at a massive 43 billion tons in 2019,% giving insight
into why the insulating properties of carbon
dioxide (CO2) have elevated surface temperature.
Increases in global temperature have brought
major changes to the distribution of antigens.
Changes in rainfall patterns and humidity have
produced widespread increases and decreases in
forest distribution,” each of which will affect
aeroallergens. Air pollution has intensified from
increases in human activities and population
density,’? but also from increasing air stagnation
in larger cities'> and equatorial regions.’®
Collectively, these changes have produced major
changes in global patterns of flora and fauna,’
significant reductions in planetary biodiversity,”
and widespread changes in antigen distribution*
and asthma prevalence.

Air pollution is the most important climate
change variable directly affecting respiratory dis-
ease. Almost the entire global human population
breathes air that exceeds WHO air quality limits with
immediate impact in early life and significant life-
long consequences.’® Pollutants have
physicochemical characteristics favoring the
transport of antigens into the respiratory tract and
facilitating their penetration into the airway
epithelium, both of which could in part explain the
increasing frequency of respiratory diseases,
including asthma, in children.”® WHO has called
environmental pollution a "silent killer".
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Recent studies have demonstrated the role of
climate change in the development of
asthma,””"#1? including the frequency of asthma-
related exacerbations, and increases in emergency
room presentations and hospital admissions.?° In
this report, the Pediatric Asthma Committee of
the World Allergy Organization (WAQ), aims to
summarize and discuss the direct and indirect
impacts of the climate crisis on pediatric asthma
and the urgent need to activate the world society
for mitigation and adaptation measures. The
interrelationships between the direct climate
change factors and the indirect effects on the
environment specific to allergy and asthma are
summarized in Fig. 1.

Air pollution and pediatric asthma

Primary pollutants (pollutants emitted from the
original source) and secondary pollutants (pollut-
ants that form when primary pollutants react in the
atmosphere) are major components of climate
change®' and have direct effects on susceptibility
to asthma.

Exposure to a large number and variety of air
pollutants can damage the airway epithelium,??
hamper mucociliary clearance, affect mucus
production, and trigger airway hyper-reactivity. 2324
Mechanistically, studies have described the role of
air pollutants in inducing airway inflammation,
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oxygen free-radical production in the lungs, cyto-
kine and chemokine release, production of white
blood cells, the neutrophil influx, covalent modifica-
tion of key cellular enzymes, and stimulation of irri-
tant receptors.?>?¢ Additionally, pollutants (ie,
ozone [O3], particulate matter [PM2.5]) may act as
adjuvants by skewing immune responses towards
type-2, IgE production, and stimulation of Th17 re-
sponses.?”?® Pro-inflammatory effects in the respi-
ratory tract result from free radical generation by
particulate components, with volatile organic com-
pounds and gases (ie, nitrogen oxides, O3, sulfur
dioxide [SO2]) contributing to the induction of
oxidative stress.?”?? The latest research implicates
nitrogen dioxide as a cause of abnormal lung
development,3° lung inflammation,®? and
asthma.®? Overall, air pollutants may interfere with
immune responses, alter the microbiota, and act
directly on respiratory epithelium, facilitating the
penetration of allergens.®** Environmental tobacco
smoke is a major contributor to pediatric asthma
development.®*

The recent American Lung Association State of
the Air 2023,3® reporting on levels of air pollution
from official monitoring sites during 2018-2020,
found that 3 out of 8 Americans are exposed to
unhealthy levels of O3 smog (Failing grade-F); in
the years 2018-20 more than 122 million people
lived in the 156 counties which earned an F for O3.
Although this number is lower than those reported
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Fig. 1 Climatic and environmental factors that affect asthma. Climate change variables can have direct effects on the airway in asthmatic
children as well as indirect effects through environmental factors that influence asthma.
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in the past four reports and there have been trends
toward improvement since the Clean Air Act of
1970, it is still worse than the 116 million of the
2017 report.

Air temperature and increasing levels of CO2

Globally, the Intergovernmental Panel on
Climate Change (IPCC) reported in 2022 that
average CO2 concentration has increased from
250 to 410 parts per million over the past 150
years®® with the latest reports showing it has now
reached 417 parts per million.®” The IPCC 6th
assessment also reported projections showing
that mean air temperature would increase by
nearly 5°C by 2100 if Shared Socioeconomic
Pathway 5-8.5 is followed.*® Such an increase in
temperature would have catastrophic effects on
the entire global ecosystem®® and every aspect
of human health including asthma.

A potentially serious but little-appreciated long-
term concern regarding CO2 is that the very high
levels predicted by current trajectories to 2100
may directly have an adverse effect on mammalian
lung structure and function. This has been shown in
offspring of pregnant mice exposed to 890 ppm of
CO2,%*? a level within current 2100 projections.
Whether this in utero toxicity will occur in
humans and, if it does, how it will interact with
the many other CO2 contributions to asthma is
unknown but greatly concerning.

CO2 is not usually considered a pollutant, but
increasing levels will affect many aspects of global
ecology. CO2 is used by plants in photosynthesis
and increasing CO2 levels increase this process,*®
but the scale of the effect on plant biomass is
difficult to determine due to the many diverse
effects of CO2.#" Rising CO, levels may indirectly
influence asthma by increasing the levels and
allergenicity of pollen including ragweed*® and
oak.*® How much CO2 influences pollen
production cannot be determined easily due to
the effects of other climate change variables
including temperature and rainfall.#°

Effects of extreme weather phenomena on
asthma
Thunderstorms

"Thunderstorm asthma” is a phenomenon
describing asthma exacerbations that occur due

to environmental factors triggered by thunder-
storms in individuals with grass pollen or mold
allergy. Epidemics have been reported in many
geographical regions, such as the United Kingdom
or ltaly, but are more commonly observed in
south-east Australia during the grass pollen
season.*?

The epidemiology of asthma exacerbations
recorded after thunderstorms is well established,
but whether the effect is direct or indirect is un-
clear, as the pathophysiological mechanisms
involved have yet to be determined. Most patients
with thunderstorm asthma have seasonal allergic
rhinitis. In normal conditions, large pollen grains
do not reach the lower airways, because of their
size (>10 um diameter).2° From different studies, it
is proposed that during thunderstorms outflow
cold air sweeps up pollen grains, ruptures them
through osmotic shock, and then concentrate
them in a shallow band of air at the ground
level.**  Under this phenomenon, smaller,
paucimicronic allergenic particles are released
from pollen grains or other allergenic plant
species and in some cases also Alternaria
species®® and reach the lower respiratory tract
triggering severe asthma exacerbation.*®

The impact of fires on asthma

During a wildfire, a variety of pollutants are
released because of their incomplete combustion,
including suspended particulate matter, carbon
monoxide, formaldehyde, nitrogen dioxide, and
polycyclic aromatic hydrocarbons.*” As a result,
significant associations between wildfire smoke
and emergency hospital admissions due to
asthma exacerbations have been identified and
are likely to be direct effects of the smoke on the
respiratory system. In people with severe asthma,
intense and prolonged PM2.5 exposure from
bushfires has an enhanced effect allowing
deposition into terminal alveoli and associated
with acute and persistent symptoms.*®

Smoke from wildfires may travel thousands of
kilometers, depending on the concentrations of
fire and smoke and the wind patterns, which may
change daily and last several weeks. Exposure to
PM2.5 particles stimulates dendritic cells and T
cells to produce type-2 cytokines and activate pro-
inflammatory genes in a process mediated by free
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radical and oxidative stress mechanisms, resulting
in acute bronchospasm.*?

The impact of floods on asthmatic children

Flooding from extreme precipitation caused by
rain, snow or hail can be considered an indirect
cause of asthma, as it leads to the accumulation of
fungal species and that can become a prominent
cause of physical illness. Studies of flood-ravaged
homes report elevated number of several fungi
species (Cladosporium, Alternaria, and Penicillium
spp.) and bacteria.?>® A recent meta-analysis re-
ported that exposure to several fungi species in-
creases the frequency of asthma exacerbations,
and exposure to mold as an infant increased the
risk of asthma later in  childhood.®"
Immunologically, fungal exposure may modify
asthma morbidity by promoting Th17 immune
responses, and bioaerosols act as pathogen-
associated molecular patterns to trigger re-
sponses leading to upper and lower airway irrita-
tion and inflammation.®* Additionally, children
exposed to high levels of mold have elevated
levels of IL-17A and have more frequent asthma-
related symptoms>*

Major allergens

Pollen

Climate change affects pollen production, dis-
tribution, and allergenicity.>*>® In this way, climate
change indirectly affects those with respiratory
allergies, with asthmatic children being among
the most susceptible populations.®®

Plants respond to global warming in different
ways, depending on their genotype and degree of
phenotypic plasticity, which vary markedly with
different climate change variables and effects.**°
Thus, the influence of pollution and climate
change on pollen is multifaceted.?”

Pollutants are one of the main plant stressors,
causing indirect effects on asthma via their effects
on pollen grains.®® Additionally, pollutants can
favor an increase in the concentration and
biological activity of pollens’ allergenic proteins,®?
probably as a result of a lower photosynthetic
efficiency and a greater degree of oxidative
stress.®? In elevated humidity conditions, pollen
burst and release cytoplasmic contents in a
species-specific manner, triggering IgE responses

in allergic individuals. During germination or tube
burst in cases of osmotic shock, fine allergenic
particles are released in the atmosphere.®’

Additionally, increasing ambient temperature in
many regions often correlates with increases in
pollen concentrations and pollen season length on
selected taxa.®? Data from the last 2 decades
identified an advance of 20 days in pollen
seasons,®® and a significant increase in daily
pollen  concentrations.®®  Considering  the
expected temperature changes at the end of this
century, the estimated trends are that the pollen
season will start up to 6 weeks earlier, last over 2
weeks longer, and the annual total pollen
emission will increase up to 40%.°*®° Longer
seasons and increases in atmospheric pollen mass
increase human exposure to allergens, leading to
an increase in symptomatic sensitization from
early in life.®

Climate change is influencing vegetation pat-
terns and plant physiology through spatial and
temporal changes in temperature and humidity
that can lead to the disappearance of native spe-
cies and the establishment of non-native species
with the consequent greater risk of allergic
sensitization.>?

Pollution and temperature changes may also
induce the release from pollen of enzymes and
bioactive  pollen-associated lipid mediators
(PALMs) with pro-inflammatory and immunomod-
ulatory actions that can also trigger and enhance
allergies.®” Diesel particles appear to prime cells
to react more rapidly to pollen exposure,
especially inflammation-related genes, a factor
known to facilitate the development of allergic
sensitization.®®

Mites

Whereas most of the climate change and allergy
studies have focused on outdoor aeroallergens,
there are also significant impacts on indoor aero-
allergens. For example, there are effects on house
dust mite (HDM) antigens which are important
sensitizers for respiratory allergic diseases
including pediatric asthma.®® HDM are sensitive to
microenvironment modifications including those
from climate change which could therefore
modify the HDM life cycle.”®
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Outdoor temperature and indoor humidity are
principal factors affecting growth and survival of
HDM favoring their presence and proliferation.”®
HDM are composed of approximately 75% water
by mass, requiring high air humidity to prevent
excessive loss, with relative humidity below 50%
being adverse for growth and replication.”’ A
Mediterranean climate (living near the coast, with
higher humidity) was associated with a higher
prevalence of HDM sensitization in patients with
allergic rhinitis and asthma, compared to a
Continental climate in France and ltaly.”?

Global warming expands HDM habitats. The
pattern of increased sensitization to HDM became
evident in the last decades, particularly in tropical
and developing regions. Global warming may in-
fluence the life cycle of mites, providing larger
species diversity and a growing source of antigens
to become sensitized.”® Additionally, extreme
meteorological effects like flooding, can result in
a long-term increase in moisture which favors the
growth HDM.”"

Climate change may cause some areas where
HDMs reside to expand exposing more people to
HDM allergens, and other areas to contract
reducing HDM exposure. An expected conse-
quence of climate change is increased time in-
doors, increasing exposure to indoor allergens
including HDM.**

As mentioned before, air pollutants such as
diesel exhaust interact with aeroallergens
including HDM, increasing the risk of sensitization.
Two decades ago, a northern European epidemi-
ological study reported a significant association
between lifetime pollution exposure and sensiti-
zation to Dermatofagoides farinae.>% 73

Environmental control measures specifically
directed against HDM have not demonstrated a
major benefit; however, in sensitized children, a
significant reduction in asthma exacerbations
requiring emergency department assistance has
been reported.®?

At present, there is no conclusive evidence that
climate change increases the risk of allergic dis-
eases related with HDM. However, the above evi-
dence supports this concept.

Fungi

Climate is the major agriculture ecosystem fac-
tor influencing the life cycle stages of fungi and the
observed environmental changes result in the
imbalance between plant growth and the related
health impacts on population.”®

As in HDM, temperature and humidity are the
major factors contributing to survival and replica-
tion of molds. Molds are fungi that grow in warm
conditions; studies estimate a prevalence of 20%
in humid conditions and 25% when the environ-
ment is warm. After extreme weather events, such
as floods, stagnant water, water intrusion into
homes and increased carbon dioxide, there are
increased levels and subsequent exposure to
these allergens both indoors and outdoors.?%”®
The slowly increasing atmospheric concentration
of allergenic fungal spores (Cladosporium),
together with an early seasonal onset and greater
allergenicity, could lead to an increased risk for
allergic diseases.>*7°

Fungal spores are easily transmitted from out-
doors to the domestic or work environment, where
access to water or through transpiration, can pro-
mote their growth. Based on several studies, 20-
50% of US houses are damp, varying according to
the different geographical regions and climates. A
1.4-2.2 fold increased risk of respiratory conditions
such as asthma/wheeze has been observed in in-
fants, children and adults living in damp houses.”®
Furthermore, birth cohorts show that dampness is
related closely to asthma symptoms in first 2
years of life.”® However, conclusive evidence of
an increase in asthma due to fungal spores from
damp conditions is lacking.

Vulnerable populations are most commonly
those living in old or poorly ventilated buildings
and over-crowded houses with inappropriate
heating, insulation, and ventilation. Additionally
depending on the geographical area, commu-
nities living in flood-prone regions such as coasts/
rivers have higher exposure to molds and subse-
quently suffer more asthma related symptoms.?°

Other allergens

Climate changes augment pest-related diseases
through alteration of the natural environment by
flooding or drought and the urban environment by
changes in land use. Urban pest species such as
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cockroaches and rodents are major sources of al-
lergens. Dampness enhances colonization of the
households by cockroaches. Children sensitized to
cockroach allergens are at an increased risk of
asthma morbidity and hospitalizations.””"”® Mouse
and rat allergens are found primarily in inner-city
homes and are common global allergens.”?

Flooding of indoor environments after massive
storms potentially increases the exposure to
mosquitos and use of repellents. “"Mosquito-killing”
spirals generate high concentrations of particulate
matter. The same happens when burning incense
indoors.®? Habitats of stinging insects such as bees
and wasps could be influenced by climate change,
and these are also well-known allergens.®
Increasing evidence suggests that bites from
certain tick species can lead to alpha-gal syn-
drome (AGS). Climate change will likely facilitate
the expansion of AGS in new regions secondary to
the potential alteration in tick habitats.®"

Allergenic helminths are more common in hot
tropical areas including Africa; some helminth in-
festations such as ascaris may extend their habitat
with global warming. Ascaris lumbricoides induces
a Th2 response and specific IgE synthesis and is
associated with allergy and asthma in school-aged
children. In addition, tropomyosin from ascaris
cross-reacts with mite tropomyosin %23

Sensitization to furry animals including pets is
detected in up to 15% of the population.®®
Sensitization to cat Fel d 1 and dog Can f 1 is
prevalent amongst asthmatic children and
associated with poor outcomes. Some outdoor
fungal spores, such as Alternaria can be found
indoors due to transfer via pets.”? The synergistic
effects between extreme heat and aeroallergens
intensify the toxic effect of air pollutants, which in
turn increases the allergenicity of aeroallergens.®*

The penetration of outdoor pollutants further
deteriorates the quality of indoor air. Children are
exposed to allergenic and non-allergenic stimuli
indoors. Indoor environments are a mixture of al-
lergens and chemical pollutants such as paints,
adhesives, flooring chemicals, cleaning products,
asbestos, and combustion products from heaters
and cooking, and above all, tobacco smoke.
Burning candles is another source of particulate
emission.?%8479  Asthmatic children may suffer
within the context of the so-called sick building

syndrome which is dominated by older buildings,
multifamily dwellings, lack of ventilation, damp-
ness, and living near heavy traffic, each of which
can potentiate indoor pollution and aeroallergen
effects.”® Finally, the adoption of sedentary
lifestyles significantly increases the probability of
exposure to internal aerosols, especially in closed
spaces with inadequate ventilation. The COVID-19
pandemic has increased the time spent indoors
due to lockdowns/quarantine and hence the
exposure to indoor aeroallergens and excessive
use of household cleaning products and disinfec-
tants with significant increase in volatile organic
compound concentrations within the home 298479

Climate change and the microbiome

Currently, biodiversity is declining faster than
any time in human history. Climate change is a
leading cause for the observed decline in macro-
diversity with the accompanying decline in envi-
ronmental and human microdiversity.2® As the
microbiome is a key factor in the development
and maintenance of the immune system, the
alteration of both environmental and host
microbiota may account for the increase in Th2
responses®® and the prevalence of asthma and
allergies,®®> but probably many other chronic
conditions as well. Furthermore, environmental
changes impose dietary, and lifestyle shifts that
increase the risk for food allergy and asthma
through intestinal mucosal dysbiosis.

The lungs harbor diverse microorganisms,
including microbiome, virome, and mycobiome
(fungi), each of which may be influenced by inhaled
irritants/toxicants. Exposure to pollutants disrupts
the structure and function of the microbiome com-
munity, resulting in an imbalance of antioxidant and
pro-inflammatory conditions with downstream con-
sequences for human health.®” Studies have
identified lung microbiome alterations associated
with specific asthma phenotypes and severity
patterns.®*® Certain fungi may act as adjuvant
factors that can increase Th2 immune responses.
For example, gut mycobiome overgrowth is linked
to increased child susceptibility to asthma
development by school age.®?

Climate change and viral infections

Clean air is an important contributor to the
overall and respiratory health, while poor air quality
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confers a high risk for adverse health outcomes,
especially in the vulnerable asthmatic population.?®
Epidemiological data from children demonstrate
more severe viral-induced asthma symptoms and
worse lung function outcomes in the presence of
increased exposure to high concentrations of
chemical air pollutants.?’  Pollen exposure
increases the risk of rhinovirus (RVs) and Severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2)%¢27 respiratory infections. Viruses and
allergens have been shown to interact with
pollutants such as O3 and fine particles (PM2.5),
increasing their morbidity effects.??

Implicated mechanisms that increase suscepti-
bility to viruses and harm from them in the pres-
ence of chemical air pollutants include impairment
of the mucosal barrier function. Exposure to
ambient particulate matters and diesel exhaust
particles reduces barrier integrity, while nitrogen
dioxide exposure increases epithelial expression of
ICAM-1, the receptor for RV-A and RV-B.”?
Moreover, exposure to air pollutants contributes
substantially to increased oxidative stress, favoring
Type-2 responses, subsequently affecting pulmo-
nary health.?* Finally, in-vitro studies have
documented that ambient particular matter can
disrupt the balance between Th1 and cytotoxic T
lymphocyte type-1 (Tc1) responses, potentially
affecting the antiviral defense mechanisms.?* Viral
infections in turn, especially RVs, impair anti-
bacterial innate immune responses,’®  thus
affecting the overall microbiome homeostasis.
Viruses, microbes, allergens, and chemical
pollutants exhibit a complex interaction with the
human immune system, depending upon several
factors such as the age, predisposition and
identity of the agent.?® Viruses may be a driver of
respiratory allergies in children®® and affected by
changes in viral epidemiology  from
anthropogenic influences.?” Nevertheless, the
overall effect may vary considerably, making it
difficult to predict with accuracy the impact of
pollutants on viral and microbial effects on health.

Vulnerable populations

The vulnerability of individuals to climate
change is greatly influenced by social de-
terminants. Low-income countries (LICs) are
particularly vulnerable because of poverty, poor
sanitation, high prevalence of malnutrition,

infections, non-communicable diseases, poor
quality housing, smoke exposure and weak non-
resilient healthcare systems. People living in such
conditions, indigenous groups, racial and ethnic
minorities, vulnerable occupational groups, aged
populations, pregnant women and children, peo-
ple with disabilities, and those with chronic medi-
cal conditions will bear the brunt of climate change
because of their high exposure and limited adap-
tive capacity.?®%?

Climate change injustice for low- and middle-
income countries (LMIC)

LMIC are less responsible for climate change
but face its greatest challenges. The global health
burden of ambient fine PM2.5 is increasing annu-
ally"®® despite progress in reducing exposure in
some countries. However, PM2.5-attributable
health risks are inequitably distributed across
countries and cities, and its impact varies, influ-
enced more by poverty and social factors than by
contamination levels."®" Globally, LMIC
experience greater exposure to unhealthy levels
of airborne particulates compared to the global
average, but NO2 patterns show less variability.
In high-income countries, studies reported that
secondhand smoke, ambient pollution, and traffic
emissions were the most important sources of
personal exposures, while household cooking and
heating with biomass and coal is more relevant in
LMICs.102:103

Future prospects

Anthropogenic activities have inflicted major and
lasting damage on every measurable aspect of the
Earth’s delicate ecosystems.*® For many systems, this
may now have reached a level where climate change
"tipping points" have been reached, resulting
in  change  accelerating and  becoming
unstoppable.’® Despite calls for urgent action®®
and rapid increases renewable energy production,
the rates of carbon dioxide and methane emissions
continue to increase.'® Clearly, immediate
reduction of greenhouse gas emissions should be a
primary objective for society to have any chance in
slowing the emerging dangers wrought by an
increasingly hostile climate.

One of the greatest impacts of climate change
on health, but also a major reminder of its effects,
is on childhood asthma.’”'® Measures to reduce
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climate change impacts on health have been
introduced in some countries and these include
the design and construction of buildings, and use
of air conditioning systems in homes to protect
from temperature extremes and reduce
condensation and humidity. To help protect
children from climate change, patients and
families can wuse tools, such as the US
Environmental Protection Agency's (EPA) Air
Quality Index,'®® which provides daily levels of
ground-level O3, particle pollution (PM10 and
PM2.5), carbon monoxide, nitrogen dioxide, and
SO2, and allows the public to learn quickly when
air quality levels are unhealthy and may exacerbate
asthma symptoms. Accurate and affordable indoor
air pollution monitors are also needed.

In more affected regions, after air quality alerts
from local authorities such as the EPA,'%°
asthmatic children should keep windows and
doors closed and use high efficiency particulate
air filters to remove fine particles of smoke in the
air. Air filtering is an area that needs urgent
support, to develop affordable, low-energy and
effective devices for use worldwide. Children with
asthma and their families, should be aware of the
risks of exposure to high levels of pollutants, al-
lergens and viruses'%® and the possible effect of
thunderstorms, in order to avoid these exposures
and minimize the risk of asthma attacks.

CONCLUSION

Climatic factors that have changed under the
spectrum of "climate change" all have direct ef-
fects on childhood asthma, but these effects may
be overshadowed by the indirect effects these
factors have on environmental allergens and the
microbiome. To fully determine the impact of
climate change on asthma and respiratory al-
lergies would require an understanding of the
complexity of interactions of the direct effects on
the airways, and the indirect effects of pollen and
microbes on the immune system, and the micro-
biome and respiratory infections on the airway.
These relationships are especially important in
young children as early damage can have life-long
consequences.’®”  Climatic  factors  affect
pollination and life cycles of aeroallergens and
alter the distribution and severity of allergic
disease. The seasonality and severity of allergy

and asthma in children are influenced by the
growth patterns of allergenic species which act
synergistically with pollutants and can be
enhanced by global warming. More intensely
focused research on indoor and outdoor air
pollutants and their effects on health is needed
to identify the best targets for intervention, as
well as adaptation measures. Future increases in
ambient temperature and air pollution will have
marked effects on all aspects of global public
health. Global geospatial studies that use
environmental climate and health data are
needed determine regions where climate has
most affected respiratory and allergic disease
and the climatic variables involved."®® Current
evidence shows that the respiratory as well as the
immune systems are the most affected system by
climate.™ In view of this, allergists,
immunologists and respiratory physicians should
do everything in their power to influence
international agencies, governments, private
businesses and the general public to take urgent
action to reduce our carbon footprint and
reverse the damage we have done to the natural
environment. Even with such action, there is now
concern that it may already be too late to stop
catastrophic environmental decline 3109104110
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