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different kinds of particulate matter. The observed interactions
among biologic and nonbiologic airborne particulates highlight
the need for exposome characterization and modification in
asthma and allergy through the use of novel research
methods.>*¢

These changes in pollen seasons and allergen exposure have
translated to notable health effects. A body of epidemiologic
evidence suggests that the prevalence of pollen-related allergic
respiratory diseases (eg, rhinitis and asthma) has increased in past
decades.®? High levels of vehicular emissions, urbanization, and
Westernized lifestyles correlate with the increased frequency of
pollen-induced respiratory allergies in urban areas compared
with in rural areas.*® Furthermore, many allergenic pollen species
have been associated with seasonal asthma exacerbations in both
children and adults.®** Climate change will also increase the fre-
quency and intensity of floods and cyclones and thus fungal spore
production, which is a powerful asthma and rhinitis trigger.

Increased pollen exposure may also influence susceptibility to
viral infections. Patients with allergy who are exposed to airborne
pollen have been noted to have greater vulnerability to viral
infections,’ %" including SARS-CoV-2. In addition, published
evidence supports the idea that pollen exerts immunomodulatory
effects that impair the antiviral response and may account for sus-
ceptibility to viral infections, including inhibition of the antivirals
nuclear factor-kB, myeloid differentiation primary response pro-
tein 88 (MyD88), and interferon in the respiratory epithelium in
addition to improving the release of IL-1 IL-1p3, IL-18, IL-28A,
and IL-33 family cytokines from epithelial cells in vitro.®’
Thus, it is possible that these changes affect the susceptibility to
infections in patients with allergy.

Extreme weather events

Extreme weather events are hallmarks of climate change, and
their frequency will continue to increase. Tropical storms,
thunderstorms, dust storms, droughts and floods, wildfires, and
heat waves directly and indirectly affect human health.

Temperature changes and heat waves. Warming of the
planet is not uniform and, in general, is higher over land than over
the oceans. Overall, climate trends are moving toward hotter
versus cold temperature extremes across the globe. These tem-
perature changes are drivers of a rise in sea level, melting of the
polar ice caps, change in precipitation patterns, and droughts. In
addition, ocean warming is thought to be a driver of the increase in
the intensification rate observed in tropical storms.®®

Besides global and environmental impacts, increasing temper-
atures have a direct toll on human health. The frequency, duration,
and magnitude of extreme heat continue to increase with climate
change. A study involving 43 countries estimated that the heat-
related mortality burden during warm seasons, resulting from
anthropogenic warming during the 1991-2018 period, was 37.0%
(range 20.5%-76.3%).%° During the 2003 European summer heat
wave, in excess of 70,000 people (mostly older) individuals
died.”® Vulnerable groups mainly include individuals older than
65 years who have chronic medical conditions such as diabetes
and cardiovascular, lung, and kidney disease.”!

More recently, a heat wave in the Pacific Northwest of North
America caused at least 1000 deaths. Complicating the impact of
the increasing temperatures and heat waves are “urban heat
islands.” Urban heat islands result from the urbanization process
that replaces natural land cover, such as trees and vegetation, with
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concrete, buildings, and pavement. These alterations result in a
temperature gradient, with temperatures in urban areas several
degrees higher than those of surrounding rural areas. Although
initially thought to be mainly the result of limited green cover and
heat absorption by urban structures, recent models suggest that
differences in convection efficiency and evapotranspiration have a
more critical role in the temperature gradients observed.”> Com-
pounded by the increased temperatures due to climate change,
these heat islands are expected to amplify the morbidity and mor-
tality of heat waves. According to the 2018 Revision of the United
Nations World Urbanization Prospects, 55% of the world’s popu-
lation resided in urban areas in 2018. That number is projected to
increase to 68% by 2050.7

Wildfires. Increased drought conditions seen with climate
change promote environments that encourage increased frequency
and severity of wildland fires”* such as the Dixie Fire, which has
burned more than 960,000 acres (380,000 hectares) in California
since July 2021, or the Siberia fires, which burned more than
40,000,000 acres in 2021—more than all the other worlds fires
combined.”>”® In addition to the civilian deaths associated with
these events, wildfires are also associated with significant total
damage and economic losses, surpassing $10 billion in the 2018
California Camp Fire, $12 billion in the 2020 California fires,
and $110 billion in the 2019-2020 Australian fires.

Wildfires are a major health concern to wildland firefighters and
members of the public for whom avoidance of wood smoke is not
always possible. Wildland fires are an important source of
ambient air PM, 5 in the United States, and they can cause abrupt
increases in PM, s, with peak levels exceeding 1000 pg/m>.””
Exposure to wildfire smoke has been associated with asthma-
related emergency room visits,” >’ hospitalizations, and prema-
ture deaths.®® Children and those with chronic diseases are
especially vulnerable to the effects of wildfire exposures.®!%3

The health effects of wildfires affect both airway and systemic
inflammation. Field studies of wildland firefighters and controlled
chamber studies of experimental exposure to wood smoke
particles have reported worsened lung function® and neutrophilic
airway inflammation.®>*¢ Epidemiologic studies have shown that
wildfire smoke is associated with an increased risk of cardiovas-
cular morbidity, including ischemic events, heart failure, and ar-
thythmias®”-%® that are thought to be attributable to systemic
inflammatory effects of smoke-related PM exposure.®” The ef-
fects of wildfires are not limited to local regions; because of the
Jet Stream and cross-continental air currents, smoke from the
2021 Bootleg Blaze in Oregon (in the western United States)
reached New York City in July 2021, pushing the Air Quality In-
dex in northeastern US cities to unhealthy levels alongside reports
of clinically significant respiratory irritant effects. Global strate-
gies to reduce the frequency and severity of wildfires are urgently
needed to mitigate the financial and health-related costs of these
catastrophic events.

Saharan dust storms. Saharan dust storms travel thousands
of miles across the globe, peaking during the months of June
through August. The increased surface temperature and
decreasing wintertime cold air surge activity of the Sahara Desert
are the likely causes of the increased Sahara dust intrusion
pattern.”® These dust storms have reached areas of southern
Europe through the Mediterranean Sea, Asia, and the Americas
(Mexico, Central and South America, the Caribbean, and the
southern United States), affecting weather conditions,
agricultural production, ecosystems, and human health.”®
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exposure will continue to affect the emotional well-being and
mental health of children."*’

CLIMATE CHANGE MITIGATION STRATEGIES

Implementing mitigation strategies to reduce GHG emissions
is critical to prevent further warming of the planet and protect
public health. Although these necessary measures will take time
to affect the Earth’s temperature, a decrease in the use of fossil
fuels has faster co-benefits for human health. Reduced reliance on
fossil fuels can dramatically affect air quality and the prevention
of stroke, pulmonary and cardiovascular diseases.!®® In the case
of PM, 5, more than 50,000 deaths per year could be prevented
in European cities by complying with the WHO air pollution
guidelines for PM,5.!"® On a larger scale, the WHO estimates
that more than 80% of deaths related to PM, 5 could be prevented
by following the most recently updated guidelines for PM, 5.'
Engagement in active travel activities (eg, biking and walking)
can help reduce cardiovascular disease, dementia, malignancies,
mental illness, and obesity (Lancet Commission 2015). The
improved indoor air quality resulting from use of clean energy
and energy efficiency can decrease respiratory conditions, infec-
tions, and malignancy.140

CONCLUSION

Humanity is living unprecedented times. The Earth’s temper-
ature has increased by 1.0°C compared with preindustrial levels.
The Intergovernmental Panel for Climate Change has stated that
to avert some of the more severe and potentially irreversible
impacts of climate change, warming should not rise by more than
1.5°C.2 Despite this, CO, emissions have continued to increase
—up to almost 419 ppm in June 2021, which was the fifth warm-
est June on record. An increase in global temperature by more
than 1.5° C translates to increased damage to vulnerable popula-
tions, increased morbidity. and mortality due to heat waves and O3
exposure, increases in some vector-borne diseases, and decreased
food availability. As reviewed in this article, the sequelae of the
climate crisis contribute to rising levels of outdoor air pollution,
pollen exposure, and extreme weather events—events that collec-
tively increase the risk of development or exacerbation of atopic
disorders, respiratory health, and susceptibility to infection.

Although all humans are affected by climate change, the
impact of the climate crisis affects different people in different
ways. People of color, minorities, residents of developing
countries, those living in island nations, indigenous people, and
poor communities are examples of groups that have and will
suffer the most. According to the WHO, more than 60,000 people
die of natural disasters per year, mostly in developing countries.
Outdoor air pollution causes 4.2 million deaths per year—most of
them in low- and middle-income countries. In addition, devel-
oping countries and indigenous communities will be dispropor-
tionately affected by climate-related changes in crop yield and
nutritional value, climate-sensitive infections such as malaria and
dengue fever, deforestation and isolation, limited access to care,
crumbling infrastructure, and poverty.'*""'** These sequelae of
climate change have promoted increasing numbers of climate ref-
ugees, primarily from Africa, Asia, and Latin America.'*
Although a proactive approach, planned relocation or managed
retreat of small islands and coastal communities in response to
sea-level rise is a complex process requiring careful planning
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and consideration of physical and social determinants of health.
Vulnerable populations, such as indigenous communities with
limited financial resources and poor health status, will be dispro-
portionately affected.'** The United Nations High Commissioner
for Refugees reported that 21.5 million people had been displaced
by climate change—related disasters since 2010."** The Institute
for Economics and Peace estimates that the number of people at
risk of relocation secondary to climate change could reach at least
1.2 billion by 2050.'4¢ Ironically, many of these groups have
barely contributed to the emissions responsible for climate
change but will be affected the most owing to their limited re-
sources and adaptability. Between 1990 and 2015, more than
half (52%) of the emissions released into the atmosphere were
produced by the wealthiest 10% of people.'*’

The inherent structural racism in the world perpetuates and
magnifies the environmental impact of climate change. Variables
such as political power, employment, access to education, and
health care magnify these differences,'® increasing the social
divide, often along ethnic lines. For example, in the United States,
communities with more Black and Hispanic individuals live in
places with higher temperatures,'®"'*” breathe more polluted air,
and receive less support during government-led recovery efforts
after natural disasters,”*">3 such as during Hurricane Harvey
in Texas and Hurricane Maria in Puerto Rico. In addition, a
2014 survey found that schools serving minority and underprivi-
leged children were more likely to be located close to a major
roadway, exposing them to the damaging effects of air
pollution.'>*

While the world continues to argue about controlling emissions
to decrease further warming of the Earth, the innocent and the
disadvantaged continue to suffer and die. The cataclysmic heat
waves experienced in the summer of 2021 in western North
America and the massive floods in Western Europe are just 2
examples of the future awaiting us.

We must take a moment and reflect on our role during this
unique moment in the history of humanity. It is up to those of us
who are reading the Journal of Allergy and Clinical Immunology
to step up, educate, create awareness, and advocate for the future
of our patients and every person in the world. As health care pro-
viders, we have a unique opportunity to make a difference, as
most people are not aware of the link between climate change
and health.'® The medical profession is a trusted source of knowl-
edge and can promote equitable climate solutions and health
policies.

Even at the personal level, our daily choices can make a
difference: the carbon footprint of private household activities
accounts for about two-thirds of global emissions.'*? Lifestyle
changes, including changes in our diets and transportation habits
and the use of renewable energy, can help decrease global emis-
sions. The decisions that we make today, inclusive of our individ-
ual and collective action and inaction, will affect every individual
in the world and all future generations. We have the responsibility
to advocate for our patients and the general public, and to educate
our governments to decrease the impact of climate change on pub-
lic health.
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