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People who su�er from asthma can have di�culty breathing after

they are exposed to normally harmless substances in the air, such

as pollen, dust, smoke, and pet dander. Some people experience a

worsening of their asthma symptoms after a thunderstorm, and data

tell us that climate change is making asthma more of a problem. But

how do weather and climate events make it hard for some people to

breathe? Asthma happens when the body’s immune systemmistakes

airborne particles for dangerous invaders and tries to fight them. It

seems that climate change is increasing the amounts of air pollution,

pollen, andmold in the air. Themore of these triggers people breathe

in, the greater the risk of asthma. In this article, we will explain how

asthma happens, how climate change is making it worse, and what

we can all do to help.

Imagine lying in bed on a sweltering summer night. You suddenly feel a
cool, refreshing breeze blowing in through the open window—aaahh!
A few minutes later, a driving rain begins to fall, and the wind
gusts grow stronger. As you get up to close the window, you are
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startled by a sudden bright flash, followed closely by the crash of
thunder—a summer storm! How does this make you feel? Do you
enjoy these dramatic displays of nature’s power, or do you find
them to be an unpredictable, scary part of summer? Reactions to
thunderstorms can go beyond “love them” vs. “hate them”. Did you
know that under certain circumstances, thunderstorms can make
some people physically sick? Although it is rare, individuals with a
troublesome breathing condition called asthma sometimes find that

ASTHMA

A lung condition in
which the airways swell
up, narrow, and fill with
mucus, making it hard
to breathe. Symptoms
include coughing,
wheezing, and feeling
out of breath. See here.

their symptoms begin or get worse after thunderstorms. This is called
thunderstorm asthma, and we think that climate change might make
this rare condition happen more often!

In this article, we will explain what asthma is, how climate change
might be making it worse, and what can be done—in both the short
and long term—to help protect human health in the face of Earth’s
changing climate.

WHAT IS ASTHMA?

Think of your lungs as two big balloons inside your chest. When you
breathe, air goes in and out of these balloons through tiny tubes called
airways. In people with asthma, the airways can become swollen,
narrow, and filled with mucous. This makes it hard to breathe—like
trying to drink a thick milkshake through a skinny straw. Asthma
symptoms include breathlessness, coughing, wheezing, and tightness
in the chest, and these symptoms can be triggered by things in the
environment, such as dust, pollen, smoke, and animal dander.

Butwhy does exposure to these commonparticles trigger asthma…and
why does it happen in some people but not others? Our bodies have
a special system called the immune system, which helps protect us

IMMUNE SYSTEM

The body’s defense
against germs and
other harmful
substances. It is made
up of special cells,
tissues, and organs that
work together to
protect us from illness
and infection.

from germs and other harmful things. Sometimes the immune system
can get a little mixed up. The immune system of a person with asthma
mistakenly treats things like dust, pollen, or pet hair as dangerous
invaders, and tries to fight them (Figure 1). Specifically, certain immune
system cells release a substance called IgE, which sticks to other
important immune cells calledmast cells. Mast cells are found inmany

MAST CELLS

Special immune cells
found in many parts of
the body that help the
body fight diseases.
When activated, mast
cells release a chemical
called histamine that
causes allergy and
asthma symptoms. places in the body, including the lungs. When a person with asthma

breathes a trigger like pollen or dust into their lungs, the IgE stuck to
the mast cells recognizes the trigger and sends a danger signal into
themast cells, telling them to release a chemical called histamine. You

HISTAMINE

A chemical released by
mast cells that causes
allergy symptoms like
sneezing, runny nose,
and itchy eyes. In
asthma, histamine
makes the airways
swollen and narrow,
making it hard
to breathe.

may be familiar with the word histamine from “antihistamines”. These
aremedicines commonly used to stop annoying allergy symptoms like
sneezing, itchy eyes, and runny nose—which are caused by histamine.
In people with asthma, histamine causes the airways to become
swollen, narrow, and clogged with mucous, making it hard for air to
pass through them. If you think of the airways like a garden hose,
when everything is normal, water flows easily through the hose. But
if someone were to step on the hose, the water would not flow well.

kids.frontiersin.org April 2024 | Volume 12 | Article 1298354 | 2

https://www.mayoclinic.org/diseases-conditions/asthma/symptoms-causes/syc-20369653
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2024.1298354
https://kids.frontiersin.org/article/10.3389/frym.2024.1298354
https://kids.frontiersin.org/article/10.3389/frym.2024.1298354


Sampath and Nadeau

In asthma, histamine is like that foot stepping on the hose, making
it hard for air to flow into the lungs and causing the symptoms
described above.

Figure 1

Figure 1

In people with asthma,
the immune system
treats things like pollen
and other generally
harmless substances
like dangerous
invaders. (A) In the
presence of these
substances, certain
cells of the immune
system produce a
substance called IgE.
(B) IgE can stick to
other immune cells,
called mast cells, found
in many parts of the
body including the
lungs. (C) Then the
pollen binds to the IgE
on mast cells and
triggers them to release
histamine. (D) Among
other e�ects, histamine
causes the airways to
become swollen,
narrow, and clogged
with mucus, making it
di�cult to breathe.

CLIMATE CHANGE AND HUMANHEALTH

These days, pretty much everyone understands that climate change
is causing serious problems for our planet. As global temperatures
rise, weather patterns are changing all over the world. Some places
are getting hotter while other places are experiencing colder winters.
Glaciers and ice sheets are melting, raising sea levels. Severe weather
events including heatwaves, droughts, wildfires, and floods are
happening more often and getting more intense.

These climate changes are clearly harmful for many of Earth’s species,
including humans. Some plant and animal species are struggling to
survive as their ecosystems change and, if you watch the news, you
know that severe weather events can injure and even kill many people.
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But in addition to these direct e�ects on human health, scientists
are also starting to see increases in asthma and other disorders of
the immune system that appear to be linked to the changing climate
[1, 2]. But how? The connection is still under intense investigation,
but evidence suggests that climate change is increasing the amounts
of substances in the environment that trigger asthma in sensitive
individuals—especially pollen, air pollution, and mold.

CLIMATE CHANGE IS INCREASING POLLEN

Pollen, the powdery substance made by some plants to help them
reproduce, is a common trigger for asthma and allergies. Not
surprisingly, more pollen in the environment often means more
(or worse) asthma [3]. Climate change increases pollen in several
ways. The first mechanism involves carbon dioxide (CO2). Human
activities, like burning fossil fuels, pump large amounts of CO2 into
the atmosphere. You have probably heard that CO2 contributes to
global warming by trapping the sun’s heat near the Earth, but that is not
all—higher levels of CO2 seem to increase the amount of pollen in the
air, too. For example, one study showed that ragweed plants produced
61%more pollen when CO2 concentrations were doubled [4]. Warmer
temperatures are also associated with higher pollen concentrations.
Some scientists think that warming temperatures may increase pollen
concentrations by asmuch as 200% by the end of this century [5].

Thunderstorm asthma may also be explained by pollen. During a
storm, thewinds sweep pollen up into the clouds, where high humidity
and the energy of lightning break up the pollen particles, making them
more likely to enter deep into the airways and start the dangerous
chain of immune events leading to asthma symptoms [6]. If climate
change results in more pollen andmore thunderstorms, it seems likely
that we will see an increase in thunderstorm asthma if climate change
worsens (Figure 2).

“DIRTY” AIR MAKES ASTHMAWORSE

While you probably know that air pollution can contribute to climate
change, did you know that climate change can make air pollution
worse, too? Air pollution happens when certain dangerous gases
and tiny particles, called particulate matter (PM), get into the air.

PARTICULATE

MATTER

Tiny particles of dust,
dirt, smoke, and soot in
the air, which can get
into the lungs and
cause breathing
problems. Climate
change increases
particulate matter from
car exhaust, factories,
and wildfire smoke.

Particulate matter is made up of many things—for example dust, dirt,
soot, and smoke. Hot weather can trap bad stu� like car exhaust and
factory smoke close to the ground, increasing the amount of PM that
people breathe in—especially in big cities. Warmer temperatures and
droughts also dry out forests and grasslands, leading to more frequent
wildfires that fill the air with dust and thick smoke, which contain lots
of PM and can travel long distances. Wildfires are currently believed to
produce at least 25% of the PM found in Earth’s atmosphere [7]. PM
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Figure 2

Figure 2

People who su�er from
thunderstorm asthma
find that their
symptoms start or get
worse after a
thunderstorm. (A)
During a storm, pollen
is carried up into the
clouds by the wind. (B)
In the clouds, the
moisture and energy of
lightning break up the
pollen particles into a
form that can easily
enter deep into a
person’s airways. (C)
When winds carry the
broken-up pollen
particles back to
ground level, people
can breathe them in,
triggering asthma.

can make asthma worse, so people with asthma may notice that it is
harder to breathe when it is hot outside or when there are big wildfires
burning, even if they are relatively far away.

MOREWETWEATHERMEANSMOREMOLD

Have you ever seen green or black fuzzy stu� growing on old
bread or damp walls? That is mold! Mold loves warm, wet places.
Climate change is making some parts of the world warmer and rainier,
creating perfect conditions formold growth. Asmold grows, it releases
tiny particles, called spores, into the air. Warmer temperatures can

SPORES

Tiny cells produced by
some plants, fungi, and
microorganisms that
can survive under very
tough conditions and
then grow into a new
organism when
conditions are
favorable.

increase spore production. Airbornemold spores can be easily inhaled,
triggering asthma in some people. While mold growing in the outdoor
environment can cause asthma, indoor mold is a big problem, too.
If buildings are not properly protected from wet weather, mold can
grow in any areas that stay damp. Since climate change is leading to
increased flooding and extreme rainfall, mold growth may increase in
homes that are not well protected against the weather. It is estimated
that 21% of asthma cases are due to indoor dampness and mold [8].
Floods and storms can increase fungal spores, which are associated
with thunderstorm asthma.

EVERYTHING IS CONNECTED… AND EVERYONE CAN

HELP

Unfortunately, asthma is only one example of how climate change
might act on the immune system to cause health problems. Allergies,
autoimmune disorders (e.g., rheumatoid arthritis, multiple sclerosis,
and Crohn’s disease), and even some cancers might be increasing in
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response to Earth’s changing climate [9, 10]. To keep people healthy
and to protect the planet for future generations, the entire world must
take action now.

Humans generally do not harm the Earth on purpose. Most of the
damage that we cause happens as we try to meet our growing needs
for space, food, and natural resources. The problem is that we humans
are so focused on meeting our own needs that we often do not pay
attention to the negative impact our actions have on the Earth—until
it is too late. If we want to heal the planet, we must remember that the
health of humans, animals, and the environment are all connected. We
must figure out how to balance our own needs with those of other
animals and the environment (plants, water, and air) (Figure 3).

Figure 3

Figure 3

The health of humans,
animals, and the
environment are all
connected. To heal
the damage humans
have done to the planet
and protect future
generations from
diseases caused by
climate change, we
must figure out how to
balance our own needs
with the needs of all
other species and the
health of Earth’s
ecosystems.

To reduce the impact of climate change on human health, both short-
and long-term solutions are needed. First, climate change is already

a�ecting human health, so we must take steps to protect people. This
short-term approach is called adaptation. In terms of helping people

ADAPTATION

Taking action to protect
people from the health
e�ects of climate
change that are
happening now.
Actions include using
air filters, weatherizing
buildings, and
preparing for severe
weather events.

with asthma, adaptation can involve things like using air filters in our
homes to decrease pollen and other PM, and protecting buildings
against dampness andmold. In the longer term, wemust also consider
mitigation—battling climate change directly, by cutting or preventing

MITIGATION

Reducing climate
change by limiting
greenhouse gases,
including by cutting
emissions from cars
and power plants.
Mitigation tackles the
root cause of climate
change to prevent
future harm.

greenhouse gas emissions to limit global warming.

Neither adaptation nor mitigation are easy—especially if we want
to protect all people regardless of where they live, their economic
status, or their race. We will need the cooperation of all countries
and collaboration between many kinds of scientists and other experts.
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But the di�culty of this challenge should not prevent each of us
from doing our part—we can all do something, and small actions
can add up to big results. So, remember to recycle, use public
transportation if possible, conserve energy, and most importantly, do
not lose hope. Tell your friends and family what you have learned
about how climate change is damaging human health, and join them
in supporting organizations and government o�cials who respect the
planet. (For more info, see this site.) Any steps we take to keep the
Earth healthy will ultimately result in healthier, happier living things,
including humans!
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