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IMMUNE SYSTEM
A complex system of
cells and organs that
protects the body from
harmful microbes. The
innate immune system
works immediately,
while the adaptive
immune system takes a
few days to
start working.

When your body encounters intruders like viruses, bacteria, fungi,
or parasites, this invasion triggers a complex and amazing process
called the immune response. Activation of the body’s immune system
is necessary to ﬁght off these intruders, but it must also distinguish
them from the body’s own healthy tissues. The goal of the immune
response is to keep the body healthy. The earliest responses that
occur to protect the body from invading organisms is called the
innate immune response. In this article, we explain the components
of the innate immune system and how this system helps to keep the
body safe from dangerous invaders.

QUICK VS. SLOW IMMUNE RESPONSES
The immune system has received a lot of media attention lately
because of the current COVID-19 pandemic. Terms such as immunity
and vaccination are now part of our common language. Most of the
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INNATE IMMUNE
SYSTEM
Part of the immune
system responding the
ﬁrst and instantly to
protect the body from
invading organisms.

PATTERN
RECOGNITION
RECEPTORS
Molecules on immune
cells that can detect
“non-self” structures
present on the surfaces
of microbes.

Innate Immunity Fighting for Health

attention is focused on one speciﬁc part of the immune system, called
the adaptive immune system. “Adaptive” means able to change, or
adapt, to new situations. Thus, adaptive immunity develops step by
step, with every new infection. The advantage of the adaptive immune
system is that it has memory—it can remember intruders that it has
seen before. If the same microbe tries to invade the body again,
adaptive immune cells can respond more quickly and strongly. The
drawback of the adaptive immune system is that upon a ﬁrst infection,
the initial response takes a couple of days to get started. In the case of a
severe infection, every minute counts! Even a few days of waiting time
can be too long and may result in death. Luckily, the adaptive immune
system has a partner: the innate immune system, which responds
instantly upon microbial invasion.

FIRST LINE OF DEFENSE: THE FORTRESS
The basic protection mechanism of the immune system is amazingly
simple: it distinguishes between cells of your own body, or “self,” and
foreign things, or “non-self.” Parasites, viruses, and bacteria are all
intruders seen by the immune system as “non-self.” Since many of
these intruders can be dangerous, they must be eliminated as quickly
as possible.
The innate immune system does not care if the invader is a bacterium,
parasite, fungi, or virus, it simply wants to stop and/or kill any intruder. It
has several lines of defense to slow down or prevent intruders to enter
the body. You might be surprised to know that you touch the largest
physical barrier of the innate immune system every day—your skin.
Like a fortress, the skin protects us against any invader that wants to
enter the body. Intact skin is hard to penetrate. The natural openings in
the skin have their own defensive weapons. Think about the tiny hairs
inside the ears and nose that can deter potential invaders, or mucus,
a sticky ﬂuid that traps microbes. You have probably seen this defense
mechanism at work when you have a cold: you experience increased
mucus production and need to blow your nose or clear your throat
often. In the eyes, tears wash away microbes. Tears themselves are full
of substances that can attack and break down bacteria. Microbes that
try to enter our bodies via the foods we eat face digestive enzymes in
the mouth and strong acids in the stomach and intestines.

SECOND LINE OF DEFENSE: BOOBY TRAPS
If microbes manage to get through the body’s physical barriers, there
are some booby-traps built into the body as an internal defense.
A key element in this second defensive line is the recognition of
common structures on the surfaces of invaders. Bacteria, viruses, and
parasites have patterns on their cells that are not found in a healthy
body. Molecules called pattern recognition receptors on the cells
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Figure 1
Pattern
recognition receptors
on immune cells can
recognize speciﬁc
structures from
microbes. When
microbial structures
bind to pattern
recognition receptors,
the body’s “alarm
system” is triggered,
activating defense and
repair programs that
eliminate the invader.

Figure 1

of the innate immune system can bind to these foreign structures.
This works kind of like a shape sorter: only a certain pattern ﬁts
and activates the receptor (Figure 1) [1]. Immune cells with pattern
recognition receptors are strategically found in all possible locations
where intruders might enter the body, hide, and reproduce. Once a
microbial intruder activates a pattern recognition receptor, alarm bells
go off in the body, which activate defense and repair programs to help
the body get rid of the microbes as quickly as possible.

THIRD LINE OF DEFENSE: INFLAMMATION

INFLAMMATORY
MEDIATORS
Substances that act on
cells and/or blood
vessels and
promotes inﬂammation.

When pattern recognition receptors on immune cells recognize an
intruder, one of the “alarm” responses is the release of substances
called inﬂammatory mediators, which cause inﬂammation.
Inﬂammation is a normal response to infection or to damaged or dying
cells in the body. The affected area becomes red, painful, hot and
swollen and often reduces your mobility, for example with an infected
foot. The goal of inﬂammation is to keep the infection in one location,
to prevent it from spreading and infecting other parts of the body. To
achieve this, the intruder must be eliminated quickly [2]. Inﬂammatory
mediators can also cause pain, making you aware that something
is wrong. Pain tells you to protect the injured/infected part of your
body and to take it easy. Another protection mechanism activated by
inﬂammatory mediators is the widening of small blood vessels in the
infected area. This result in increased blood ﬂow, and the area turns red
and becomes hot and swollen. Widening of the blood vessels allows
more immune cells (described below) to quickly travel via the blood
to the trouble spot. This helps to eliminate the infection.
Fever, or a rise in body temperature, can occur with many infections.
High body temperature helps the body to deal with the infection.
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Figure 2
The skin, mucus, tears,
and tiny hairs in the
nose and ears help to
prevent microbial
invaders from entering
the body. If microbes
get through these
defenses, the cells of
the innate immune
system will attack them.
Neutrophils arrive ﬁrst
and can produce ﬁbers
to trap microbes.
Macrophages
phagocytose a lot of
microbes. Dendritic
cells activate the
adaptive immune
system by showing it
pieces of the invader.
Figure 2

First, an increase in temperature can kill some microbes. Bacteria,
for example, hate high temperatures. Second, increased temperature
stimulates the body’s repair processes, because warmth increases
blood ﬂow, which results in more oxygen and nutrients traveling to
the infected body part. Last, fever encourages us to rest, which is
important for recovery. So, the next time you have a fever, remember
it is your innate immune system ﬁghting for your health!
NEUTROPHIL
Most common type of
white blood cell, arrives
ﬁrst at the infection.
Performs the initial
scouting of the area,
eats microbes, and
produce cytokines.

PHAGOCYTOSIS
Cell eating, a process
where a cell ingests and
digests microbes and
damaged or dying cells.

CYTOKINE
Messenger produced
by cells, crucial for
communication
between cells.

MACROPHAGE
Type of white blood
cell that hunts and eats
microbes and
damaged cells.

MASTER OF DEFENSE: INNATE IMMUNE CELLS
Cells of the immune system, also known as white blood cells, are
crucial for reducing inﬂammation and eliminating infection (Figure
2) [3]. We will discuss three important types of innate immune cells:
neutrophils, macrophages, and dendritic cells.
The frontline warriors that arrive within minutes after the warning
signal are cells called neutrophils. Neutrophils are the most common
type of white blood cell. Neutrophils can produce ﬁbers that form
nets, almost like a spider web, which can trap bacteria. Neutrophils
perform the initial scouting of the infected area, they phagocytose
(eat) microbes, and they produce substances called cytokines.
Cytokines are like the text messages of the immune system, providing
communication between immune cells and between the immune
system and the rest of the body. Cytokines tell immune cells where
to go, and they tell the immune system which types of immune cells
are needed to ﬁght that speciﬁc intruder.
Macrophages arrive shortly after neutrophils but stay in the tissues
longer. Some macrophages are normally present in body tissues,
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waiting to protect us from attack. The main task of macrophages is
to phagocytose as many invaders as possible. Macrophages have a
huge phagocytic capacity, so they can eat a lot more than neutrophils!
Macrophages hunt for microbes and damaged cells, almost like
a Pac-Man.
DENDRITIC CELL
Type of white blood
cell that presents
pieces of microbes to
the adaptive immune
system. Serves as a
bridge between the
innate and adaptive
immune system.

Last, dendritic cells are present in tissues that contact the outside of
the body, mainly in the skin, but also in the nose, lungs, stomach,
and intestines. Dendritic cells participate in a critical part of the
immune response: presenting the prey. Dendritic cells show parts
of the killed microbes to the adaptive immune system, so it can
coordinate the proper defensive reaction. Because dendritic cells are
part of the innate immune system but activate the adaptive immune
system, they serve as a bridge between the two different parts of the
immune system.

THE END OF THE BATTLE
Eventually, innate immune cells get help from cells of the adaptive
immune system. There is not a ﬁxed point when the innate immune
system stops and the adaptive immune system takes over; the two
systems communicate with each other all the time. In most cases,
the inﬂammatory reaction stops once the microbe is eliminated from
the body by adaptive immune cells and damaged body tissues are
repaired. When a splinter is removed from your ﬁnger, the area will
be red and painful for a while, but eventually your skin will heal.
Although inﬂammation is a critical part of the immune response, it is
important that inﬂammation stops once the invading microbe is gone.
If inﬂammation is not controlled, the immune system is constantly
on high alert this can lead to chronic inﬂammation [4]. Chronic
inﬂammation can cause damage to the body’s organs and tissues
and may contribute to problems such as asthma and cardiovascular
diseases. Thus, the end of the battle is just as important as the start of
the battle!

CONCLUSION
The immune system is a complex network with one goal: to keep
you as healthy as possible! The innate immune system is an essential
part of the immune system that is activated immediately once an
invader tries to enter the body. It protects us by maintaining a fortress
around the body and by trapping and killing any dangerous microbes
that manage to invade. The innate immune system protects us until
the adaptive immune system takes control, ﬁnishes the battle, and
generates memory of the invader to protect us against future attacks.
Since the immune system is so important, we should do what we can
to keep it performing optimally. How? Eat healthy foods, drink plenty of
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water, get enough sleep, exercise regularly, and try to avoid too much
stress. A healthy immune system means a healthy body!
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Hi, I live in the Netherlands. I study math, science and many languages at school.
Outside school, I like to play Badminton, and I also play the violin. At home, I mostly
spend time playing video games and creative fun games with my sister.
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VIBHAV, AGE: 9
I am Vibhav from India studying in 5th grade. My areas of interest are science,
mathematics, and computer engineering. I love to play chess and outdoor games
such as cricket and badminton. I enjoy reading story books, solving puzzles especially
puzzle-solving exams like Olympiads. I love to play the ﬂute.
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