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When we think about bacteria, we often think first about disease.
While there are many bacteria that cause diseases, there are also
many other bacteria that are useful for human health. The human
body has an enormous number of these good bacteria, which work
together and with the immune system to protect us against diseases.
In this article, we will discuss this relationship between the good
bacteria living inside us and the immune system. We will explain
how we can study these helpful bacteria, and describe the tools and
methods at our disposal, such as special mice whose bodies do not
contain any bacteria. Finally, we will describe how we can use the
good bacteria living in the human body to advance medicine and
drug development.

kids.frontiersin.org

July 2021 | Volume 09 | Article 721325 | 1

Kadosh and Geva-Zatorsky

Microbiota and Our Immune System

THE IMMUNE AND DIGESTIVE SYSTEMS: IS THERE A
RELATIONSHIP BETWEEN THEM?

MICROBIOTA
The entirety of
microorganisms
(bacteria, viruses, fungi,
and other tiny
creatures) colonizing
the body. The
microbiota is present
mostly in mucosal
tissues, the digestive
system, and skin.

PATHOGENS
Disease-causing
organisms, such
as bacteria.

SYMBIONTS
Friendly bacteria living
with us in co-existence
and cooperation, from
which both of us
are contributed.

MODEL ORGANISM
An animal used for
experiments which is
easy to grow and study.
Experimental results in
a model organism
serve as a basis for
understanding the
human body and
its function.

Bacteria are tiny living creatures, smaller than the cells of the human
body. Inside the intestines of humans and many other animals, there
are many kinds of microorganisms, including many different bacteria.
Together, this diverse ecosystem of microorganisms is called the
microbiota. The initial exposure of a baby to bacteria occurs in the
birth canal during a natural birth, or from the mother’s skin during a
Cesarean section. After birth, we get the bacteria that make up the
microbiota mostly from what we eat and drink. Thus, most of the
human microbiota lives in the digestive system.
In all areas of the body, including the intestines, cells of the
immune system are present. The immune system is a complex
system, responsible for protecting us against harmful invaders
called pathogens. The immune system has two components. One
component of the immune system acts very quickly and responds
non-speciﬁcally, meaning it responds basically the same way, no
matter what kind of foreign invader enters the body. The second
component responds more slowly, but in a stronger way that is
uniquely tailored to each speciﬁc pathogen. This component has
immunological memory, which means it can remember the pathogens
it sees and, if the same pathogen invades again, a quicker and stronger
response will occur to ﬁght it off. The immune system is spread
throughout the body—from the bone marrow, where the various types
of white blood cells (immune cells) are produced; to the lymphatic
system, which transports immune cells to and from the blood stream
and from there to the rest of the body; to the immune cells present
in the body’s organs, such as the skin, the lungs, and even the brain.
Inside the digestive system there is a whole wonderous world of the
immune system.
In our research, we studied the relationship between the immune
system and the microbiota in the digestive system. The job of the
immune system is to protect us against harmful pathogens and to ﬁght
them until they are removed from the body. But on the other hand,
the immune system manages to peacefully co-exist with the good
bacteria of the microbiota, the symbionts, and even to beneﬁt from
them. How does the immune system do this?

THE INFLUENCE OF BACTERIA ON THE IMMUNE
SYSTEM—RESEARCH ON MICE
Our research was performed using mice, which are much easier to
study than humans. These mice are called model organisms. Although
mice are small, they are similar to humans with respect to genetics,
body structure, and behavior, and it is helpful to learn about and
improve human health based on mice studies. To investigate the
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Figure 1
Germ-free mice must
be grown in an isolated
environment, in which
the air, food, and water
are free of bacteria. (A)
A colony of mice grows
and develops inside an
isolator, a system that is
protected from the
external environment.
The isolator contains a
pair of internal, clean
gloves, into which a
researcher’s hands can
be inserted from the
outside, to take care of
the mice. Inside the
isolator, mice live in
cages. (B) An
enlargement of one of
the cages from inside
the isolator.

ISOLATOR
An isolated habitat
without bacteria.

Figure 1

effects of a speciﬁc type of bacteria on the immune system of mice,
special mice called germ-free mice (GF mice) are used. GF mice
need a particularly clean and isolated growing area, since germs
are everywhere—in soil, on objects, in food, and in water. GF mice
are born by Cesarean section (to avoid bacteria from their mothers’
reproductive tracts) in an extremely clean environment (without
germs), and they are immediately moved into a clean and isolated
environment where they can grow up—a system called an isolator.
The food and water that GF mice receive goes through a process of
sterilization. Food and water are heated to 121◦ C at high pressure,
which destroys all the living bacteria. The air that GF mice breathe goes
through a ﬁltration process that ﬁlters out the germs, which are often
carried through the air or on dust particles. GF mice live in this isolated
environment, grow up without any germs, reproduce naturally, and
produce an entire colony of GF mice (Figure 1).
To test the inﬂuence of one type of bacteria at a time on the immune
system, one speciﬁc strain of bacteria was inserted directly into
the digestive system of each mouse, under germ-free conditions.
The mice that received the bacteria were removed from the rest
of the colony and allowed to grow in a separate GF cage. This
prevented the mice that got the bacteria from infecting all the other
mice in the colony! Bacteria pass easily between mice living in the
same cage, through physical contact or through eating each other’s
feces (a known characteristic in mice behavior). Bacteria from the
feces can grow and thrive in the digestive systems of the mice that
ate them.
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HOST
Gives temporary
residence. A host can
be a person, animal, or
plant that carries
microorganisms on or
inside its body, and
provides them with
nutrients, shelter and
other needs.
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This process of isolation and clean work provided us with a system in
which we could study the inﬂuence of one speciﬁc strain of bacterium
at a time on the immune system of the host mice in which the
bacteria live and grow. We should note that the immune systems of GF
mice are not as developed as those of normal mice, functioning less
well and leaving the mice more sensitive to diseases. This happens
because GF mice grow and develop without any bacteria around.
Recent studies have shown that bacteria in general, and gut bacteria
speciﬁcally, serve an important role in the proper development of the
immune system.

BACTERIA CAN SPEED UP OR SLOW DOWN THE ACTIVITY
OF THE IMMUNE SYSTEM
In our research, we tested 53 different strains of bacteria that naturally
inhabit the digestive system of humans. It is interesting to know that
some strains of bacteria were found only in the mouth area, some in
the stomach (despite its high acidity), and most in the small and large
intestines. Because we used GF mice, the bacteria we added had no
competition with other types of bacteria, they could “choose” their
favorite place to live. Bacteria seem to make this choice based on the
physical and chemical characteristics (like acidity or the availability of
certain types of food) that they prefer to live in.

INFLAMMATORY
RESPONSE
The response of the
body’s immune system
against to harmful
stimuli. Its purpose is to
create optimal
conditions for the body
to deal with a
foreign invader.

We also found that each type of bacteria affected the immune
system in a speciﬁc way, meaning that the immune system responded
differently to the presence of each type of bacteria. There were
also some types of bacteria that the immune system responded to
in the same way, even though those types of bacteria were only
distantly related to each other. Some types of bacteria activated special
cells of the immune system to release substances that cause an
inﬂammatory response in the intestines, for example, while other
bacteria stimulated the activity of special control cells of the immune
system, which balance the immune response, so it does not get out of
control (Figure 2).
It is important to understand that inﬂammation is a response of
the immune system—our bodies produce inﬂammation because
inﬂammatory conditions help the body to ﬁght off the foreign invader.
Sometimes, when the inﬂammatory response is too strong, it can
lead to the development of inﬂammatory diseases, including Crohn’s
disease and colitis, which result from inﬂammation of the intestines.
So, it is important for the immune system to have a balance of
cells—some that stimulate inﬂammation and some that calm it down.
The communication between the bacteria and the immune system is
important for regulating the activity of the immune system, to prevent
diseases related to improper immune system functioning. Think of
how bacteria could potentially beneﬁt people who have inﬂammatory
intestinal diseases—maybe, if they receive the right kind of bacterial
kids.frontiersin.org
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Figure 2
One type of bacteria is
introduced to the
immune system
through the mouth of
mice. As the bacteria
move through the
digestive system, they
ﬁnd the spot with the
perfect living
conditions. Bacteria
can activate various
cells of the immune
system directly (as the
blue cell), or through
regulatory cells (the
“policeman” cell) that
make some immune
cells more active (like
the green cell) and
other cells less active
(like the red cell). This is
how bacteria can help
to balance the
activation and
performance of the
immune system.

Figure 2

product, those bacteria could balance their inﬂammation level, and
maybe even cure them completely!

HOW DO BACTERIA COMMUNICATE WITH THE IMMUNE
SYSTEM?

IMMUNOMODULATORY MOLECULES
Substances with the
ability to change and
regulate (modulate) the
immune system, the
system that defends us
from diseases and
keeps us healthy.

Generally, bacteria interact with the immune system through proteins
present on their surfaces that are recognized by the immune system.
Some bacteria also release substances that inﬂuence our immune
cells, increasing or decreasing the numbers of these cells, or changing
the way the immune cells function. The substances that can inﬂuence
the immune system are called immunomodulatory molecules.
Much research is still ahead of us, but once we can fully characterize
these immunomodulatory molecules, they could serve as medicines
in the future. For example, a person who has an inﬂammatory
intestinal disease might be cured by taking a medicine containing
immunomodulatory molecules that can calm the inﬂammation. Isn’t
it cool that bacteria are the sources of these potential medicines? The
beneﬁcial inﬂuence of bacterial immunomodulatory molecules is not
limited to the intestines. These substances could inﬂuence the whole
body, helping to treat diseases in various organs (Figure 3).

SUMMARY
Within the digestive system lies a treasure trove of bacteria that
beneﬁt the immune system—and we hope to keep discovering more
of them! Each type of bacteria has a different inﬂuence on the
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Figure 3
The process of
producing
immunomodulatory
molecules that could
regulate the immune
system starts with
growing bacteria. Then,
laboratory processes
are used to isolate the
immunomodulatory
molecules from the
bacterial solution. The
molecules are
packaged inside pills
that can be swallowed.
Patients with certain
diseases, such as those
caused by uncontrolled
inﬂammation, can take
the appropriate pills
and may be cured.
Figure 3

immune system, and when many types of bacteria are present
together in the digestive system, they create a balance that contributes
to our health. These bacteria come from the foods we eat and
the environments we live in, and once in the gut, they secrete
immunomodulatory molecules that either enhance or decrease the
activity of the immune system. Once they are better characterized,
some of these immunomodulatory molecules could be used as
medicines to treat various diseases, including colitis, Crohn’s disease,
and rheumatoid arthritis. To summarize, it is good to know that we
have good bacteria in our guts which help us to stay healthy, and
that further research on these bacteria could, in the future, help to
make many people with disorders of the immune system become
healthier, too!
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