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MICROBES
All living things that are
not visible by the naked
eye are called
microbes. They are
found in most places
on earth, and perform
important functions in
the environment and
for our health, but
some microbes make
us sick.

The microbes in the human gut, also known as the gut microbiota,
are known to play a part in how we feel and whether we are healthy
or sick. How the microbiota regulates health is still unknown in
most cases, and medical treatments to manipulate the microbiota
to improve people’s health are only just starting to be used. In this
article, we explain how the gut microbiota is currently studied, what
we already understand about how the gut microbiota influences
health, and ways that are already used, or are being investigated, to
influence the microbiota to improve health.

THE GUT MICROBIOTA: NUTS AND BOLTS
They are in you, they are on you, they are a part of you … they
are microbes! Microbes are organisms so small that we cannot see
them with our eyes. On and inside our bodies, we have roughly
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Figure 1
The gut
microbiota changes as
we age. (A) In
newborns, very few
microbes are present in
the gut. As a child
grows older, he or she
picks up microbes from
other people or the
environment, which
form the gut
microbiota. (B,C) The
gut microbiota changes
and gets more diverse
over time. The exact
mix of microbes in
every person is unique,
and therefore
everyone’s microbiota
looks different.
Figure 1

GUT MICROBIOTA
The community of
microbes that lives in
our digestive tract, one
of the densest
microbial communities
on the planet.

as many microbes as human cells. Microbes have been colonizing
humans for millions of years, and we have evolved together. During
this long association, we became dependent on each other: we offer
the microbes food and a place to live, and in turn they work for us.
We are only beginning to understand the many effects microbes have
on us, but there are some surprising examples: they help us digest
food, train our immune systems, protect us from infections, regulate
our appetites, and even inﬂuence whether we feel happy or sad. Most
of the microbes in our bodies live in the gut, which is one of the largest
interfaces between you—the host—and the microbes. We call the
entire collection of microbes living in the gut the gut microbiota.
The microbes in the gut are not all the same. So far, researchers have
identiﬁed more than 2,000 different species of microbes that live in
or on humans. Everyone differs in the number and abundance of
species in the gut microbiota, which makes the microbiota of each
person unique.
Where does the gut microbiota come from? There are few microbes
living in or on babies before they are born. At birth, human babies meet
some microbial friends for the ﬁrst time, and they continue picking up
new microbes as they grow older. The microbiota of children looks
different from that of adults, and the number of species increases
steadily until adulthood (Figure 1). Even in adults, the composition
of the microbiota can still change it and depends on our genes, the
environment we live in, and the foods we eat.
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WHAT IS A HEALTHY GUT MICROBIOTA?
We know that a healthy gut microbiota is important. But what is a
healthy microbiota? This is an extremely difficult question to answer,
even though many scientists are working hard on solving it. The
number of different species and the relative abundances of these
species vary between people and even within the same person over
time. In addition, changes in the bodily environment can turn some
microbiota species from harmless inhabitants into dangerous invaders.
As a result, every time something changes in the gut, hundreds of other
things change as well, which makes it extremely difficult for scientists
to understand which of these changes is actually important.
How do scientists study the function of such a complex system? One
way is to use mice that are raised in exceptionally clean conditions,
so that they do not have any microbiota, but they are still healthy.
Scientists give these mice some of the gut microbiota isolated from
either sick or healthy humans. If only the mouse given the “sick”
microbiota develops the disease, we know the disease is due to the
microbiota, because it is the only difference between the mice. This is
important to know, but in most cases, we still do not understand how
this happens.

HOW THE GUT MICROBIOTA CAN KEEP US HEALTHY
In some cases, we have explanations for how the microbiota affects
us. One such case is its interaction with the immune system. The
immune system in the gut needs to prevent dangerous microbes
from causing disease, but it should not over-react to the normal
microbiota. The immune system achieves this state by producing
a balance of activating and de-activating signals. If the balance is
disturbed and mostly activating signals are produced, disease can
result. Scientists have discovered that a waste product released by the
microbiota, called butyrate, can instruct the immune system to make
more deactivating signals. The microbiota thus helps keep the balance
and prevents the immune system from overreacting [1].
A second case in which we have some understanding of how the
microbiota affects us is the role of the microbiota in preventing gut
infections. If you eat food or drink water containing microbes that can
make you sick (Salmonella is one such microbe that you might have
heard of), in many cases you actually stay healthy. This is often due to
your gut microbiota, which can directly ﬁght the invaders by producing
substances that can harm them, by stimulating your immune system
to increase your resistance to harmful bacteria, and by consuming all
the available food so nothing is left for the invaders [2].
A third case is the role of the microbiota in harvesting energy from our
food. Have you heard the term dietary ﬁber? Dietary ﬁber is abundant
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in fruits and vegetables, and it contains a lot of energy. But this energy
cannot be used by our bodies because we do not have the machinery
to extract it. However, the gut microbiota has this machinery, and the
microbes can digest dietary ﬁber, releasing some of the energy for us
to use. In this way, your microbiota produces 10% of the total energy
that you use every day [3]. This is an important factor for survival if there
is not enough food, but if there is too much food around, this process
can potentially contribute to people becoming overweight.

WAYS TO MANIPULATE THE GUT MICROBIOTA
A healthy gut microbiota is important for some of the main functions
of our bodies. But even if our microbiota is healthy, events like
the invasion of dangerous bacteria or the use of antibiotics can
dramatically change it. In some cases, these changes to the gut
microbiota can cause diseases.
In the last decades, ways to help us keep a healthy microbiota or
to manipulate the microbiota’s composition have been discovered.
There are also interventions that help to promote speciﬁc beneﬁcial
microbes and to inhibit ones known to be dangerous. Here are three
such interventions (also see Figure 2).

PREBIOTICS
Components in food
that speciﬁcally feed
beneﬁcial members of
the gut microbiota, to
promote them over
other species.

FECAL MICROBIAL
TRANSPLANT
The transfer of the gut
microbiota in the feces
of a healthy person to a
person with a disturbed
gut microbiota. This
technique is currently
used for treating
recurrent C.
difficile infections.

Prebiotics
Different microbes have different food preferences. One way of
supporting beneﬁcial microbes is to help them grow by providing them
with the foods they like best [4]. These preferred dietary substances are
called prebiotics. For example, some species of beneﬁcial bacteria like
to eat a certain kind of dietary ﬁber. One way to think about this would
be as a car race, with different cars needing different kinds of fuel.
Eating prebiotics is like giving fuel only to the cars you want to win
(the beneﬁcial bacteria), while not fueling the others.
Fecal Transplantation
Another way to change the microbiota is the transfer of the gut
microbiota from a healthy person (the donor) to a sick one (the
recipient). This is called a fecal microbial transplant, and you can think
about it like replacing a soccer team that does not play well together
with a different team. A fecal microbial transplant is done by taking
the donor’s gut microbiota from their feces, and transferring it into
the recipient’s gut, either by swallowing a pill or via a tube through the
nose or the rectum. Does not sound very appealing to you? A very
understandable reaction! However, for one disease, fecal microbial
transplants seem to work extremely well: recurrent infections with
Clostridioides difficile, a microbe that can thrive if the gut microbiota
is disturbed, causing a very serious disease. C. difficile can be killed
by antibiotics, but antibiotic resistance is common, and often the
disease comes back when the patient stops taking the antibiotics.
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Figure 2
Manipulating the gut
microbiota to improve
health. (A) Prebiotics
are components of
food that can
speciﬁcally feed desired
microbes. The
beneﬁcial microbes will
then increase in the
gut, which will change
the microbiota,
hopefully eliminating
the undesired
microbes. (B) Fecal
microbiota transplants
put a healthy person’s
gut microbiota into a
sick person’s gut. These
transplants can work
well for treating
infections with a
dangerous bacterium
called C. difficile. (C)
Vaccination against a
single type of microbe
in the microbiota can
train the immune
system to make
antibodies against this
microbe, which helps
the body to ﬂush out
the undesired
microbes.

Figure 2

Fecal microbial transplants cure 80–90% of people suffering from
this disease and they are generally believed to be safe. However,
fecal microbial transplantation often inﬂuences the recipient’s gut
microbiota in an unpredictable way.
ORAL VACCINATION
Training the immune
system to react against
speciﬁc microbes by
swallowing the killed
microbe, or parts of
the microbe.

Precision Microbiota Engineering
Current research focuses on more targeted changes to the microbiota,
to avoid some of the unpredictability of fecal microbial transplants.
One possibility is oral vaccination against speciﬁc unwanted microbes.
Like most other vaccines, oral vaccination tells the immune system to
make proteins called antibodies that stick to the targeted microbes.
These antibodies glue these microbes together into large clumps,
which are easier to ﬂush out of the gut [5]. To help this process, we
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COMPETITORS
Members of a
biological community
that need the same
resources (live in the
same ecological niche)
and are in direct
competition for them.
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can use another trick: a microbe that is very similar to the one targeted
by the vaccine, but not harmful, can be given with the vaccine. This
microbe is called a niche competitor. The niche competitor makes
life even harder for the problematic microbe because it competes
with the problematic microbe for food and living space. Imagine this
like playing musical chairs: the immune system keeps the targeted
microbes at distance and whoever is faster and better adapted can
take their place. This strategy shows promising results, and research is
underway to make it broadly usable.

TAKE-HOME MESSAGE
We are only beginning to understand the ways in which the gut
microbiota inﬂuences your health and well-being, but we already
know it has a strong effect and that there are smart ways to inﬂuence
it. Understanding the role of the gut microbiota is a highly active
area of research. As some groups around the world work to deﬁne
what characteristics make a microbiota “healthy” or “diseased,” others
are continuing to develop techniques to make precise changes in
the microbiota. This research will shed more light on the complex
relationships between humans and microbes, and will lead to better
ways for improving the health and quality of life for many people.
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YOUNG REVIEWERS
AISLING, AGE: 9
Hi, I am Aisling! I love writing creative stories and I love school and wish it was longer.
My favorite vegetables are broccoli and bok choy, and my favorite food is ddebokki
and ramen!

MRIDULA, AGE: 15
Hi, I am Mridula. Science and English have always been among my favorites in
school. That is why I was highly interested when I found out about the Frontiers
Young Minds community. I am excited to hopefully provide some helpful feedback to
authors, and simultaneously learn about the powerful happening in science around
the world.
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