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Human cells assemble to form tissues, which organize into organs

and then combine into complex organisms capable of extraordinary

functions. However, we are not alone. It may surprise you to know

that we humans aremade ofmore than just human cells. In fact, there

aremanymoremicrobes (microorganisms) in and on our bodies than

there are human cells making up our tissues and organs. But before

you get squirmy and itchy about this idea, these microorganisms are

our allies—they are often helpful and sometimes even essential for

our health. Thoughwe often associatemicrobes like bacteria, viruses,

and fungi with disease, most microbes are not dangerous. This article

will explore how the human body develops and becomes colonized

by these microbes in a mutually beneficial partnership.

INTRODUCTION

The microbes (microorganisms) that live in our bodies and on our

MICROBES

Living organisms not
visible to the human
eye, also
called microorganisms.

skin are called the humanmicrobiota. These microbes are not merely

MICROBIOTA

The various kinds of
microbes that establish
colonization in a
particular region of the
body, such as the gut
or the skin.
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accidental tourists that come and go, nor do they necessarily cause
diseases. Emerging research is revealing new and important functions
that the humanmicrobiota provides for us [1]. Themicrobes establish a
symbiotic relationship and become an important part of the functions
of the human body. This symbiosis has prompted some scientists to

SYMBIOSIS

A relationship between
two or more organisms
that live together. This
can have positive e�ect
for both (mutualism);
benefit one and harm
the other (parasitism);
or be neutral
(commensalism).

call the human body a “symbiogenic superorganism,” which refers to
the complex interactions between humans and their microbiota [2]!
This article will explore how the human body develops, howmicrobes
colonize various body compartments, and how this colonization is
beneficial for both the human body and the microbes.

MICROBIAL COLONIZATIONOF THE HUMAN

Each new human begins with the union of an egg and a sperm.
Genes from the mother and the father combine, creating a new and
unique genetic combination. During the 9 months of development in
the womb, the cells of the fetus develop and organize into tissues;
tissues assemble into organs; and the organs work together to create
the human organism. With everything in place, the fetus is ready to
be born.

Humans are born into a world of microbes, and these microbes
become an important part of the human body. The vast majority
of these microbes do not cause disease, and some are absolutely
essential for life on earth. Recent research suggests that the fetus’s
first encounter with microbes may occur in the womb [3]. This
colonization continues during the birth process when microbes from

COLONIZATION

The growth of
microbes in various
regions of the body.

the mother take up residence inside of and all over the infant [1]. Once
in the outside world, the newborn is exposed to an even wider array of
microbes. These microbes attach to the baby’s skin or enter the baby’s
body along the mucous linings of the eyes, nose, and mouth. Human
caregivers can pass on microbes as they hold, feed, kiss, touch, and
interact with the child. As the baby begins reaching out and touching
things, it is not long before the hands go to the mouth and microbes
hitch a ride into the baby’s body. The various microbial species reach
many di�erent parts of the body and begin to establish a safe haven,
where the microbes acquire nutrients, multiply and thrive.

Di�erent types of microbes prefer di�erent locations for colonization.
Microbes that enter the mouth get swallowed and colonize various
segments of the digestive system [3]. Importantly, microbes must find
a hospitable place where they will be assured plenty of nutrients and,
in exchange, these “good” microbes perform important functions that
our own cells cannot. The human body and its microbial inhabitants
strike a kind of bargain that is beneficial to both—a symbiosis. Research
has revealed that the types of microbes found in the gut may change
with age, and that factors such as diet, stress, and hormones can also
influence the composition of themicrobiota [4]. Scientists hypothesize
that alterations in the microbiome may change bodily function and

kids.frontiersin.org May 2022 | Volume 10 | Article 714243 | 2

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.714243
https://kids.frontiersin.org/article/10.3389/frym.2022.714243
https://kids.frontiersin.org/article/10.3389/frym.2022.714243


Perron and Carroll Human Body and Associated Microbiota

may predict health and disease. This is a new and exciting area of
research, with many implications for the field of medicine [5].

So, what are some of the benefits of having microbes living in the
human body? Next, we will discuss three examples.

MICROBES TRAIN AND ASSIST THE IMMUNE SYSTEM

The human immune system helps us to recognize microbes that do
not belong in the body and might cause us harm. These dangerous
organisms are called pathogens. The immune system is not fully

PATHOGENS

A microbe that
causes disease.

functional at birth and there is a process early in life during which
the cells of the immune system “learn” what belongs in the body and
what does not. It is during this same time that the “good” microbes
are colonizing di�erent compartments in the body, like the gut for
example, and the microbiota actually becomes part of the immune
defense against infection [5]. The digestive tract is basically a long
tube open at two ends and lined by cells called mucosal epithelial
cells, which secrete a moist, protective mucous layer. Underneath
this layer, clusters of immune cells assemble and monitor what
passes through the digestive tract, looking for the “bad” microbes that
cause disease. The “good” microbes that have established themselves
become recognized as part of the body.

If pathogens enter the body through contaminated food or water,
they could get across the mucous barrier of the digestive tract and
enter the bloodstream. Once there, they could travel anywhere in
the body. The “good” resident microbes compete with the pathogens
for nutrients and space, which slows down the growth of pathogens,
preventing them from crossing the mucosal barrier (Figure 1). Some

Figure 1

Figure 1

The insides of the
intestines are lined with
cells called mucosal
epithelial cells, which
produce a protective
mucous layer. The gut
microbiota helps to
protect against
pathogens, because
the pathogens cannot
compete with the gut
microbes for space and
nutrients. The gut
microbiota protects the
walls of the gut and
those microbes are not
attacked by cells of the
immune system.
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of our microbiota even secrete toxins that kill pathogenic microbes.
If the protection provided by the microbiota fails, the immune system
can respond to the invasion of pathogens and kill them or inactivate
their disease-causing processes. Thus, the gut microbiota establishes
a symbiosis within the human digestive tract, helping to protect the
human from disease.

MICROBES HELPWITH THE DIGESTIONOF NUTRIENTS

The complex foods we eat are broken down into simple molecules
that our cells can use to make energy. These simple molecules
enter the bloodstream from the digestive tract through a process
called absorption. Cells of the digestive tract secrete chemicals that
breakdown food and then the cells absorb the nutrients that are
produced. We eat some foods that our digestive system cannot
breakdown. It is the microbes in the gut that help us digest those
foods [6]. For example, cellulose, which is an essential component of

CELLULOSE

A complex
carbohydrate found in
plant cell walls. It is in
fruits and vegetables
we eat but is
indigestible in the
human gut and
commonly referred to
as fiber.

plant cell walls, would be indigestible if not for our resident microbes.
Cellulose is present in fruits and vegetables and is commonly referred
to as fiber.

You may know that a healthy diet should contain fiber, which comes
from various foods like grains, fruits, vegetables, beans, cereals, and
nuts, to name a few. So, if human cells cannot breakdown fiber, why is
it a recommended daily nutrient? Fiber is needed by ourmicrobes! The
gut microbiota digests fiber through a process called fermentation, to

FERMENTATION

A biochemical process
that some cells use to
make energy, ATP,
when oxygen is not
readily available.

make energy for microbial cellular processes (Figure 2). Fermentation
also produces simple molecules called short-chain fatty acids, which
the mucosal epithelial cells that line the digestive tract use as a source
of food.

Figure 2

Figure 2

The gut microbiota
helps us to digest
dietary fiber. Through
the fermentation
process, fiber in our
diets is converted into
energy for the gut
microbes and food (like
short-chain fatty acids)
for the cells of the
digestive tract.
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MICROBES COMMUNICATEWITH THE BRAIN

There is increasing evidence suggesting that the microbes in the
human gut produce substances that have actions far beyond the
digestive tract [7, 8]. So far, this has been studied mainly in laboratory
animals, but if these actions also occur in humans, it may lead to a
better understanding of what keeps people at a healthy weight [9].
Centers in the brain produce signals that we experience as hunger,
which causes us to seek out food. Whenwe have eaten enough for the
body’s needs, there are signals that are sent from the gut to the brain
that tell uswe are full. Themicrobes in our gutmay also be contributing
signals that assist in regulating our food intake, the feeling of fullness,
and body mass.

Gut microbes produce substances identical to chemicals used by
the human nervous system to communicate with other cells [7].
Could the gut microbes a�ect the activity of the nervous system?
Serotonin is one such chemical. It is produced by both brain cells

SEROTONIN

One of the chemicals,
neurotransmitters, used
by neurons to
communicate with
other cells in the
human nervous system.

and gut microbes. Serotonin helps to regulate our moods and is
often used as a medication to treat certain diseases like depression.
It is possible that microbially produced serotonin could activate
the nervous system in the gut, which then communicates with the
brain; or the serotonin produced by the gut microbiota might be
absorbed and travel through the bloodstream to stimulate the brain.
This microbe-derived substance could then contribute to mood and
mental health (Figure 3) [7]. This could give a whole new meaning to
having a “gut feeling” about something!

Figure 3

Figure 3

The gut microbiota can
influence the activity of
the brain. Gut microbes
can produce serotonin,
which is a chemical
that can stimulate the
brain to cause changes
in mood and behavior.
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CONCLUSION

Learning more about gut microbes and how to support their growth
may help us think di�erently about how diseases arise and what
therapies might restore health. In some cases, therapies may be used
to promote a healthier relationship between humans and their resident
microbes! The composition of the human microbiota di�ers across
the human population depending on where people live, their diets,
their occupations, and many other factors. There is much work ahead
to identify healthy vs. disease-producing combinations of microbes,
and to help us understand how to regulate that balance in favor of
human health andwellness. Future studies focused on getting to know
our microbial partners promise to produce some very exciting and
beneficial partnerships!
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singing, and reading. In my free time, I enjoy spending time with my friends and

watching Netflix.

AUTHORS

JEANETTE C. PERRON

Jeanette C. Perron, Ph.D., is an assistant professor in the College of Pharmacy and

Health Sciences at St. John’s University in Queens, N.Y. She teaches subjects such as

anatomy and physiology, immunology, infectious diseases, and pharmacology. Her

research laboratory in the Department of Pharmaceutical Sciences investigates how

signals from growth factors a�ect the functions of cells, especially neurons in the

spinal cord. She hopes that understanding how these signals change the actions of

cells will lead to the development of new ways to repair cells and tissues that have

been damaged due to injury or disease.

JOANNE M. CARROLL

Joanne M. Carroll, Ph.D., is an associate professor in the College of Pharmacy and

Health Sciences at St. John’s University in Queens, N.Y. She has taught courses

including human physiology, immunology, infectious diseases, public health, and

molecular biology for 30 years. In addition, Dr. Carroll currently participates in the

Inside Out Prison Education Program, which brings academic courses into prisons

and jails, where college students study together with incarcerated students. Since

summer 2020, she and six other professors have o�ered a virtual series entitled

“Conversations in the Time of COVID” for two correctional facilities in the New

York area. *carrollj@stjohns.edu

kids.frontiersin.org May 2022 | Volume 10 | Article 714243 | 7

https://doi.org/10.3389/frym.2022.714243
https://creativecommons.org/licenses/by/4.0/
mailto:carrollj@stjohns.edu
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.714243
https://kids.frontiersin.org/article/10.3389/frym.2022.714243
https://kids.frontiersin.org/article/10.3389/frym.2022.714243

	The Human-Microbial Partnership: Even Our Brains Benefit!
	Introduction
	Microbial Colonization of the Human
	Microbes Train and Assist the Immune System
	Microbes Help With the Digestion of Nutrients
	Microbes Communicate With the Brain
	Conclusion
	References
	Young Reviewer
	Authors


