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Each of us has a mix of microbes that colonizes our intestines, as
unique as our fingerprints. Most microbes are beneficial and are
essential for keeping us healthy. If the microbes in our intestines are
out of balance and too many harmful microbes take control, intestinal
diseases might result. Recent advances in computers and laboratory
methods have helped scientists understand much more about our
intestinal microbes and their unique signatures: who they are, what
they do, and which useful or harmful substances they produce.
We wanted to know which bacteria can cause intestinal diseases,
and whether we could use these bacterial signatures to foresee the
futures of patients. We analyzed the bacteria in patients with intestinal
diseases and identified certain bacteria that can produce harmful
compounds. This information could help doctors predict who is more
at risk of developing intestinal disease and which treatment could
work best for each patient.
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GUT MICROBIOTA

The group of
microorganisms that

live in human intestines.

Most of the organisms
are beneficial and
perform functions that
keep us healthy.
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YOUR MICROBES—YOUR IDENTITY

Microbes are tiny creatures that are impossible to see without a
microscope. Trillions of microbes live in and on our bodies, especially
in our intestines. The gut microbiota is the term we use to describe
this entire vast and diverse collection of bacteria and other organisms
that live in our intestines. Unfortunately, we mostly associate bacteria
with illness. However, most of the bacteria in our bodies are beneficial
to human health. They help us break down and digest the foods
we eat, produce essential vitamins, and fight off harmful bacteria. In
return, we offer them a place to live and the nutrients they need
to thrive. Beneficial bacteria are also important to create a powerful
Immune system. The immune system protects our bodies against
illnesses. When the number of harmful bacteria is kept to a minimum,
they generally do not cause problems. But under certain conditions,
harmful bacteria can multiply and kick out beneficial bacteria, which
can result in multiple diseases [1].

Is everyone’'s gut microbiota the same? Yes and no! While one-third
of the gut microbiota is common between individuals, two-thirds
of each person’'s microbiota is unique to them and as personal as
their fingerprints! While everyone's gut microbiota performs similar
functions, these functions are not necessarily carried out by the same
bacteria in everyone’s body [2]. You could think of the intestines as a
city for microbes. Every city has its own firefighters, police officers,
bus drivers and garbage collectors. Different people perform these
roles in each city and within each city, those people can change
over time. In the bacterial world, hundreds of microorganisms can
perform essential roles such as producing vitamins or breaking down
the carbohydrates in the foods we eat [3]. This means that, even if
our bacterial communities look different, they are doing the same
set of important jobs. In a city, if many productive residents live
there and if they can perform multiple essential jobs, the city will
flourish. Similarly, we are healthier if our intestines are home to a high
number of beneficial bacteria that can perform a variety of functions
(Figure 1).

THE CONNECTION BETWEEN GUT BACTERIA AND CROHN'’S
DISEASE

Scientists have been studying whether changes to our intestinal
bacteria are somehow linked to the foods we eat, the medications
we take, or to whether we are healthy or sick. We were particularly
interested in understanding whether the bacteria that live inside
people who have long-lasting intestinal inflammation (also called
Crohn'’s disease) have unique and harmful characteristics. Crohn’s
disease was named after the doctor who first described it in 1932, and
it affects millions of people worldwide. Crohn’s disease affects teens
and young adults, but mostly people 20-40 years of age. In Crohn’s
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Figure 1

Trillions of bacteria live
in and on our bodies.
Most of them live in our
intestines. To stay
healthy, we need a
wide range of bacteria
that can perform many
functions essential for
our health. It is
important for the
number of beneficial
bacteria to remain
higher than the number
of harmful ones. In
patients with intestinal
diseases, fewer bacteria
live in their intestines
and harmful bacteria
take over and produce
toxic substances that
lead to disease.

FLARE-UPS

Periods of time when a
patient with a
long-lasting disease
shows more symptoms
and feels worse.

REMISSION

Periods of time when a
patient with a
long-lasting disease
shows no symptoms
and feels better.

BACTERIAL
SIGNATURE

Unique patterns of
bacterial community
composition and
function that can
differentiate between
physiological and
pathological conditions
and can be used to
predict the risk of
disease development
or progression.
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disease, parts of the intestine become red and swollen. Patients can
have times when they get very sick (what we call flare-ups) and
other periods when they feel completely fine (what we call remission).
Patients with Crohn'’s disease suffer from bloody diarrhea, abdominal
pain, weight loss, fever, and loss of appetite.

Normally, the immune system watches out for danger. However,
in Crohn’s disease, the immune system gets confused and attacks
both the good and the bad bacteria. Disturbing this bacterial balance
increases the toxins produced by harmful bacteria and causes
destruction of the intestinal tissue. Medicines can help reduce the
iImmune system attacks, but intestinal tissue damage gets worse
over time. Research showed that patients with Crohn’s disease have
bacterial communities that look quite different from those found
in healthy individuals. These bacterial communities were mostly
dominated by bacteria with the potential to become harmful under
certain conditions.

WHO IS THERE? WHAT ARE THEY DOING?

To figure out which bacteria are causing Crohn’s disease, we asked
patients to collect stool samples (poop) during both remission and
flare-ups. We performed laboratory experiments to measure the
molecules and compounds present in the poop samples. We also
broke open the bacterial cells to release the DNA so we could analyze
the bacterial genes and identify which bacteria were present. Finally,
we used computers and statistics to understand the relationships
between the bacteria, their products, and the health status of patients.
All of this information gives us specific patterns, called bacterial
signatures [4, 5], for remission and flare-ups (Figure 2).
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Figure 2

We took samples of
intestinal bacteria from
Crohn's disease
patients who were
either in remission or
experiencing flare-ups.
We did experiments to
determine which
metabolites were being
made by the bacteria
and we broke open the
bacterial cells to study
their genes. We
analyzed all the data
using computers and
mathematics. In the
end, we could see
unique patterns, which
we called bacterial
signatures, for each
condition.

METABOLITES

Small chemical
compounds that are
involved in or produced
by an organism'’s
metabolism. In this
research, we looked at
metabolites produced
by bacteria.

MACHINE
LEARNING

A branch of science
which allows
computers to perform
tasks without us having
to tell the computer
how to do it. The
computer learns to
perform a task by
observing a lot of
examples and trying to
figure out how to make
the best judgement.
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Figure 2

We found a big difference in the numbers of microbes in the intestines
of patients during periods of remission vs. flare-ups. Many more
bacteria were present during remission, and they were also much
more diverse, meaning there were more types of bacteria present.
In addition, we saw big changes in the numbers of specific types
of microbes between these two groups. For example, there were
more bacteria from the groups Escherichia coli and Desulfovibrio
during flare-ups. To learn more about these bacteria, we measured the
concentration of the metabolites they produce. Metabolites are small
molecules that take partin, or are produced by, the chemical reactions
of metabolism. The concentrations of certain metabolites in poop,
urine, or blood are linked to the risk of developing certain diseases.
When we compared patient samples from remission vs. flare-ups, we
found differing amounts of certain metabolites.

TEACHING COMPUTERS TO TELL THE FUTURE

Next, we wondered if we could predict whether patients with Crohn's
disease would remain in remission or have flare-ups, based on their
bacterial signatures. To do so, we used machine learning, in which
computers are trained to perform complex tasks. For a computer to
identify the bacterial signature of a patient who will soon get a flare-up,
the computer is given many examples of bacterial signatures from
patients during flare-ups, so that the computer learns the patterns
of what a flare-up bacterial signature looks like. This phase is called
learning. Then, we test the computer on what it learnt by challenging
it with examples of bacterial signatures where the computer needs
to decide whether each signature came from a healthy subject or a
patient having a flare-up. This phase is called testing. If the model
passes our tests, we can rely on it to tell whether a patient is healthy
or will soon have a flare-up from the bacterial signature. This phase is
called prediction. To our excitement, our computer was correct in its
prediction of flare-ups 96% of the time (Figure 3)!
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Figure 3

Using computers to
predict the occurrence
of flare-ups in Crohn's
disease patients. First,
the computer was
shown many bacterial
signatures of patients
during flare-ups. Then,
the computer was
tested to see if it could
identify known
signatures as
“remission” or
“flare-up.” Third, we
used the computer to
predict whether a
patient was about to
experience a flare-up.
The computer was
correct 96% of the
time!

PROBIOTICS

A group of beneficial
bacteria that people
can consume to
restore balance to their
gut bacteria.

FECAL MICROBIOTA
TRANSPLANTATION

A procedure in which
poop from a healthy
donor is transplanted in
the colon of a patient.
The good bacteria
replace the bad ones,
and a healthy balance
is restored.
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Now, which one is
“remission” and
which one is
“flare-up”?

Correct 96% of the
times!
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MICROBIAL TREATMENTS FOR INTESTINAL DISEASE

Our research could be useful for treating patients with intestinal
diseases like Crohn’s disease. If we can use machine learning to
analyse bacterial signatures in patients’ poop, this could help us tell
whether the patientis healthy or might develop intestinal disease in the
future. If we can identify the exact types of bacteria that are decreasing
when a patient has a flare-up, we might be able to collect those
bacteria, let them grow and multiply in the lab, and make them into a
pill that we can give to patients to help them improve. Such beneficial
bacteria are called probiotics. We all have some probiotic bacteria
in our intestines, but they are also found in foods including yogurt,
cheese, bread, or buttermilk.

If healthy people have enough beneficial microbes, they can donate
poop samples that we could then transfer into the colons of
patients with poor bacterial signatures. This is called fecal microbiota
transplantation. Transplanting the healthy microbes into patients
could kick-start the bacterial community and restore balance to the
gut microbes. There is still some work to do before we can effectively
treat patients using the information from our study. The work we have
done so far is already important because the more we know about gut
bacteria and their functions, the more likely we will be to find new,
effective treatment options for the millions patients across the globe
who suffer from intestinal diseases like Crohn’s disease.
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AUTHORS

AMIRA METWALY

Amira Metwaly studied biotechnology, molecular biology, and bioinformatics, and
she now works as a postdoc at the Chair for Nutrition and Immunology at the
Technical University of Munich. Her research interests are gut bacteria and how they
are involved in intestinal diseases. *amira.metwaly@tum.de

kids.frontiersin.org January 2023 | Volume 10 | Article 728883 | 7


mailto:amira.metwaly@tum.de
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.728883
https://kids.frontiersin.org/article/10.3389/frym.2022.728883
https://kids.frontiersin.org/article/10.3389/frym.2022.728883

Metwaly and Abdelaziz Gut Bacteria Through a Crystal Ball

AHMED ABDELAZ|Z

Ahmed Abdelaziz studied machine learning and environmental cheminformatics
at the Technical University of Munich and now works as a practice manager for
emerging technologies at Amazon web services (AWS). His research interest is
building safer medicines while reducing animal testing.

kids.frontiersin.org January 2023 | Volume 10 | Article 728883 | 8


https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.728883
https://kids.frontiersin.org/article/10.3389/frym.2022.728883
https://kids.frontiersin.org/article/10.3389/frym.2022.728883

	Through a Crystal Ball: Using Bacterial Signatures to Predict Intestinal Diseases
	Your Microbes—Your Identity
	The Connection Between Gut Bacteria and Crohn's Disease
	Who Is There? What Are They Doing?
	Teaching Computers to Tell the Future
	Microbial Treatments for Intestinal Disease
	Acknowledgments
	Original Source Article
	References
	Young Reviewers
	Authors


