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SUPERBUGS AMONG US: WHO THEY ARE AND WHAT
CAN YOU DO TO HELP WIN THE FIGHT?
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Antibiotics are essential medicines used to treat diseases caused
by bacteria. Bacteria are tiny organisms (microbes or “bugs”) that
‘ FELIX can be found in our bodies, in animals, and in the environment.
AGE: 16 Most bacteria are helpful, so antibiotics are used to kill only some
bacteria—those that can cause disease. However, since the discovery
of the first antibiotic, disease-causing bacteria have been finding
ways to survive, acquiring resistance to antibiotics and even turning
into superbugs. Superbugs are one of the most important threats to
human health today, so they should be prevented and controlled.
In this article, we will tell you about the history of antibiotics,
the rise of superbugs, and what you can do to join the fight

against superbugs.
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SUPERBUGS

Bacteria that have
many weapons to fight
against antibiotics and
are therefore resistant
to them.

MICROBES

Tiny living organisms
that can only be seen
with a microscope and
can be found in us,
animals, and

the environment.

BACTERIA

One type of microbes.
Bacteria with antibiotic
resistance have
become

dangerous superbugs.

ANTIBIOTICS

Medicines used to treat
diseases caused
by bacteria.
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SUPERBUGS? BUT | DO NOT EVEN KNOW WHAT A REGULAR
"BUG" IS...

In order to understand what superbugs are, we need to first
understand what a regular microbe, or “bug,” is. Microbes are tiny
organisms that can only be seen with a microscope and can be found
almost everywhere. Bacteria, viruses, fungi, and protozoa are different
types of microbes. If you look around your house, the plants, animals,
food, and even you are full of them. But do not panic! Most microbes
actually help us. For example, some microbes that live in our intestines
have an essential role in helping us digest the food we eat. Other
microbes that live in the environment are essential for manufacturing
certain kinds of foods. Cheese and yogurt, for example, are formed
when microbes grow in milk [1, 2].

However, there are also bad microbes in the world. These can
make us sick and even put our lives at risk. If you investigate the
history of human civilizations, there were many diseases caused by
different microbes that led to the death of millions of people. Some
remarkable examples are the Spanish Flu (caused by a virus) in the
early twentieth century and the Black Death (caused by a bacterium)
in the mid-fourteenth century. It is estimated that, together, these two
diseases killed around 300 million people [3].

Because they can potentially kill so many people, we need to figure
out ways to control the spread of these bad microbes. The most
effective way to do that depends on the type of microbe causing
the disease. In this article, we focus on bacteria, and one of the
most efficient ways to treat diseases caused by bacteria is by using
medicines called antibiotics. Breaking down the word antibiotic can
help us understand its meaning: anti—meaning opposed to or against;
and biotic—meaning related to life or living things. In this case, the
living thing refers to bacteria, since antibiotics are usually ineffective
against other types of microbes (viruses, fungi, or protozoa). But do
you know how antibiotics were first discovered?

THE DISCOVERY OF PENICILLIN AND THE ANTIBIOTIC
REVOLUTION

Alexander Fleming was a British physician/scientist who became
interested in studying bacteria after he returned from World War |,
where he witnessed several soldiers dying from bacterial infections.
After the war, he became a Professor of Bacteriology (the science that
studies bacteria) at St. Mary’s Hospital in London, United Kingdom. He
studied a bacterium named Staphylococcus, which can cause a variety
of infections. To study Staphylococcus, Fleming needed to grow them
in the laboratory. He used a plate (a circular, flat dish made of glass
or plastic) filled with a nutritional medium that enables the growth of
microbes [4].
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Figure 1

Representation of the
culture plates observed
by Alexander Fleming
that helped him to
discover the first
antibiotic, penicillin.
Penicillin is produced
by the fungus
Penicillium.

PENICILLIN

The first antibiotic to be
discovered, in 1928, by
Alexander Fleming. The
antibiotic was named
after the microbe that
produces it, a fungus
called Penicillium.
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Plate with bacteria Staphylococcus and
fungus Penicillium - Notice that the
bacteria can not grow around the
fungus.

Plate with bacteria Staphylococcus -
Notice that the bacteria grow well in all
of the plate.

Figure 1

One day in 1928, Fleming noticed another microbe growing on his
plates—a fungus called Penicillium. This fungus is harmless to humans
and is frequently found in soil and on spoiled food. Fleming observed
that where the fungus grew, bacteria did not. Somehow, the fungus
was producing something that killed Staphylococcus (see Figure 1).
This accidental finding led to the discovery of the first antibiotic,
penicillin, which was named after the microbe producing it.

In 1941, penicillin was used for the first time to treat a bacterial
infection in a human being. Penicillin became an essential medicine
during World War Il, helping to prevent many soldiers’ deaths. This
was the beginning of the “antibiotic revolution.” After the discovery
of penicillin, scientists found that many other microbes are able to
produce other types of antibiotics. Most of these microbes live in
the soil and are harmless to humans, and they produce antibiotics
to protect themselves against other soil microbes or to compete for
space in the environment.

Between 1940 and 1970, several new antibiotics were discovered, and
bacterial diseases were easily treated using these medicines. People
even thought that a day would come when humans would destroy
bad bacteria for good! But it did not happen like that...

THE RISE OF SUPERBUGS

Bacteria are living organisms. As human beings evolved during the
last 3 million years and fought to survive through the changes that
happened in the world, bacteria did the same. As antibiotics began
to be widely used to treat infections, bacteria started to find ways to
survive, by acquiring resistance to antibiotics.
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How bacteria can
become resistant to an
antibiotic and turn into
superbugs. In the
presence of the
antibiotic, only the
bacteria that have the
antidote (antibiotic
resistance) will survive.
Then, those
antibiotic-resistant
bacteria will reproduce
to create more resistant
bacteria.

When bacteria are not
killed by antibiotics; the
weapon used by
bacteria to

survive antibiotics.
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Soon, the bacteria that
survived will multiply and
form an adapted bacterial

population where everyone
has the antidote!

Initially, few bacteria have  gn|y the bacteria that
the antidote (antibiotic  have the antidote will
resistance): blue bacteria. survive.

—y

ANTIBIOTIC ANTIBIOTIC USE

CONTINUES

If different antibiotics are indiscriminally used in human and animal health,
discarded into the environment, soon several bacteria will suffer the same
process described above, acquiring the antidote to different antibiotics,
becoming superbugs!

But how can bacteria become resistant to antibiotics? Let us
remember that antibiotics are natural products of some microbes.
Thus, it makes sense that microbes that naturally produce antibiotics
are also naturally resistant to them. This means that resistance to
antibiotics is as old as antibiotics themselves and has always existed
in nature.

So, when antibiotics are used too much and too frequently and
whole populations of bacteria are being exterminated by them, only
those bacteria that have the “antidote,” called antibiotic resistance,
will survive. Some bacteria acquire antibiotic resistance from nature,
and those resistant bacteria then survive to start a new generation
of bacteria. The new generation will then all be resistant to that
particular antibiotic (see Figure 2). That means that this antibiotic
will no longer work for treating infections caused by these bacteria.
But that would be okay, since we have discovered several different
antibiotics, right?

Wrong! Some bacteria can simultaneously have resistance against
many antibiotics, turning them into superbugs for which we may
not have any antibiotic options soon. Interestingly, one of the
first superbugs that spread among humans was Staphylococcus,
the very same microbe that led to the discovery of penicillin
decades before.

Initially, superbugs were only a threat in hospitals. Because there are
SO many patients in hospitals, and different types of antibiotics are
used to treat different infections, superbugs can easily survive and
be transmitted from one person to another in the hospital setting.
However, superbugs are everywhere now. They have been found in
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healthy people outside of hospitals, in animals, and in the environment.
No matter where they have been found, the appearance of superbugs
happened because of the widespread use of antibiotics. In farm
animals, for example, antibiotics are administered to prevent and treat
infections and to promote faster growth. Superbugs from animals
and the environment can be transmitted to humans, either through
contact or by eating contaminated food [5-7].

HOW CAN WE BEAT SUPERBUGS AND WHY YOU SHOULD
HELP?

If superbugs are resistant to the antibiotics that are currently available,
why do not scientists just discover new antibiotics? Unfortunately, it is
not so simple. The process of discovering a new antibiotic in nature,
and producing lots of it so it can be used by people, is complex,
time-consuming, and very expensive.

So, we are currently facing a challenging and disturbing scenario.
People infected with superbugs usually require an expensive treatment,
using medicine that is more toxic than antibiotics, and they stay in the
hospital a long time. Unfortunately, these people often end up dying.
The World Health Organization estimates that, by 2050, infections
caused by superbugs will cost approximately USD 84 trillion and will be
responsible for nearly 10 million deaths in the world each year, which
is a burden greater than cancer [5-7].

Since discovering new antibiotics is a difficult and slow task, the most
important action that we can take to control superbugs is to reduce
the inappropriate use of antibiotics in order to stop resistant bacteria
from spreading. It is well-known today that controlling the spread
of superbugs in humans depends on the control of superbugs in
animals, food, and the whole environment. This means that everyone
should get involved in this fight: medical doctors, veterinary doctors,
environmental scientists, food specialists, and youl!

One important action that all of us can do is to use antibiotics
correctly and only when needed. We should stick to antibiotics that
are prescribed by a physician; taking antibiotics without a prescription
is highly discouraged. In addition, other simple public health strategies
can help controlling superbugs. These include vaccination, access to
clean water, basic sanitation, good hygiene, correct food preparation,
and appropriate hand washing.

As far as treating people who have been infected by superbugs,
scientists have been searching for and evaluating non-antibiotic
alternatives, including some very cool and different medicines. These
include the use of certain viruses (called bacteriophages) that can
Kill bacteria. Although promising, many of these alternative therapies
are still being researched and are not yet available as real treatment
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options. The path may still be long, but we all should do what we can
now if we want to win the fight against superbugs.
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FELIX, AGE: 16

I am a high-school student at Ecole Decroly in Brussels. | have a variety of interests
and enjoy studying sciences and the humanities. My hobbies include playing rugby,
rock climbing, watching documentaries, hanging out with my friends. Also, | enjoy
being a member of the Boy Scout movement. | was pleased to contribute to this
interesting article.
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