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Fungi are tiny organisms found everywhere—in nature, in our homes,
and even in and on our bodies. Similar to how people cooperate
in cities, fungi can form cooperative communities known as fungal
biofilms. Biofilms consist of clusters of fungal cells sticking together,
and they can often survive on surfaces for long periods, making them
difficult to eliminate. Fungal biofilms are especially dangerous in
healthcare settings, because they can grow on surfaces and medical
devices. Scientists are actively investigating ways to tackle this issue,
such as using combining medicines or using drugs in new ways. In
this article, we will talk about how fungal biofilms form, how they
can cause problems in hospitals, and how they can be managed.
Understanding and addressing these challenges are essential for
keeping patients safe from fungal infections.
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BIOFILMS

Groups of
microorganisms that
stick to surfaces and
each other, forming a
slimy, protective layer
that helps them stay
together and

resist removal.

Figure 1

A biofilm works like a
big community, in
which cells of different
ages and functions
work together to help
each other survive and
eventually spread to
other places. This can
be especially
dangerous when
biofilms grow on
medical devices

in hospitals.

EXTRACELLULAR
MATRIX

The protective, sticky
layer that surrounds
and supports cells in a
biofilm, helping them
stick to surfaces and
stay safe while
providing nutrients.

LIVING IN COMMUNITIES IS NOT JUST FOR HUMANS

Imagine living in a big community where everyone works together as
a team. In this community, the older members, who have been there
the longest and have the most experience, form the foundation of the
community. These elders can give rise to new members, helping them
settle in and grow within the group. The community also contains
younger individuals who think and act quickly, but they still rely on
the older ones for guidance. All the group members can collaborate
to protect the entire community. This community can also get what
it needs from the surrounding environment to survive and grow.
Does this sound similar to the lives of communities in our cities?
Although it does, we are actually talking about communities of tiny
organisms!

WHAT IS A BIOFILM?

Fungi are microorganisms that can exist either as single cells or as
multicellular organisms. When people think of fungi, they often think
of the mushrooms that grow in gardens or forests. However, fungi can
also live in social communities called biofilms. In fact, they prefer to
live together rather than alone, because they can communicate and
work with each other to survive better (Figure 1).

Qur community
sticks together!

Figure 1

In a biofilm community, fungal cells stick to each other and to both
living and non-living surfaces. These communities of fungal cells form
a protective cover called the extracellular matrix, which acts like a
strong shelter. It keeps the cells safe, provides nutrition, and helps the
fungi survive. Fungi in biofilms have many advantages over those that
live freely. Biofilms are tough to remove from surfaces because the
matrix acts like a glue that firmly attaches the fungi to surfaces. Biofilms
are a clever survival strategy for fungi because, within them, cells can
do specialized jobs and work together to thrive [1].
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Figure 2

Biofilms form through
several steps: (1) the
first fungal cells stick to
a surface and to each
other; (2) cells begin to
produce the matrix that
helps them stick to the
surface; (3) the matrix
starts protecting fungal
cells; (4) new cells join
the biofilm, which
becomes a larger
community; (5) the
biofilm keeps growing,
with more cells
specialized with
different functions. The
final matrix also creates
a protective cover,
shielding the fungal
cells from the
environment; (6) Cells
can detach from the
biofilm and spread into
the environment,
colonizing new areas.

DISPERSION

The process by which
cells break away from a
biofilm and spread out
to form new

biofilms elsewhere.

HOW ARE BIOFILMS FORMED?

A biofilm is formed through several steps (Figure 2). During the first
stage, fungal cells stick to either living or non-living surfaces, as
well as to each other, forming a thin layer of cells. These attached
cells collectively produce the extracellular matrix, which is a slimy
layer containing sugars, proteins, lipids, DNA, minerals, and water. As
we mentioned earlier, the extracellular matrix helps fungal cells to
stick to surfaces and it protects them. Once the matrix is formed,
more cells can join the community. The fungal cells start growing
and make copies of themselves, forming a larger community. The
biofilm keeps growing and changing, with some cells becoming
specialized in various functions to help the group survive better.
Over time, the extracellular matrix solidifies, creating an even more
protective structure that shields fungal cells within the biofilm from
the surrounding environment [1].

Figure 2

Cell dispersion is another important event in the biofilm lifecycle.
During dispersion, cells detach from the biofilm and spread into the
surrounding environment [2]. This allows the fungi to colonize new
areas, like seeds starting new biofilm communities in diverse locations,
like soil, oceans, plants, our homes, and even our bodies.

WHY ARE FUNGAL BIOFILMS DANGEROUS TO
HUMANS?

Many microorganisms, including fungi that cause infections in
humans, grow in biofilms. In some situations, fungal biofilms can pose
a serious threat to human health. For example, patients in hospitals
are often at high risk for infections because their bodies’ defenses may
be weakened due to medications, recovering from surgeries, or other
medical treatments. Fungal infections associated with biofilms are a
huge problem in healthcare all over the world. The health risk varies
depending on the type of fungal species in the biofilm, the person’s
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Figure 3

Fungal biofilms create
several challenges in
the hospitals. (A) The
extracellular matrix can
shield fungal cells
within the biofilm,
blocking antifungal
drugs from eliminating
the fungi. (B) Biofilms
help fungi survive on
various surfaces for
days or months. (C)
Biofilm formation can
occur on medical
devices like catheters,
used to deliver
medicines or fluids
directly into the
patient’s body, which
can cause problems for
hospitalized patients.

CATHETERS

Thin, flexible tubes
used to deliver
medicines or fluids
directly into the
human body.

ANTIFUNGAL
DRUGS

Medicines used
specifically to treat
fungal infections.

DRUG RESISTANT

When certain
microorganisms, such
as fungi, no longer
respond to a drug that
is typically effective in
eliminating them.

health, and where the biofilm forms. For example, the fungus Candida
auris can create strong biofilms on surfaces in hospitals, like exam
tables or surgical instruments, where they can persist for months, even
if disinfectants are used to try to kill them (Figure 3B). This persistence
helps the fungi to spread among patients. Removing biofilms from
hospital surfaces is a big challenge because their matrix is similar to
an armor.

Figure 3

Fungal biofilms can also develop on medical devices like catheters,
which are tubes that doctors use to deliver medicines or fluids directly
into the body. Treating these infections is difficult because removing
the catheters can be very uncomfortable, and patients usually still need
them for treatment. This can make infections linked to these devices
last longer and return more often (Figure 3C).

If fungal biofilms form in the human body, eliminating them is
hard because they often do not respond well to fungus-killing
medicines called antifungal drugs. This happens due to the protective
extracellular matrix and the ways cells stick together in the biofilm,
which blocks antifungal drugs from reaching the fungi. Fungi in
biofilms can even become completely drug resistant, making them
especially dangerous for patients (Figure 3A).

HOW CAN WE FIGHT FUNGAL BIOFILMS?

Fungal biofilm infections are usually treated with strong antifungal
drugs in high doses. However, giving these drugs in high amounts can
be toxic to important organs like the kidneys and liver, causing serious
problems. Also, as we mentioned, in many cases these treatments do
not work well because the biofilms are resistant to antifungal drugs,
making the treatment of such infections even harder [3].

Scientists have been studying new ways to treat infections with

fungal biofilms. One effective way is by mixing several antifungal
drugs together, or giving them to the patient one after another. This
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COMBINATION
THERAPY

Using two or more
different treatments
together to improve
effectiveness and target
a disease more
thoroughly than a
single treatment alone.

DRUG
REPURPOSING

Finding new uses for
existing medicines that
were originally
developed for different
diseases or conditions.

strateqgy, called combination therapy, can be better than giving drugs
individually because the combo attacks different parts of the biofilm
all at once, usually giving better results. Combination therapy also
allows doctors to use lower doses of each drug, which can reduce
the chances of negative side effects for the patient.

Instead of creating new drugs from scratch, another new kind of
treatment involves testing out drugs that have been in use for years
for other purposes, to see if those drugs can kill fungal biofilms.
This approach is called drug repurposing and it can save a lot of
time and money compared to making new drugs from scratch. Drug
repurposing also saves time because scientists can select drugs that
have already undergone safety tests for human use [4].

Another strategy to prevent biofilm formation is to stop the first fungal
cells from sticking together in the first place. Special surfaces that
prevent fungal cells from sticking can be used to coat medical tools or
elsewhere in hospitals to lower the risk of biofilm-related infections.
For example, scientists have discovered that electrical currents can
reduce biofilms. With this knowledge, they can create surfaces that
conduct electricity, to send currents that can “clean” medical devices
by killing fungal cells and preventing biofilm formation [5].

WHY FIGHTING FUNGAL BIOFILMS MATTERS?

While we usually think of fungi as mushrooms in natural settings, it
is important to know that they can form large social groups called
biofilms. Every day, we all come into contact with fungi and their
biofilms. These biofilms can be especially dangerous for hospital
patients. Combating resistant fungal biofilms often requires several
approaches to tackle characteristics like how they form, stick around,
and resist drugs. These challenges motivate scientists to study different
fungal species and their biofilms, looking for new ways to deal with
the infections that they cause. Hopefully this research will help us find
better ways to protect patients and prevent fungal infections.
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science since he was 4 years old, both microscopes and telescopes are his favorites.
He is looking forward to sharing his knowledge in several ways to the public.

POSEIDON, AGE: 8
| love to read books, news, and anything | can find. | also enjoy word puns, puzzles,
and crosswords.
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