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Everyone catches the flu or a cold from time to time. We designed

an experiment to study how being sick more often a�ects the brain.

To do this, we used a piece of a bacteria to make adult male mice

experience symptoms of sickness. We gave mice this substance five

total times. Mice got better in a few days and had 2-week breaks

between exposures. We then measured how the mice learned and

remembered new information, and how well their brain cells were

working to help them learn. Our experiments indicate that being sick

often interferes with communication between brain cells, causing

mice to have trouble learning and remembering. Our data can help

doctors predict which patients may have memory problems as they

grow older. Our study also shows the importance of staying as

healthy as possible and taking steps to protect ourselves and others

when we do get sick.
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INFECTIONS AND THE BRAIN

The itch in the throat, the sni	y nose, the upset stomach, the
throbbing head, the chills… we all know the feeling of catching a
cold or the flu. It is not fun. Being sick not only a�ects the way
the body works—it also a�ects the brain. Being tired, having trouble
concentrating, and feeling unmotivated, withdrawn, or grumpy are
a few of the common, mild, brain-a�ecting symptoms people
experience while feeling sick [1, 2]. Luckily, most people feel unwell
for only a few days. As the immune system fights o� the infection,

IMMUNE SYSTEM

The group of organs
and cells that controls
how we respond to
infections or injuries.

people usually feel better and can return to normal activities, like going
to school or seeing friends.

Getting sick is a common experience in life, yet some people get sick
more often than others. Studies in humans suggest that elderly people
who have had more infections across their lifetimes show a greater
decline in brain abilities known as cognitive functions [3, 4]. This could

COGNITIVE

FUNCTION

Mental processes,
including thinking,
knowing,
remembering, judging,
problem-solving, and
decision-making, that
enable us to
understand and
interact with the world.

pose a problem for people facing memory changes as they get older,
a common problem in this group.

Our research question was: “What happens to the brain and how
it works if a person has more experiences with infections?”. We
hypothesized that, if more experiences with infection negatively a�ect
the brain, we would see problems with the way brain cells (called
neurons) communicate and with the way information is learned

NEURONS

Cells in the brain that
receive information
from the body or other
parts of the brain,
communicate with
each other through
electrical and chemical
signals, and control our
thoughts, feelings,
and responses.

and remembered.

HOWDIDWEMAKE ANIMALS SICK?

It is not ethical to do experiments in which we make people sick
on purpose. So, we used adult male mice [5]. Mice are commonly
used in biological experiments and they age very quickly, allowing
us to easily study changes across time. All of our procedures were
reviewed and approved in advance by a panel of other scientists,
to ensure the welfare of our mice. We selected procedures that
would minimize any pain or distress the mice might experience.
Additionally, all experimenters were trained in the ethical use of
animals in research.

We made some mice in our study “sick” by giving them an injection
of a substance called lipopolysaccharide (LPS). LPS comes from the

LIPOPOLYSACCHARI-

DE (LPS)

A fragment of the cell
wall from a type of
bacteria. It can trigger
strong immune
responses and is often
used in research to
study inflammation.

outer layer of a certain type of bacteria. Many scientists have used
LPS to learn about how both bacterial infections and the immune
system work [6]. When we give a moderate amount of LPS to mice, it
triggers the immune system to produce temporary inflammation, just
like what would happen if the mice were infected by actual bacteria.
Importantly, because LPS is only a part of the bacteria, the infection
cannot spread from cell to cell within an animal or from animal
to animal.
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We gave some of the mice LPS five times over about 3 months (Figure
1A). We waited 2 weeks between “infections” with LPS before making
mice “sick” again. Each time these mice were given LPS, other mice
were given a control substance, which should have very little e�ect on

CONTROL

A group in a study that
are considered normal.
Scientists compare
values on a dependent
variable in the control
group to any changes
in this variable that are
observed in the
experimental group.

the body on its own. In our case, this control was saline (salt water), like
what youwould get at the hospital if youwere dehydrated. Our control
group contained normal mice that had never experienced infections.
We compared how the brains of control group mice worked to the
brains of mice that experienced several LPS exposures. After the mice
recovered from all five injections, we measured their learning and
memory, as well as how their neurons communicated.

Figure 1

Figure 1

(A) We gave mice saline
control or LPS every 2
weeks. We measured
how sick mice looked
and behaved right after
each LPS injection and
just before the next.
After five injections,
mice were tested for
learning and memory
using the Morris water
maze. Communication
of hippocampus
neurons was also
studied from mice in
both groups. (B) The
higher the score on our
scale, the more
sickness behavior mice
showed. We found that
each exposure to LPS
made mice moderately
but briefly “sick”. Within
2 weeks, the sick mice
made a full recovery.
Control mice never
showed signs of
sickness. Average
values are shown.

“INFECTED” MICE GOTMODERATELY SICK FOR A SHORT

TIME

First, we measured how “sick” the mice were at several time points
during the study. We used a health screening we developed that is
similar to a physical exam a doctor might complete when you are sick.
We looked at the appearance, posture, breathing rate, andmovements
of the mice. We also checked to see if they had lost any weight
and took their temperatures to see if they had a fever. Each item we
measured was assigned points and the more points an animal had, the
sicker it behaved (Figure 1B). We did these measurements the same
day as the injections. Two weeks later, we also measured all these
characteristics again, to make sure the mice were not still sick before
the next LPS injection was given.

No mice showed signs of sickness before injections began. As we
expected, we generally did not see any signs of sickness in mice that
were given the saline control. But each time the mice were given LPS,
they showed moderate sickness behaviors. The sickness behaviors
did not last long. Just before the next exposure, all LPS-treated
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mice had sickness scores similar to control mice, meaning that they
had recovered from the e�ects of LPS. These data meant that we
could test our hypothesis about the e�ects of multiple infections on
the brain!

EXPERIENCING SICKNESS SEVERAL TIMES IMPAIRS

MEMORY AND LEARNING

We next measured how our mice learned and remembered (Figure
1A). Since mice cannot use words to tell us what they know, we
did this using a water maze. Mice are natural swimmers. Dr. Richard
Morris created this test about 40 years ago. Mice were placed in a
large tub of room-temperature water (Figure 2). The water was dyed
to hide an exit platform just below the surface. Mice swam around
the maze looking for the platform so that they could get out of the
water and go to a warm cage to dry o�. The room with the maze in
it contained landmarks (for example: images of di�erent geometric
shapes) that helped the mice navigate. Mice swam from the starting
point to the hidden exit platform, the location of which stayed the
same for the entire experiment. Once they found the hidden platform,
the experimenter took the mouse back to their warm cage to dry o�.
As they learned the location of the exit platform over several trials, the
mice swam in a more e�cient path to the platform, which took less
distance. Swim distance was our dependent variable. This behavior is

DEPENDENT

VARIABLE

A variable that is used
to determine the
e�ects of experimental
manipulations because
it changes under
di�erent conditions.

very similar to how a person learns the route from various places in
town (school, the mall, or a restaurant) back to their home. To make
sure mice stayed safe while swimming, there was always a “lifeguard”
scientist on duty. All mice were given six swims each day for 8 days,
for a total of 48 swims in the maze.

Figure 2

Figure 2

We measured how well
mice learned and
remembered using the
Morris water maze.
Mice that previously
experienced several
LPS exposures had
di�culty remembering
the location of the
platform between test
days during the first
half of training (early
learning phase). A
larger di�erence means
more forgetting of the
platform location
between test days.
There were no
di�erences in
remembering in the
second half of testing
(late learning phase) for
either group of mice.

Before the start of this memory test, all mice showed similarly good
health scores. However, we found subtle di�erences in how the mice
remembered the things we taught them (Figure 2). To determine how
well mice remembered information that they learned each day, we
compared the distance the mice swam to the exit platform on the
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last trial of each day (Trial 6) to the swim distance in the first trial
the next day (Trial 1). Mice that were given control injections were
mostly able to remember the exit platform location between test
days. We know this because mice in this group show similar distances
on Trial 6 and Trial 1 for those test days. However, the mice that
repeatedly experienced and recovered from LPS “infections” hadmore
trouble remembering this information between test days. We know
this because these mice swam further on the first trial of each day
(Trial 1) compared to the last trial the day before (Trial 6). This is a
bit like how you might forget the details of the route to a friend’s
house if some time has passed since you last visited, causing you
to make a few wrong turns along the way. Fortunately, this memory
problem was brief and went away during the second half of the
testing period as mice had more swims and learned the location of
the hidden platform better. This suggests that mice with a history of
LPS “infections” have a little bit more trouble remembering information
as they are first learning it but, with additional practice to reinforce
what they learned, they can catch up tomice that had not experienced
repeated sickness.

EXPERIENCING SICKNESS SEVERAL TIMES CHANGES

NEURON COMMUNICATION

Next, we studied how experience with infections a�ected neurons in
a part of the brain called the hippocampus, which is important for

HIPPOCAMPUS

A small, curved region
in the brain crucial for
memory formation and
spatial navigation,
helping us remember
information and
understand our
physical location.

learning and memory (Figure 3). Neurons in the hippocampus control
how we learn and remember things by communicating with each
other. Neurons communicate very quickly, on the scale ofmilliseconds
(1 millisecond equals 0.001 s). When neurons function properly, we
can learn and remember things well.

Figure 3

Figure 3

We measured how
neurons
communication in the
hippocampus by
recording electrical
signals. Before
stimulation (1–5min),
neurons from both
groups had similar
electrical signals. We
then stimulated a
neighboring neuron
and measured the
electrical signals
produced by the
receiving neuron.
Neurons from mice
that experienced
several LPS exposures
showed reduced
communication at early
timepoints. The dots
represent the average
signal. Not all neurons
receive or produce the
same signal, so the
range of
communication is
indicated by the bars
around the dots. Neurons receive information from some of their neighboring neurons

and send messages to others using electrical signals. Scientists can
understand how well neurons are communicating by using special
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tools to measure these electrical communications. First, we looked at
the signals from a neuron in the hippocampus to determine its normal
level of electrical activity. Then, we stimulated another neuron, one
that communicates with the hippocampus neuron we were interested
in, and measured how well that communication signal was received
by the hippocampus neuron by measuring its electrical activity in
response. We expected that neurons would increase their electrical
activity as they received signals from the neighbor neuron that we
stimulated. We did this for neurons from mice exposed to several LPS
injections as well as for neurons from mice given control injections.
We recorded neuron signals for 1 h.

Neurons from mice that experienced repeated LPS or control
injections could receive the signals from their neighboring neurons.
Both groups also showed more communication following the
stimulation, as we expected. Interestingly, the electrical signals of
neurons from control-treated mice were stronger than those of
neurons from mice that had experienced LPS, especially early in
the recording period (Figure 3). This means that in mice with a
history of recurrent LPS exposure, hippocampus neurons were less
able to receive the communication signals from other neurons
compared to control mice. This impairment appears to recover during
the hour-long recording period, however the early disruption of
communication still negatively impacts learning. Imagine you are in
class, listening to your teacher explain an assignment. If you only
receive a portion of the instructions the teacher is giving, you will
have more trouble doing the assignment correctly and earning a good
grade. Overall, being sick frequently can negatively impact learning
and memory, as we saw in our water maze.

WHAT DIDWE LEARNOVERALL?

Infections are a normal part of life. They happen to nearly all people
and animals. However, infections can happen to some organisms
more than others. We learned that some of the neurons in the
hippocampi of mice that had several recurrent LPS experiences did
not communicate as well as they normally would. This corresponded
to slight di�culties with remembering information the mice were
learning, at least at first. These learning and memory e�ects happened
a while after the last LPS treatment, when the mice were healthy and
showed no signs of sickness behavior.

This information is helpful because it gives scientists and doctors
important knowledge about how infections may a�ect people in the
long run. This is especially important for older people whose cognitive
functions might be declining as they age. Our data could reveal
new ways to reduce the brain and memory changes that tend to
happen as people age. For example, maybe researchers will discover
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new ways to treat infections that help to avoid these learning and
memory problems.

Our study has some limitations. First, we only used male mice, so
our future work will include female mice. Secondly, LPS is a model
of bacterial infections, but other microbes, such as viruses, fungi, and
parasites, can also infect people and impact how the brain works. We
have recently completed an experiment using viral infections to learn
how other microbes a�ect the brain [7]. Finally, we must test potential
ways to prevent the brain and behavior e�ects that comewith a greater
number of infections.

A key take-away from this work is that minimizing infections may
protect our brains and maintain how well we think and remember as
we age (Figure 4). Staying healthy, for example by getting annual flu
vaccines, can reduce our chances of getting serious infections. We can
also limit the spread of infection to family and friends by practicing
good hygiene such as proper handwashing. If we are sick, we can
use social distancing and wear masks in crowded indoor areas like
grocery stores or classrooms. In summary, experiencing occasional
infections is a normal part of life for nearly everyone, but staying as
healthy as possible could keep our brains functioning at their best as
we grow older.

Figure 4

Figure 4

This schema
summarizes the
findings and
implications of our
study. Getting sick
occasionally is normal
but some people get
sick more often than
others (top left). This
can result in
detrimental e�ects for
our brain and the way
we learn and remember
(top right). We need to
understand what kinds
of e�ects those might
be, who might be at
most risk for these
consequences, and
what we can do about
it. We can reduce our
risk of infection by
practicing good
hygiene (like washing
our hands), by getting
our yearly flu vaccines,
and by social distancing
or masking (bottom

middle).
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