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The bacteria Salmonella is a major cause of food poisoning. Poultry
products are one of the leading foods that cause Salmonella
outbreaks. While farmers, food processors, and the public health
community already do a lot to prevent these illnesses, people are
still getting sick. Our group is studying how we can use the “good”
bacteria in the intestines of chickens to drive Salmonella out of
chickens. To test this idea, we used various diets to change the
bacterial populations in chicken intestines. We found that changes in
the numbers of good bacteria can lead to lower levels of Salmonella.
We are currently working to identify which bacteria are responsible
for the changes in the amount of Salmonella in the chicken intestines,
with the goal of making a diet that will eliminate Salmonella from
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chickens. Hopefully, this will reduce the number of people who get
sick from eating poultry products.

SALMONELLA BACTERIA CAUSE FOOD-BORNE ILLNESS

FOOD-BORNE
ILLNESS
Sickness caused by
eating or drinking
something containing
harmful bacteria,
parasites, viruses, or
chemicals. Symptoms
include vomiting,
diarrhea, abdominal
pain, fever, and chills.

Have you ever eaten something and a few days later gotten really sick?
You likely had what is commonly called food poisoning, also known as
a food-borne illness. These illnesses are caused by bacteria or viruses
that can infect you if the food you eat is not cooked properly. Different
types of food can carry different types of bacteria or viruses, but
chicken, eggs, and other poultry products are commonly associated
with food-borne illness (Figure 1A) [1].
Many kinds of bacteria and viruses can be associated with poultry
products but, in the U.S., the bacteria Salmonella accounts for the
largest number of food-borne illnesses from eating poultry products
(Figure 1B) [2]. If you eat a chicken sandwich that is contaminated
with Salmonella, 48–72 h later you could develop an infection,
with symptoms including nausea, abdominal cramps, fever, chills,
headache, vomiting, and diarrhea. This infection can last up to 7 days.

Figure 1
What types of food
cause the most
food-borne illness? (A)
In the U.S., there were
5,760 outbreaks of
food-borne illness from
2009 to 2015. Of those,
1,281 could be
associated with a single
food source. Poultry
products (meat and
eggs) caused the most
illnesses, followed by
vegetables, beef and
dairy products, pork
products, fruit, ﬁsh and
seafood, sprouts and
herbs, and ﬁnally nuts
and beans [1]. (B) In
149 food-borne
disease outbreaks in
which people got sick
from eating poultry
products, almost half of
them (43%) were
caused by Salmonella
[2].

Figure 1
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Sometimes the infection can be so severe that you may have to go to
the hospital1.
Food poisoning Causes, symptoms &
treatment | Dr.
Claudia” YouTube,
Babylon Health, Jan
16, 2020, https://
www.youtube.com/
watch?v=JR6yHy
kfYJE.

“How salmonella
spreads from farm
to table” YouTube,
The Oregonian, Mar
26, 2015,
https://www.you
tube.com/watch?v=d
uSDTYFNTi8.

CONTROL
A group of animals that
does not receive any
experimental treatment
and is used to represent
what normally happens
and is compared to the
other groups of animals
to help the researchers
determine how the
effect the treatment.

PREBIOTIC
Nutrients used as food
by gut bacteria.
Prebiotics are used to
encourage the growth
of “good” bacteria in
the gut.

But how did Salmonella get into your chicken sandwich in the ﬁrst
place? Salmonella bacteria live in the environment. Chickens can
pick up Salmonella when they peck at the food on the ground. All
chickens, including those sold as organic, free-range, or natural, can
pick up the bacteria. While Salmonella can make us sick, these bacteria
do not make chickens sick. That means Salmonella can live inside
the intestines (gut) of a chicken without us knowing. From there,
Salmonella can ﬁnd its way into the chicken’s eggs. Bacteria can also
spread from the gut to the meat when a chicken is cut up. If the eggs
and meat are stored and cooked properly, any Salmonella that may be
present will be killed, so it will not make us sick. However, sometimes
people do not cook their chicken well enough, or they accidentally
spread Salmonella from raw chicken to other food2.

CAN WE FIGHT SALMONELLA IN CHICKENS?
Farmers and food producers spend a lot of money trying to keep
Salmonella out of food [3]. On the farm, chickens are often given
vaccines to prevent Salmonella. However, there are over 2,600
different types of Salmonella. That is too many to make vaccines
against all of them. At food processing plants, the eggs and meat
go through many steps to wash away Salmonella before the food is
packaged and sent to grocery stores and restaurants. Even with all
of these efforts, poultry products still cause thousands of Salmonella
illnesses each year [2]. To successfully keep Salmonella out of
us, we need to ﬁgure out new ways of keeping Salmonella out
of chickens.
One approach is to try to get other bacteria to help. Just like humans,
chickens have trillions of “good” bacteria that live inside their guts.
These good bacteria help chickens digest their food and they also
produce nutrients that the chickens cannot make for themselves.
These bacterial populations change in response to what the chickens
eat. The various types of bacteria in the gut ﬁght over food and
resources to survive. We asked whether we could make chicken
safer to eat by helping the good bacteria in chickens’ guts ﬁght off
Salmonella [4].
To test this hypothesis, we used three groups of 100 chickens each.
We gave normal chicken feed to one group. This was our control
group, and it was used to show us what the population of bacteria in
the chicken gut normally looks like. We fed the second group chicken
feed mixed with a type of ﬁber that only certain good bacteria can
use as food. This bacteria food is known as a prebiotic. The types
of bacteria that can eat the prebiotic make chemicals that should
drive out Salmonella. We thought that increasing the numbers of these
kids.frontiersin.org
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good bacteria might make the gut a place where Salmonella do not
want to live. Our third group received normal chicken feed, but at
the start of the experiment we gave them a Salmonella type that had
been modiﬁed so it cannot make people sick. This was to test the
possibility that adding a “safe” Salmonella to the chickens’ guts might
prevent other Salmonella types from being able to live there. This is
the bacterial equivalent of what you might do when you do not want
someone to sit next to you at school: you get other people to sit
around you ﬁrst.
We let each group of chickens eat their assigned foods from the day
they hatched until they were 35 days old. This gave the good bacteria
plenty of time to grow. By day 35, there could be thousands of different
types of bacteria in the chickens’ guts.

DIET CHANGES BACTERIA IN CHICKEN INTESTINES

DNA
(DEOXYRIBONUCLEIC
ACID)
Material found in cells
that contain all the
instructions a living
thing needs to work
and function.

GENE
Speciﬁc regions of DNA
that contain the
instructions for
individual components
of a living thing.

16S RIBOSOMAL
RNA
A gene (segment of
DNA) found in bacteria
that can be used to
identify the types of
bacteria in
a population.

Our hypothesis was that the prebiotic treatment and the safeSalmonella treatment would change the populations of good bacteria
in the chicken gut. We needed a way to measure how the gut bacteria
in these chickens might be different from the bacteria in the guts of
our control group. So how could we measure all the bacteria in the
guts of these chickens? It would take a very long time and cost a lot of
money to grow all these bacteria in the lab and count them by hand;
not to mention that most of the bacteria that live in the gut cannot be
grown in the lab. So, we performed a bacterial version of a crime scene
investigation—we determined which bacteria were present based on
the bacterial DNA we found in the gut. To do this, we collected samples
of the partially digested food from inside the chickens’ guts, and we
isolated the bacterial DNA from those gut samples.
To identify which bacteria were present in each gut sample, we tested
for a speciﬁc bacterial gene known as 16S ribosomal RNA. Testing
for this gene could tell us which types of bacteria were in each gut
sample and how many of each type were there [4]. For each chicken,
we then made a list of all the bacteria we found and the percentages
of the bacterial population each type made up. We used a computer
program that looked at all the bacteria we found in all chickens, and we
grouped the chickens together based on the similarity of the bacterial
populations in their guts. This analysis showed us whether there were
differences among our groups of chickens.

GOOD BACTERIA CAN REDUCE SALMONELLA IN
CHICKENS
If our prebiotic treatment or our safe-Salmonella treatment affects
which bacteria can live in the gut, then we would expect the numbers
and types of bacteria to be different between our experimental groups.
kids.frontiersin.org
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Figure 2
Changing the “good”
bacteria in the chicken
gut helps get rid of
disease-causing
Salmonella. After 4
weeks on either the
control diet, the
prebiotic diet, or the
safe-Salmonella diet,
we gave the chickens a
dose of
disease-causing
Salmonella. One week
later, we collected gut
samples and measured
how much
disease-causing
Salmonella was in the
guts of seven chickens
from each of our three
groups. The
safe-Salmonella group
and the prebiotic group
had less
disease-causing
Salmonella than the
control group.

Figure 2

This is essentially what we found! At the start of the experiment, there
were no differences between the groups. The gut bacteria found in
the chickens from all three groups were the same. However, 4 weeks
after the start of the experiment, there were three distinct groups of
bacterial populations: one for the control group, one for the prebiotic
group, and one for the safe-Salmonella group.
Once we knew that our diet treatments could change the bacterial
populations in the gut, we wanted to see if the altered bacterial
populations could prevent disease-causing Salmonella from living
in the gut. Four-week-old chickens from each group were given
disease-causing Salmonella. One week later, we collected gut samples
from the chickens, like before. This time, we grew the bacteria in
the lab, so we could count how many disease-causing Salmonella
were in each chicken and compare those numbers among the three
groups. In the control group, we found that chickens had an average of
100,000 disease-causing Salmonella bacteria per gram of gut material.
However, chickens that had either the prebiotic treatment or the
safe-Salmonella treatment had much lower levels of disease-causing
Salmonella in their guts (Figure 2).

KEEPING HUMANS HEALTHY
From these experiments, we learned that feeding chickens a prebiotic
or giving them a safe Salmonella changes the kinds and amounts of
bacteria living in chickens’ guts. We also learned that these changes
can lead to lower levels of disease-causing Salmonella. Now we are
trying to ﬁnd out exactly which bacteria in the chicken guts are
responsible for decreasing the growth of disease-causing Salmonella.
We hope that by identifying the speciﬁc bacteria that prevent
disease-causing Salmonella from living in chickens, and understanding
kids.frontiersin.org
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exactly how these good bacteria manage to stop the Salmonella,
we will be able to develop diets for chickens that will completely
eliminate Salmonella from their guts. Since Salmonella-contaminated
eggs and poultry products are a major source of Salmonella outbreaks
in humans, eliminating Salmonella in the guts of chickens could greatly
reduce the number of people who get sick from food-borne illnesses
in the future.
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YOUNG REVIEWERS
ANSHUL, AGE: 10
Hello! My name is Anshul and I am a ﬁfth grader in North Wales, Pennsylvania,
which is close to Philadelphia. I am very interested in Biology and Entomology. I
am an active member for the Johns Hopkins CTY program, and my favorite hobby
is to read.
LUVENA, AGE: 12
Hi, my name is Luvena! I love music, sports, and food. My favorite subjects in school
are math and language arts. In my spare time, I enjoy playing piano and reading books
with my sister. When I grow up, I would like to be a neurosurgeon.

MARIANA, AGE: 15
Hi! My name is Mariana and I am 15 years old. I like reading books, spending time
with animals, and swimming. I consider every day brings an opportunity for me to
learn something new and for being happy.

PRANATEE, AGE: 13
Hello! I love to bake, especially tarts and pies. In school, my favorite subjects are
science, lunch, and recess. I like spending time outdoors and going hiking. I also
love going to the beach and have an interest in photography. Watching my favorite
TV shows, painting, listening to music, singing, and hanging out with friends are my
favorite things to do in my free time. In the future, I would like to either like to be a
scientist, or a singer/songwriter and actress.
ZARA, AGE: 15
My name is Zara and I am 15 years old. In my spare time, I enjoy reading, helping my
community, and playing volleyball. I think it is important to work hard for achieving
our dreams and for being a better person every day.
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