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Shigella Bacteria and Bacterial 
Infection

Shigellosis is a nasty infection of the 
Shigella bacteria with over 164 million 
cases each year leading to 1.1 million 
deaths. Sadly, many of these deaths are 
children, as those under the age of 5 are 
most likely to catch a Shigella infection. 
This is partly due to the method of 
transmission – accidentally ingesting 
the bacteria residing in the stool of 
an infected person. Often this occurs 
in childcare settings if carers don’t 
thoroughly wash their hands after toilet 
training, for example. Swimming and 
drinking contaminated water or eating 
food by an infected person can also 
pass along Shigella. 

The symptoms of shigellosis include 
fever, nausea, stomach pain and 
diarrhoea which often contains blood. 
These issues usually last for around a 
week, but they can result in secondary 
complications such as dehydration, 
seizures and blood infections. Whilst 
antibiotics are sometimes given for 
shigellosis, many strains are now 

resistant so treating the diarrhoea 
and consequent dehydration is often 
the priority until the infection runs its 
course. 

Shigellosis is the most common form 
of dysentery; other types are caused 
by Salmonella and E. coli, among 
other bacteria. There are four different 
species of Shigella called S. boydii, S. 
dysenteriae, S. flexneri, and S. sonnei. S. 
flexneri is the most common type and 
is often associated with low-income 
countries, however, cases of S. sonnei, 
which tends to be found in high-income 
countries, are increasing. This is due 
to the low dose of bacteria needed to 
cause illness and the ever-increasing 
antibiotic resistance of the bacteria.

Antibiotic resistance is a huge and 
growing issue globally, for many 
different bacteria. The misuse of 
antibiotics in humans and animals has 
resulted in bacterial strains that are 
not killed by conventional antibiotics. 
When these new strains are passed on, 
so is the antibiotic resistance and the 
infections they cause are much harder 

to treat and mortality rates become 
higher. A well-known example of this 
is the superbug methicillin-resistant 
Staphylococcus aureus, better known 
as MRSA, a type of bacteria that is now 
resistant to most common antibiotics 
and is becoming resistant to even the 
last-resort antibiotics.

Bacteriophages and Combating 
Antibiotic Resistance

Researchers are working to combat 
this global health threat by innovating 
alternatives, or supplements, to 
antibiotics. One of these approaches 
utilises bacteriophages, the tiny viruses 
that are harmless to humans but 
instead, infect and kill bacteria. They 
do this by attaching to a bacterium, 
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injecting them with their genome, 
replicating and multiplying inside and 
then bursting out to destroy the bacteria 
and repeat the process. 

Excitingly, bacteriophages have already 
successfully been used to treat some 
antibiotic-resistant strains of bacteria. 
However, different bacteriophages 
infect only specific bacteria, so specific 
bacteriophages need to be found to 
treat different bacterial infections. Even 
though one of the first bacteriophages 
was identified in 1917 and was found 
to cure S. dysenteriae, very few studies 
have subsequently been conducted on 
Shigella bacteriophages. Previously, 
there were only around 35 of them 
logged on public databases, while 
over 400 Escherichia and Salmonella 
bacteriophages are known.

This is one reason that Dr Kristin Parent 
from Michigan State University in the 
USA decided to study this area. In 
addition, in 2016, her university’s state 

of Michigan experienced the worst 
outbreak of shigellosis in 30 years, 
bringing to light the importance and 
relevance of anti-microbial work. In a 
collaborative effort, Dr Parent set out 
to discover and characterise Shigella 
bacteriophages in her area so that they 
might be used in novel therapeutics.

The Discovery of 16 New Shigella 
Bacteriophages

With an estimated 10^31 
bacteriophages on the planet – more 
than every other organism on earth 
combined – there were many to be 
found. As part of a course, Dr Parent 
enlisted the help of microbiology 
graduate students at Michigan 
State University who were asked to 
develop hypotheses for promising 
locations surrounding the university 
in which to hunt bacteriophages. 
They took samples from a variety of 
places including from river sediment 
downstream from a wastewater 
treatment plant, from pond and river 
water and even from water at the 
bottom of university bathroom hand 
dryers.

These samples were filtered to remove 
the native bacteria residing in them. 
The leftover filtrate (the sample 
without the bacteria but hopefully 
with bacteriophages) was then used 

to inoculate a number of different 
Enterobacteria. This is the family of 
bacteria that tends to be found in the 
digestive tract and the one to which 
Shigella, Salmonella and E. coli belong. 
In microbiology, inoculation refers to 
introducing micro-organisms into a 
medium that facilitates cell growth. 
For this experiment, this meant adding 
bacteriophages in the filtrate to the 
culture of Enterobacteria. 

After the team had allowed the 
bacteria to grow and therefore, 
the bacteriophages that infect 
them to multiply, they isolated the 
bacteriophages from the bacteria cells 
to examine them. Interestingly, most 
of the bacteriophages that they found 
were on Shigella bacteria, specifically, S. 
flexneri, and all of them were extracted 
from samples that came from rivers. 
The bacteriophages were then purified 
and placed onto agar plates with 
additional types of Enterobacteria and 
left overnight. This method allowed Dr 
Parent to observe which bacteriophages 
infect which bacteria, because clear 
spots on the plate indicate that the 
specified bacteria has been killed by the 
added bacteriophage.

Overall, the team discovered 16 new 
bacteriophages that infect Shigella and 
that six of these can infect more than 
one species of the bacteria. Having 

Students learning how to apply science in 
the real world. Credit: Charles Bittle.
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identified these novel bacteriophages, Dr Parent then named 
each of them; for example, those that infected S. flexneri were 
given the prefix Sf and then a number. These were exciting 
findings for Dr Parent’s initial bacteriophage hunting project 
and she continued to build on the work.

Shigella Bacteriophages: Unexpectedly Abundant in the 
Environment 

From these early but critical first steps, Dr Parent’s research 
subsequent research was funded by the prestigious National 
Science Foundation CAREER award. She involved graduate 
students in addition to students at Lincoln Southwest High 
School in Nebraska and their instructors, Kevin Schrad, Charles 
Bittle and Peter Stone. 

This partnership with LSW high school students was an 
extension of Dr Parent’s original microbiology graduate 
assignment for discovering phages in aquatic environments. 
For a few days, these high school students became field 
scientists trained in collecting samples through direct 
instruction by Dr Parent and her colleagues. Dr Parent’s desire 
to cultivate the next generation of problem solvers extended 
beyond her graduate students and into the hands of 9th and 
10th graders.

This study took place in Nebraska, which is located far from 
Michigan and is typically warmer and drier as well as having 
a different main water source and a unique salt marsh. 
These factors all mean that Nebraska gives rise to different 
environments for bacteriophages to live in and so, the 
possibility of unearthing even more new species. 

Each group in Dr Parent’s study followed the same processes 
for bacteriophage hunting as before with the goal of identifying 
new S. flexneri phages in the environment and comparing 

them to other Enterobacteria bacteriophages. Through this 
collaborative research, Dr Parent and her colleagues identified 
around 100 new bacteriophages each year, including many 
Shigella bacteriophages, even though there had been no recent 
shigellosis outbreak in Nebraska as was the case in Michigan. 
As a result, they concluded that Shigella bacteriophages are 
unexpectedly abundant in the environment and subsequent 
molecular studies of the bacteriophages helped them to better 
understand their inner workings and structure.

According to Dr Parent, ‘this is both scientific outreach and 
work that directly fuels my research laboratory. Our constantly 
expanding library of phage types will allow us to gather an 
unprecedented wealth of knowledge of phage interactions with 
enteric bacteria.’ 

According to the Nebraska teachers involved, ‘students have 
first-hand experience with a highly advanced and relevant 
scientific endeavour with real-world implication. The gravity 
of the students’ contributions to Dr Parent’s work becomes 
notable when the Parent lab meets virtually with them to share 
the electron microscopy results in real-time.’ 

Investigating Bacteriophages in their Microbiome

Currently, Dr Parent is researching how viruses like 
bacteriophages infect hosts via host recognition and transfer 
of their genetic material across their cell membranes. Often, 
viruses recognise a specific receptor on their host that 
facilitates infection and so, if this receptor is altered or deleted, 
they are better protected. However, Dr Parent found that the 
S. flexneri bacteriophage, Sf6 can recognise multiple receptors 
and therefore, overcome Shigella defence mechanisms.

She is utilising this knowledge to investigate how the structure 
of Sf6 allows it to do this but also expanding her research 
into more complex environments. The relationship of 
bacteriophages with bacteria means that they can drive the 
evolution of their microbiome, as the bacteria try to adapt to 
evade the destructive effects of the tiny viruses. Dr Parent is 
studying the mechanisms of this phage-mediated evolution 
within complex microbial networks, which has scarcely been 
attempted before. 

Summing up her fascinating research, Dr Parent says that, 
‘we have made a ground-breaking discovery that Shigella 
phages are highly abundant in the environment. In addition, 
we have found some highly novel isolates that have different 
genome sizes, shapes, and structures compared to other 
previously identified bacteriophages that infect bacteria 
such as Salmonella and E. coli.’ Her work has opened exciting 
new avenues to explore in the world of bacteriophages and 
antibiotic resistance and will be incredibly useful for more 
research to come, as well as capturing the minds of budding 
scientists at Lincoln Southwest High School.

‘Our constantly 
expanding library 

of phage types will 
allow us to gather an 

unprecedented wealth 
of knowledge of phage 

interactions with 
enteric bacteria.’

“
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