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COVID-19 has been challenging to stop because the virus was
new to humans and keeps changing in ways that make it spread
faster and cause disease in many people, which is called an
epidemic. Health authorities and doctors must hurry to decide which
protection measures, like closing borders or developing vaccines,
will work to fight each kind of harmful microbe depending on
how dangerous and widespread it is. Fortunately, a new scientific
technique called whole genome sequencing can quickly spot and
track pathogens—microbes that cause infectious diseases. Whole
genome sequencing works well for both disease-causing viruses and
bacteria. This technique can help scientists discover new epidemics
and reveal how diseases are spreading, aiding health authorities in
their quest to stop epidemics much faster. As diseases around the
world are being tracked using this method, we stand a better chance
of limiting future epidemics like COVID-19.
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PATHOGEN

A microbe that can
cause disease.

EPIDEMIC

A rapid increase of new
cases of infectious
disease in a population,
driven by uncontrolled
spread of the pathogen
that causes the disease.

PANDEMIC

An epidemic that
spreads worldwide.

PUBLIC HEALTH
SURVEILLANCE
SYSTEMS

Organizations that
collect and analyze
data on human
diseases, to provide
information about
actions necessary to
protect public health.

WHAT CAUSES INFECTIOUS DISEASES?

Many infectious diseases (diseases that can spread between people
or from animals to people) are caused by bacteria and viruses. These
are extremely small microbes: to see bacteria, we need to use a
microscope with 1,000-times magnification. To see viruses, we need
a more powerful type of microscope called an electron microscope,
which can magnify things 10,000-100,000 times. There are millions
of species of viruses and bacteria that inhabit the Earth, but only a
few of these microbes cause disease in humans, animals, or plants.
Disease-causing microbes are also called pathogens. Pathogens have
caused diseases in humans for thousands of years. Some infectious
diseases are mild, like the common cold, but others are deadly. At
any time, new pathogens can suddenly appear and cause diseases that
humans have never been exposed to before—like when an animal virus
“crosses over” to infect humans, for example. This is what happened
in 2019, when the coronavirus named SARS-CoV-2 started infecting
humans, causing COVID-19.

EPIDEMICS AND PANDEMICS—WHEN INFECTIOUS
DISEASES SPREAD

Pathogens can spread between people in various ways. For instance,
pathogens like SARS-CoV-2 spread from an infected person to others
nearby through coughing, sneezing, or even just speaking—actions
that send tiny, virus-containing droplets flying through the air.
Other pathogens, like bacteria called Salmonella that can cause
diarrhea, can spread when humans eat foods contaminated with
these bacteria.

When a disease spreads quickly throughout a group of people, it is
called an epidemic. An epidemic can occur, for example, when a
bunch of people eat the same contaminated food product and all
become infected with Salmonella, or when many people in one region
get COVID-19. A pandemic is an epidemic that spreads worldwide.
Epidemics and pandemics happen when a pathogen finds a lot of
people who are susceptible to infection because they have never been
exposed to that pathogen before.

HOW ARE EPIDEMICS SPOTTED?

Government public health services help to prevent human diseases by
detecting and stopping epidemics. To do so, these organizations have
created public health surveillance systems that help them to count
the number of cases of certain diseases happening in various locations
and among specific groups of people, like children and adults. For
example, public health surveillance systems track COVID-19 and
Salmonella infections in people around the world. These disease
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GENOME

The full set of genetic
information of
an organism.

VARIANTS

Different versions of a
pathogen, like a virus or
bacteria, that have
small genetic changes.
These changes can
affect how the
pathogen spreads or
causes disease.

surveillance systems are connected with other surveillance systems
that test for pathogens in the environment, such as the presence of
Salmonella in food and water.

ldentifying the pathogen causing a new epidemic is urgent because
controlling the pathogen’s spread depends on knowing what it is,
as well as how and where it is transmitted. Pathogen identification
is also needed to develop tests, treatments, and vaccines. Public
health surveillance systems are designed to detect epidemics quickly
and stop them as soon as possible. For that reason, public health
surveillance systems must continually receive test results from the labs
that doctors use to identify pathogens in samples (blood, urine, throat
or nose swabs) from sick patients. When they detect an emerging
epidemic, public health officials can then inform the public and other
health professionals about their findings. You may remember hearing
these official reports on TV or seeing them on the internet during the
height of the COVID-19 pandemic.

INFECTIOUS DISEASES CHANGE OVER TIME

One thing that can make epidemics and pandemics hard to control is
that infectious diseases change over time. While humans take about
20 years to have children, bacteria and viruses reproduce much more
quickly. It takes as little as 8h for viruses to multiply, and bacteria
are even faster—some can double in number as often as every 20
min! Every time a pathogen reproduces, it makes a copy of its entire
genome for its descendants. Each time a copy is made, small copying
errors called mutations can happen in the genome. These mutations
can change the characteristics of the offspring. Thus, mutations can
create new pathogen variants (also called strains). Variants may differ
from the parent and from other strains in certain characteristics,
which might change the ways they infect people or respond to tests,
treatments, or vaccines. Pathogen variants happen all the time, but
only some mutations help pathogens to spread and create more
offspring. This is a process of evolution called natural selection.

The rapid evolution of pathogens explains why variants of SARS-CoV-2
are still popping up today, causing more cases of COVID-19. Some
SARS-CoV-2 variants have caused huge epidemic waves around
the world. These variants differ in how easily they spread among
people and how severe their disease symptoms are. Potentially
dangerous variants are called variants of public health concern, and
they are assigned a Greek letter, like Delta or Omicron, to help
scientists track them. When experts identify the emergence of a
new, dangerous variant, urgent public health measures (like wearing
face masks or closing borders) may have to be taken to limit the
damage these variants cause. Scientists and drug companies must
also use information from public health surveillance systems to
quickly make new vaccines and treatments to protect people against
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GENOMIC
SURVEILLANCE

Studying pathogen
genomes along with
information on who is
sick, where, and when,
to detect and

trace epidemics.

WHOLE GENOME
SEQUENCING

A relatively new way to
“read” the entire
genome of an
organism, like a virus
or bacterium.

METAGENOMICS

“Reading” the genomes
from many microbes at
once, to identify those
present in samples
from humans (like
medical samples) or
from the environment
(like water).

emerging variants. It is like an arms race between the virus and
health professionals.

GENOMIC SURVEILLANCE: A NEW, FAST WAY TO IDENTIFY
PATHOGENS AND DETECT EPIDEMICS

From what you have learned so far, it is probably clear to you that
quick detection of new pathogens or emerging variants is extremely
important for protecting public health. The faster these dangerous
organisms can be detected and characterized, the better!

Tracking pathogens by looking at their genomes is called genomic
surveillance [1]. In the past, it took a lot of work and time for scientists
to test for pathogens in medical samples. Some testing was done
by growing bacteria or viruses in the lab or by copying pathogen
genes many times, with a technique called polymerase chain reaction
(PCR). These time-consuming techniques allowed researchers to
study only one or a few types of pathogen in a sample (and only if
that pathogen had been previously identified), or to look at only a few
mutations at a time. However, in recent years, scientists and engineers
have invented a new technique that can identify all pathogens and
new variants much more quickly. This technique is called whole
genome sequencing (WGS). WGS uses very accurate instruments to
‘read” the entire genome of a single virus or bacterium from a sample
in one go. This is much faster and easier than the old way, giving
results in a matter of hours instead of days. It is run by a robot, and the
information that is generated has a lot more details. For instance, the
genome sequence provided by WGS can tell scientists if the pathogen
can be treated with certain antibiotics, or which vaccine can protect
people against it. WGS can also provide information that allows the
development of PCR tests or other rapid tests. The process of genomic
surveillance is illustrated in Figure 1.

Using WGS, scientists can identify any viral or bacterial pathogen by the
sequence of its genome. They do that using a combination of biology,
computer science, and math to understand data and recognize
patterns, a method called bioinformatics. Using bioinformatics to
compare the unknown sequence to a database of known genome
sequences allows them to detect the unique “signature sequence” for
any species of virus or bacteria. WGS can also detect any mutations
in a pathogen’s genome, which makes it the best way to quickly
identify new pathogen variants and track variants of public health
concern [1]. What makes this technique even more powerful is that
it can be tweaked to allow scientists to read all the genomes from
all the microbes present in medical samples (blood or saliva from sick
people, for example) or from the environment (like ocean water or city
wastewater samples), which is called metagenomics [2].
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Figure 1

Process of

genomic surveillance.
(A) When patients have
an infectious disease,
medical professionals
take samples of blood,
saliva, or cells. (B)
These samples are
analyzed in a lab to
determine whether the
patient is infected with
a virus or bacteria. (C)
To identify the
pathogen (e.q.,
SARS-CoV-2 or
Salmonella), scientists
can use WGS to read
the pathogen'’s entire
genome. (D) WGS helps
scientists identify the
pathogen, determine
whether it is a variant
(and which one), and
know whether the
pathogen contains a
mutation that might
make it resistant to
medicines or vaccines,
for example.
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STUDYING WASTEWATER TO PREDICT EPIDEMICS

Another benefit of genomic surveillance is that it helps public health
surveillance systems all over the world to spot new epidemics very
early [1]. This can be done by looking at data on who was sick, where,
and when, and combining that information with data on the genome
sequence of the pathogen from sick people. When several people
are found to be infected with the same pathogen (identical genome)
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over a short time, this means they may have infected each other, or
possibly been infected from the same source. Such information can
give experts a warning sign of an emerging epidemic, which they can
then further investigate—kind of like detectives investigating a crime,
who find fingerprints that help them to identify the suspect. This helps
to stop a pathogen in its tracks, before it causes much damage.

One interesting way to do this is to perform metagenomics on
wastewater—water that has been used in homes, schools, and
businesses [3]. But how does this work? When people have COVID-19,
they release SARS-CoV-2 genomes into the sewer system in their
poop and pee. In populated areas that send their wastewater to
treatment facilities, scientists can take samples of the wastewater
for metagenomic analysis. Using metagenomics and bioinformatics,
scientists can detect viruses, identify variants and any mutations, and
measure how many genomes they find in the wastewater. These
findings tell them when new variants appear or when a variant
increases in frequency in the nearby community. Tracking variants of
SARS-CoV-2 in wastewater has been effective in showing public health
officials when a variant of SARS-CoV-2 was starting a new epidemic in
a certain area [3].

ONE HEALTH: GENOMIC SURVEILLANCE FOR A HEALTHIER
WORLD

Genomic surveillance is helping experts to prevent epidemics of
infectious diseases like COVID-19 and Salmonella in many countries,
stopping diseases in their tracks much faster than was possible before
[4]. Genomic surveillance works best when many ill people can get
medical tests to identify the pathogens making them sick, and when
patient samples and medical data are quickly transported to public
health authorities. Genomic surveillance of animals, as well as testing
for dangerous microbes in food and water, can provide even more data
to help prevent epidemics. This is part of a concept called One Health,
which recognizes that human health, animal health, and the health
of the environment are all connected—so all three aspects must be
addressed to track and prevent epidemics (Figure 2) [5]. Unfortunately,
many countries still do not have enough testing across these three
areas to make genomic surveillance as accurate as it could be.

Since genomic surveillance helps public health authorities quickly
take the actions needed to stop epidemics, it is important to make
these techniques available in every country in the world. Genomic
surveillance is especially important in countries where infectious
diseases are more frequent and dangerous, such as countries where
many people live in poverty and do not have access to a strong
healthcare system. Pathogens do not respect borders between
countries, so collaboration between countries in detecting and
stopping epidemics with up-to-date genomic surveillance technology
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Figure 2

The health of humans,
animals, and the
environment are all
connected. The
concept of One Health
tells us that the best
way to address and
prevent epidemics
involves genomic
surveillance of sick
people, animals
(including birds, pets,
and farm animals), and
aspects of the
environment (like food,
water, and wastewater).
This is done by
comparing the genome
sequences of microbial
pathogens to find
matches between
samples, which can
warn of pathogens
moving between these
three areas, indicating
possible new disease
epidemics.
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benefits everyone, everywhere in the world. Hopefully, wise use of this
amazing technology will help prevent another pandemic disaster like
COVID-19 from happening in the future [5].
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YOUNG REVIEWERS

FRIDA, AGE: 15

Hil I am Frida. | like writing, reading, programming, and | also enjoy baking. | think
I am a person with a lot of interests. One day, | will not leave my computer, while
the next day, | will play volleyball all afternoon. | adore technology and innovation,
and even though | am just learning the basics, | hope to learn new things all the time
because, as my mom says, you never stop learning.

NEEL, AGE: 13
Hi my name is Neel. My hobbies are studying and building models of airplanes and
cars. | want to become an aerospace engineer in the future.

UMA, AGE: 15
Hi my name is Uma. My hobbies are taekwondo and crochet. | want to become an
engineer in the future.

AUTHORS

MARC. J. STRUELENS

Since | was kid, | have been fascinated by the mysteries of the natural world.
At age 12, | got an old microscope and started exploring the wonders of the
microbial world that is creeping in garden soil and ponds. | also read the book
Microbe Hunters, a great detective story on the pioneers of bacteriology, Louis
Pasteur and Robert Koch. This passion led me to become a medical doctor and
scientist (medical microbiologist), to further understand microbes and combat
microbial diseases. My research and teaching focused on how dangerous microbes
evolve, cause disease, spread, and become drug resistant. | worked for 40 years
with wonderful colleagues worldwide to find out how we can outsmart microbes
and stop them causing epidemics, to keep us from harm’'s way. We are making
progress, but it is a never-ending cat-and-mouse play. Science and medicine
are not my only passion—| am also a keen naturalist, wildlife photographer, and
wild mushroom gatherer. Rain, snow, or shine, | love wandering in mysterious
mossy forests. *mj.struelens@gmail.com
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