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Foreword
My life in science started with looking up to the clouds, literally. My first scientific study was 
to maintain a cloud journal. This required me to learn about all the different kinds of clouds in 
the sky. On my way to school I would document the morning clouds and later that afternoon, 
on my way home, I would document those clouds as well. Today, as a virologist I spend most 
of my time looking down into a microscope. I admit I still look at the clouds every so often.

My journey from “cloud chaser” to virologist began in Brooklyn, New York, where I was first 
introduced to the world of microbes, those tiny creatures that exist out of our eyes’ reach. 
Although very tiny in stature, the profound impact microbes have on our lives is inescap-
able. In general, the tiniest of those creatures are viruses. Viruses are microscopic infectious 
microbes that reproduce inside our cells. Viruses are fascinating because there are viruses 
that can infect and replicate in all types of life forms, from us all the way down to bacteria. 
Wanting to understand how these creatures work led me to enter the field of virology and 
study for many years to attain a PhD in virology from Mount Sinai School of Medicine in  
Manhattan, New York City. 

So what exactly is a virologist? On a basic level, a virologist is someone who studies viruses. 
However, when you peel back the curtain, a virologist can do many things. These all come 
back to understanding how viruses work. There are virologists like me who spend most of 
their time in the lab using tools like microscopes and cells to understand how viral infections 
work and how to stop an infection. There are virologists who spend most their time in the 
digital world, using computers to determine the shape and structure of a virus and even the 
genetic sequence of viruses. There are virologists who go into a forest or jungle or even a 
city to hunt for viruses. This is important fieldwork especially when there is an outbreak and 
people are sick and dying. Knowing which specific virus is responsible for the outbreak and 
where it came from is very important to controlling and stopping the outbreak. 

When an outbreak spreads to multiple countries, it is called a pandemic. Unfortunately, we 
currently find ourselves in the midst of one such pandemic caused by a virus called SARS-
CoV-2. This virus causes a disease called COVID-19. The main way to be infected with 
this virus is through the droplets that are released when you cough, sneeze or just talk or 
breathe. This is why wearing a mask is so important.  

The stories in this book introduce readers to the biology of the COVID-19 virus and the 
impact the pandemic has on communities. Enjoy this wonderful collection, and stay safe!

St Patrick Reid 
Department of Pathology and Microbiology 

University of Nebraska Medical Center



Introduction
by Judy Diamond

In the early months of 2020, schools, businesses, and houses of worship  
around the world shut their doors in order to protect people from the effects of  
a new coronavirus, SARS-CoV-2, that was sweeping across the globe. Since  
then nothing has been normal or easy. Schools and businesses reopened only  
to experience viral outbreaks; days or weeks later they were forced to close again.  
In the chaos of their changed lives, youths and adults are trying to make sense  
of the COVID-19 pandemic: How does the virus work? Why is it more deadly for 
some people than others? What can be done to protect people from its impacts? 
How do we make sense of a threat we cannot see?

Normally viruses cause little harm because our body’s defense systems have 
adapted to them sufficiently. But as the world’s population grows and we continue 
to change the environment to suit our needs, new viruses are emerging at a faster 
pace. Each time we confront a new virus we run the risk that it will cause an  
unfamiliar disease that will spread through the human population.

The virus that caused the COVID-19 pandemic is not an equal opportunity  
microbe. Black and Hispanic communities have been hit particularly hard, and  
Native American communities have been devastated. The COVID-19 vaccine  
will remove the most immediate dangers of the pandemic, but we will continue  
to face disruptive changes to our lives, our security, and our well-being.

Our group of educators and scientists were funded by the Rapid Response 
Research program of the National Science Foundation. We worked with artist Bob 
Hall to create tools for young people to learn about the COVID-19 pandemic. We 
built on a decade of expertise in creating comics that focus on the biology of viruses.

These comics help readers understand the complexities of living through a viral  
pandemic. They focus on three themes: the biology of the COVID-19 virus; the  
relationship of wild animals, particularly bats, to the pandemic; and the impact of  
the pandemic on Tribal communities. These stories were initially posted on the  
World of Viruses website (worldofviruses.unl.edu) and are now published here  
as a book by the University of Nebraska Press.
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COVID-19 is Something New 
Peter C. Angeletti

The novel coronavirus disease (COVID-19) first emerged in January 2020 and quickly 
spread around the world. Scientists believe the virus may have originally come from  
bats and then somehow spread to people. Doctors quickly discovered that COVID-19  
is easily transmitted from person to person by breathing in particles of the virus, and  
that in older people in particular the infection can cause severe illness and even death.

COVID-19 is caused by a virus with the impossible name “novel severe acute  
respiratory syndrome” or SARS-CoV-2. It is closely related to another SARS  
virus that in 2003 infected more than eight thousand people across the globe. 
COVID-19 appears to be much more easily transmitted from person to person  
than was the earlier SARS disease.

The cause of COVID-19 is a tiny virus whose genetic materials are made of RNA. 
The virus is about one thousand times smaller than the thickness of a human hair.  
It has spikes that allow it to stick to a lung or other cell and infect it. The virus sets  
up a factory inside the cell and then produces thousands more virus particles, which 
are then spread to other people by coughing and breathing.

How is this virus different from other viruses? It is an entirely new strain of virus,  
so the human population has no previous immunity to COVID-19. For this reason  
it has spread unchecked around the world.

This disease is nothing like a cold or the flu. COVID-19 seems similar to the flu 
because both diseases are transmitted by droplets when someone coughs or 
sneezes. But COVID-19 is caused by a virus that moves more slowly than the virus 
that causes influenza. You can catch the flu within three days of being exposed to 
the influenza virus. But with the COVID-19 virus, it can take five or six days to show 
symptoms. Influenza usually lasts seven to ten days, whereas COVID-19 can last 
from days to months. Since COVID-19 is caused by a new virus, researchers have 
had to rush to develop new vaccines against it.

What will it take to end the global COVID-19 pandemic? To beat COVID-19 we all 
need to listen to the recommendations from health experts. Everybody needs to be 
sure to wash hands, wear masks, and keep distant from others. Following these 
simple public health rules will help stop COVID-19 in our schools and neighbor-
hoods. With the courage and dedication of our health workers and the creativity of 
our researchers we have every reason to be optimistic about defeating COVID-19.
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Tribes and the Pandemic 
by Judi gaiashkibos

“Dear St. Nicholas: I am a little Indian girl twelve years old. I go to school at the Omaha 

Agency. I study geography, history, grammar, arithmetic, and spelling.”
—Written by Susan La Flesche in 1877

The young girl Susan La Flesche eventually went on to study 
medicine and became America’s first Native American doctor. 

She was a tireless and caring physician who never stopped 
helping those in need. Susan passed on her legacy to 

generations of young doctors who work to heal people in the 
communities where they live.

In 2020 a new virus that struck the United States resulted in  
sickness for tens of millions of people and death for over three 
hundred thousand. The COVID-19 virus impacts communities of all 
kinds, filling hospitals and challenging health systems. But nowhere 

is the virus more deadly than in American Indian communities.

Across the United States today, Native Americans live in cities and towns, on res-
ervations, and in rural lands. Five hundred years ago, when European settlers first 
arrived to North America, Native American communities were spread across the land. 
The growth of the United States resulted in the devastation of Tribal communities, 
sometimes forcing entire peoples to move from their homelands to distant regions.

It has been said that disease has never been “just disease” for Native Americans. 
Europeans brought new pathogens to the Native peoples they encountered. 
With no prior exposure for their immune systems to habituate to 
these new pathogens, millions of Native 
Americans died. Historians now know 
that the deaths were not entirely 

accidental. The U.S. Army 
actively tried to sicken many 
Indians. Army troops gave 
family members blankets that 
intentionally exposed them 
to smallpox. Again and again 
pandemics have ravaged 
Native American communities. 
And still they have survived.

Is this the worst pandemic that Native peoples have had to face? It certainly is 
not. This pandemic is, however, terrifying and destructive. Native Americans, 
Black Americans, and Hispanic Americans are more likely than other people to 
die from COVID-19. Many Native communities lack adequate resources to fight 
the pandemic. Some families live in remote areas where water is scarce, so they 
don’t have the opportunity to wash their hands many times each day. Despite 
such hardships, Native communities have joined forces to protect their well-
being. Tribal communities have restricted travel from outsiders onto their lands, 
and they have set up active testing stations to screen people for the virus. Tribal 
medical professionals visit families living in remote areas to test and determine 
who might have the virus, and they get medical treatment to those who need it.

Today many young Native Americans are pursuing careers in medicine, law, 
engineering, and education. They are becoming active and influential profes-
sionals who will use their expertise to build strong communities. Native Ameri-

cans have a huge challenge in the face of this most deadly COVID-19 
pandemic. But today, as in the past, Native peoples gain strength from 

the memories of their ancestors. And the 
memory of the young girl Susan, who grew 
up to become the extraordinary doctor and 
leader Dr. Susan La Flesche Picotte, gives 
us all pride to know that the challenges of 
today can be met and can lead us forward.
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Bats and the Virus 
Liz VanWormer

Step outside into the warm dusk as the light is fading 
and the sounds of the world shift. Pause, and the bats 
begin to emerge: one or two silhouettes at first, diving 
past rooftops and from branch to branch while on the 
path of their prey. And then, as day slides into night, 
the air feels full and the slice of wings mingles with 
the songs of insects and the rustle of leaves. Across 
the world the night is alive with bats. From the 
mouths of caves, the limbs of high tree roosts in 
cities and forests, and the shelter of houses or 
bridges, they set out alone or by the thousands  
into the fascinating lives they lead.

Bats are found throughout the 
world, except in the coldest envi-
ronments of the Arctic and Ant-
arctic. More than fourteen hundred 
different species of bats make 
their homes in habitats ranging 
from deserts and jungles to cities 
and farms. Most bats eat insects, 
fruit, or nectar, but some bats hunt 
frogs, fish, or other small animals. 
Though some stories link bats to 
vampires, only three species of 
bats in the world feed on blood. 
Unfortunately, populations are 
declining among the many types 
of bats, from the tiny cave-dwelling 
bumblebee bat to the large flying 

fox bat, whose body is bigger than your head. Disappearing habitat, too  
much hunting, and climate change are impacting bats and other wildlife  
across our planet.

Bats are often the target of frustration and anger. You might 
have heard COVID-19 called a “bat disease.” But are bats 
to blame? Bats can sometimes carry viruses that make 
people sick. Some viruses, like rabies, are transmitted 
directly when a bat bites a person or another animal. 
Other viruses are more commonly spread indirectly, 
as when people or other animals come into contact with bat 
saliva, bat urine, or bat droppings. Viruses can also take more than  
one path between bats and people.

In Malaysia, where Nipah virus was first identified in people, deforestation 
forced fruit bats to find new homes and feeding areas. With their forest resources 
reduced, the bats fed on the fruit of the trees on pig farms, dropping leftover fruit 
pieces below. When the pigs ate pieces of fruit that had been chewed by the 
bats, Nipah virus infected the pigs. From pigs the virus spread to farmers, making 
many people sick. 

In Bangladesh this same virus regularly takes a different transmis-
sion path. Fruit bats feed in date palm trees, from which 

people harvest sap to drink. If Nipah virus 
is in bat saliva or urine and it gets into 
the sap collection containers, it can 

infect people when they drink the 
sap. Once Nipah virus and 
some other viruses make 

it to a human host, 
the virus can then 
be spread from 
person to person.
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eat insects that damage crops. Bats also 
pollinate hundreds of kinds of plants, 
including many we grow for food, like 
cashews and guava. Fruit bats carry 
seeds to new places, often distributing 
them over long distances. These bats are 
flying architects of the forest, even helping 
trees take root in new places.

Scientists are learning every day how viruses are shared between 
people and other animals. We often change our environment in ways that bring 

wildlife like bats into closer contact with people, pets, and 
livestock. This opens new ways for pathogens like viruses 
to move among and across different species. One of the 
best ways to reduce the spillover of viruses is to protect 
wildlife and their habitats.

    In many comics and stories, the  
superhero often saves  

the day with one  
dramatic action.  

In our day-to-day lives  
our choices might feel  

less dramatic, but we 
have the power to protect  

the health of bats, people,  
and the world we share.

Did COVID-19 come from bats? Scientists are  
still searching for the answer. Viruses similar to  
SARS-CoV-2, the virus that causes COVID-19, 
have been found in some bats, but they are 
not an exact match. An earlier outbreak 
caused by SARS-CoV-1, a closely related 
virus, was linked from bats to wild civets being 
sold for food in markets.

The rapid spread of the COVID-19 pandemic 
reminds us that health is a key part of our intercon-
nected world. Planes, trains, and boats allow us to 
travel around the planet faster than ever before. This 
means a virus moving from wildlife to people in a faraway 
location can impact our lives within just a few weeks or months.

Do bats get sick? Some pathogens can have big impacts on bats. In many  
parts of the United States bats die from white-nose disease, which is caused  
by a fungus. Bats get sick from some viruses, too. But bats seem to be able to 

carry viruses like coronaviruses or Nipah viruses without 
getting sick. Scientists are investigating why these 

viruses aren’t deadly for bats. Bats are the only 
flying mammal, and some scientists think a 

clue might be in how bats have adapted 
to flight. Special features of bat immune 

systems seem to make them more tolerant 
of viruses that can make other animals or 

people sick. Learning from bat immune systems 
may help us understand how to better treat 

viruses in people.

Bats are forgotten heroes. Many bats feed on mosquitoes, 
which can help reduce the risk of mosquitoes spreading  

diseases to people. Bats benefit agriculture too, because they 
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Tracing Connections to Stop a Pandemic 
Julia McQuillan, Patricia Wonch Hill, Meghan Leadabrand,  

Amy Spiegel, Wendy Smith

Do you need to see something to believe it exists? Have you ever seen someone 
“catch” a virus? If we can see a pattern or connection, we can understand it 
better. Have you ever wondered how you “caught” a sickness such as a cold? 
Because colds are more common when the temperature goes down, it might 
seem like “catching a cold” is related to the weather. Actually, invisible droplets 
that are in the air or on surfaces transport viruses like colds from person to 
person. The COVID-19 pandemic is also caused by invisible viruses. But how do  
we stop viruses from spreading if we can’t see them?

With some infections, like COVID-19, signs of illness like coughing or fever don’t 
show up until days after someone is exposed. Without symptoms, a person 
needs a laboratory test to see if the virus is in their body. This test usually 
involves collecting a sample of blood, mucus, or saliva. Without symptoms or a 
test we might not know who is infected or who can infect others. If we can’t tell 
who has the virus, it is hard to stop it from spreading, like trying to stop a chain  
of dominoes that is already in motion.

If we do not feel sick, it is hard to imagine we could bring deadly viruses to 
people we care about. But just like the force that causes a domino to make  
its neighbors fall down, a virus spreads through connections. Viruses rely  
on connections between hosts to travel from person to person. Hosts can  
be humans, other animals, plants, or other organisms that are 
infected with a virus. If a virus has no way to move between  
hosts, it cannot spread. Understanding how people are connected  
to one another can help us understand how infection spreads.  
In this way we can begin to “see” these connections.

Epidemiologists are scientists who study pandemics. They often use network 
maps to draw lines between people who are connected in a community, which 
helps them study how the spread of viruses creates pandemics. Creating network 
maps shows how people are connected through places such as homes, restau-
rants, schools, hospitals, and workplaces; through events such as funerals,  
weddings, and parties; and through activities such as worshipping, sports, or 
choir practice. Some people have few connections and others have many. We 
usually know our own connections, but it is harder to know our friends’ connec-
tions, and very hard to know the connections of our friends’ friends.

Can visiting a friend really spread a virus around the world? It depends upon how 
our friends are connected and who their connections are connected to. A virus 
can be transported from one host to many other hosts, and then to even more 
hosts, through a chain that spreads the virus throughout the network. The infec-
tion can spread from one person to two people, to four, to dozens, to hundreds in 
just a few connections. Network graphs reveal that people we do not know can 
have an impact on our health because we are connected to them through  
networks that we can’t directly see. Network maps can get big and complicated, 
so possessing many tools for figuring out how the virus can spread is important.

Drawing the connections from each person in a chain of infections helps us  
see how a seemingly very big world can quickly become very small. Like a busy 
airport that connects cities all over the world, people with lots of connections  
are “hubs” of disease spread—the virus can use their connections to travel 
quickly and widely.
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A network structure can show how quickly a disease spreads and what to do to 
stop it from spreading further. The more connections there are in a community, 
the higher the risk of infectious disease spreading. Viruses spread quickly to 
major cities with many connections to other places. It may take longer for a virus 
to reach a small or remote community, but it can spread rapidly once it arrives.

Reducing physical connections between people by staying physically distant—
staying the recommended space apart and wearing face masks—is important 
during a pandemic because it helps prevent the spread of the virus. But staying 
socially connected with friends and family is also important. You might be thinking 
that relationships bring many good things, such as support, food, celebrations, 
and a sense of belonging. You would be correct. In fact, social connections are 
important for health and life. During hard times it is helpful to check on others 
in safe ways, like making phone and video calls, sending notes or letters, or 
masking up before visiting a friend or a family member outdoors. The health of 
everyone depends on creating physical barriers that stop the spread of disease 
but also protecting our social connections by caring for one another in new ways.

Network science helps us study complex systems and answer difficult questions, 
like how to stop a virus from spreading through a global population. Once you 
start to think about connections, you may notice how network science can help 
us discover things that are hidden. Often what is in front of us is connected to 
many things beyond what we can physically see or feel. Networks are every-
where, from Facebook friends to neurons in the brain to solar systems to traffic 
patterns to tree roots to cancer cells. What networks might you want to map?

Because a virus needs con-
nections to spread, stopping a 
pandemic means reducing the 
number of connections between 
people. Because the COVID-19 
virus spreads mostly through 
droplets, we can try to stop 
the spread by blocking the drop-
lets from reaching other people. If the 
droplets were green and we turned green when they entered us, it would be easy 
to know who to avoid. But in reality it can take up to two weeks after exposure to 
COVID-19 for someone to show symptoms of being infected. Because we can’t tell 
for sure who is infectious and who isn’t, the best strategy for slowing the virus from 
spreading through our web of relationships is to act as if we might be a “connector.”

How do we know how a virus travels from one place to another? One tool is called 
contact tracing. When someone is diagnosed with a virus, they may be asked to make 
a list of all the people they have recently come into direct contact with. Scientists can 
then “trace” those connections to see how the virus is spreading. When someone 

tests positive for a virus, that person is asked to “isolate” simply to 
minimize their contact with other people and contain the spread. 
Contact tracers also identify the people the infected person came 
into close contact with, and they may ask them to “quarantine,” 
which just means staying home and limiting their contacts.

Beyond drawing and tracing connections, scientists use math-
ematical models of networks to predict the spread of viruses 

and discover how to reduce connections to contain the virus. For 
example, they can estimate how many people would not get sick 
if schools were closed, if specific people were vaccinated, or if 
essential workers were given sick time off if they had a virus. 
Decades-long studies of social networks have helped people 
understand disease spread, such as discovering the role of an 

infected water well or tracing the spread of HIV, the virus that 
causes AIDS.
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Viruses and Giant Viruses 
James Van Etten

A virus is like a tiny burglar that sneaks into cells and takes over their controls 
for making chemical substances. The virus then causes the cell to rapidly make 
large numbers of new viruses that escape and infect adjacent cells, producing 
even more viruses. Viruses cause many human diseases, such as COVID-19, 
AIDS, influenza, and the common cold. But all living organisms are susceptible 
to viruses. We now know that in every small drop of ocean water there are  
about ten million virus particles, most of which infect bacteria. If all the virus  
particles in the ocean were lined up in a row, they would stretch out millions of 
light years into space.

Viruses are not only abundant and diverse, they also are the biggest source of 
genes on the planet. We think of viruses as tiny particles that can be seen only 
with the help of powerful electron microscopes. They easily pass through fine 
filters and have small genomes that contain only a few of the genes that encode 
for proteins. The viruses that cause diseases like COVID-19, influenza, and AIDS 
have about 8 to 12 genes. Most viruses are tiny compared to the smallest free-
living bacterium, Mycoplasma genitalium, which has just 525 genes. The smallest 
genome in a eukaryotic cell is in a parasite named Encephalitozoon cuniculi, 
which has about 2,000 genes.

In the last twenty years some viruses have been discovered that do not fit this 
classical description. These new viruses are much larger than other viruses,  
and some can even be seen with a light microscope. The majority of these newly 
discovered giant viruses do not cause disease in humans or plants, so they  
went undetected over generations of virology research.

The story of the discovery of the first giant virus began in 1992, during an 
outbreak of pneumonia in Bradford, England. A microbiologist named Timothy 
Robotham searched for the cause of the outbreak in the warm waters of a 
cooling tower of a power plant. He suspected that the culprit was a type of  
bacteria known to cause Legionnaires’ disease. Dr. Robotham collected a 

sample that contained particles that looked like bacteria and sent them to one of 
the world’s experts in recognizing these bacteria. However, none of the standard 
tests indicated that the particles caused the disease, so the sample was placed 
in a freezer for several years. Eventually someone remembered the sample 
and reexamined it with an electron microscope. They discovered that it was a 
virus that was much larger than anyone had seen before. It had about 1,000 
genes and was huge, getting caught in the kinds of filters that usually let regular 
viruses slip through.

The new giant virus was named Mimivirus, for a microbe-mimicking virus. At the 
time it was the largest virus known; its genome was three times larger than the 
previous record holder, a virus that infected algae. However, in the last twenty 
years many more giant viruses have been discovered. The present record holder, 
named Pandoravirus, was described in 2013 and contains as many as 2,500 
genes. New studies are finding that giant viruses are probably not all that rare 
and are quite common in aquatic environments.

For viruses to replicate in their host cells they must hijack the replication machinery 
of the host cell. Virus replication can take place in either the cytoplasm or in the 
nucleus; some viruses use both locations. To replicate, a virus needs at least three 
things from the host: energy for replication, enzymes to replicate the virus genome, 
and the machinery to synthesize the virus proteins. Giant virus genes provide 
some of this machinery, but even the biggest viruses require that the host provide 
the energy for replication. The viruses cannot replicate by themselves.

In 2008 a new strain of Mimivirus was isolated from another cooling tower in 
Paris and was named Mamavirus. However, Mamavirus surprised scientists 
because it also had a parasite virus or satellite virus, which they called Sputnik. 
Viral satellites, which occasionally occur, are subviral agents consisting of small 
amounts of nucleic acid whose replication depends on a viral genome. Sputnik 
was unusual in that it was an actual parasite of the host virus. When present 
it interfered with the infectivity of Mamavirus virions, which is not the case for 
traditional satellite viruses. This unprecedented property and other features of 
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its lifecycle led to the proposal of a new group and new name for viruses that 
parasitize giant viruses: virophage. It turns out that many of the newly discovered 
giant viruses have virophages associated with them.

Giant viruses play an important role in marine ecology. Emiliania huxleyi is one of 
the most abundant and widely distributed algae in the oceans. It is a major con-
tributor to the oceanic carbon cycle and to the flux of carbon dioxide between the 
atmosphere and the oceans. E. huxleyi periodically forms huge blooms that cover 
hundreds of square miles of open ocean. Giant viruses are largely responsible for 
ending these blooms. The demise of the algal blooms releases sulfur-containing 
compounds into the atmosphere, inducing cloud formation and rain and playing  
an important role in climate.

The evolutionary ancestry of the giant viruses is a source of controversy.  
Many scientists believe that all giant viruses had a common evolutionary 
ancestor. However, because giant viruses can differ substantially from one 
another, other scientists have suggested that some of them may have evolved 
independently. Some scientists believe that giant viruses arose from smaller 
viruses by collecting genes from other living organisms and by duplicating 
their genes. Regardless of their origin, most scientists think that the giant virus 
ancestor existed hundreds of millions years ago—even before or at about the 
same time as the first eukaryotic cells appeared.

We know very little about the natural environment, especially the microbial world, 
and we have much to learn about viruses. As yet we know very little about the 
giant viruses that have already been discovered. And there may even be larger 
viruses in nature that still await discovery.
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