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Foreword

Despite progress over the past century, the world
continues to face substantial, and even growing,
infectious disease challenges, including antibiotic
resistance; Ebola; Zika; Middle East respiratory
syndrome (MERS); avian influenza, including
H5N1 and H7N9; tuberculosis, and even HIV/
AIDS. These diseases present challenges that are in
need of technological advancements (e.g., devel-
opment of rapid diagnostics and new drugs and
vaccines) and the political commitment to invest
in global prevention and control. The subsequent
reviews of the public health response to the Ebola
outbreak in West Africa by three different groups
exposed the major gaps in our public health
and medical capability to rapidly and effectively
address these ever-increasing infectious disease
crises.

A number of factors favor the emergence of
infectious diseases in our 21st-century world.
International travel and commerce greatly
enhance the movement of infected people and
animals, including arthropod vectors, throughout
the world. Rapid growth in both human and food-
production animal populations creates the ideal
environment for mixing and the emergence of new
infectious disease problems and the reemergence
of previous infectious challenges. Today, with a
global human population of 7.4 billion people,
one out of every eight people who has ever lived
is currently on the face of the earth. Population
growth is greatest in developing world megacities,
where the squalid conditions of slums, with mil-
lions of people, greatly enhances the likelihood of
the rapid emergence of infectious diseases.

Although it may be impossible to predict
which pathogens may emerge or reemerge into
a potential global crisis, early detection through
comprehensive disease surveillance systems is a
key factor in responding to these epidemics. We
must also keep focused on the transmission of
infectious diseases at the human-animal inter-
face, because so many current diseases are zoo-
noses, diseases transmitted between humans and
animals. This is why a “one health approach” to
reducing infectious diseases, where humans and

animals are seen as one “contiguous population,”
is critical.

The threat of new pandemics fosters inno-
vation and opportunities for collaboration and
sharing, among countries and across govern-
ments. Global health is driving interdisciplinary
approaches in education, requiring students to
synthesize, evaluate, and apply knowledge rel-
evant to complex real-world challenges, such as
emerging viruses that are contributors to the rise
of infectious disease outbreaks. Embracing global
health through undergraduate liberal arts pro-
grams in education makes it possible for students
to connect classroom learning to field testing of
solutions. Students who are encouraged to think
creatively and holistically about global health
challenges may foster a culture of reciprocity.

© Bloomberg/Getty Images.

Michael T. Osterholm, PhD, MPH

Regents Professor
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Preface

This third edition of Understanding Viruses is the prod-
uct of nearly 20 years of teaching introductory virol-
ogy to undergraduate students majoring in biology,
microbiology, and medical technology and to premed
and other preprofessional students. Because many of
the students in my courses had not taken a micro-
biology or cellular and molecular biology course, 1
found that they lacked knowledge about the fun-
damental concepts of cell biology and needed some
form of “refresher” to aid them through the course
material. It was a struggle to find a textbook that
combined a holistic approach to understanding viral
diseases. Most virology textbooks are focused on the
pathogenesis/clinical aspect of viral diseases or the
molecular biology of viral replication. Students were
more enthusiastic to learn the molecular aspects of
viral diseases if the historical and clinical perspec-
tives were presented with it. Understanding Viruses,
Third Edition uses an interdisciplinary approach by
covering the historical perspectives along with the
molecular biology of virus structure and replication,
pathobiology (the observed nature of disease, its
causes, processes, development, and consequences),
and epidemiological impact of viral diseases on local
and global populations.

Virology is a dynamic discipline. Emerging
viral diseases such as the 2014-2015 Ebola epi-
demic in West Africa; the spread of Zika virus
infections to Brazil in 2015, which was associated
with microcephaly in newborns; the threat of
pandemic avian influenza A viruses; the spread
of Chikungunya virus infections to the Americas
in 2013; the impact of global climate change on
infectious disease (e.g. insect vectors); the need for
the development of new vaccines and antivirals
to combat viral diseases; and new cancer thera-
pies that utilize viruses to replicate within cancer
cells and kill them while inducing the adaptive
immunity of the body to attack and destroy tumor
cells are popular topics covered by news media. My
intent was to create a resource that provides a “big
picture” or systematic approach to understand-
ing viruses, including historical perspectives and
epidemiological accounts of viral diseases, along
with the relationships between the host, virus,
and environment (disease triangle model of dis-
ease causation) and the molecular biology of viral
structure and replication.

New to This Edition

Understanding Viruses, Third Edition contains a
Foreword by Dr. Michael T. Osterholm that dis-
cusses the fast-paced and interdisciplinary nature
of virology. The revision was focused on address-
ing peer reviews, improving the text’s content and
overall quality. For this reason, the order of chap-
ters has been rearranged slightly to accommodate
reviewers’ comments. For example, “Viruses and
Cancer” has been moved to Chapter 16, and “The
History of Medicine, Clinical Trials, Gene Ther-
apy, and Xenotransplantation” has been moved
to Chapter 17, because this information may not
be covered in a one-semester course. Although it
is impossible to create a textbook that is current
with most recent events and discoveries, every
effort has been made to include the most up-to-
date information before the text was printed. For
example, it includes new information about the
Ebola epidemic in West Africa and information on
the Zika virus epidemic in Brazil that was taking
place while the text was in production.

All chapters in this edition now open with a
quote, relevant opener figure, case study, and a set
of learning objectives. Much effort has been put
into restructuring and updating the introductory
chapters of the textbook. Chapter 1 includes sev-
eral new topics, including how scientists can learn
from viruses, helpful or collaborative viruses,
human and aquatic viromes, and a brief intro-
duction to epidemiology through coverage of the
transmission and pathogenesis of viral infections.
Chapter 1 summarizes recent epidemics caused by
Ebola virus in West Africa, hantavirus in Yosemite
National Park, Middle East respiratory syndrome,
measles virus in the United States, and Schmal-
lenberg viruses in Europe.

Chapters 2 and 4 have been merged to create
Chapter 3. This chapter now presents an overview
of eucaryotic molecular biology, along with the
basics of virus replication, as a refresher for those
students lacking prerequisite knowledge of cell
biology. It contains new Virus File boxes about
RNA splicing (reviewing early experiments on ade-
novirus R-loop mapping), real-time virus tracking
in live cells, and a reverse pharmacology approach
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to antiviral drug discovery. It also explores the molecular
hurdles overcome by replicating viruses through inclu-
sion of such topics as host cell receptors and polymerases,
actin remodeling, ribosomes and viral mRNA compatibil-
ity, and the competition between virus—host cell mRNAs
for cellular translational machinery.

A concerted effort has been made to provide examples
of worldwide epidemics caused by viruses. The majority
of the chapters contain new chapter opener figures and
introductory case studies. There are new case studies
about Ebola, West Nile, variola, varicella zoster, measles,
avian and swine influenza A, Heartland and amoebic
viruses; human immunodeficiency virus (HIV, in partic-
ular the 2015 epidemic in Indiana); and other topics, such
as the use of a modified poliovirus to treat glioblastoma.
Case studies include a list of references that were used to
create the case study and questions to involve students
in problem-solving activities, higher-order thinking, and
opportunities to extend their learning.

Along with the global approach to viral diseases, we
have incorporated terminology associated with viral dis-
eases used by the World Health Organization (WHO) and
the Centers for Disease Control and Prevention (CDC).
New Virus Files are provided throughout the textbook
on a variety of engaging topics:

e “Now I take My Pen in Hand . . .” (letters from a
Wisconsin soldier chronicling disease during the
Civil War)

¢ Isolated Reminders of Smallpox Epidemics During
the 1800s in America

e Wakefield’s Syndrome (“Autistic Enterocolitis”)
and the MMR Vaccination Scare

¢ The Massie Puzzle Piece Hiding on Chromosome 6

e Virus Cold Cases: Brainerd Diarrhea, Sweating
Sickness, and Picardy Sweat

¢ Development of a Rapid Test to Determine if Respi-
ratory Illnesses Are Caused by a Virus or Bacterium

e Human Viruses Lurking in Porta-Potties and
Outhouses

¢ Voluntary Quarantine and the Village of Eyam

e The Pap-Test Controversy: Papanicolaou vs. Babes

e Brain-Shrinking Zika Virus Bound for the United
States?

The book includes a consistent art package of illustra-
tions. For the first time, animations previously not found

in other resources are bundled with the textbook. The
animations in Understanding Viruses are used to explain
the mechanisms of the following antivirals:

e Neuraminidase inhibitors of influenza A viruses
e HIV protease inhibitors

e HIV integrase inhibitors

e Herpesvirus acyclovir inhibitor

e Hepatitis C virus protease inhibitors

e ZMapp inhibitor of Ebola virus

To ensure that students become familiar with credible
resources beyond the classroom, numerous tables and
maps are provided that present epidemiological informa-
tion. Chapter 6 contains tables that list modes of trans-
mission, incubation periods, and R-nought values for
various viral diseases, as well as website addresses for
traveler’s health information and global partnerships.
Additional chapters contain lists of FDA-approved anti-
viral drugs, vaccination recommendation schedules, and
lists of vaccines in use today.

For the first time, this new edition includes appen-
dices containing in-depth information on a number of
topics that may be of interest to students:

e Appendix A: Properties of Human Viruses

¢ Appendix B: Baltimore Virus Classification

e Appendix C: Bonus case study: “Combating the
Worst Epidemic of Ebola Virus Disease in Human
History”

This text is unlike many others on the market today.
The end of every chapter contains additional cases stud-
ies with questions and a list of resources that have been
updated and separated into primary literature, reviews,
popular press books, and video productions (listed in
reverse chronological order). These resources allow
for flexibility in course design. Primary literature and
reviews can be assigned as outside readings to engage
and familiarize students during class discussions and to
inform debates about discoveries and current topics in
the field of virology. Video resources serve as excellent
and timely supplements to the text. The glossary was
revised extensively. The textbook is not the only tool for
instruction, but rather a guide that can be judiciously
adapted to a graduate-level virology course.

Preface XV
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The Student Experience

The main goals in the development of the third edition of
Undertanding Viruses have been to arouse student interest
and to create a tool for instruction that contains all of the

biology students are expected to include, such as e-book
educational “bells and whistles” that books for first-year

access and other current pedagogy that engages students
in the learning process. The textbook has a number of spe-
cial features to prompt student engagement and interest
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Image Bank—Access the visuals from the text, including
unlabeled versions of many illustrations for easy incor-
poration into course materials.
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Instructor's Manual —A useful guide prepared
by the Author that includes Teaching Tips and
other suggestions about how to approach the
material in this book for your course.

Test Bank—600 items are available for testing
and assessment, in addition to 1,100+ questions
and activities that are included in the online
study and assessment tools.

Web Links—Hand-selected relevant sites in
virology.

Encounters in Virology—Bonus case material for
turther application.
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