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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 

Foreword
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.
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Regents Professor
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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, I 
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. 

preface

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 

xiv
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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:

 • “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

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

 • The Massie Puzzle Piece Hiding on Chromosome 6
 • 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
 • Human Viruses Lurking in Porta-Potties and 

Outhouses
 • Voluntary Quarantine and the Village of Eyam
 • The Pap-Test Controversy: Papanicolaou vs. Babes
 • 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: 

 • Neuraminidase inhibitors of influenza A viruses
 • HIV protease inhibitors
 • HIV integrase inhibitors
 • Herpesvirus acyclovir inhibitor 
 • Hepatitis C virus protease inhibitors
 • 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:

 • Appendix A: Properties of Human Viruses
 • Appendix B: Baltimore Virus Classification 
 • 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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Case study 1: Poliomyelitis and measles in 

the amish Community

In July 2005, a 7-month-old unvaccinated Amish 

infant girl was hospitalized in a central Minnesota hos-

pital because she was failing to thrive. The child suf-

fered from diarrhea and recurrent infections. She was 

placed in isolation and evaluated for a bone marrow 

transplant after the results of medical laboratory tests 

indicated she was severely immunocompromised.

Meanwhile, experts at the Minnesota Department 

of Health (MDH) isolated an enterovirus from the 

girl’s sto
ol sample. The enterovirus was identified as a  

vaccine-derived poliovirus. The genomic sequence of 

the enterovirus, however, was determined to be 2.3% 

different from the parent Sabin poliovirus type 1 strain, 

and it was estimated that it was replicating for about 

2 years in an immunocompromised individual. Oral 

poliovirus vaccine (OPV) is still
 widely used in most 

countries, but it has not been used in the United States 

since 2000 and in Canada since 1997.

Old Order Amish and Amish Mennonite views about 

vaccination vary widely (Figure 1). Amish or Hutterite 

religious doctrine does not prohibit vaccination, but 

many Amish are not vaccinated. Typically, the lack of 

vaccination among the Amish is a reflection of a social 

tradition within the communities related to modern-

ization rather than religious objection. In 2014, there 

were 23 measles outbreaks in the United States. The 

largest outbreak, which resulted in 383 cases, occurred 

within Old Order Amish and Amish Mennonite com-

munities in Knox County, Ohio. The Knox County 

measles epidemic likely started after two Amish men 

L e a r n i n g  O b j e c t i v e s

1. Describe the properties of enteroviruses that contribute to their stability in the environment.

2. Explain the role of proteases in the poliovirus replication cycle.

3. Evaluate the rationale by CDC experts to remove the Sabin vaccine from the vaccination 

recommendations to prevent poliomyelitis in the United States.

4. Define post-polio syndrome, and identify who is particularly vulnerable to it.

5. Discuss why poliovirus eradiation remains unfinished business.

6. List the signs and symptoms of infectious diseases caused by nonpolio enteroviruses.

7. Note the importance of emerging enteroviruses, such as enterovirus D68.

Figure 1 Amish do not object to vaccination, but significant 

pockets of lower vaccination rates may exist in Amish communities.

© Teri Shors.

contracted measles while on a mission trip to the Phil-

ippines. The men returned to the United States and 

thought they had dengue fever, which is not conta-

gious. They attended church to pray for a fast recovery. 

Instead, Amish at the church were exposed to the mea-

sles virus, which spread to unvaccinated individuals in 

the community. Measles virus is the most contagious 

pathogen of humans. It has an r-nought, or r0, of 18. In 

other words, 1 infected individual is likely to cause 18 

additional cases of measles.

See Case Study 1 Questions at the end of the chapter.
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Learning Objectives—NEW to the third 
edition, these give students a concise 
overview of the important chapter 
concepts they will be asked to master.

 “ The fight against 

infantile paralysis is a 

fight to the finish, and the 

terms are unconditional 

surrender. ”  

 —Franklin Delano Roosevelt, 

32nd U.S. president and 

polio survivor (1944)   

 Poliovirus and Other Enteroviruses   

 O U t L i n e 

   8.1 Brief Overview of Enteroviruses   

 8.2 The History of Polio   

 8.3 Clinical Features of Poliomyelitis

   Post-Poliomyelitis Syndrome      

 8.4 Classifi cation and Structure of Poliovirus

   Stability of Enteroviruses in the Environment      

 8.5 laboratory Diagnosis of Poliovirus 

infections   

 8.6 Cellular Pathogenesis   

 8.7 Poliovirus replication   

 8.8 Treatments   

 8.9 Prevention

   Chemicals and Gamma Globulin   

 Inactivated Vaccines   

 The Cutter Incident   

 Live, Attenuated Poliovirus Vaccines      

 8.10 Poliovirus Eradication is unfi nished 

Business   

 8.11 Other Enteroviruses (Nonpolio Viruses)

   Myocarditis and Dilated Cardiomyopathy   

 Respiratory Enteroviruses: Rhinoviruses 

Triggering Asthma   

 Enteroviruses 71 and D68: Reemerging 

Viral Pathogens?      

 Summary   

resources   

Case Study 1: Poliomyelitis and Measles in the 

Amish Community   

Case Study 2: Echovirus 4   

ViruS FilE 8-1: Creating Poliovirus in a Test Tube   

ViruS FilE 8-2: Using Google Earth to Track Poliovirus 

down the Congo River     

        Draped over the handlebars of a 

bicycle in the Central African 

country of Chad is a satchel 

containing poliovirus vaccine. The 

satchel includes a logo with the 

words “Kick Polio out of Africa.” The 

bicycle is used as transportation to 

deliver poliovirus vaccine to out-of-

the-way villages that are far from 

more urbanized areas of the country. 

The global effort to eradicate polio is 

the largest public health initiative in 

human history. It began in 1988 by 

the WHO with the goal of eradicating 

polio by the year 2000. This goal has 

not been met to date.    
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Chapter Outlines—A detailed outline at 
the beginning of the chapter offers a 
quick snapshot of the topics that will be 
presented.

Case Studies—Real-world cases are presented 
at the beginning of each chapter and connected 
with questions placed at the end of the chapter 
in order to promote student interest and engage-
ment. Additional Case Studies at the end of most 
chapters provide additional real-world examples 
and applications of the chapter content.

These questions relate to the Case Study presented at the 

beginning of the chapter.1. Who is likely the original source of the poliovirus 

contracted by the infant in 2005?

2. An investigation was needed to identify potential 

contacts with the infant suffering from poliomy-

elitis. Create a list of contacts who should be 

interviewed.3. Who is most at risk for contracting OPV-derived 

poliomyelitis?4. At what age does the CDC recommend that chil-

dren receive the poliovirus vaccine?

5. Explain why OPV was discontinued in the United 

States.6. About 30% of reported measles cases have one or 

more complications. List the complications of mea-

sles and the percentage of cases that experience 

them. Complications are most common in what 

age group? (Hint: See http://www.cdc.gov/vac-

cines/pubs/pinkbook/meas.html#vaccines.)

7. The R0 of measles is 18. There were about 3,500 

Amish in Knox County in 2014. What proportion 

of Amish would need to be vaccinated to stop the 

spread of measles cases? Use the formula (1 – Goal 

R0)/Current R0 to determine this. The Goal R0 

should be 1. An R0 of 1 means that the infection is 

stable or not spreading.
8. Explain why the following statement is true: “The 

higher the R0, the higher the number of vaccinations 

needed to stop the spread of an infectious disease.” Use 

the formula in question 7 to support your answer. 

Show your calculations.
9. Explain the relationship between herd immunity 

and R0.10. The measles vaccine has been available in the 

United States since 1963 and measles cases were 

eliminated in the United States in 2000, yet spo-

radic measles epidemics continue in the United 

States today. Why is this the case? Explain.

11. In 2015, a multistate epidemic of measles occurred 

in the United States that was linked to Disneyland. 

Perform research to summarize who was patient 

zero and what factor(s) contributed to the spread 

of measles in multiple states.
12. Measles globally causes an estimated 400 deaths 

each day. Perform research. List countries in 

which measles is endemic. Of the countries listed, 

what countries are the top three most-visited 

countries by international tourist arrivals based on 

estimates by the United Nations World Tourism 

Organization (UNWTO)?
13. Religious concerns and vaccination have a long 

history. Perform research and cite at least five 

examples of vaccine-preventable epidemics among 

religious schools, congregations, and communi-

ties. (Hint: See Grabenstein, 2013.)
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Case study 1: Poliomyelitis and measles in 

the amish Community

In July 2005, a 7-month-old unvaccinated Amish 

infant girl was hospitalized in a central Minnesota hos-

pital because she was failing to thrive. The child suf-

fered from diarrhea and recurrent infections. She was 

placed in isolation and evaluated for a bone marrow 

transplant after the results of medical laboratory tests 

indicated she was severely immunocompromised.

Meanwhile, experts at the Minnesota Department 

of Health (MDH) isolated an enterovirus from the 

girl’s sto
ol sample. The enterovirus was identified as a  

vaccine-derived poliovirus. The genomic sequence of 

the enterovirus, however, was determined to be 2.3% 

different from the parent Sabin poliovirus type 1 strain, 

and it was estimated that it was replicating for about 

2 years in an immunocompromised individual. Oral 

poliovirus vaccine (OPV) is still
 widely used in most 

countries, but it has not been used in the United States 

since 2000 and in Canada since 1997.

Old Order Amish and Amish Mennonite views about 

vaccination vary widely (Figure 1). Amish or Hutterite 

religious doctrine does not prohibit vaccination, but 

many Amish are not vaccinated. Typically, the lack of 

vaccination among the Amish is a reflection of a social 

tradition within the communities related to modern-

ization rather than religious objection. In 2014, there 

were 23 measles outbreaks in the United States. The 

largest outbreak, which resulted in 383 cases, occurred 

within Old Order Amish and Amish Mennonite com-

munities in Knox County, Ohio. The Knox County 

measles epidemic likely started after two Amish men 

L e a r n i n g  O b j e c t i v e s

1. Describe the properties of enteroviruses that contribute to their stability in the environment.

2. Explain the role of proteases in the poliovirus replication cycle.

3. Evaluate the rationale by CDC experts to remove the Sabin vaccine from the vaccination 

recommendations to prevent poliomyelitis in the United States.

4. Define post-polio syndrome, and identify who is particularly vulnerable to it.

5. Discuss why poliovirus eradiation remains unfinished business.

6. List the signs and symptoms of infectious diseases caused by nonpolio enteroviruses.

7. Note the importance of emerging enteroviruses, such as enterovirus D68.

Figure 1 Amish do not object to vaccination, but significant 

pockets of lower vaccination rates may exist in Amish communities.

© Teri Shors.

contracted measles while on a mission trip to the Phil-

ippines. The men returned to the United States and 

thought they had dengue fever, which is not conta-

gious. They attended church to pray for a fast recovery. 

Instead, Amish at the church were exposed to the mea-

sles virus, which spread to unvaccinated individuals in 

the community. Measles virus is the most contagious 

pathogen of humans. It has an r-nought, or r0, of 18. In 

other words, 1 infected individual is likely to cause 18 

additional cases of measles.

See Case Study 1 Questions at the end of the chapter.
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Development of a Rapid Test to Determine Whether Respiratory illnesses 

Are Caused by a Virus or Bacterium

ViRus filE 7-2

All too often a person shows up at a clinic or hospital emergency room suffering from symptoms of a 

respiratory tract infection and the doctor prescribes antibiotics just in case the patient is suffering from 

a bacterial infection. Antibiotics will not work if a virus is the cause of the illness. Symptoms alone are 

not enough to diagnose a respiratory infection. Today, if it is influenza season a rapid test may be done to 

determine whether the patient is suffering from influenza A or B or strep throat caused by the bacterium 

Streptococcus pyogenes.

A group of researchers at Duke University are developing a rapid blood test that can distinguish whether 

a respiratory illness is caused by a viral or bacterial pathogen. In order to develop the test, small studies 

were done using healthy volunteers who agreed to be infected with different strains of influenza A virus. 

Their blood was drawn during the course of infec-

tion and genetically analyzed (figuRE 1). The Duke 

researchers discovered that the expression of 30 

cellular genes involved in the immune response 

were turned on in different ways during the viral 

infection. The cellular immune response was 

referred to as a specific viral or genetic signature. 

When infected by a virus, a person’s immune 

system responds differently than it would when 

fighting a bacterial infection. The researchers 

developed an RT-PCR test to detect the viral 

signature of influenza A viruses in patient blood 

samples.

The viral signatures of the volunteers infected 

with influenza A viruses were compared to blood 

samples collected from people who went to 

hospital emergency rooms complaining of fever 

and respiratory illness. Their rapid blood test 

identified positive viral signatures or infections in 

89% of the cases and correctly ruled out nega-

tive cases 94% of the time. Early differentiation 

between viral and bacterial respiratory infec-

tions can direct treatment appropriately (e.g., 

Tamiflu for influenza A patients who are at high 

risk for complications of influenza A infection). 

It can curb the misuse of antibiotics or improve 

triage in settings of a potential pandemic. The 

development of this rapid diagnostic assay and 

its testing in a “real-world” patient setting are 

paving the way for establishing this new type of 

diagnostic testing in the clinic.
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figuRE 1 Test tube rack containing purple-capped blood 

collection tubes. In the future, blood may be analyzed for 

protein profiles of immune system genes expressed during 

infection for diagnostic purposes.

Courtesy of Amanda Mills/CDC.
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The α defensins have been shown to block infection 

of different naked viruses by such mechanisms as the 

aggregation or clumping of naked viruses on the surface 

of host cells (e.g., BK viruses are inhibited this way), the 

inhibition of viral uncoating (e.g., human adenoviruses), 

and by blocking the viral genome from entering the 

nucleus of its host cell (e.g., human papillomaviruses). 

The β defensins block enveloped viruses such as respira-

tory syncytial virus and human parainfluenza virus type 

3 from viral entry into host cells by interacting directly 

with them. The defensins disrupt the viral envelope, 

inactivating the virus’s infectivity (i.e., ability to enter 

into host cells). Both α and β defensins inhibit herpes 

simplex virus (an enveloped virus) by blocking the  

cellular receptor present on the surface of its host cell, 

preventing entry into the host cell.

Dendritic cells

dendritic cells are covered with long, spiky arms that 

resemble the dendrites of nerve cells. Dendritic immune 

cells are present in tissues that have contact with the 

environment, such as the skin (where they are called 

Langerhan’s cells); mucous membranes; and the lin-

ing of the nose, lungs, and gastrointestinal tract. Medi-

cal graduate student Paul Langerhan, who was working 

under the mentorship of Professor Rudolf Virchow at 

the Institute of Pathology of the University of Berlin in 

1868, first described Langerhan’s cells. In his 1868 land-

mark paper, “Uber die Nerven der menslichen Haut,” 

Langerhan described the cells as nerve endings of the 

skin. In 1882 he corrected his interpretation, stating, “I 

am now convinced that my cells are in no way essential 

for nerve endings.”

MHC class I and II molecules are expressed on the 

surfaces of dendritic cells (see Refresher: Immunology). Den-

dritic cells act as scouts that are very efficient at identify-

ing foreign invaders such as viruses and bacteria, even 

when they are present in minute numbers (FiguRE 5-6). 

Dendritic cells internalize the pathogen, digest it, and 

display or present the foreign peptides on their surface 

using the MHC II molecules to TH cells. (TH cells are 

described later in this chapter as part of the discussion 

on specific immune defenses.) Activated dendritic cells 

also express high levels of another surface receptor, B7, 

The primary function of major histocompatibility complex (MHC) is to present a sampling of all peptides that were produced in 

a nucleated cell of the body (for MHC I) or that were engulfed by an antigen-presenting cell (for MHC II). (See FiguRE 1.)  

B cells present MHC II to get “help” from TH cells. Healthy cells will be ignored while cells containing foreign proteins (e.g., 

cells infected by viruses) will be attacked by the immune system. It is these peptides that are recognized by TH (MHC II) and 

TC cells (MHC I).

Immunology

Refresher

FiguRE 1 Antigen-presenting cells activate TH cells (T helper cell) and TC cells ( cytotoxic T lymphocytes).
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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 
educational “bells and whistles” that books for first-year 

biology students are expected to include, such as e-book 
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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 “ The fight against 

infantile paralysis is a 

fight to the finish, and the 

terms are unconditional 

surrender. ”  

 —Franklin Delano Roosevelt, 

32nd U.S. president and 

polio survivor (1944)   

 Poliovirus and Other Enteroviruses   

 O U t L i n e 

   8.1 Brief Overview of Enteroviruses   

 8.2 The History of Polio   

 8.3 Clinical Features of Poliomyelitis

   Post-Poliomyelitis Syndrome      

 8.4 Classifi cation and Structure of Poliovirus

   Stability of Enteroviruses in the Environment      

 8.5 laboratory Diagnosis of Poliovirus 

infections   

 8.6 Cellular Pathogenesis   

 8.7 Poliovirus replication   

 8.8 Treatments   

 8.9 Prevention

   Chemicals and Gamma Globulin   

 Inactivated Vaccines   

 The Cutter Incident   

 Live, Attenuated Poliovirus Vaccines      

 8.10 Poliovirus Eradication is unfi nished 

Business   

 8.11 Other Enteroviruses (Nonpolio Viruses)

   Myocarditis and Dilated Cardiomyopathy   

 Respiratory Enteroviruses: Rhinoviruses 

Triggering Asthma   

 Enteroviruses 71 and D68: Reemerging 

Viral Pathogens?      

 Summary   

resources   

Case Study 1: Poliomyelitis and Measles in the 

Amish Community   

Case Study 2: Echovirus 4   

ViruS FilE 8-1: Creating Poliovirus in a Test Tube   

ViruS FilE 8-2: Using Google Earth to Track Poliovirus 

down the Congo River     

        Draped over the handlebars of a 

bicycle in the Central African 

country of Chad is a satchel 

containing poliovirus vaccine. The 

satchel includes a logo with the 

words “Kick Polio out of Africa.” The 

bicycle is used as transportation to 

deliver poliovirus vaccine to out-of-

the-way villages that are far from 

more urbanized areas of the country. 

The global effort to eradicate polio is 

the largest public health initiative in 

human history. It began in 1988 by 

the WHO with the goal of eradicating 

polio by the year 2000. This goal has 

not been met to date.    
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Development of a Rapid Test to Determine Whether Respiratory illnesses 

Are Caused by a Virus or Bacterium

ViRus filE 7-2

All too often a person shows up at a clinic or hospital emergency room suffering from symptoms of a 

respiratory tract infection and the doctor prescribes antibiotics just in case the patient is suffering from 

a bacterial infection. Antibiotics will not work if a virus is the cause of the illness. Symptoms alone are 

not enough to diagnose a respiratory infection. Today, if it is influenza season a rapid test may be done to 

determine whether the patient is suffering from influenza A or B or strep throat caused by the bacterium 

Streptococcus pyogenes.

A group of researchers at Duke University are developing a rapid blood test that can distinguish whether 

a respiratory illness is caused by a viral or bacterial pathogen. In order to develop the test, small studies 

were done using healthy volunteers who agreed to be infected with different strains of influenza A virus. 

Their blood was drawn during the course of infec-

tion and genetically analyzed (figuRE 1). The Duke 

researchers discovered that the expression of 30 

cellular genes involved in the immune response 

were turned on in different ways during the viral 

infection. The cellular immune response was 

referred to as a specific viral or genetic signature. 

When infected by a virus, a person’s immune 

system responds differently than it would when 

fighting a bacterial infection. The researchers 

developed an RT-PCR test to detect the viral 

signature of influenza A viruses in patient blood 

samples.

The viral signatures of the volunteers infected 

with influenza A viruses were compared to blood 

samples collected from people who went to 

hospital emergency rooms complaining of fever 

and respiratory illness. Their rapid blood test 

identified positive viral signatures or infections in 

89% of the cases and correctly ruled out nega-

tive cases 94% of the time. Early differentiation 

between viral and bacterial respiratory infec-

tions can direct treatment appropriately (e.g., 

Tamiflu for influenza A patients who are at high 

risk for complications of influenza A infection). 

It can curb the misuse of antibiotics or improve 

triage in settings of a potential pandemic. The 

development of this rapid diagnostic assay and 

its testing in a “real-world” patient setting are 

paving the way for establishing this new type of 

diagnostic testing in the clinic.
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figuRE 1 Test tube rack containing purple-capped blood 

collection tubes. In the future, blood may be analyzed for 

protein profiles of immune system genes expressed during 

infection for diagnostic purposes.

Courtesy of Amanda Mills/CDC.
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Virus Files—The Virus Files within each 
chapter connect chapter topics to current 
research or virology techniques.

The α defensins have been shown to block infection 

of different naked viruses by such mechanisms as the 

aggregation or clumping of naked viruses on the surface 

of host cells (e.g., BK viruses are inhibited this way), the 

inhibition of viral uncoating (e.g., human adenoviruses), 

and by blocking the viral genome from entering the 

nucleus of its host cell (e.g., human papillomaviruses). 

The β defensins block enveloped viruses such as respira-

tory syncytial virus and human parainfluenza virus type 

3 from viral entry into host cells by interacting directly 

with them. The defensins disrupt the viral envelope, 

inactivating the virus’s infectivity (i.e., ability to enter 

into host cells). Both α and β defensins inhibit herpes 

simplex virus (an enveloped virus) by blocking the  

cellular receptor present on the surface of its host cell, 

preventing entry into the host cell.

Dendritic cells

dendritic cells are covered with long, spiky arms that 

resemble the dendrites of nerve cells. Dendritic immune 

cells are present in tissues that have contact with the 

environment, such as the skin (where they are called 

Langerhan’s cells); mucous membranes; and the lin-

ing of the nose, lungs, and gastrointestinal tract. Medi-

cal graduate student Paul Langerhan, who was working 

under the mentorship of Professor Rudolf Virchow at 

the Institute of Pathology of the University of Berlin in 

1868, first described Langerhan’s cells. In his 1868 land-

mark paper, “Uber die Nerven der menslichen Haut,” 

Langerhan described the cells as nerve endings of the 

skin. In 1882 he corrected his interpretation, stating, “I 

am now convinced that my cells are in no way essential 

for nerve endings.”

MHC class I and II molecules are expressed on the 

surfaces of dendritic cells (see Refresher: Immunology). Den-

dritic cells act as scouts that are very efficient at identify-

ing foreign invaders such as viruses and bacteria, even 

when they are present in minute numbers (FiguRE 5-6). 

Dendritic cells internalize the pathogen, digest it, and 

display or present the foreign peptides on their surface 

using the MHC II molecules to TH cells. (TH cells are 

described later in this chapter as part of the discussion 

on specific immune defenses.) Activated dendritic cells 

also express high levels of another surface receptor, B7, 

The primary function of major histocompatibility complex (MHC) is to present a sampling of all peptides that were produced in 

a nucleated cell of the body (for MHC I) or that were engulfed by an antigen-presenting cell (for MHC II). (See FiguRE 1.)  

B cells present MHC II to get “help” from TH cells. Healthy cells will be ignored while cells containing foreign proteins (e.g., 

cells infected by viruses) will be attacked by the immune system. It is these peptides that are recognized by TH (MHC II) and 

TC cells (MHC I).

Immunology

Refresher

FiguRE 1 Antigen-presenting cells activate TH cells (T helper cell) and TC cells ( cytotoxic T lymphocytes).
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refreshers—Reviews are presented to 
provide students the opportunity to brush 
up on important biological concepts.
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high-Quality, Carefully rendered Illustrations and 
Figures—Over 500 NEW and revised photos and 
illustrations are included in this edition, includ-
ing a number of unique photographs taken by the 
author to depict research methods, historical per-
spectives, or current topics described in the text.
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Martinus Beijerinck, a botanist, is credited with coining 

the term virus while studying TMV-infected tobacco 

plants during the late 1800s. Even though the first virus 

to be discovered was tobacco mosaic virus (TMV), plant 

viruses are not nearly as well understood as their animal 

counterparts. Plant viruses continue to be a major threat 

in the production of vegetable and ornamental crops 

worldwide. Their control remains a major challenge in 

the 21st century.

The infection of plant cells is not achieved by surface 

receptors—a major difference between viral infections 

of plants as opposed to animals. Plant viruses require a 

break in the cell wall for entry and are transmitted in a 

number of different ways, including mechanical means 

(i.e., human and environmental damage), soil trans-

mission, vegetative propagation (grafting), piercing and 

chewing insects and other vectors, seed transmission, 

and pollen transmission.

The majority of plant viruses are transmitted by 

insect vectors (e.g., aphids, leafhoppers, plant-hoppers, 

beetles, mites, mealybugs, whiteflies, and thrips). Symp-

toms of viral plant diseases vary from mild to severe but 

rarely kill the plant. Symptoms may include dwarfing 

or stunting of plants, leaf curling, reduced yield, fruit 

distortion, chlorosis (yellowing), other color deviations 

(e.g., variegation of flower petals), “mosaic” patterns on 

leaves, ring-shaped spots on leaves, wilting and wither-

ing, necrosis (black or grayish brown discoloration due 

to the death of cells and tissues), or bark scaling.

In addition to symptomatic observations, methods 

used to detect and identify plant viruses are similar 

to those used in detecting animal viruses. Infectivity 

assays, ELISAs, electron microscopy, and RT-PCR or PCR 

are used to diagnose diseases caused by plant viruses. 

The major means of control (depending on the disease) 

include chemical or biological control of insect vectors, 

removal of alternate hosts (e.g., weeds), sanitation tech-

niques (e.g., cleaning of farm implements and proper 

grafting techniques), use of certified virus-free seed or 

stock, growth of resistant crop varieties, and plant quar-

antines to prevent disease establishment in areas where 

it does not occur (material is grown or kept isolated for 

longer periods for observation to determine absence of 

disease or pest), and testing. These procedures are time-

consuming and costly and require skilled professionals.

Advances in control of viral plant diseases are  

focused on creating natural (breeding) and engineered 

resistance to plant viruses.

The majority of plant viruses are naked, helical-

shaped +ssRNA viruses. Instead of having segmented 

genomes like influenza A virus, some plant viruses have 

multipartite genomes in which the genome consists of 

more than one molecule of nucleic acid, but each genome 

molecule is packed into a separate virus particle. Thus, 

all discrete virus particles must enter the cell to establish 

a productive infection.

Viruses spread short distances (from cell to cell) 

with the aid of movement proteins that “channel” them 

through the plasmodesmata. Channeling occurs without 

causing cellular lysis. A systematic (long distance) infec-

tion of the plant occurs if plant viruses are transported 

longer distances through the vascular system by the 

phloem.

Plants do not have an “active” immune system 

analogous to humans, such as the production of anti-

bodies to combat pathogens. Plants do, however, possess 

Figure 19-24 Electron micrograph of filamentous-shaped CTV isolated from an infected plant. The particles are approximately 2,000 nm  

in length. 

Courtesy of Dr. Ronald H. Brlansky, University of Florida, CREC.
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Courtesy of James Gathany/CDC.

Courtesy of the CDC/Sally Ezra.

Courtesy of Dr. Bernard Moss and Andrea Weisberg, 

Laboratory of Viral Diseases, NIH, NIAID, Bethesda, Maryland.
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Martinus Beijerinck, a botanist, is credited with coining 

the term virus while studying TMV-infected tobacco 

plants during the late 1800s. Even though the first virus 

to be discovered was tobacco mosaic virus (TMV), plant 

viruses are not nearly as well understood as their animal 

counterparts. Plant viruses continue to be a major threat 

in the production of vegetable and ornamental crops 

worldwide. Their control remains a major challenge in 

the 21st century.

The infection of plant cells is not achieved by surface 

receptors—a major difference between viral infections 

of plants as opposed to animals. Plant viruses require a 

break in the cell wall for entry and are transmitted in a 

number of different ways, including mechanical means 

(i.e., human and environmental damage), soil trans-

mission, vegetative propagation (grafting), piercing and 

chewing insects and other vectors, seed transmission, 

and pollen transmission.

The majority of plant viruses are transmitted by 

insect vectors (e.g., aphids, leafhoppers, plant-hoppers, 

beetles, mites, mealybugs, whiteflies, and thrips). Symp-

toms of viral plant diseases vary from mild to severe but 

rarely kill the plant. Symptoms may include dwarfing 

or stunting of plants, leaf curling, reduced yield, fruit 

distortion, chlorosis (yellowing), other color deviations 

(e.g., variegation of flower petals), “mosaic” patterns on 

leaves, ring-shaped spots on leaves, wilting and wither-

ing, necrosis (black or grayish brown discoloration due 

to the death of cells and tissues), or bark scaling.

In addition to symptomatic observations, methods 

used to detect and identify plant viruses are similar 

to those used in detecting animal viruses. Infectivity 

assays, ELISAs, electron microscopy, and RT-PCR or PCR 

are used to diagnose diseases caused by plant viruses. 

The major means of control (depending on the disease) 

include chemical or biological control of insect vectors, 

removal of alternate hosts (e.g., weeds), sanitation tech-

niques (e.g., cleaning of farm implements and proper 

grafting techniques), use of certified virus-free seed or 

stock, growth of resistant crop varieties, and plant quar-

antines to prevent disease establishment in areas where 

it does not occur (material is grown or kept isolated for 

longer periods for observation to determine absence of 

disease or pest), and testing. These procedures are time-

consuming and costly and require skilled professionals.

Advances in control of viral plant diseases are  

focused on creating natural (breeding) and engineered 

resistance to plant viruses.

The majority of plant viruses are naked, helical-

shaped +ssRNA viruses. Instead of having segmented 

genomes like influenza A virus, some plant viruses have 

multipartite genomes in which the genome consists of 

more than one molecule of nucleic acid, but each genome 

molecule is packed into a separate virus particle. Thus, 

all discrete virus particles must enter the cell to establish 

a productive infection.

Viruses spread short distances (from cell to cell) 

with the aid of movement proteins that “channel” them 

through the plasmodesmata. Channeling occurs without 

causing cellular lysis. A systematic (long distance) infec-

tion of the plant occurs if plant viruses are transported 

longer distances through the vascular system by the 

phloem.

Plants do not have an “active” immune system 

analogous to humans, such as the production of anti-

bodies to combat pathogens. Plants do, however, possess 

Figure 19-24 Electron micrograph of filamentous-shaped CTV isolated from an infected plant. The particles are approximately 2,000 nm  

in length. 

Courtesy of Dr. Ronald H. Brlansky, University of Florida, CREC.
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Chapter Summary—A synopsis of the key 
points is provided at the end of each 
chapter.
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resources—Understanding Viruses is grounded 
in evidence. Resources provided for reference 
have been separated by category into Primary 
Literature, Reviews, Popular Press, and Video 
Productions, so that students can easily find 
the type of information they are interested 
in delving into.

Primary Literature
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1. Perform research to determine the structural char-

acteristics of WNV (e.g., size, shape, presence or 

absence of envelop). What type of nucleic acid 

genome does it have? How many genes? What 

family of viruses does it belong to? (Hint: See 

http://viralzone.expasy.org/.)

2. Most humans (about 80%) infected with WNV 

have no symptoms. What kind of laboratory test(s) 

might you ask for if you want to know whether 

you have been infected with WNV?

3. WNV is transmitted by mosquito bites and by eat-

ing infected birds. Perform a PubMed search and 

list other viruses that can be transmitted through 

mosquito bites and by consumption.

4. How many different mosquito species in the 

United States can be infected with WNV? Create a 

list. (Hint: See http://www.cdc.gov/westnile 

/transmission/.)

5. What other species of birds besides eared grebes 

and crows can be infected with WNV? Create  

a list. (Hint: See http://www.cdc.gov/westnile 

/transmission/.)

References

Hinton, M. G., et al. 2015. “West Nile virus activity in a winter 

roost of American crows (Corvus brachyrhynchos): Is bird-to-

bird transmission important in persistence and amplifica-

tion?” Journal of Medical Entomology 52:683–692.

Ip, H. S., et al. 2014. “West Nile virus transmission in winter: 

The 2013 Great Salt Lake bald eagle and eared grebes mor-

tality event.” PLoS Currents 18:6.

McLean, R. G. 2006. “West Nile virus in North American birds.” 

Ornithological Monographs 60:44–64.

Nemeth, N., et al. 2006. “Natural and experimental West Nile 

virus infection in five raptor species.” Journal of Wildlife Dis-

eases 42:1–13.

Nemeth, N., et al. 2009. “Clinical evaluation and outcomes of 

naturally acquired West Nile virus infection in raptors.” 

Journal of Zoo and Wildlife Medicine 40:51–63.

Saito, E. K., et al. 2007. “Raptor mortality due to West Nile 

virus in the United States, 2002.” Journal of Wildlife Diseases 

43:206–2013.

CAsE sTudy 2: QuEsTions

Resources

 

Resources 
97

9781284057898_CH02_PASS03.indd   97

16/06/16   4:30 pm

additional Online Study tools—Practice 
activities and prepopulated quizzes 
are available for self-study.

 preface xix

9781284057898_FMxx_00i_xxiv.indd   19 04/07/16   9:12 am

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



animations—NEW to the third edition are animations for 
mechanisms of antiviral drugs, including:

 • Mechanisms for Antiviral Drug: Acyclovir (DNA 
polymerase inhibitor) 

 • Mechanism for Antiviral Drug: Relenza/Tamiflu/
Peramivir (Neuraminidase inhibitors) for Influenza 
A virus

 • Mechanism for Antiviral Drug: Protease inhibitors 
of HIV 

 • Mechanism for Antiviral Drug: Protease inhibitor 
of Hepatitis C virus

 • Mechanism for Antiviral Drug: ZMapp monoclonal 
antibody cocktail to inhibit Ebola virus

 • Mechanism for Antiviral Drug: Integrase inhibitors 
to block HIV

Key terms—Important terms are pre-
sented in bold in each chapter and 
defined in a comprehensive glossary 
for quick reference; throughout each 
chapter italicized terms and phrases are 
intended to focus attention on impor-
tant concepts.

Viruses in the News headlines—The top 
virus-related news stories are listed on 
the inside back cover. 
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ebola Case Study—This NEW and 
unique in-depth analysis of the 
modern Ebola outbreak is perfect 
for classroom discussion. It is fully 
illustrated and includes over 50 
Case Study Questions and a com-
plete Resources section.

Case study: Combating the Worst epidemiC 

of ebola Virus disease in human history

 Patient Zero
During March 2014, blood samples collected from 20 

patients hospitalized in Gueckedou, Macenta, and Kis-

sidougou, Guinea, were shipped to Biosafety Level-4 

(BSL-4) laboratories in Lyon, France, and Hamburg, 

Germany, for virology testing. Nearly all of the patients 

(84%) had died from a mysterious illness character-

ized by fever, severe diarrhea, and vomiting. reverse-

transcriptase polymerase chain reaction (rt-pCr) kits were 

used to screen the blood plasma for Old World arenavi-

ruses and Lassa virus. None of the samples were positive for 

Lassa virus.
The viral RNA was extracted from patient blood 

plasma, and commercial RT-PCR kits were used to 

detect the nucleotide sequences of the conserved region 

of the Ebola virus L gene (which codes for Ebola virus 

RNA polymerase) using PCR primers designed to amplify 

genes of known Ebola virus species (Sudan, Bun-

dibugyo, Tai Forest, Reston, Lloviu, Marburg, and 

Ravn). Additional real-time RT-PCR kits were used to 

amplify and detect the GP gene (which codes for Ebola 

virus surface glycoprotein [GP]) or the NP gene (which 

codes for the viral nucleoprotein) to detect Ebola virus. 

See figure 1 for the structure of Ebola virus. The com-

mercial kits confirmed that 15 of the 20 patients were 

positive for Ebola virus based on detection of the L gene. 

Ebola viruses were detected in the serum sample from 

one patient using transmission electron microscopy. 

Serum from five patients that contained Ebola viruses 

were grown in cell cultures and isolated for further iden-

tification and analysis.The Reservoir of Ebola Viruses
A retrospective study traced the Ebola virus infections to 

the first suspected case of the outbreak, 2-year-old Emilo 

Ouamiouo. The boy suffered from fever and vomiting 

and had black stool. The child died in Meliandou village, 

Gueckedou, Guinea, on December 6, 2013. A colony of 

thousands of Angolan free-tailed bats roosted in a hollow 

tree where Emilo and other children played in Melian-

dou. The boy’s family hunted bats and then grilled and 

ate them. Past human Ebola outbreaks in other locations 

had been associated with outbreaks in wildlife such as 

duikers (small antelope), gorillas, and chimpanzees or 

traced to hunters who butchered animals found dead 

in the rainforest. Bats are the leading suspect as the natural 

figure ap 3-1 The structure of Ebola virus. It is an enveloped, 

helical-shaped, elongated/filamentous virus that contains ssRNA of 

negative polarity (–ssRNA). When visualized by electron 

microscopy, the viral particles look like thin spaghetti or long 

earthworms. The viral particles are 800–1,000 nm in length with a 

uniform diameter of 80 nm. The particles can get as long as 14,000 

nm. The –ssRNA genome is encapsidated by a nucleoprotein, VP30 

protein, and a viral RNA polymerase (L protein) complexed with 

VP35 protein to form a nucleocapsid. Embedded within the viral 

envelope are trimeric glycoprotein spikes. The matrix proteins are 

involved in morphogenesis and budding/release of new infectious 

particles from the host cell.

Ebola reservoir. Bats can survive Ebola infection. In a 

frustrating twist, the tree the children played at was 

burned to the stump just before researchers arrived to 

gather bats for samples for testing. Villagers said that 

when the tree was burning there was a “rain of bats.” 

The hollow tree was only 50 meters (54 yards) from the 

house where the boy lived. The first individuals infected 

by Ebola viruses were women and children, rather than 

hunters. It is possible that the toddler was infected when 

playing in the tree with an infected bat or by ingesting 

a small quantity of bat droppings that contained Ebola 

viruses.

Epicenter of the Ebola Outbreak in West Africa

The child’s sister, mother, and grandmother; a village 

midwife; and the nurse who cared for them became 

infected and suffered from similar symptoms, in addi-

tion to bleeding. Between December 29, 2013, and January 

25, 2014, all of them died. The villagers were frightened 

Glycoprotein (GP)
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RNA transcriptionfactor VP30

RNA
polymerasecofactor VP35

RNApolymerase (L)
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Teaching Tools 
Lecture Slides in powerpoint™ Format—The Lecture 
Slides provide lecture notes and images for each 
chapter of Understanding Viruses, Third Edition. Instruc-
tors with Microsoft PowerPoint software can custom-
ize the outlines, art, order of presentation, and add 
their own material.
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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 
further application.

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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Creating a book for educational purposes involves 
many people who labor behind the scenes. First 
and foremost, I want to thank the editorial staff 
at Jones & Bartlett Learning, the publisher of 
this text, who were instrumental in getting 
the first edition of the textbook off the ground: 
Cathy Sether, Lou Bruno, Christine Myaskovsky,  
Kimberly Potvin, and Molly Steinbach. Without 
them, there would not have been subsequent edi-
tions. I had the opportunity to coauthor the third 
edition of The Microbial Challenge. Robert I. Kras-
ner’s initiative in 1980 led to the establishment 
of the Division for Microbiology Undergraduate 
Educators within the American Society for Micro-
biology. The textbook-writing experience gained 
with Robert I. Krasner prepared me to put forth a 
greatly improved Understanding Viruses, Third Edi-
tion manuscript. 

The entire production team at Jones & Bartlett 
Learning worked tirelessly and with a sense of 
urgency to produce the third edition of Under-
standing Viruses. I am particularly grateful for Matt 
Kane’s support of the revision; Audrey Schwinn’s 
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