Preface

- Wisusss have historically flickered in and out of the public consciousness. In the eight years
. smee we finished the first edition of Basic Virology much has happened, both in the world and
= wrology, to fan the flames of this awareness.
I this period we have seen the development of a vaccine to_pratect women against human
virus type 16. This major advance could well lead toa drastic reduction in the occur-
of cervical cancer. In addition, viruses as gene delivery vectors have increased the prospect
gargered treatments for a number of genetic diseases. The heightened awareness and impor-
3 of the epidemiological potential of viruses, both in narural and man-caused outbreaks,
s stimulated the search for both prophylactic and curative treatments.
' However, the events of September 11, 2001 dramatically and tragically altered our percep-
~ meons. A new understanding of threat now pervades our public and private actions. In this new
aeena, viruses have taken center stage as the world prepares for the use of infectious agents such
- as smallpox in acts of bioterrorism.

Marurally occurring virological issues also continue to capture our attention. West Nile virus,
oniginally limited to areas of North Africa and the Middle East, has urilized the modern trans-
portation network to arrive in North America. Its rapid spread vo virtually every state in the
union has been both a public health nightmare and a vivid demonstration of the opportunism
of infectious diseases. The continuing AIDS pandemic reminds us of the terrible cost of this
opportunism. [n addition, we are now faced with the very real prospect of the next pandemic
strain of influenzas, perhaps derived from the avain H5N1 virus now circulating in wild and
domestic birds.

It is against this backdrop of hope and concern that we have revised Basic Virology.

This book is based on more than 40 years in aggregate of undergraduarte lectures on virology
commencing in 1970 given by the coauthors (Wagner, Hewletr, Bloom, and Camerini) at the
University of California, Irvine (UCI), the University of Arizona, Arizona State University, and
the University of Florida. The field of virology has matured and grown immensely during this
time, but one of the major joys of teaching this subject continues to be the solid foundation
it provides in topics running the gamut of the biological sciences. Concepts range from popula-
tion dynamics and population ecology, through evolutionary biology and theory, to the most
fundamenral and detailed analyses of the biochemistry and molecular biology of gene expression
and biological structures. Thus, teaching virology has been a learning ool for us as much, or
more, than it has been for our students.

Qur courses are consistently heavily subscribed, and we credit that to the subject marterial,
certainly not to any special performance tricks or instructional techniques. Participants have
been mainly premedical students, but we have enjoyed the presence of other students bound




PREFACE

for postgraduare studies, as well as a good number of those who are just trying to get their
degree and get out of the “mill” and into the “grind.”

At UCI, in particular, the course had a tremendous enrollment (approximarely 250
students per year) in the past 5-8 years, and it has become very clear thar the material is
very challenging for a sizable minority studying it. While this is good, the course was
expanded in time to five hours per week for a 10-week quarter to accommaodate only those
students truly interested in being challenged. Simply put, there is a lot of material o
master, and mastery requires a solid working knowledge of basic biology, but mest importantly,
the desire to learn. This “experiment” has been very successful, and student sarisfaction
with the cxpanded course is, frankly, gratifying. To help students acquire such working
knowledge, we have encouraged further reading. We have also included a good deal of rein-
forcement material to help students learn the basic skills of molecular biology and rudimentary
aspects of immunology, pathology, and disease. Further, we have incorporated numerous study
and discussion questions ac the end of chapters and sections to aid in discussion of salient
points.

It is our hope that this book will serve as a useful text and source for many undergraduates
interested in acquiring a solid foundation in virology and its relationship to modern biology.
It is also hoped that the book may ke of use to more advanced workers whe wanr 10 make 2
quick foray into virology but who do'not want to wade through the details present in more

advanced works.

Preface to the second edition

The text rerains our organizational format. As before, Part | concerns the interactions of viruses
and host populations, Part IT is abour the experimenral details of virus infection, Part 111 dis-
cusses the tools used in the study of viruses, and Part TV is a derailed examination of families
and groupings of viruses, We have found, in our own teaching and in comments from col-
leagues, that this has been a useful approach. We have also kept our emphasis on problem
solving and on the provision of key references for furcher study.

What is new in the second edition has been driven by changes in virology and in the wols
used to study viruses. Some of these changes and additions include:
* a discussion of bioterrorism and the threar of viruses as weapons;
* updared information on emerging viruses such as West Nile, and their spread;
* current state of HIV antiviral therapies;
* discussions of viral genomics in cases where sequencing has been completed;
* discussion of cutring-edge technologies, such as atomic force microscopy and DNA micro-
array analysis;
* updated glossary and reference lists.
We have, throughout the revision, tried to give the most current understanding of the stare of
knowledge for a particular virus or viral process. We have been guided by a sense of whar our
students need in order to appreciate the complexiry of the virological world and to come away
from the experience with some practical tools for the next stages in their careers.

Preface to the third edition

It is with a true sense of our loss that the three of us sit in Irvine, California, Gainesville, Florida,
and Taos, New Mexico, working towards completion of this edition. The absence of our friend
and colleague, Ed Wagner, is all the more apparent as we write the preface to this latest edition
of Basic Virology. In his spirit, we offer our colleagues and students this book thar is our latese
view of the field that Ed pursued with such passion and dedicarion.
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In this new edition, we have attempred to bring the current state of our discipline into focus
for students ar the introductory and intermediate levels. To this end, we have done the job of
providing the most current information, at this writing, for each of the subjects covered. We
have also done some reorganization of the marerial. We have added three new chapters, in
recognition of the importance of these areas to the study of viruses.

The book now includes a chapter devoted completely to HIV and the lentiviruses (Chaprer
20), previously covered along with the retroviruses in general. Given that we continue to face
the worldwide challenge of AIDS, we feel that this is an important emphasis.

You will also notice tha1_: this version now includes a Part ¥ (Viruses: New Approaches and
New Problems). This section begins with a consideration of the molecular tools used ro study
and manipulate viruses (Chapter 22), follows with coverage of viral pathogenesis at the molecu-
lar level (Chapter 23), and continues with a chaprer dealing with viral genomics and bicinfor-
matics (Chapter 24). We intend that these three will give our students insight into the current
threads of malecular and virological thinking, Part V concludes with our chapter on Viruses
and the Future (Chapter 25), containing updated marterial on emerging viruses, including
influenza, as well as viruses and nanotechnology.

A major change in this edition is the use of full-color illustrations. We welcome this effort
from our publisher, Blackwell Publishing, and hope that you ﬁnd this adds value and urility
to our presentation.

In conjuncrion with the expanded coverage, the Glossary has hccn revised. In addicion, all
of the references, both text and web-based, have been reviewed and made current, as of this
writing. To augment the basic marerial on individual viruses in Part TV, we have included case
studies which provide a clinical perspective of the viral diseases.

Most of these changes were either finished or discussed in detail before Ed's untimely passing.
As a result, we are proud to say that Basic Virolagy, third edition, bears the welcome imprint
of the scientist/teacher who inspired the first one. We hope you agree and enjoy the fruits of
this effort.

Marty Hewlett, Taos New Mexico
Dave Bloom, Gainesville Florida
Dravid Camerini, lrvine, California

Text organization

Virology is a huge subject, and can be studied from many points of view. We helieve that
coverage from the most general aspects to more specific examples with corresponding derails is
2 logical way to present an overview, and we have organized this text accordingly. Many of our
students are eagerly pursuing careers in medicine and related areas, and our organization has
the added advantage that their major interests are addressed at the outser. Further development
of marerial is intended to encourage the start of a sophisticated understanding of the biological
basis of medical problems, and to introduce sophistication as general mastery matures. We are
fully aware that the organization reflects our prejudices and backgrounds as molecular biologists,
but hopefully it will not deter those with a more population-based bias from finding some value
in the material.

Following this plan, the book is divided into five sections, each discussing aspects of virology
in molecular derail. General principles of viral disease and its spread, the nature of viral patho-
genesis, and the mechanistic basis for these principles are repeatedly refined and applied to
more detailed examples as the book unfolds.

Part I covers the interactions berween viruses and populations and the impact of viral disease
and its study on our ever-expanding understanding of the molecular details behind the biologi-
cal behavior of populations. A very basic discussion of theories of viral origins is presented, but
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not stressed. This was an editorial decision based on our opinion thar a satisfactory molecular
understanding of the relationship berween bialogical entities will require an appreciation and
mastery of the masses of comparative sequence data being generared now and into the next
several decades,

The major marterial covered in this introductory section is concerned with presenting a
generally consistent and experimentally defensible picture of viral pathogenesis and how this
relates to specific viral diseases — especially human disease. The use of animal models for the
study of disease, which is a requisite for any careful analysis, is presented in terms of several
well-established systems thar provide general approaches applicable tw any disease. Finally, the
section concludes with a description of some important viral diseases organized by organ system
affected.

Part 11 introduces experimental studies of how viruses interact with their hosts. It begins
with some basic descriptions of the structural and molecular basis of virus classification schemes.
While such schemes and studies of virus scructure are important aspects of virology, we have
not gone inte much derail in our discussion, We believe that such scrucrural studies are best
covered in derail after a basic understanding of virus replication and infection is mastered; then
further detailed study of any one virus or virus group can be digested in the context of the
complere picrure. Accordingly, morg detailed descriptions of some virus structures are covered
in later chapters in the context of the sechniques they illustrate,

This clementary excursion into structural virology is followed by an in-depth general discus-
sion ot the basic principles of how viruses recognize and enter cells and how they assemble and
exit the infected cell. This chapter includes an introducrion to the interaction between animal
and baceerial viruses and the ccllular receprors chat they urilize in entry. It concludes with a
description of virus maturation and egress. While it can be argued that these two aspects of virus
infection are the “soup and nuts” of the process and do not belong rogether, we would argue that
many of the same basic principles and approaches for the study of the one are urilized in under-
standing the other. Furcher, by having the beginnings and ends of infection in one integrared
unit, the student can readily begin to picture the face that virus infection cannot take place
withour the cell. and thar the cell is a vital part of the process from beginning o end.

Part I concludes wich two chaprers describing how the hast responds to viral infecrions,
The first of these chapters is a basic outline of the verrebrare immune response, We believe that
any understanding of virus replication must be based on the realization that virus replication
in its host evokes a large number of complex and highly evolved responses. It just makes no
sense o artempt to reach virology without making sure that students understand this fact.
While the immune system is (to a large degree) a vertebrate response 1o viral infection, under-
standing it is vital to understanding the experimental basis of much of what we know of disease
and the effects of viral infections on cells. The last chaprer in this section deals with the use of
immunity and other wols in combating viral infection. While “narural” cell-based defenses
such as interferon responses and restriction endonucleases are described, the emphasis is on the
understanding of virus replication and host responses in countering and preventing virus-
induced disease. It seems logical to conclude this section with a descriprion of vaccines and
antiviral drug therapy since these, too, are important host responses to virus infection and
disease.

Experimental descriptions of some of the rools scientists use to study virus infections, and
the basic molecular biological and genetic principles underlying these tools are described in
Part III. We emphasize the quantitative nature of many of these tools, and the use that such
quantitative information can be put to, This organization ensures thar a student who is willing
to keep current with the material covered in preceding chapters will be able to visualize the use
of these tools against a background understanding of some basic concepts of pathology and
disease.

The section begins with the use of the electron microscope in the study of virus infection
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and virus structure, and, perhaps as importantly, in counting viruses. While some of our col-
keazues would argue that such material is “old-fashioned” and detracts from discussion of
modern methodology, we would argue that the fundamental quantitative nature of virology
seally requires a full understanding of the experimental basis of such quanritation. Accordingly,
we have included a fairly complete description of virus assay techniques, and the stanstical
interpretation of such information. This includes a thorough discussion of cell culture technol-
ogy and the nature of cultured cells.

The next two chapters introduce a number of experimental methods for the study and
analysis of virus infection and viral properties. Again, while we attempt to bring in important
modern technology, we base much of our description on the understanding of some of the
mwost basic methods in molecular biology and biochemistry. These include the use of differential
centrifugation, incorporation of radioactive tracers into viral products, and the use of immune
seagents in derecting and characterizing viral products in the infected cell. We have also
included basic descriptions of the methodology of cloning recombinant DNA and sequencing
wiral genomes. We are well aware that there are now multitudes of novel technical approaches,
many using solid-state devices, burt all such devices and approaches are based on fundamental
experimental principles and are best understood by a description of the original rechnology
developed to exploit them. 0

Since virology can only be understood in the context of malecular processes occurring inside
the cell, we include in Pare IT1 a chaprer describing (essentially reviewing) the molecular biology
of cellular gene expression and protein synthesis.

Part IV, which essentially comprises the book’s second half, deals with the replication
processes of individual groups of viruses. We emphasize the replication strategies of viruses
mfecting vertebrate hosts, but include discussions of some important bacterial and plant
wiruses to provide scope. The presentation is roughly organized according to increasing com-
plexity of viral gene expression mechanisms. Thus, it follows a modified “Baltimore™-type
cassification. The expression of viral proteins is implicitly raken as the fundamental step in
wrus gene expression, and accordingly, those viruses that do not need to transcribe their
genomes prior to translation of viral proteins (the “simple” positive-sense RINA viruses) are
described first.

The description of viruses that use RNA genomes bur that must transcribe this RNA into
messenger RNA (mRNA) prior o viral gene expression follows. We logically include the rep-
Bcznion of viruses using double-stranded RNA and “subwiral” pathogens in rhis chaprer. Some-
what less Iogimllj.r, we include a shore discussion of the nature of prions here. This is not because
we wish to imply that these pathogens utilize an RNA genome {they almost certainly do not),
bur rather because the techniques for their study are based in the virologist's “rool kit.” Also,
the problems engendered by prion pathogenesis are similar in scope and potential for future
concern to those posed by numerous “true” viruses.

Organization of DNA viruses generally follows the complexity of encoded genetic informa-
won. which is roughly inversely proportional to the amount of unmaodified cellular processes
wailized in gene expression. According to this scheme, the poxviruses and the large DNA-con-
saning bacteriophages rather naturally fall into a single group, as all require the expression of
gheir own or highly modified transcription machinery in the infected cell.

We complete the description of virus replication strategies with three chapters covering ret-
| sowirumses and their relatives. We depart from a more usual practice of placing a discussion of
_ sesrovirus replication as a “bridge” berween discussions of replicarion strategies of viruses with
- BNA or DNA genomes, respectively, for a very good reason. We believe that the subtle manner
~ & which retroviruses utilize cellular transcription and other unique aspects in their mode of
~ meplication is best understood by beginning students in the context of a solid background of
- DNA-mediated gene expression illustrated by DNA viruses. Because of the continuing impor-
mance of HIV and the related lentiviruses, we have decided to devote a single chapter to their
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considerarion. We end this section with the hepadnaviruses, another take on the reverse tran-
scriprase mode of viral replication.

Part V begins with a brief overview of some of the principles of molecular and classic genet-
ics thar have special application to the study of viruses. The basic processes of using genetics
to characrerize important mutations and to produce recombinant genomes are an appropriate
ending point for our general descriprion of the basics of virology.

We tollow this with two new chapters: one on molecular pathogenesis and another on viral
genomics and bioinformatics. The first of these focuses our atrention on the rich area of inves-
tigation that deals with the mechanisms used by disease-causing viruses ar the molecular level
in their hosts. The second is an introduction to the cutting-edge held of genomics and bioin-
formarics, with an emphasis on the analysis of viruses. We pay particular actention to the use
of database analysis tools available on rhe Tnrerner.

The final chaprer in this section is included for balance and closure, We use it to highlight
areas of interest for the fueure, including emerging viruses, viruses as therapeutic tools, and
viruses and nanotechnology. Clearly, some of the students taking this course will be continuing
their studies in much greater depth, but many students may not. It is important to try to remind
both groups of the general lessons that can be learned and (perhaps) remembered by cheir first
{and possibly only} excursion into virology.

Specific features of this text designed to aid instructors and students in
pursuing topics in greater depth

Depth af coverage

This book is intended as a basic text for a course thar can be covered fully in a single semester.
Clearly, the coverage is not deep. nor is such depth necessary for such an introduction. While
the first solid virology text emphasizing molecular biology, General Viralogy by 5. E. Luria and
(later) by J. E. Darnell, was only about half the lengrh of this present text, it covered much of
what was known in virology to a high level of completion. The present wealth of our detailed
mechanistic knowledge of biological processes (one of the glories of modern biology) cannot
be condensed in any meaningful way. More deailed informarion on individual virus groups
or topics covered in this text can be found in their own dedicated books. For similar reasons,
we have generally eschewed citing contributions by individual scientists by name. This is cer-
tainly not to denigrate such contributions, but is in recognirion of the fact thar a listing of the
names and efforts of all who have participated in the discoveries leading to modern molecular
biology and medicine would fill several books the size of this one.

Sources for further study

We have provided the means of increasing the depth of coverage so that instrucrors or students
can pursue their own specific interests in two ways. First, we suggest appropriate further reading
at the end of each section. Second, we include a rather extensive survey of sources on virology
and the techniques for the study of viruses in an appendix following the body of the rext. We
hope thar these sources will be used because we are convinced thar students must be presented
with source marerial and encouraged to explore on their own ar the start of this study. Mastery
of the literature (if it is ever really possible} comes only by experience and ease of use of primary
sources. This comes, in turn, by undergraduate, graduare, and postgraduate students assimilar-
ing the appreciation of those sources. Therefore, the detailed foundations of this very brief
survey of the efforts of innumerable scientists and physicians carried our over a number of
centuries are given the prominence they deserve.




PREFALCE

The Internet

The Internet is providing a continually expanding source ;JJELLP -to-date informartion concerning
2 vast number of topics. We have carried our an opinionated but reasonably tharough survey
of Web sites that should be of use to both students and instructors in developing topics in-
depth. This survey is included in the appendix. To maximize fexibility and timeliness of our
coverage of individual viruses in Part IV, we include as many sites on the Web dedicated to
specific viruses as we could locate that we found to be useful. One word of caution, however:
While some Web sites are carefully reviewed, and frequently updated, others may not be, Cavear

emptor!

Chaprer outlines
We include an outline of the marerial covered in each secrion and each chapter at their respec-
mve beginnings. This is to provide a quick reference thar students can skim and use for more

demailed chapter study. These outlines also provide a ready list of the topics covered for the
ImSITUCTOL.

Case studies £

We have included a number of *Case Studies” dealing with specific viruses covered in the
chapters of Part IV. These case studies appear at the end of the chapters and take the form of
2 dlinical case presentarion where symproms of a disease caused by a given virus are given, fol-
Jowed by medical test results and a diagnosis. Treatment information and additional marerial
selevant to the pathobiology of the disease are also discussed. It is hoped that these case studies
will be useful in augmenting the marterial in the chaprers with a clinical perspective.

Revi ial

Each chapter is followed with a series of relatively straightforward review questions. These are
wuximarel}r the level and complexity that we use in our midterm and final exams. They
should be of some value in discussion sections and informal meetings among groups of students
and instructors. Rather more integrative questions are included at the end of each major section

of the book. These are designed to be useful in integrating the various concepts covered in the
individual chapters.

Glassary

Because a major component of learning basic science is mastery of the vocabulary of science,
w= include a glossary of terms at the end of the text. Each term is highlighted ar its first usage
in the body of the text.




