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Preface

Viruses have historically flickered in and out of the public consciousness. In the four years since we
finished the first edition of Basic Virology much has happened, both in the world and in virology, to
fan the flames of this awareness.

In this period we have seen the development of a vaccine to protect women against human pa-
pilloma virus type 16. This major advance could well lead to a drastic reduction in the occurrence
of cervical cancer. In addition, viruses as gene delivery vectors have increased the prospect of tar-
geted treatments fora number of genetic diseases. The heightened awareness and importance of the
epidemiological potential of viruses, both in natural and man-caused outbreaks, has stimulated the
search for both prophylactic and curative treatments.

However, the events of September 11,2001 dramatically and tragically altered our perceptions.
A new understanding of threat now pervades our public and private actions. In this new arena,
viruses have taken center stage as the world prepares for the use of infectious agents such as small-
pox in acts of bioterrorism.

Naturally occurring virological issues also continue to capture our attention. West Nile virus,
originally limited to areas of North Africa and the Middle East, has utilized the modern trans-
portation network to arrive in North America. Its rapid spread to virtually every state in the union
has been both a public health nightmare and a vivid demonstration of the opportunism of infec-
tious diseases. The continuing AIDS pandemic reminds us of the terrible cost of this opportunism.

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 undergraduate lectures on virology
commencing in 1970 given by the co-authors at the University of California, Irvine (UCI) and the
University of Arizona. 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 population dynamics
and population ecology, through evolutionary biology and theory, to the most fundamental and
detailed analyses of the biochemistry and molecular biology of gene expression and biological
structures. Thus, teaching virology has been a learning tool for us as much, or more, than it has
been for our students.

Our courses are consistently heavily subscribed, and we credit that to the subject material, cer-
tainly 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 for post-
graduate 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.”

AtUCI, in particular, the course had a tremendous enrollment (approximately 250 students per
year) in the past 5 to 8 years, and it has become very clear that the material is very challenging fora
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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 accommodate only those students truly interested in being chal-
lenged. Simply put, there is alot of material to master, and mastery requires a solid working knowl-
edge of basic biology, but most importantly, the desire to learn. This “experiment” has been very
successful, and student satisfaction with the expanded course is, frankly, gratifying. To help
students acquire such working knowledge, we have encouraged further reading. We have also in-
cluded a good deal of reinforcement material to help students learn the basic skills of molecular
biology and rudimentary aspects of immunology, pathology, and disease. Further, we have in-
corporated numerous study and discussion questions at the end of chapters and sections to aid in
discussion of salient points.

Itis our hope that this book will serve as a useful text and source for many undergraduates inter-
ested in acquiring a solid foundation in virology and its relationship to modern biology. It is also
hoped that the book may be of use to more advanced workers who want to make a quick foray into
virology but who do not want to wade through the details present in more advanced works.

New to the second edition

The text retains our organizational format. As before, PartI concerns the interactions of viruses and
hot populations, Part IT is about the experimental details of virus infection, Part III discusses the
tools used in the study of viruses, and Part IV is a detailed examination of families and groupings of
viruses. We have found, in our own teaching and in comments from colleagues, that this hasbeen a
useful approach. We have also kept our emphasis on problem solving and on the provision of key
references for further study.

What is new in the second edition has been driven by changes in virology and in the tools used
to study viruses. Some of these changes and additions include:
* adiscussion of bioterrorism and the threat of viruses as weapons;
* updated 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 cutting-edge technologies, such as atomic force microscopy and DNA microarray
analysis; and
* updated glossary and reference lists.
We have, throughout the revision, tried to give the most current understanding of the state of
knowledge for a particular virus or viral process. We have been guided by a sense of what our stu-
dents need in order to appreciate the complexity of the virological world and to come away from the
experience with some practical tools for the next stages in their careers.

Text organization

Virology is a huge subject, and can be studied from many points of view. We believe that coverage
from the most general aspects to more specific examples with corresponding details is a 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 advan-
tage that their major interests are addressed at the outset. Further development of material is in-
tended 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 four sections, each discussing aspects of virology in
greater molecular detail. General principles such as approaches toward understanding viral disease
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and its spread, the nature of viral pathogenesis, and the mechanistic basis for these principles are re-
peatedly refined and applied to more detailed examples as the book unfolds.

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

The major material 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 that provide general approaches applicable to any disease. Finally, the section
concludes with a description of some important viral diseases organized by organ system
affected.

Part IT 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 structure are important aspects of virology, we have not gone into
much detail in our discussion. We believe that such structural studies are best covered in detail 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 complete picture. Accordingly,
more detailed descriptions of some virus structures are covered in later chapters in the context of the
techniques they illustrate.

This elementary excursion into structural virology is followed by an in-depth general discussion
of the basic principles of how viruses recognize and enter cells and how they assemble and exit the
infected cell. This chapter includes an introduction to the interaction between animal and bac-
terial viruses and the cellular receptors that they utilize 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 together, we would argue that many of the same
basic principles and approaches for the study of the one are utilized in understanding the other.
Further, by having the beginnings and ends of infection in one integrated unit, the student can
readily begin to picture the fact that virus infection cannot take place without the cell, and that the
cell is a vital part of the process from beginning to end.

Part II concludes with two chapters describing how the host responds to viral infections. The
first of these chapters is a basic outline of the vertebrate 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 to attempt
to teach virology without making sure that students understand this fact. While the immune sys-
tem is (to a large degree) a vertebrate response to viral infection, understanding it is vital to under-
standing the experimental basis of much of what we know of disease and the effects of viral
infections on cells. The last chapter in this section deals with the use of immunity and other tools in
combating viral infection. While “natural” cell-based defenses such as interferon responses and re-
striction endonucleases are described, the emphasis is on the understanding of virus replication and
host responses in countering and preventing virus-induced disease. It seemslogical to conclude this
section with adescription of vaccines and antiviral drug therapy since these, too, are important host
responses to virus infection and disease.

Experimental descriptions of some of the tools 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 in-
formation can be put to. This organization ensures that a scudent who is willing to keep current
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with the material covered in preceding chapters will be able to visualize the use of these tools against
abackground understanding of some basic concepts of pathology and discase.

Thesection begins with the use of the electron microscope in the study of virus infection and virus
structure, and, perhaps as importantly, in counting viruses. While some of our colleagues would
argue thatsuch material is “old-fashioned” and detracts from discussion of modern methodology, we
would argue that the fundamental quantitative nature of virology really requires a full understanding
of the experimental basis of such quantitation. Accordingly, we have included a fairly complete de-
scription of virus assay techniques, and the statistical interpretation of such information. This in-
cludesafairly thorough discussion of cell culture technology 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 tech-
nology, we base much of our description on the understanding of some of the most basic methods
in molecular biology and biochemistry. These include the use of differential centrifugation, incor-
poration of radioactive tracers into viral products, and the use of immune reagents in detecting and
characterizing viral products in the infected cell. We have also included basic descriptions of the
methodology of cloning recombinant DNA and sequencing viral genomes. We are well aware that
there are now multitudes of novel technical approaches, many using solid-state devices, butall such
devices and approaches are based on fundamental experimental principles and are best understood
by a description of the original technology developed to exploit them.

Since virology can only be understood in the context of molecular processes occurring inside the
cell, we include in Part III a chapter describing (essentially reviewing) the molecular biology of cel-
lular gene expression and protein synthesis. Part I1I concludes with a brief overview of some of the
principles of molecular and classic genetics that have special application to the study of viruses. The
basic processes of using genetics to characterize important mutations and to produce recombinant
genomes are an appropriate ending point for our general description of the basics of virology.

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 infecting verte-
brate hosts, but include discussions of some important bacterial and plant viruses to provide scope.
The presentation is roughly organized according to increasing complexity of viral gene expression
mechanisms. Thus, it follows a modified “Baltimore™-type classification. The expression of viral
proteins is implicitly taken as the fundamental step in virus gene expression, and accordingly, those
viruses that do not need to transcribe their genomes prior to translation of viral proteins (the
“simple” positive-sense RNA viruses) are described first.

The description of viruses that use RNA genomes but that must transcribe this RNA into mes-
senger RNA (mRNA) prior to viral gene expression follows. We logically include the replication of
viruses using double-stranded RNA and “subviral” pathogens in this chapter. Somewhat less logi-
cally, we include a shortdiscussion 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), but rather because the
techniques for their study are based in the virologists “tool 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 information,
which is roughly inversely proportional to the amount of unmodified cellular processes utilized
in gene expression. According to this scheme, the poxviruses and the large DNA-containing
bacteriophages rather naturally fall into a single group, as all require the expression of their own or
highly modified transcription machinery in the infected cell.

We complete the description of virus replication strategies with two chapters covering retro-
viruses and their relatives. We depart from a more usual practice of placing a discussion of retrovirus
replication as a “bridge” between discussions of replication strategies of viruses with RNA or DNA
genomes, respectively, for a very good reason. We believe that the subtle manner by which retro-
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viruses utilize cellular transcription and other unique aspects in their mode of replication is best
understood by beginning students in the context of a solid background of DNA-mediated gene
expression illustrated by DNA viruses. Further, while arguments can be made for covering the
lentiviruses (such as HIV) in a separate chapter, it seems more logical to include them with the
other retroviruses, to contrast and compare their similarities and differences.

The final chapterin this section is included for balance and closure. Clearly, some of the students
taking this course will be continuing their studies in much greater depth, but many students may
not. Itisimportant to try to remind both groups of the general lessons that can be learned and (per-
haps) remembered by their 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 of coverage

This book is intended as a basic text for a course that 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 Virology by S. E. Luria and (later)
by J. E. Darnell, was only about half the length 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 detailed information 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 certainly not to denigrate such con-
tributions, butis in recognition of the fact thata listing of the names and efforts of all who have par-
ticipated 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 instructors 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 text. We hope that these
sources will be used because we are convinced that students must be presented with source mate-
rial and encouraged to explore on their own at 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, graduate, and postgraduate students assimilating the appreciation of those
sources. Therefore, the detailed foundations of this very brief survey of the efforts of innumerable
scientists and physicians carried out over a number of centuries are given the prominence they
deserve.

The Internet

The Internet is providing a continually expanding source of up-to-date information concerning a
vast number of topics. We have carried out an opinionated but reasonably thorough survey of web-
sites that should be of use to both students and instructors in developing topics in-depth. This sur-
vey isincluded in the appendix. To maximize flexibility 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 websites are
carefully reviewed, and frequently updated, others may not be. Caveat emptor!
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Chapter outlines

We include an outline of the material covered in each section and each chapter at their respective
beginnings. This is to provide a quick reference that students can skim and use for more detailed
chapter study. These outlines also provide a ready list of the topics covered for the instructor.

Review material

Each chapter is followed with a series of relatively straightforward review questions. These are ap-
proximately 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 instruc-
tors. 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.

Glossary

Because a major component of learning basic science is mastery of the vocabulary of science, we in-
clude a glossary of terms at the end of the text. Each term is highlighted at its first usage in the body
of the text.

Please also see the dedicated website www.blackwellpublishing.com/wagner
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