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 xvii

Preface

Th e enduring goal of scientifi c endeavor, as of all human enterprise, I imagine, is to 

achieve an intelligible view of the universe. One of the great discoveries of modern science 

is that its goal cannot be achieved piecemeal, certainly not by the accumulation of facts. 

To understand a phenomenon is to understand a category of phenomena or it is nothing. 

Understanding is reached through creative acts.

A. D. HERSHEY
Carnegie Institution Yearbook 65

All four editions of this textbook have been written according to the authors’ philosophy 

that the best approach to teaching introductory virology is by emphasizing shared princi-

ples. Studying the phases of the viral reproductive cycle, illustrated with a set of representa-

tive viruses, provides an overview of the steps required to maintain these infectious agents in 

nature. Such knowledge cannot be acquired by learning a collection of facts about individual 

viruses. Consequently, the major goal of this book is to defi ne and illustrate the basic princi-

ples of animal virus biology.

In this information-rich age, the quantity of data describing any given virus can be over-

whelming, if not indigestible, for student and expert alike. Th e urge to write more and more 

about less and less is the curse of reductionist science and the bane of those who write text-

books meant to be used by students. In the fourth edition, we continue to distill informa-

tion with the intent of extracting essential principles, while providing descriptions of how 

the information was acquired. Boxes are used to emphasize major principles and to provide 

supplementary material of relevance, from explanations of terminology to descriptions of 

trail-blazing experiments. Our goal is to illuminate process and strategy as opposed to listing 

facts and fi gures. In an eff ort to make the book readable, rather than comprehensive, we are 

selective in our choice of viruses and examples. Th e encyclopedic Fields Virology (2013) is rec-

ommended as a resource for detailed reviews of specifi c virus families.

What’s New
This edition is marked by a change in the author team. Our new member, Glenn Rall, has 

brought expertise in viral immunology and pathogenesis, pedagogical clarity, and down-to-

earth humor to our work. Although no longer a coauthor, our colleague Lynn Enquist has 

continued to provide insight, advice, and comments on the chapters.

Each of the two volumes of the fourth edition has a unique appendix and a general glossary. 

Links to Internet resources such as websites, podcasts, blog posts, and movies are provided; 

the digital edition provides one-click access to these materials.
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xviii Preface

A major new feature of the fourth edition is the incorporation of in-depth video interviews 

with scientists who have made a major contribution to the subject of each chapter. Students 

will be interested in these conversations, which also explore the factors that motivated the 

 scientists’ interest in the fi eld and the personal stories associated with their contributions.

Volume I covers the molecular biology of viral reproduction, and Volume II focuses on 

viral pathogenesis, control of virus infections, and virus evolution. Th e organization into two 

volumes follows a natural break in pedagogy and provides considerable fl exibility and utility 

for students and teachers alike. Th e volumes can be used for two courses, or as two parts of a 

one-semester course. Th e two volumes diff er in content but are integrated in style and presen-

tation. In addition to updating the chapters and Appendices for both volumes, we have orga-

nized the material more effi  ciently and new chapters have been added.

As in our previous editions, we have tested ideas for inclusion in the text in our own classes. 

We have also received constructive comments and suggestions from other virology instruc-

tors and their students. Feedback from students was particularly useful in fi nding typograph-

ical errors, clarifying confusing or complicated illustrations, and pointing out inconsistencies 

in content.

For purposes of readability, references are generally omitted from the text, but each chapter 

ends with an updated list of relevant books, review articles, and selected research papers for 

readers who wish to pursue specifi c topics. In general, if an experiment is featured in a chapter, 

one or more references are listed to provide more detailed information.

Principles Taught in Two Distinct, but Integrated Volumes
These two volumes outline and illustrate the strategies by which all viruses reproduce, how 

infections spread within a host, and how they are maintained in populations. The principles of 

viral reproduction established in Volume I are essential for understanding the topics of viral 

disease, its control, and the evolution of viruses that are covered in Volume II.

Volume I Th e Science of Virology and the Molecular Biology of Viruses

This volume examines the molecular processes that take place in an infected host cell. It 

begins with a general introduction and historical perspectives, and includes descriptions of 

the unique properties of viruses (Chapter 1). The unifying principles that are the founda-

tions of virology, including the concept of a common strategy for viral propagation, are then 

described. An introduction to cell biology, the principles of the infectious cycle, descriptions 

of the basic techniques for cultivating and assaying viruses, and the concept of the single-step 

growth cycle are presented in Chapter 2.

Th e fundamentals of viral genomes and genetics, and an overview of the surprisingly lim-

ited repertoire of viral strategies for genome replication and mRNA synthesis, are topics of 

Chapter 3. Th e architecture of extracellular virus particles in the context of providing both 

protection and delivery of the viral genome in a single vehicle are considered in Chapter 4. 

Chapters 5 through 13 address the broad spectrum of molecular processes that characterize 

the common steps of the reproductive cycle of viruses in a single cell, from decoding genetic 

information to genome replication and production of progeny virions. We describe how these 

common steps are accomplished in cells infected by diverse but representative viruses, while 

emphasizing common principles. Volume I concludes with a new chapter, “Th e Infected Cell,” 

which presents an integrated description of cellular responses to illustrate the marked, and 

generally, irreversible, impact of virus infection on the host cell.

Th e appendix in Volume I provides concise illustrations of viral life cycles for members of 

the main virus families discussed in the text; fi ve new families have been added in the fourth 

edition. It is intended to be a reference resource when reading individual chapters and a con-

venient visual means by which specifi c topics may be related to the overall infectious cycles of 

the selected viruses.
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 Preface xix

Volume II Pathogenesis, Control, and Evolution

This volume addresses the interplay between viruses and their host organisms. The first five 

chapters have been reorganized and rewritten to reflect our growing appreciation of the host 

immune response and how viruses cause disease. In Chapter 1 we introduce the discipline of 

epidemiology, provide historical examples of epidemics in history, and consider basic aspects 

that govern how the susceptibility of a population is controlled and measured. With an under-

standing of how viruses affect human populations, subsequent chapters focus on the impact 

of viral infections on hosts, tissues and individual cells. Physiological barriers to virus infec-

tions, and how viruses spread in a host, invade organs, and spread to other hosts are the topics 

of Chapter 2. The early host response to infection, comprising cell autonomous (intrinsic) 

and innate immune responses, are the topics of Chapter 3, while the next chapter considers 

adaptive immune defenses, that are tailored to the pathogen, and immune memory.  Chapter 5 

focuses on the classic patterns of virus infection within cells and hosts, the myriad ways that 

viruses cause illness, and the value of animal models in uncovering new principles of viral 

pathogenesis. In Chapter 6, we discuss virus infections that transform cells in culture and 

promote oncogenesis (the formation of tumors) in animals. Chapter 7 is devoted entirely to 

the AIDS virus, not only because it is the causative agent of the most serious current world-

wide epidemic, but also because of its unique and informative interactions with the human 

immune defenses.

Next, we consider the principles involved in treatment and control of infection. Chapter 8 

focuses on vaccines, and Chapter 9 discusses the approaches and challenges of antiviral drug 

discovery. Th e topics of viral evolution and emergence have now been divided into two chap-

ters. Th e origin of viruses, the drivers of viral evolution, and host-virus confl icts are the sub-

jects of Chapter 10. Th e principles of emerging virus infections, and humankind’s experiences 

with epidemic and pandemic viral infections, are considered in Chapter 11. Volume II ends 

with a new chapter on unusual infectious agents, viroids, satellites, and prions.

Th e Appendix of Volume II provides snapshots of the pathogenesis of common human 

viruses. Th is information is presented in four illustrated panels that summarize the viruses 

and diseases, epidemiology, disease mechanisms, and human infections.

Reference
Knipe DM, Howley PM (ed). 2013. Fields Virology, 6th ed. Lippincott Williams & Wilkins, Philadelphia, PA.

For some behind-the-scenes information about how the authors created the fourth edition of 

Principles of Virology, see: http://bit.ly/Virology_MakingOf

ASM_POV4e_Vol1_FM.indd   xixASM_POV4e_Vol1_FM.indd   xix 7/23/15   6:48 AM7/23/15   6:48 AM



ASM_POV4e_Vol1_FM.indd   xxASM_POV4e_Vol1_FM.indd   xx 7/23/15   6:48 AM7/23/15   6:48 AM



 xxi

These two volumes of Principles could not have been composed and revised without help and 

contributions from many individuals. We are most grateful for the continuing encouragement 

from our colleagues in virology and the students who use the text. Our sincere thanks also go 

to colleagues (listed in the Acknowledgments for the third edition) who have taken consider-

able time and effort to review the text in its evolving manifestations. Their expert knowledge 

and advice on issues ranging from teaching virology to organization of individual chapters 

and style were invaluable, and are inextricably woven into the final form of the book.

We also are grateful to those who gave so generously of their time to serve as expert review-

ers of individual chapters or specifi c topics in these two volumes: Siddharth Balachandran 

(Fox Chase Cancer Center), Patrick Moore (University of Pittsburgh), Duane Grandgenett 

(St. Louis University), Frederick Hughson (Princeton University), Bernard Moss (Laboratory 

of Viral Diseases, National Institutes of Health), Christoph Seeger (Fox Chase Cancer Center), 

and Th omas Shenk (Princeton University). Th eir rapid responses to our requests for details 

and checks on accuracy, as well as their assistance in simplifying complex concepts, were 

invaluable. All remaining errors or inconsistencies are entirely ours.

Since the inception of this work, our belief has been that the illustrations must comple-

ment and enrich the text. Execution of this plan would not have been possible without the 

support of Christine Charlip (Director, ASM Press), and the technical expertise and craft  of 

our illustrator. Th e illustrations are an integral part of the text, and credit for their execu-

tion goes to the knowledge, insight, and artistic talent of Patrick Lane of ScEYEnce Studios. 

We also are indebted to Jason Roberts (Victorian Infectious Diseases Reference Laboratory, 

Doherty Institute, Melbourne, Australia) for the computational expertise and time he devot-

ed to producing the beautiful renditions of poliovirus particles on our new covers. As noted 

in the fi gure legends, many could not have been completed without the help and generosity 

of numerous colleagues who provided original images. Special thanks go to those who craft -

ed fi gures or videos tailored specifi cally to our needs, or provided multiple pieces: Chantal 

Abergel (CNRS, Aix-Marseille Université, France), Mark Andrake (Fox Chase Cancer Center), 

Timothy Baker (University of California), Bruce Banfi eld (Th e University of Colorado), Chris-

topher Basler and Peter Palese (Mount Sinai School of Medicine), Ralf Bartenschlager (Uni-

versity of Heidelberg, Germany), Eileen Bridge (Miami University, Ohio), Richard Compans 

(Emory University), Kartik Chandran (Albert Einstein College of Medicine), Paul Duprex 

(Boston University School of Medicine), Ramón González (Universidad Autónoma del Estado 

Acknowledgments

ASM_POV4e_Vol1_FM.indd   xxiASM_POV4e_Vol1_FM.indd   xxi 7/23/15   6:48 AM7/23/15   6:48 AM



xxii Acknowledgments

de Morelos), Urs Greber (University of Zurich), Reuben Harris (University of Minnesota), 

Hidesaburo Hanafusa (deceased), Ari Helenius (University of Zurich), David Knipe (Har-

vard Medical School), J. Krijnse-Locker (University of Heidelberg, Germany), Petr G. Leiman 

(École Polytechnique Fédérale de Lausanne), Stuart Le Grice (National Cancer Institute, Fred-

erick MD), Hongrong Liu (Hunan Normal University), David McDonald (Ohio State Uni-

versity), Th omas Mettenleiter (Federal Institute for Animal Diseases, Insel Reims, Germany), 

Bernard Moss (Laboratory of Viral Diseases, National Institutes of Health), Norm Olson (Uni-

versity of California), B. V. Venkataram Prasad (Baylor College of Medicine), Andrew Ram-

baut (University of Edinburgh), Jason Roberts (Victorian Infectious Diseases Reference Lab-

oratory, Doherty Institute, Melbourne, Australia), Felix Rey (Institut Pasteur, Paris, France), 

Michael Rossmann (Purdue University), Anne Simon (University of Maryland), Erik Snijder 

(Leiden University Medical Center), Alasdair Steven (National Institutes of Health), Paul 

Spearman (Emory University), Wesley Sundquist (University of Utah), Livia Varstag (Castle-

ton State College, Vermont), Jiri Vondrasek (Institute of organic Chemistry and Biochemistry, 

Czech Republic), Matthew Weitzman (University of Pennsylvania), Sandra Weller (University 

of Connecticut Health Sciences Center, Connecticut), Tim Yen (Fox Chase Cancer Center), 

and Z. Hong Zhou (University of California, Los Angeles).

Th e collaborative work undertaken to prepare the fourth edition was facilitated greatly by 

several authors’ retreats. ASM Press generously provided fi nancial support for these retreats as 

well as for our many other meetings.

We thank all those who guided and assisted in the preparation and production of the book: 

Christine Charlip (Director, ASM Press) for steering us through the complexities inherent in 

a team eff ort, Megan Angelini and John Bell (Production Managers, ASM Press) for keeping 

us on track during production, and Susan Schmidler for her elegant and creative designs for 

the layout and cover. We are also grateful for the expert secretarial and administrative support 

from Ellen Brindle-Clark (Princeton University) that facilitated preparation of this text. Spe-

cial thanks go to Ellen for obtaining many of the permissions required for the fi gures.

Th ere is little doubt in undertaking such a massive eff ort that inaccuracies still remain, 

despite our best eff orts to resolve or prevent them. We hope that the readership of this edition 

will draw our attention to them, so that these errors can be eliminated from future editions of 

this text.

Th is oft en-consuming enterprise was made possible by the emotional, intellectual, and 

logistical support of our families, to whom the two volumes are dedicated.

ASM_POV4e_Vol1_FM.indd   xxiiASM_POV4e_Vol1_FM.indd   xxii 7/23/15   6:48 AM7/23/15   6:48 AM



 xxiii

Jane Flint is a Professor of Molecular Biology at Princeton 

University. Dr. Flint’s research focuses on investigation of the 

molecular mechanisms by which viral gene products modu-

late host cell pathways and antiviral defenses to allow efficient 

reproduction in normal human cells of adenoviruses, viruses 

that are widely used in such therapeutic applications as gene 

transfer and cancer treatment. Her service to the scientific 

community includes membership of various editorial boards 

and several NIH study sections and other review panels. 

Dr. Flint is currently a member of the Biosafety Working 

Group of the NIH Recombinant DNA Advisory Committee.

Vincent Racaniello is Higgins Professor of Microbiology 

& Immunology at Columbia University Medical Center. 

Dr. Racaniello has been studying viruses for over 35 years, 

including poliovirus, rhinovirus, enteroviruses, and hepatitis 

C virus. He teaches virology to graduate, medical, dental, 

and nursing students and uses social media to communicate 

the subject outside of the classroom. His Columbia Univer-

sity undergraduate virology lectures have been viewed by 

thousands at iTunes University, Coursera, and on YouTube. 

Vincent blogs about viruses at virology.ws and is host of the 

popular science program This Week in Virology.

Glenn Rall is a Professor and the Co-Program Leader of the 

Blood Cell Development and Function Program at the Fox 

Chase Cancer Center in Philadelphia. At Fox Chase, Dr. Rall 

is also the Associate Chief Academic Officer and Director of 

the Postdoctoral Program. He is an Adjunct Professor in the 

Microbiology and Immunology departments at the University 

of Pennsylvania, Thomas Jefferson, Drexel, and Temple Uni-

versities. Dr. Rall’s laboratory studies viral infections of the 

brain and the immune responses to those infections, with the 

goal of defining how viruses contribute to disease in humans. 

His service to the scientific community includes membership 

on the Autism Speaks Scientific Advisory Board, Opinions 

Editor of PLoS Pathogens, chairing the Education and Career 

Development Committee of the American Society for Virol-

ogy, and membership on multiple NIH grant review panels.

Anna Marie Skalka is a Professor and the W.W. Smith 

Chair in Cancer Research at Fox Chase Cancer Center in 

Philadelphia and an Adjunct Professor at the University of 

Pennsylvania. Dr. Skalka’s major research interests are the 

molecular aspects of the replication of retroviruses. Dr. Skalka 

is internationally recognized for her contributions to the 

understanding of the biochemical mechanisms by which such 

viruses (including the AIDS virus) replicate and insert their 

genetic material into the host genome. Both an administrator 

and researcher, she has been deeply involved in state, national, 

and international advisory groups concerned with the broader, 

societal implications of scientific research, including the NJ 

Commission on Cancer Research and the U.S. Defense Science 

Board. Dr. Skalka has served on the editorial boards of peer- 

reviewed scientific journals and has been a member of scientific 

advisory boards including the National Cancer Institute Board 

of Scientific Counselors, the General Motors Cancer Research 

Foundation Awards Assembly, the Board of Governors of the 

American Academy of Microbiology, and the National Adviso-

ry Committee for the Pew Biomedical Scholars Program.

About the Authors

ASM_POV4e_Vol1_FM.indd   xxiiiASM_POV4e_Vol1_FM.indd   xxiii 7/23/15   6:48 AM7/23/15   6:48 AM


	Principles of Virology, 4th Edition
	About the pagination of this eBook
	Volume I: Molecular Biology
	Copyright Page
	Dedication Page
	Contents
	Preface
	Acknowledgments
	About the Authors
	Part I: The Science of Virology
	Chapter 1: Foundations
	Luria’s Credo
	Why We Study Viruses
	Viruses Are Everywhere
	Viruses Can Cause Human Disease
	Viruses Infect All Living Things
	Viruses Can Be Beneficial
	Viruses Can Cross Species Boundaries
	Viruses “R” Us
	Viruses Are Unique Tools To Study Biology

	Virus Prehistory
	Viral Infections in Antiquity
	The First Vaccines
	Microorganisms as Pathogenic Agents

	Discovery of Viruses
	The Definitive Properties of Viruses
	The Structural Simplicity of Virus Particles
	The Intracellular Parasitism of Viruses

	Viruses Defined
	Cataloging Animal Viruses
	The Classical System
	Classification by Genome Type: the Baltimore System

	A Common Strategy for Viral Propagation
	Perspectives
	References

	Chapter 2: The Infectious Cycle
	Introduction
	The Infectious Cycle
	The Cell
	The Architecture of Cell Surfaces
	The Extracellular Matrix: Components and Biological Importance
	Properties of the Plasma Membrane
	Cell Membrane Proteins

	Entering Cells
	Making Viral RNA
	Making Viral Proteins
	Making Viral Genomes
	Forming Progeny Virus Particles
	Viral Pathogenesis
	Overcoming Host Defenses
	Cultivation of Viruses
	Cell Culture
	Embryonated Eggs
	Laboratory Animals

	Assay of Viruses
	Measurement of Infectious Units
	Efficiency of Plating
	Measurement of Virus Particles and Their Components

	Viral Reproduction: the Burst Concept
	The One-Step Growth Cycle
	Initial Concept
	One-Step Growth Analysis: a Valuable Tool for Studying Animal Viruses

	Systems Biology
	Perspectives 
	References


	Part II: Molecular Biology
	Chapter 3: Genomes and Genetics
	Introduction
	Genome Principles and the Baltimore System
	Structure and Complexity of Viral Genomes
	DNA Genomes
	RNA Genomes

	What Do Viral Genomes Look Like?
	Coding Strategies
	What Can Viral Sequences Tell Us?
	The Origin of Viral Genomes
	The “Big and Small” of Viral Genomes: Does Size Matter?
	Genetic Analysis of Viruses
	Classical Genetic Methods
	Engineering Mutations into Viral Genomes
	Engineering Viral Genomes: Viral Vectors

	Perspectives
	References

	Chapter 4: Structure
	Introduction
	Functions of the Virion
	Nomenclature
	Methods for Studying Virus Structure

	Building a Protective Coat
	Helical Structures
	Capsids with Icosahedral Symmetry
	Other Capsid Architectures

	Packaging the Nucleic Acid Genome
	Direct Contact of the Genome with a Protein Shell
	Packaging by Specialized Viral Proteins
	Packaging by Cellular Proteins

	Viruses with Envelopes
	Viral Envelope Components
	Simple Enveloped Viruses: Direct Contact of External Proteins with the Capsid or Nucleocapsid
	Enveloped Viruses with an Additional Protein Layer

	Large Viruses with Multiple Structural Elements
	Bacteriophage T4
	Herpesviruses
	Poxviruses
	Giant Viruses

	Other Components of Virions
	Enzymes
	Other Viral Proteins
	Nongenomic Viral Nucleic Acid
	Cellular Macromolecules

	Perspectives
	References

	Chapter 5: Attachment and Entry
	Introduction
	Attachment of Virus Particles to Cells
	General Principles
	Identification of Receptors for Virus Particles
	Virus-Receptor Interactions

	Entry into Cells
	Uncoating at the Plasma Membrane
	Uncoating during Endocytosis
	Membrane Fusion
	Movement of Viral and Subviral Particles within Cells
	Virus-Induced Signaling via Cell Receptors

	Import of Viral Genomes Into the Nucleus
	Nuclear Localization Signals
	The Nuclear Pore Complex
	The Nuclear Import Pathway
	Import of Influenza Virus Ribonucleoprotein
	Import of DNA Genomes
	Import of Retroviral Genomes

	Perspectives
	References

	Chapter 6: Synthesis of RNA from RNA Templates
	Introduction
	The Nature of the RNA Template
	Secondary Structures in Viral RNA
	Naked or Nucleocapsid RNA

	The RNA Synthesis Machinery
	Identification of RNA-Dependent RNA Polymerases
	Sequence Relationships among RNA Polymerases
	Three-Dimensional Structure of RNA-Dependent RNA Polymerases

	Mechanisms of RNA Synthesis
	Initiation
	Capping
	Elongation
	Template Specificity
	Unwinding the RNA Template
	Role of Cellular Proteins

	Paradigms for Viral RNA Synthesis
	(+) Strand RNA
	Synthesis of Nested Subgenomic mRNAs
	(−) Strand RNA
	Ambisense RNA
	Double-Stranded RNA
	Unique Mechanisms of mRNA and Genome Synthesis of Hepatitis Delta Satellite Virus
	Why Are (−) and (+) Strands Made in Unequal Quantities?
	Do Ribosomes and RNA Polymerases Collide?

	Cellular Sites of Viral RNA Synthesis
	Origins of Diversity in RNA Virus Genomes
	Misincorporation of Nucleotides
	Segment Reassortment and RNA Recombination
	RNA Editing

	Perspectives
	References

	Chapter 7: Reverse Transcription and Integration
	Retroviral Reverse Transcription
	Discovery
	Impact
	The Process of Reverse Transcription
	General Properties and Structure of Retroviral Reverse Transcriptases
	Other Examples of Reverse Transcription

	Retroviral DNA Integration Is a Unique Process
	The Pathway of Integration: Integrase-Catalyzed Steps
	Integrase Structure and Mechanism

	Hepadnaviral Reverse Transcription
	A DNA Virus with Reverse Transcriptase
	The Process of Reverse Transcription

	Perspectives
	References

	Chapter 8: Synthesis of RNA from DNA Templates
	Introduction
	Properties of Cellular RNA Polymerases That Transcribe Viral DNA
	Some Viral Genomes Must Be Converted to Templates Suitable for Transcription

	Transcription by RNA Polymerase II
	Regulation of RNA Polymerase II Transcription
	Common Properties of Proteins That Regulate Transcription

	The Cellular Machinery Alone Can Transcribe Viral DNA Templates
	Viral Proteins That Govern Transcription of Viral DNA Templates
	Patterns of Regulation
	The Human Immunodeficiency Virus Type 1 Tat Protein Autoregulates Transcription
	The Transcriptional Cascades of DNA Viruses
	Entry into One of Two Alternative Transcriptional Programs

	Transcription of Viral Genes by RNA Polymerase III
	The VA-RNA I Promoter
	Regulation of VA-RNA Gene Transcription

	Inhibition of the Cellular Transcriptional Machinery
	Unusual Functions of Cellular Transcription Components
	A Viral DNA-Dependent RNA Polymerase
	Perspectives
	References

	Chapter 9: Replication of DNA Genomes
	Introduction
	DNA Synthesis by the Cellular Replication Machinery
	Eukaryotic Replicons
	Cellular Replication Proteins

	Mechanisms of Viral DNA Synthesis
	Lessons from Simian Virus 40
	Replication of Other Viral DNA Genomes
	Properties of Viral Replication Origins
	Recognition of Viral Replication Origins
	Viral DNA Synthesis Machines
	Resolution and Processing of Viral Replication Products

	Exponential Accumulation of Viral Genomes
	Viral Proteins Can Induce Synthesis of Cellular Replication Proteins
	Synthesis of Viral Replication Machines and Accessory Enzymes
	Viral DNA Replication Independent of Cellular Proteins
	Delayed Synthesis of Structural Proteins Prevents Premature Packaging of DNA Templates
	Inhibition of Cellular DNA Synthesis
	Viral DNAs Are Synthesized in Specialized Intracellular Compartments

	Limited Replication of Viral DNA Genomes
	Integrated Parvoviral DNA Can Replicate as Part of the Cellular Genome
	Different Viral Origins Regulate Replication of Epstein-Barr Virus
	Limited and Amplifying Replication from a Single Origin: the Papillomaviruses

	Origins of Genetic Diversity in DNA Viruses
	Fidelity of Replication by Viral DNA Polymerases
	Inhibition of Repair of Double-Strand Breaks in DNA
	Recombination of Viral Genomes

	Perspectives
	References

	Chapter 10: Processing of Viral Pre-mRNA
	Introduction
	Covalent Modification during Viral Pre-mRNA Processing
	Capping the 5' Ends of Viral mRNA
	Synthesis of 3' Poly(A) Segments of Viral mRNA
	Splicing of Viral Pre-mRNA
	Alternative Processing of Viral Pre-mRNA
	Editing of Viral mRNAs

	Export of RNAs from the Nucleus
	The Cellular Export Machinery
	Export of Viral mRNA

	Posttranscriptional Regulation of Viral or Cellular Gene Expression by Viral Proteins
	Temporal Control of Viral Gene Expression
	Viral Proteins Can Inhibit Cellular mRNA Production

	Regulation of Turnover of Viral and Cellular mRNAs in the Cytoplasm
	Regulation of mRNA Stability by Viral Proteins
	mRNA Stabilization Can Facilitate Transformation

	Production and Function of Small RNAs That Inhibit Gene Expression
	Small Interfering RNAs, Micro-RNAs, and Their Synthesis
	Viral Micro-RNAs
	Viral Gene Products That Block RNA Interference

	Perspectives
	References

	Chapter 11: Protein Synthesis
	Introduction
	Mechanisms of Eukaryotic Protein Synthesis
	General Structure of Eukaryotic mRNA
	The Translation Machinery
	Initiation
	Elongation and Termination

	The Diversity of Viral Translation Strategies
	Polyprotein Synthesis
	Leaky Scanning
	Reinitiation
	Suppression of Termination
	Ribosomal Frameshifting
	Bicistronic mRNAs

	Regulation of Translation during Viral Infection
	Inhibition of Translation Initiation after Viral Infection
	Regulation of eIF4F
	Regulation of Poly (A)-Binding Protein Activity
	Regulation of eIF3
	Interfering with RNA
	Stress-Associated RNA Granules

	Perspectives
	References

	Chapter 12: Intracellular Trafficking
	Introduction
	Assembly within the Nucleus
	Import of Viral Proteins for Assembly

	Assembly at the Plasma Membrane
	Transport of Viral Membrane Proteins to the Plasma Membrane
	Sorting of Viral Proteins in Polarized Cells
	Disruption of the Secretory Pathway in Virus-Infected Cells
	Signal Sequence-Independent Transport of Viral Proteins to the Plasma Membrane

	Interactions with Internal Cellular Membranes
	Localization of Viral Proteins to Compartments of the Secretory Pathway
	Localization of Viral Proteins to the Nuclear Membrane

	Transport of Viral Genomes to Assembly Sites
	Transport of Genomic and Pregenomic RNA from the Nucleus to the Cytoplasm
	Transport of Genomes from the Cytoplasm to the Plasma Membrane

	Perspectives
	References

	Chapter 13: Assembly, Exit, and Maturation
	Introduction
	Methods of Studying Virus Assembly and Egress
	Structural Studies of Virus Particles
	Visualization of Assembly and Exit by Microscopy
	Biochemical and Genetic Analyses of Assembly Intermediates
	Methods Based on Recombinant DNA Technology

	Assembly of Protein Shells
	Formation of Structural Units
	Capsid and Nucleocapsid Assembly
	Self-Assembly and Assisted Assembly Reactions

	Selective Packaging of the Viral Genome and Other Components of Virus Particles
	Concerted or Sequential Assembly
	Recognition and Packaging of the Nucleic Acid Genome
	Incorporation of Enzymes and Other Nonstructural Proteins

	Acquisition of an Envelope
	Sequential Assembly of Internal Components and Budding from a Cellular Membrane
	Coordination of the Assembly of Internal Structures with Acquisition of the Envelope

	Release of Virus Particles
	Assembly and Budding at the Plasma Membrane
	Assembly at Internal Membranes: the Problem of Exocytosis
	Release of Nonenveloped Viruses

	Maturation of Progeny Virus Particles
	Proteolytic Processing of Structural Proteins
	Other Maturation Reactions

	Cell-to-Cell Spread
	Perspectives
	References

	Chapter 14: The Infected Cell
	Introduction
	Signal Transduction
	Signaling Pathways
	Signaling in Virus-Infected Cells

	Gene Expression
	Inhibition of Cellular Gene Expression
	Differential Regulation of Cellular Gene Expression

	Metabolism
	Methods To Study Metabolism
	Glucose Metabolism
	The Citric Acid Cycle
	Electron Transport and Oxidative Phosphorylation
	Lipid Metabolism

	Remodeling of Cellular Organelles
	The Nucleus
	The Cytoplasm

	Perspectives
	References


	Appendix: Structure, Genome Organization, and Infectious Cycles
	Adenoviruses
	Arenaviruses
	Coronaviruses
	Filoviruses
	Flaviviruses
	Hepadnaviruses
	Herpesviruses
	Orthomyxoviruses
	Paramyxoviruses
	Parvoviruses
	Picornaviruses
	Polyomaviruses
	Poxviruses
	Reoviruses
	Retroviruses
	Rhabdoviruses
	Togaviruses

	Glossary
	Index

	Volume II: Pathogenesis and Control
	Copyright Page
	Dedication Page
	Contents
	Preface
	Acknowledgments
	About the Authors
	Chapter 1: Infections of Populations: History and Epidemiology
	Introduction to Viral Pathogenesis
	A Brief History of Viral Pathogenesis
	The Relationships between Microbes
	The First Human Viruses Identified and the Role of Serendipity
	New Techniques Led to the Study of Viruses as Causes of Disease

	Viral Epidemics in History
	Epidemics Shaped History: the 1793 Yellow Fever Epidemic in Philadelphia
	Tracking Epidemics by Sequencing: West Nile Virus Spread to the Western Hemisphere
	The Economic Toll of Viral Epidemics in Agricultural Organisms
	Population Density and World Travel as Accelerators of Viral Transmission
	Zoonotic Infections and Viral Epidemics

	Epidemiology
	Fundamental Concepts
	Tools of Epidemiology
	Surveillance

	Parameters That Govern the Ability of a Virus To Infect a Population
	Environment
	Host Factors

	Perspectives
	References

	Chapter 2: Barriers to Infection
	Introduction
	An Overview of Infection and Immunity
	A Game of Chess Played by Age-Old Masters
	Initiating an Infection

	Successful Infections Must Modulate or Bypass Host Defenses
	Skin
	Respiratory Tract
	Alimentary Tract
	Urogenital Tract
	Eyes

	Viral Tropism
	Accessibility of Viral Receptors
	Host Cell Proteins That Regulate the Infectious Cycle

	Spread throughout the Host
	Hematogenous Spread
	Neural Spread

	Organ Invasion
	Entry into Organs with Sinusoids
	Entry into Organs That Lack Sinusoids
	Organs with Dense Basement Membranes
	Skin
	The Fetus

	Shedding of Virus Particles
	Respiratory Secretions
	Saliva
	Feces
	Blood
	Urine
	Semen
	Milk
	Skin Lesions

	Perspectives
	References

	Chapter 3: The Early Host Response: Cell-Autonomous and Innate Immunity
	Introduction
	The First Critical Moments of Infection: How Do Individual Cells Detect a Virus Infection?
	Cell Signaling Induced by Receptor Engagement
	Receptor-Mediated Recognition of Microbe-Associated Molecular Patterns
	Cellular Changes That Occur Following Viral Infection

	Intrinsic Responses to Infection
	Apoptosis (Programmed Cell Death)
	Other Intrinsic Immune Defenses
	The Continuum between Intrinsic and Innate Immunity

	Soluble Immune Mediators of the Innate Immune Response
	Overview of Cytokine Functions
	Interferons, Cytokines of Early Warning and Action
	Chemokines

	The Innate Immune Response
	Complement
	Natural Killer Cells
	Other Innate Immune Cells of Relevance to Viral Infections

	Perspectives
	References

	Chapter 4: Adaptive Immunity and the Establishment of Memory
	Introduction
	Attributes of the Host Response
	Speed
	Diversity and Specificity
	Memory
	Self-Control

	Lymphocyte Development, Diversity, and Activation
	All Blood Cells Derive from a Common Hematopoietic Stem Cell
	The Two Arms of Adaptive Immunity
	The Major Effectors of the Adaptive Response: B Cells and T Cells
	Diverse Receptors Impart Antigen Specificity to B and T Cells

	Events at the Site of Infection Set the Stage for the Adaptive Response
	Acquisition of Viral Proteins by Professional Antigen-Presenting Cells Enables Production of Proinflammatory Cytokines and Establishment of Inflammation
	Antigen-Presenting Cells Leave the Site of Infection and Migrate to Lymph Nodes

	Antigen Processing and Presentation
	Professional Antigen-Presenting Cells Induce Activation via Costimulation
	Presentation of Antigens by Class I and Class II MHC Proteins
	Lymphocyte Activation Triggers Massive Cell Proliferation

	The Cell-Mediated Response
	CTLs Lyse Virus-Infected Cells
	Control of CTL Proliferation
	Noncytolytic Control of Infection by T Cells
	Rashes and Poxes

	The Humoral (Antibody) Response
	Antibodies Are Made by Plasma Cells
	Types and Functions of Antibodies
	Virus Neutralization by Antibodies
	Antibody-Dependent Cell-Mediated Cytotoxicity: Specific Killing by Nonspecific Cells

	Immunological Memory
	Perspectives
	References

	Chapter 5: Mechanisms of Pathogenesis
	Introduction
	Animal Models of Human Diseases
	Patterns of Infection
	Incubation Periods
	Mathematics of Growth Correlate with Patterns of Infection
	Acute Infections
	Persistent Infections
	Latent Infections
	“Slow” Infections
	Abortive Infections
	Transforming Infections

	Viral Virulence
	Measuring Viral Virulence
	Alteration of Viral Virulence
	Viral Virulence Genes

	Pathogenesis
	Infected Cell Lysis
	Immunopathology
	Immunosuppression Induced by Viral Infection
	Oncogenesis
	Molecular Mimicry

	Perspectives
	References

	Chapter 6: Cellular Transformation and Oncogenesis
	Introduction
	Properties of Transformed Cells
	Control of Cell Proliferation

	Oncogenic Viruses
	Discovery of Oncogenic Viruses
	Viral Genetic Information in Transformed Cells
	The Origin and Nature of Viral Transforming Genes
	Functions of Viral Transforming Proteins

	Activation of Cellular Signal Transduction Pathways by Viral Transforming Proteins
	Viral Signaling Molecules Acquired from the Cell
	Alteration of the Production or Activity of Cellular Signal Transduction Proteins

	Disruption of Cell Cycle Control Pathways by Viral Transforming Proteins
	Abrogation of Restriction Point Control Exerted by the Rb Protein
	Production of Virus-Specific Cyclins
	Inactivation of Cyclin-Dependent Kinase Inhibitors

	Transformed Cells Must Grow and Survive
	Mechanisms That Permit Survival of Transformed Cells

	Tumorigenesis Requires Additional Changes in the Properties of Transformed Cells
	Inhibition of Immune Defenses

	Other Mechanisms of Transformation and Oncogenesis by Human Tumor Viruses
	Nontransducing Oncogenic Retroviruses: Tumorigenesis with Very Long Latency
	Oncogenesis by Hepatitis Viruses

	Perspectives
	References

	Chapter 7: Human Immunodeficiency Virus Pathogenesis
	Introduction
	Worldwide Impact of AIDS

	HIV Is a Lentivirus
	Discovery and Characterization
	Distinctive Features of the HIV Reproduction Cycle and the Functions of Auxiliary Proteins
	The Viral Capsid Counters Intrinsic Defense Mechanisms

	Cellular Targets
	Routes of Transmission
	Modes of Transmission
	Mechanics of Spread

	The Course of Infection
	The Acute Phase
	The Asymptomatic Phase
	The Symptomatic Phase and AIDS
	Variability of Response to Infection

	Origins of Cellular Immune Dysfunction
	CD4+ T Lymphocytes
	Cytotoxic T Lymphocytes
	Monocytes and Macrophages
	B Cells
	Natural Killer Cells
	Autoimmunity

	Immune Responses to HIV
	Innate Response
	The Cell-Mediated Response
	Humoral Responses
	Summary: the Critical Balance

	Dynamics of HIV-1 Reproduction in AIDS Patients
	Effects of HIV on Different Tissues and Organ Systems
	Lymphoid Organs
	The Nervous System
	The Gastrointestinal System
	Other Organs and Tissues

	HIV and Cancer
	Kaposi’s Sarcoma
	B Cell Lymphomas
	Anogenital Carcinomas

	Prospects for Treatment and Prevention
	Antiviral Drugs
	Confronting the Problems of Persistence and Latency
	Gene Therapy Approaches
	Immune System-Based Therapies
	Antiviral Drug Prophylaxis

	Perspectives
	References

	Chapter 8: Vaccines
	Introduction
	The Origins of Vaccination
	Smallpox: a Historical Perspective
	Large-Scale Vaccination Programs Can Be Dramatically Effective

	Vaccine Basics
	Immunization Can Be Active or Passive
	Active Vaccination Strategies Stimulate Immune Memory
	The Fundamental Challenge

	The Science and Art of Making Vaccines
	Inactivated or “Killed” Virus Vaccines
	Attenuated Virus Vaccines
	Subunit Vaccines
	Recombinant DNA Approaches to Subunit Vaccines
	Virus-Like Particles
	DNA Vaccines
	Attenuated Viral Vectors and Foreign Gene Expression

	Vaccine Technology: Delivery and Improving Antigenicity
	Adjuvants Stimulate an Immune Response
	Delivery and Formulation
	Immunotherapy

	The Quest for an AIDS Vaccine
	Formidable Challenges and Promising Leads

	Perspectives
	References

	Chapter 9: Antiviral Drugs
	Introduction
	Historical Perspective

	Discovering Antiviral Compounds
	The Lexicon of Antiviral Discovery
	Screening for Antiviral Compounds
	Computational Approaches to Drug Discovery
	The Difference between “R” and “D”

	Examples of Some Antiviral Drugs
	Approved Inhibitors of Viral Nucleic Acid Synthesis
	Approved Drugs That Are Not Inhibitors of Nucleic Acid Synthesis

	Expanding Target Options for Antiviral Drug Development
	Entry and Uncoating Inhibitors
	Viral Regulatory Proteins
	Regulatory RNA Molecules
	Proteases and Nucleic Acid Synthesis and Processing Enzymes

	Two Success Stories: Human Immunodeficiency and Hepatitis C Viruses
	Inhibitors of Human Immunodeficiency Virus and Hepatitis C Virus Polymerases
	Human Immunodeficiency Virus and Hepatitis C Virus Protease Inhibitors
	Human Immunodeficiency Virus Integrase Inhibitors
	Hepatitis C Virus Multifunctional Protein NS5A
	Inhibitors of Human Immunodeficiency Virus Fusion and Entry

	Drug Resistance
	Combination Therapy
	Challenges Remaining

	Perspectives
	References

	Chapter 10: Evolution
	Virus Evolution
	Classic Theory of Host-Parasite Interactions
	How Do Virus Populations Evolve?
	Two General Survival Strategies Can Be Distinguished
	Large Numbers of Viral Progeny and Mutants Are Produced in Infected Cells
	The Quasispecies Concept
	Sequence Conservation in Changing Genomes
	Genetic Shift and Genetic Drift
	Fundamental Properties of Viruses That Constrain and Drive Evolution

	The Origin of Viruses
	Host-Virus Relationships Drive Evolution
	DNA Virus Relationships
	RNA Virus Relationships
	The Protovirus Hypothesis for Retroviruses

	Lessons from Paleovirology
	Endogenous Retroviruses
	DNA Fossils Derived from Other RNA Viral Genomes
	Endogenous Sequences from DNA Viruses
	The Host-Virus “Arms Race"

	Perspectives
	References

	Chapter 11: Emergence
	The Spectrum of Host-Virus Interactions
	Stable Interactions
	The Evolving Host-Virus Interaction
	The Dead-End Interaction
	Common Sources of Animal-to-Human Transmission
	The Resistant Host

	Encountering New Hosts: Ecological Parameters
	Successful Encounters Require Access to Susceptible and Permissive Cells
	Population Density, Age, and Health Are Important Factors
	Experimental Analysis of Host-Virus Interactions
	Learning from Accidental Infections

	Expanding Viral Niches: Some Well-Documented Examples
	Poliomyelitis: Unexpected Consequences of Modern Sanitation
	Smallpox and Measles: Exploration and Colonization

	Notable Zoonoses
	Hantavirus Pulmonary Syndrome: Changing Climate and Animal Populations
	Severe Acute and Middle East Respiratory Syndromes (SARS and MERS): Two New Zoonotic Coronavirus Infections
	Acquired Immunodeficiency Syndrome (AIDS): Pandemic from a Zoonotic Infection

	Host Range Can Be Expanded by Mutation, Recombination, or Reassortment
	Canine Parvoviruses: Cat-to-Dog Host Range Change by Two Mutations
	Influenza Epidemics and Pandemics: Escaping the Immune Response by Reassortment

	New Technologies Uncover Hitherto Unrecognized Viruses
	Hepatitis Viruses in the Human Blood Supply

	A Revolution in Virus Discovery
	Perceptions and Possibilities
	Virus Names Can Be Misleading
	All Viruses Are Important

	What Next?
	Can We Predict the Next Viral Pandemic?
	Emerging Viral Infections Illuminate Immediate Problems and Issues
	Humans Constantly Provide New Venues for Infection
	Preventing Emerging Virus Infections

	Perspectives
	References

	Chapter 12: Unusual Infectious Agents
	Introduction
	Viroids
	Replication
	Sequence Diversity
	Movement
	Pathogenesis

	Satellites
	Replication
	Pathogenesis
	Virophages or Satellites?
	Hepatitis Delta Satellite Virus

	Prions and Transmissible Spongiform Encephalopathies
	Scrapie
	Physical Nature of the Scrapie Agent
	Human TSEs
	Hallmarks of TSE Pathogenesis
	Prions and the prnp Gene
	Prion Strains
	Bovine Spongiform Encephalopathy
	Chronic Wasting Disease
	Treatment of Prion Diseases

	Perspectives
	References

	Appendix: Diseases, Epidemiology, and Disease Mechanisms of Selected Animal Viruses Discussed in This Book
	Adenoviruses
	Arenaviruses
	Bunyaviruses
	Caliciviruses
	Filoviruses
	Flaviviruses
	Flaviviruses (Hepatitis C)
	Hepadnaviruses
	Herpesviruses (Herpes simplex virus)
	Herpesviruses (Varicella-zoster virus)
	Herpesviruses (Cytomegalovirus)
	Orthomyxoviruses
	Papillomaviruses
	Paramyxoviruses (Measles virus)
	Paramyxoviruses (Respiratory syncytial virus)
	Picornaviruses (Poliovirus and Hepatitis A)
	Picornaviruses (Rhinoviruses)
	Picornaviruses (Enteroviruses)
	Polyomaviruses
	Poxviruses
	Reoviruses
	Retroviruses (Human T-lymphotropic virus type 1)
	Retroviruses (Human immunodeficiency virus types 1 and 2)
	Rhabdoviruses (Rabies virus)
	Togaviruses (Alphaviruses)
	Togaviruses (Rubella virus)

	Glossary
	Index



