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Preface

Like the First Edition. this Second Edition is divided into two sections. The first part. Chapters
1 to 19. presents the general concepts of basic and medical virology while the second part, Chapters
20 to 81. describes the replication and biological and medical properties of the viruses. An enor-
mous explosion in the information about viruses has occurred in the five years since the First
Edition was prepared. In addition to updating all chapters, we have included new chapters on
virus evolution, latency and persistence, virus-cell-interactions, and cell transformation; a new
section on retroviruses including human retroviruses such as HIV and HTLV: a new section on
herpes viruses including new chapters on human herpesvirus 6 and B virus and on molecular
biology of cytomegalovirus and Epstein-Barr virus: a new section on hepadnaviruses: a new
chapter on the biochemistry of agents causing spongiform encephalopathies: and important new
information on viruses causing hepatitis. The main emphasis continues to be viruses of medical
interest although other viruses have been described in specific cases where more is known about
their mechanisms of replication.

Bernard N. Fields, M.D.
David M. Knipe, Ph.D.
Robert M. Chanock, M.D.
Martin S. Hirsch, M.D.
Joseph L. Melnick, Ph.D.
Thomas ﬁ Monath, M.D.
Bernard Roizman, D.Sc.



Preface to the First Edition

The last decade has seen the coming of age of the revolution of biology initiated by the discovery
of the role and importance of DNA in heredity. Because of their simplicity, bacterial viruses
played a focal role in many of the important developments emerging during the early phase of
this period. More recently, animal viruses have had an equally powerful impact on the study of
eukaryotic molecular genetics. In parallel with these fundamental discoveries, the natural history
of infectious diseases has seen equally remarkable changes. Smallpox has disappeared and AIDS
has appeared. With the increasing use of immunosuppression, many indigenous or ‘‘latent’’ viruses
have taken on increasing importance. In addition, many ‘‘classic’’ viral infections have been
controlled, in part, by effective vaccines (polio, measles, rubella) while others have resisted ef-
fective preventatives (respiratory syncytial virus). With the striking new insights in molecular
biology, some important new insights into fundamental features of viruses as infectious agents
have resulted. Not only are there new ways to make vaccines, but the biochemistry of viruses
has begun to answer classic questions about epidemiology and pathogenesis. The goal of this book
is to bring together basic and medical aspects of virology in a more comprehensive presentation
than provided by general textbooks. Thus, this book was planned as a reference book for medical
and graduate students as well as scientists, physicians, and investigators interested in viruses as
. they are represented in the biological sciences.

The book is essentially divided into two sections. The first part, Chapters | to 18, presents the
general concepts of basic and medical virology while the second part, Chapters 19 to 63, describes
the replication and biological and medical properties of the viruses. Chapters 19 to 31 describe
the DNA viruses, and Chapters 32 to 62 describe mostly RNA viruses. The only exceptions to
this last statement are the chapters on hepatitis, in which both a DNA virus and an RNA virus
are described. The final chapter describes the unconventional infectious agents that cause slow,
progressive diseases. The main emphasis is on viruses of medical interest although other viruses
have been described in specific cases where more is known about their mechanisms of replication.

Bernard N. Fields, M.D.
David M. Knipe, Ph.D.
Robert M. Chanock, M.D.
Joseph Melnick, Ph.D.
Bernard Roizman, D.Sc.
Robert Shope, M.D.

Vil



Contributors

Rafi Ahmed, Ph.D.

Department of Microbiology and Immunology
UCLA School of Medicine

10833 Le Comte Avenue

Los Angeles, California 90024

Charles A. Alford, M.D.

Department of Pediatrics

University of Alabama School of Medicine
1600 Seventh Avenue South

Birmingham, Alabama 35294

George M. Baer, D.V.M.

Department of Health and Human Services
Center for Disease Control

Lawrenceville Facility

602 Webb Gin House Road

Lawrenceville, Georgia 30245

William J. Bellini, Ph.D.
Division of Viral Diseases
Center for Infectious Diseases
Centers for Disease Control
1600 Clifton Road, NE
Atlanta, Georgia 30333

Thomas Benjamin, Ph.D.
Department of Pathology
Harvard Medical School

200 Longwood Avenue
Boston, Massachusetts 02115

Kenneth I. Berns, Ph.D.
Department of Microbiology

Hearst Microbiology Research Center
Cornell University Medical College
1300 York Avenue

New York, New York 10021

David H. L. Bishop, M.A., D.Sc.
National Environment Research Control
Institute of Virology

Mansfield Road

Oxford OX1 3SR

England

William J. Britt, M.D.

Department of Pediatrics

University of Alabama School of Medicine
1600 Seventh Avenue South

Birmingham, Alabama 35294

Alan J. Cann, Ph.D.
Laborarory of Molecular Biology
Hills Road

Cambridee CB2 2QH

England

Robert M. Chanock, M.D.

Laboratory of Infectious Diseases

National Institute of Allergy and Infectious Diseases
National Institutes of Health

Building 7

9000 Rockville Pike

Bethesda, Maryland 20892

Irvin S. Y. Chen, Ph.D.
Division of Hematology-Oncology
Department of Medicine

UCLA School of Medicine

10833 Le Comte Avenue

Los Angeles, California 90024

Bruce Chesebro, M.D.

Laboratory of Persistent Viral Diseases
NIAID

National Institutes of Health

Rocky Mountain Laboratory

903 South 4th Street

Hamilton, Montana 59840

Janice E. Clements, Ph.D.

Retrovirus Biology Laboratories

John Hopkins University School of Medicine
Taylor Building

720 Rutland Avenue

Baltimore, Marvland 21205

Donald M. Coen, Ph.D.

Department of Biological Chemistry and Molecular
Pharmacology

Harvard Medical School

250 Longwood Avenue

Boston, Massachusetts 02115

John M. Coffin, Ph.D.

Department of Molecular Biology and Microbiology
Tufts University School of Medicine

136 Harrison Avenue

Boston, Massachusetts 02111



XVi /" CONTRIBUTORS

Robert B. Couch, M.D.

Department of Microbiology and Immunology
Baylor College of Medicine

One Baylor Plaza

Houston, Texas 77030

James Curran, M.D.

AIDS Program

Center for Infectious Diseases
Centers for Disease Control
1600 Clifton Road, NE
Atlanta, Georgia 30333

Joel M. Dairymple, Ph.D.
Virology Division
USAMRIID

Fort Detrick

Building 1425

Frederick, MD 21701

Waiter Eckhart, Ph.D.
Salk Institute

P.O. Box 85800

San Diego, California 92138

Mary K. Estes, Ph.D.
Division of Molecular Virology
Baylor College of Medicine
One Baylor Plaza

Houston, Texas 77030

Frank Fenner, M.D., F.R.S.

John Curtin School of Medical Research
The Australian National University
P.O. Box 334

Canberra City, A.C.T. 2601

Australia

Bernard N. Fields, M.D.

Department of Microbiology and Molecular Genetics

Harvard Medical School
200 Longwood Avenue
Boston, Massachusetts 02115

Daniel B. Fishbein, M.D.
Division of Viral Diseases
Center for Infectious Diseases
Centers for Disease Control
1600 Clifton Road, NE
Atlanta, Georgia 30333

Susan P. Fisher-Hoch, M.D.
Special Pathogens Branch
Center for Infectious Diseases
Centers for Disease Control
Building 15

1600 Clifton Road, NE
Atlanta, Georgia 30333

D. Carleton Gajdusek, M.D.
CNS Studies Branch

National Institutes of Health
Building 36

9000 Rockville Pike

Bethesda, Maryland 20892

Lawrence D. Gelb, M.D.

Department of Internal Medicine

Division of Infectious Diseases
Washington University School of Medicine
915 North Grand Boulevard

St. Louis, Missouri 63110

John L. Gerin, Ph.D.

Division of Molecular Virology and Immunology
Department of Microbiology

Georgetown University

Rockville, Maryland 20842

Francisco Gonzalez-Scarano, M.D.
Department of Microbiology
University of Pennsvlvania

Medical Center

36th and Hamilton Walk
Philadelphia, Pennsylvania 19104

Stephen C. Harrison, Ph.D.

Department of Biochemistrv and Molecular Biology

Harvard University
7 Divinity Avenue
Cambridge, Massachusetts 02139

Martin S. Hirsch, M.D.
Infectious Diseases Unit
Massachusetts General Hospital
55 Fruit Street

Boston, Massachusetts 02114

John J. Holland, Ph.D.
Department of Biology. C-016
University of California at San Diego
La Jolla, California 92093

F. Blaine Hollinger, M.D.

Department of Medicine, Virology, and Epidemiology

Baylor College of Medicine
One Bavlor Plaza
Houston, Texas 77030

Kathryn V. Holmes, Ph.D.
Department of Pathology

Uniformed Services University of the Health Sciences

4301 Jones Bridge Road
Bethesda, Maryland 20814

Robert W. Honess, Ph.D.

Division of Virology

National Institute for Medical Research
The Ridgeway Mill Hill

London NW7 [1AA

England

Marshall S. Horwitz, M.D.

Department of Microbiology and Immunology
Albert Einstein College of Medicine

1300 Morris Park Avenue

Bronx, New York 10461



“u
Peter M. Howley, M.D.
Laboratory of Tumor Virus Biology
National Cancer Institute
National Institutes of Health
Building 41
9000 Rockville Pike
Bethesda, Marvland 20892

Wolfgang K. Joklik. D. Phil.

Department of Microbiology and Immunology
Duke University Medical Center

R()\ _‘3’)2()

Durham, North Carolina 27710

Albert Z. Kapikian, M.D.

Laboratory of Infectious Diseases

National Institute of Allergv and Infectious Diseases
National Institutes of Health

Building 7

9000 Rockville Pike

Bethesda. Maryland 20892

Joan C. Kaplan, Ph.D.
Infectious Diseases Unit
Massachusetts General Hospital
55 Fruit Street

Boston, Massachuserts 02114

Elliot Kieff. M.D.

Brigham and Women's Hospital
Thorn Building

75 Francis Street

Boston, Massachusetts 02115

Michael P. Kiley, Ph.D.
Division of Viral Diseases
Center for Infectious Diseases
Centers for Disease Control
Building Ssb-8

1600 Clifton Road, NE
Atlanta, Georgia 30333

David W. Kingshury, M.D.
Howard Hughes Medical Institute
6701 Rockledge Drive

Bethesda, Maryland 20817

David M. Knipe, Ph.D.

Department of Microbiology and Molecuiar Genetics
Harvard Medical School

200 Longwood Avenue

Boston, Massachusetts 02115

Dennis L. Knudson, Ph.D.
Department of Entemology
Colorado State University
Fort Collins, Colorado 80523

Arnold J. Levine, Ph.D.
Department of Molecular Biology
Lewis Thomas Laboratory
Princeton University

Princeton, New Jersey 08541

|

CONTRIBUTORS / XVii

David Liebowitz, M.D.
Brigham and Women's Hospital
Thorn Building

75 Francis Street

Boston, Massachusetts 02115

Carlos Lopez, Ph.D.
Lily Research Laboratories
Lily Corporate Center
Indianapolis, Indiana 46285

Joseph B. McCormick, M.D.
Special Pathogens Branch
Center for Infectious Diseases
Centers for Disease Control
Building 7

1600 Clifton Road, NE
Atlanta, Georgia 30333

Kenneth Mclntosh, M.D.
Department of Pediatrics
Children's Hospital Medical Center
300 Longwood Avenue

Boston. Massachusetts 02115

Joseph L. Melnick, Ph.D., D.Sc.
Department of Virology and Epidemiology
Baylor College of Medicine

One Bavlor Plaza

Houston, Texas 77030

George Miller, M.D.

Department of Pediatrics

Yale University School of Medicine
333 Cedar Street

New Haven, Connecticut 06510

Thomas P. Monath, M.D.
USAMRIID-Virology Division
Fort Detrick

Frederick, Maryland 21701

Bernard Moss, M.D., Ph.D.

National Institute of Allergy and Infectious Diseases
National Institutes of Health

Building 5

9000 Rockville Pike

Bethesda, Maryland 20892

Brian R. Murphy, M.D.

Laboratory of Infectious Diseases

National Institute of Allergy and Infectious Diseases
National Institutes of Health

Building 5

9000 Rockville Pike

Bethesda, Marvland 20892

Frederick A. Murphy, D.V.M., Ph.D.
Center for Infectious Diseases

Division of Viral Diseases

Centers for Disease Control

Building 1

1600 Clifton Road, NE

Atlanta, Georgia 30333



XViil CONTRIBUTORS

Opendra Narayan, D.V.M., Ph.D.
Retrovirus Biology Laboratories
Johns Hopkins School of Medicine
Taylor Building

720 Rutland Avenue

Baltimore, Maryland 21205

Neal Nathanson, M.D.
Department of Microbiology
University of Pennsylvania
Medical Center

36th and Hamilton Walk
Philadelphia, Pennsylvania 19104

Erling Norrby, M.D.
Department of Virology
Karolinska in SBL
Stockholm 1

Sweden

Michael B. A. Oldstone, M.D.
Scripps Clinic and Research Foundation
10666 North Torrey Pines Road

La Jolla, California 92037

Michael N. Oxman, M.D.

Infectious Diseases Section

Veterans Adminstration Medical Center
University of California San Diego

San Diego, California 92161

Jean L. Patterson, Ph.D.

Department of Microbiology and Molecular Genetics
Harvard Medical School

200 Longwood Avenue

Boston, Massachusetts 02115

John R. Pattison, D.M.

Department of Medical Microbiology

University College and Middlesex School of Medicine
University Street

London WCIE 6JJ

England

Clarence J. Peters, M.D.
Disease Assessment Division
USAMRIID

Fort Detrick

Frederick, Maryland 21701

Robert H. Purcell, M.D.

Laboratory of Infectious Diseases

National Institute of Allergy and Infectious Diseases
National Institutes of Health

Building 7

9000 Rockville Pike

Bethesda, Maryland 20892

Robert F. Ramig, Ph.D.

Department of Virology and Epidemiology
Baylor College of Medicine

One Baylor Plaza

Houston, Texas 77030

William S. Robinson, M.D.
Infectious Diseases Division
Stanford University Medical Center
Stanford, California 94305

Bernard Roizman, Sc.D.

Department of Molecular Genetics and Cel! Biology
The University of Chicago

910 East 58th Street

Chicago, Illinois 60637

Roland R. Rueckert. Ph.D.
Department of Biochemistry
Biophysics Laboratory
University of Wisconsin

1525 Linden Drive

Madison, Wisconsin 53706

Leslie A. Schiff, Ph.D.

Department of Microbiology and Molecular Genetics
Harvard Medical School

200 Longwood Avenue

Boston, Massachusetts 02115

Miiton J. Schlesinger, Ph.D.

Department of Microbiology and Immunology
Washington University School of Medicine
P.O. Box 8093

660 South Euclid Avenue

St. Louis, Missouri 63110

Sondra Schlesinger, Ph.D.

Department of Microbiology and Immunology
Washington University School of Medicine
P.O. Box 8093

660 South Euclid Avenue

St. Louis, Missouri 63110

Connie S. Schmaljohn, Ph.D.
USAMRIID-Virology Division
Fort Detrick

Frederick, Marvland 21701

Amy E. Sears, Ph.D.

Department of Molecular Genetics and Cell Biology
The University of Chicago

910 East 58th Street

Chicago. Illinois 60637

Keerti V. Shah, M.D., Dr.Ph.
Johns Hopkins University

School of Hygiene and Public Health
615 North Wolfe Street

Baltimore, Maryland 21205

John J. Skehel, Ph.D.

National Institute of Medical Research
The Ridgeway Mill Hill

London NW7 1AA

England



Jack G. Stevens, D.V.M., Ph.D.
Department of Microbiology and Immunology
UCLA School of Medicine

10833 Le Comte Avenue

Los Angeles, California 90024

Mark F. Stinski, Ph.D.
College of Medicine
Department of Microbiology
University of lowa

Towa City, lowa 52240

Ellen G. Strauss, Ph.D.
Division of Biology

California Institute of Technology
Pasadena, California 91125

James H. Strauss, Ph.D.
Division of Biology

California Institute of Technology
Pasadena, California 91125

John Ticehurst, M.D.

Department of Virus Diseases

Walter Reed Army Institute of Research
4421 Puller Drive

Kensington, Marvland 20895

Kenneth L. Tyler, M.D.

Department of Microbiology and Molecular Genetics
Harvard Medical School

200 Longwood Avenue '

Boston, Massachusetts 02115

Peter K. Vogt, Ph.D.
Department of Microbiology
USC Medical Center

2011 Zonal Avenue

Los Angeles, California 90033

Robert R. Wagner, M.D.

Microbiology Department

University of Virginia School of Medicine
Box 441

Charlottesville, Virginia 22908

CONTRIBUTORS / XiX

M. Neal Waxham, Ph.D.

Department of Neurology

The University of Texas Health Science Center at
Houston

6431 Fannin

P.O. Box 20708

Houston, Texas 77030

Robert G. Webster, Ph.D.
Laboratory of Virology and Immunology
St. Jude Children’s Research Hospital
P.O. Box 318

332 N. Lauderdale

Memphis, Tennessee 38101

Richard J. Whitley, M.D.

Department of Pediatrics/Scheol of Medicine
University of Alabama at Birmingham
Children's Hospital

1600 Seventh Avenue South

Birmingham, Alabama 35294

J. Lindsay Whitton, M.B.Ch.B., Ph.D.
Department of Immunology

Scripps Clinic and Research Foundation
10666 North Torrey Pines Road

La Jolla, California 92037

Don C. Wiley, Ph.D.

Department of Biochemistry and Molecular Biologv and
Howard Hughes Medical Institute

Harvard University

7 Divinity Avenue

Cambridge, Massachusetts 02138

Jerry S. Wolinsky, M.D.

Department of Neurology

The University of Texas Health Science Center at
Houston

6431 Fannin

P.O. Box 20708

Houston, Texas 77030

Flussie Wong-Staal, Ph.D.
Laboratory of Tumor Cell Biology
National Cancer Institute
National Institutes of Health
Bethesda, Maryland 20892



Reoviridae




Contents

Volume 1

Part I General Virology

CHAPTER 1

CHAPTER 2

CHAPTER 3

CHAPTER 4

CHAPTER D

CHAPTER 6

CHAPTER 7

CHAPTER 8

CHAPTER 9

CHAPTER 10

CHAPTER 11

CHAPTER 12

CHAPTER 13

CHAPTER 14

CHAPTER 15

Introduction .. ...o ittt

Bernard N. Fields and David M. Knipe

Virus Taxonomy ..........ccuiiniiiininniiineennns

Frederick A. Murphy and David W. Kingsbury

Principles of Virus Structure ............... .. ...........

Stephen C. Harrison

AT 2 Y (2107101 12 11 o Sy e e

Don C. Wiley and John J. Skehel

Multiplication of Viruses: An Overview ...................

Bernard Roizman

Principles of Animal Virus Genetics ......... o

Robert F. Ramig

Molecular Genetics of Animal Viruses ....................

Donald M. Coen

Defective Viral Genomes .............c.ouiiiiiiniinni. ..

John J. Holland

Virus Evolution
Ellen G. Strauss, James H. Strauss,
and Arnold J. Levine

Pathogenesis of Viral Infections
Kenneth L. Tyler and Bernard N. Fields

Viral Persistence
Rafi Ahmed and Jack G. Stevens

| 2701 e (<1331 (0] (o <o AN e e R

Neal Nathanson

Virus—Host-Cell Interactions ................uuue.o....

David M. Knipe

Cell Transformation by Viruses ..........................

Thomas Benjamin and Peter K. Vogt

Virus-Induced Immune Response Interactions; Principles of

Immunity and Immunopathology .........................

J. Lindsay Whitton and Michael B. A. Oldstone

1X

37

63

87



X

/

CONTENTS

CHAPTER 10 =~ INEITEIOBS .« o oo vinioioiniins ois o siom o s s 5 fus.b s 5o 6vaih 205 s 383
W. K. Joklik

CHAPTER 17 Diagnostic VIirology ..............ouitii .. 411
Kenneth McIntosh

CHAPTER 18 Antiviral Agents . ........... ...t 441
Martin S. Hirsch and Joan C. Kaplan

CHAPTER 19 Immunization Against VIrUS€s . .................ouuunuun... 469

Brian R. Murphy and Robert M. Chanock

Part II Specific Virus Families
Picornaviridae

cHAPTER 20 Picornaviridae and Their Replication ... ... B 507
Roland R. Rueckert

CHAPTER 21 Enteroviruses: Polioviruses, Coxsackieviruses, Echoviruses, and

Newer Enteroviruses . . ... ..cuvi ittt et 549
Joseph L. Melnick

CHAPTER 22 RDINOVITUSES . . oottt e e e e e e e e e e e e e e 607
Robert B. Couch

CHAPTER 23 Hepatitis A VITUS .. ..ottt iiiiiiiiiiin it tenrenennenns 631

F. Blaine Hollinger and John Ticehurst
Caliciviridae
CHAPTER 24 Norwalk Group of Viruses ............ ...t 671

Albert Z. Kapikian and Robert M. Chanock

Togaviridae and Flaviviridae

CHAPTER 25 Replication of Togaviridae and Flaviviridae ................. 697
Sondra Schlesinger and Milton J. Schlesinger

CHAPTER 20 Alphaviruses ..............iitimitiiiiiiinnnnennn.. 713
Clarence J. Peters and Joel M. Dalrymple

CHAPTER 27 FlaviViTUSES .. .. ......itititt ittt it ieeeieanann 763
Thomas P. Monath

CHAPTER 28 Rubella: ............c.i ittt iiiiinieinnnaennnn. 815

Jerry S. Wolinsky

Coronaviridae
CHAPTER 29 Coronaviridae and Their Replication ....................... 841
Kathryn V. Holmes

CHAPTER 30 COTONavITUSES . . . oottt et e e e e e e e et e e e 857
Kenneth Mclntosh



Rhabdoviridae

CHAPTER 31 Rhabdoviridae and Their Replication
Robert R. Wagner

CHAPTER 32 Rhabdoviruses . ............ouii ..

. George M. Baer, William J. Bellini,
# vand Daniel B. Fishbein

-

Filoviridae

CHAPTER 33 Filoviridae: Marburg and Ebola Viruses
Frederick A. Murphy, Michael P. Kiley,
and Susan P. Fisher-Hoch

Paramyxoviridae

CHAPTER 34 Paramyxoviridae and Their Replication ................

David W. Kingsbury

CHAPTER 35 Parainfluenza VIrSES .. .......ccceerrereensosasioess

Robert M. Chanock and Kenneth Mclntosh

CHAPTER 36 Mumps Virus ...ttt nnn...

Jerry S. Wolinsky and M. Neal Waxham

SHAPTER 37 Measles VIFUS . ..o oottt e e e e

Erling Norrby and Michael N. Oxman

CiAPTER 38 Respiratory Syncytial Viruses .............cc00ienens

Kenneth Mclntosh and Robert M. Chanock

Ortlomyxoviridae

CHAPER 39 Orthomyxoviridae and Their Replication ...............

David W. Kingsbury

CHAPTIR 40 OrthOmyXOVITUSES .. ... ...uuiuriir e,

Brian R. Murphy and Robert G. Webster

Bunyavirilae

CHAPTER 41 Bunyaviridae and Their Replication
Part I: Bunyaviridae
David H. L. Bishop
Part II: Replication of Bunyaviridae
Connie S. Schmaljohn and Jean L. Patterson

CHAPTER 42 Bunyaviruses
Francisco Gonzalez-Scarano and Neal Nathanson

Arenaviridae

CHAPTER 43  Arenaviridae and Their Replication ......... o3 et e

David H. L. Bishop

CONTENTS



X1l

/

CONTENTS

CHAPTER 44

ATCTIAVITIISES e v v o ¢ oo o iomaiioris = o o o o csie e 680 3 s e 0510 it o st o 1245
Joseph B. McCormick
Subject Index follows page 1268

Volume 2

Reoviridae

CHAPTER 45 Reoviridae: A Brief Introduction ........... ... ........... 1271
Kenneth L. Tyler and Bernard N. Fields

CHAPTER 46 Reoviruses and Their Replication .. ........................ 1275

. Leslic A. Schiff and Bernard N. Fields i

CHAPTER 47

CHAPTER 48

CHAPTER 49

CHAPTER DO

Retroviridae

CHAPTER !
CHAPTER 52
CHAPTER D
CHAPTER D
CHAPTER D)
Papoviridae
CHAPTER D0

p—

CHAPTER D7
CHAPTER D

CHAPTER D

Reoviruses ) 1307

Kenneth L. Tvler and Bernard N. Fields

Rotaviruses and Their Replication . ........................ 1329
Mary K. Estes

ROBAVITUSEE o0 51w <15 e ie o s orie ot o o o o 1072 et oo e o ot o gl 1353
Albert Z. Kapikian and Robert M. Chanock

OrbIVITUSES © oot e e e 1405
Dennis L. Knudson and Thomas P. Monath

Retroviridae and Their Replication ........................ 1437
John M. Coffin

Human T-Cell Leukemia Virus Types lLand 11 ... ............ 1501
Alan J. Cann and Irvin §. Y. Chen

Human Immunodeficiency Viruses and Their Replication ... ... 1529
Flossie Wong-Staal

Human Immunodeficiency Viruses ...................... .. 1545
Martin S. Hirsch and James Curran

LentivIrUSeS ..ottt e 1571
Opendra Naravan and Janice E. Clements

Polyomavirinae and Their Replication ...................... 1593
Walter Eckhart

PolyomavitlISES: . ... -« vwwioe e oo o anosiies os s e s siome s 1609
Keerti V. Shah

Papillomavirinae and Their Replication ..................... 1625
Peter M. Howley

PapillOMaVITUSES. . cvo v 0w o omdhn v 8 8 sid fos s e s £ 03 8 s 1651

Keerti V. Shah and Peter M. Howley



Adenoviridae

CHAPTER 60

CHAPTER 01

Parvoviridae

CHAPTER 62

CHAPTER 03

Herpesviridae

CHAPTER 64

CHAPTER 65

CHAPTER 06

CHAPTER 67

CHAPTER 68

CHAPTER 69

CHAPTER 70

CHAPTER 71

CHAPTER 72

CHAPTER 73

Poxviridae

CHAPTER 74

CHAPTER 75

N aF ...
CONTENTS / X111

Adenoviridae and Their Replication ....................... 1679
Marshall S. Horwitz o
AdENOVITUSES ...ttt e e e B 1723
Marshall S. Horwitz ?

Parvoviridae and Their Replicafion: .. cicsmwsasmsavasisssins 1743
Kenneth I. Berns

PATVOVATTISES ¥+ <+ o ou e 1ot aot i vog o 1 1B 5 1o & B o 5 8 ol s o R 50 o o PF 23 1765
John R. Pattison

Herpesviridae: A Brief Introduction ....................... 1787
Bernard Roizman

Herpes Simplex Viruses and Their Replication ............... 1795
Bernard Roizman and Amy E. Sears

Herpes Simplex VIruses . ...........iiinieeeennnnn... 1843
Richard J. Whitley

Epstein—Barr Virus and Its Replication ..................... 1889
Elliott Kieff and David Liebowitz

EPStEN=Barr VIXUS : . « scmwicw csmssms & £ 5 & 556006 @asnnss 1921
George Miller

Cytomegalovirus and Its Replication .............. ......... 1959
Mark F. Stinski

Cytomegalovirus .. ..ou ittt et e e 1981
Charles A. Alford and William J. Britt

Varicella-Zoster VITUS ... .. ...t 2011
Lawrence D. Gelb

Human Herpesvirus-6 .......... ...ttt .. 2055
Carlos Lopez and Robert W. Honess

Cercopithecine Herpes Virus 1 (B Virus) ................... 2063
Richard J. Whitley

Poxviridae and Their Replication .......................... 2079
Bernard Moss

POXVITIISES . ic/e2 o5 510 a1/515 <1301 o ol dor 815 o 81 01 o1 st T P oL o 31 e it s 1 2113

Frank Fenner



TTENTDS

Hepaduaviridae

CHAPTER 76

CHAPTER 77

Hepadnaviridae and Their Replication . . . .............. 2137
William S. Robinson
Hepatitis B VIUS o cos s s sommmmagns 2 2 8 7 86 saossmaans s 5686 2171

F. B[gine Hollinger

ks

Unclassified Agentsi

CHAPTER 78
CHAPTER 79

CHAPTER 80

CHAPTER 81

Non-A, Non-B Hepatitis Viruses ......... ................. 2239

F. Blaine Hollinger _
Hepatitls: DEIta: VARUS, se.s 4 1 5 « wommwsunass o g 5 60506858 88 5a65 5 3 2275

Robert H. Purcell and Joh» i.. Ger'n

Subacute Spongiform Enceptatopathies: Transmissible Cerebral

Amyloidoses Caused by Unconventional Viruses ............. 2289
D. Carleton Gajdusek
Spongiform Encephalopathi=s: The Transmissible Agents . ... .. 2325

Bruce Chesebro

Subject Index follows page 2336



