DIV PRSE SANS




MANUAL OF ~
CLINICAL
MICROBIOLOGY

FOURTH EDITION

— EDITOR IN'CHIEF
EDWIN H. LENNETTE _

Viral and Rickettsial Disease Laboratory, California Department of
Health Services, Berkeley, California

'EDITORS

. ALBERT BALOWS |
Center for Infectious Diseases, Centers for Disease Control, Atlanta, Georgia

WILLIAM J. HAUSLER, JR.
Hygienic Laboratory, University of lowa, lowa City, lowa

H. ngsfb}mﬁo HABOMY

AMERICAN SOCIETY FOR MICROBIOLOGY
Washington, D.C. 1985



Copyright © 1970, 1974, 1980, 1985
American Society for Microbiology
1913 I St., N.W.

Washington, DC 20006

Library of Congress Cataloging in Publication Data
Main entry under title:

Manual of clinical microbiology.
" Includes bibliographies and indexes.

1. Diagnostic microbiology—Handbooks, manuals, etc. 2. Medical microbiology—
Handbooks, manuals, etc. I. Lennette, Edwin H., 1908- . II. American Society for
Microbiology. [DNLM: 1. Microbiology. QW 4 M294]

QR67.M36 1985 616'.01 84-28304

ISBN 0-914826-65-4 (cloth binding)
ISBN 0-914826-69-7 (flexible binding)

All Rights Reserved
. Printed in the United States of America



Editorial Board

Stephen D. Allen Section IV
Division of Clinical Microbiology, Department of Pathology, Indlana University
Medical Center, Indianapolis, Indiana 46223

Billy H. Cooper Section VI
' Department of Pathology, Baylor University Medical Center, Dallas, Texas 75246
Marie B. Coyle Section III

Departments of Laboratory Medicine and Microbiology & Immunology, University of
Washington, Harborview Medical Center, Seattle, Washirigton 98104

John C. Feeley Section XII
Center for Infectious Diseases, Centers for Disease Control, Atlanta, Georgia 30333
James M. Hughes Section II

Hospital Infections Program Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333

Henry D. Isenberg Section I
Division of Microbiology, Long Island Jewish-Hillside Medical Center, New Hyde
Park, New York 11042, and Health Sciences Center, State University of New York at
Stony Brook, Stony Brook, New York 11794

Russell C. Johnson Section V
Department of Microbiology, University of Minnesota, aneapohs, Minnesota 55455
Josephine A. Morello Section III

Departments of Pathology and Medicine, Clinical Microbiology Laboratories,
University of Illinois-Chicago, Chicago, Illinois 60637

Stephen A. Morse Section IX
Sexually Transmitted Diseases Laboratory Program, Center for Infectious Diseases, a
Centers for Disease Control, Atlanta, Georgia 30333

Peter Nash Section XIII
Bio-Metric Systems, Eden Prairie, Minnesota 55344 1 v

C. George Ray ; Section VIII
University of Arizona Health Sciences Center, Tucson, Arizona 85724

James W. Smith Section VII

Department of Pathology, Division of Clinical Microbiology, Indiana University ' %
Medical Center, Indianapolis, Indiana 46223

P. Byrd Smith ' Section III
Center for Infectious Diseases, Centers for Disease Control, Atlanta, Georgia 30333
Clyde Thornsberry Section XI

Hospital Infections Program, Center for Infectlous Diseases, Centers for Disease
Control, Atlanta, Georgia 30333

Richard C. Tilton Section X
Department of Laboratory Medicine, University of Connecticut School of Medicine,
Farmington, Connecticut 06032

ix



Contributors

Libero Ajello
Division of Mycotic Diseases, Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333
William L. Albritton
Department of Microbiology, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada S7N OWO
Aaren D. Alexander
Department of Microbiology, Chicagoe College of Osteopathic Medicine, Chicago,
Illinois 60615
Stephen D. Allen
Division of Clinical Microbiology, Department of Pathology, Indiana University
Medical Center, Indianapolis, Indiana 46223 :
Jchn P. Anhalt
Section of Clinical Mlcroblology, Mayo Clinic, Rochester, Minnesota 55905
Lawrence R. Ash
School of Public Health, University of California-Los Angeles, Los Angeles, California
" 90024
George M. Baer
Centers for Disease Control, Lawrenceville, Georgia 30246
Albert Balows
Center for Infectious Diseases, Centers for Disease Control, Atlanta, Georgia 30333
W. Emmett Barkley ‘
Division of Safety, National Institutes of Health, Bethesda, Maryland 20205
Arthur L. Barry
<Clinical Microbiology Institute, Tualatin, Oregon 97062
Marllyn S. Bartiett
Department of Pathology, Indiana University School of Medicine, Indianapolis,

. .Indiana 46223 _
Raymond C. Bartlett . .
Department of Pathology, Division of Mlcrobxology, Hartford Hospital, Hartford,
Connecticut 06115

Neil R. Blackiow

Division of Infectlous Diseases, Umversxty of Massachusetts Medical School,
Worcester, Massachusetts 01605

Marjorie Bohnhoff
Departments of Pathology and Medicine, University of Chicago Medical Center,
Chicago, Illinois 60637

Robert Bortolussi
Izaak Wazlton Killam Hoépital, Halifax, Nova Scotia, Canada B3J 3G9

Edward J. Bottone '
Department of Microbiology, The Mount Sinai Hospital, and Mount Sinai School of
Medicine, The Mount Sinai Medical Center, New York, New York 10029

Lynda L. Bradford
Microbial Disease Laboratory Section, California DepartmenT of Health Services,
Berkeley, California 94704

Don J. Brenner -
Division of Bacterial Diseases, Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333

Frank L. Bryan
Center for Professional Development and Training, Centers for Disease Control,
Atlanta, Georgia 30333

Willy Burgdorfer
Rocky Mountain Laboratories, Hamilton, Montana 59840

Roberta B. Carey
.Department of Pediatrics, University of Chicago, Chicago, Illinois 60637

Rodncy Y. Cartivright

‘ Public Health Laboratory Service, Public Health Laboratory, St. Luke's Hospital,
Guildford GU1 3NT, England

William B. Cherry
Center for Infectious Diseases, Centers for Disease Control, Atlanta, Georgia 30333
(Retired)

Julia C. Clark
Diagnostic Virology Laboratory, Umversxty of Colorado Health Sciences Center,
Denver, Colorado 80220 '



CONTRIBUTORS

Marion K. Cooney
Department of Pathobiology, School of Public Health and Community Medlcuie
University of Washington, Seattle, Washington 98195
Billy H. Cooper
. Department of Pathology, Baylor University Medical Center, Dallas, Texas 75246
Marie B. Coyle
Departments of Laboratory Medicine and Microbiology & Immunology, University of
Washington, Harborview Medical Center, Seattle, Washington 98104
George Cukor
Infectious Disease Group, DuPont," North Billerica, Massachusetts 01862
Richard F. D’Amato .
Division of Microbiology, Department of Pathology, The Catholic Medlcal Center of
Brooklyn and Queens, Jamaica, New York 11432
Jules L. Dienstag
Gastrointestinal Unit, Massachusetts General Hospital, and Department of Med]Clne
Harvard Medical School Boston, Massachusetts 02114
Steven D. Douglas
The Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania 19104
Walter R. Dowdle b/
Center for Infectious Diseases, Centers for Disease Control, Atlanta, Georgla
R. J. Doyle
Department of Microbiology and Immunology, University of Louisville Health
Sciences Center, Louisville, Kentucky 40292
W. Lawrence Drew
Mount Zion Hospital and Medical Center, San Francisco, California 94120
Martha A. C. Edelstein
Clinical Anaerobic Bacteriology Research Laboratory, Infectious Disease Section, V.A.
Wadsworth Medical Center, Los Angeles, California 90073
Paul H. Edelstein -.
Infectious Disease Section, V.A. Wadsworth Medical Center, and Department, of --1
Medicine, University of California-Los Angeles School of Medicine, Los Angele 37
California 90073 i
T. Grace Emori
Hospital Infections Program, Center for Infectlous Diseases, Centers for.B'lsease
Control, Atlanta, Georgia 30333 ik
Ana Espinel- Ingmﬁ' :
Department of Medicine, Medical College of Virginia, Virginia Commonwealth
University, Richmond, Virginia 23298
M. Essex
Department of Cancer Biology, Harvard School of Public Health, Boston,
Massachusetts 021 15
J. W. Ezzell 4
U.S. Army Medical Institute of Infectious Diseases, Ft. Detrick, Fredenck Maryland
21701
Richard R. Facklam
Respiratory and Special Pathogens Laboratory Branch, Centers for Dlsease Control
Atlanta, Georgia 30333 ,
J. J. Farmer III
Enteric Bacteriology Section, Center for Infectlous Diseases, Centets for Dlsease
Control, Atlanta, Georgia 30333 -
Silas G. Farmer
Department of Pathology, Medical College of Wisconsin, Milwaukee, Wisconsin 53226
Martin S. Favero
Hospital Infections Program, Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333
Mary Jane Ferraro
Department of Bacteriology, Massachusetts General Hospltal Boston, Massachusetts
02114
Sydney M. Finegold ‘
Infectious Disease Section, V.A. Wadsworth Medical Center, and Department of
Medicine and Department of Microbiology and Immunology, Umversxty of \Califarnia-
Los Angeles School of Medicine, Los Angeles, California 90073 ,
Thomas J. Fitzgerald
Department of Medical Mlcroblologyllmmunology University of Mlnnesota—Duluth
School of Medicine, Duluth, Minnesota 55812
John E. Forney
Laboratory Program Office, Centers for Disease Control Atlanta, Georgia 30333

333

§

xi



xii =~ CONTRIBUTORS

Harvey M. Friedman
Department of Medicine, University of Pennsylvania School of Medicine,
Philadelphia, Pennsylvania 19104
Joan C. Fung
Department of Laboratory Medicine, University of Connecticut School of Medicine,
Farmington, Connecticut 06032
Julia S. Garner
Hospital Infections Program, Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333
Thomas L. Gavan
Department-of Mlcroblology, The Cleveland Clinic, Cleveland, Ohio 44106
Gerald L. Gilardi
Department of Laboratorles North General Hospital, New York, New York 10035
Lynn C. Goldstein
Genetic Systems Corporation, Seattle, Washington 98121
Robert C. Good ’
Mycobacteriology Branch Centérs for Disease Control, Atlanta, Georgia 30333
Norman L. Goodman
Department of Pathology, College of Medicine, Albert B. Chandler Medical Center,
University of Kentucky, Lexington, Kentucky 40536-0084
Morris A. Gordon
Wadsworth Center for Laboratories and Research, New York State Department of
Health, Albany, New York 12201
Paul A. Granato ;
Department of Pathology, Veterans Administration Hospital, Syracuse, New York
13210 .
Donald L. Greer )
Department of Pathology/Dermatology, Louisiana State University Medical Center,
New Orleans, Louisiana 70112
Neal B. Groman _
_Department of Microbiology and Immunology, University of Washington, Seattle,
-~ Washington 98195
Carlyn Halde :
Department of Microbiology and Immunology, School of Medicine, University of
California, San Francisco, California 94143 -
W. J. Hausler, Jr.
Hygienic Laboratory, University of Iowa, Iowa City, Iowa 52242
George R. Healy ’
Division of Parasitic Diseases, Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333
Donald A. Hendrickson
Department of Biology, Ball State University, Muncie, Indiana 47306
Kenneth L. Herrmann
, Division of Viral Diseases, Center for Infectious Disease, Centers for Disease Control,
_Atlanta, Georgia 30333
F. W. Hickman-Brenner
Enteric Bacteriology Section, Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333
L. A. Holcomb :
University Hygienic Laboratory, University of Iowa, Iowa City, Iowa 52242
F. Blaine Hollinger
Departments of Virology, Epidemiology, and Medicine, Baylor College of Medlcme,
Houston, Texas 77030
Dannie G. Hollis ’
Special Bacterial Pathogens Laboratory, Centers for Disease Control Atlanta, Georgia
30333
James M. Hughes
Hospital Infections Program, Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333
'Henry D. Isenberg
Division of Microbiology, Long Island Jewish-Hillside Medical Center, New Hyde
Park, New York 11042, and Health Sciences Center, State University of New York at
Stony Brook, Stony Brook, New York 11794
Peter B. Jahrling
U.S. Army Medical Research Institute of Infectious Diseases, Ft. Detrick, Frederick,
Maryland 21701



CONTRIBUTORS

William M. Janda
Department of Medical Laboratory Sciences, Clinical Microbiology Laboratories,
University of Illinois- Chlcago Chicago, Illinois 60612
William R. Jarvis
Hospital Infections Program Center for Infeutlous Diseases, Centers for Disease
Control, Atlanta, Georgia 30333
Ronald N. Jones
Department of Pathology, Kaiser Permanente Regional Laboratory, Clackamas,
Oregon 97015 .
J. H. Jorgensen
Department of Genetics, North Carolma State University, Raleigh, North Carolma
27695-7614
Leo Kaufman
Division of Mycotic Diseases, Centers for Disease Control, Atlanta, Georgia 30333
K. F. Keller
Department of Microbiology and Immunology, University of Louisville Health
Sciences Center, Louisville, Kentucky 40292
Michael T. Kelly
Division of Medical Micrcbiology, University of British Columbia and Vancouver
. General Hospital, Vancouver, British Columbia, Canada V5Z 1M9
Alan P. Kendal
Division of Viral Diseases, Center for Infectious Diseases, Centers for Disease Control,
Atlanta, Georgia 30333
George E. Kenny
Department of Pathobiology, University of Washington School of Public Health and
Community Medicine, Seattle, Washington 98195
Mogens Kilian
Department of Oral Biology, The Royal Dental College, DK-8000 Aarhus C, Denmark
W. E. Kloos
Department of Genetics, North Carolina State University, Raleigh, North Carolina
27695-7614 »
Stephen J. Kraus )
Center for Prevention Services, Centers for Disease Control, Atlanta, Georgia 30333
Donald J. Krogstad
Microbiology Laboratory, Barnes Hospital, and Departments of Medicine and
Pathology, Washington University School of Medicine, St. Louis, Missouri 63110
Irene Kwasnik
Department of Laboratory Medicine, University of Connecticut Health Center,
Farmington, Connecticut 06032
Geoffrey A. Land
Methodist Hospitals of Dallas, Dallas, Texas 75265
Sandra A. Larsen
Treponema Research Branch, Centers for Disease Control, Atlanta, Georgia 30333
Howard W. Larsh _ .
Missouri State Chest Hospital, Meunt Vernon, Missouri 65712
David A. Lennette .
Virolab, Inc., Emeryville, California 94608
Evelyne T. Lennette
Virolab, Inc., Emeryville, Callfomxa 94608
James D. MacLowry
Clinical Pathology Department, Clinical Center, National Institutes of Health,
Bethesda, Maryland 20205
Linda M. Marler .
Division of Clinical Microbiology, Department of Pathology, Indiana University
Medical Center, Indianapolis, Indiana 46223
Michael R. McGinnis
Department of Microbiology and Immunology, University of North Carolina at
Chapel Hill, Chapel Hill, North Carolina 27514
John E. McGowan, Jr.
Departments of Pathology and Medicine, Emory University School of Medicine, and
Clinical Microbiology Laboratory; Grady Memorlal Hospital, Atlanta, Georgia 30333
Kenneth McIntosh
Division of Infectious Diseases, Children'’s Hospltal Medical Center, Boston,
Massachusetts 02115
Roger M. McKinney
Center for Infectious steases Centers for Disease Control Atlanta, Georgia 30333

xiii



Xiv

CONTRIBUTORS

James C. McLaughlin ‘
Division of Microbiology, Hartfurd ﬂospxtal Hartford, Connecticut 06115
Joseph L. Melnick ~werr
Department of Virology and Epidemiology, Baylor College of Medlcme Houston,
Texas 77030
Dorothy M. Melvin :
Division of Laboratory Training and Consultation, Laboratory Program Office,
Centers for Disease Control, Atlanta, Georgia 30333
Marilyn A. Menegus
. University of Rochester Medical Center, Rochester, New York 14642
J. Michael Miller
Laboratory Program Office, Centers for Disease Control, Atlanta, Georgia 30333
Linda L. Minnich
University- of Arizona Health SCIences Center, Tucson, Arizona 85724

Josephine A. Morello

. Departments of Pathology and Medlcme Clinical Mlcrobxology Laboratorles,
University of Illinois-Chicago; Chicago, Tlinois 60637

George K. Morris

Enteric Bacteriology Section, Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333

Stephen A. Morse
Sexually Transmitted Diseases Laboratory Program, Center for Infectious Diseases,
Centers for Disease Control Atlanta, Georgia 30333

C. Wayne Moss
Division of Bacterial Diseases, Center for Infectlous Diseases, Centers for Disease
Control, Atlanta, Georgia 30333 i

N. P. Moyer
University Hygienic Laboratory, Umversny of Iowa, Iowa City, Iowa 52242

James H. Nakano
Division of Viral Diseases, Center for Infectlous Diseases, Centers for Disease Control,
Atlanta, Georgia 30333

Peter Nash _
Bio-Metrlc Systems, Eden Prairie, Minnesota 55344

| Gary R.'Noble

Office of the Director, Centers for Disease Control, Atlanta, Georgia 30333

Erling Norrby
‘Department of Virology, Karolinska Institutet, SBL, S-10521, Stockholm, Sweden

Thomas C. Orihel
School of Public Health and Tropical Medicine, Tulane University, New Orleans,
Louisiana 70112

Richard A. Ormsbee :
Department of Microbiology, University of Montana, Missoula, Montana 59801

Arvind A. Padhye
Division of Mycotic Diseases, Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333

Charlotte D. Parker
Departmcm of Microbiology, School of Medicine, Umverqty of Mlssourl Columbia,
Columpbia, Missouri 65212

Charlotte M. Patton
Enteric Bacteriology Section, Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333

Beverley J. Payne ’

Microbiology Unit, Missouri Division of Health Laboratory, Jefferson City, Missouri
65101 .

Elizabeth Phillips
Medical Technology Program, Mankato State University, Mankato, Minnesota 56001

Peter Piot
Department of Mlcroblology, Institute of Tropical Medicine, B-2000 Antwerp,
Belgium .

Frank A. Plummer :
Department of Medical Micrabiology, University of Manitoba, Winnipeg, Manitoba,
Canada

Harry D. Prait | |
Vector-Borne Disease Control Training Service, Training Branch, Centers for Disease
Control, Atlanta, Georgia 30333 /

‘William E. Rawls

Department of Pathology, McMaster Umversxty, Hamlltan Ontario, Canada L8S 4J9



CONTRIBUTORS

C. George Ray
University of Arizona Health Sciences Center, Tucson, Arizona 85724

Errol Reiss
Division of Mycotic Diseases, Centers for Disease Control, Atlanta, Georgia 30333

John H. Richardson
Laboratory Consultation and Training Division, Laboratory Program Office, Centers
for Disease Control, Atlanta, Georgia 30333

Michael G. Rinaldi )
Department of Microbiology, Montana State University, Bozeman, Montana 59717

Glenn D. Roberts
Section of Clinical Microbiology, Mayo Clinic and Mayo Foundation, Rochester,
Minnesota 55905

Alvin L. Rogers
Department of Botany and Plant Pathology, Michigan State University, East Lansing,
Michigan 48823

Morrison Rogosa
National Institute of Dental Research, Bethesda, Maryland 20205

Jon E. Rosenblatt
The-Mayo Clinic and Mayo Foundation, Rochester, Minnesota 55901

Sally Jo Rubin
Department of Pathology and Laboratory Medicine, St. Francis Hospital and Medical
Center, Hartford, Connecticut 06105 A

Kenneth J. Ryan J
Clinical Microbiology Laboratories, Department of Pathology, University of Arizona
College of Medicine, Tucson, Arizona 85724

Raymond W. Ryan

" Department of Laboratory Medicine, University of Connecticut Health Center,

Farmington, Connecticut 06032

L. D. Sabath
Department of Medicine, University of Minnesota, aneapohs, Minnesota 55455

Samuel K. Sarafian
Department of Microbiology and Immunology, Emory University School of Medicine,
Atlanta, Georgia 30333

Julius Schachter
Department of Laboratory Medicine, University of California-San Fram:lsco, and San
Francisco General Hospital, San Francisco, California 94110

Jack H. Schieble
Viral and Rickettsial Disease Laboratory, California Department of Health Services,
Berkeley, California 94704

Walter F. Schlech III
Victoria General Hospital, Halifax, Nova Scotia, Canada B3J 3G9

Nathalie J. Schmidt
Viral and Rickettsial Disease. Laboratory, State of California Department of Health
Services, Berkeley, California 94704

F. D. Schoenknecht ,
Clinical Microbiology, University of Washmgton Seattle, Washington 98195

H. Jean Shadomy
Department of Microbiology, Medical College of Virginia, Virginia Commonwealth
University, Richmond, Virginia 23298 X

Smith Shadomy
Department of Medicine, Medical College of Virginia, Virginia Commonwealth
University, Richmond, Virginia 23298

John C. Sherris
Department of Microbiology and Immunology, University of Washmgton Septtle,
Washington 98195

Robert E. Shope
Yale Arbovirus Research Unit, Yale University School of Medicine, New Haven,
Connecticut 06510 7

Jean A. Siders £
Division of Clinical Microbiology, Department of Pathology, Indiana University
Medical Center, Indianapolis, Indiana 46223

Margarita Silva-Hutner
Mo)(')cology Laboratory, Columbia-Presbyterian Medical Center, New York, New York -
10032

Robert M. Smibert
Department of Anaerobic Microbiology, Virginia Polytechnic Institute and State
University, Blacksburg, Virginia 24061

]

XV



xvi CONTRIBUTORS

James W. Smith )
Department of Pathology, Division of Clinical Microbiology, Indiana University
Medical Center, Indianapolis, Indiana 46223
Jean S. Smith
Centers for Disease Control, Lawrenceville, Georgia 30246
Herbert M. Sommers
: Clinical Microbiology, Northwestern Memorial Hospital, Chicago, Illinois 60611
Alex C. Sonnenwirth
Department of Microbiology and Immunology and Department of Pathology,
Washington University School of Medicine, and Division of Microbiology, The Jewish -
Hospital of St. Louis, St. Louis, Missouri 63178
Frances O. Sottnek .
Center for Infectious Diseases, Centers for Disease Control, Atlanta, Georgia 30333
Stuart E. Starr
Department of Pediatrics, University of Pennsylvania School of Medicine,
Philadelphia, Pennsylvania 19104
Vera L. Sutter :
Oral Microbiology Research Laboratory, V.A. Wadsworth Medical Center, Los
Angeles, California 90073
Frank E. Swatek
Department of Microbiology, California State University, Long Beach, California
90840
Milton R. Tam
Genetic Systems Corporatiop, Seattle, Washington 98121
Clyde Thornsberry
Hospital Infections Program, Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333
Richard C. Tilton
Department of Laboratory Medicine, University of Connecticut School of Medicine,
Farmington, Connecticut 06032
Lucy S. Tompkins
Division of Infectious Diseases, Stanford University School of Medicine, and Clinical
Microbiology Laboratories, Stanford University Medical Center, Stanford, California
94305
Govinda S. Visvesvara
Parasitology Division, Centers for Dlsease Control, Atlanta, Georgia 30333
Alexander von Graevenitz
Department of Medical Microbiology, Umversnty of Zurich, CH-8028 Zurich,
Switzerland :
Kenneth W. Walls
' Division of Parasitic Diseases, Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia 30333
John A. Washington II. )
Section of Clinical Microbiology, Department of Laboratory Medicine, Mayo Clinic,
. Rochester, Minnesota 55905 .
‘Benedict L. Wasilauskas
- Department of Pathology, Bowman-Gray Medxcal School, Winston-Salem, North
Carolina 27103
Robert E. Weaver
Centers for Disease Control, Atlanta, Georgia 30333
Richard P. Wenzel
Department of Internal Medicine, University of Virginia Medical Center,
Charlottesville, Virginia 22908
Dale E. Yelton
Genetic Systems Corporatlon Seattle, Washington 98121
Robert H. Yolken
Department of Pediatrics, Division of Infectious Diseases, Johns Hopkms Umversxty
Scﬁool of Medicine, Baltimore, Maryland 21205



Preface

The first edition of the Manual of Clinical Microbiology was published in 1970. In 15 years
the Manual has appeared in four editions, each extensively revised to provide readers and
workers with an authoritative and useful volume for the bench and the classroom which
would be as up to date as current publication methods would permit. The format developed
over the years to achieve this purpose has earned the Manual wide acclaim and i increasing
distribution, both nationally and internationally. .

The Editors of this fourth edition were mindful of past success as they undertook the
planning and structuring of the book and the selection of the Editorial Board. The authors
selected are experts in their respective fields who were willing to give of their time to write
chapters representing the best information currently available for clinical, medical, and
public health microbiologists and virologists. Each chapter is presented with the assurance
that the methods, reagents, and guidance provided are both time tested and completely up to
date.”

The Editors, the Editorial Board, and_the authors have had one guiding principle: to
produce a reliable, current, and convenient manual for clinical and public health microbiolo-
gists. To achieve these objectives, the Editors retained the general format that has been used
in previous editions. Changes have been made, however. Each chapter in the previous edition
of the Manual was either thoroughly revised or completely rewritten. In addition, much new
material has been added. Some of the new chapters covgr automation and rapid diagnostic
methods, computer utilization, surveillance and control of nosocomxal infections, anaerobic
spirochetes, parvoviruses, papovaviruses, and T-cell leukemia viruses. New sections on
molecular methods and sexually transmitted diseases have been added. The previous section
on immunoserological tests has been completely restructured into a state-of-the-art unit on
immunodiagnostic tests, as have the chapters dealing with antimicrobial susceptibility
testing. The section on media, reagents, and stains also has been recast and should prove to be
of continuing use to the reader.

The Editors recognize that this fourth edition of the Manual of Clinical Microbiology would
not have been possible without the capable input of the excellent Editorial Board and authors,
who all contributed generously of their time, knowledge, and expertise to make this book a
reality. The Editors thank the staff of the ASM Publications Department, including Walter
Peter, Susan Birch, Ellie Tupper, Sara Joslyn, and Marie Smith, who held up remarkably well
under the stress and strain of missed deadlines and were always helpful and facilitative. We
are also most grateful to the many individuals who participated in the peer review process to
assist us in reaching our goal.

Finally, we express our indebtedness to our secretaries and those of the many authors, who
produced several versions of typescript to the satisfaction of the authors, Editorial Board
members, reviewers, and Editors. Our burden was lighter and the task more pleasant in this
collaborative effort with so many dedicated and cooperative people.

Edwin H. Lennette
Albert Balows
William J. Hausler, Jr.
H. Jean Shadomy
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Section I. General

Chapter 1

Taxonomy, Classification, and Nomenclature of

Bacteria
DON J. BRENNER -

Medical textbooks are the last. place to look for
definitive taxonomic data. Medical sources are his-
torically the most conservative in keeping abreast of
changes in taxonomy and nomenclature. Such nomen-
clatural anachronisms as ‘“Vibrio comma,” “noncho-
lera vibrio,” and “Salmonella typhosa’ are examples
of the ultraconservative approach of some medical
sources to changes in nomenclature.

The most comprehensive treatment of bacterial

classification, particularly for nomenclature, type
strains, description of taxa, and references to perti-
nent literature, is found in Bergey’s Manual of System-
atic Bacteriology, vol. 1, and in Bergey’s Manual of
Determinative Bacteriology, 8th ed. (2, 8). These are
invaluable reference sources and should be at the desk
of every microbiologist. The 8th edition of Bergey's
Manual was published in 1974. Bergey's Manual of
Systematic Bacteriology will be published in four sub-
volumes, of which the first appeared in January 1984
and the others will appear at approximately 1-year
intervals. It is therefore necessary to keep the 8th
edition until all four subvolumes of the Manual are
available. New editions of the Bergey's Manual for
Determinative Bacteriology (formerly the shorter Ber-
gey's Manual) will be published covering subvolumes
1 and 2, and 3 and 4, of the new Manual and are
designed for bench use.

The 8th edition of Bergey’s Manual is out of date for
those taxa in which new species have been described
or in which nomenclatural changes have been made.
Furthermore, space limitations make it impossible to
fully describe many species. The interested party
should, therefore, begin a taxonomic search with
Bergey’s Manual and then augment the information
obtained there by searching the International Journal
of Systematic Bacteriology—in which all new species
must be described or reference must be made to the
journal in which they are described—and by contact-
ing authorities in the specific field. Other journals
that publish papers on new species are the Journal of
Clinical Microbiology, Current Microbiology, Annales de
Microbiologie (Institut Pasteur), and Systematic and
Applied Microbiology.

In Bergey's Manual (2, 8) bacteria are placed in the
kingdom Prokaryotae. They are subdivided into four
divisions: Gracilicutes for gram-negative-type cell
walls, Firmacutes for gram-positive cell walls, Teneri-
cutes for organisms lacking a cell wall (mycoplasmas),
and Mendosicutes for bacteria that have faulty cell
walls and presumably lack peptidoglycan. Each divi-
sion is further subdivided into classes. Within each
class are orders, and within the orders are families or
(if family names are not available) morphological
groups that are further subdivided to genera and
species.

From a functional standpoint, the bacteria are di-
vided into a number of “‘sections’”’ (‘“parts” in the 8th
edition) on the basis of Gram reaction, oxygen re-
quirement, spore formation, and metabolic pattern
(gram-positive anaerobes; gram-negative, facultative-
ly anaerobic rods; endospore-forming rods; gliding,
nonfruiting bacteria; gram-negative heterotrophs;
etc.). Each section (part) is further divided to the
species level or, where pertinent, to subspecific cate-
gories such as biogroups and serotypes-(serovars).

The following sections are included’in subvolume 1
of Bergey’s Manual: spirochetes; gram-negative, aero-
bic, microaerophilic, motile helical or curved bacte-
ria; gram-negative, nonmotil€ or rarely motile curved
bacteria; gram-negative aerobic rods and cocci; gram-
negative facultatively anaerobic rods; gram-negative
anaerobic rods; gram-negative anaerobic cocci; dis-
similatory sulfate- or sulfur-reducing bacteria; rick-
ettsias and chlamydias; mycoplasmas; and unclassi-
fied endosymbionts. Subvolume 2 will contain gram-
positive cocci; endospore-forming rods; gram-
positive, regular, nonsporing rods; gram-positive,
irregular, nonsporing rods; mycobacteria; and nocar-

" dioform bacteria. Subvolume 3 will contain gliding,

nonfruiting bacteria; anoxygenic photosynthetic bac-
teria; budding and/or appendaged bacteria; archaeo-
bacteria; sheathed bacteria; gliding, fruiting bacteria;
chemolithotrophic bacteria; and cyanobacteria. Sub-
volume 4 will contain the streptomycetes and their
allies. Until subvolumes 2 through 4 are published,
the reader must depend on the 8th edition of Bergey’s
Manual and alternative sources for information on the
groups that they will address.

A detailed description of the classification of bacte-
ria is, of course, beyond the scope of this chapter, but
some comments are in order.

Cowan has referred to “the trinity that is taxono-

"": classification, identification, and nomenclature
?3? Before discussing reasons for nomenclatural and
taxonomic changes and the concept of a bacterial
species, it is necessary to establish working definitions
for these terms.

“Classification” is simply an orderly arrangemerit
of bacteria into groups. There is nothing inherently
scientific about classification. Mandel has said that
“like cigars, a good species and a good classification is
one which satisfies” (10). Cowan correctly observed
that classification is purpose oriented; thus, a success-
ful classification is not necessarily good, and a good
classification is not necessarily successful (4). Very
often specialty groups classify the same organisms in
a different manner or to a different level.

“Identification” is the practical use of a classifica-
tion to isolate and distinguish desirable organisms
from undesirable ones, to verify the authenticity or



