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Preface

The fifth edition of Pathogenesis of Bacterial
Infections in Animals tries to capture the
many fascinating and rapid developments in
our understanding of how major bacterial
pathogens of animals cause disease. It is the
product of the efforts of 87 experts from 14
countries: Australia, Brazil, Belgium, Canada,
China, France, Germany, Mexico, New Caledo-
nia, Spain, Switzerland, the United Kingdom,
the United States, and Uruguay. We thank
them all.

Although molecular pathogenesis is a major
aspect in almost every chapter, the authors
have been careful to place pathogens in their
broader context. As in the previous editions,
we have presented the disease process at
both the herd/flock and cellular/molecular
levels. The details vary from one organism
to another, partly because bacterial diseases
develop under widely varying circumstances,
and partly because the extent of knowledge
varies considerably.

Since the last edition, we have added
introductory material on pathogenesis and
bioinformatics (Chapter 3), on experimental
approaches to understanding pathogenesis
(Chapter 4) as well as on pathogenesis-based
strategies to combating bacterial infections
(Chapter 6). To accommodate the expand-
ing importance genera such as Avibacterium,
Glaesserella, and Gallibacterium, we have an
expanded description of these organisms in
Chapter 13, Other Pasteurellaceae. In this
fifth edition, Brachyspira and Helicobacter also
get their own chapters (Chapters 24 and 19,

respectively), and we have added Coxiella to
the chapter on Chlamydia (Chapter 20).

In addition to these new chapters, a major
change in the fifth edition has been a focus on
the wealth of new information that has been
generated by the recent genomics revolution
with its application to pathogenesis as well as
to understanding the evolution of pathogens.
We have therefore included “pathogenomics”
and “evolution” within new section headings
in the pathogen chapters. Although pathogen-
esis is always full of surprises, the last section
in the pathogen chapters, “Gaps in knowledge
and anticipated directions,” provides a glimpse
into where the experts think the research is
heading.

Understanding how Dbacterial pathogens
cause disease is invariably challenging and
their study of requires multidimensional and
multidisciplinary approaches. To help the
reader get a rapid overview, authors of the
pathogen chapters have produced figures that
integrate the major elements in pathogenesis.
We have also added regulation of virulence
as a new section heading, since this complex
topic is a critical integrating element. There
is admittedly a long way to go before we have
a well-integrated understanding of bacterial
pathogenesis of many organisms, but with at
least some pathogens, our understanding has
been much improved.

The past two decades have seen the emer-
gence of the antimicrobial resistance crisis in
both human and veterinary medicine, which
demonstrates the extraordinary ability of

XV



XVi

Preface

bacteria to adapt to different pressures, often
remarkably rapidly. This adaptability is also
evident in the markedly enhanced virulence
seen in some bacterial pathogens of food
animal, apparently in response to changes in
animal management.

One interesting emerging theme in this book
is the adaptation of what used to be regarded
as relatively broad host-range pathogens to
specific animal species, such that the usually
considerable knowledge of the pathogenesis
of human bacterial pathogens may not be
immediately applicable to the pathogen that
has adapted to animals.

Although we all look back to the heroes of
the microbiological revolution, personified
by Louis Pasteur and Robert Koch, and many
veterinary microbiologists from that era, we
are convinced that the golden age of microbi-
ology is the present and also continues to lie
ahead. If we can understand the pathogenesis
of important veterinary pathogens at a fun-
damental level, we should be able to use this
understanding to develop novel strategies for
prevention, treatment, and control of serious
pathogens.

This book is based on the work of hundreds
of researchers, whose ideas, innovation, and
research skills have produced the body of
knowledge on which we draw. The authors
have presented captivating stories of bacterial
pathogenesis based on their own work and
that of their scientific colleagues. One of the
challenges in preparing the book was the

question of adequate attribution of research
findings. While trying to acknowledge key con-
tributions, we have had to limit the number of
references, recognizing with regret that not all
researchers who made important contributions
to the literature will be recognized.

The new editorial team owes a great debt
of thanks to the previous editors of this book:
Carlton L. Gyles, J. Glenn Songer, and Charles
(Chuck) O. Thoen. Most of all, we would like
to acknowledge Carlton Gyles, who had the
original inspiration for this book and who
carried much of the load in assembling ear-
lier editions. Carlton has made inestimable
contributions to the field of veterinary bac-
teriology and the continuation of this book
into a new edition is a tribute to his work.
The chapter by John Fairbrother and Carlton
Gyles on Escherichia coli in this book is a
masterpiece.

Finally, we thank our publishers who have
been extremely helpful in transforming the
writings of so many individuals into a beautiful
book. Special thanks go to Merryl Le Roux,
the managing editor; Susan Engelken, edito-
rial program coordinator; and Erica Judisch,
executive editor.

John F. Prescott

Janet I. Maclnnes

Filip Van Immerseel
John D. Boyce

Andrew N. Rycroft
José A. Vazquez-Boland



List of Contributors

Ben Adler

Department of Microbiology
Biomedicine Discovery Institute
Monash University

Clayton, Victoria

Australia

John A. Angelos

Department of Medicine and Epidemiology
School of Veterinary Medicine

University of California

Davis, CA

USA

Virginia Aragon

Centre de Recerca en Sanitat Animal
Campus de la Universitat Autonoma de
Barcelona

Bellaterra

Spain

Angela Arenas-Gamboa

College of Veterinary Medicine
Texas A&M University

College Station, TX

USA

Thiago D. Barral

Instituto de Ciéncias da Saude
Universidade Federal da Bahia
Bahia

Brazil

Paul A. Barrow

School of Veterinary Medicine and Science
University of Surrey

Guildford

UK

Helena Berlamont

Ghent University, Faculty of Veterinary
Medicine

Department of Pathology

Bacteriology and Avian Diseases
Merelbeke

Belgium

Pat J. Blackall

Queensland Alliance for Agriculture and Food
Innovation

University of Queensland

Brisbane, Queensland

Australia

Patrick Boerlin

Department of Pathobiology
University of Guelph
Guelph, Ontario

Canada

Anders M. Bojesen

University of Copenhagen

Department of Veterinary and Animal Sciences
Frederiksberg

Denmark

xvii



xviii

List of Contributors

Janine T. Bossé

Section of Paediatric Infectious Disease
Department of Infectious Disease
Imperial College London

UK

John D. Boyce

Biomedicine Discovery Institute
Infection and Immunity Program and
Department of Microbiology

Monash University

Clayton, Victoria

Australia

Glenn F. Browning

Asia-Pacific Centre for Animal Health

Faculty of Veterinary and Agricultural Sciences
University of Melbourne

Parkville, Victoria

Australia

Adina R. Bujold

Department of Pathobiology
University of Guelph
Guelph, Ontario

Canada

Clayton C. Caswell

Department of Biomedical Sciences and
Pathobiology

Center for One Health Research
VA-MD College of Veterinary Medicine
Virginia Tech

Blacksburg, VA

USA

Jeff L. Caswell

Department of Pathobiology
University of Guelph
Guelph, Ontario

Canada

Georgina Cox

Department of Molecular and Cellular Biology
University of Guelph

Guelph, Ontario

Canada

Charles J. Czuprynski

Department of Pathobiological Sciences
University of Wisconsin

Madison, Wisconsin

USA

Alejandro de la Pefia-Moctezuma

Departamento de Microbiologia e Inmunologia
Facultad de Medicina Veterinaria y Zootecnia
Universidad Nacional Auténoma de México
Coyoacin

Mexico

Chloé De Witte

Department of Pathology, Bacteriology and
Avian Diseases

Faculty of Veterinary Medicine

Ghent University

Merelbeke

Belgium

Evelien Dierick

Department of Pathology, Bacteriology and
Avian Diseases

Faculty of Veterinary Medicine

Ghent University

Merelbeke

Belgium

Richard Ducatelle

Department of Pathology, Bacteriology and
Avian Diseases

Faculty of Veterinary Medicine

Ghent University

Merelbeke

Belgium

John M. Fairbrother

Université de Montreal

Faculté de médecine vétérinaire
Département de pathologie et microbiologie
St. Hyacinthe, Quebec

Canada



J. Ross Fitzgerald

Roslin Institute and Edinburgh Infectious
Diseases

University of Edinburgh

Edinburgh

UK

Jeff T. Foster

Pathogen and Microbiome Institute
Northern Arizona University
Flagstaff, AZ

USA

Joachim Frey
Vetsuisse Faculty
Universitidt Bern
Bern
Switzerland

Roman R. Ganta

Department of Diagnostic
Medicine/Pathobiology
College of Veterinary Medicine
Kansas State University
Manhattan, KS

USA

Connie J. Gebhart

Veterinary Diagnostic Laboratory
College of Veterinary Medicine
University of Minnesota

St. Paul, MN

USA

Cyrille Goarant

Institut Pasteur de Nouvelle-Calédonie
Noumea

New Caledonia

Evy Goossens

Department of Pathology
Bacteriology and Avian Diseases
Faculty of Veterinary Medicine
Ghent University

Merelbeke

Belgium

List of Contributors

Roberto M. C. Guedes

Veterinary School

Federal University of Minas Gerais
Belo Horizonte

Minas Gerais

Brazil

Carlton L. Gyles

Department of Pathobiology
University of Guelph
Guelph, Ontario

Canada

Andreas F. Haag

Institute of Infection
Immunity and Inflammation
College of Medical
Veterinary and Life Sciences
University of Glasgow
Glasgow

UK

Freddy Haesebrouck

Department of Pathology
Bacteriology and Avian Diseases
Faculty of Veterinary Medicine
Ghent University

Merelbeke

Belgium

Marina Harper

Biomedicine Discovery Institute
Infection and Immunity Program and
Department of Microbiology

Monash University

Clayton, Victoria

Australia

Eric T. Harvill

Department of Infectious Diseases
College of Veterinary Medicine
University of Georgia

Athens, GA

USA

Xix



XX

List of Contributors

Douglas C. Hodgins
Department of Pathobiology
University of Guelph
Guelph, Ontario

Canada

Wilhelmina M. Huston
School of Life Sciences
University of Technology
Sydney, Ultimo

New South Wales
Australia

Gregorio Iraola

Microbial Genomics Laboratory
Institut Pasteur Montevideo
Montevideo

Uruguay

Wellcome Sanger Institute
Hinxton, UK

Center for Integrative Biology
Universidad Mayor

Santiago de Chile

Chile

Martina Jelocnik

Genecology Research Centre
University of the Sunshine Coast
Sippy Downs

Queensland

Australia

Michael A. Jones

School of Veterinary Medicine and Science
University of Nottingham

Sutton Bonington

UK

Raveendra R. Kulkarni

Department of Population Health and
Pathobiology

North Carolina State College of Veterinary
Medicine

Raleigh, NC

USA

Joseph S. Lam

Department of Molecular and Cellular Biology
University of Guelph

Guelph, Ontario

Canada

Anne-Sophie Le Guern
Yersinia Research Unit
Institut Pasteur

Paris

France

Allison C. Leonard

Department of Molecular and Cellular Biology
University of Guelph

Guelph, Ontario

Canada

LuLi

State Key Laboratory of Agricultural
Microbiology

College of Veterinary Medicine
Huazhong Agricultural University
‘Wuhan, Hubei

China

Jere W. McBride

Department of Pathology
University of Texas Medical Branch
Galveston, TX

USA

Janet I. Macinnes
Department of Pathobiology
University of Guelph
Guelph, Ontario

Canada

Marc S. Marenda

Asia-Pacific Centre for Animal Health

Faculty of Veterinary and Agricultural Sciences
University of Melbourne

Parkville, Victoria

Australia



Kate C. Mellor Wright

Wellcome Trust Sanger Institute
Hinxton, Cambridge

UK

Robert J. Moore

School of Science

Department of Biosciences and Food
Technology

RMIT University

Melbourne, Victoria

Australia

Hayley J. Newton

Department of Microbiology and Immunology
Peter Doherty Institute for Infection and
Immunity

University of Melbourne

Melbourne, Victoria

Australia

Tracy L. Nicholson

US Department of Agriculture
Agricultural Research Service
National Animal Disease Center
Ames, TA

USA

Amir H. Noormohammadi

Asia-Pacific Centre for Animal Health

Faculty of Veterinary and Agricultural Sciences
University of Melbourne

Parkville, Victoria

Australia

Jose R. Penade's

Institute of Infection
Immunity and Inflammation
College of Medical
Veterinary and Life Sciences
University of Glasgow
Glasgow

UK

List of Contributors

Amy C. Pickering

Roslin Institute and Edinburgh Infectious
Diseases

University of Edinburgh

Edinburgh

UK

Javier Pizarro-Cerdd
Yersinia Research Unit
Institut Pasteur

Paris

France

Karren Plain

Sydney School of Veterinary Science
University of Sydney

Camden

New South Wales

Australia

Michel R. Popoff
Toxines Bacteriennes
Institut Pasteur

Paris

France

Ricardo W. Portela

Instituto de Ciéncias da Satude
Universidade Federal da Bahia
Bahia

Brazil

John F. Prescott

Department of Pathobiology
University of Guelph
Guelph, Ontario

Canada

Judith Rohde

Institute for Microbiology
Department of Infectious Diseases
University of Veterinary Medicine
Hannover

Foundation, Hannover

Germany

XXi



xxii

List of Contributors

Joseph E. Rubin

Department of Veterinary Microbiology
University of Saskatchewan

Saskatoon

Saskatchewan

Canada

Andrew N. Rycroft

Department of Pathobiology and Population
Sciences

Royal Veterinary College

Hatfield

UK

Orhan Sahin

Department of Veterinary Diagnostic and
Production Animal Medicine

College of Veterinary Medicine

Iowa State University

Ames, IA

USA

Macarena G. Sanz

Department of Veterinary Clinical Sciences
Washington State University

College of Veterinary Medicine

Pullman, WA

USA

Colleen J. Sedney

Department of Infectious Diseases
College of Veterinary Medicine
University of Georgia

Athens, GA

USA

Nubia Seyffert

Department of Genetics

Ecology and Evolution

Federal University of Minas Gerais
Belo Horizonte

Minas Gerais

Brazil

Pat E. Shewen

Department of Pathobiology
University of Guelph
Guelph, Ontario

Canada

Pollob K. Shil

Asia-Pacific Centre for Animal Health

Faculty of Veterinary and Agricultural Sciences
University of Melbourne

Werribee, Victoria

Australia

Francesca L. Short

Department of Microbiology
Biomedicine Discovery Institute
Monash University

Clayton, Victoria

Australia

Thomas R. Smallman

Infection and Immunity Program

Monash Biomedicine Discovery Institute and
Department of Microbiology

Monash University

Clayton, Victoria

Australia

Karen Stevenson

Moredun Research Institute
Pentlands Science Park
Bush Loan

Penicuik

UK

Celine Stoica

Department of Molecular and Cellular Biology
University of Guelph

Guelph, Ontario

Canada

Véronique L. Taylor
Department of Biochemistry
University of Toronto
Toronto, Ontario

Canada



Nick R. Thomson

Wellcome Trust Sanger Institute
Hinxton

Cambridge

UK

John F. Timoney

Maxwell H. Gluck Equine Research Center
Department of Veterinary Science
University of Kentucky

Lexington, KY

USA

Filip Van Immerseel

Department of Pathology
Bacteriology and Avian Diseases
Faculty of Veterinary Medicine
Ghent University

Merelbeke

Belgium

Fabio A. Vannucci

College of Veterinary Medicine
Veterinary Diagnostic Laboratory
St. Paul, MN

USA

José A. Vdzquez-Boland

Microbial Pathogenesis Group
Infection Medicine

Edinburgh Medical School (Biomedical
Sciences)

University of Edinburgh

Edinburgh

UK

David H. Walker

Department of Pathology
University of Texas Medical Branch
Galveston, TX

USA

Nadeeka K. Wawegama

Asia-Pacific Centre for Animal Health

Faculty of Veterinary and Agricultural Sciences
University of Melbourne

Parkville, Victoria

Australia

List of Contributors

Erin L. Westman

Department of Molecular and Cellular Biology
University of Guelph

Guelph, Ontario

Canada

Richard Whittington

Sydney School of Veterinary Science
University of Sydney

Camden

New South Wales

Australia

Nathalie Winter

Institut National de la Recherche
Agronomique

Centre de Recherche Val de Loire
Nouzilly

France

Zuowei Wu

Department of Veterinary Microbiology and
Preventive Medicine

College of Veterinary Medicine

Towa State University

Ames, IA

USA

Qijing Zhang

Department of Veterinary Microbiology and
Preventive Medicine

College of Veterinary Medicine

Iowa State University

Ames, IA

USA

xXiii






About the Companion Website

This book is accompanied by a companion website:

www.wiley.com/go/prescott/pathogenesis
The website includes:

e PowerPoint of all figures from the book for downloading
e References from book

XXV


http://www.wiley.com/go/prescott/pathogenesis




1

Themes in Bacterial Pathogenesis
John F. Prescott

Introduction

The speed of progress in understanding how
bacteria cause disease is providing novel
insights and perspectives on pathogens and
the pathogenesis of bacterial infections at an
almost overwhelming rate. As the tsunami
of antimicrobial resistance threatens our
long-standing expectation that we can success-
fully treat bacterial infections with existing
antimicrobial drugs, understanding how
bacterial pathogens of animals cause dis-
ease is of fundamental value in designing
new and better ways to counter infections.
Combined with rapid diagnosis of specific
infections, novel antimicrobial treatments
based on understanding the unique weak-
nesses of pathogens, such as those discussed in
Chapter 6, can be targeted in ways that could
overcome the inherently highly untargeted and
resistance-enhancing nature of most current
antimicrobial therapies.

Although an overview of the basic themes in
bacterial pathogenesis provides a conceptual
skeleton for the extensive details of individ-
ual pathogens and their interaction with the
host given in later chapters, understanding
of virulence and pathogenicity is changing
rapidly. The fundamental concepts have with-
stood the test of time, but new knowledge has
brought the complexities of host-pathogen
interactions into sharper focus and has iden-
tified both important broad new topics as
well as nuances not recognized previously.

Pathogenesis of Bacterial Infections in Animals, Fifth Edition.

Although more is understood about bacteria,
especially through the application of genome
sequencing and related technologies such as
RNAseq (Chapters 3, 4), bacterial infections
seem to be increasing and changing, especially
those associated with increased antibiotic
resistance, driven both by exposure to increas-
ingly powerful antibiotics and by changes
in affected patient populations. Numerous
anthropogenic activities, including antibiotic
use at both therapeutic and subtherapeutic
concentrations, may be driving bacterial evo-
lution and the selection of pathogens adapted
to changed circumstances (Chapter 2). Against
the background of stunning advances in tech-
nologies, there is increasing recognition of the
poor general application of well-established
simple infection control techniques, such as
hand washing to reduce the transmission of
infection in people and in animals in clinical
settings. The fight against bacterial infections
requires the disciplined use of hard-earned
knowledge, not simply the development and
application of new technology.

The Basic Elements of Bacterial
Pathogenesis

The basic elements in the establishment of
infection by a bacterial pathogen (Figure 1.1)
are well established. These are:

1. Association (colonization, invasion, or other
ways of entry into the body).

Edited by John F. Prescott, Janet I. MacInnes, Filip Van Immerseel, John D. Boyce, Andrew N. Rycroft, and José A. Vazquez-Boland.
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1 Themes in Bacterial Pathogenesis

Associate
(colonize;
invade; other)

Basic elements
of the
pathogenesis
of bacterial
infections

Multiply
(acquire
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cellular
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Evade and/or
subvert host
immune
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Figure 1.1 Basic processes in the pathogenesis of
bacterial infections. The processes are more stages
than steps, occurring often simultaneously, but also
progressively and dynamically, integrated by
regulatory processes responsive to signals
provided by the host and environment.
“Regulation” is shown in the sea of blue in which
the processes are embedded. For highly virulent,
destructive pathogens, “subversion of host cellular
processes” does not occur, whereas it is critical for
intracellular pathogens.

2. Multiplication (after nutrient, iron, etc.
acquisition) to significant numbers at the
site of infection and/or spread to other sites.

3. Evasion of host innate, sometimes acquired,
immune defenses.

4. Damage to the host, either directly through
subversion of cellular processes, or indirectly
through host responses to the pathogen or
its products.

5. Transmission from the infected animal
to other susceptible animals, so that the
infection cycle can continue.

As would be expected for carefully regulated
systems, the infection process is a dynamic con-
tinuum rather than a clear series of steps, but
breaking it down into progressive steps allows
ease of understanding.

Pathogen Association with the Host

Successful colonization of the skin or a muc-
osal surface of the host is usually the first

prerequisite of the infectious process. Some
organisms need to employ motility and chemo-
taxis as well as resistance to acid and bile to
reach their target host cells. Initial contact
between bacterial pathogen and host cell is
usually mediated by fimbrial or non-fimbrial
adhesins on the bacterial surface. Binding may
result either in extracellular colonization or in
internalization of the pathogen. The adhesins
bind to specific host cell surface receptors, and
both host and organ specificity of infection are
determined by differences among animals in
cellular receptors for the bacterial adhesins.
For example, the Listeria monocytogenes adhe-
sion molecule internalin A (InlA) promotes
uptake of the bacterium into intestinal epithe-
lial cells by binding to E-cadherin. InlA binds
to human and rabbit E-cadherin and causes
disease in these species; however, it fails to
bind to mouse E-cadherin and so does not
readily cause disease in mice. Interestingly,
Wollert et al. (2007) showed that by making
two substitutions in InlA, they could increase
the binding affinity to mouse E-cadherin by
10 000-fold and thereby establish experimental
infection in mice. New host adaptations of
different infections arise by similar naturally
occurring mutations.

As many receptors are developmentally
regulated, age specificity may also be deter-
mined by the receptor that a pathogen binds
to. Well-established examples are known in
K99 (F5) pili of porcine and bovine entero-
toxigenic Escherichia coli (ETEC), which bind
to the intestinal epithelium of neonatal ani-
mals, and in F18 pili of porcine ETEC, which
bind to the intestinal epithelium of recently
weaned pigs.

Bacterial pathogens, including those asso-
ciated with wound infections, may bind
to extracellular matrix molecules such as
fibronectin, collagen, laminin, or other pro-
teins possessing RGD (Arg-Gly-Asp, arginine-
glycine-aspartic acid) sequences for binding of
eukaryotic cell membrane integrins. Bacteria
may use “invasins” to mediate their uptake
into non-professional phagocytic host cells



