1.1
1.2
1.3
1.4
1.5
1.6

2.1
2.2
2.3
2.4
241
2.4.2
2.5
2.6
2.6.1
2.6.2
2.6.3
2.7

Contents

Preface XIII
List of Contributors XV

Part | Basic Principles 1

How Bacterial Pathogens were Constructed 3

Ulrich Dobrindt and Jorg Hacker

Introduction 3

Composition of the Flexible Gene Pool 4

Mechanisms Involved in Genome Dynamics 6

Bacterial Genome Optimization Using Escherichia coli as a Model
Genome Plasticity during Infection 9

Conclusions 10

Acknowledgments 10

References 11

Antimicrobial Mechanisms of Neutrophils 17
Catherine Chaput and Arturo Zychlinsky
Introduction 17

Recruitment to Infection Sites 18
Phagocytosis 21

Exocytosis of Secretory Vesicles and Degranulation 22
Granules and Secretory Vesicles 23
Mobilization and Fusion 24

NETs 25

Neutrophil Function Deficiencies 26
Disorders of Adhesion and Chemotaxis 26
Disorders of Ingestion and Degranulation 27
Disorders of Oxidative Metabolism 27
Conclusion 28

References 28

Bacterial Virulence: Basic Principles, Models and Global Approaches. Edited by Philippe Sansonetti
© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 978-3-527-32326-5

7



\

Contents

3

3.1
3.2
3.2.1

3.2.2
3.2.2.1
3.2.2.2
3.2.23
3.23

4.1
4.2

4.3
4.3.1
4.3.1.1

4.3.1.2

432
4.4

5.1
5.2

5.2.1

H. pylori Infection-The Route from Inflammation to Cancer 31
Tsutomu Chiba, Hiroyuki Marusawa, Hiroshi Seno, and

Norihiko Watanabe

Introduction 31

Pathways leading to H. pylori-induced Gastric Carcinogenesis 31
Indirect Action of H. pylori on Gastric Epithelial Cells through
Induction of Gastritis 31

Direct Action of H. pylori on Gastric Epithelial Cells 34

Roles of CagA in Gastric Carcinogenesis 34

Induction of Gene Mutations by H. pylori 35

Induction of Aberrant DNA Methylation by H. pylori 37
Relationship between Direct and Indirect Actions of H. pylori on
Epithelial Cells in the Development of Gastric Cancer 37
References 38

Part I Models 43

Host—Pathogen Relationship in Skin and Soft Tissue Infections caused
by Group A streptococcus and Staphylococcus aureus 45

Inbal Mishalian, Miriam Ravins, Moshe Baruch, Meray Persky,

llia Belotserkovsky, and Emanuel Hanski

Introduction 45

Restriction of GAS and SA Cutaneous Infections by Cationic
Antimicrobial Peptides and Bacterial Resistance Mechanisms to these
Compounds 46

Leukocytes and Cutaneous SA and GAS Infection 47
Polymorphonuclear Neutrophils (PMNs) 47

The Interactions of SA and GAS with Innate Immunity leading to
PMN Response 48

Avoidance of SA and GAS Clearance by PMNs 50

Macrophages (M¢) 58

Conclusions 59

Acknowledgments 60

References 60

Mechanisms of Meningeal Invasion by Septicemic Extracellular
Pathogens: The Examples of Neisseria meningitidis, Streptococcus
agalactiae and Escherichia coli 69

Olivier Join-Lambert, Etienne Carbonnelle, Fabrice Chrétien,

Sandrine Bourdoulous, Stéphane Bonacorsi, Claire Poyart, and Xavier Nassif
Introduction 69

Bacterial Translocation through the Central Nervous System
Vasculature 70

Structural and Functional Heterogeneity of the Blood—-CNS

Interfaces 70



5.2.1.1
5.2.1.2
5.2.2

5.2.2.1
5.2.2.2
5.3
5.3.1
5.3.1.1

5.3.1.2
5.3.2

5.3.2.1
5.3.2.2

5.4
5.4.1

5.4.2

6.1
6.2

6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6

6.2.7
6.2.8
6.3

Contents

The Blood-Brain Barrier Sensu Stricto 71

The Blood-CSF Barriers 74

The Passage of Extracellular Bacterial Pathogens across the Blood—CSF
Barrier 75

Where is the Blood—CSF Barrier Crossed? 75

How do Extracellular Bacteria Breach the Blood—CSF Barrier? 76
Neonatal Meningitis 79

Escherichia coli Meningitis 79

E. coli Strains Causing Neonatal Meningitis (ECNM) Are

Oligoclonal 79

The Specific Virulence Determinants of ECNM Strains 80
Meningitis Due to Group B Streptococcus (GBS) 82

GBS Strains Responsible for Neonatal Meningitis Are Oligoclonal 82
The Specific Virulence Determinants of GBS Strains Responsible for
Meningitis 83

Cerebrospinal Meningitis 84

Meningococcal Attributes that Allow Blood-borne Bacteria to Interact
with Endothelial Cells 86

Signaling Triggered by N. meningitidis that Leads to the Extravasation
of Bacteria through the Brain Vessels 88

References 91

Two Important Bacterial Pathogens causing Community

Acquired Pneumonia: Streptococcus pneumoniae and

Legionella pneumophila 103

Birgitta Henriques-Normark and Carmen Buchrieser

General Background 103

Streptococcus pneumoniae, a Devastating Pathogen, but also a Common
Colonizer of the Upper Respiratory Tract 106

Epidemiology of Pneumococcal Disease and Carriage 106

In vivo Studies of Pneumococcal Infections 108

Pneumococci are Naturally Competent Bacteria 109
Pneumococcal Colonization of the Respiratory Tract 110
Synergism between Influenza Virus and Pneumococci 111
Some Important Bacterial Virulence Factors and their Interactions
with the Host 112

Host Defenses against Invading Microbes 117

Pneumococcal Genomes 119

Legionella pneumophila, an Environmental Bacterium but also a Cause
of Severe Sporadic and Epidemic Pneumonia 119

Epidemiology of Legionnaires’ Disease and Environmental
Reservoir 119

The Dot/Icm Type-IV Secretion System Central to Pathogenesis
of Legionella 121

Vil



vl

Contents

6.3.3

6.3.4

6.3.4.1
6.3.4.2
6.3.4.3
6.3.5
6.3.6
6.3.7
6.3.7.1

6.3.7.2
6.3.7.3

6.4

7.1
7.2
7.2.1
7.2.2
7.3
7.3.1
7.3.2
7.3.3
7.4
7.4.1
7.4.2
7.5

8.1

8.2
8.2.1
8.2.2
8.2.2.1
8.2.2.2
8.3

Molecular Mimicry: the Main Virulence Strategy of

L. pneumophila 124

Implication of Eukaryotic-like Proteins in Virulence and Host Cell
Modulation 125

Entry into and Blockade of Phagosomal-Lysosomal Fusion 125
Establishment of an ER-derived Replication Vacuole 126
Replication in the LCV and Egress from the Host 127

Evolution of the Eukaryotic-like Proteins 127

Legionella Genomes 128

Host response to Legionella infection 129

The MyD88 Response is Important for the Control of L. pneumophila
Infection 129

Naip-5-Dependent Immune Response to Cytosolic Flagellin 130
Dictyostelium Transcriptional Host Cell Response upon

Infection 130

Conclusions 131

Acknowledgment 131

References 132

The Salmonella—Mouse Interaction: A Versatile Model to Study
Bacterial Infection 139

Jessica A. Thompson, Sophie Helaine, and David W. Holden
Introduction 139

Identification of Virulence Genes 141

In vitro Cell Models 141

In vivo Screens for Virulence Genes 142

Analyzing Gene Function in vivo 146

Measuring the Contribution of Bacterial Genes to Virulence 146
Investigating Interactions between Bacterial Virulence Genes 147
Investigating Interactions between Host and Pathogen Factors 148
In-depth Analysis of Cell Interactions within Host Tissues 153
Distribution of Salmonella 153

Population Dynamics of Bacteria in the Murine Host 156
Perspectives 157

References 158

Chlamydia: from Molecular Insight to Therapeutic Discovery 165
Lesley A. Ogilvie, Dagmar Heuer, and Thomas F. Meyer

Introduction 165

Chlamydia: a Model Intracellular Pathogen—Host Relationship 167
The Cycle of Development-C. trachomatis 168

Genetic Determinants of Infection and Disease 172

Chlamydial Factors 172

Host Factors 173

A Global Approach to Investigating the Role of Host Cell Factors
during Infection 174



8.3.1
8.3.2
8.4

8.4.1

8.4.2
8.5

9.1

9.2

9.2.1
9.2.2
9.2.3
9.2.4
9.3

9.3.1
9.3.2
9.3.3
9.3.4

9.3.6
9.4

10

10.1

10.2

10.2.1

10.2.2
10.2.3

10.2.4
10.2.5

Contents

RNAi: a New Paradigm to Study Pathogenesis 174

RNAI and the Chlamydia—Host Interaction 178

What can we Expect from the Global RNAi Approach? 179
Basic Insights into Cellular Function and Host Susceptibility
to Infection 179

A New Therapeutic Concept 179

Outlook 181

Acknowledgments 181

References 182

Part Ill  Global Approaches of Bacterial Virulence 193

The Gut Microbiota and its Contribution to Homeostasis 195
Pamela Schnupf and Philippe J. Sansonetti

Introduction 195

Characteristics of the Gastrointestinal Microbiota 196

Methods to Assess Microbial Diversity 196

Diversity of the Gastrointestinal Microbiota 199

Acquisition of the Gastrointestinal Microbiota 201

Competition within the Intestinal Bacterial Community 202

The Symbiosis of the Gut Microbiota and the Host 203
Metabolic Functions of the Microbiota 204

Development of the Gut Epithelium Architecture 205

Maturation of Lymphoid Tissue 206

Gut Microbiota Protects against Infection and Transmission

of Pathogens 207

Gut Microbiota induces Immune Tolerance against Itself, the Host,
and Environmental Antigens 207

Enteropathogens Exploit Inflammation for their Own Benefit 209
Conclusion 210

Abbreviations 211

References 211

Anatomy of the Gut Barrier and Establishment of Intestinal
Homeostasis 215

Gernot Sellge, Pamela Schnupf, and Philippe J. Sansonetti
Introduction 215

Anatomical, Physiological and Immunological Properties of the
Gut Barrier 216

The Intestinal Lumen and the Oxygen Availability at the Tips
of the Villi 218

Goblet Cells and the Mucus Layer 218

The Mucosal Epithelium: Physical Barrier and Immune
Function 220

Intestinal Crypts, Paneth Cells and Antimicrobials 222
Innate Immune Cells of the Lamina Propria 224

IX



X

Contents

10.2.6
10.2.7
10.2.8
10.3

10.3.1
10.3.2
10.3.3
10.3.4
10.3.5

10.4

1

11.1
11.2
11.2.1
11.2.2
11.2.3
11.2.4
11.3
11.4

12

12.1
12.2
12.3

12.3.1
12.3.2
12.4
12.4.1
12.4.2
12.5

12.5.1
12.5.2

Antigen Sampling in the Gut 226

The Protective IgA Response 228

The Balance between Regulatory and Effector T Cells in the Gut 230
Sensing, Signaling and Responding to the Microbiota to Establish a
Symbiotic Relationship and Gut Homeostasis 232

Controlling Pro-inflammatory Antigens 233

Sensing the Presence of Microbes from Afar 235

Sensing the Presence of Microbes at the Cell Surface 236

Sensing the Presence of Microbes Intracellularly 237

The Master Regulator of Intestinal Inflammation and Homeostasis:
The NF-kB Signaling Pathway 238

Conclusion 241

Abbreviations 243

References 243

Dynamic Imaging Technologies to Explore Infectious Processes at the
Cellular, Tissue and Organ Level 251

Jost Enninga, Regis Tournebize, Keira Melican, and

Agneta Richter-Dahlfors

Introduction to Imaging of Host-Pathogen Interactions 251
Imaging of Infections 253

Airway and Lung Infections 254

Infections of the Gastrointestinal Tract 256

Urinary Tract Infections 262

Meningitis 267

Clinical Implications 268

Future Technological Developments 270

References 271

The Issue of Species Specificity of Bacterial Infection, How to Address
It Experimentally 279

Olivier Disson, Pascale Cossart, and Marc Lecuit

Introduction 279

Molecular Aspects of Species Specificity 280

Modelization of Bacterial Invasion Using Human Tissues

Ex Vivo 281

Ex Vivo Infection of Blood and Body Fluids 281

Ex Vivo Infection of Solid Tissues 281

In Vivo Modeling and the Quest for Relevant Animal Models 282
Non-human Primates 282

Non-primate Mammals 282

In Vivo Modeling with a Focus on the Pathogen rather than

the Host 283

Studying a Closely-related Pathogen 283

Modifying the Bacterium 284



12.6

12.7

12.7.1
12.7.2
12.8

12.8.1

12.8.2
12.8.3
12.9

12.9.1

12.9.2
12.9.3
12.9.3.1
12.9.3.2
12.9.4

12.10

12.10.1
12.10.2
12.10.3
12.10.4

12.11

Contents

In Vivo Modeling: use of Human Xenografts to generate ‘Humanized’
Animal Models 284

Genetic Engineering to Circumvent Species-specificity and Generate
‘Humanized’ Animal Models for Human Infectious Diseases 286
Transgenesis 286

Knock-in 287

Listeria as a Model of Intestinal and Materno-Fetal Infections 287
InlA and InlB are Involved in Lm Invasion of Non-phagocytic Cells
In Vitro in a Species-Specific Manner 288

Gastroenteritis 290

Materno-Fetal Infections 292

Streptococcus pyogenes Infections: from Colonization of Host Epithelial
Barriers to Systemic Infection 296

Streptococcus pyogenes (GAS) as a Model of Pharyngitis and Skin
Infections 296

Skin Infections 296

Models of Pharyngitis 299

Ex Vivo 299

In Vivo 299

CDbpA, the Adhesin of Streptococcus pneumoniae Involved in Species
Specificity for Humans 300

Neisseria meningitidis and Cerebrospinal Meningitis 301

Neisseria meningitidis 301

CD46 and Meningitis 301

Other Molecular Interactions at the Blood—Brain Barrier Level 303
Other Host-specific Interactions which occur during Meningococcal
Infection 303

Concluding Remarks 303

References 305

Index 311

Xl






