
Novel Vaccination Strategies

Edited by
Stefan H. E. Kaufmann


Innodata
File Attachment
3527606092.jpg





Novel Vaccination Strategies

Edited by
Stefan H.E. Kaufmann



Related Titles

J. Hacker, J. Heesemann

Molecular Infection Biology:
Interactions Between Microorganisms and Cells

2002

ISBN 0-471-17846-2

M. Schleef

Plasmids for Therapie and Vaccination

2001

ISBN 3-527-30269-7

K. J. Syrjänen, S. M. Syrjänen

Papillomavirus Infections in Human Pathology

2000

ISBN 0-471-97168-5

G. Stuhler, P. Walden

Cancer Immune Therapy
Current and Future Strategies

2002

ISBN 3-527-30441-X

J.N. Zuckerman

Principles and Practice of Travel Medicine

2002

ISBN 0-471-49079-2



Novel Vaccination Strategies

Edited by
Stefan H. E. Kaufmann



Editor :

Prof. Dr. Stefan H. E. Kaufmann
Max-Planck-Institute for Infection Biology
Department of Immunology

10117 Berlin
Germany

This book was carefully produced. Never-
theless, authors, editor and publisher do not
warrant the information contained therein to
be free of errors. Readers are advised to keep
in mind that statements, data, illustrations,
procedural details or other items may
inadvertently be inaccurate.

Library of Congress Card No.: applied for

British Library Cataloguing-in-Publication
Data : A catalogue record for this book is
available from the British Library.

Bibliographic information published by
Die Deutsche Bibliothek
Die Deutsche Bibliothek lists this publication
in the Deutsche Nationalbibliografie;
detailed bibliographic data is available in the
Internet at <http://dnb.ddb.de>.

 Wiley-VCH Verlag GmbH & Co. KGaA,
Weinheim, 2004

All rights reserved (including those of
translation into other languages). No part of
this book may be reproduced in any form –
nor transmitted or translated into a machine
language without written permission from
the publishers. Registered names, trade-
marks, etc. used in this book, even when not
specifically marked as such, are not to be
considered unprotected by law.

Printed in the Federal Republic of Germany
Printed on acid-free paper

Composition ProSatz Unger,Weinheim
Printing betz-druck gmbh, Darmstadt
Bookbinding Litges & Dopf Buchbinderei
GmbH, Heppenheim

ISBN 3-527-30523-8

�

Schumannstra e 21/227



Contents

Colour Plates XXXIII

Part I

1 Challenges for the Vaccine Developer , including Correlates of Protection 3
Gustav J. V. Nossal

1.1 Introduction 3
1.2 Mechanisms of Protection within the Immune System 4
1.3 Protection against Viruses 5
1.4 HIV/AIDS as an Example of a Persisting Virus 8
1.5 Protection against Extracellular Bacteria 9
1.6 Protection against Intracellular Bacteria 11
1.7 Protection against Parasites 12
1.8 Conclusions 14

References 15

Part II Vaccination and Immune Response

2 Shaping Adaptive Immunity against Pathogens: The Contribution of Innate
Immune Responses 19
Stefan Ehlers and Silvia Bulfone-Paus

2.1 Introduction 19
2.2 Activation of Innate Immunity: Sensing the Enemy 20
2.2.1 Pathogen-associated Molecular Patterns 21
2.2.2 Host Cellular Sensors 24
2.2.2.1 Dendritic Cells 24
2.2.2.2 Mast Cells 25
2.2.3 Nonpeptide MHC Ligands Triggering Invariant T-cell Receptors 26
2.3 Translating Innate Immune Activation into Regulatory Circuits: Molecular

Pathways Shaping Adaptive Immunity 27
2.3.1 TLR-initiated Signaling Cascades 27

V



2.3.2 Molecules Involved in Recruiting Effector Cells 28
2.3.2.1 Defensins 28
2.3.2.2 Chemokines 30
2.3.3 Molecules Involved in Tand B Cell Differentiation 31
2.3.3.1 Th1-inducing Cytokines 32
2.3.3.2 Th2-inducing Cytokines 35
2.4 Implications for Vaccine Development 36

References 38

3 Adjuvant-induced Th2- and Th1-dominated Immune Responses
in Vaccination 51
James M. Brewer and Kevin G. J. Pollock

3.1 Introduction 51
3.2 The Two-Signal Model of Adjuvant-induced Immune Activation 53
3.3 Th1 and Th2 Induction by Vaccine Adjuvants 56
3.4 Antigen Dose Effects 57
3.5 The Three-signal Model of Adjuvant-induced Immune Activation 58
3.6 Th2 Induction by Adjuvants 61
3.7 Differential Activation of DCs 63
3.8 Inappropriate Th1/Th2 Responses to Vaccines 64
3.9 Human Th2 vaccines 65
3.10 Human Th1 Vaccines 65
3.11 Conclusion 66

References 67

4 Memory 73
Alexander Ploss and Eric G. Pamer

4.1 Introduction 73
4.2 Characteristics of Memory Cells 74
4.3 CD8+ T Cell Memory 75
4.3.1 Phenotyping Memory CD8+ T Cells 75
4.3.2 Enhanced Responsiveness of Memory CD8+ T cells:

Potential Mechanisms 76
4.3.3 Generation of Memory CD8+ T Cells 76
4.3.4 Maintaining CD8+ T Cell Memory 78
4.3.5 Models of CD8+ T cell Memory Generation 79
4.4 CD4+ T Cell Memory 82
4.4.1 Differentiation of Effector and Memory CD4+ T Cells 82
4.4.2 Phenotype of Memory CD4+ T Cells 83
4.4.3 Memory Generation and Maintenance 83
4.4.4 Trafficking of Memory CD4+ T Cells 84
4.5 B cell Memory 84
4.5.1 Generation of B Cell Memory 84
4.5.2 Maintenance of B Cell Memory 85
4.6 Conclusions 86

VI Contents



Acknowledgements 86
References 86

5 T Cell-based Vaccines 89
Katharina M. Huster, Kristen M. Kerksiek, and Dirk H. Busch
Summary 89

5.1 Introduction 89
5.2 Ex-vivo Detection of Antigen-specific T Cells 91
5.3 In-vivo Kinetics of Antigen-specific T Cell Responses 95
5.4 Effector Function and Subtypes of Effector T Cells 97
5.5 T Cell Receptor Repertoire, Avidity Maturation, and Epitope

Competition 99
5.6 Functional Heterogeneity of T Cell Memory 101
5.7 Vaccination Strategies and Their Efficacy for T Cell-based

Vaccination 103
5.8 Concluding Remarks 106

References 107

Part III Adjuvants

6 Microbial Adjuvants 115
Klaus Heeg, Stefan Zimmermann, and Alexander Dalpke

6.1 Introduction 115
6.2 Microbial Danger Signals 117
6.2.1 Toxins (CTand LT) 117
6.2.2 Toll-like Receptor-dependent Microbial Adjuvants 118
6.2.2.1 Lipopolysaccharide and Lipid A Derivatives 118
6.2.2.2 Peptidoglycan and Lipoteichoic Acid 119
6.2.2.3 Other Microbial Components (Lipopeptides, Flagellin) 119
6.2.2.4 Bacterial DNA 119
6.2.3 Toll-like Receptor-dependent Synthetic Compounds 121
6.2.3.1 Synthetic CpG DNA 121
6.2.3.2 Other Synthetic TLR ligands 123
6.2.3.3 Low Molecular Weight TLR Agonists 124
6.3 Conclusion 125

References 126

7 Host-derived Adjuvants 129
Norbert Hilf, Markus Radsak, and Hansjörg Schild

7.1 Introduction 129
7.2 Heat Shock Proteins in Immunology 130
7.2.1 General Remarks 130
7.2.2 Heat Shock Proteins Are Immunogenic 131
7.2.3 Heat Shock Proteins Bind Peptides 131

VIIContents



7.2.4 Receptor-mediated Uptake of HSPs 133
7.2.5 Cross-presentation Pathways for HSP–Peptide Complexes 135
7.2.6 Danger Signals – The Importance of the Second Signal 137
7.2.7 Heat Shock Proteins as Danger Signals 137
7.2.8 Heat Shock Proteins as Endogenous Adjuvants 139
7.2.9 Clinical Use of Heat Shock Proteins 140
7.3 Cytokines as Adjuvants 141
7.4 Concluding Remarks 142

References 142

8 Microparticles as vaccine adjuvants and delivery systems 147
Derek T. O’Hagan and Manmohan Singh

8.1 Introduction 147
8.2 The Role of Adjuvants in Vaccine Development 148
8.3 Immunostimulatory Adjuvants 150
8.3.1 MPL 150
8.3.2 CpG 150
8.3.3 QS21 150
8.3.4 Cytokines 151
8.4 Particulate Vaccine Delivery Systems 151
8.4.1 Lipid-based Particles as Adjuvants 152
8.4.2 The Adjuvant Effect of Synthetic Particles 153
8.4.3 Uptake of Microparticles into APC 153
8.4.4 Microparticles as Adjuvants for Antibody Induction 153
8.4.5 The Induction of Cell-mediated Immunity with Microparticles 155
8.4.6 Microparticles as Delivery Systems for DNA Vaccines 155
8.4.7 Microparticles as Delivery Systems for Adjuvants 157
8.4.8 Microparticles as Single-dose Vaccines 157
8.4.9 Alternative Particulate Delivery Systems 159
8.5 Alternative Routes of Immunization 159
8.5.1 Mucosal Immunization with Microparticles 160
8.5.2 Microparticles as Delivery Systems for Mucosal Adjuvants 160
8.6 Adjuvant for Therapeutic Vaccines 162
8.7 Future Developments in Vaccine Adjuvants 162

Acknowledgments 163
References 163

9 Liposomes and ISCOMs    173
Gideon Kersten, Debbie Drane, Martin Pearse,Wim Jiskoot, and
Alan Coulter

9.1 Introduction 173
9.2 Liposomes and Related Structures 176
9.2.1 Composition, Characteristics, and Preparation Methods

of Liposomes 176
9.2.1.1 Composition and Characteristics of Liposomes 176

VIII Contents



Liposomes 176
Transfersomes 176
Niosomes 177
Virosomes 177
Proteosomes and Outer Membrane Vesicles 178
Archaeosomes 179
Cochleates 179

9.2.1.2 Preparation Methods of Liposomes 179
9.2.2 Mechanisms of Action of Liposomes 180
9.2.2.1 Protection, Stabilization, and Mimicry 181
9.2.2.2 Targeting 182
9.2.2.3 Enhanced or Controlled Processing 182
9.2.3 Liposome Performance and Products 183
9.3 ISCOMs 184
9.3.1 Composition, Characteristics, and Preparation Methods of ISCOMs 184
9.3.1.1 Composition 184
9.3.1.2 Characteristics of ISCOMs 185
9.3.1.3 Preparation of ISCOMs 186
9.3.2 Immunology and Mode of Action of ISCOM Vaccines 187
9.3.2.1 Immune Responses to ISCOM Vaccines 187

Parenteral Immunization of Mice 187
Parenteral Immunization of Nonhuman Primates 188
Mucosal Immunization 189
Effective Immunization with ISCOM Vaccines in the Presence
of Preexisting Antibody 189

9.3.2.2 Mode of Action of ISCOM Vaccines 189
9.3.3 Performance and Products 191
9.3.3.1 Protection Afforded by ISCOM Vaccines in Animal Models 191
9.3.3.2 Human Clinical Trials with ISCOMs 191
9.4 Perspectives 193

References 194

10 Virosomal  Technology and Mucosal Adjuvants 197
Jean-François Viret, Christian Moser, Faiza Rharbaoui,
Ian C. Metcalfe, and Carlos A. Guzmán

10.1 Overview 197
10.2 Mucosal Adjuvants 200
10.2.1 Introduction 200
10.2.2 Families of Mucosal Adjuvants 200
10.2.3 Administration Strategies 204
10.2.3.1 Direct Admixing of Antigen and Adjuvants 204
10.2.3.2 Covalent Linkage of the Adjuvant and Antigen or Adjuvant Incorporation

into other Mucosal Delivery Systems 205
10.2.3.3 Adjuvant in Prime–Boost Vaccination Strategies 205
10.2.4 Interaction of Mucosal Adjuvants with the Innate Immune System 206

IXContents



10.2.5 Conclusion 207
10.3 Virosomal Technology 208
10.3.1 Introduction 208
10.3.2 Adjuvant Properties of Virosomes 209
10.3.2.1 Virosome Structure and Immunopotentiation 209
10.3.2.2 Depot Effect 210
10.3.2.3 The Pivotal Role of Fusion-active Virosomal Hemagglutinin 210
10.3.2.4 Effect of Pre-existing Immunity to Influenza Virus 211
10.3.3 Validation of the Virosomal Vaccine Concept 212
10.3.4 Conclusion 213

References 214

Part IV Classical and Novel Vaccination Strategies : A Comparison

11 Classical Bacterial Vaccines 221
Thomas Ebensen, Claudia Link, and Carlos A. Guzmán

11.1 Bacterial Vaccines: Introductory Remarks 221
11.2 Inactivated Vaccines 223
11.2.1 Methods of Inactivation 223
11.2.2 Advantages and Limitations of Inactivated Vaccines 223
11.3 Live Vaccines 224
11.3.1 Attenuation 225
11.3.2 Advantages and Limitations of Live Bacterial Vaccines 225
11.4 Vaccines for Human Bacterial Diseases 226
11.4.1 Anthrax (Bacillus anthracis) 226
11.4.2 Cholera (Vibrio cholerae) 227
11.4.3 Enterotoxigenic Escherichia coli 228
11.4.4 Plague (Yersinia pestis) 229
11.4.5 Shigellosis (Shigella species) 229
11.4.6 Tuberculosis (Mycobacterium tuberculosis) 230
11.4.7 Typhoid Fever (Salmonella enterica serovar Typhi) 231
11.4.8 Tularemia (Francisella tularensis) 232
11.4.9 Whooping cough (Bordetella pertussis) 232
11.5 Veterinary Bacterial Vaccines 233
11.5.1 Infections Caused by Bordetella and Pasteurella Species 234
11.5.2 Brucellosis (Brucella spp.) 235
11.5.3 Porcine Pleuropneumonia (Actinobacillus pleuropneumoniae) 237
11.5.4 Diseases Caused by Mycoplasma spp. 237
11.5.5 Salmonellosis in Animals 238
11.5.6 Leptospirosis (Leptospira spp.) 239
11.5.7 Other Commercially Relevant Animal Diseases 239
11.6 Conclusions 240

Acknowledgements 240
References 240

X Contents



12 Subunit Vaccines and Toxoids 243
Maria Lattanzi, Giuseppe Del Giudice, and Rino Rappuoli

12.1 Introduction 243
12.2 Toxoids 243
12.3 Subunit Vaccines: Conventional Vaccinology Approach 244
12.3.1 Polysaccharide Vaccines 244
12.3.2 Recombinant DNA Technology for Subunit Vaccines 245
12.3.2.1 HBV Vaccine 246
12.3.2.2 Acellular Pertussis Vaccine 246
12.3.2.3 Lyme Disease Vaccine 247
12.4 The Future of Subunit Vaccine Development: The Genomic

Approach 248
12.4.1 When Theory Becomes Reality: The MenB Example 248
12.4.2 Further Applications of the Genomic Approach to Vaccine

Development 253
12.4.2.1 Streptococcus pneumoniae 253
12.4.2.2 Staphylococcus aureus 254
12.4.2.3 Porphyromonas gingivalis 254
12.4.2.4 Streptococcus agalactiae 254
12.4.2.5 Chlamydia pneumoniae 255
12.4.3 The Genomic Approach to Parasite Vaccines 255
12.4.4 The Genomic Approach to Viral Vaccines 256

References 258

13 Engineering Virus Vectors for Subunit Vaccines 265
Joseph Patrick Nkolola and Tomas Hanke

13.1 Introduction 265
13.2 Adenoviruses 266
13.2.1 Replication Incompetent Adenoviruses 266
13.2.2 Replication-selective Adenoviruses 267
13.3 Adeno-associated Viruses 269
13.4 Poxviruses 269
13.4.1 Mammalian Poxviruses 271
13.4.2 Avipoxvirus Vectors 272
13.5 Herpes Simplex Viruses 272
13.5.1 Recombinant HSV Vectors 273
13.5.2 Amplicon Vectors 273
13.5.3 Disabled Infectious Single-cycle HSV 275
13.6 Retroviruses 275
13.7 Alphaviruses 276
13.7.1 Full-length Infectious Clones 277
13.7.2 RNA Replicons 277
13.7.3 DNA Plasmid Replicons 277
13.7.4 Particle-based Replicons 279
13.8 Polioviruses 279

XIContents



13.9 Rhabdovirus Vectors 281
13.10 Heterologous Prime–Boost Vaccination Strategies 282
13.11 Cell Lines Acceptable for Growing Human Recombinant

Subunit Vaccines 282
13.11.1 History and General Characteristics of the Cell Line 283
13.11.2 The Cell Bank System 283
13.11.3 Quality Control Testing 283
13.12 Conclusion 284

References 284

14 Update on antiviral DNA vaccine research (2000– 2003) 289
Daniel Franke, Jovan Pavlovic, Tillmann S. Utesch, Max von Kleist,
Jan Schultz, Guenter Dollenmaier, and Karin Moelling
Summary 289

14.1 Effect of Antiviral DNA Vaccines in Mice 289
14.2 Effect of Antiviral DNA Vaccines in Larger Species 301
14.3 Genetic Adjuvants 302
14.4 CTL-Epitope Immunization 303
14.5 Targeting DNA Vaccines to Cellular Compartments or the Cell

Surface 304
14.6 DNA for Chimeric Antigens 304
14.7 DNA-prime–Protein/Viral-boost Immunization 305
14.8 Age-dependent Effectiveness of DNA Vaccines 306

References 307

15 Live Recombinant Bacterial Vaccines 319
Simon Clare and Gordon Dougan
Summary 319

15.1 Introduction 319
15.2 Early Efforts to Generate Recombinant Live Bacterial Vaccines 322
15.3 Clinical Studies Involving the Development of Live Recombinant

Vaccines 325
15.3.1 Live Recombinant Salmonella Vaccines 325
15.3.2 Live Cholera Vaccines 328
15.3.3 Live Shigella Vaccines 329
15.4 Expression of Heterologous Antigens in Live Bacterial Vectors 330
15.5 The Future 333

Acknowledgements 334
References 334

16 Mucosal Vaccination    343
Wieslawa Olszewska and Peter J. M. Openshaw
Summary 343

16.1 Introduction 343
16.2 Goals of Mucosal Vaccination 344

XII Contents



16.3 Benefits of Mucosal Vaccination 345
16.3.1 Main Features of the Common Mucosal Immune System 345
16.3.2 Distinctive Characteristics of Mucosal Immunity 346
16.3.3 Multivalent Mucosal Vaccines 347
16.3.4 Edible Vaccines 347
16.3.5 Overcoming Preexisting Immunity or Tolerance 348
16.4 Challenges for Mucosal Immunization 349
16.4.1 Mucosal Delivery Systems 349
16.4.1.1 Live Bacterial Vectors 349

Commensal Flora as Expression Vectors 349
Pathogens as Expression Vectors 349

16.4.1.2 Virosomes 350
16.4.1.3 Mucosal DNA Vaccines 350
16.4.2 Mucosal Adjuvants 351
16.4.2.1 Biodegradable Polymeric Particles 351
16.4.2.2 Bacterial Toxins 351
16.4.2.3 CpG Oligodinucleotides 352
16.4.2.4 Cytokines and Chemokines 353
16.4.2.5 Saponins 353
16.4.2.6 Immune Stimulating Complexes (ISCOMS) 353
16.4.2.7 MF59 355
16.5 Vaccination via the Respiratory Tract 355
16.5.1 Applications of Nasal Vaccination 355
16.6 Oral Vaccines 357
16.7 Conclusions 357

Acknowledgements 357
Reference List 359

17 PassiveVaccination and Antidotes : A Novel Strategy for Generation of
Wide-spectrum Protective Antibodies 365
Antonio Cassone and Luciano Polonelli

17.1 Introduction and Definitions 365
17.2 Emergence of New Agents of Disease 367
17.3 Passive Vaccination and Antidotes: Advantages

and Disadvantages 368
17.4 Passive Vaccination: Implementation and Obstacles 370
17.5 A Novel Strategy for Passive Vaccination: Concept and Relevance of Killer

Antibodies 371
17.6 Fungi and Fungal Infections 372
17.7 A Novel Approach to Passive Vaccination through the Merging of Killer

Phenomenon and Idiotypic Network 373
17.7.1 The Killer Phenomenon 373
17.7.2 Antibodies and the Idiotypic Network 374
17.7.3 Yeast Killer Toxin Anti-idiotypes 375
17.8 Microbicidal IdAb: Consequences and Extensions 377

XIIIContents



17.9 Passive Vaccination with Single-chain Variable-fragment Antibodies
Carried or Secreted by a Mucosal Live Bacterial Vector 378

17.10 Antibody Peptide Fragments as Wide-spectrum Anti-infectives 380
17.11 Conclusions and Perspectives 382

Acknowledgements 383
References 383

18 Plant-based Oral Vaccines 387
Kan Wang, Rachel Chikwamba, and Joan Cunnick

18.1 Introduction 387
18.2 Mucosal Immunization 387
18.2.1 Vaccination Strategies for Infectious Diseases 388
18.2.2 Mucosal Immunization vs. Parenteral Immunization 389
18.2.3 Mucosal Immunization and Adjuvants 390
18.3 Plant-derived Edible Vaccines 391
18.3.1 Advantages of the Plant-based System 391
18.3.2 Transient and Stable Systems for Production of Plant-derived

Proteins 392
18.3.3 Choice of Plants and Plant Tissues 393
18.4 Plant-expression Systems for Antigen Production 394
18.4.1 Transcriptional Level 396
18.4.1.1 Choice of Promoters 396
18.4.1.2 Transcriptional Gene Silencing 396
18.4.2 Post-transcriptional Level 397
18.4.2.1 Introns 397
18.4.2.2 mRNA Stability and 3́ Terminator 397
18.4.2.3 An Optimal Start Context and 5́ -end Enhancer for Translation 398
18.4.2.4 Codon Usage 398
18.4.3 Post-translational Level and Beyond 399
18.4.3.1 Targeting and Retention Signals 399
18.4.3.2 Stability of Gene Expression and Transmission of the Transgene 400
18.5 Maize as Production and Delivery System 400
18.5.1 Antigen Production in Endosperm Tissue of Maize Seed 402
18.5.2 Antigen Production in Embryo (Germ) Tissue of Maize Seed 403
18.5.3 Pharmaceutical Crop Production and Containment 405
18.6 Concluding Remarks 406

References 407

19 Virus-like Particles : Combining Innate and Adaptive Immunity for Effective
Vaccination 415
Martin F. Bachmann and Gary T. Jennings
Summary 415

19.1 Immunology of Vaccines 415
19.2 Immunology of VLPs 416
19.2.1 B Cell Responses 416

XIV Contents



19.2.2 T Cell Responses 417
19.3 VLPs as Viral Vaccines 419
19.4 VLPs as Carriers of B and/or T Cell Epitopes 420
19.4.1 Fused Epitopes 420
19.4.2 Coupled Epitopes 422
19.4.3 Targeting Self Molecules by using VLPs 424
19.5 Clinical Development 425
19.5.1 Hepatitis B Virus VLP Vaccine 425
19.5.2 Human Papilloma VLP Vaccines 426
19.5.3 Norwalk Virus VLP Vaccines 428
19.5.4 VLPs Presenting Foreign Epitopes 429

References 430

Part V Vaccines for Specific Targets

20 Helicobacter pylori 435
Paolo Ruggiero, Rino Rappuoli, and Giuseppe Del Giudice

20.1 Introduction 435
20.2 Epidemiology of H. pylori Infection 436
20.3 H. pylori-related Diseases 436
20.4 H. pylori Antigens Relevant in Virulence and Pathogenesis    437
20.5 Eradication of H. pylori: the Pros and Cons 439
20.6 Current Therapies against H. pylori: Efficacy and Limits 439
20.7 Why Develop a Vaccine against H. pylori 440
20.8 Animal Models of H. pylori Infection 441
20.8.1 Mice and Other Rodents 441
20.8.2 Ferrets 442
20.8.3 Gnotobiotic Piglets 442
20.8.4 Monkeys 443
20.8.5 Dogs 443
20.9 The feasibility of Vaccination in Animal Models 443
20.10 The Mechanisms of Protective Immunity against H. pylori 444
20.11 Vaccination against H. pylori in Humans    446
20.11.1 Vaccination with Purified Recombinant Urease 446
20.11.2 Salmonella-vectored Urease 447
20.11.3 Inactivated Whole-cell Vaccines 448
20.11.4 Parenteral Multi-component Vaccines 449
20.12 Conclusions 450

References 451

21 Novel Vaccination Strategies against Tuberculosis 463
Stefan H. E. Kaufmann

21.1 Introduction 463
21.2 Mechanisms underlying Infection and Immunity 464

XVContents



21.3 Rational Vaccine Design: Basic Considerations 469
21.4 Protective Antigens and Knockout Targets 469
21.5 The Major Strategies: Subunit, Attenuated, and Combination

Vaccines 471
21.5.1 Subunit Vaccines 471
21.5.2 Attenuated Vaccines 472
21.5.3 Combination Vaccines 474
21.6 Concluding Remarks 474

Acknowledgements 474
References 475

22 Rationale for Malaria Vaccine Development 479
Allan Saul,Victor Nussenzweig, and Ruth S. Nussenzweig

22.1 Introduction 479
22.2 Preerythrocytic Vaccines 481
22.2.1 Rationale for Vaccines that Elicit Antibody-mediated Protection 481
22.2.2 Rationale for Vaccines that Elicit Cell-mediated Immunity 482
22.2.3 Human Vaccine Trials 485
22.3 Asexual Stage Vaccines 488
22.3.1 Red Cell Surface Antigens 490
22.3.2 Antigens Eliciting Antibody-dependent Cellular Inhibition 491
22.3.3 Antitoxin Vaccines 492
22.3.4 Antibody-independent Mechanisms 493
22.4 Mosquito-stage Vaccines 494
22.4.1 Targets of Transmission-blocking Vaccines 495
22.4.1.1 The 6-Cys Malaria Gamete Surface Antigens 495
22.4.1.2 The P25 and P28 EGF Domain Zygote, Ookinete, and Oocyst

Antigens 496
22.4.1.3 Chitinase 497
22.5 Conclusion 497

References 498

23 Vaccine for Specific Targets : HIV 505
R. Kay, Edmund G.-T. Wee, and Andrew J. McMichael

23.1 Introduction 505
23.2 Antibody Vaccines 506
23.3 The T Cell Response 509
23.3.1 CTL-inducing Vaccines 510
23.3.2 Studies in Humans 511
23.3.3 CD4+ T Cell Help 512
23.3.4 The Dynamics of the CD8+ T Cell Response 513
23.4 Innate Immunity 513
23.5 Mucosal Immunity 515
23.6 Vaccine Design 516
23.6.1 Attenuated and Killed Vaccines 516

XVI Contents



23.6.2 Subunit Vaccines 517
23.6.2.1 DNA 517
23.6.2.2 Viral and Bacterial Vectors 517
23.6.2.3 Delivery: Prime–Boost Regimen 517
23.6.2.4 Whole Protein-based or Epitope-based Vaccines 518
23.6.2.5 Clades 518
23.6.3 Measurement of CTL Responses 520
23.6.4 Phase 1 and 2 Trials 521
23.6.5 Phase 3 Trials 521
23.7 Conclusion 522

Acknowledgements 522
References 522

24 Vaccines against Bioterror Agents 529
Karen L. Elkins, Drusilla L. Burns, Michael P. Schmitt, and
Jerry P. Weir

24.1 Introduction and Overview 529
24.2 Vaccination against Smallpox 531
24.3 Vaccination against Viral Hemorrhagic Fevers 532
24.4 Vaccination against Anthrax 533
24.5 Vaccination against Plague 536
24.6 Vaccination against Tularemia 538
24.7 Vaccination against Botulinum Toxin 540
24.8 Vaccination against Category B and C Pathogens 542
24.9 Vaccine Development and Regulation for ‘Low-incidence’ Pathogens,

including Bioterror Pathogens and Emerging Diseases 542
24.10 Perspectives 543

Acknowledgements 544
References 544

Part VI Vaccines in the Real World:
Safety, Cost Efficiency and Impact of Vaccination

25 Imperfect Vaccines and the Evolution of Pathogen Virulence 549
Paul W. Ewald

25.1 Introduction 549
25.2 Virulence-antigen Vaccines against Bacteria 551
25.2.1 Corynebacterium diphtheriae 551
25.2.2 Bordetella pertussis 553
25.2.3 Hemophilus influenzae 555
25.3 Virulence-antigen Vaccines against Viruses 556
25.4 Circumventing Social Barriers to Vaccination 558
25.5 A Call for Field Experiments 559

References 560

XVIIContents



26 Cost-Effectiveness of Vaccinations 567
Thomas D. Szucs

26.1 Introduction 567
26.2 Differences between Vaccines and Medicines 570
26.3 Analytic Methods 570
26.3.1 Elements of an Economic Evaluation 570
26.3.2 The Input 570
26.3.3 Direct Medical Costs 571
26.3.4 Direct Nonmedical Costs 571
26.3.5 Indirect Costs 572
26.3.6 The Output: Consequences and Outcomes 573
26.3.7 Economic Evaluation Methodology 573
26.4 Cost-of-Illness Studies 574
26.4.1 Cost-minimization Analyses 574
26.4.2 Cost–Benefit Analyses 575
26.4.3 Cost-effectiveness Analyses 575
26.4.4 Cost–Utility Analyses 576
26.4.5 The Importance of the Perspective 576
26.4.6 The Use of Models 577
26.4.7 Why Discounting? 578
26.4.8 Dealing with Uncertainty 578
26.4.9 Target Populations 578
26.4.10 The Timing of Economic Studies 579
26.4.11 Collecting Economic Data during a Clinical Trial 580
26.4.12 Post-marketing Studies and Pharmacoeconomics 580
26.5 Areas of Controversy 581
26.5.1 Measuring Indirect Costs 581
26.5.2 Externalities 582
26.5.3 Methodologic Quality 582
26.6 Challenges of the Future 583
26.6.1 Limitations and Ethical Issues 584
26.6.2 Strategic Outlook for the Vaccine Industry 584
26.7 Case Study for Illustration and Education: Economic Evaluation of

Vaccination of Children Against Hepatitis A and Hepatitis B
in Germany 585

26.7.1 Objective 585
26.7.2 Methodology 585
26.7.2.1 Determination of Costs 585
26.7.2.2 Determination of Effectiveness 586
26.7.2.3 Determination of Cost-effectiveness 586
26.7.3 Results 586
26.7.3.1 Costs 586
26.7.3.2 Effectiveness 586
26.7.3.3 Cost-effectiveness 587
26.7.3.4 Which Strategy Saves the Most Money? 589

XVIII Contents



26.7.3.5 Which Strategy is the Most Effective in Terms of Disease Prevention? 589
26.7.4 Discussion 590
26.7.4.1 Limitations of the Study 591

References 592

27 Immunological Safety of Vaccines: Facts, Hypothesesand Allegations 595
Michel Goldman and Paul-Henri Lambert

27.1 Introduction 595
27.2 Recognized Adverse Effects of Vaccines: a Brief Overview 596
27.3 Autoimmunity Triggered by Infection or Immunization: an Increasing

Concern 598
27.3.1 Mechanisms of Autoimmunity Induction 598
27.3.1.1 Molecular Mimicry 598
27.3.1.2 Enhanced Presentation of Self-antigens 599
27.3.1.3 Bystander Activation 599
27.3.1.4 Polyclonal B Cell Activation 599
27.3.1.5 Antibodies 599
27.3.1.6 Regulatory T Cells 600
27.3.2 Autoimmune Pathology in the Course of Infectious Diseases 600
27.3.3 The Risk of Vaccine-associated Autoimmunity 601
27.3.3.1 Vaccine-attributable Autoimmune Diseases 601

Guillain–Barré Syndrome and Influenza Vaccine 601
Measles–Mumps–Rubella Vaccine and Thrombocytopenia 602

27.3.3.2 Vaccine-related Allegations of Autoimmune Adverse Effects 602
Hepatitis B and Multiple Sclerosis 602
Vaccination and Diabetes 603

27.3.3.3 New-generation Vaccines and Autoimmunity: Approaches to Early Risk
Assessment 604

27.4 Other Unsubstantiated Allegations 605
27.4.1 Measles–Mumps–Rubella Vaccine and Autism 606
27.4.2 Thiomersal and Neurological Disorders 606
27.4.3 Aluminum and Macrophagic Myofasciitis 606
27.4.4 Multiple Vaccinations and Allergies 607
27.5 Concluding Remarks 607

References 607

Index 613

XIXContents





Novel Vaccination Strategies
“We are not only responsible for what we do –
but also for what we do not do.”

Voltaire

Preface

Of last year’s 56 million instances of premature death, almost 17 million were due to
infectious diseases. This translates into one dead individual every two seconds. An-
nual instances of death caused by each of the two leading infections, AIDS and tu-
berculosis, exceed the mortalities caused by injuries, diabetes, Alzheimer’s disease,
Parkinson's disease, multiple sclerosis, breast cancer, and rheumatic diseases to-
gether. Similarly, almost 40 % of all life-years lost by disability are due to infectious
diseases; this is more than all losses due to injuries, neuropsychiatric disorders, car-
diovascular diseases, and cancer that follow in these dreadful statistics. Yet, there is
another side to the picture, and that is that we have an extraordinarily effective mea-
sure for prevention of infectious diseases at hand. These are vaccines, which an-
nually save more than 8 million lives, which translates into one person saved every
5 seconds. Vaccination is not only effective but it is also the most cost-efficient mea-
sure in medicine. Unfortunately, 2 to 3 million additional lives are currently being
lost due to the fact that already-existing vaccines are not being made available to
everybody.

Wherever broadscale vaccination programs have been implemented, their success
rates are remarkable. Incidences of measles, polio, rubella, mumps, pertussis, and
diphtheria have all been dramatically reduced in countries where broadscale vaccina-
tion programs exist. The vaccines against these diseases were developed mostly by
trial and error, and therefore could only be successful for pathogens that cause dis-
ease in a direct way. Pathogens that use more tricky strategies and subvert, impair,
or misdirect the host immune response cannot be prevented by such a strategy. The
next generation of vaccines has to be designed in a rational way, on the basis of our
increasing knowledge of immunology and molecular genetics at the interface be-
tween pathogen and host. Fortunately, basic sciences have advanced dramatically
during the past decade, and we now have available the genomic blueprints of all ma-
jor pathogens as well as of the human host and the most-favored experimental ani-
mal model, the mouse.
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It is the goal of this book, “Novel Vaccination Strategies”, to benefit from recent
achievements in basic research for the rational design of novel vaccination strategies
against diseases that have thus far evaded successful control. In addition, it includes
a kind of retrospective review of vaccine examples that have already demonstrated
their great efficacy, so that we can learn from these experiences.

The immune system is the target of all vaccination strategies and, hence, a great
part of this book tries to decipher the immune mechanisms underlying control of
the plethora of infectious agents. It is generally accepted that the acquired immune
response, which accounts for specificity and memory, is the ultimate target of vacci-
nation. Yet, the acquired immune response often fails to directly attack pathogens,
and rather does so by activating innate immune mechanisms. Hence, the innate im-
mune response is under the stringent control of the acquired immune response.
More recently, we have also learnt that the acquired immune response is not acti-
vated by pathogens directly, but rather through mediation of the innate immune sys-
tem. The innate immune response senses invading pathogens or vaccines and then
instructs the acquired immune system to develop the most appropriate response
against the homologous pathogen. Unfortunately, many pathogens have developed
tricks to deviate host responses from the default direction. Here lies a major Achilles’
heel of the immune system and also a chance for rational vaccine design. For many
infections that cannot be controlled by vaccines thus far, it will be important to in-
duce an immune response that is better than the one stimulated by natural infec-
tion.

Much can be expected from novel adjuvants capable of stimulating the most ade-
quate immune response for a given pathogen. Adjuvants will be required particu-
larly for subunit vaccines, whether they be based on naked DNA, on protein, or on
carbohydrate antigens. The right formulation comprising both the protective antigen
and the appropriate adjuvant will define the success of a future subunit vaccine. Yet,
it is likely that for certain diseases, subunit vaccines comprising only a few specific
antigens will be insufficient. In these cases viable vaccines will be required, and the
choice of the most appropriate recombinant vaccine carrier will be equally difficult.

The list of nature's scourges is headed by the ‘big three‘, that is, AIDS, tuberculo-
sis, and malaria, which represent major challenges for rational vaccine design.
Therefore, specific chapters are devoted to vaccine development against these dis-
eases, as well as to vaccination strategies against Helicobacter pylori, which is respon-
sible not only for gastric ulcers but also for certain forms of stomach cancer. More-
over, a chapter on vaccines against bioterror agents has been included, since we have
become aware of the dreadful possibilities infectious agents offer to those who want
to pervert our increasing knowledge about infectious diseases.

We have to be aware that we live in a world that has been populated by microor-
ganisms for more than 3 billion years, while the beginning of mankind dates back
only 5 million years. Hence, it would be unreasonable to think that we can conquer
all microbes successfully. Rather, we have to accept that the survival strategies of
most microbes, which are based on a combination of rapid replication and rapid
change, are highly successful and that our current knowledge may not be sufficient
for designing vaccines against the most devious pathogens. Moreover, the undesired
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possibility needs to be considered that novel, more hazardous strains may evolve un-
der the pressure of imperfect vaccines.

By design, this book focuses on the scientific basis of rational vaccine design. This
is not, however, meant to underestimate the importance of subsequent development,
safety assessment, and clinical trials. Two chapters have been included that deal with
two important aspects downstream of vaccine research: safety assessment and cost-
efficiency aspects of vaccination. It has become clear that the complete process of
vaccine development is most successful as a close interaction between basic re-
search, mostly done at public academic institutions, and development, best done by
private industry. Unfortunately, vaccine development is not always high on the list of
interests of industry. After all, the major goal of a successful vaccine is eradication of
the targeted disease. Consequently, the most successful vaccine will concomitantly
eradicate its own market. Moreover, many vaccines are needed for diseases that are
most prevalent in countries that have the least financial resources. As a conse-
quence, the return on investment for some vaccines may be too low to attract indus-
try partners. On the other hand, public health systems would receive a profound re-
turn on investment. This has been proven impressively by the vaccines currently
available. For every dollar that is spent on vaccination against measles, mumps, ru-
bella, diphtheria, pertussis, or tetanus the public hand saves $10 to $20. Vaccination
against childhood tuberculosis, tetanus, polio, measles, and hepatitis B prolongs
healthy life by one year for a cost of $10 to $40. It is obvious that, not only the pro-
tected individual, but also the general public benefits enormously from vaccination.

Currently available vaccines have proven their great cost-efficiency and success in
an impressive way. Their availability has been made possible by efforts dating back
several decades. Recent achievements in basic research have now laid a new founda-
tion for rational design of novel vaccines, and the general public will benefit from
such vaccines in future decades, provided appropriate efforts are undertaken now.

Stefan H. E. Kaufmann Berlin, August 2003
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