


BRIEF CONTENTS

Chapter o

Chapter

Chapter

Chapter
Chapter
Chapter

Chapter
Chapter

Chapter

60 ©6 90006 060

Chapter

Chapter (P
Chapter B
Chapter
Chapter

THE MAIN THEMES OF
MICROBIOLOGY 1

FromMm AtOoMs TO CELLS: A
CHEMIcAL CONNECTION 25

ToorLs OF THE LABORATORY:
THE METHODS FOR
STUDYING
MICROORGANISMS 59

PrROCARYOTIC PROFILES: THE
BACTERIA AND ARCHAEA 88

EucarvyoTic CELLS AND
MICROORGANISMS 124

AN INTRODUCTION TO THE
VIRUSES 161

ELEMENTS OF MICROBIAL
NUTRITION, ECcOoLOGY, AND
GrOWTH 190

MICROBIAL METABOLISM:
THE CHEMICAL CROSSROADS
OF LIFE 221

MicroBIAL GENETICS 256

GENETIC ENGINEERING: A
REVOLUTION IN
MoLECULAR BiorLocy 296

PHysicAL AND CHEMICAL
CONTROL OF
MicroBEsS 327

Drucs, MicroOBES, HosTt—
THE ELEMENTS OF
CHEMOTHERAPY 359

MicroBe-HumanN
INTERACTIONS: INFECTION
AND Disease 391

THE NATURE OF HoOsT
DErFENSES 431

@ Denotes chapters (1-17) that appear in the paperback Basic Principles version of this text.

iv

Chapter @

Chapter @
Chapter @

Chapter 18

Chapter 19
Chapter 20

Chapter 21
Chapter 22
Chapter 23

Chapter 24

Chapter 25

Chapter 26

THE ACQUISITION OF
SreciFic IMMUNITY AND ITs
APPLICATIONS 463

IMMUNIZATION AND [MMUNE

AssAays 495

DISORDERS IN
IMmMmuNITY 516

INTRODUCTION TO
IDENTIFICATION
TECHNIQUES IN MEDICAER
MICROBIOLOGY 555

THe Coccl OF MEDIC L
IMPORTANCE 563

THE GRAM-POSITIVE
BAaciLLr OF MEDICAL
IMPORTANCE 593

THE GRAM-NEGATIVE
BAaciLLt OF MEDICAL
IMPORTANCE 623

MISCELLANEOUS BACTERIAL
AGENTS OF DISEASE 649

THE FUNGI OF MEDICAL
IMPORTANCE 688

THE PARASITES OF MEDICAL
IMPORTANCE 719

INTRODUCTION TO THE
VIRUSES OF MEDICAL
IMPORTANCE: THE DNA
VIRUSES 756

RINA VIRUSES OF MEDICALI
IMPORTANCE 782

ENVIRONMENTAL
AND APPLIED

MicroBIOLOGY 827



Preface xv

Chaptera

THE MAIN TH:=MES OF
MICROBIOLOGY 1

THE Scope OF MICROBIOLOGY 2
Infectious Diseases and the Human
Condition 4
MicroriLE 1.1 Infectious Diseases in the
Global Village 6

THE GENERAL CHARACTERISTICS OF
MICROORGANISMS 7
Cellular Organization 7
A Note on Viruses 7
Microbial Dimensions: How Small Is
Small? 7
Life-styles of Microorganisms 7
Tue HisToriCAL FOUNDATIONS OF
MicroBiOLOGY 7
The Development of the Microscope:
“Seeing Is Believing” 8

MicroFiLE 1.2 Spontaneous Generation
and the Battle of the
Hypotheses 12

The Rise of the Scientific Method 14
The Development of Medical
Microbiology 16
TAXONOMY: ORGANIZING,
CLASSIFYING, AND NAMING
MICROORGANISMS 18
The Levels of Classification 18
Assigning Specific Names 19
The Origin and Evolution of
Microorganisms 20
Systems of Presenting a Universal Tree
of Life 21
Chapter Capsule with Key Terms 23
Multiple-Choice Questions 23

CONTENTS

Concept Questions 24
Critical-Thinking Questions 24
Internet Search Topic 24

Chapter 9

FROM ATOMS TO
CEeLLs: A CHEMICAL
CONNECTION 25

ATtoms, BonDs, AND MOLECULES:
FUNDAMENTAL BUILDING
BLocks 26
Different Types of Atoms: Elements and
Their Properties 27
The Major Elements of Life and Their
Primary Characteristics 28
BoNDs AND MOLECULES 28
Covalent Bonds and Polarity:
Molecules with Shared
Electrons 29
Ionic Bonds: Electron Transfer Among
Atoms 31

MicroFiLE 2.1 Redox: Electron Transfer
and Oxidation-Reduction
Reactions 32

Solutions: Homogeneous Mixtures of
Molecules 34

Acidity, Alkalinity. and the pH Scale 35

The Chemistry of Carbon and Organic
Compounds 37

Functional Groups of Organic
Compounds 37

MACROMOLECULES: SUPERSTRUCTURES OF

Lire 38

Carbohydrates: Sugars and
Polysaccharides 39

Lipids: Fats, Phospholipids, and
Waxes 42

Proteins: Shapers of Life 43

® Denotes chapters (1-17) that appear in the paperback Basic Principles version of this text.

The Nucleic Acids: A Cell Computer
and Its Programs 46

MicroriLE 2.2 Proteins and Paper
Airplanes 47

CeLLs: WHERE CHEMICALS COME TO
LiFE 52
Fundamental Characteristics of Cells
52
Processes That Define Life 52

MicROFILE 2.3 Membranes: Cellular
Skins 53

Chapter Capsule with Key Terms 55

Multipie-Choice Questions 56

Concept Questions 57

Critical-Thinking Questions 58

Chapter@

ToOOLS OF THE
LABORATORY: THE
METHODS FOR
STUDYING
MICROORGANISMS 59
MEeTHODS OF CULTURING

MICROORGANISMS 60
Inoculation and Isolation 61

MicroriLe 3.1 Animal Inoculation:
“Living Media” 61
Media: Providing Nutrients in the
Laboratory 62
MicroFiLE 3.2 Media Milestones 64
Types of Media 64
Physical States of Media 64
MicroriLE 3.3 Microbiology Discovers
Agar 66
Chemical Content of Media 65
Media to Suit Every Function 67



vi CONTENTS

INCUBATION, INSPECTION, AND
IDENTIFICATION 71
Maintenance and Disposal of
Cultures 71
THE MicroscoPE: WINDOW ON AN
INviSIBLE REALM 71
Magnification and Microscope
Design 72
Variations on the Optical
Microscope 75
Electron Microscopy 77

MicroriLE 3.4 A Revolution in
Resolution: Probing
Microscopes 81

Preparing Specimens for Optical
Microscopes 81

MicroriLE 3.5 The Chemistry of Dyes
and Staining 83

Chapter Capsule with Key Terms 85

Multiple-Choice Questions 86

Concept Questions 86

Critical-Thinking Questions 87

Chcpter@

ProcarvyoTIC
PrROFILES: THE
BACTERIA AND
ARCHAEA 88

Procarvoric Form anp FuncTION:
EXTERNAL STRUCTURE 89
THE STRUCTURE OF A GENERALIZED
Procaryoric CeLL 89
Appendages: Cell Extensions 90

The Cell Envelope: The Quter Wrapping

of Bacteria 94
The Cell Wall: Multipurpose
Framework of the Cell 96

MicrorFiLE 4.1 The Gram Stain: A Grand
Stain 97

The Cell Membrane: The Multipurpose
Integument 100
BacTERIAL FOrRM AND FUNCTION:
INTERNAL STRUCTURE 101
Contents of the Cells Cytoplasm 101
Bacterial Endospores: Resistance in the
Extreme 102
BACTERIAL SHAPES, ARRANGEMENTS, AND
Sizes 105
BACTERIAL IDENTIFICATION AND
CLASSIFICATION SysTeEms 108
Methods Used in Bacterial
Identification 108

Classification Systems in the
Procaryotae 109

MicrorFiLE 4.2 The Name Game 111

SurVEY OF ProCARYOTIC GROUPS WITH
UNusuaL CHARACTERISTICS 115
Unusual Forms of Medically Significant
Bacteria 115

MicroriLE 4.3 Bulky Bacterium Baffles
Biologists 116
Free-Living Nonpathogenic
Bacteria 117
Archaea: The Other Procaryotes 118
Chapter Capsule with Key Terms 121
Multiple-Choice Questions 122
Concept Questions 122
Critical-Thinking Questions 123
Internet Search Topic 123

Chapfere

EucarvyoOTIC
CELLS AND
MICROORGANISMS 124

THe NATURE OF EUCARYOTES 125
Form AND FuncTION OF THE EucaryoTiC
CELL: EXTERNAL
STRUCTURES 125
Locomotor Appendages: Cilia and
Flagella 127
Surface Structures:
The Glycocalyx 127
The Cell Wall 127
The Cell Membrane 128
Form AnND FuncTiON oF THE EUCARYOTIC
CELL: INTERNAL
StTRUCTURES 128
The Nucleus: The Cell Control
Center 128
Endoplasmic Reticulum: A Maze of
Membranes 129
Golgi Apparatus: A Packaging
Machine 130
Mitochondria: Energy Generators
of the Cell 134

MicroriLE 5.1 The Extraordinary

Emergence of Eucaryotic
Cells 135

Chloroplasts: Photosynthesis
Machines 134

The Cytoskeleton: A Support
Network 134

Ribosomes: Protein Synthesizers 136

Survey oF EucaryoTtic
MicROORGANISMS 137
Tue Kingpom oF T Funct 137
Fungal Nutrition 139
Organization of Microscopic
Fungi 140
Reproductive Strategies and Spore
Formation 140
Fungal Classification 143
Fungal Identification and
Cultivation 144
The Roles of Fungi in Narure and
Industry 145
MicroFiLE 5.2 Fascinating Fungi 146
Tue PromISTS 146
The Algae: Photosynthetic
Protists 147
Biology of the Protozoa 149
THE ParasiTic HELMINTHS 155
General Worm Morphology 155
Life Cycles and Reproduction 155
A Helminth Cycle:
The Pinworm 156
Helminth Classification and
Identification 156
Distribution and Importance of
Parasitic Worms 156
MicroriLE 5.3 Biological Adaptation in
the Tapeworms 157
Chapter Capsule with Key Terms 157
Muitiple-Choice Questions 158
Concept Questions 159
Critical-Thinking Questions 160
Internet Search Topic 160

Chapl’er@

AN INTRODUCTION TO
THE VIRUSES 161

THE SEARCH FOR THE ELUSIVE
VIRUSES 162
THE POSITION OF VIRUSES IN THE
BioLoGICAL SPECTRUM 162
THE GENERAL STRUCTURE OF
ViRUSES 163
Size Range 163
UNIQUE VIRaL CoNSTITUENTS: CAPSIDS,
NucLEIC ACIDS, AND
ENVELOPES 164
How VIRUSES ARE CLASSIFIED AND
Namep 170
MobEs oF VIRAL MuULTIPLICATION 170
The Multiplication Cycle in
Bacteriophages 171



Multiplication Cycles in Animal
Viruses 175
TECHNIQUES IN CULTIVATING AND
IDENTIFYING ANIMAL
Viruses 181
Using Live Animal
Inoculation 181
Using Bird Embryos 181
Using Cell (Tissue) Culture
Techniques 182
MEebicAL IMPORTANCE OF
Viruses 183
Special Viruslike Infectious
Agents 183
Detection and Control of Viral
Infections 185

MIicCROFILE 6.1 Viruses, Fetuses, and
Neonates 185

Treatment of Animal Viral
Infections 185
Chapter Capsule with Key Terms 187
Multiple-Choice Questions 187
Concept Questions 188
Critical-Thinking Questions 189
Internet Search Topic 189

Chcptere

ELEMENTS OF
MICROBIAL
NUTRITION, ECOLOGY,
AND GrROwTH 190

MicroriLE 7.1 Life in the Extremes 191
MicroBiaL NUTRITION 192
Chemical Analysis of Microbial
Cytoplasm 192
MicrorFiE 7.2 Dining with an Ameba 193
Sources of Essential Nutrients 193

MicroFiLE 7.3 Metal Ions and Infectious
Disease 195

How Microbes Feed: Nutritional
Types 196
MicroriLE 7.4 The Language of
Microbial Adaptations 196

MicrorFiLE 7.5 Sunlight-Driven Organic
Synthesis 197
Transport Mechanisms for Nutrient
Absorption 199
ENVIRONMENTAL FACTORS THAT
INFLUENCE MicroBEs 204

Temperature Adaptations 204

MicroriLE 7.6 Cashing in on “Hot”
Microbes 206

Gas Requirements 206
MicroFILE 7.7 Anaerobic Infections 207

Effects of pH 208

Osmotic Pressure 208

Miscellaneous Environmental
Factors 208

Ecological Associations Among
Microorganisms 208

Interrelationships Between Microbes
and Humans 209

MicroriLE 7.8 Life Together:
Mutualism 210

THE STUDY OF MICROBIAL GROWTH 212
The Basis of Population Growth: Binary
Fission 212
The Rate of Population Growth 212
The Population Growth Curve 213

MicroFiLE 7.9 Steps in a Viable Plate
Count—Batch Culture
Method 214

Stages in the Normal Growth
Curve 215
Other Methods of Analyzing Population
Growth 216
Chapter Capsule with Key Terms 218
Multiple-Choice Questions 219
Concept Questions 219
Critical-Thinking Questions 220
Internet Search Topic 220

Chapter@

MICROBIAL
MEeTABOLISM: THE
CHEMICAL CROSSROADS
or LiFe 221

THE METABOLISM OF MICROBES 222

Enzymes: Catalyzing the Chemical
Reactions of Life 222
MicroriLE 8.1 Enzymes as Biochemical
Levers 224

MicroriLe 8.2 Unconventional
Enzymes 225

MicrorFiLE 8.3 The Enzyme Name
Game 228
Regulation of Enzymatic Activity and
Metabolic Pathways 230

CONTENTS vii

THE Pursuit AND UTILIZATION OF
ENERGY 233
The Energy in Electrons 233
A Closer Look at Biological Oxidatioh
and Reduction 233

MicroriLe 8.4 Energy in Biological
Systems 234

Adenosine Triphosphate: Metabolic
Money 234
PATHWAYS OF BIOENERGETICS 237
Catabolism: An Overview of Nutrient
Breakdown and Energy
Release 237

MicroriLE 8.5 Microbial Models of
Metabolism 238

Energy Strategies in
Microorganisms 238

Pyruvic Acid—A Central
Metabolite 240

The Tricarboxylic Acid Cycle—A
Carbon and Energy
Wheel 240

The Respiratory Chain: Electron
Transport and Oxidative
Phosphorylation 242

Summary of Aerobic
Respiration 246

Anaerobic Respiration 247

The Importance of
Fermentation 248

MicRroFILE 8.6 Pasteur and the Wine-to-
Vinegar Connection 249

MicroriLE 8.7 Fermentation and
Biochemical Testing 250

BIOSYNTHESIS AND THE CROSSING

PaTHWAYS OF METABOLISM 250
The Frugality of the Cell—Waste Not,

Want Not 250

Chapter Capsule with Key Terms 253

Multiple-Choice Questions 254

Concept Questions 254

Critical-Thinking Questions 255

Internet Search Topic 255

Chapfer@

MICROBIAL
GENETICS 256

INTRODUCTION TO GENETICS AND GENES:
UNLOCKING THE SECRETS OF
HerepiTy 257

The Nature of the Genetic
Material 257



viii CONTENTS
MicroFiLE 9.1 Deciphering the Structure
of DNA 258

MicroFiLE 9.2 The Video Genome 259

MicroFiLE 9.3 The Packaging of DNA:

Winding, Twisting, and
Coiling 260

The DNA Code: A Simple Yet Profound
Message 260

The Significance of DNA Structure 261

DNA Replication: Preserving the Code
and Passing It On 262

MicroFiLE 9.4 Palindromes— Word
Games with the Language of
DNA 263

APPLICATIONS OF THE DNA Cobk:
TRANSCRIPTION AND
TRANSLATION 266

The Gene-Protein Connection 266

The Major Participants in Transcription
and Translation 266

Transcription: The First Stage of Gene
Expression 268

. Translation: The Second Stage of Gene

Expression 269

Eucaryotic Transcription and
Translation: Similar Yet
Different 274

The Genetics of Animal Viruses 275

GENETIC REGULATION OF PROTEIN
SYNTHESIS AND
MeTaBoLism 277

The Lactose Operon: A Model for
Inducible Gene Regulation in
Bacteria 278

A Repressible Operon 278

Antibiotics That Affect Transcription
and Translation 279

CHANGES IN THE GENETIC CODE:
MUTATIONS AND INTERMICROBIAL
EXCHANGE AND
RECOMBINATION 280

Causes of Mutations 280

Categories of Mutations 281

MicroFiLE 9.5 Mutations: Mistakes in
DNA Language 282

Repair of Mutations 283

The Ames Test 284

Positive and Negative Effects of
Muzations 284

Intermicrobial DNA Transfer and
Recombination 285

MicroFiLE 9.6 The Magnitude of a

Mutation: Sickle-Cell
Anemia 286

Chapter Capsule with Key Terms 292
Multiple-Choice Questions 293
Concept Questions 294
Critical-Thinking Questions 294
Internet Search Topic 295

Chapter @

GENETIC
ENGINEERING: A
REVOLUTION IN
MOLECULAR
BioLoGgy 296

Basic ELEMENTS AND APPLICATIONS OF
GENETIC ENGINEERING 297
TooLs AND TECHNIQUES OF GENETIC
ENGINEERING 297
DNA: The Marvelous Molecular
Toy 297
MicrorFiLE 10.1 Bioethics Confronts
Biocengineering 298
MEeTHODS IN RECOMBINANT DNA
TECHNOLOGY: How TO IMITATE
Narure 305
Technical Aspects of Recombinant DNA
and Gene Cloning 305
Construction of a Chimera, Insertion
into a Cloning Host, and Genetic
Expression 307
BiocHEMICAL PRODUCTS OF
REcOMBINANT DNA
TECHNOLOGY 308
RECOMBINANT ORGANISMS: How TO
IMPROVE ON NATURE 309
Recombinant Microbes: Modified
Bacteria and Viruses 309
Transgenic Plants: Improving Crops
and Foods 310
Transgenic Animals: Engineering
Embryos 311
GENETIC TREATMENTS: INTRODUCING
DNA mro THE Bopy 314
Gene Therapy 314

Antisense and Triplex DNA Technology:

Genetic Medicines 315
GENETIC MAPS, FINGERPRINTS, AND
FamiLy Trees 317
Genome Mapping and Screening: An
Atlas of the Genome 317
DNA Fingerprinting: A Unique Picture
of a Genome 317

MicroFiLE 10.2 The Human Highway:
Mapping the Genome 318

MicroFiLE 10.3 Genetic Junk Shop Yields
Treasures 319

MicroFiLE 10.4 DNA Fingerprints: The
Bar Codes of Life 321

Chapter Capsule with Key Terms 322
Multiple-Choice Questions 324
Concept Questions 324
Critical-Thinking Questions 325
Internet Search Topic 326

Chapter 0

PHYSICAL AND
CHEMICAL CONTROL
OF MICROBEs 327

MicrorFiLE 11.1 Microbial Control in
Ancient Times 328

CONTROLLING MICROORGANISMS 328

General Considerations in Microbial
Control 328

Relative Resistance of Microbial
Forms 328

Terminology and Methods of Microbial
Control 330

What Is Microbial Death? 331

How Antimicrobial Agents Work: Their
Modes of Action 332

MicroFiLE 11.2 How Can You Sterilize
the World? 334

METHODS OF PHysicaL ControL 335
Heat As an Agent of Microbial
Control 335
The Effects of Cold and
Desiccation 339
Radiation As a Microbial Control
Agent 340
Sound Waves in Microbial
Control 342
Sterilization by Filtration: Techniques
for Removing Microbes 343
CHEMICAL AGENTS IN MICROBIAL
ControL 345
Choosing a Microbicidal
Chemical 345
Factors That Affect the Germicidal
Activity of Chemicals 345
MicroFiLE 11.3 Pathogen Paranoia: “The
Only Good Microbe Is a Dead



Germicidal Categories According to

Chemical Group 347

MicroriLE 11.4 The Quest for Sterile
Skin 352

Chapter Capsule with Key Terms 355

Mulitiple-Choice Questions 357

Concept Questions 358

Critical-Thinking Questions 358

Chapter @

DrucGs, MICROBES,
HostT—THE
ELEMENTS OF
CHEMOTHERAPY 359

MicroFiLE 12.1 From Witchcraft to
Wonder Drugs 360

PRINCIPLES OF ANTIMICROBIAL
THERAPY 360
The Terminology of
Chemotherapy 360
Drug, Microbe, Host—Some Basic
Interactions 361
The Origins of Antimicrobic
Drugs 361
CHARACTERISTIC INTERACTIONS BETWEEN
Druc AND MICROBE 361
Mechanisms of Drug Action 362

MicroFiLE 12.2 A Modern Quest for
Designer Drugs 363
The Acquisition of Drug
Resistance 366
SURVEY OF MAJOR ANTIMICROBIC DRUG
Grouprs 369
Antibacterial Drugs 369

MicroFiLE 12.3 The Rise of Drug
Resistance 370

Synthetic Antibacterial Drugs 376
Agents to Treat Fungal Infections 377
Antiparasitic Chemotherapy 377
Antiviral Chemotherapeutic

Agents 378

MicrorFiLE 12.4 Household Remedies—
From Apples to Zinc 379

CHARACTERISTICS OF HosT-DRUG
ReAcTiONs 379
Toxicity to Organs 379
Allergic Responses to Drugs 381
Suppression and Alteration of the
Microflora by Antimicrobics 381

CONSIDERATIONS IN SELECTING AN
ANTIMICROBIC DRUG 382
Identifying the Agent 382
Testing for the Drug Susceptibility of
Microorganisms 383
Medical Considerations in Anti-
Infective Chemotherapy 383
An Antimicrobic Drug Dilemma 386
Chapter Capsule with Key Terms 387
Multiple-Choice Questions 388
Concept Questions 389
Critical-Thinking Questions 390
Internet Search Topic 390

Chapter @

MicrOBE-HuUMAN
INTERACTIONS:
INFECTION AND
Disease 391

MicrorFiLE 13.1 Some Potential Results
of Microbe-Human
Interactions 392

Trae Human Host 392
Contact, Infection, Disease—A
Continuum 392
Resident Flora: The Human As a
Habitat 393
Indigenous Flora of Specific
Regions 395
Studies with Germ-Free Animals 398
THE PROGRESS OF AN INFECTION 400
The Portal of Entry: Gateway to
Infection 401

MicroriLE 13.2 Bites and Needles—
A Traumatic Portal of Entry 402

MicroFiLE 13.3 What’s Love Got to Do
with It? 403
The Size of the Inoculum 404
Mechanisms of Invasion and
Establishment of the
Pathogen 404

MicroFiLE 13.4 The Classic Stages of
Clinical Infections 408

MicrorFiLE 13.5 A Quick Guide to the
Terminology of Infection and
Disease 409
Signs and Symptoms: Warning Signals
of Disease 410
The Portal of Exit: Vacating
the Host 410

CONTENTS ix

MicroFiLE 13.6 Rashes, Rushes, and
Flushes 411

The Persistence of Microbes and
Pathologic Conditions 412
EPIDEMIOLOGY: THE STUDY OF DISEASE IN
PopuLaTiONs 413
Who, When, and Where? Tracking
Disease in the Population 413

MicrorFiLE 13.7 Chronology of a Mystery

Epidemic 416

Reservoirs: Where Pathogens
Persist 417

How and Why? The Acquisition and
Transmission of Infectious
Agents 420

Nosocomial Infections: The Hospital As
a Source of Disease 422

What Is the Cause? Using Koch's
Postulates to Determine

Etiology 424
MicroriLe 13.8 The History of Human
Guinea Pigs 426
Chapter Capsule with Key Terms 427
Multiple-Choice Questions 428
Concept Questions 428
Critical-Thinking Questions 429
Internet Search Topic 430

Chapter @

THE NATURE OF HosT
DEFENSES 431

DEFENSE MECHANISMS OF THE HosT IN
PERSPECTIVE 433
Barriers at the Portal of Entry: A First
Line of Defense 433
INTRODUCING THE IMMUNE SysTEM 435
The Molecular Basis of Immune
Responses 435

MicroFiLE 14.1 What s Foreign? What
Is Not? 436

SysTEMS INVOLVED IN IMMUNE
DEFENSES 437

The Communicating Body

Compartments 437

NonsPECIFIC IMMUNE REACTIONS OF THE
Bobpy’s COMPARTMENTS 447

MicroriLe 14.2 Rubor, Calor, Tumor.
Dolor: Gross Signs of
Inflammation 448

The Inflammatory Response: A Complex
Concert of Reactions to Injurv 448



x CONTENTS

The Stages of Inflammation 448

MicroFiLE 14.3 The Dynamics of the
Cytokine Network 450

MicroriLE 14.4 When Inflammation Gets
Out of Hand 452

MicroriLE 14.5 Some Facts About
Fever 453
Phagocytes: The Ever-Present
Busybodies of Inflammation and
Specific Immunity 453
Contributors to the Body's Chemical
Immunity 455

MicrorFiLE 14.6 How Complement
Works 458
SeecrFic IMMuNITIES: THE THIRD AND
FiNaL LINE oF DEFENSE 458
Chapter Capsule with Key Terms 460
Multiple-Choice Questions 461
Concept Questions 461
Critical-Thinking Questions 462
Internet Search Topic 462

Chapter @

THE ACQUISITION OF
SPECIFIC IMMUNITY
AND ITS
APPLICATIONS 463

FURTHER EXPLORATIONS INTO THE
IMMUNE SYSTEM 464
THE DuaL NATURE OF SPECIFIC IMMUNE
RESPONSES 464
I. Development of the Dual Lymphocyte
System 464
. II. Entrance and Processing of Antigens
and Clonal Selection 464
II. B and Il T. Activation of
Lymphocytes and Clonal
Expansion 464
IV. Products of B Lymphocytes:
Antibody Structure and
Functions 464
V. How T Cells Respond to Antigen:
Cell-Mediated Immunity
(CMI) 464
ESSENTIAL PRELIMINARY CONCEPTS FOR
UNDERSTANDING IMMUNE
REACTIONS OF
SecTions I-V 466
Markers on Cell Surfaces Involved in
Recognition of Self and
Nonself 466

The Origin of Diversity and Specificity

in the Immune Response 468
THE LYMPHOCYTE RESPONSE SYSTEM IN

DeprH 471

I. Development of the Dual Lymphocyte
System: The Stages in Origin,
Differentiation, and
Maturation 471

II. Entrance and Processing of Antigens
and Clonal Selection 471

MicroFILE 15.1 An Immunologic Bargain
Basement 475

111 . B Activation of B Lymphocytes:
Clonal Expansion and Antibody
Production 476

IV. Products of B Lymphocytes:
Antibody Structure and
Function 478

MicrorFiLE 15.2 The Headless
Antibody 479
III T. Activation of T Lymphocytes and
V. How T Cells Respond to
Antigen: Cell-Mediated
Immunity 482

MicrorFiLE 15.3 Monoclonal Antibodies:
Variety Without Limit 485

MicroFiLE 15.4 Lymphokines: Chemical
Products of T Cells 485

A Practical Scheme for Classifying
Specific Immunities 487

MicroFiLE 15.5 Breast Feeding: The Gift
of Antibodies 489

Chapter Capsule with Key Terms 491
Multiple-Choice Questions 492
Concept Questions 492
Critical-Thinking Questions 493
Internet Search Topic 494

Chapter @

IMMUNIZATION AND
IMMUNE AssAyYys 495

PRACTICAL APPLICATIONS OF
ImMunoLogic FuncTion 496
Immunization: Methods of
Manipulating Immunity for
Therapeutic Purposes 496
MicroFiLE 16.1 The Lively History of
Active Immunization 497
Serological and Immune Tests:

Measuring the Immune Response
in Vitro 502

MicroFiLE 16.2 When Positive [s
Negative: How to Interpret
Serological Test Results 506

Chapter Capsule with Key Terms 513
Multiple-Choice Questions 513
Concept Questions 514
Critical-Thinking Questions 514
Internet Search Topic 515

Chapter @

DISORDERS IN
IMMUNITY 516

THE IMMUNE REsPONSE: A Two-SiDED
Coi~ 517
OVERREACTIONS TO ANTIGENS: ALLERGY/
HyPERSENSITIVITY 517
TyPE I ALLERGIC REACTIONS: ATOPY AND
ANAPHYLAXIS 518
Epidemiology and Modes of Contact
with Allergens 518
The Nature of Allergens and Their
Portals of Entry 519
Mechanisms of Type I Allergy:
Sensitization and
Provocation 520
Cytokines, Target Organs, and Allergic
Symptoms 521

MicrorFiLg 17.1 Of What Value Is
Allergy? 523

Specific Diseases Associated with IgE-
and Mast Cell-Mediated Allergy
523

MicrorFiLE 17.2 “Please Hold the
Additives™ 524
Anaphylaxis: An Overpowering
Systemic Reaction 524
Diagnosis of Allergy 524
Treatment and Prevention of
Allergy 526
Type II HYPERSENSITIVITIES: REACTIONS
THaT Lyse Foreign CeLLs 527
Human Blood Types 527
The Basis of Human ABO Isoantigens
and Blood Types 527
Antibodies Against A and B
Antigens 527
MicrorFiLk 17.3 The Origin of ABO
Antigens 528
The Rh Factor and Its Clinical
Importance 529

MicroFiLE 17.4 Why Doesn’t a Mother
Reject Her Fetus? 531



Other RBC Antigens 531
Typk 111 HYPERSENSITIVITIES: IMMUNE
CompLEX REAcTIONS 531
Mechanisms of Immune Complex
Disease 532
Types of Immune Complex Disease 532
An Inappropriate Response Against
Self, or Autoimmunity 532
TypE IV HYPERSENSITIVITIES: CELL-
MEDIATED (DELAYED)
REACTIONS 536
Delayed-Type Hypersensitivity 536
MicroriLE 17.5 Pretty, Prickly, Poisonous
Plants 537

T Cells and Their Role in Organ
Transplantation 538

MicroriLE 17.6 The Mechanics of Bone
Marrow Transplantation 540

IMMUNODEFICIENCY DISEASES:
HYPOSENSITIVITY OF THE
IMMUNE SYSTEM 540

Primary Immunodeficiency
Diseases 540
MicroriLE 17.7 An Answer to the Bubble
Boy Mystery 543
Secondary Immunodeficiency Diseases
543
CaNcer: CeLLs Our oF ConTROL 544
Characteristics and Classification of
Tumors and Cancers 544

MicroriLE 17.8 Hot on the Trail of
Cancer Clues and Cures 548

The Function of the Immune System in
Cancer 549
Chapter Capsule with Key Terms 550
Multiple-Choice Questions 552
Concept Questions 552
Critical-Thinking Questions 553

INTRODUCTION TO
IDENTIFICATION
TECHNIQUES IN
MEDICAL
MICROBIOLOGY 555
PREFACE TO THE SURVEY OF MICROBIAL
DISEASES 556
ON THE TRACK OF THE INFECTIOUS
AGENT: SPECIMEN
CoOLLECTION 556

Overview of Laboratory
Techniques 557

Review of Clinical Laboratory
Technology with Key
Terms 562

Review Questions 562

Chapter 18

Tue Cocci OF
MEDICAL

IMPORTANCE 563

GENERAL CHARACTERISTICS OF THE
StapHYLOCOCCI 564
Growth and Physiological
Characteristics of Staphylococcus
aureus 564
The Scope of Clinical Staphylococcal
Disease 565

MicroriLe 18.1 Tampons and TSS 567

Host Defenses Against S. aureus 567

The Other Staphylococci 567

Identification of Staphylococcus in
Clinical Samples 568

Clinical Concerns in Staphylococcal
Infections 568

GENERAL CHARACTERISTICS OF THE

STREPTOCOCCI AND RELATED
GENERA 570

B-Hemolytic Streptococci:
Streptococcus pyogenes 571

MicroriLE 18.2 “Flesh-Eater” Fuels
Unfounded Fears 573

Group B: Streptococcus agalactiae 576
Group D: Enterococci and Groups C
and G Streptococci 576

Laboratory ldentification
Techniques 577
Treatment and Prevention of
Streptococcal Infections 577
a-Hemolytic Streptococci: The Viridans
Group 578
Streptococcus pneumoniae: The
Pneumococcus 579
THE FAMILY NEISSERIACEAE: GRAM-
Necative Coccr 581
Neisseria gonorrhoeae: The Gonococcus
582
MicroriLe 18.3 An Unfortunate Self-
Experiment 582
Neisseria meningitidis: The
Meningococcus 585
Differentiating Pathogenic from
Nonpathogenic Neisseria 587
OTHER GRAM-NEGATIVE COCCI AND
CoccoBaciLLi 588

CONTENTS x1

Chapter Capsule with Key Terms 589
Multiple-Choice Questions 590
Concept Questions 591
Critical-Thinking Questions 592
Internet Search Topic 592

Chapter 19

THE GRAM-POSITIVE
BAacirLrLt oF MEDICAL
IMPORTANCE 593

MEDICALLY IMPORTANT GRAM-POSITIVE
BaciLr 594

GRAM-POSITIVE SPORE-FORMING
BaciLLr 594

General Characteristics of the Genus

Bacillus 594

MicrorFiLE 19.1 A Bacillus That Could
Kill Us 595

The Genus Clostridium 596

MicrorFiLE 19.2 Toxicity in the
Extreme 597

GRAM-POSITIVE REGULAR NON-SPORE-
FORMING BaciLrLr 602
An Emerging Food-Borne Pathogen:
Listeria monocytogenes 602
Erysipelothrix rhusiopathiae:

A Zoonotic Pathogen 603
GRAM-POSITIVE IRREGULAR NON-SPORE-
FormiING BaciLrr 603
Corynebacterium diphtheriae 603
The Genus Propionibacterium 606

MicrorFiLE 19.3 Acne: The Microbial
Connection 607

MYCOBACTERIA: ACID-FAST
BaciLLi 608
Mycobacterium tuberculosis: The
Tubercle Bacillus 608

MicroriLE 19.4 Tuberculosis: Waking a
Sleeping Giant 610
Mycobacterium leprae: The Leprosy
Bacillus 614
Infections by Non-Tuberculous
Mycobacteria (NTM) 616
ACTINOMYCETES: FILAMENTOUS
BaciLui 617
Actinomycosis 617
Nocardiosis 617
Chapter Capsule with Key Terms 619
Multiple-Choice Questions 620
Concept Questions 620
Critical-Thinking Questions 621
Internet Search Topic 622



xii CONTENTS

Chapter 20

THE GRAM-INEGATIVE
BAciLLl OF MEDICAL
IMPORTANCE 623

AEROBIC GRAM-NEGATIVE NONENTERIC
BaciLLr 624

MicroriLE 20.1 Gram-Negative Sepsis
and Endotoxic Shock 625

Pseudomonas: The Pseudomonads 625
Brucella and Brucellosis 627
Francisella tularensis and
Tularemia 627
Bordetella pertussis and Whooping
Cough 628
Legionella and Legionellosis 628

MicroriLE 20.2 Diarrheal
Disease 630

IDENTIFICATION AND DIFFERENTIAL
CHARACTERISTICS OF THE
ENTEROBACTERIACEAE 630

Antigenic Structures and Virulence
Factors 633

CoLIFORM ORGANISMS AND

DISEASES 634
Escherichia coli: The Unpredictable
Enteric Bacillus 634

MicroFILE 20.3 Escherichia coli
0157:H7: A Pathogen Known by
Its Numbers 635

NONCOLIFORM LACTOSE-NEGATIVE
ENTERICS 637
Opportunists: Proteus and Its
Relatives 637
Pathogens: Salmonella and
Shigella 637

MicroFiLE 20.4 The Infamous Typhoid
Mary 638

MicrorFiLE 20.5 Avoiding Gastrointestinal
Infections 640

Nonenteric Yersinia pestis and
Plague 641
Oxidase-Positive Nonenteric
Pathogens 643
Haemophilus: The Blood-Loving
Bacilli 644
Chapter Capsule with Key Terms 645
Multiple-Choice Questions 647
Concept Questions 647
Critical-Thinking Questions 648
Internet Search Topic 648

Chapter 21

MISCELLANEOUS
BACTERIAL AGENTS OF
DiseaseE 649

THE SPIROCHETES 650
Treponemes: Members of the Genus
Treponema 650
Leptospira and Leptospirosis 655
Borrelia: Arthropod-Borne
Spirochetes 656

MicroriLE 21.1 The Disease Named for a
Town 658

OTHER CURVIFORM GRAM-NEGATIVE
BACTERIA OF MEDICAL
IMPORTANCE 660

The Biology of Vibrio cholerae 660

MicrorFiLE 21.2 The Mysterious
Epidemiology of Cholera 661

MicroriLE 21.3 Oral Rehydration
Therapy 662

Vibrio parahaemolyticus and Vibrio
vulnificus: Pathogens Carried by
Seafood 662

Diseases of the Campylobacter
Vibrios 663

MicroFiLE 21.4 Helicobacter pylori: It's
Enough to Give You Ulcers 664

MEDICALLY IMPORTANT BACTERIA OF
UNIQUE MORPHOLOGY AND
BioLoGy 665

Family Rickettsiaceae 665

MicroriLE 21.5 Of Mice and Mites and

Lice and Bites: The Arthropod
Vectors of Infectious Disease 666

Specific Rickertsioses 666

Emerging Rickettsioses 670

Diseases Related to the
Rickettsioses 671

Other Obligate Parasitic Bacteria: The
Chlamydiaceae 672

MicroriILE 21.6 Reproductive Threats
from Chlamydia 674

MoLLICUTES AND OTHER CELL-WALL-
DEFICIENT BACTERIA 676
Biological Characteristics of the
Mycoplasmas 676
Bacteria That Have Lost Their Cell
Walls 677
BACTERIA IN DENTAL DISEASE 678

The Structure of Teeth and Associated
Tissues 678
Hard-Tissue Disease: Dental
Caries 678
Soft-Tissue (Periodontal) Disease 679
Factors in Dental Disease 681
Chapter Capsule with Key Terms 683
Multiple-Choice Questions 685
Concept Questions 685
Critical-Thinking Questions 686
Internet Search Topic 687

Chapter 22

THE FuNGI OF
MEDICAL
IMPORTANCE 688

FuNG1 As INFECTIOUS AGENTS 689
True Versus Opportunistic
Pathogens 689
Epidemiology of the Mycoses 690
Pathogenesis of the Fungi 690
MicroFiLE 22.1 Opportunistic Mycoses As
Diseases of Medical Progress 691
Diagnosis of Mycotic Infections 692
Control of Mycotic Infections 692
Organization of Fungal Diseases 692
SySTEMIC INFECTIONS BY TRUE
PATHOGENS 695
Histoplasmosis: Ohio Valley Fever 695
Coccidioidomycosis: Valley Fever. San
Joaquin Fever, California
Disease 697
Biology of Blastomyces dermatitidis:
North American
Blastomycosis 699
Paracoccidioidomycosis 700
SuscuTanEous Mycoses 701
The Natural History of Sporotrichosis.
Rose-Gardener's Disease 701
Chromoblastomycosis and
Phaeohyphomycosis: Diseases of
Pigmented Fungt 702
Mycetoma: A Complex Disfiguring
Syndrome 703
Cutaneous Mycoses 703
Characteristics of Dermatophytes 703
MicroFiLe 22.2 The Keratin Lovers 705

SuPERFICIAL MYCOSges 707
OprpPORTUNISTIC MYCOses 708
Infections by Candida: Candidiasis 708



MicroFiLE 22.3 Pregnancy, Candidiasis,
and the Neonate 709

Cryptococcosis and Cryptococcus
neoformans 7/0

Pneumocystis carinii and Pneumocystis
Pneumonia 711

Aspergillosis: Diseases of the Genus
Aspergillus 717

Mucormycosis: Zygomycete
Infection 712

MicroriLE 22.4 Fungi, Food, and
Toxins 713

Miscellaneous Opportunists 713

FUNGAL ALLERGIES AND
INTOXICATIONS 714

Chapter Capsule with Key Terms 715
Multiple-Choice Questions 716
Concept Questions 717
Critical-Thinking Questions 717
Internet Search Topic 718

The Trematodes, or Flukes 746
Cestode (Tapeworm) Infestations
(Cvcle C) 748
MicroFiLE 23.4 Waiter, There’s a Worm
in My Fish 750
Chapter Capsule with Key Terms 751
Multiple-Choice Questions 753
Concept Questions 754
Critical-Thinking Questions 755
Internet Search Topic 755

CONTENTS xiii
Concept Questions 779
Critical-Thinking Questions 780
Internet Search Topic 781

Chapter 23

THE PARASITES OF
MEDICAL
IMPORTANCE 719

THE PARAsITES OF HumaNs 720
TyYPICAL PROTOZOAN PATHOGENS 720
Infective Amebas 720
An Intestinal Ciliate: Balantidium
coli 723
The Flagellates (Mastigophorans) 723
Hemoflagellates: Vector-Borne Blood
Parasites 725

MicroFiLE 23.1 The Trypanosome’s Bag
of Tricks 727

Apicomplexan Parasites 730
A SURVEY OF HELMINTH PARASITES 736
General Life and Transmission
Cycles 736
General Epidemiology of Helminth
Diseases 737
Pathology of Helminth Infestation 737
Elements of Diagnosis and Control 739
Nematode (Roundworm)
Infestations 740

MicrorFiLE 23.2 When Parasites Attack
the “Wrong” Host 742

MicroriLE 23.3 Worms That Destroy
Vision 745

Chapter 24

INTRODUCTION TO THE
VIRUSES OF MEDICAL
IMPORTANCE: THE
DNA VIRUSEs 756

VIRUSES IN INFECTION AND
Disgase 757
Important Medical Considerations in
Viral Diseases 757
Survey oF DNA Virus Grours 758
EnveLoreD DNA Viruses 759
Poxviruses: Classification and
Structure 759

MicroFiLE 24.1 The Ultimate End to an
Ancient Scourge 760

The Herpesviruses: Common, Persistent
Human Viruses 761

MicroriLE 24.2 Dealing with Pregnancy
and Herpes 764

MicroFiLE 24.3 Viral Infection: The
Cause of Chronic Fatigue? 768

MicroriLE 24.4 The Dangers of Monkey
Herpesvirus 770

Hepadnaviruses: Unusual Enveloped
DNA Viruses 770

MicroriLE 24.5 The Clinical Connection
in Hepatitis 773
NonNeEnVELOPED DNA Viruses 774
The Adenoviruses 774
Papovaviruses: Papilloma, Polyoma,
Vacuolating Viruses 775
NONENVELOPED SINGLE-STRANDED
DNA VIRUSES:
THE PARVOVIRUSES 776
Chapter Capsule with Key Terms 778
Multiple-Choice Questions 779

Chapter 25

THE RNA VIRUSES OF
MEDICAL
IMPORTANCE 782

MicrorFiLE 25.1 New Viruses, Old Tricks;
Old Viruses, New Tricks 784

ENVELOPED SEGMENTED SINGLE-
StranDED RNA Viruses 785
The Biology of Orthomyxoviruses:
Influenza 785

MicroFiLE 25.2 Community Immunity,
Genetic Change, and
Influenza 786

MicroriLe 25.3 Influenza and Long-Term
Medical Complications 787

Bunyaviruses and Arenaviruses 787

MicroriLe 25.4 Hunting for
Hantaviruses 788

ENVELOPED NONSEGMENTED SINGLE-
STraNDED RNA VIRUSES 789
Paramyxoviruses 789

MicroriLE 25.5 A Rare and Deadly
Outgrowth of Measles 792

Rhabdoviruses 793

MicrorFiLE 25.6 The Development of
Rabies Vaccines 795

OtHER ENvELOPED RNA Viruses 796
Coronaviruses 796
Rubivirus, the Agenr of Rubella 796

MicroriLE 25.7 Prevention of Congenital
Rubella 797

ARBOVIRUSES: VIRUSES SPREAD BY
ARTHROPOD VECTORS 797
Epidemiology of Arbovirus
Disease 797
General Characteristics of Arbovirus
Infections 798
Diagnosis, Treatment, and Control of
Arbovirus Infection 800
ENVELOPED SINGLE-STRANDED RNA
VIRUSES WITH REVERSE
TRANSCRIPTASE:
RETROVIRUSES 800



xiv CONTENTS
The Biology of the Retroviruses 801
Nomenclature and Classification 801
Structure and Behavior of
Retroviruses 801
AcCQUIRED IMMUNE DEFICIENCY
SynproME (AIDS) 802
Historical Background 802
Epidemiology of AIDS 802
MicroFiLE 25.8 The Global Outlook on
AIDS 803
An Overview of AIDS Cases 804

MicroriLE 25.9 The Odds of Acquiring
AIDS Through Heterosexual
Contact 806

The Evolving Picture of AIDS
Pathology 806
AIDS Drugs: Cautious Hope for
a Cure 811
OTHER RETROVIRAL DISEASES IN
Humans 812
Epidemiology and Pathology of the
Human Leukemia Viruses 813
NONENVELOPED NONSEGMENTED SINGLE-
STRANDED RNA VIRUSES:
PICORNAVIRUSES AND
CaLicIVIRUSES 814
Poliovirus and Poliomyelitis 814

MicroFiLE 25.10 The Tragic Aftermath of
Poliomyelitis 815

Nonpolio Enteroviruses 817

MicroriLe 25.11 The Common Cold:
A Universal Human
Condition 818

MicroriLE 25.12 Contemplating a Cure
for the Common Cold 819

Caliciviruses 820
NONENVELOPED SEGMENTED DOUBLE-
STRANDED RNA VIRUSES:
ReovIRUSEs 820
SrLow INFECTIONS BY UNCONVENTIONAL
VIRUSLIKE AGENTS 821

Chapter Capsule with Key Terms 822
Multiple-Choice Questions 824
Concept Questions 825
Critical-Thinking Questions 826
Internet Search Topics 826

Chapter 26

ENVIRONMENTAL
AND APPLIED
MICROBIOLOGY 827

EcoLoGY: THE INTERCONNECTING WEB
ofF Lire 828
The Organization of Ecosystems 828
Energy and Nutritional Flow in
Ecosystems 829
Ecological Interactions Between
Organisms in a Communiry 830
THE NATURAL RECYCLING OF
BioELEMENTS 832
MicroFiLE 26.1 Gaia: Is the Biosphere a
Giant, Self-Sustaining
Organism? 833
Atmospheric Cycles 833
MicroriLE 26.2 Greenhouse Gases,
Fossil Fuels, Cows, Termites, and
Global Warming 835
Sedimentary Cycles 840
MicroriLE 26.3 Biogeochemical Cycles
and Bioamplification of
Pollutants 841
Soil Microbiology: The Composition of
the Lithosphere 841
Agquatic Microbiology 843
MIiCROFILE 26.4 Bioremediation: The
Pollution Solution? 844
APPLIED MICROBIOLOGY AND
BioTECHNOLOGY 852

MICROORGANISMS AND Foop 852
Microbial Involvement in Food-Borne
Diseases 853
Prevention Measures for Food
Poisoning and Spoilage 854
MicroFiLE 26.5 Wood or Plastic: On the
Cutting Edge of Cutting
Boards 856

Microbial Fermentations in Food
Products from Plants 858
Microbes in Milk and Diary
Products 862
Microorganisms As Food 863
GENERAL CONCEPTS IN INDUSTRIAL
MicrosioLoGY 864
From Microbial Factories to Industrial
Factories 866
Substance Production 866
Chapter Capsule with Key Terms 869
Muitiple-Choice Questions 871
Concept Questions 872
Critical-Thinking Questions 873
Internet Search Topics 873

Appendix A: Important Charts A-1

Appendix B: Exponents A-2

Appendix C: Methods for Testing
Sterilization and Germicidal
Processes A-4

Appendix D: Universal Blood and Body
Fluid Precautions A-6

Appendix E: Answers to Multiple-Choice

. Questions A-8

Appendix F: Classification of Major
Microbial Disease Agents by System
Affected, Site of Infection, and
Routes of Transmission A-9

Glossary G-1

Credits C-1

Index [-1



¢c h ap

THE MAIN THEMES OF
MICROBIOLOGY

hese are exciang times in the his-

tory of microbiology. We receive

nearly daily reminders about the unportance
of microscopic creatures i our hves. Newspa-
pers and magazines report on newly emerging
diseases and keep us abreast of new methods of

diagnosis and treatments. This negative view of

microbes 1s balanced with constant renu

of the numerous beneficrdl roles thar mucrot
play 1n our evervday hives und i dhie tuncoon
of the earth wselt: These puradoxical roles are o
never-ending source of fascination

The world continues to experience an
mcerease 1n new and emerging infecuous
agents such as the human immunodeficiency
virus (HIV) and other retroviruses, and several

older diseases such

as tuberculosis regularly

e to wreak
Micro-

l’lOlL)ng[‘i urn LlP Hl[flgll”‘l:\' connections be-

appear on the merease or ¢

their devastating effects (nucrofile 1.1

tween microorganisms and diseases whaose

causes have been unknown. Surprising corre

lanions exist between type I diabetes and cox-
sackievirus infecuon, between schizophrenia
and a virus called the borna agent, and be-
tween coronary artery disease and a commor
herpesvirus. These intriguing findings are the
focus of serious ongoing research studies. In

addition to therr mvasior t

living organisms

microbes are als i g il
en thrivi r CFeate

mercial mate iy MBULer B

jet fuel, paints. concrete, metal, pliso

paper

On the plus side, nucroorganisms con-

to our |

luted rronments (tigure
wthorities ire using microorganisms to cleat
up oil slicks or w remove pollutant ]

The Scope of Microbiology 2 The "Historicul Foundations of Taxonamm Clas :
Infectious Dise ind the oloy ind
Human Condinnon 4 The Development ot the Mi N
Microfile 1.1 Infecrious Discases in Microscope S I The | 1t 5
the Global Village 6 Believing™ 7 Assignn Nar I
The General Characteristics ot Microfile 1.2 Spontincous he Origin and Evolution of
Microorganisms Generatton and the Bacele ot Microorgamisms 201
Cellular Organization the Hyporthes 13 ( L
A Note on Viruses The Rise of the Scicnt
Microbial Dimensions: How Smiall Method 14 v Ter =
Is Smallz 7 The Developmer PN edicn
Life-styles of Microorganisms Microbislogy
One of the earliest ghmpses ito the microbial world emerged trom the microscopes of the
French naturalist Louss Jablot. He made these intricate drawings of protozoa grow m
straw infusions m 1711, Despite the fangitul names he gave them. such asheele fish”
“caterpillars,” and “swans.” the accuracy of his observations makes 1t passible tor
1

microbiologists to readily rdennfy them even today






THE MAIN THEMES OF MICROBIOLOGY
Viruses Figure 1.2
The Diversity of the Microbial World
(Not shown to scale)

“ Bacteria

e
™ Virus

Cyanobacteria

ence to their role in infection and disease, but those terms have
other biological meanings and perhaps place undue emphasis on
the disagreeable reputation of microorganisms. Other terms that are
encountered in our study are bacteria, viruses, fungi, protozoa,
algae, and helminths; these microorganisms are the major biologi-
cal groups that microbiologists study (figure 1.2). The very nature
of microorganisms makes them ideal subjects for study. They often
are more accessible than macroscopic* organisms because of their
relative simplicity, rapid reproduction, and adaptability, which is
the capacity of a living thing to change its structure or function in
order to adjust to its environment.

Microbiology is one of the largest and most complex of the
biological sciences because it deals with many diverse biological
disciplines. In addition to studying the natural history of microbes,
it also deals with every aspect of microbe-human and microbe-en-
vironmental interactions. These interactions include genetics, me-
tabolism, infection, disease, drug therapy, immunology, genetic
engineering, industry, agriculture, and ecology. The subordinate
branches that come under the large and expanding umbrella of mi-
crobiology are presented in table 1.1.

Microbiology has numerous practical uses in industry and
medicine. Some prominent areas that are heavily based on appli-
cations in microbiology are as follows:

Immunology studies the system of body defenses that
protects against infection. It includes serology, a disci-
pline that looks for the products of immune reactions in
the blood and tissues and aids in diagnosis of infectious
diseases by that means, and allergy, the study of hyper-
sensitive responses to ordinary, harmless materials (see
chapters 14, 15, 16, and 17).

“macroscopic (mak’*-roh-skaw’-pik) Gr. macrs, large, and scopein, to see. Visible with
the naked eye.

(phage)

& Algae

wﬁ/’ > Bacteria

Public health microbiology and epidemiology aim
to monitor and control the spread of diseases in communi-
ties. The principal U.S. and global institutions involved in
this concern are the United States Public Health Service
(USPHS) with its main agency, the Centers for Disease
Control and Prevention (CDC) located in Atlanta, Geor-
gia, and the World Health Organization (WHO), the med-
ical limb of the United Nations (see chapter 11). The
CDC collects information on disease from around the
United States and publishes it in a weekly newsletter
called the Morbidity and Mortality Weekly Report (see
data in end papers).

Food microbiology, dairy microbiology, and
aquatic microbiology examine the ecological and practi-
cal roles of microbes in food and water (see chapter 22).

Agricultural microbiology is concerned with the
relationships between microbes and crops, with an em-
phasis on improving yields and combating plant diseases.

Biotechnology includes any process in which hu-
mans use the metabolism of living things to arrive at a
desired product, ranging trom bread making to gene ther-
apy (see chapters 10 and 26).

Industrial microbiology is concerned with the uses
of microbes to produce or harvest large quantities of sub-
stances such as beer, vitamins, amino acids, drugs, and
enzymes (see chapters 7 and 22).

Genetic engineering and recombinant DNA tech-
nology involve techniques that deliberately alter the ge-
netic makeup of organisms to mass produce human hor-
mones and other drugs, create totally novel substances,
and develop organisms with unique methods of synthesis
and adaptation. This is the most powerful and rapidly
growing area in modern microbiology (see chapter 10).
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Figure 1.3

Graphs contrast the seven overall causes of death worldwide in developed, industrialized countries and in developing countries. Although

mortality from infectious diseases has waned in countries such as the United States. it still has a major impact in countries with less
development and access to medical care. Miscellaneous causes of death include accidents, suicides, war, and malnutrition.

Source: Data from World Health Organization 1996 reports.
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Figure 1.4

Infectious disease statistics rank the major causes of (a) mortality and (h) morbidity (rate of disease) on a global scale. A large number of

diseases can be treated with drugs or prevented altogether with vaccination and improvements in health care and sanitation

Source: World Health Organization, 1996; most recent data available.



