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Picking Apart a Microbial Consortium
In nature, certain metabolic processes are carried out by microbes 
that team up to get the job done, a cozy arrangement called a con-
sortium. Such is the case with the oxidation of methane (CH4) linked 
to the reduction of sulfate (SO4

2-) in anoxic marine sediments. The 
overall reaction (CH4 + SO4

2- S HCO3
- + HS- + H2O) is exergonic and 

the small amount of energy released is shared between two distinct 
microbes. The methane oxidizer in the consortium is a species of 
Archaea nicknamed ANME (for anaerobic methanotroph, blue in 
photo), and its sulfate-reducing partner is a species of Bacteria  
(brown in photo). The  consortium is thought to play a key role in the 
carbon cycle as a major methane sink, and thus a detailed picture of 
how it works is important to our  understanding of the global carbon 
economy, climate change, and marine  biogeochemistry.

Researchers have tried for years to separate the consortium into 
its  components but always found that methane oxidation required 
both  organisms. However, some researchers hypothesized that it 
might be possible to replace the sulfate reducer with an artificial 
electron acceptor and that this might unlock the consortium and 
allow the methanotroph to grow in pure  culture. Using an electron 
acceptor called AQDS, the scientists discovered that they could turn 
off sulfate reduction in the consortium while maintaining CH4 oxi-
dation. During this process, the methanotroph used electrons from 
CH4 to reduce AQDS rather than passing them on to its sulfate-
reducing partner.  Several other electron acceptors known to support 
anaerobic respiration also sustained methane oxidation, giving hope 
that ANME may eventually be obtained in pure culture.

The ability to grow a microbe in pure culture is the “gold standard” for the 
study of its physiology, biochemistry, regulation, and several other aspects of its 
biology. In the case of the ANME–sulfate reducer consortium, several physiologies 
were active at once, and resolving these many reactions proved to be a major 
 scientific challenge. However, if further work shows that ANME can be removed 
from the consortium and grown in pure culture, detailed aspects of its biology 
can be studied that were not possible when the organism was tightly coupled to 
its partner in the consortium (photo).

Source: Scheller, S., H. Yu, G.L. Chadwick, S.E. McGlynn, and V.J. Orphan. 2016.  
Artificial electron acceptors decouple archaeal methane oxidation from sulfate reduction. 

 Science 351: 703–706.
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The Microbial Community That Thrives on Your Teeth
Few people have such superb oral hygiene that they lack dental 
plaque, the microbial biofilm that forms on and between teeth and 
along or below the gumline. If not removed regularly, dental plaque 
invariably leads to dental caries (cavities), the condition in which por-
tions of tooth enamel and dentin break down from the onslaught of 
bacterial activities. Dental plaque and dental caries develop from the 
natural tendency of oral bacteria such as Streptococcus mutans and its 
close relative S. sobrinus to attach firmly to the teeth and gums and 
ferment sucrose (table sugar) to lactic acid, which attacks the teeth 
and slowly rots them away.

Until recently, dental plaque was thought to consist largely of the 
aforementioned streptococci. Both species could easily be isolated 
from dental plaque and both light and electron microscopy typically 
showed large numbers of cocci in chains, a hallmark of the genus 
Streptococcus. But a recent molecular ecology study of the microbial 
diversity of dental plaque revealed that this material is composed of 
more than just streptococci and develops in a precisely structured way. 

The photo here is a light micrograph of a section through human 
dental plaque stained by fluorescence in situ hybridization (FISH).  
Different oligonucleotides, each specific for a different major phylum 
of Bacteria and containing a distinct fluorescent dye, were allowed to 
hybridize to the ribosomal RNA in cells in the plaque and then 
observed by fluorescence microscopy. Surprisingly, instead of seeing 
primarily streptococci, the researchers saw a diverse and highly organized 
microbial community. The micrograph shows streptococci (stained green) 
located primarily at the periphery of the plaque beyond several other bacteria 
that combine to form a scaffold emerging from the tooth surface. These 
include  Corynebacterium (purple), Capnocytophaga (red), Fusobacterium  
(yellow), Leptotrichia (blue-green), and Haemophilus (orange), among others. 
A major conclusion that emerged from this study was that the scaffolding 
microbes likely function to position the streptococci out into the oral cavity 
where sucrose should be more available.

New views of old problems often reveal surprising results. In the case of 
dental plaque, FISH technology has revealed a whole new microbial world in a 
habitat previously thought to be dominated by only two species of well- 
characterized bacteria.

Source: Mark Welch, J.L., et al. 2016. Biogeography of a human oral microbiome at the 
micron scale. Proc. Natl. Acad. Sci. (USA) 113: doi: 10.1073/pnas.1522149113. 
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Chapter Review

Visualize, explore, and think critically with Interactive Microbiology, MicroLab  
Tutors, MicroCareers case studies, and more. MasteringMicrobiology offers practice  
quizzes, helpful animations, and other study tools for lecture and lab to help you master 
microbiology.

I • fundamentals of Host Defense

26.1  Innate immunity is an inborn protective response to 
infection characterized in part by recognition and 
 elimination of common pathogens, primarily through the 
activity of phagocytes. Adaptive immunity is the acquired 
ability of the immune system to eliminate  specific 
 pathogens from the body via lymphocyte-mediated 
responses, including the production of antibodies that 
bind foreign antigens on pathogens or their products.

Q List two different types of phagocytes. How do T 
cells and B cells differ in their functions? from where in 
the human body do all of these cells originate and which 
require maturation before they are functional?

26.2  The human body possesses numerous protective defenses 
against infectious agents. Natural host resistance to 
infection includes physical barriers to infection posed by the 
skin and mucosa, as well as chemical barriers to infection 
including acidic secretions, defensins, and lysozyme. The 
specificity of pathogens for particular tissues limits which 
hosts and tissues might be susceptible to infection.

Q How does the human normal microbiota play a role 
in preventing disease?

II • Cells and organs of the Immune System

26.3  Cells involved in innate and adaptive immunity originate 
from hematopoietic stem cells in bone marrow. The blood 
and lymph systems circulate cells and proteins that are 
important components of the immune response. Diverse 
leukocytes participate in immune responses in all parts of 
the body.

Q Describe the significance of bone marrow, blood, and 
lymph to cells and proteins associated with the immune 
system.

26.4  Leukocytes are differentiated white blood cells derived from 
either myeloid or lymphoid precursor cells. Cells of myeloid 
lineage include monocytes and granulocytes. Monocytes 
include macrophages and dendritic cells, specialized 
phagocytes that function as antigen-presenting cells (APCs) 
to initiate an adaptive immune response. Granulocytes 
include neutrophils, which are also phagocytes but not 
APCs, and mast cells, which are important inducers of the 
inflammatory response but may also cause allergic reactions. 
Lymphocytes include B and T cells, which facilitate adaptive 
immunity, and natural killer cells, which play a key role in 
destroying virus-infected and cancerous host cells.

Q What is the origin of the phagocytes and 
lymphocytes active in the immune response? Track the 
maturation of B cells and T cells.

III • Phagocyte Response Mechanisms

26.5  Pathogens may colonize host tissues when appropriate 
nutrients and growth conditions are present, such as on 
mucosal surfaces, especially where the composition of the 
normal microbiota has been altered. Innate responses to 
microbial invasion and tissue damage are initiated by the 
release of chemokines, which recruit phagocytes and 
other immune cells to sites of infection.

Q Describe a scenario in which microorganisms invade 
body tissues. What factors allow for the migration of 
phagocytes to sites of infection?

26.6  Innate recognition of common pathogens occurs through 
pathogen-associated molecular patterns (PAMPs). 
Phagocytes recognize PAMPs through preformed pattern 
recognition receptors (PRRs). The recognition and 
interaction process stimulates phagocytes to destroy the 
pathogens through a signal transduction mechanism that 
induces phagocytosis of the infectious agent.

Q Identify some PAMPs that are recognized by PRRs. 
Which cells express PRRs? How do PRRs associate with 
PAMPs to promote innate immunity?

26.7  Phagocytosis is the engulfing of infectious particles by 
phagocytes. Engulfed pathogens are bathed in toxic 
oxygen compounds inside the phagolysosome, killing  
and degrading them. However, some pathogens have 
developed various defense mechanisms to avoid or inhibit 
phagocytes, including secretion of leukocidins, the 
presence of a capsule, and biosynthesis of carotenoid 
pigments, which combat oxidative stress.

Q explain how phagocytes kill microorganisms, with 
particular attention to oxygen-dependent mechanisms. 
Then identify at least three properties of pathogens that 
inhibit the effectiveness of phagocytes.

IV • other Innate Host Defenses

26.8  Fever and inflammation, characterized by pain, swelling 
(edema), redness (erythema), and heat, are normal and 
generally beneficial outcomes that result from activation 
of nonspecific immune response effectors. However, 
uncontrolled systemic inflammation, called septic shock, 
can lead to serious illness or death.
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Frozen in Time: The Iceman Microbiome
Humans and their microbial associates—collectively called the human  
microbiome—have coevolved for millennia. As we will see in this chapter, 
the human microbiome influences a person’s health, disease, and predisposi-
tion to disease. Among our intimate microbial associates, the pathogenic 
bacterium Helicobacter pylori is known to have developed a close relation-
ship with humans in the distant past and to have coevolved with humans.  
H. pylori colonizes the stomachs of about half the human race. Although 
this bacterium generally does not cause overt disease, it is a major risk factor 
for the development of ulcers and stomach cancer. Moreover, because H. 
pylori is transmitted primarily by contact within families, the distribution of 
genetic variants of this bacterium may yield clues to past human migrations.

Unraveling the details of the H. pylori ancestry is complicated by the 
ability of different strains of this bacterium to recombine their genetic  
information. Because the DNA of various strains has mixed over long peri-
ods, the reconstruction of population movement inferred from genome 
sequences of modern H. pylori strains is incomplete. One of the biggest 
unanswered questions was the origin of strains now common among mod-
ern Europeans, which appear to be hybrids of strains originating in Asia 
and Africa. Unfortunately, the sequence data did not point to a reliable 
time interval in which that mingling of human populations occurred—an 
important period of human migration that was estimated to have occurred 
10,000–50,000 years ago.

This estimate has now been greatly refined following the remarkable  
discovery of a well-preserved 5300-year-old European Copper Age mummy  
frozen in the Italian Alps. Using the newest methods for DNA sequencing, it 
was possible to reconstruct the genome of H. pylori preserved in the stom-
ach of the “Iceman” (see photo), the corpse discovered when melting ice 
revealed the human remains on the side of a mountain. The Iceman H. pylori 
genome sequence turned out to be an almost pure representative of the 
Asian  population, which means this H. pylori strain was present in Europe 
before hybridization of African and Asian strains produced the modern 
European  variant. Thus, by employing historical biogeography, we now 
know this important period of human migration was much more recent 
than previously thought.

Source: Maixner, F., et al. 2016. The 5300-year-old Helicobacter pylori genome of the  
Iceman. Science 351: 162–165.
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Preface

W elcome to an exciting new edition of Brock Biology of Micro-
organisms (BBOM). This Fifteenth Edition is the strongest 

yet and presents microbiology in the context of the excitement 
this science generates today. For three generations, students and 
instructors have relied on the accuracy, authority, consistency, and 
up-to-date presentation of BBOM to learn or teach the principles of 
modern microbiology. Both students and instructors will benefit 
from the Fifteenth Edition in at least four major ways: (1) from the 
use of cutting-edge research to illustrate basic concepts; (2) from 
the seamless integration of molecular and ecological microbiology 
with evolution, diversity, the immune system, and infectious dis-
eases; (3) from the visually stunning art program and spectacular 
photos; and (4) from the wide assortment of teaching and learning 
tools that accompany the book itself.

Veteran authors Madigan, Bender, Buckley, and Stahl welcome 
new coauthor Matt Sattley to the Fifteenth Edition. Matt, a profes-
sor at Indiana Wesleyan University, teaches both general micro-
biology and health professions microbiology and did a great job 
of reorganizing and refreshing our coverage of immunology and 
related areas. With an extremely strong author team that employs 
experts in each of our major areas of emphasis, we sincerely feel 
that BBOM 15e is the best learning resource available in microbiol-
ogy today.

What’s New in the 15th Edition?
The Fifteenth Edition guides students through the six major  
themes of microbiology as outlined by the American Soci-
ety for Microbiology Conference on Undergraduate Education 
(ASMCUE): Evolution, Cell Structure and Function, Metabolic 
Pathways, Information Flow and Genetics, Microbial Systems, and 
the Impact of Microorganisms. With enhanced and revised artwork 
complemented with over 90 new color photos, BBOM 15e presents 
microbiology as the visual science it is. Thirty-three new Micro-
biologyNow chapter-opening vignettes were composed for this 
edition, each designed to introduce a chapter’s theme through a 
recent discovery published in the microbiology literature. Several 
new Explore the Microbial World features were also developed for 
this edition, each designed to give students a feel for exciting spe-
cial topics in microbiology and to fuel their scientific curiosity.

Genomics, and all of the various “omics” it has spawned, sup-
port content in every chapter of BBOM 15e, reflecting how the 
omics revolution has transformed all of biology, especially micro-
biology. Mastering the principles of the dynamic field of microbiol-
ogy today requires an understanding of the supportive molecular 
biology. Hence, we have constructed BBOM 15e in a way that pro-
vides both the foundation for the science and the science itself. 
The result is a robust and modern treatment of microbiology that  
now includes exciting new chapters devoted to microbial systems 

biology, synthetic biology, the human microbiome, and the molec-
ular biology of microbial growth.

To strengthen the learning experience, each section summary 
in the chapter review is followed immediately by a review question 
to better link concept review with concept mastery. BBOM 15e is  
supported by MasteringMicrobiologyTM, Pearson’s online homework, 
tutorial, and assessment system that assists students in pacing their 
learning and keeps instructors current on class performance. Master-
ingMicrobiology includes chapter-specific reading quizzes, Microbi-
ologyNow, Clinical Case and MicroCareer coaching activities, anima-
tion quizzes, MCAT Prep questions, and many additional study and 
assessment tools, including tutorials and assessments for the micro-
biology lab. Collectively, the content and presentation of BBOM 15e, 
coupled with the powerful learning tools of MasteringMicrobiology, 
create an unparalleled educational experience in microbiology.

Revision Highlights
Chapter 1
•	 The book begins with a revised and reorganized kickoff chapter 

that weaves introductory concepts in microbiology within an 
historical narrative. Foundational aspects of microbiology are 
now presented in the context of the major discoveries that have 
expanded our knowledge of the microbial world.

•	 Some highlights: introducing the principles of microscopy in a 
historical context; a new section on molecular biology and the 
importance of microbes in understanding the unity of life; the 
contributions of Carl Woese and the use of rRNA sequences to 
develop the universal tree of life; an introduction to the viral 
world; spectacular new summary art that explores the diversity 
of microbial life across a wide range of spatial scales.

Chapter 2
•	 Microbial cell structure and function are key pillars of microbi-

ology, and this newly reworked and streamlined chapter offers 
a thorough introduction to comparative cell structure and pro-
vides the instructor with all of the tools necessary for effective 
classroom presentations. Coverage of nutrient transport systems 
has been moved to Chapter 3 to better present this topic in its 
proper context.

•	 Some highlights: a new Explore the Microbial World entitled 
“Tiny Cells”; unique attachment structures of Archaea; new cov-
erage of archaella.

Chapter 3
•	 The essential features of microbial metabolism necessary for 

understanding how microbes transform energy are laid out in a 

15
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•	 Some highlights: An introduction to the powerful tool of super-
resolution microscopy includes several spectacular examples of 
how this breakthrough in resolution has remolded our view of 
molecular events in microbial growth; expanded coverage of bio-
film formation; new coverage of bacterial persistence, a growing 
problem in medical microbiology; updated art throughout.

Chapter 8
•	 The introductory virology chapter is now included in the micro-

bial growth unit and provides an introduction to the structure, 
replication, and lifestyles of viruses without overshadowing these 
important principles with the extensive diversity of the viral 
world, now covered in Chapter 10.

•	 Some highlights: discussion of the parallels between bacterial 
growth and viral replication; expanded coverage of how host 
cell growth is impacted by viral infection; high-resolution viral 
images; updated art throughout.

Chapter 9
•	 This revolutionary chapter on microbial systems biology kicks 

off our unit on genomics and genetics by underscoring the 
importance of microbial genome sequences and the field of func-
tional “omics” to modern microbiology today. The chapter also 
includes examples of how systems biology can be used to model 
an organism’s response to its environment.

•	 Some highlights: how functional and metabolic predictions are 
gleaned from genomic analyses; expanded coverage of RNA-
Seq and metabolomic analyses; coverage of all of the common 
“omics” and how they relate to one another; new coverage of 
the systems biology of the important pathogen Mycobacterium  
tuberculosis and other systems biology studies related to human 
health; metagenomics and metabolomics of human skin; updated 
and spectacular new art and photos throughout.

Chapter 10
•	 Chapter 10, entitled “Viral Genomics, Diversity, and Ecology,” 

now includes coverage of viral ecology and diversity that was 
previously in Chapter 8. The many diverse genomes and replica-
tion schemes of viruses form the foundation for coverage of the 
diversity and ecological activities of viruses.

•	 Some highlights: the viral “immune system” of Bacteria and 
Archaea—CRISPR; large viruses and viral evolution; the human 
virome; beneficial prions; viral host preferences; updated and 
new art throughout.

Chapter 11
•	 Chapter 11, “Genetics of Bacteria and Archaea,” has been stream-

lined to focus on the essential concepts of mutation and gene 
transfer in prokaryotic cells. New high-resolution images have 
been included to illustrate gene transfer processes.

•	 Some highlights: new coverage on the utility of transposon 
mutagenesis; a spectacular photo series illustrating the concept 
of competence; new coverage on defective bacteriophages as 
“gene transfer agents”; updated art throughout.

logical sequence and at just the right level for introductory stu-
dents. With the material on membrane transport now located 
here, the uptake of nutrients is highlighted as the initial step of 
any metabolic process.

•	 Some highlights: new coverage of the macromolecular composi-
tion of a cell; a more complete picture of energy transformation 
and the importance of free energy change; coverage of the citric 
acid cycle prior to (rather than following) discussion of the pro-
ton motive force.

Chapter 4
•	 Chapter 4 has been reorganized to provide the streamlined view 

of molecular biology necessary for both supporting and under-
standing virtually all aspects of microbiology today.

•	 Some highlights: new coverage of coupled transcription 
and translation in Bacteria and Archaea; new material on the  
assembly of cofactor-containing enzymes; stronger coverage of 
types I–VI secretion systems in gram-negative bacteria; updated 
art throughout.

Chapter 5
•	 Unit 2 is all about growth and begins with the Chapter 5 presen-

tation of the essential principles of microbial growth and cultiva-
tion. Coverage of microbial growth control balances this chapter 
with a practical view of how microbial growth can be suppressed 
for both health and aesthetic reasons.

•	 Some highlights: new material on budding cell division and on 
biofilms; reworked chemostat coverage better explains continu-
ous culture and its connection to basic growth principles; new 
coverage on how the environment affects growth previews the 
extensive coverage of microbial ecology and environmental 
microbiology later in the book.

Chapter 6
•	 This chapter on microbial regulation includes broad coverage of 

the classic forms of regulation but has been streamlined by mov-
ing the regulation of cell differentiation and biofilm formation 
to Chapter 7; this allowed for enhanced coverage of hot new areas 
in metabolic regulation such as regulation by anti-sigma factors 
and transcriptional regulation in Archaea.

•	 Some highlights: new coverage of the global phosphate regulon; 
new coverage of dual-acting tanscriptional regulators in Archaea 
and how the stringent response affects the ecology of bacteria as 
diverse as Escherichia coli, Caulobacter crescentus, and Mycobacte-
rium tuberculosis; updated art throughout.

Chapter 7
•	 A new chapter focused on the molecular biology of microbial 

growth showcases the orchestrated events leading to cell divi-
sion and surveys the molecular processes targeted by antibiot-
ics. Coverage of peptidoglycan synthesis, developmental stages 
in various Bacteria, and biofilm formation—previously scattered 
through the book—has been consolidated here to unite their 
common underlying themes.
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including the fact that Archaea are widespread in nature and not 
just restricted to extreme environments.

•	 Some highlights: updated coverage of methanogenic Archaea to 
include the extensive diversity characteristic of this group; new 
coverage of the evolutionary origins and distribution of metha-
nogens within the archaeal domain; the latest story on Archaea 
and the upper temperature limit for life.

Chapter 18
•	 Coverage of the microbial eukaryotes has been revised to include 

significant new advances in our understanding of the phylogeny 
of Eukarya.

•	 Some highlights: a new phylogenetic tree of Eukarya; updated ter-
minology throughout; the “SAR” lineages; the new understand-
ing of fungal diversity that incorporates the Microsporidia as a 
deeply divergent fungal group.

Chapter 19
•	 This chapter begins a new unit on ecology and environmental 

microbiology. The modern tools of the microbial ecologist are 
described with examples of how each has helped sculpt the science.

•	 Some highlights: complete coverage of the omics revolution 
and how it is being exploited to solve complex problems in 
microbial ecology; Raman microspectroscopy and its use for 
nondestructive molecular and isotopic analyses of single cells; 
high-throughput cultivation methods and how they can be 
used to bring novel microbes into laboratory culture.

Chapter 20
•	 The properties and microbial diversity of major microbial eco-

systems including soils and both freshwater and marine systems 
are compared and contrasted in an exciting new way.

•	 Some highlights: new environmental census data for deep 
marine sediments reveal the novel Archaea and Bacteria living 
thousands of meters below the seafloor; expanded coverage of 
the links between terrestrial and marine microorganisms and cli-
mate change.

Chapter 21
•	 Extensive coverage of the major nutrient cycles in nature and the 

microbes that catalyze them presented in a fashion that allows 
the cycles to be taught as individual entities or as interrelated 
metabolic loops.

•	 Some highlights: new coverage of how humans are affecting the 
nitrogen and carbon cycles; microbial respiration of solid metal 
oxides in the iron and manganese cycles including the concept of 
“microbial wires” that can carry electrons over great distances; how 
microbes contribute to mercury contamination of aquatic life.

Chapter 22
•	 A newly revised chapter on the “built environment” shows how 

humans create new microbial habitats through construction of 
buildings, supporting infrastructure, and habitat modification.

Chapter 12
•	 This highly reorganized chapter entitled “Biotechnology and 

Synthetic Biology” covers the essential tools of biotechnology 
and discusses commercial products produced by genetically 
engineered microbes. New coverage presents the remarkable 
advances in synthetic biology and CRISPR genome editing.

•	 Some highlights: engineering microbes to produce biofuels; 
expanded coverage of synthetic pathways and synthetic cells; 
new coverage of the biocontainment of genetically modified 
organisms; updated art throughout.

Chapter 13
•	 Chapter 13 sets the stage for our unit on evolution and diver-

sity by revealing how nucleic acid sequences have revealed the 
true diversity of the microbial world. The chapter has also been 
revised and reorganized to increase the emphasis on the origin 
and diversification of life and microbial systematics.

•	 Some highlights: revised text places phylogeny into firm context 
with microbial systematics; how the tree of life and molecular 
sequences form the foundation of our understanding of the ori-
gin and diversification of the three domains; revised coverage of 
phylogenetic tree construction and what such trees can tell us 
about microbial evolution.

Chapter 14
•	 Our discussion of microbial metabolism has been revised and reor-

ganized to highlight the modularity of microbial metabolism and 
to include coverage of newly discovered microbial metabolisms.

•	 Some highlights: a new section on assimilatory processes of 
autotrophy and nitrogen fixation; grouping respiratory processes 
by electron donor, electron acceptor, or one-carbon metabo-
lisms; new art depicting electron flow in oxygenic photosynthe-
sis, sulfur chemolithotrophy, and acetogenesis; discussion of the 
role of flavin-based electron bifurcation in energy conservation; 
coverage of the exciting discoveries of intra-aerobic methano
trophy and interspecies electron transfer in anaerobic methane 
oxidation.

Chapters 15 and 16
•	 These chapters, covering functional and phylogenetic diversity 

of Bacteria, respectively, have been updated and streamlined in 
spots to provide the highly organized view of bacterial diversity 
that offers instructors the freedom to present this subject in the 
way that best suits their course needs.

•	 Some highlights: functional diversity organized by metabolism, 
unique morphologies, and other special properties shows how 
functional diversity is often unlinked to phylogenetic diversity; 
phylogenetic diversity organized around the major phyla of  
Bacteria shows how phylogenetic diversity is often unlinked to 
metabolic properties.

Chapter 17
•	 Chapter 17, entitled “Diversity of Archaea,” has been updated to 

include new coverage of recent discoveries in archaeal diversity 



18  P R E FAC E

•	 Some highlights: extensively revised and reorganized text and 
vibrant new artwork clearly illustrate the roles of inflammation, 
fever, and interferons in the innate immune response; stronger, 
clearer coverage of the complement system, including extensive 
new artwork, helps clarify its important role in innate immunity.

Chapter 27
•	 Fundamental concepts of the adaptive immune response are 

now reorganized into a dedicated chapter and presented in a 
thoroughly revised and more streamlined format.

•	 Some highlights: beautifully enhanced art and new photos more 
clearly orient students to key concepts including clonal selection 
and deletion of B cells and T cells, antibody structure, and anti-
gen binding and presentation.

Chapter 28
•	 Clear and concise new text now includes automated culture sys-

tems, antibody precipitation, and monoclonal antibody produc-
tion, as well as a reorganized treatment of antimicrobial drugs. 
Both reimagined and totally new art supported by 20 new color 
photos brightly illustrate complex topics and enhance the visual 
experience.

•	 Some highlights: how a clinical microbiology laboratory actually 
functions; an exciting new Explore the Microbial World feature 
on MRSA describes how emerging resistance to antibiotics in 
Staphylococcus aureus has led to high global incidence of what is 
now a virtually untreatable bacterial pathogen.

Chapter 29
•	 A significantly reworked and streamlined discussion of epidemi-

ology kicks off our unit on infectious diseases with a visual pre-
sentation of the everyday language of epidemiology and then 
closely integrates this terminology throughout the chapter. 
Fewer lengthy tables are presented and visual appeal is greater, 
while the essential concepts of disease spread and control remain 
the major themes of the chapter.

•	 Some highlights: updated and new coverage of emerging infec-
tious diseases and current pandemics, including HIV/AIDS, chol-
era, and influenza; the key role of the epidemiologist in tracking 
disease outbreaks and maintaining public health.

Chapter 30
•	 This is the first of four chapters on microbial diseases grouped by 

their modes of transmission; this approach emphasizes the com-
mon ecology of these diseases despite differences in etiology. 
Classical as well as emerging and reemerging bacterial and viral 
diseases transmitted person to person are the focus of this highly 
visual chapter.

•	 Some highlights: several new photos add to the already exten-
sive visual showcase of infectious diseases; new coverage of Ebola 
describes why this pathogen is so dangerous and the extraordi-
nary precautions healthcare workers must take to prevent infec-
tion; new coverage of hepatitis, a widespread disease with serious 
implications.

•	 Some highlights: coverage of the effects microbes have on waste-
water treatment, mining and acid mine drainage, the corrosion 
of metals, and the degradation of stone and concrete; the patho-
gens of most concern in drinking water and how we eliminate 
them; the major microbes that inhabit our household and work 
environments.

Chapter 23
•	 A chapter devoted to nonhuman microbial symbioses describes 

the major microbial partners that live in symbiotic or other types 
of close associations with plants and animals.

•	 Some highlights: using our knowledge of plant and animal 
symbioses to develop microbially centered insect pest controls; 
revealing the common symbiotic mechanism used by certain 
bacteria and fungi to provide plants with key nutrients.

Chapter 24
•	 A new chapter devoted exclusively to the human microbiome 

kicks off our unit on microbe–human interactions and the 
immune system by introducing the dramatic advances in our 
understanding of the microbes that inhabit the human body and 
their relationship to health and disease.

•	 Some highlights: extensive coverage of “who lives where (and 
why)” in and on the human body; how the new understanding 
of our intimate microbial partners was used to develop novel 
microbial-based disease therapies; mapping the biogeography 
of our skin microbiota using new molecular techniques; how gut 
microbes likely influence both our health and behavior; a new 
Explore the Microbial World entitled “The Gut–Brain Axis.”

Chapter 25
•	 This heavily reworked and more visually appealing chapter is 

devoted exclusively to microbial infection and pathogenesis. 
Major topics in the first part include microbial adherence, colo-
nization, invasion and pathogenicity, and virulence and attenu-
ation. The second part is focused on the destructive enzymes 
and toxins produced by pathogenic bacteria. Microbial and host 
factors are compared as to how each can tip the balance toward 
health or disease.

•	 Some highlights: eight new color photos bring host–microbe 
relationships into better focus; new coverage of dental caries is 
supported by a spectacular fluorescent micrograph that reveals 
the previously hidden diversity of this disease; increased cover-
age of microbial infection and the compromised host.

Chapter 26
•	 Coverage of the immune response has been completely reor-

ganized to provide a fresh take on immune mechanisms. Con-
cepts of innate and adaptive immunity are now organized into 
separate chapters (26 and 27, respectively) that provide a more 
teachable format and enhance the student experience. The new 
organization provides a natural progression to the updated 
topics in clinical microbiology and immunology presented in 
Chapter 28.
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•	 Some highlights: a clearer distinction between food infections 
and food poisonings; new coverage of the potentially fatal food-
borne infection caused by the intracellular pathogenic bacterium 
Listeria.

Chapter 33
•	 Major infectious diseases caused by eukaryotic microbes—fungi, 

parasites, and pathogenic helminths—are organized into one 
highly visual chapter. With climate change affecting infectious 
disease ecology, many of these diseases previously found only in 
tropical or subtropical countries are now creeping northward.

•	 Some highlights: new emphasis on the different modes of 
transmission (food, water, vector) of major eukaryotic patho-
gens; new coverage of river blindness and trichinosis as com-
mon filariases.

Chapter 31
•	 Vectorborne microbial diseases are becoming more and more 

common worldwide and are covered in detail in this visually 
appealing chapter. From diseases with high mortality, such as 
rabies and hantavirus syndromes, to those with high incidence 
and low mortality but significant side effects, such as Lyme and 
West Nile diseases, all of the major vectorborne infectious dis-
eases found today are consolidated in one place.

•	 Some highlights: new coverage of Zika and Chikungunya dis-
eases and their relationship to dengue and yellow fevers; updated 
coverage of Lyme, West Nile, and Coxiella (Q fever) infections 
supported by new color photos.

Chapter 32
•	 Food- and waterborne illnesses are still common, even in 

developed countries. This chapter consolidates these topics to 
emphasize their “common source” modes of transmission while 
differentiating the major pathogens seen in each vehicle.
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