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  v

Students:
Welcome to the microbial world! I think you will find it 

fascinating to understand how microbes interact with us, and with 

our environment. The interesting thing is that each of you has 

already had a lot of experience with microbiology. For one thing, you 

are thoroughly populated with microbes right now, and much of your 

own genetic material actually came from viruses and other microbes. 

And while you have probably had some bad experiences with quite a 

few microbes in the form of diseases, you have certainly been greatly 

benefited by them as well. 

This book is suited for all kinds of students and doesn’t require 

any prerequisite knowledge of biology or ch
emistry. If you are 

interested in entering the health care profession in some way, this 

book will give you a strong background in the biology of 

microorganisms, without overwhelming you with unnecessary details. 

Don’t worry if you’re not in the health professions. A grasp of this 

topic is important for everyone—and can be attained with this book. 

—Kelly Cowan

I dedicate this book to my husband, Ted; our grandbaby, Molly 
Rose; and all of our family members in-between. 

–Kelly

I dedicate this book to my favorite person in the world, my 
husband and best friend, Ryan. 

–Heidi

Preface
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Required=Results

Mobile

Connect Insight® 
Connect Insight is Connect’s new one-of-a-kind 
visual analytics dashboard—now available for both 
instructors and students—that provides at-a-glance 
information regarding student performance, which is 
immediately actionable. By presenting assignment, assessment, 
and topical performance results together with a time metric 
that is easily visible for aggregate or individual results, Connect 
Insight gives the user the ability to take a just-in-time approach 
to teaching and learning, which was never before available. 
Connect Insight presents data that empowers students and 
helps instructors improve class performance in a way that is 
efficient and effective.

73% of instructors who use 
Connect require it; instructor 
satisfaction increases by 28% 

when Connect is required.

Students can view  
their results for any 

Connect course.

Analytics

Connect’s new, intuitive mobile interface gives students 
and instructors flexible and convenient, anytime–anywhere 
access to all components of the Connect platform.

©Getty Images/iStockphoto 

 Using Connect improves passing rates 
by 12.7% and retention by 19.8%.

McGraw-Hill Connect®   
Learn Without Limits
Connect is a teaching and learning platform 
that is proven to deliver better results for 
students and instructors. 

Connect empowers students by continually 
adapting to deliver precisely what they 
need, when they need it, and how they need 
it, so your class time is more engaging and 
effective.
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SmartBook®  

Proven to help students improve grades and 
study more efficiently, SmartBook contains 
the same content within the print book, but 
actively tailors that content to the needs of the 
individual. SmartBook’s adaptive technology 
provides precise, personalized instruction on 
what the student should do next, guiding the 
student to master and remember key concepts, 
targeting gaps in knowledge and offering 
customized feedback, and driving the student 
toward comprehension and retention of the 
subject matter. Available on smartphones and 
tablets, SmartBook puts learning at the student’s 
fingertips—anywhere, anytime.

Adaptive

Over 5.7 billion questions have 
been answered, making McGraw-Hill 
Education products more intelligent, 

reliable, and precise.

THE ADAPTIVE 
READING EXPERIENCE 
DESIGNED TO TRANSFORM 
THE WAY STUDENTS READ

More students earn A’s and 
B’s when they use McGraw-Hill 
Education Adaptive products.

www.mheducation.com

©Getty Images/iStockphoto
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Digital Tools for Your Success

Significant faculty demand for 
content at higher Bloom’s 
levels led us to examine 
assessment quality and 
consistency of our Connect 
content, to develop a 
scientific approach to 
systemically increase critical-
thinking levels, and develop 
balanced digital assessments 
that promote student learning. 
The increased challenge at 
higher Bloom’s levels will help 
the student grow intellectually 
and be better prepared to 
contribute to society.

Instructor Resources

Customize your lecture with tools such as PowerPoint® 
presentations, animations, and editable art from the 
textbook. An instructor’s manual for the text saves you 
time in developing your course.

Detailed Reports

Track individual student performance—by question, by 
assignment, or in relation to the class overall—with detailed 
grade  reports. Integrate grade reports easily with your 
Learning  Management Systems (LMS).

Homework and Assessment

With Connect for Cowan’s Microbiology, you can deliver 
auto-graded assignments, quizzes, and tests online. Choose 
from a robust set of interactive questions and activities 
using high-quality art from the textbook and animations. 
Assignable content is available for every Learning Outcome 
in the book and is categorized  according to the ASM 
Curriculum Guidelines. As an instructor, you can edit 
existing questions and author  entirely new ones.

Lecture Capture

McGraw-Hill Tegrity® records and distributes your class 
 lecture with just a click of a button. Students can view 
anytime, anywhere via computer or mobile device. Indexed 
as you  record, students can use keywords to find exactly 
what they want to study.

Save time with auto-graded assessments. 
Gather powerful performance data.

McGraw-Hill Connect for Cowan’s Microbiology provides online presentation,  

assignment, and assessment solutions, connecting your students with the tools 

and resources they’ll need to achieve success.

Learn more at connect.mheducation.com.
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Unique Interactive Question Types in Connect® Tagged 
to ASM’s Curriculum Guidelines for Undergraduate 
Microbiology and to Bloom’s Taxonomy

 • Case Study: Case studies come to life in a learning activity that is interactive, self-grading, and assessable. 
The integration of the cases with videos and animations adds depth to the content, and the use of integrated 
questions forces students to stop, think, and evaluate their understanding.

 • Media Under The Microscope: The opening cases in the textbook help students read science articles in the 
popular media with a critical eye. Questions in Connect are designed to extend these cases in a manner that 
promotes active student learning, either at home or in the classroom.

 • Concept Maps: Concept maps allow students to manipulate terms in a hands-on manner in order to assess their 
understanding of chapter-wide topics. Students become actively engaged and are given immediate feedback, 
enhancing their understanding of important concepts within each chapter.

 • What's the Diagnosis: Specifically designed for the disease chapters of the text, this is an integrated learning 
experience designed to assess the student’s ability to utilize information learned in the preceding chapters to 
successfully culture, identify, and treat a disease-causing microbe in a simulated patient scenario. This question 
type is true experiential learning and allows the students to think critically through a real-life clinical situation.

 • Animations: Animation quizzes pair our high-quality animations with questions designed to probe student 
understanding of the illustrated concepts.

 • Tutorial Animation Learning Modules: Making use of McGraw-Hill Education’s collection of videos and 
animations, this question type presents an interactive, self-grading, and assessable activity. Pre- and post-
testing are used to assess shifts in student comprehension. These tutorials take a stand-alone, static animation 
and turn it into an interactive learning experience for your students with real-time remediation.

 • Labeling: Using the high-quality art from the textbook, check your students’ visual understanding as they 
practice interpreting figures and learning structures and relationships. Easily edit or remove any label you wish!

 • Classification: Ask students to organize concepts or structures into categories by placing them in the correct 
“bucket.”

 • Sequencing: Challenge students to place the steps of a complex process in the correct order.

 • Composition: Fill in the blanks to practice vocabulary, and then reorder the sentences to form a logical 
paragraph (these exercises may qualify as “writing across the curriculum” activities!).

All McGraw-Hill Connect content is tagged to Learning Outcomes for each chapter as well as topic, section, Bloom’s 
Level, and ASM Curriculum Guidelines to assist you in customizing assignments and in reporting on your students’ 
performance against these points. This will enhance your ability to assess student learning in your courses by 
allowing you to align your learning activities to peer-reviewed standards from an international organization.

  ix
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Need a lab manual for your microbiology course? Customize any of these manuals— 
add your text material—and Create your perfect solution!
McGraw-Hill Education offers several lab manuals for the microbiology course. Contact your McGraw-Hill Education learning 
technology representative for packaging options with any of our lab manuals.

Brown/Smith: Benson’s Microbiological 
Applications: Laboratory Manual in 
General Microbiology, 14th edition

Concise Version (978-1-259-70523-6)

Complete Version (978-1-259-91979-4)

Chess: Laboratory Applications in 
Microbiology: A Case Study Approach,  
3rd edition (978-0-07-340242-0)

Morello: Laboratory Manual and Workbook 
in Microbiology: Applications to Patient 
Care, 11th edition (978-0-07-340239-0)

Chess: Photographic Atlas for Laboratory 
Applications in Microbiology  
(978-0-07-737159-3)

x 

LearnSmart Labs® is a super-adaptive simulated lab 
experience that brings meaningful scientific exploration to 
students. Through a series of adaptive questions, LearnSmart 
Labs identifies a student’s knowledge gaps and provides 
resources to quickly and efficiently close those gaps. Once 
the student has mastered the necessary basic skills and 
concepts, he or she engages in a highly realistic simulated lab 
experience that allows for mistakes and the execution of the 
scientific method. 

Lab Resources
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This Text’s Most Important Distinguishing Features:

Note from the Authors

These are the features we feel most strongly about. They 
represent proven methods for enabling our students to learn 
and we have seen them work in the classroom. The Cowan 
books have always been built around logical and clear 
organization, a factor that is critical when non-majors are 
attempting to learn a science full of new vocabulary and 
concepts.

 • SYSTEMATIC ORGANIZATION of the disease chapters 
that groups microbes by the conditions they cause.

 • EPIDEMIOLOGY in every disease table

 • OPENING CASES that teach students how to read science 
articles in the popular media with a critical eye

 • MICROBIOME findings in all 25 chapters—in form of 
Microbiome Insight boxes as well as in the text. This 
reinforces how game changing the microbiome 
findings are.

 • VISUAL feature on the difference between the deadliness 
and the contagiousness of various microbes that appears 
in every disease chapter

 • CLEAN, uncluttered, and predictable sequence of chapter 
content

 • CONNECT UPDATES

	 •	 	CRITICAL	THINKING	applied	through	higher	Bloom’s	
level questions added to the Connect Question Bank

	 •	 	SMARTBOOK	LEARNING	RESOURCES	have	been	
added based on heat map results from areas where 
students struggle the most. Help when they need it, 
with a library of resources available for refresher

	 •	 	SUB-SECTION	LEARNSMART	assignability	to	allow	for	
a more narrowed focus of chapters or further ability to 
assign chapter content in smaller chunks for student 
understanding

—Kelly	Cowan
—Heidi Smith
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Chapter Opening Case Files That Teach Students How to Judge Popular Media 
Articles About Science!
Each chapter opens with a revolutionary kind of case study. Titled “Media Under The Microscope,” these are summaries of 
actual news items about microbiology topics. Students are walked through the steps of judging the relative accuracy of the 
popular media stories. Chapter by chapter, they learn how to critically assess the journalistic accounts. They encounter the 
principles of causation vs. correlation, biological plausibility, and the importance of not overstating experimental results. It is a 
critical need among the public today, and this textbook addresses it.

Active learning activities are assignable in 
Connect to extend these case files in or 
outside of the classroom.

222 Chapter 8 Microbial Metabolism
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Figure 8.26 The Calvin cycle. The main events of the reactions 

in photosynthesis that do not require light. It is during this cycle that 

carbon is fixed into organic form using the energy (ATP and NADPH) 

released by the light reactions. The end product, glucose, can be stored 

as complex carbohydrates, or it can be used in various amphibolic 

pathways to produce other carbohydrate intermediates or amino acids.

its isomer dihydroxyacetone phosphate (DHAP) are key mol-
ecules in hexose synthesis leading to fructose and glucose. You 
may notice that this pathway is very similar to glycolysis, except 
that it runs in reverse (see process  figure  8.15). Bringing the 
cycle back to regenerate RuBP requires PGAL and several steps 
not depicted in  figure 8.26. 
Other Mechanisms of PhotosynthesisThe oxygenic, or oxygen- releasing, photosynthesis that occurs in 

plants, algae, and cyanobacteria is the dominant type on the earth. 
Other photosynthesizers such as green and purple bacteria possess 
bacteriochlorophyll, which is more versatile in capturing light. 
They have only a cyclic photosystem I, which routes the electrons 
from the photocenter to the electron carriers and back to the pho-
tosystem again. This pathway generates a relatively small amount 
of ATP, and it may not produce NADPH. As photolithotrophs, 
these bacteria use H2, H2S, or elemental sulfur rather than H2O 
as a source of electrons and reducing power. As a consequence, 
they are anoxygenic (non- oxygen- producing), and many are strict 
anaerobes.

While most of the mechanisms just described involve chlo-
rophyll or bacteriochlorophyll as the light- absorbing pigment, 
archaea use a pigment called bacteriorhodopsin. You may recog-
nize the root rhodopsin, which is a pigment present in vertebrate 
eyes (in the rods and cones). This type of photosynthesis does not 
involve electron transport but instead uses a light- driven proton 
pump. Through chemiosmosis, it generates ATP. 
8.5 Learning Outcomes—Assess Your Progress
19. Summarize the overall process of photosynthesis in a 

single sentence.
20. Discuss the relationship between light- dependent and 

light- independent reactions.21. Explain the role of the Calvin cycle in the process of 
photosynthesis.

The intended message does not hit you over the head, as if it 

were “Eating Kimchi Will Make You Popular.” It seems to simply 

want to deliver the news that someone has found a link between 

consumption of fermented foods and less social anxiety. My 

critical reading of the article takes into account the following: It 

is from a well-respected medical site (WebMD); the author of the 

article sought an outside opinion of the research; and there is 

biological plausibility in the connection, from other studies, about 

what is called the gut-brain axis (mentioned in the article). The 

gut-brain axis is described in the scientific literature as the impor-

tant impact the health of the microbiome in the gut has on brain 

function. It seems plausible that certain bacteria 
might be associated with less anxiety, given that 
previous research.

I would tell my nonmicrobiologist friends 
about the gut-brain axis first, and then tell them to eat a pickle.

Overall, my overall grade for the article is B+. There is 

one missing link in the article as it is written: It does not explain 

why fermented foods contain better bacteria than nonfermented 

foods, for instance. 
Source: WebMD, “Social Anxiety? Fermented Foods May Help,” online article 

posted June 18, 2015.

Media Under The Microscope Wrap-Up

3- PGA and produces 1,3- bisphosphoglyceric acid (BPG). Then, 
during the same step, NADPH contributes its hydrogen to BPG, 
and one high- energy phosphate is removed. These events give 
rise to glyceraldehyde- 3- phosphate (PGAL). This molecule and 

© Imagesource/
PictureQuest RF

194 Chapter 8 Microbial Metabolism

Media Under The Microscope

Have a Pickle and Calm Down

This opening case examines an article from the popular media to determine the extent to which it is factual and/or misleading. 

This case focuses on the 2015 WebMD article, “Social Anxiety? Fermented Foods May Help.”

This article found a link between the amount of fermented foods a young adult consumed and the degree of social 

anxiety they felt. Fermented foods are trendy now. You will see at the end of this chapter that some microbes use fermentation 

as a metabolic strategy. Foods such as sauerkraut, pickles, kimchi, yogurt, tempeh, miso soup, and even dark chocolate 

potentially have fermenting microorganisms in them. (“Potentially” because products such as canned sauerkraut would have 

been sterilized after fermentation and before packaging.)

The article reported on a link found between college students who had lower levels of social anxiety and the amount 

of fermented foods they consumed. The article was careful to point out that a connection does not prove causation. The 

article also included commentary from a scientist who was not involved in the research, who said, “Research on gut bacteria 

is expanding a lot, as is research on genetic influences on mental disorders. This study is interesting in how it ties together 

several relevant threads of personality, food intake, and exercise.”

 ■ What is the intended message of the article?

 ■ What is your critical reading of the summary of the article? Remember that in this context, “critical reading” does not 

necessarily mean What criticism do you have? but asks you to apply your knowledge to interpret whether the article is 

factual, and whether the facts support the intended message.

 ■ How would you interpret the news item for your nonmicrobiologist friends?

 ■ What is your overall grade for the news item—taking into account its accuracy and the accuracy of its intended effect? 

Media Under The Microscope Wrap-Up appears at the end of the chapter.

Microbial Metabolism

The Chemical Crossroads of Life © Imagesource/PictureQuest RF

194

Capturing Students’ Attention and Learning

xii 
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Figure 5.12 General structure of a mitochondrion. (a) An electron micrograph. (b) A three-dimensional projection. In most cells, 
mitochondria are elliptical or spherical, although in certain fungi, algae, and protozoa they are long and filament-like.
© CNRI/SPL/Getty Images
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During replication topoisomerases unwind the DNA helix, 
giving access to helicases (unzipping enzymes) to bind to
the dsDNA at the origin.

Helicases break the hydrogen bonds holding the two
strands together, resulting in two separate strands.

Single-stranded binding proteins keep the strands apart.

DNA polymerase III adds nucleotides in accordance with 
the template pattern. Note that RNA primase will have 
already added a short length of RNA. 

Because DNA polymerase is correctly oriented for 
synthesis only in the 5′ to 3′ direction of the new molecule 
(red) strand, only one strand, called the leading strand, 
can be synthesized as a continuous, complete strand. The 
strand with the opposite orientation (3′ to 5′) is termed the 
lagging strand. On this strand the polymerase adds 
nucleotides a few at a time in the direction away from the 
fork (5′ to 3′). As the fork opens up a bit, the next segment 
is synthesized backward to the point of the previous 
segment, a process repeated until synthesis is complete.
In this way, the DNA polymerase is able to synthesize the 
two new strands simultaneously. This manner of synthesis 
produces one strand containing short fragments of DNA 
(100 to 1,000 bases long) called Okazaki fragments. 
These fragments are attached to the growing end of the 
lagging strand by another enzyme called DNA ligase.

Process Figure 9.6 DNA replication. 

Process Figures

Many difficult microbiological concepts are 
best portrayed by breaking them down into 
stages. These Process Figures show each step 
clearly marked with an orange, numbered circle 
and correlated to accompanying narrative to 
benefit all types of learners. Process Figures 
are clearly marked next to the figure number. 
The accompanying legend provides additional 
explanation.

Student Focused Instructional Art
Effective science illustrations not only look pretty but 
help students visualize complex concepts and 
processes and paint a conceptual picture for them. The 
art combines vivid colors, multidimensionality, and 
self-contained narrative to help students study the 
challenging concepts of microbiology from a visual 
perspective. Drawings are often paired with 
photographs or micrographs to enhance 
comprehension.

88 Chapter 4 Bacteria and Archaea

to the cell than a slime layer is and it is denser and thicker 
( figure 4.13b). Capsules can be viewed after a special staining 
technique ( figure  4.14a). They are also often visible on agar 
because they give their colonies a sticky (mucoid) appearance 
( figure 4.14b).

Specialized Functions of the Glycocalyx
Capsules are formed by many pathogenic bacteria, such 
as Streptococcus pneumoniae (a cause of pneumonia, an 

infec tion of the lung), Haemophilus influenzae (one cause of 
meningitis), and Bacillus anthracis (the cause of anthrax). 
Encapsulated bacterial cells generally have greater patho-
genicity because capsules protect the bacteria against white 
blood cells called phagocytes. Phagocytes are a natural body 
defense that can engulf and destroy foreign cells through 
phagocytosis, thus preventing infection. A capsular coating 
blocks the mechanisms that phagocytes use to attach to and 
engulf bacteria. By escaping phagocytosis, the bacteria are 

INSIGHT 4.1 CLINICAL: Biofilms Complicate Infections

You’ve seen it before—the scum that builds up on the inside of 
your toilet, in your shower, or even on your teeth. This slimy 
gunk isn’t merely evidence that you haven’t cleaned in a while; 
it is a community of microbes called a biofilm. Scientists are 
discovering that bacteria often do not exist in a planktonic or 
single-cell form but rather live in cooperative associations that 
can include other organisms of the same species as well as other 
species of bacteria, archaea, fungi, and algae. These biofilms 
are microbial habitats with access to food, water, atmosphere, 
and other environmental factors that are beneficial to each type 
of organism living there. Often, the biofilm is stratified, with 
the aerobic microbes near the surface where the oxygen levels 
are high and the anaerobic microbes near the bottom where 

oxygen levels are low. Each member of the biofilm community 
finds its niche.

Biofilms can form on numerous inert substances, usually 
when the surface is moist and has developed a thin layer of 
organic material such as polysaccharides or glycoproteins. This 
slightly sticky texture attracts the first single-celled “colonists” 
that attach and begin to multiply on the surface. As the first 
colonizing organisms grow, they secrete substances such as cell 
signal receptors, fimbriae, slime layers, capsules, and even DNA 
molecules that attract other microbes to the surface as well. This 
cell-to-cell communication, including a process called quorum 
sensing (see section 7.2), allows for microbes of various species 
to grow together and secrete more extracellular matrix (shown in 
green in the drawing above). The biofilm can vary in thickness, 
depending on where it begins growing and how long it has been 
growing there (or how long it has been since you brushed and 
flossed your teeth). 

Biofilms also have serious medical implications. Often, 
microbes will accumulate on damaged tissue such as heart valves 
or hard surfaces such as teeth. Bacteria also have an affinity for 
implanted medical devices such as IUDs, catheters, shunts, gas-
trostomy tubes, and urinary catheters, and readily form biofilms 
on these surfaces. Treating these types of infections is extremely 
difficult, and it has always been assumed that this was due to 
antibiotics being unable to penetrate the thick glycocalyx of 
the biofilm. Recent studies have shown that in biofilm form, 
microbes turn on different genes, allowing them to be impervi-
ous to antibiotic treatment. Finding novel ways to treat biofilm 
infections is an ongoing battle, and it is estimated that treating 
biofilm infections costs more than 1 billion dollars a year in the 
United States alone.

First colonists

Surface

Organic surface
coating

Cells stick to coating.

Glycocalyx

As cells divide, they form a 
dense mat bound together by 
sticky extracellular deposits.

Additional microbes are attracted to 
developing film and create a mature 
community with complex function.
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Connecting Students to Their Future Careers

Media Under The Microscope
Bacteria Detect Cancer

This opening case examines an article from the popular media to determine the extent to which it is factual and/or misleading. 

This case focuses on the 2015 Los Angeles Times article, “Talented Bacteria Detect Cancer, Diabetes.”

This article discussed the unusual talents of our old friend E. coli, which the article describes in this way: “These bacteria belong 
to the much-maligned Escherichia coli family. Like the picnic-spoiling strain that induces vomiting and diarrhea and casts suspicion on 
Aunt Rita’s potato salad, this E. coli enters the gut and makes its way throughout the body.” From there, E. coli diagnoses cancer. 

Now, the bacterium is not that magical all on its own. The article described the genetic engineering performed on this 
nonharmful member of our normal microbiota. Scientists had equipped the bacterium with digital amplifying genetic switches. 
The bacterium then became capable of traversing the gut into the liver, where it gravitated toward cancer cells. If it detected 
cancer, the bacterium emitted an enzyme that turns a normal chemical in urine into a detectable color.

In another study, researchers were able to genetically engineer the bacterium to produce a fluorescent red dye when there 
was sugar in the urine, indicating diabetes.

 ■ What is the intended message of the article?

 ■ What is your critical reading of the summary of the article? Remember that in this context, “critical reading” does not 
necessarily mean What criticism do you have? but asks you to apply your knowledge to interpret whether the article is 
factual, and whether the facts support the intended message.

 ■ How would you interpret the news item for your nonmicrobiologist friends?

 ■ What is your overall grade for the news item—taking into account its accuracy and the accuracy of its intended effect? 

Media Under The Microscope Wrap-Up appears at the end of the chapter.

Diagnosing Infections
© Science Photo Library RF/Getty Images RF

474

Disease Table 18.6 Vesicular/Pustular Rash Diseases

Disease Chickenpox Smallpox Hand, Foot, and Mouth 
Disease

Causative Organism(s) Human herpesvirus 3 
(varicella-zoster virus)

Variola virus Enteroviruses, usually Coxsackie

Most Common Modes 
of Transmission

Droplet contact, inhalation 
of aerosolized lesion fluid

Droplet contact, indirect 
contact 

Direct and droplet contact

Virulence Factors Ability to fuse cells, ability 
to remain latent in ganglia

Ability to dampen, avoid 
immune response

–

Culture/Diagnosis Based largely on clinical 
appearance

Based largely on clinical 
appearance

Usually based on clinical 
presentation and history

Prevention Live attenuated vaccine; 
there is also vaccine to 
prevent reactivation of latent 
virus (shingles)

Live virus vaccine 
(vaccinia virus)

Hand hygiene

Treatment None in uncomplicated cases; 
acyclovir for high risk

Cidofovir, immune globulin None

Distinguishing  
Features

No fever prodrome; lesions 
are superficial; in centripetal 
distribution (more in center 
of body)

Fever precedes rash, lesions 
are deep and in centrifugal 
distribution (more on 
extremities)

Fever prodrome, lesions in 
mouth first

Epidemiological 
Features

Chickenpox: vaccine decreased 
hospital visits by 88%, 
ambulatory visits by 59%; 
shingles: 1 million cases 
annually

Last natural case worldwide 
was in 1977 
Category A Bioterrorism 
Agent

Sporadic in most of world; 
unusual outbreaks in East and 
Southeast Asia since 1997 
caused by an enterovirus

Appearance  
of Lesions

CDC CDC/Dr. Charles Farmer, Jr. © Dr. P. Marazzi/Science Source

Many students taking this course will be entering the health care field in some way, and it is absolutely critical that they have a 
good	background	in	the	biology	of	microorganisms.	Authors	Kelly	Cowan	and	Heidi	Smith	have	made	it	their	goal	to	help	all	
students make the connections between microbiology and the world they see around them. Cowan textbooks have become 
known for their engaging writing style, instructional art program, and focus on active learning. The “building blocks” approach 
establishes the big picture first and then gradually layers concepts onto this foundation. This logical structure helps students build 
knowledge and connect important concepts.

“Diagnosing Infections” Chapter
Chapter 17 brings together in one place the current methods 
used to diagnose infectious diseases. The chapter starts 
with collecting samples from the patient and details the 
biochemical, serological, and molecular methods used to 
identify causative microbes.

Systematic Presentation of 
Disease-Causing Organisms
Microbiology: A Systems Approach takes a unique approach to 
diseases by organizing microbial agents under the heading of the 
disease condition they cause. After all of them are covered the 
agents are summarized in a comparative table. Every condition gets 
a table, whether there is one possible cause or a dozen. Through 
this approach, students study how diseases affect 
patients—the way future health care professionals will 
encounter them in their jobs. A summary table follows 
the textual discussion of each disease and summarizes 
the characteristics of agents that can cause that 
disease. New to this edition: 

Every disease table now contains national and/
or worldwide epidemiological information for 
each causative agent.

This approach is logical, systematic, and intuitive, as it 
encourages clinical and critical thinking in students—the 
type of thinking they will be using if their eventual 
careers are in health care. Students learn to examine 
multiple possibilities for a given condition and grow 
accustomed to looking for commonalities and 
differences among the various organisms that cause a 
given condition. 

A Note About the Chapter Organization

In a clinical setting, patients present themselves to health care 
practitioners with a set of symptoms, and the health care team 
makes an “anatomical” diagnosis—such as a generalized vesic-
ular rash. The anatomical diagnosis allows practitioners to nar-
row down the list of possible causes to microorganisms that 
are known to be capable of creating such a condition. Then the 
proper tests can be performed to arrive at an etiologic diagnosis 
(determining the exact microbial cause). The order of events is 

 1. anatomical diagnosis,
 2. differential diagnosis, and
 3. etiologic diagnosis.

In this book, we organize diseases according to anatomical 
diagnosis (which appears as a boxed heading). Then the agents 
in the differential diagnosis are each addressed. When we finish 
addressing each agent that could cause the condition, we sum 
them up in a Disease Table, whether there is only 1 possible cause 
or whether there are 9 or 10.

In the Disease Tables, you will also find a row featuring rec-
ommended treatment. Here we will identify the microbes that are 
on the CDC “Threat” list for their antibiotic resistance (presented 
in table 12.9).
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6.5 Modes of Viral Multiplication 151

DNA viruses generally follow the same steps of adsorption, 

penetration, uncoating, synthesis, assembly, and release. The 

steps of the synthesis process vary. Process  figure  6.14 illus-

trates this. Replication of dsDNA viruses is divided into phases 

(process  figure 6.14a). During the early phase, viral DNA enters 

the nucleus, where several genes are transcribed into a messen-

ger RNA. The newly synthesized RNA transcript then moves 

into the cytoplasm to be translated into viral proteins (enzymes) 

needed to replicate the viral DNA; this replication occurs in the 

nucleus. The host cell’s own DNA polymerase is often involved, 

though some viruses (herpesvirus, for example) have their own 

polymerase. During the late phase, other parts of the viral genome 

are transcribed and translated into proteins required to form the 

capsid and other structures. The new viral genomes and capsids 

are assembled, and the mature viruses are released by budding or 

cell disintegration. Double-stranded DNA viruses interact directly 

with the DNA of their host cell. In some viruses, the viral DNA 

becomes silently integrated into the host’s genome by insertion 

at a particular site on the host genome. This integration may later 

lead to the transformation of the host cell into a cancer cell and the 

production of a tumor.

A slightly different replication mechanism is used by ssDNA 

viruses; this is illustrated in process  figure 6.14b.

Assembly of Animal Viruses: Host Cell as Factory

Toward the end of the cycle, mature virus particles are constructed 

from the growing pool of parts. In most instances, the capsid is 

first laid down as an empty shell that will serve as a receptacle 

for the nucleic acid strand. Electron micrographs taken during 

this time show cells with masses of viruses, often in crystalline 

packets ( figure 6.15). One important event leading to the release 

of enveloped viruses is the insertion of viral spikes into the host’s 
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Figure 6.12 The 

mode by which 

animal viruses 

adsorb to the host 

cell membrane. An 

enveloped coronavirus 

with prominent spikes. The 

configuration of the spike 

has a complementary fit 

for cell receptors. The 

process in which the virus 

lands on the cell and plugs 

into receptors is termed 

docking. 
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Figure 6.13 Two principal means by which animal viruses penetrate. (a) Endocytosis (engulfment) and uncoating of a 

herpesvirus. (b) Fusion of the cell membrane with the viral envelope (mumps virus). 
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Media Under The Microscope
Brain-Eating Bacteria Stalking Louisiana

Bacteria and Archaea

This opening case examines an article from the popular media to determine the extent to which it is factual and/or misleading. 

This case focuses on the 2015 Northern California article, “Deadly Brain-Eating Bacteria Confirmed in Louisiana: Alert Issued.”

In this chapter we will be talking about bacteria, their structure and their characteristics. As you have already seen in 

section 1.7, bacteria form one of the three domains of life (Bacteria, Archaea, and Eukarya). In this article from July 2015, a media 

outlet reported that Naegleria fowleri, a “deadly brain-eating parasite” had been found in the drinking water in St. Bernard 

Parish in Louisiana. For that reason the public was cautioned and extra chlorine was added to the water to kill Naegleria.

The amoeba (a protozoan) causes primary amebic meningoencephalitis, which is virtually 100% fatal. The article stated 

that between 1962 and 2014 there have been 133 reported cases of the disease. The article also reassured readers that the 

infection was not acquired by drinking water, but by engaging in activities that force water up one’s nose—such as diving 

into warm freshwater lakes (a common habitat for the protozoa). It cited a new case in Louisiana in 2015 in a boy who had no 

history of playing in fresh water, but did frequent a water slide near his home.

 ■ What is the intended message of the article? ■ What is your critical reading of the summary of the article?  Remember that in this context, “critical reading” does not 

necessarily mean What criticism do you have? but asks you to apply your knowledge to interpret whether the article is 

factual, and whether the facts support the intended message.
 ■ How would you interpret the news item for your nonmicrobiologist friends?

 ■ What is your overall grade for the news item—taking into account its accuracy and the accuracy of its intended effect?

© Blend Images - Don Mason/Getty Images RF
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Media Under The Microscope Wrap-Up appears at the end of the chapter.

Outline and Learning Outcomes
 4.1 Bacterial Form and Function

1. List the structures all bacteria possess.
2. Identify at least four structures that some, but not all, bacteria possess.
3. Describe the three major shapes of bacteria.
4. Describe other more unusual shapes of bacteria.
5. Provide at least four terms to describe bacterial arrangements.

 4.2 External Structures
6. Describe the structure and function of five different types of bacterial external structures.
7. Explain how a flagellum works in the presence of an attractant.

 4.3 The Cell Envelope: The Boundary Layer of Bacteria
8. Differentiate between the two main types of bacterial envelope structure.
9. Discuss why gram-positive cell walls are stronger than gram-negative cell walls.

10. Name a substance in the envelope structure of some bacteria that can cause severe symptoms in humans.

 4.4 Bacterial Internal Structure
11. Identify five structures that may be contained in bacterial cytoplasm.
12. Detail the causes and mechanisms of sporulation and germination.

 4.5 The Archaea: The Other “Prokaryotes”
13. List some differences between archaea and bacteria.

 4.6 Classification Systems for Bacteria and Archaea
14. Differentiate between Bergey’s Manual of Systematic Bacteriology and Bergey’s Manual of Determinative Bacteriology.
15. Name four divisions ending in –cutes and describe their characteristics.
16. Define a species in terms of bacteria.

In section 1.2, we described bacteria and archaea as being cells with 
no true nucleus. (Eukaryotes have a membrane around their DNA, 
and this structure is called the nucleus.) Let’s look at bacteria and 
archaea and how they differ from eukaryotes. There are two major 
distinctions between eukaryotic cells and non-eukaryotic cells:

 ∙ The way their DNA is packaged: Bacteria and archaea have 
nuclear material that is free inside the cytoplasm (i.e., they 
do not have a nucleus). Eukaryotes have a membrane around 
their DNA (making up a nucleus). Eukaryotes wind their 
DNA around proteins called histones and archaea use similar 
proteins to do the same thing. Bacteria do not wind their DNA 
around proteins.

 ∙ Their internal structures: Bacteria and archaea do not have 
complex, membrane-bounded organelles in their cytoplasm 
(eukaryotes do). A few bacteria and archaea have internal 
membranes, but they don’t surround organelles.

Both non-eukaryotic and eukaryotic microbes are ubiq-
uitous in the world today. Although both can cause infec-
tious disease, the way we treat infections with bacterial and 
eukaryotic pathogens will be influenced by their unique cellular 
characteristics.

4.1  Bacterial Form and Function
The evolutionary history of non-eukaryotic cells extends back at 
least 2.9 billion years. The fact that these organisms have endured 
for so long in such a variety of habitats indicates a cellular struc-
ture and function that are amazingly versatile and adaptable.

The general cellular organization of a bacterial cell can be 
represented with this flowchart.

Bacterial
cell

Appendages
Flagella, Pili, Fimbriae

Surface layers
S layer
Glycocalyx

Capsule
Slime layer

(Outer membrane)
Cell wall
Cell membrane

Cytoplasm
Ribosomes
Inclusions
Microcompartments
Nucleoid/chromosome
Cytoskeleton
Endospore
Plasmid
Intracellular membranes

External

Cell 
envelope

Internal

All bacterial cells invariably have a cell membrane, cyto-
plasm, ribosomes, and one (or a few) chromosome(s); the majority 
have a cell wall and some form of surface coating or glycocalyx. 
Specific structures that are found in some, but not all, bacteria 
are flagella, pili, fimbriae, an S layer, a cytoskeleton, inclusions, 
microcompartments, endospores, and intracellular membranes.

The Structure of a Generalized Bacterial Cell
Bacterial cells look very simple and two-dimensional when 
viewed with an ordinary microscope. Not until they are subjected 
to the scrutiny of the electron microscope and biochemical studies 
does their intricate and functionally complex nature become evi-
dent.  Figure 4.1 presents a three-dimensional anatomical view of 
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DNA viruses generally follow the same steps of adsorption, 
penetration, uncoating, synthesis, assembly, and release. The 
steps of the synthesis process vary. Process  figure  6.14 illus-
trates this. Replication of dsDNA viruses is divided into phases 
(process  figure 6.14a). During the early phase, viral DNA enters 

the nucleus, where several genes are transcribed into a messen-
ger RNA. The newly synthesized RNA transcript then moves 
into the cytoplasm to be translated into viral proteins (enzymes) 
needed to replicate the viral DNA; this replication occurs in the 
nucleus. The host cell’s own DNA polymerase is often involved, 
though some viruses (herpesvirus, for example) have their own 
polymerase. During the late phase, other parts of the viral genome 
are transcribed and translated into proteins required to form the 
capsid and other structures. The new viral genomes and capsids 
are assembled, and the mature viruses are released by budding or 
cell disintegration. Double-stranded DNA viruses interact directly 
with the DNA of their host cell. In some viruses, the viral DNA 
becomes silently integrated into the host’s genome by insertion 
at a particular site on the host genome. This integration may later 
lead to the transformation of the host cell into a cancer cell and the 
production of a tumor.

A slightly different replication mechanism is used by ssDNA 
viruses; this is illustrated in process  figure 6.14b.

Assembly of Animal Viruses: Host Cell as Factory
Toward the end of the cycle, mature virus particles are constructed 
from the growing pool of parts. In most instances, the capsid is 
first laid down as an empty shell that will serve as a receptacle 
for the nucleic acid strand. Electron micrographs taken during 
this time show cells with masses of viruses, often in crystalline 
packets ( figure 6.15). One important event leading to the release 
of enveloped viruses is the insertion of viral spikes into the host’s 
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Figure 6.13 Two principal means by which animal viruses penetrate. (a) Endocytosis (engulfment) and uncoating of a 
herpesvirus. (b) Fusion of the cell membrane with the viral envelope (mumps virus). 

Disease Connection

Biofilms can play a major role in infectious diseases. Scientists 
definitively have shown that children suffering from chronic ear 
infections had biofilms of bacteria growing on the mucosa of their 
middle ears. These biofilms were not eradicated by repeated 
courses of antibiotics. This discovery gave more support to the 
procedure of putting tubes in the ears of children with chronic or 
recurrent ear infections (to drain infected fluids) instead of treat-
ing with antibiotics.

 

 

 

 

Student-Centered Pedagogy Created to Promote Active 
Learning

Animated Learning Modules

Certain topics need help to come to life off the page. Animations, video, 
audio, and text all combine to help students understand complex 
processes.	Key	topics	have	an	Animated	Learning	Module	assignable	
through Connect. An icon in the text indicates when these learning 
modules are available.

Disease Connection

Sometimes it is difficult for students to see the relevance of 
basic concepts to their chosen professions. So in this edition 
the basic science chapters contain Disease Connections, 
very short boxes that relate 
esoteric topics such as pH 
and growth phase to clinical 
situations (H. pylori and M. 
tuberculosis, for these examples). 

Learning Outcomes and Assess Your Progress Questions

Every chapter in the book now opens with an outline—which is a list of 
Learning Outcomes. Assess Your Progress with the learning outcome 
questions conclude each major section of the text. The Learning 
Outcomes are tightly correlated to digital material. Instructors can 
easily measure student learning in relation to the specific Learning 
Outcomes used in their course.

INSIGHT 3.1

tube) containing blood from a finger-prick. The researchers devel-
oped a program that analyzes the way in which the blood cells in 
the sample move around—which they will do in a very different 
way when there are worms moving in the blood. (The blood cells 
are large enough to be seen with a low-power lens.) The entire test 
takes only 3 minutes. And in areas where loiasis is common, it 
could allow MDA to move forward, saving lives without endanger-
ing those for whom it could be dangerous.

Insight 3.2 describes some other uses for smartphones in the 
visualization of microbes.
Source: 2015. Science Translational Medicine. vol. 7, p 286. DOI: 10.1126/scitranlmed.aaa3480.

Africa has a problem with worms. Nematodes, to be exact. There 
are three different types of roundworms that cause human disease 
on that continent. One of these, known as “river blindness,” 
is caused by the helminth Onchocerca volvulus, transmitted 
by black flies. Before widespread control efforts, an estimated 
60 million people were affected. A second type is lymphatic 
filariasis, sometimes called elephantiasis, which is caused by 
two different genera of worms, Wuchereria and Burgia. The 
World Health Organization estimates that 120 million people 
are infected with one of these. One of the most effective and 
low-cost treatments for people with either of these infections is 
a once-yearly dose of a drug called ivermectin. This has led to 
the adoption of mass drug administration (MDA) to the citizens 
across the continent.

However, there is a catch. A third type of worm infection, 
called loiasis, caused by the roundworm Loa loa, is also rampant 
on the western part of the continent. This infection, which features 
worms in the blood, and most disturbingly, worms on the surface 
of the eye, has a prevalence of between 2% and 19% in Western 
Africa. The “catch” is that people with large concentrations of Loa 
loa in their blood can experience serious side effects when treated 
with ivermectin. They should avoid ivermectin if at all possible. 
The trouble is, many people with Loa loa infection are unaware 
that they have it (not everyone gets the “eyeworm” symptom), 
so they don’t know to avoid the drug treatment. Loiasis is easily 
detected from a blood sample with a microscope operated by a 
trained technician, but in many parts of the continent those are 
two commodities that are not locally available: a microscope and 
a trained technician.

An impressive partnership of scientists, engineers, physicians, 
and local health workers have come up with a possible solution: 
They call it the CellScope Loa. It uses an ordinary iPhone and a 
3D-printed box that houses a lens and a tiny test tube (a capillary 

CLINICAL: The Loa Phone

Mobile phone

3D-printed lid

Carriage

Capillary

LED array

USB port

Microcontroller board

Servo-mounted gear

Courtesy Mike D’Ambrosio and Matt Bakalar, Fletcher Lab, UC Berkeley

INSIGHT 10.1

There is a saying in science, “Chance favors the prepared 
mind.” In the case of this study, the scientists found something 
they were not counting on: The presence of Christensenellaceae 
was associated with low body mass index (BMI). Since this was 
just an association and the study could not prove causation, they 
did another experiment in which they deliberately exposed mice 
to Christensenellaceae. Those mice had reduced weight gain 
compared to mice not fed Christensenellaceae. So the studies 
continue. This is what many scientists love about their jobs: dis-
covering surprises, and finding answers to questions that practi-
cally ask themselves!

The composition of the human microbiota shows a lot of vari-
ability from person to person. Of course, we know that humans 
themselves show a lot of variation, which comes from their dif-
ferent genetic make-up. This led scientists to wonder whether the 
composition of the microbiota is influenced by the host’s genetics.

One good way to test this is to look at two different types of pairs 
of people: monozygotic (identical) twins and dizygotic (fraternal) 
twins. Fraternal twins do not share the same genes, but identical twins 
do. If the microbiomes of identical twins were significantly more 
similar than the microbiomes of fraternal twins, it would suggest that 
the human genome influences what microbiome the person acquires.

To ask this question the way scientists do, you would construct 
a hypothesis: The degree of difference between the microbiota of 
fraternal twins will be no greater than the degree of difference 
between the microbiota of identical twins. (This is written as a null 
hypothesis, meaning it is a statement that there will be no differ-
ence between two groups.) Then you would set up an experiment 
to test the hypothesis, using a large number of pairs of both types 
of twins. In this study, 416 pairs of twins were examined.

In this study, the identical twins turned out to have more 
similar microbiomes than the fraternal twins. They had what they 
called “a hub of heritable taxa,” chief among them a newly discov-
ered bacterial group named Christensenellaceae.

So the hypothesis was disproven; there was a significant dif-
ference between the two groups. The paper’s authors suggest that a 
person’s microbiome is heritable, like, having blue eyes. Only here 
it is a bit more indirect—a person’s genotype is heritable, which 
determines his or her phenotype, which may determine his or her 
microbiome.

MICROBIOME: Host Genetics and the Microbiome

© coloroftime/Getty Images RF

Insight Readings

Each chapter includes a 
Microbiome Insight box and a 
Clinical Insight box. Research 
Insight boxes appear in many 
chapters. The Microbiome Insight 
boxes are a way to emphasize the 
important and revolutionary ways 
the recent findings influence 
almost everything we know about 
human health. 
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INFECTIOUS DISEASES AFFECTING
The Gastrointestinal Tract

Mumps
Mumps virus

Acute Diarrhea
Salmonella
Shigella
E. coli STEC
Other E. coli
Campylobacter
Clostridium di�cile
Vibrio cholerae
Other Vibrio spp.
Cryptosporidium
Rotavirus
Norovirus

Gastritis and Gastric Ulcer
Helicobacter pylori

Chronic Diarrhea
EAEC
Cyclospora cayetanensis
Giardia lamblia
Entamoeba histolytica

Acute Diarrhea and/or
Vomiting (Food Poisoning)
Staphylococcus aureus
Bacillus cereus
Clostridium perfringens

Schistosomiasis
Schistosoma mansoni
Schistosoma japonicum

Hepatitis
Hepatitis A or E
Hepatitis B or C

Helminthic Infections with
Intestinal and Migratory Symptoms
Ascaris lumbricoides
Necator americanus
Ancylostoma duodenale
Toxocara species 

Helminthic Infections with
Neurological and Muscular
Symptoms
Trichinella spiralis

Dental Caries
Streptococcus mutans
Streptococcus sobrinus
Other bacteria

Periodontitis and Necrotizing
Ulcerative Diseases
Tannerella forsythia
Aggregatibacter actinomycetemcomitans
Porphyromonas gingivalis
Treponema vincentii
Prevotella intermedia
Fusobacterium

Helminthic Infections Causing Intestinal
Distress as the Primary Symptom
Trichuris trichiura
Enterobius vermicularis
Taenia solium
Diphyllobothrium latum
Hymenolepis

Helminthic Infections with Liver 
and Intestinal Symptoms
Opsithorchis sinensis
Chlonorchis sinensis
Fasciola hepatica 

Helminths

Bacteria

Viruses

Protozoa

System Summary Figure 22.30
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A Note About Epidemiology

There are two big descriptors of any given infectious disease—how 
communicable it is and how deadly it is. Epidemiologists quantify 
communicability by a factor called R0, (pronounced “R-sub-zero”)  

defined as the basic reproduction rate. It describes how many 
susceptible people, on average, one infected person will spread 
the infection to. The highly contagious measles virus has an R0 
of about 15, meaning that one infected person can spread the 
infection, on average, to 15 other individuals. The R0 assumes 
those 15 people are unvaccinated for the microbe and have 
not experienced the infection, therefore having no secondary 
immunity. It might surprise you to learn that HIV is considered 
to be relatively low on the communicability scale. It has an R0 of 
only about 3.4.

Deadliness is calculated via the case fatality rate (CFR): the 
numbers of persons who die of the disease within a specified 
time ÷ the number of persons infected. This calculation is based 
on persons who receive no treatment. The case fatality rate for 

rabies is approximately 100%. The case fatality rate for cholera is 
about 1%. Understand that a CFR of even 1% is high—indicating 
that 1 of 100 infected people die. 

These measures of infectious disease are approximate and 
can vary based on geographic location. But a general idea of R0 

and CFR can guide a lot of health care decisions and policies. 
Diseases with an extremely high R0, for example, are the dis-
eases for which vaccination is most needed. 

When we get to the disease chapters of this book, we will 
highlight key diseases in each chapter on a graph like this one. 
We will take both of these measures and divide them into quar-
ters—lumping all CFRs from 0% to 25% in one quarter (at the bot-
tom of the pyramid), and lumping R0s into four broad categories. 
Practice reading the graph a little bit: Find an infection that is 
highly communicable but not very deadly. Now find one that is 
not very communicable but deadly. The good news is that none 
of these common infections are both highly deadly and highly 
communicable. And most of them are minimally communicable 
and minimally deadly.

Measles
Malaria
Mumps

Rotavirus
Pertussis

Extremely
communicable

Very
communicable

Communicable

Somewhat
       or
minimally
communicable

Chickenpox

TB
Polio

Rubella

C. di�  Cholera  Seasonal flu  Ebola
Hepatitis B  Lyme disease  Norovirus  Plague

Rabies  Campylobacter  HIV  Syphilis

Smallpox
Dengue

Rhinovirus

Communicability (R0)

Rabies
HIV

75%–100%

50%–74%

25%–49%

0%–24%

TB
Ebola

Plague

Syphilis

Deadliness (case fatality rate)

Rhinovirus  Malaria  Polio  Mumps
C. di�  Cholera  Seasonal flu  Dengue

Lyme disease  Campylobacter  Norovirus
Chickenpox  Rubella  Smallpox  Pertussis

Measles  Rotavirus  Hepatitis B
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System Summary Figures

“Glass body” figures at the end of each disease chapter 
highlight the affected organs and list the diseases that were 
presented in the chapter. In addition, the microbes are color 
coded by type of microorganism.

Taxonomic List of Organisms

A taxonomic list of organisms is presented at the end of 
each disease chapter so students can see the taxonomic 
position of microbes causing diseases in that body 
system.

Communicability vs. Deadliness Feature

Each microbe can be characterized using two 
important descriptors: its relative communicability 
and its relative deadliness. These are important 
epidemiologically and clinically—and usually receive 
only sporadic mention in textbooks—so we have 
created a new visual feature that appears in each 
disease chapter, and in the epidemiology chapter. 

 Summing Up
Taxonomic Organization  Microorganisms Causing Diseases in the Cardiovascular and Lymphatic System
Microorganism Disease Disease Table

Gram-positive endospore-forming bacteria
Bacillus anthracis Anthrax Anthrax, 20.7

Gram-positive bacteria
Staphylococcus aureus Acute endocarditis Endocarditis, 20.1
Streptococcus pyogenes Acute endocarditis Endocarditis, 20.1
Streptococcus pneumoniae Acute endocarditis Endocarditis, 20.1

Gram-negative bacteria
Yersinia pestis Plague Plague, p. 20.3
Francisella tularensis Tularemia Tularemia, p. 20.4
Borrelia burgdorferi Lyme disease Lyme disease, p. 20.5
Brucella abortus, B. suis Brucellosis Nonhemorrhagic fever diseases, 20.9
Coxiella burnetii Q fever Nonhemorrhagic fever diseases, 20.9
Bartonella henselae Cat-scratch disease Nonhemorrhagic fever diseases, 20.9
Bartonella quintana Trench fever Nonhemorrhagic fever diseases, 20.9
Ehrlichia species Ehrlichiosis Nonhemorrhagic fever diseases, 20.9
Anaplasma species Anaplasmosis Nonhemorrhagic fever diseases, 20.9
Neisseria gonorrhoeae Acute endocarditis Endocarditis, 20.1
Rickettsia rickettsii Rocky Mountain spotted fever Nonhemorrhagic fever diseases, 20.9

DNA viruses
Epstein-Barr virus Infectious mononucleosis Infectious mononucleosis, 20.6

RNA viruses
Dengue fever viruses Dengue fever Hemorrhagic fevers, 20.8
Ebola and Marburg viruses Ebola and Marburg hemorrhagic fevers Hemorrhagic fevers, 20.8
Lassa fever virus Lassa fever Hemorrhagic fevers, 20.8
Chikungunya virus Hemorrhagic fever Hemorrhagic fevers, 20.8

Retroviruses
Human immunodeficiency virus 1 and 2 HIV infection and AIDS HIV infection and AIDS, 20.12

Protozoa
Babesia species Babesiosis Nonhemorrhagic fever diseases, 20.9

Plasmodium falciparum, P. vivax, P. ovale, P. malariae Malaria Malaria, 20.11

Trypanosoma cruzi Chagas disease Chagas disease, 20.10

xvi 
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The end-of-chapter material is linked to Bloom’s Taxonomy. It has been carefully planned to promote active learning and 
provide review for different learning styles and levels of difficulty. Multiple-Choice and True-False Questions (Remember and 
Understand) precede the Critical Thinking, Visual Connections Questions, and Concept Mapping Exercises, which take the 
student through the Apply, Analyze, Evaluate, and Create levels. The consistent layout of each chapter allows students to 
develop a learning strategy and gain confidence in their ability to master the concepts, leading to success in the class!

 6.1  The Search for the Elusive Viruses (ASM Guideline* 2.2)
 ∙ Viruses are noncellular entities whose properties have been 

identified through microscopy, tissue culture, and molecular 
biology.

 6.2 The Position of Viruses in the Biological Spectrum (ASM 
Guidelines 1.5, 3.3, 4.4, 5.4)

 ∙ Viruses are infectious particles that invade every known type 
of cell. They are not alive, yet they are able to redirect the 
metabolism of living cells to reproduce virus particles.

 ∙ Viruses have a profound influence on the genetic makeup of 
the biosphere.

 ∙ Viral replication inside a cell usually causes death or loss of 
function of that cell.

 6.3 The General Structure of Viruses  
(ASM Guidelines 2.3, 2.4, 4.4)

 ∙ Virus size range is from 20 nm to  
1,000 nm (diameter). Viruses are 
composed of an outer protein capsid  
containing either DNA or RNA plus a  
variety of enzymes. Some viruses also  
possess an envelope around the capsid.

 ∙ Spikes on the surface of the virus capsid or envelope are 
critical for their attachment to host cells.

 6.4 How Viruses Are Classified and Named (ASM  
Guideline 1.4)

 ∙ Viruses are grouped in  
various ways. This  
textbook uses their  
structure, genetic  
composition, and host  
range to categorize  
them.

 ∙ The International  
Committee on the  
Taxonomy of Viruses  
oversees naming  
and classification of  
viruses. Viruses are classified into orders, families, and 
genera.

 6.5 Modes of Viral Multiplication (ASM Guidelines 2.3,  
4.4, 5.4)

 ∙ Viruses go through a multiplication cycle that generally 
involves adsorption, penetration (sometimes followed by 
uncoating), viral synthesis and assembly, and viral release by 
lysis or budding.

 ∙ These events turn the host cell into a factory solely for 
making and shedding new viruses. This results in the 
ultimate destruction of the cell.

 ∙ Animal viruses can  
cause acute infections  
or can persist in host  
tissues as chronic latent  
infections that can  
reactivate periodically  
throughout the host’s  
life. Some persistent  
animal viruses are  
oncogenic.

 ∙ Bacteriophages vary significantly from animal viruses in 
their methods of adsorption, penetration, site of replication, 
and method of exit from host cells.

 ∙ Lysogeny is a condition in which viral DNA is inserted 
into the bacterial chromosome and remains inactive for 
an extended period. It is replicated right along with the 
chromosome every time the bacterium divides.

 ∙ Some bacteria express virulence traits that are coded for 
by the bacteriophage DNA in their chromosomes. This 
phenomenon is called lysogenic conversion.

 6.6 Techniques in Cultivating and Identifying Animal Viruses 
(ASM Guidelines 8.2, 8.3, 8.6)

 ∙ Animal viruses must be studied in some type of host cell 
environment such as laboratory animals, bird embryos, or 
tissue cultures.

 ∙ Cell and tissue cultures  
are cultures of host cells  
grown in special sterile  
chambers containing 
correct types and 
proportions of 
growth factors using 
aseptic techniques 
to exclude unwanted 
microorganisms.

 ∙ Virus growth in cell 
culture and bacteriophage 
growth on bacterial lawns  
are detected by the  
appearance of  
plaques.

 6.7 Other Noncellular Infectious Agents  
(ASM Guidelines 5.4, 6.4)

 ∙ Other noncellular agents of disease are the prions, which 
are not viruses at all but protein fibers; viroids, extremely 
small lengths of naked nucleic acid; and satellite viruses, 
which require the presence of larger viruses to cause 
disease.

 6.8 Viruses and Human Health (ASM Guideline 5.4)
 ∙ Viruses are easily responsible for several billion infections 

each year. It is conceivable that many chronic diseases 
of unknown cause will eventually be connected to viral 
agents.

 ∙ Viral infections are difficult to treat because the drugs that 
attack viral replication also cause side effects in the host.

Chapter Summary

*ASM Curriculum Guidelines (American Society for Microbiology, 2012).  
Complete guidelines in appendix B of this book. 

Mimivirus
450 nm

100 μm
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Bakonyi T, Lussy H, Weissenböck H, 
Hornyák A, Nowotny N. "In vitro host-cell 
susceptibility to Usutu virus." Emerging 
Infectious Diseases, Vol. 11, No. 2, Feb. 
2005. Available from http:/wwwnc.cdc 
.gov/eid/article/11/2/04-1016.htm

High Impact Study

These terms and concepts are most critical for your understanding of this chapter—and may be the most difficult. Have you mastered them? In these 
disease chapters, the terms and concepts help you identify what is important in a different way than the comprehensive details in the Disease Tables. 
Your instructor will help you understand what is important for your class. 

Concepts

 Defenses of nervous system

 Normal microbiota of nervous system

 Four bacterial causes of meningitis

 Other causes of meningitis

 Food-borne cause of meningitis

 Meningitis vaccines

 Gram-negative diplococcic vs. gram-positive diplococci

 Difference between CJD and vCJD

 Global polio eradication

 Three types of botulism

 Differences and similarities between tetanus and botulism

  For which organisms in this chapter are there vaccines  
available?

  Which organisms in this chapter display significant antibiotic 
resistance?

Terms

 Meninges

 Cerebrospinal fluid

 Blood-brain barrier

 Arbovirus

 Dead-end host

 Prion

 Progressive multifocal leukoencephalopathy

 Postinfection encephalitis

 Subacute sclerosing parencephalitis

High Impact Study

Concepts

 Defenses of nervous system

 Normal microbiota of nervous system

 Four bacterial causes of meningitis

 Other causes of meningitis

 Food-borne cause of meningitis

 Meningitis vaccines

 Gram-negative diplococcic vs. gram-positive diplococci

 Difference between CJD and vCJD

 Global polio eradication

 Three types of botulism

 Differences and similarities between tetanus and botulism

  Organisms in this chapter for which there are vaccines  
available

  Organisms in this chapter that display significant antibiotic 
resistance

Terms

 Meninges

 Cerebrospinal fluid

 Blood-brain barrier

 Arbovirus

 Dead-end host

 Prion

 Progressive multifocal leukoencephalopathy

 Postinfection encephalitis

 Subacute sclerosing parencephalitisMultiple-Choice Questions. Select the correct answer from the options provided. 

9. Label the parts of this virus. Identify the capsid, nucleic acid, and 
other features of this virus. 

10. Circle the viral 
infections from this  
list: cholera, rabies, 
plague, cold sores, 
whooping cough, 
tetanus, genital warts, 
gonorrhea, mumps, 
Rocky Mountain 
spotted fever, syphilis, 
rubella.

True-False Questions. 
If the statement is true, 
leave as is. If it is false, 
correct it by rewriting the 
sentence.
11. In lysogeny, viral DNA is inserted into the host chromosome.
12. A viral capsid is composed of subunits called virions.
13. The envelope of an animal virus is derived from the peptidoglycan 

of its host cell.
14. The nucleic acid of animal viruses enters the cell through a process 

called translocation.
15. Viruses that persist in the (host) cell and cause recurrent disease are 

called latent.

Multiple-Choice and True-False Questions  Bloom’s Levels 1 and 2: Remember and Understand

1. A virus is a tiny infectious
 a. cell. c. particle.
 b. living thing. d. nucleic acid.

2. Viruses are known to infect
 a. plants. c. fungi.
 b. bacteria. d. all organisms.

3. The nucleic acid of a virus is
 a. DNA only. c. both DNA and RNA.
 b. RNA only. d. either DNA or RNA.

4. The general steps in a viral multiplication cycle are
 a. adsorption, penetration, synthesis, assembly, and release.
 b. endocytosis, uncoating, replication, assembly, and budding.
 c. adsorption, uncoating, duplication, assembly, and lysis.
 d. endocytosis, penetration, replication, maturation, and exocytosis.

5. A prophage is a stage in the development of a/an
 a. bacterial virus. c. lytic virus.
 b. poxvirus. d. enveloped virus.

6. In general, RNA viruses multiply in the cell ____, and DNA viruses 
multiply in the cell ____.

 a. nucleus, cytoplasm c. vesicles, ribosomes
 b. cytoplasm, nucleus d.  endoplasmic reticulum, nucleolus

7. Viruses cannot be cultivated in/on
 a. tissue culture. c. live mammals.
 b. bird embryos. d. blood agar.

8. Clear patches in cell cultures that indicate sites of virus infection are 
called

 a. plaques. c. colonies.
 b. pocks. d. prions.

Chapter Summary

A brief outline of the main chapter concepts is 
provided for students with important terms 
highlighted.	Key	terms	are	also	included	in	the	
glossary at the end of the book. The chapter 
summary is now tagged with new American 
Society for Microbiology curriculum guidelines.  

Multiple-Choice and True-False 
Questions

Students can assess their knowledge of 
basic concepts by answering these 
questions. Other types of questions 
and activities that follow build on this 
foundational knowledge. The Connect 
eBook allows students to quiz 
themselves interactively using these 
questions! Bloom’s Levels for all 
questions are provided.

Developing Critical Thinkers

New High Impact Study Feature

Students benefit most from varied study and 
assessment methods. We’ve created a short set 
of “Terms” and “Concepts” that help a student 
identify the most important 10 to 15 items in a 
chapter. If they understand these, they are well 
on their way to mastery. In the disease chapters, 
this gives instructors an opportunity to ask their 
students about the content in a way that is 
different from or in addition to the standard 
“laundry list” of diseases.
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Visual Connections

Visual Connections questions take images 
and concepts learned in previous chapters 
and ask students to apply that knowledge to 
concepts newly learned in the current 
chapter. This helps students evaluate 
information in new contexts and enhances 
learning.

Wall teichoic acid Lipoteichoic acid

Envelope Peptidoglycan

Peptidoglycan

Cytoplasmic
membrane

Cytoplasmic membrane

Membrane
protein

Outer membrane
layer

Outer membrane layer

Gram-Negative

Membrane proteins

Lipoproteins Lipopolysaccharides

Gram-Positive

Periplasmic
space

Porin proteins

Phospholipids

 b. Speculate on whether gram-positive or gram-negative bacterial 
cells are more resistant to the formation of a membrane attack 
complex.

 1. From chapter 4,  figure 4.16.
 a. In both cell types shown, sketch where the membrane attack 

complex (MAC) would form.

This question uses visual images or previous content to make connections to this chapter’s concepts.

Visual Connections | Bloom’s Level 5: Evaluate

 4. Compare and contrast the processes of latency and lysogeny, 
providing examples of latent viruses and lysogenic viruses.

 5. Use the Internet to search prion diseases, and identify three major 
differences between a viral disease and a prion disease.

 1.  Provide evidence in support of or refuting the following statement: 
Viruses are simple cellular agents of disease.

 2. Summarize the unique properties of viruses and explain which of 
these characteristics allow them to function as “parasites.”

 3. Describe the nucleic acid configuration of a positive-sense RNA 
virus and explain why its multiplication cycle is less complex than 
that of a retrovirus.

Critical thinking is the ability to reason and solve problems using facts and concepts. These questions can be approached from a number of angles and, 
in most cases, they do not have a single correct answer.

Critical Thinking Questions  Bloom’s Levels 3, 4, and 5: Apply, Analyze, and EvaluateCritical Thinking Questions

Students use higher-order Bloom’s skills 
(Apply, Analyze, Evaluate) with these 
questions. There is no single correct answer; 
this can open doors to discussion and 
application. New critical thinking questions 
have been added for the fifth edition. 

Concept Mapping

Every chapter contains a list of terms from 
which students are asked to construct (Create) 
a concept map. Connect expands this activity 
with interactive concept maps. 

Appendix D provides guidance for working with concept maps.

 1. Using the words that follow, please create a concept map illustrating the relationships among these key terms from chapter 7.

Concept Mapping | Bloom’s Level 6: Create

symbiosis
protection
mutualism

parasitism
commensalism
nonsymbiosis

disease
pathogens
normal biota

xviii 
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Changes to the Fifth Edition

New to Microbiology, A Systems Approach

GLOBAL CHANGES THROUGHOUT THE 
FIFTH EDITION

 • Twenty-five opening case studies, “Media Under The 
Microscope,” that help students critically examine 
journalistic accounts of microbiology topics

 • Language is simplified throughout book. Sentences are 
shortened and general vocabulary is updated.

 • Twenty-five new Microbiome Insight boxes; 25 new 
Clinical Insight boxes (one per chapter)

 • Many new photographs and drawn illustrations
 • CDC antibiotic resistance threat level indicated in disease 

tables
 • “Category A” bioterror threat organisms indicated in 

disease tables
 • A new end-of-chapter feature, “High Impact Study,” that 

identifies the 10 to 15 most important terms and concepts 
in the chapter

 • A new visual feature in each disease chapter (chapters 18 
through 23) that places the microbes from that chapter in 
context with respect to communicability and deadliness

Major chapter changes
Chapter 1: The Main Themes of Microbiology

 • LUCA information updated
 • Taxonomy and classification discussions clarified and 

simplified

Chapter 2: The Chemistry of Biology
 • How the microbiome of sponges may have created 

oxygen on our planet

Chapter 3: Tools of the Laboratory
 • Many new photos of laboratory media

Chapter 4: Bacteria and Archaea
 • Update on archaea flagella

Chapter 5: Eukaryotic Cells and Microorganisms
 • Chapter made more concise
 • New: eukaryotes as members of the microbiome
 • New: neglected parasitic infections (NPIs)

Chapter 6: An Introduction to the Viruses
 • New: discussion of viruses in the microbiome
 • Updated viral taxonomy
 • New diseases caused by prions

Chapter 7: Microbial Nutrition, Ecology, and Growth
 • Shifts discussion around “commensals,” with respect 

to microbiome
 • Simplifies the discussion around diffusion

Chapter 8: Microbial Metabolism
 • Introduces electricity-eating bacteria

Chapter 9: Microbial Genetics
 • Language greatly simplified

Chapter 10: Genetic Engineering and Recombinant DNA
 • SNP discussion expanded
 • New: high-throughput sequencing, CRISPR and gene 

drives discussed

Chapter 11: Physical and Chemical Control of Microbes
 • New: UV and hydrogen peroxide disinfection of hospital 

rooms

Chapter 12: Antimicrobial Treatment
 • Most art changed and updated
 • New: epimutation mechanism of antibiotic resistance
 • New: CRISPR approach to overcome antibiotic resistance
 • New: role of persisters in antibiotic resistance
 • New: information about CDC Threat appraisal

Chapter 13: Microbe-Human Interactions: Health and 
Disease

 • Vastly rewritten to reflect new microbiome findings plus 
host-parasite findings

 • New: role of epigenetic factors in host defense and in 
microbial pathogenesis

 • New: concept of a holobiont
 • More emphasis on polymicrobial infections
 • Reflects decreased emphasis on “pathogen/

nonpathogen” designation
 • Expanded epidemiology section

Chapter 14: Host Defenses I: Overview and Nonspecific 
Defenses

 • New: findings about existence of lymphatic system 
in CNS

 • New: disrupted microbiome as possible cause of some 
autoimmune diseases

  xix
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Chapter 15: Host Defenses II: Specific Immunity and 
Immunization

 • New: added IRA-B cells, gamma-delta T cells
 • New: microbiome can influence T cell activity in 

autoimmune diseases

Chapter 16: Disorders in Immunity
 • New approach to allergy treatment and prevention
 • New: role of the gut microbiome in asthma, etc.
 • New: autoimmunity and the microbiome

Chapter 17: Diagnosing Infections
 • New: point-of-care diagnostics

Chapter 18: Infectious Diseases Affecting the Skin and Eyes
 • New: MRSA soft tissue infections as a separate condition
 • An Insight box about measles transmission in an airport

Chapter 19: Infectious Diseases Affecting the Nervous 
System

 • New: N. meningitidis serotype B vaccine 
recommendations

 • Rewritten arbovirus/encephalitis section to reflect current 
epidemiology

Chapter 20: Infectious Diseases Affecting the 
Cardiovascular and Lymphatic Systems

 • New: epidemic of endocarditis and epidural abscesses 
accompanying heroin epidemic

 • New: findings about low percentages of Lyme disease 
displaying bull’s-eye lesion; also Lyme disease–like 
illnesses caused by other Borrelia species

 • HGA and HGE changed to anaplasmosis and ehrlichiosis

 • Babesiosis added
 • New: malaria vaccine for children
 • New HIV diagnosis technique

Chapter 21: Infectious Diseases Affecting the 
Respiratory System

 • New: microbiome findings that lungs are not sterile

Chapter 22: Infectious Diseases Affecting the 
Gastrointestinal Tract

 • More emphasis on food-borne diseases
 • New: Crohn’s disease and the gut microbiome

Chapter 23: Infectious Diseases Affecting the 
Genitourinary System

 • More discussion of catheter-associated urinary tract 
infections

 • New: role of vaginal microbiome in high infant mortality 
rates

Chapter 24: Microbes and the Environment
 • Added large section on the “One Health” movement, 

pointing out the relationship between warming climate 
and emerging diseases

 • New: metagenome studies using high throughput 
sequencing

 • New: concept of the plastisphere introduced
 • New: ocean virome 

Chapter 25: Applied Microbiology and Food and Water 
Safety

 • New: biologics (drugs) added under biotechnology 
section

xx 
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Review Process, Including Heat Maps

In the preparation of each edition, we have been guided 
by the collective wisdom of reviewers who are expert 
microbiologists and excellent teachers. They represent 
experience in community colleges, liberal arts colleges, 
comprehensive institutions, and research universities. We 
have followed their recommendations, while remaining 
true to our overriding goal of writing a readable, student-
centered text. This edition has also been designed to be 
amenable to a variety of teaching styles. Each feature 
incorporated into this edition has been carefully 
considered in how it may be used to support student 
learning in both the traditional classroom and the flipped 
learning environment.

Also in this edition, we are very pleased to have been 
able to incorporate real student data points and input, 
derived from thousands of our LearnSmart users, to help 
guide our revision. LearnSmart Heat Maps provided a 
quick visual snapshot of usage of portions of the text and 
the relative difficulty students experienced in mastering 

the content. With these data, we were able to hone not 
only our text content but also the LearnSmart questions.

 • If the data indicated that the subject covered was more 
difficult than other parts of the book, as evidenced by a 
high proportion of students responding incorrectly, we 
substantively revised or reorganized the content to be 
as clear and illustrative as possible.

 • In some sections, the data showed that a smaller 
percentage of the students had difficulty learning the 
material. In those cases, we revised the text to provide 
a clearer presentation by rewriting the section, 
providing additional examples to strengthen student 
problem-solving skills, designing new text art or figures 
to assist visual learners, and so on.

 • In other cases, one or more of the LearnSmart questions 
for a section were not as clear or did not appropriately 
reflect the content. In these cases, the question, rather 
than the text, was edited.

  xxi
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Media Under The Microscope
Filthy Coffee Machine?
This opening case examines an article from the popular media to determine the extent to which it is factual and/or misleading. 

This case focuses on the 2015 Huffington Post article, “Your Keurig Machine May Be Covered in Bacteria And Mold.”

The popular single-serve coffee machines are certainly handy. Everyone in the house or the office can have his or her own 
flavor of coffee! And you don’t get that overcooked coffee taste that leaving a pot of coffee on the burner produces. This online 
news article told a darker story, however. CBS stations in Pittsburgh, Dallas, and Chicago swabbed 29 of their coffeemakers and 
sent the swabs to a laboratory to be cultured. The report said that “More than half of the machines came back with bacterial 
counts in the millions.” One machine from Dallas was positive for Escherichia coli. A woman who owned one of the sampled 
Keurigs was interviewed and said, “It makes me want to cry.”

 ■ What is the intended message of the article?

 ■ What is your critical reading of the summary of the article? Remember that in this context, “critical reading” does not 
necessarily mean What criticism do you have? but asks you to apply your knowledge to interpret whether the article is 
factual, and whether the facts support the intended message.

 ■ How would you interpret the news item for your nonmicrobiologist friends?

 ■ What is your overall grade for the news item—taking into account its accuracy and the accuracy of its intended effect?
Media Under The Microscope Wrap-Up appears at the end of the chapter.

1

The Main Themes of Microbiology
© Image Source, all rights reserved. RF
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2 Chapter 1 The Main Themes of Microbiology

1.1 The Scope of Microbiology
Microbiology is a specialized area of biology that deals with 
living things ordinarily too small to be seen without magnifica-
tion. Such microscopic organisms are collectively referred to as 
microorganisms (my″-kroh-or′-gun-izms), microbes, or other 
terms depending on the kind of microbe or the purpose. In the 
context of infection and disease, some people call them germs, 
viruses, or agents; others even call them “bugs”; but none of these 
terms are clear. In addition, some of these terms place undue 
emphasis on the disagreeable reputation of microorganisms. But, 
as we will learn throughout the course of this book, only a small 
minority of microorganisms are implicated in causing harm to 
other living beings. There are several major groups of micro-
organisms that we’ll be studying. They are bacteria, viruses, 
protozoa, helminths (parasitic invertebrate animals such as 
worms), and fungi. All of these are cellular organisms, except 
for the viruses. Viruses infect each of the cellular organisms, and 
are noncellular, parasitic, protein-coated genetic elements that 
can cause harm to the host cell they infect. Their evolutionary 
history and impact are intimately connected with the evolution of 
microbes and with all living organisms, including humans. As we 
will see in subsequent chapters, each group of microbes exhibits 
a distinct collection of biological characteristics.

The nature of microorganisms makes them both very easy and 
very difficult to study—easy because they reproduce so rapidly 
and we can quickly grow large populations in the laboratory and 
difficult because we usually can’t see them directly. We rely on a 
variety of indirect means of analyzing them in addition to using 
microscopes.

Microbiologists study every aspect of microbes—their cell 
structure and function, their growth and physiology, their genet-
ics, their taxonomy and evolutionary history, and their interac-
tions with the living and nonliving environment. The last aspect 
includes their uses in industry and agriculture and the way they 
interact with mammalian hosts, in particular, their properties that 
may cause disease or lead to benefits.

Some descriptions of different branches of study appear in 
table 1.1. Studies in microbiology have led to greater understand-
ing of many general biological principles. For example, the study 
of microorganisms established universal concepts concerning the 
chemistry of life; systems of inheritance; and the global cycles of 
nutrients, minerals, and gases.

1.1 Learning Outcomes—Assess Your Progress
1. List the various types of microorganisms.

2. Identify multiple professions using microbiology.

Outline and Learning Outcomes
 1.1 The Scope of Microbiology

1. List the various types of microorganisms.
2. Identify multiple professions using microbiology.

 1.2 The Impact of Microbes on Earth: Small Organisms with a Giant Effect
3. Describe the role and impact of microbes on the earth.
4. Explain the theory of evolution and why it is called a theory.

 1.3 Human Use of Microorganisms
5. Explain one old way and one new way that humans manipulate organisms for their own uses.

 1.4 Infectious Diseases and the Human Condition
6. Summarize the relative burden of human disease caused by microbes, emphasizing the differences between developed 

countries and developing countries.

 1.5 The General Characteristics of Microorganisms
7. Differentiate among bacteria, archaea, and eukaryotic microorganisms.
8. Identify a fourth type of microorganism.
9. Compare and contrast the relative sizes of the different microbes.

 1.6 The Historical Foundations of Microbiology
10. Make a time line of the development of microbiology from the 1600s to today.
11. List some recent microbiological discoveries of great impact.
12. Explain what is important about the scientific method.

 1.7 Naming, Classifying, and Identifying Microorganisms
13. Differentiate among the terms nomenclature, taxonomy, and classification.
14. Create a mnemonic device for remembering the taxonomic categories.
15. Correctly write the binomial name for a microorganism.
16. Draw a diagram of the three major domains.
17. Explain the difference between traditional and molecular approaches to taxonomy.
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 1.1 The Scope of Microbiology 3

Table 1.1 Microbiology—A Sampler

A. Medical Microbiology
This branch deals with microbes that cause diseases in humans 
and animals. Researchers examine factors that make the microbes 
virulent and mechanisms for inhibiting them.

Figure A. A staff microbiologist at the 
Centers for Disease Control and Prevention 
(CDC) examines a culture of influenza virus 
identical to one that circulated in 1918. The 
lab is researching why this form of the virus 
was so deadly and how to develop vaccines 
and other treatments. Handling such deadly 
pathogens requires a high level of protection 
with special headgear and hoods.

CDC/James Gathany

B. Public Health Microbiology and Epidemiology
These branches monitor and control the spread of diseases in 
communities. Institutions involved in this work are the U.S. 
Public Health Service (USPHS) with its main agency, the Centers 
for Disease Control and Prevention (CDC) located in Atlanta, 
Georgia, and the World Health Organization (WHO), the medical 
limb of the United Nations.

Figure B. Two epidemiologists conducting 
interviews as part of the effort to curb the 
cholera epidemic in Haiti. Photograph taken 
in 2013. 

CDC/Preetha Iyengar, M.D.

C. Immunology
This branch studies the complex web of protective substances and 
cells produced in response to infection. It includes such diverse 
areas as vaccination, blood testing, and allergy. Immunologists 
also investigate the role of the immune system in cancer and 
autoimmune diseases.

Figure C. An immunologist and students 
freeze dry samples.

© Ariel Skelley/Blend Images LLC RF

D. Industrial Microbiology
This branch safeguards our food and water, and also includes 
biotechnology, the use of microbial metabolism to arrive at a 
desired product, ranging from bread making to gene therapy. 
Microbes can be used to create large quantities of substances 
such as amino acids, beer, drugs, enzymes, and vitamins.

Figure D. Scientists use a multispectral 
imaging system for inspection of chickens.

USDA-ARS/tephen R Ausmus

E. Agricultural Microbiology
This branch is concerned with the relationships between microbes 
and domesticated plants and animals.

Plant specialists focus on plant diseases, soil fertility, and 
nutritional interactions.

Animal specialists work with infectious diseases and other 
associations animals have with microorganisms.

Figure E. Plant microbiologists examine 
images of alfalfa sprouts to see how microbial 
growth affects plant roots.

USDA/Scott Bauer

F. Environmental Microbiology
These microbiologists study the effect of microbes on the earth’s 
diverse habitats. Whether the microbes are in freshwater or 
saltwater, topsoil or the earth’s crust, they have profound effects 
on our planet. Subdisciplines of environmental microbiology are

Aquatic microbiology—the study of microbes in the earth’s 
surface water;

Soil microbiology—the study of microbes in terrestrial parts 
of the planet;

Geomicrobiology—the study of microbes in the earth’s crust; 
and

Astrobiology (also known as exobiology)—the search for/
study of microbial and other life in places off of our 
planet.

Figure F. Researchers collect samples 
and data in Lake Erie.

© Christopher Berkey/epa/Corbis
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4 Chapter 1 The Main Themes of Microbiology

1.2  The Impact of Microbes  
on Earth: Small Organisms  
with a Giant Effect

The most important realization you should have in a microbiol-
ogy course is the profound influence microorganisms have on 
all aspects of the earth and its residents. For billions of years, 
microbes have extensively shaped the development of the earth’s 
habitats and the evolution of other life forms. It is understandable 
that scientists searching for life on other planets first look for signs 
of microorganisms.

Cellular organisms that preceded our current cell types arose 
on this planet about 3.5 billion years ago, according to the fossil 
record. It appears that they were the only living inhabitants until 
about 2.9 billion years ago. At that time, a cell called the last 
universal common ancestor, or LUCA, seems to have given rise 
to three types of cells. Two of these were bacteria and archaea, 
and the third was a more complex type of single-celled organism, 
the eukaryote (yoo″-kar-ee-ote). Eukary means true nucleus, 
because these were the only cells containing a nucleus. Bacteria 
and archaea have no true nucleus. For that reason, they have tra-
ditionally been called prokaryotes (meaning prenucleus). But 
researchers are suggesting we no longer use the term prokaryote 
because archaea and bacteria are so distant genetically. 

from deep in the earth’s crust to the polar ice caps and oceans to 
inside the bodies of plants and animals. Being mostly invisible, the 
actions of microorganisms are usually not as obvious or familiar 
as those of larger plants and animals. They make up for their small 
size by occurring in large numbers and living in places where 
many other organisms cannot survive. Above all, they play central 
roles that are essential to life in the earth’s landscape.

A Note About “Karyote” Versus “Caryote”

You will see the terms prokaryote and eukaryote spelled with  
c (procaryote and eucaryote) as well as k. Both spellings are 
accurate. This book uses the modern k spelling.

When we point out that single-celled organisms have adapted 
to a wide range of conditions over the 2.9 billion years of their 
presence on this planet, we are talking about evolution. Life in its 
present form would not be possible if the earliest life forms had 
not changed constantly, adapting to their environment and circum-
stances. Getting from the far left in figure 1.1 to the far right where 
humans appeared involved billions and billions of tiny changes, 
starting with the first cell that appeared about a billion years after 
the planet itself was formed.

A Note About Bacteria and Archaea

Microbiologists used to have it so easy, in the sense that we 
could use two terms to define all cell types: prokaryote and 
eukaryote. Prokaryotes referred to bacteria and archaea, that is, 
until genetic studies showed us that they are not closely related 
so we couldn’t group them into a single category. Archaea seem 
to be genetically more related to eukaryotes, although structur-
ally they resemble bacteria, thus, the source of the prior confu-
sion. So now we have three cell types: eukaryotes, bacteria, and 
archaea. In this book, we are going to focus on bacteria and the 
eukaryotes, because as far as we know these groups are respon-
sible for the majority of human disease. We will address archaea 
in various sections of the book where the distinction is useful, but 
mainly we will refer to bacteria, even when the description might 
also refer to archaea. It just might get confusing if we continue 
to say “bacteria and archaea” when the information you need is 
about bacteria.

Figure  1.1 illustrates the history of life on earth. On the 
scale pictured in the figure, humans seem to have just appeared. 
Bacteria preceded even the earliest animals by more than 2 billion 
years. This is a good indication that humans are not likely to—
nor should we try to—eliminate bacteria from our environment. 
They’ve survived and adapted to many catastrophic changes over 
the course of their geologic history.

Another indication of the huge influence bacteria exert is how 
ubiqitous they are. Microbes can be found nearly everywhere, 

Archaea

Eukaryotes

Bacteria

Insects

Ancestral
cells

Reptiles

Mammals

Humans

Probable origin of earth

4 billion
years ago

3 billion
years ago

2 billion
years ago

1 billion
years ago

Present
time

Figure 1.1 Evolutionary time 
line. The first cells appeared 
approximately 3.5 billion years ago. 
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 1.2 The Impact of Microbes on Earth: Small Organisms with a Giant Effect   5

were responsible for changing the atmosphere of the earth from 
one without oxygen to one with oxygen. The production of oxy-
gen also led to the use of oxygen for aerobic respiration and the 
formation of ozone, both of which set off an explosion in species 
diversification. Today, photosynthetic microorganisms (bacteria 
and algae) account for more than 70% of the earth’s photosyn-
thesis, contributing the majority of the oxygen to the atmosphere 
(figure 1.2a).

Another process that helps keep the earth in balance is the 
process of biological decomposition and nutrient recycling. 
Decomposition involves the breakdown of dead matter and wastes 
into simple compounds that can be directed back into the natural 
cycles of living things (figure 1.2b). When death occurs, the body 
immediately begins to decompose. Bacteria play a major role in 
decomposition of the body. The action of bacteria causes the con-
version of soft tissues within the body to liquids and gases. The 
chemicals released as a result of decomposition, including hydro-
gen sulfide, are responsible for the pungent (and immediately 
identifiable to anyone who has smelled it before) smell of death. 
If it were not for multitudes of bacteria and fungi, many chemical 
elements would become locked up and unavailable to organisms; 
we humans would drown in our own industrial and personal 
wastes! In the long-term scheme of things, microorganisms are the 
main forces that drive the structure and content of the soil, water, 
and atmosphere. For example:

 ∙ The very temperature of the earth is regulated by gases, such 
as carbon dioxide, nitrous oxide, and methane, which create 
an insulation layer in the atmosphere and help retain heat. 
Many of these gases are produced by microbes living in the 
environment and in the digestive tracts of animals.

Figure 1.2 Examples of microbial habitats. (a) Summer pond with a thick mat of algae—a rich photosynthetic community. (b) Microbes play 
a large role in decomposing dead animal and plant matter.
(a) ©Jerome Wexler/Science Source; (b) © Michel & Christine Denis-Huot/Science Source

(a) (b)

You have no doubt heard this concept described as the 
“theory of evolution.” Let’s clarify some terms. Evolution is the 
accumulation of changes that occur in organisms as they adapt to 
their environments. It is documented every day in all corners of 
the planet, an observable phenomenon testable by science. Refer-
ring to it as the theory of evolution has led to great confusion 
among the public. As we will explain in section 1.6, scientists 
use the term “theory” in a different way than the general public 
does. By the time a principle has been labeled a theory in sci-
ence, it has undergone years and years of testing and not been 
disproven. This is much different than the common usage, as in 
“My theory is that he overslept and that’s why he was late.” The 
theory of evolution, like the germ theory and many other scien-
tific theories, are labels for well-studied and well-established 
natural phenomena.

Microbial Involvement in Shaping Our Planet
Microbes are deeply involved in the flow of energy and food 
through the earth’s ecosystems.1 Most people are aware that plants 
carry out photosynthesis, which is the light-fueled conversion of 
carbon dioxide to organic material, accompanied by the formation 
of oxygen (called oxygenic photosynthesis). However, bacteria 
invented photosynthesis long before first plants appeared, first as a 
process that did not produce oxygen (anoxygenic photosynthesis). 
This anoxygenic photosynthesis later evolved into oxygenic pho-
tosynthesis, which not only produced oxygen but also was much 
more efficient in extracting energy from sunlight. Hence, bacteria 

 1. Ecosystems are communities of living organisms and their surrounding 
environment.
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6 Chapter 1 The Main Themes of Microbiology

 ∙ Recent studies have found that large numbers of organisms 
exist within and beneath the earth’s crust in sediments, 
rocks, and even volcanoes. It is increasingly evident that 
this enormous underground community of microbes is a sig-
nificant influence on weathering, mineral extraction, and soil 
formation.

 ∙ Bacteria and fungi live in complex associations with plants 
that assist the plants in obtaining nutrients and water and 
may protect them against disease. Microbes form similar 
interrelationships with animals, notably, in the stomach of 
cattle, where a rich assortment of bacteria digest the complex 
carbohydrates of the animals’ diets and cause the release of 
methane into the atmosphere.

1.2 Learning Outcomes—Assess Your Progress
3. Describe the role and impact of microbes on the earth.

4. Explain the theory of evolution and why it is called a  
theory.

1.3  Human Use of Microorganisms
Microorganisms clearly have monumental importance to the 
earth’s operation. Their diversity and versatility make them excel-
lent candidates for solving human problems. By accident or choice, 
humans have been using microorganisms for thousands of years to 
improve life and even to shape civilizations. Baker’s and brewer’s 
yeast, types of single-celled fungi, cause bread to rise and ferment 
sugar into alcohol to make wine and beers. Other fungi are used 
to make special cheeses such as Roquefort or Camembert. These 
and other “home” uses of microbes have been in use for thousands 
of years. For example, historical records show that households 
in ancient Egypt kept moldy loaves of bread to apply directly to 
wounds and lesions. When humans manipulate microorganisms to 
make products in an industrial setting, it is called biotechnology. 
For example, some specialized bacteria have unique capacities to 
mine precious metals or to create energy (figure 1.3).

Genetic engineering is an area of biotechnology that 
manipulates the genetics of microbes, plants, and animals for 
the purpose of creating new products and genetically modi-
fied organisms (GMOs). The powerful technique for designing 
GMOs is termed recombinant DNA technology. This tech-
nology makes it possible to transfer genetic material from one 
organism to another and to deliberately alter DNA.2 Bacteria 
and yeasts were some of the first organisms to be genetically 
engineered. Even though many citizens are very uncomfortable 
with GMO processes, it is also true that many people are already 
benefiting from their medical, industrial, and agricultural uses. 
Microbes can be engineered to synthesize many indispensable 
products such as drugs, hormones, and enzymes.

Among the genetically unique organisms that have been 
designed by bioengineers are bacteria that mass produce antibi-
otic-like substances, yeasts that produce human insulin, pigs that 

 2. DNA, or deoxyribonucleic acid, is the chemical substance that comprises the 
genetic material of organisms.

Figure 1.3 Microbes at work. (a) Test tubes of yellow and 
green algae being grown as a possible energy source. (b) Microbes 
as synthesizers. Fermenting tanks at a winery. (c) Workers spray 
nutrients on the shore of Prince William Sound in Alaska after the 
Exxon Valdez oil tanker spill in an attempt to enrich oil-degrading 
microbes.
(a) NREL/US Department of Energy/Dennis Schroeder; (b) © Bloomberg via Getty Images; 
(c) © Accent Alaska.com/Alamy

(a)

(b)

(c)
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 1.4 Infectious Diseases and the Human Condition 7

produce human hemoglobin, and plants that contain natural pes-
ticides or fruits that do not ripen too rapidly. Genetic engineering 
has also provided important human vaccines and therapies.

Another way of tapping into the unlimited potential of micro-
organisms is the science of bioremediation (by′-oh-ree-mee-dee-
ay″-shun). This process involves the introduction of microbes into 
the environment to restore stability or to clean up toxic pollutants. 
Microbes have a surprising capacity to break down chemicals that 
would be harmful to other organisms. This includes even human-
made chemicals that scientists have developed and for which there 
are no natural counterparts.

Agencies and companies have developed microbes to han-
dle oil spills and detoxify sites contaminated with heavy metals, 
pesticides, and other chemical wastes (figure 1.3c). One form of 
bioremediation that has been in use for some time is the treatment 
of water and sewage. Because clean freshwater supplies are dwin-
dling worldwide, it will become even more important to find ways 
to reclaim polluted water.

1.3 Learning Outcome—Assess Your Progress
5. Explain one old way and one new way that humans 

manipulate organisms for their own uses.

1.4  Infectious Diseases and the Human 
Condition

One of the most fascinating aspects of the microorganisms with 
which we share the earth is that, despite all of the benefits they 
provide, they also contribute significantly to human misery 
as pathogens (path′-oh-jenz). You must understand: The vast 
majority of microorganisms that associate with humans cause no 
harm. In fact, they provide many benefits to their human hosts. 
It is important to note that a diverse microbial biota living in 
and on humans is an important part of human well-being. How-
ever, humankind is also plagued by more than 2,000 different 

microbes that can cause various types of disease. Infectious 
diseases still devastate human populations worldwide, despite 
significant strides in understanding and treating them. The 
World Health Organization (WHO) estimates there are a total of 
10 billion new infections across the world every year. Infectious 
diseases are also among the most common causes of death in 
much of humankind, and they still kill a significant percentage 
of the U.S. population. Table 1.2 depicts the 10 top causes of 
death per year (by all causes, infectious and noninfectious) in the 
United States and also worldwide. The worldwide death toll from 
infections is about 13 million people per year. For example, the 
World Health Organization reports that every 30 seconds a child 
dies from malaria.

Disease Connection

The most deadly lower respiratory tract infections are influenza 
and pneumonia. Seasonal influenza is generally hardest on the 
very young and very old, although during years when pandemic 
strains of the influenza virus are circulating, young, healthy 
adults can be severely affected. Influenza infections put you at 
risk for developing pneumonia, caused either by the influenza 
virus itself or by secondary viruses or bacteria. Of course, you 
can also develop pneumonia without first being infected by the 
influenza virus. 

*Diseases in red are those most clearly caused by microorganisms.
Source: CDC data published in 2015 for year 2013. Data from the World Health Organization and the Centers for Disease Control and Prevention. WHO data published in 2015 
representing final figures for the year 2012.

Table 1.2 Top Causes of Death—All Diseases

United States No. of Deaths Worldwide No. of Deaths

 1.  Heart disease 611,105  1.  Heart disease 7.3 million

 2.  Cancer 584,881  2.  Stroke 6.7 million

 3.  Chronic lower respiratory diseases 149,205  3.  Lower-respiratory infections (influenza and pneumonia)* 3.1 million

 4.  Accidents (unintentional injuries) 130,557  4.  Chronic obstructive pulmonary disease 3.1 million

 5.  Stroke (cerebrovascular diseases) 128,978  5.  Trachea, bronchus, lung cancers 1.6 million

 6.  Alzheimer’s disease  84,767  6.  HIV/AIDS 1.5 million

 7.  Diabetes  75,578  7.  Diarrheal diseases 1.5 million

 8.  Influenza and pneumonia  56,979  8.  Diabetes 1.5 million

 9.  Nephritis, nephrotic syndrome, and nephrosis  47,112  9.  Road injury 1.3 million

10.  Intentional self-harm (suicide)  41,149 10.  Hypertensive heart disease 1.1 million

In figure 1.4 you see that noncommunicable diseases are 
much more frequent in both the United States and the world. You 
will also note that the United States experiences relatively few—
relatively few—communicable diseases compared to the number 
of noncommunicable diseases. 

Malaria, which kills between 440,000 and 700,000 people 
every year worldwide, is caused by a microorganism transmitted 
by mosquitoes. Currently, the most effective way for citizens of 
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8 Chapter 1 The Main Themes of Microbiology

developing countries to avoid infection with the causal agent of 
malaria is to sleep under a bed net, because the mosquitoes are 
most active in the evening. Yet even this inexpensive solution is 
beyond the reach of many. Mothers in Southeast Asia and else-
where have to make nightly decisions about which of their children 
will sleep under the single family bed net, because a second one, 
priced at about $10, is too expensive for them.

Adding to the overload of infectious diseases, we are also 
witnessing an increase in the number of new (emerging) and 
older (reemerging) diseases. Ebola, AIDS, hepatitis C, and viral 
encephalitis are examples of diseases that cause severe mortality 
and morbidity. To somewhat balance this trend, there have also 
been some advances in eradication of diseases such as polio and 
leprosy and diseases caused by certain parasitic worms.

One of the most eye-opening discoveries in recent years is 
that many diseases that used to be considered noninfectious prob-
ably do involve microbial infection. The most famous of these 
is gastric ulcers, now known to be caused by a bacterium called 
Helicobacter. But there are more. An association has been estab-
lished between certain cancers and bacteria and viruses, between 
diabetes and the coxsackievirus, and between schizophrenia and 
the coxsackievirus. Diseases as different as multiple sclerosis, 
obsessive compulsive disorder, coronary artery disease, and even 
obesity have been linked to chronic infections with microbes. It 
seems that the golden age of microbiological discovery, during 
which all of the “obvious” diseases were characterized and cures 
or preventions were devised for them, should more accurately 
be referred to as the first golden age. We’re now discovering the 
subtler side of microorganisms. Their roles in quiet but slowly 
destructive diseases are now well known. These include female 
infertility, caused by Chlamydia infection, and malignancies such 
as liver cancer (hepatitis viruses) and cervical cancer (human 
papillomavirus).

As mentioned in section 1.5, another important development 
in infectious disease trends is the increasing number of patients 
with weakened defenses that are kept alive for extended periods. 
They are subject to infections by common microbes that are not 
pathogenic to healthy people. There is also an increase in microbes 

that are resistant to drugs. It appears that even with the most mod-
ern technology available to us, microbes still have the “last word,” 
as the great French scientist Louis Pasteur observed.

1.4 Learning Outcome—Assess Your Progress
6. Summarize the relative burden of human disease caused 

by microbes, emphasizing the differences between 
developed countries and developing countries.

1.5  The General Characteristics  
of Microorganisms

Cellular Organization
As discussed in section 1.1, three basic cell lines appeared during 
evolutionary history. These lines—Archaea, Eukarya, and 
Bacteria—differ not only in the complexity of their cell structure 
(figure 1.5a) but also in contents and function.

Figure 1.4 Causes of death in the United States and the 
world.
Source: Data from the World Health Organization for 2012.
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A Note About Viruses

Viruses are subject to intense study by microbiologists. As men-
tioned before, they are not independently living, cellular organ-
isms. Instead, they are small particles that exist at the level 
of complexity somewhere between large molecules and cells 
(figure 1.5b). Viruses are much simpler than cells; outside their 
host, they are composed essentially of a small amount of heredi-
tary material (either DNA or RNA but never both) wrapped up in 
a protein covering that is sometimes enveloped by a protein-
containing lipid membrane. In this extracellular state, they are 
individually referred to as a virus particle or virion. When inside 
their host organism, in the intracellular state, viruses usually exist 
only in the form of genetic material that confers a partial genetic 
program on the host organisms. That is why many microbiologists 
refer to viruses as parasitic particles; however, a few consider 
them to be very primitive organisms. Nevertheless, all biologists 
agree that viruses are completely dependent on an infected host 
cell’s machinery for their multiplication and dispersal.

To make a broad generalization, bacterial and archaeal cells 
are about 10 times smaller than eukaryotic cells. They generally 
lack many of the eukaryotic cell structures such as organelles. 
Organelles are small, double-membrane-bound structures in the 
eukaryotic cell that perform specific functions; they include the 
nucleus, mitochondria, and chloroplasts. All bacteria and archaea 
are microorganisms, but only some eukaryotes are microorgan-
isms. The majority of microorganisms are  single-celled (all 
bacteria and archaea and some eukaryotes), but some consist of 
a few cells (figure  1.6). Certain invertebrate  animals—such as 
helminths (worms), many of which can be seen with the naked 
eye—are also included in the study of infectious diseases because 
of the way they are transmitted and the way the body responds to 
them, though they are not microorganisms.

cow06613_ch01_001-024.indd   8 10/3/16   11:32 AM



 1.5 The General Characteristics of Microorganisms  9

Figure 1.5  
Cell structure.  
(a) Comparison 
of a bacterial/
archaeal cell and  
a eukaryotic cell 
(not to scale).  
(b) Two examples 
of viruses. 
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Figure 1.6 Five types of microorganisms. The drawing at top right shows relative size differences. The photos of organisms around the 
drawing are pictured at different magnifications in order to show their details.
(Top Left) CDC; (Middle Left) CDC/Dr. Lucille K. Georg; (Bottom Left) © Nancy Nehring/E+/Getty Images RF; (Bottom Center) CDC/Janice Carr; (Bottom Right) CDC
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