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ON THE GO . ..

Microbiology, A Systems Approach 2/e is supported by specially
formatted content for your portable media player. Listen to chapter
summaries while driving to work, or use the audio version as an
extra study help for that test the next day. Chapter quizzes allow
you to answer questions anywhere, anytime. These convenient
study tools have been developed for students like yourself who are

busy and on the move. Help improve your grade while making the
most of your time!
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Question 1
An) ________ recognizes and cleaves DNA 2t the site of 2 specific palindromic sequence.

Question 2
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.~ A) sticky end.

~ B) blunt end.

~ C) ligase.

¢ D) genetic fingerprint.

Question 3

Gel electrophoresis utilizes
~ A) ribose gel.

~ D) 2 hybridization test.

Question 4
A hybridization test
A) utilizes 2 nitrocellulose filter.
¢~ B) lyses red blood cells.
C) 2dds fluorescently tagged probes.
D) is exposed to ultraviolet light.

A Systems Aproach

ON TRACK . ..

These interactive activities and quizzing keep you
motivated and on track in mastering key concepts:

» Animations Access to over 100 animations of

key microbial processes will help you visualize
and comprehend important concepts depicted in
the text. The animations even include quiz
questions to help ensure that you are retaining
the information.

Test Yourself Take a chapter quiz at the ARIS
website to gauge your mastery of chapter content.
Each quiz is specially constructed to test your
comprehension of key concepts. Immediate
feedback explains incorrect responses. You can
even e-mail your quiz results to your professor!

Learning Activities Helpful and engaging
learning experiences await you at the
Microbiology, A Systems Approach ARIS site.

In addition to interactive online quizzing and
animations, each chapter offers relevant case
study presentations, digital images for creating
PowerPoints®, vocabulary flash cards, and other
activities designed to reinforce learning.
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Preface

Students: You just opened this book! Thank you! As the
authors, we have poured our hearts and souls into helping
microbiology come to life in these pages. (We can’t help but
point out that there are dozens of microbes on these pages
that are, in fact, alive.) The interesting thing is that each of
you has already had a lot of experience with microbiology.
You are populated with microbes right now, and have prob-
ably had some bad experiences with quite a few. You have
certainly been greatly benefited by many as well.

Many of you are interested in entering the health care
profession in some way. It is absolutely indispensable for
you to have a good background in the biology of microor-
ganisms. But a grasp of this topic is important for everyone,
not just health care workers. This is, after all, the Age of Bi-
ology. The 20th century was often thought of as the Age of
Physics, with the development of quantum theories and the
theory of relativity. The Human Genome Project is just the
most visible sign of the Biology Age; in the 21st century we
have an unprecedented understanding of genes and DNA,
and a new respect for the beauty and power of microorgan-
isms. But there is much more to learn.

What Sets This Book Apart?

Distinctive Organization of Infectious
Disease Chapters

Following the tradition of microbiology textbooks, the first
16 chapters of Microbiology: A Systems Approach provide
the basics about microorganisms: what they are, the methods
used to study them, human attempts to control them, and
our bodies” defenses against them. For chapters 17-23, we
have developed an unequaled level of organization in our
presentation of the infectious disease material.

Exclusive Chapter Chapter 17, “Diagnosing Infections,” is
unique among microbiology textbooks: it brings together in
one place the methods used to diagnose infectious diseases.
It starts with collecting samples from the patient, and details
the biochemical, serological, and molecular methods used to
identify causative microbes.

Highly Organized Disease Chapters Like other books,
chapters 18-23 present the diseases according to the human
organ systems. However, the organization of the material
within each of these chapters has been taken to a new level.

The traditional organ system approach makes sense (to
anyone who has experienced an infection!), but still leaves
organizational threads hanging. Within a given organ sys-
tem chapter, diseases are discussed in random order, and
there is often no consistent pattern to what is said about each
disease.

This book improves upon the approach by organizing
the infectious agents according to the symptoms or condition
they cause, instead of in a random order. For example, in the
respiratory disease chapter, there is a major heading called
“Causative Agents of Community-Acquired Pneumonia”—a
condition that can be caused by several different microbes.
Each of those microbes is discussed under that heading, in
a systematic manner. At the end of the section, the microbes
are summarized in a Checkpoint table called “Pneumonia
by the Causative Organism.” Conditions with only one pos-
sible cause, such as pertussis, also end with a Checkpoint
table that includes the single causative agent.

| [ cHECKPOINT 2110 |50
Causative O

Most Common Modes
of Transmission

Legionella species Muycoplasma preumoniae
Droplet contact or

endogenous transfer

Vehicle (water droplets) Droplet contact

Virulence Factors Capsule - Adhesins

Culture/Diagnosis Gram stain often diagnostic,
alpha-hemolytic on

blood agar

Requires selective charcoal Rule out other etiologic
yeast extract agar; agents
serology unreliable

Prevention Pneumococcal polysaccharide  ~

vaccine (23-valent)

No vaccine, no
permanent immunity

Treatment Cefotaxime, ceftriaxone,

ketek; much resistance

not to treat
in most cases, doxycycline
or macrolides may be used if -
necessary

clarithromycin

Distinctive Features Patient usually severely ill Mild pneumonias in healthy
people; can be severe in
elderly or immunocompromised

T

Usually mild; “walking
pneumonia”

This approach is refreshingly logical, systematic, and
intuitive, as it encourages clinical and critical modes of think-
ing in students—the type of thinking they will be using if
their eventual careers are in health care. Students learn to ex-
amine multiple possibilities for a given condition and grow
accustomed to looking for commonalities and differences
among the various organisms that cause a given condition.
In addition, they learn to consider the kinds of conditions
that are caused by only one microbe.

Along with the higher level of organization offered in
this book, students are provided with key pedagogical tools
at the end of each disease chapter to reinforce and tie together
the information they’ve just learned. Each disease chapter

XV
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ends with a system summary figure—a “glass body” that
highlights the affected organisms discussed in the chapter— v
and a taxonomic list of organisms. The distinctive summary T ——

figure lists the diseases that were presented in the chapter,

with the microbes that could cause them color-coded by type of 1
microorganism. The taxonomic list of organisms is presented

. (I

in tabular form so students can see e e
the diversity of microbes causing FUMMINc P

Taxonomic Organization

diseases in that system, and also ap- [wausmn Dhense Chapter
. . . L Gram-positive bacteria N
pre(:late their taxonomic posltlons it pneumonise Otitis media, prieumonia O i P " Respirmtory Syneyel Vs ifection
In summary, the disease pres- | ime . i e S
entation in this book makes the |amommmus el Mbissmicol
World Of lnfectlous dlseases come Bordetella pertussis Whooping cough Whooping cough, p. 660

Muycobacterium tuberculosis,* M. avim complex Tuberculosis Tuberculosis, p. 666
Legionella spp. Preumonia Preumonia, p. 674

together for the student. It presents
the information within a consistent

Other bacteria
Mycoplasma prewmoniae Preumonia Pneumonia, p. 674

RNA viruses

organizational structure (known to | fmoyiiee el g ;;

G o & Hantavirus Hantavirus pulmonary syndrome Pneumonia, p. 675 /
facilitate learning) and embeds it | sAsi comvin s Prethaie £ 675 _4
within a structure that teaches clini- | e AT e Pneutonia, 678 |}

Histoplasma capsulatum Preumonia, p. 677

cal and critical modes of thinking.

An Engaging Writing Style, Praised by Reviewers

Our goal was to achieve a precise balance in writing, so stu-
dents will easily comprehend the material without compro-
mising the level of presentation. One of the key strengths of
this text comes from our efforts in making difficult concepts
understandable, as well as intriguing and exciting, for stu-
dents. We use this consistent, direct approach throughout the

“ $ 08 .
text—in the narrative, the illustrations, and throughout the The writing style of Cowan and Talaro is excellent. I feel

pedagogical aids. Analogies, case studies, and real-world ex- the mf ormation isf described in a very easily understood

amples also help students relate microbiology to their world. fashion. I really like the way concepts are introduced and
then immediately fully explained.?® —Carl David Gilbert,

- . i ity of Louisi t M

A Vivid Art Program That Explains Itself SRRt R entoe

Kathy Talaro brings her experience as a teacher, microbiol-

ogist, and illustrator to this text. Her insight and expertise &€ This book is so well organized, written,

provide an inimitable blend of scientific accuracy and aes- and illustrated that it is hard to identify

thetics. Vivid, multi-dimensional illustrations complement
self-contained, concept-specific narrative; it is not necessary
to read page content surrounding the artwork to grasp con-
cepts being illustrated. Development of the art in this man-
ner further enhances learning and helps to build a solid
foundation of understanding. o —— —

This second edition has given us the | g, e B o
opportunity to hone and improve the art e
even more. In addition to many new and
revised figures, the Process Figures are
now clearly defined as such and include
colored steps that correlate the art to step-
by-step explanations. Art has also been
pulled into special Visual Understanding
study tools to help students make connec-

weaknesses.?? —Larry Weiskirch,
Onondaga Community College

U

Allergen attaches
10 IgE on mast
calls and riggers
o degranulation and
‘Y release of allergic
mediators.

&

Time

.~/ Visual Understanding

1. From chapter 1, figure 1.1. Where do viruses belong on this time line? Use reliable Internet resources to investigate.
® Synthesize
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Pedagogy Designed for the Way Students Learn

Microbiology: A Systems Approach makes learning easier
through its carefully crafted pedagogical system. Following
is a closer look at some of the key features that our students
have taught us are useful.

Preface xvii

&€ Cowan and Talaro have created a perfect tool for the

instruction of microbiology to the non-major, allied

health student! The text is well-designed in its layout

of chapters, beginning with basic information about the
discipline and building to the application of those principles

¢ All chapters open with Case File

in the infectious disease chapters. The

mysteries to solve. These real-
world case studies help students
appreciate and understand how
microbiology impacts our lives
on a daily basis. The solutions
appear later in the chapter, after
the necessary elements have been

authors do a great job of reminding

the reader of material they have
previously encountered by referencing
specific pages. The writing style is
very approachable, yet provides enough
detail to please many instructors. This
is certainly a text that would work for

presented. st rie

my teaching style.?? —Angela Spence,

A Chapter Overview at the be- 13

ginning of each chapter provides

Missouri State University

students with a framework from
which to begin their study of a
chapter. CHAPTER OVERVIEW
In chapters 1-16 and 24-25, ma-
jor sections of the chapter are fol-
lowed by Checkpoints that repeat
and summarize the concepts of
that section. In the disease chap-
ters (18-23), the Checkpoints are
in the form of the disease tables described earlier.
Insight readings allow students to delve into material
that goes beyond the chapter concepts and consider the
application of those concepts. The Insight readings
are divided into four categories: Discovery, Historical,
Medical, and Microbiology.

Pat
The field
populatio

INSIGHT 15.4
They Said It Couldn’t Be Done
Two major factors make it difficult for the developing world to  here as a molecular biologist. He designed a new method for pu-
enjoy the life-saving benefits of vaccines, and they both involve  rifying the hepatitis B surface protein that resulted in much less
scarciy. The first is a scarcity of refrigeration in many areas of  wasteand much greater efficiency than the one used by the curren
the world; the second is a scarcity of money in these developing  manufacturer. He tried to secure money to set up a productior
countries facility in India, promising that he could produce the vaccine for
In 2003, the Bill and Melinda Gates Foundation contributed $1 a dose. When he proposed his idea to investors, they laughed
‘hundreds of millions of dollars to research that explored ways to him out of their offices,
make vaccines easier to administer and more heat-resistant. One Undeterred, Dr. Ella and his wife sold everything, borrowe
scientist, Dr. Jeffery Griffiths at Tufts University, is workingona  money from friends and colleagues, and moved back to India s
measles vaccine that requires no refrigeration and no needles—  realize their dream, When they tried to secure support in India,
also a bonus because clean needles can be in short supply in the  banks and investors questioned why an Indian expatriate witl
loping w itis now, half a milli theworld  such a successful career in the United States would return to |
die of measles every year, even though the developed world has  India. They wondered if he had run into trouble with the law, for
been largely spared this disease since the vaccine became avail- instance. Eventually, the couple overcame these obstacles an
able in the 1960s. At only 10 cents a dose, cost is not the problem started a company that did, in fact, produce a low-cost, effec-
‘with this vaccine. But it can’t last for more than a week without  tive hepatitis B vaccine. It costs pennies. The Indian government
refrigeration. Dr. Griffiths hopes to change this. reports that without Dr. Ella’s vaccine, no one in India would be
Anather vaccine that is badly needed in the developing world  getting vaccinated against hepatitis B,
is the hepatitis B vaccine. This one can cost up to $25 a dose and, Now the Ellas’ company has received funding from the
therefore, is prohibitively expensive in many countries, One man  and Melinda Gates Foundation to develop a malaria vaccine
decided to tackle this problem head-on. Krishna Ellaisa nativeof  a cheap vaccine for rotavirus infection. These two diseases
India but had been educated in the United States and was working  millions of people every year in poor countries.

¢ All chapters end with a summary, and a comprehen-
sive array of end-of-chapter questions that are not just
multiple-choice, but also critical thinking questions, often
with no correct answer. Considering and answering
these questions, and even better, discussing them with
fellow students, can make the difference between tem-
porary (or limited) learning and true knowledge of the
concepts. Visual Understanding questions incorporate
art to help students connect important concepts from
chapter to chapter, and Concept Mapping assists in
retention as well as contextual organization.

ar
Pathogens producs
and damage the ¢
has

imals, food, water,
of epidemiology is concerned with the patterns of disease occurrence in a
n

se disease. Disease resul
he body through a specific route,

What's New?

We are committed to two goals for this book: making it the
most current and scientifically accurate book in the field, and
turning what could be a passive educational experience into
an active learning opportunity.

Up-to-Date Content

 This edition, like microbiology itself, is full of changes
in content. Probably the most important update is the
new understanding of the “central dogma” of biology:
that DNA is made into RNA, which is made into pro-
teins. With the advances in genomics of the last decade
we now know that the characteristics of all organisms
are influenced just as strongly by the pieces of RNA that
aren’t made into protein, but that are used to regulate the
DNA and proteins. We address this in chapter 9.

¢ We've also updated content on the new “-omics”: genomics,
proteomics and even metabolomics.

® Throughout the book there is much more emphasis on
polymicrobial infections and biofilms.

* Also, in multiple chapters we discuss a new initiative to
identify the sequences present in “normal biota” body
sites, a project that is likely to revolutionize the way we
think of normal biota.

* We even tackle the old laboratory warhorse, the coliform
test, since nearly all experts believe the test is terribly
outdated, even though we continue to teach it in intro-
ductory microbiology labs.
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* Finally, we have split the environmental microbiology
chapter into two new chapters. One of these focuses on
microbes in the environment and the other examines
ways we use microbes to get the things we need and
want, such as food and medicines.

For a complete listing of chapter-by-chapter changes, please visit
the text’s ARIS website.

Active Learning Experience

Capitalizing on sound research in how students learn, we
have added several new features to this edition:

® “Visual Understanding” is an exercise that does two
things. First, it supplies a photo or a graphic that students
have already seen, along with a thought-provoking
question. Second, many of the Visual Understanding
questions use images from previous chapters and pose
queries that require students to combine knowledge
from the new chapter with the knowledge they already
have from the previous chapter. This encourages the
making of connections and the weaving of a whole cloth
of understanding, a task indispensable to real learning
but very often neglected in courses and books.

* To offer different perspectives on similar topics, many
figures in the text are now correlated to digital anima-
tions. Students may examine the figure’s details in the
book and then watch the concept in motion on their
computer or download it to their portable player to
study on the fly!

® Process figures now have matching numbered steps for
easy to see explanations of complex processes.

* Perhaps most exciting of all of the changes: this is the first
microbiology textbook that uses concept maps! Concept
maps present ways for students to organize information
in more meaningful forms than just simple lists. They ap-
peal to a wide variety of learning styles and help readers
get in the habit of putting facts in contextual form. Our
concept maps build in varying degrees of complexity and
are accompanied by an appendix on how to get started.

M Concept Mapping
Appendix D provides guidance forworkmgw th concept maps.

1. Supply your own linking words or phras

n this concept map, and provide the missing concepts in the empty boxes

Teaching and Learning Supplements

McGraw-Hill offers various tools and technology products
to support Microbiology: A Systems Approach, 2/e. Instruc-
tors can obtain teaching aids by calling the McGraw-Hill
Customer Service Department at 1-800-338-3987, visiting our
Microbiology catalog at www.mhhe.com/microbiology, or
contacting their local McGraw-Hill sales representative.

ARIS Text Website

The ARIS website that accompanies this textbook includes
tutorials, animations, practice quizzing, helpful Internet
links and more—a whole semester’s worth of study help for
students. Instructors will find a complete electronic home-
work and course man-
agement system where

they can create and
share course materials
and assignments with
colleagues in just a few
clicks of the mouse. In-
structors can also edit
questions, import their
own content, and create
announcements and/or
due dates for assign- 7 e
ments. ARIS offers automatic gradmg and reporting of easy-
to-assign homework, quizzing, and testing.

Check out www.aris.mhhe.com, select your subject and
textbook, and start benefiting today!

NEW! Downloadable content for portable players!
Now students can study anywhere, anytime.

» Audio chapter summaries with quiz questions
» Animations (correlated to figures in the text)

Complete Set of Electronic Images
and Assets for Instructors

Instructors, build instructional materials
wherever, whenever, and however you want!

Part of the ARIS website, the digital library contains assets
such as photos, artwork, animations, PowerPoints, and other
media resources that can be used to create customized lec-
tures, visually enhance tests and quizzes, and design compel-
ling course websites or attractive printed support materials.
All assets are copyrighted by McGraw-Hill Higher Educa-
tion but can be used by instructors for classroom purposes.
The visual resources in this collection include:

e Art Full-color digital files of all illustrations in the book
can be readily incorporated into lecture presentations,
exams, or custom-made classroom materials. In addition,
all files are pre-inserted into blank PowerPoint slides for
ease of lecture preparation.




* Photos The photos collection contains digital files of
photographs from the text, which can be reproduced for
multiple classroom uses.

* Tables Every table that appears in the text has been
saved in electronic form for use in classroom presenta-
tions and/or quizzes.

® Animations Numerous full-color animations illustrat-
ing important microbial or physiological processes are
also provided. Harness the visual impact of concepts in
motion by importing these files into classroom presenta-
tions or online course materials.

* Lecture Outlines Specially prepared custom outlines for
each chapter offered in easy-to-use PowerPoint slides.

Computerized Test Bank Online

A comprehensive bank of test questions is provided within
a computerized test bank powered by McGraw-Hill’s flex-
ible electronic testing program EZ Test Online. EZ Test On-
line allows instructors to create and access paper or online
tests or quizzes in an easy to use program anywhere, at any
time without installing the testing software. Now, with EZ
Test Online, instructors can select questions from multiple
McGraw-Hill test banks or author their own, and then either
print the test for paper distribution or give it online. Visit:
www.eztestonline.com to learn more about creating and
managing tests, online scoring and reporting, and support
resources.

Electronic Books

If you, or your students, are ready for an alternative version
of the traditional textbook, McGraw-Hill and VitalSource
have partnered to introduce innovative and inexpensive
electronic textbooks. By purchasing E-books, students can
save as much as 50% on selected titles delivered on the most
advanced E-book platform available, VitalSource Bookshelf.

E-books from McGraw-Hill and VitalSource are smart,
interactive, searchable and portable. VitalSource Bookshelf
comes with a powerful suite of built-in tools that allow de-
tailed searching, highlighting, note taking, and student-to-
student or instructor-to-student note sharing. In addition,
the media-rich E-book for Microbiology, A Systems Approach
integrates relevant animations and videos into the textbook
content for a true multimedia learning experience.

E-books from McGraw-Hill and VitalSource will help stu-
dents study smarter and quickly find the information they
need while saving money. Instructors: contact your McGraw-
Hill sales representative to discuss E-book packaging options.

e-Instruction with CPS

The Classroom Performance System (CPS) is an interactive sys-
tem that allows the instructor to administer in-class questions
electronically. Students answer questions via hand-held remote
control keypads (clickers), and their individual responses are
logged into a grade book. Aggregated responses can be dis-
played in graphical form. Using this immediate feedback, the
instructor can quickly determine if students understand the

Preface Xix

lecture topic, or if more clarification is needed. CPS promotes
student participation, class productivity, and individual stu-
dent confidence and accountability. Specially designed ques-
tions for e-Instruction to accompany Microbiology, A Systems
Approach are provided through the book’s ARIS website.

Course Delivery Systems

In addition to McGraw-Hill’s ARIS course management op-
tions, instructors can also design and control their course
content with help from our partners WebCT, Blackboard,
Top-Class, and eCollege. Course cartridges containing web-
site content, online testing, and powerful student tracking
features are readily available for use within these or any
other HTML-based course management platforms.

Acknowledgments

Textbooks are never written by just one person, or two peo-
ple, in this case. Textbooks are the accumulation of good sug-
gestions, corrections, and brainstorming from a large team of
faculty from all over the country who teach in all kinds of in-
stitutions. The faculty below were involved in multiple ways
to improve this book and we are deeply grateful to them. All
of their names should be on the cover!

Board of Advisors
Gail Stewart, Camden County College
Kelley Black, Jefferson State Community College
Terri Lindsey, Tarrant County College—South Campus
Kathleen (Kate) Richardson, Portland Community College
Sheila Wise, Ivy Tech Community College
Jennifer Freed, Rio Salado College
Tracey Mills, Ivy Tech Community College
Cathy Murphy, Ocean Community College
Judy Haber, California State University — Fresno
Alison Davis, East Los Angeles College

Symposium Attendees
Hazel Barton, Northern Kentucky University
Karen Bentz, Albugquerque Technical Vocational Institute
Kelley Black, Jefferson State Community College
Elaina Bleifield, North Hennepin Community College
Rita Connolly, Camden City College
Janet Decker, University of Arizona
Carl D. Gilbert, University of Louisiana—Monroe
Andrew Henderson, Horry-Georgetown Technical College
Jeft G. Leid, Northern Arizona University
Timothy E. Secott, Minnesota State University—Mankato
Jeanne Weidner, San Diego State University

Reviewers
Joel Adams-Stryker, Evergreen Valley College
Shelley Aguilar, Mt. San Jacinto College
Cindy B. Anderson, Mt. San Antonio College
Karen L. Anderson, Madison Area Technical College



XX

Preface

Arden Aspedon, Southwestern Oklahoma State University
Dave Bachoon, Georgia College & State University

S. E. Barbaro, Rivier College

Dale L. Barnard, Utah State University

Charles Lee Biles, East Central University

Susan Bjerke, Washburn University

Elaina M. Bleifield, North Hennepin Community College
Chad Brooks, Austin Peay State University

Barbara Y. Bugg, Northwest Mississippi Community College
D. Kim Burnham, Oklahoma State University

Suzanne Butler, Miami-Dade College

Misty Gregg Carriger, Northeast State Community College
Carol L. Castaneda, Indiana University Northwest

Erin Christensen, Middlesex County College

Kathy Ann Clark, College of Southern Idaho

James K. Collins, University of Arizona

James Constantine, Bristol Community College

Don C. Dailey, Austin Peay State University

Kristina Dameron, College of Lake County

RoxAnn Davenport, Tulsa Community College

Charles J. Dick, Pasco-Hernando Community College
Deborah A. Dixon, Laredo Community College

Nancy B. Dunning, San Juan College

Mohamed Elasri, University of Southern Mississippi
Debra Ellis, Frederick Community College

S. Marvin Friedman, Hunter College of the City University
of New York

Carl D. Gilbert, University of Louisiana at Monroe
Brinda Govindan, San Francisco State University
W. Michael Gray, Bob Jones University

Judy Haber, California State University—Fresno
Robert C. Hairston, Harrisburg Area Community College
Julie Harless, Montgomery College

Randall K. Harris, William Carey College

Diane Hartman, Baylor University

Keith R. Hench, Kirkwood Community College
Joan M. Henson, Montana State University
Marian Hill, St. Petersburg College

Carolyn Holcroft-Burns, Foothill College

Jacob M. Hornby, Lewis-Clark State College
Janice Ito, Leeward Community College

Gilbert H. John, Oklahoma State University

Judy Kaufman, Monroe Community College

Robert A. Keeton, University of Arkansas Community College—
Morrilton

Karen Kendall-Fite, Columbia State Community College
Kevin Kiser, Cape Fear Community College

Dennis J. Kitz, Southern Illinois University—Edwardsville
Carly L. Langlais, Portland Community College

Michael A. Lawson, Missouri Southern State University
Jeff G. Leid, Northern Arizona University

Kimberly G. Lyle-Ippolito, Anderson University

Rene Massengale, Baylor University

Ethel M. Matthews, Midland College

Mary Colleen McNamara, Albuquerque TVI Community College
Stephen Miller, Golden West College

Fernando P. Monroy, Northern Arizona University
Jonathan Morris, Manchester Community College
Richard L. Myers, Missouri State University

Russell Nordeen, University of Arkansas—Monticello
Lourdes P. Norman, Florida Community College—]Jacksonville
Natalie Osterhoudt, Broward Community College
Clark L. Ovrebo, University of Central Oklahoma
Vanessa Passler, Wallace State Community College

R. Kevin Pegg, Florida Community College—]Jacksonuville
Inga B. Pinnix, Florida Community College—Jacksonville
Edith Porter, California State University—Los Angeles
Shelby C. Powell, College of Eastern Utah

Nirmala V. Prabhu, Edison College

Rolf Prade, Oklahoma State University

Davis W. Prichett, University of Louisiana—Monroe
Gregory S. Pryor, Francis Marion University

Sabine A. Rech, San Jose State University

Harold W. Reed , Georgia College & State University
Thomas F. Reed, Brevard Community College

Amy J. Reese, Cedar Crest College

Jackie S. Reynolds, Richland College

Kay Rezanka, Central Lakes College

Kenda L. Rigdon, Jefferson State Community College
Paulette W. Royt, George Mason University

Andrew M. Scala, Dutchess Community College

Gene M. Scalarone, Idaho State University

Timothy Secott, Minnesota State University—Mankato
Jerred Seveyka, Yakima Valley Community College
Michele Shuster, New Mexico State University

Edward Simon, Purdue University

Robert A. Smith, University of the Sciences in Philadelphia
Angela L. Spence, Missouri State University

Juliet V. Spencer, University of San Francisco

Timothy Steele, Des Moines University

Gail A. Stewart, Camden County College

Kathryn Sutton, Clarke College

Teresa Thomas, Southwestern College—Chula Vista

Andrew A. Thompson, Central Florida Community
College

Juliette K. Tinker, Boise State University

Coe A. Vander Zee, Austin Community College
Manuel Varela, Eastern New Mexico University
Stephen C. Wagner, Stephen F. Austin State University
Valerie A. Watson, West Virginia University

Larry Weiskirch, Onondaga Community College

Carola Z. Wright, Mt. San Antonio College

Shawn B. Wright, Albuquerque TVI Community College
Karen R. Zagula, Wake Technical Community College



Preface xxi

A Note of Thanks from Kelly Cowan
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Connely, Jeanne Patterson, Tami Petsche, Laurie Janssen, and Alison Hammond were
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buying me a burrito. Donna Hensley, Danielle Blevins, Tara Eagle, and Brittany Brewer
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over the course of two editions, have grown used to looking for their mom behind a stack
of papers in the study. Their patience and understanding—and their awesomeness—know
no bounds. Finally, Ted, all | can say is: thank you.

A Message from Kathy Talaro

In the second edition of this text, Kelly Cowan has continued to distinguish herself by
bringing a fresh perspective and novel ideas for organizing and presenting the subject

of microbiology. She has been a successful advocate and developer of case studies as an
integral component of microbiology textbooks, and in this new edition, she has introduced
concept maps and visual understanding exercises as well. These alternative learning aids
will add immeasurably to the value of the textbook for teachers and students seeking
different ways to explore its concepts.

Many thanks to the team of editors, researchers, designers, artists, and reviewers
who helped bring this book to fruition. Without your expert guidance and insights, our
endeavors would be a lot more work and a lot less fun. We salute you.

A special thanks to my family and friends for your unflagging support and understanding
when taking all those little side trips to get pond samples, take photographs of relevant
scenes or intriguing microbes, and just generally playing second fiddle to the demands of
book creation. You're such good sports to endure my experiments incubating in the laundry
room and admiring “beautiful” molds growing on food left in the refrigerator too long. I'm
sure that often you know more about the microbial world than you wanted to.



Unique Systems-Based Approach Enhances Comprehension

An Unequaled Level of Organization in the Infectious Disease Material

Microbiology, A Systems Approach takes a unique approach to diseases by consistently covering multiple causative
agents of a particular disease in the same section and summarizing this information in Checkpoint tables. The causative
agents are categorized in a logical manner based on the presenting symptoms in the patient. Through this approach,
students study how diseases affect patients—the way future healthcare professionals will encounter the material on the job.

“The systems approach to the study of microbiology and the
organization of the important concepts and sub-concepts by
Cowan and Talaro’s textbook are the strongest features of the book
and should definitely be retained in future editions. Furthermore,
the chapter dealing with ‘Diagnosing Infections’ represents a
novel approach. Often I tell my pre-med, pre-dental, and pre-vet
students that they'll eventually have to think critically when
diagnosing their patients.??

—Manuel Varela, Eastern New Mexico University

Consistent, Clinical Presentation of Diseases

For each disease, the discussion begins with an introduction
to the disease and its signs and symptoms. Next, the causa-
tive agent or agents of that disease are presented and the fol-
lowing areas are discussed:

» pathogenesis and virulence factors
» transmission and epidemiology

» culture and diagnosis

» prevention and treatment

Summary Checkpoint Tables

Following the textual discussion of each disease, a table
summarizes the characteristics of agents that can cause that
disease.

| & creckeon I sub

| Causative Organism(s)  Toxoplasma gondii

Subacute sclerosing Prions
panencephalitis

Most Common Modes
of Transmission

Vehicle (meat) or fecal-oral Persistence of measles virus  CJD = direct/parenteral contact
with infected tissue; or inherited
vCJD = vehicle (meat, parenteral)

Virulence Factors Intracellular growth Cell fusion, evasion of Avoidance of host immune

immune system response
EEGs, MRI, serology
(Ab versus measles virus)

Culture/Diagnosis Serological detection of IgM,

culture, histology

Biopsy, image of brain

Prevention Personal hygiene, food hygiene None Avoiding tissue

Treatment Pyrimethamine and /or sulfadiazine  None None

Distinctive Features Subacute, slower development History of measles Long incubation period; fast
of disease progression once it begins

'The strong points of this book are the writing style and the
attention to detail. The coverage is exceptional. There is nothing
missing!! I found it easy to read and it makes difficult concepts
understandable. 1 especially like the way the disease chapters are
handled with the Checkpoints summarizing the diseases. It is a
great feature.?? —Judy Kaufman, Monroe Community College
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System Summary Figures

After the diseases of a particular body system have been
discussed, students are invited to study the system sum-
mary figure at the end of the chapter—a “glass body” that
highlights the affected organs and lists the diseases that were
presented in the chapter. In addition, the microbes that could
cause the diseases are color-coded by type of microorganism.
The System Summary figures, along with the Checkpoint
tables, provide an excellent set of study tools.

INFECTIOUS DISEASES AFFECTING
The Cardiovascular and Lymphatic Systems

System Summary Figure 20.26

Taxonomic List of Organisms

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

[summing up




Unparalleled Art Program

Instructional Art Program Clarifies Concepts

Microbiology, A Systems Approach provides visually powerful artwork that paints conceptual pictures for students.
The art combines vivid colors, multi-dimensionality, and self-contained narrative to help students study the challenging
concepts of microbiology from a visual perspective—a proven study technique. Art is often coupled with photographs

to enhance visualization and comprehension.

K€ Illustrations are strong and appropriately used to
explain more difficult topics. I think this is one of
the great strengths of the text.’?

—Kay Rezanka, Central Lakes College

&€ The figures and illustrations are some of the best
that I have seen.”?
—TJuliette Tinker, Boise State University

Process Figures

Microbiology, A Systems Approach illustrates many difficult
microbiological concepts in steps that students find easy
to follow. Each step is clearly marked with a yellow, num-
bered circle and correlated to accompanying narrative, also
marked with yellow, numbered circles, to benefit all types
of learners. Process Figures are now identified next to the
figure number. The accompanying legend provides addi-
tional explanation.

Origin of replication

e —— Primer molecules

. §O} Replcation oriin, Shart
RNA primers are positioned
1o st epicaton

DNA il polymerase complexes

| @ svanss separate
w0 polmaraes Complesss

attach at origin, Arrows 5 ¥
indicate direction of "~
replication.

Replication forks:

@ i
each polymerase complex

® In actualty, a loop forms in the lagging
strand so that the portion of the lagging
strand undergoing replication s onented
in the same direction as the leadin
strand (i.e., both strands are parallel).
This allows the polymerase complex to
move along both strands in the 5 to 3"
prime direction at the same time,
synthesizing both strands simultaneously.
Details of the process are seen in the inset,
although, for purposes of clarity, the loop
is not shown

synthesizes two strands
at the replication forks.

@® Since DNA polymerase acts
only Inthe & 10.3 crection,
Itiorms & continuous leadi'g
sranc rom thel orontation
The egging strand, which
orents 8 105/, must 06
‘made backward in short

azaki
Lagging
strand ngmm

strand
sections, §'to 3, which are
later linked together. Note
that the numbers refer to the
direction of synthesis of the.
new strand (red).

Polymerase
complex

i ﬁ Process Figure 9.6 The bacterial replicon: a model for DNA synthesis.

(@ Circular DNA has a special origin site where replication originates. @) When strands are separated, two replication forks form, and a DNA

| polymerase lll complex enters at each fork. () Starting at the primer sequence, each polymerase moves along the template strands (blue),
synthesizing the new strands (red) at each fork. (@ DNA polymerase works only in the 5" to 3 direction, necessitating a different pattern of
replication at each fork. Because the leading strand orients in the 5' to 3' direction, it will be synthesized continuously. The lagging strand, which
| orients in the opposite direction, can only be synthesized in short sections, 5 to 3/, which are later linked together. (8) Inset presents details of
process at one replication fork and shows the Okazaki fragments and the relationship of the template, leading, and lagging strands.

Combination Figures

Line drawings combined with photos give students two per-
spectives: the realism of photos and the explanatory clarity of
line drawings. The authors choose this method of presenta-
tion often in every chapter.

mANA, ANA polymerase.

\l\l\l%l\l\l

Clinical Photos

Color photos of individ-
uals affected by disease
provide students with
a real-life, clinical view
of how microorganisms
manifest themselves in
the human body.

Figure 18.2 Impetigo lesions on the face.

Overview Figures

Many challenging concepts of microbiology consist of
numerous interrelated activities. Microbiology, A Systems
Approach visually summarizes these concepts to help
students piece the activities together for a complete, con-
ceptual picture.

K€ I really like the illustrations in this chapter. They
are clearly tied to the text and they are effective
in presenting the information. I found them easy
to understand. The photographs are great too.??
—Carola Wright, Mt. San Antonio College



Pedagogy Designed for the Way Students Learn

Pedagogical Aids Promote Systematic Learning

Microbiology, A Systems Approach organizes each chapter with consistent pedagogical tools. Such tools enable
students to develop a consistent learning strategy and enhance their understanding and retention of the concepts.

Case Files

All chapters open with a | “AStFE 22 wwrvr :
real-world case file to help Stool samples or rectal swabs from 44 of the symptomatic pa-

tients were tested, and norovirus was identified in 22 of these

: samples. No other enteric pathogen was isolated. Noroviruses
students apprec1ate and are often identified as the causative agent in outbreaks of
gastroenteritis in the United States. Such outbreaks are often
understand how microbiol— associated with contaminated food or water. In addition,
outbreaks can be associated with persons living in crowded
. . . | iving conditions such as those present at the Reliant Park

ogy impacts lives on a daily | compier i
: . Norovirus is highly contagious (1.D. < 100 organisms) and
basis. The solution to the | iseasiy spread person to person and by contact with contami-
nated materials. The typical incubation period is 24 to 48 hours,
3 4 and the resulting symptoms persist for 12 to 60 hours. In this
case file appears later in the | i Wiy i one o more incoicuswere ieced
with the virus when they arrived at the shelter. Although the
chapter, near where relevant ource of the initial infection was unknown, contact with con-
taminated floodwaters was certainly a possibility. The infec-
- 1 1 1 tion spread quickly due to the crowded living conditions and
materlal 18 bEIng dlscussed‘ shared facilities. Implementation of infection-control measures
including isolation of symptomatic individuals, distribution of
gel hand sanitizer, and education of staff and evacuees quickly

brought the outbreak under control.

See: CDC. 2005. Norovirus outbreak among evacuees from Hurricane
Katrina—Houston, Texas, September 2005, MMWR 53(40):1016-1018,

New! Text Art Correlated to Animations

@ This symbol indicates to readers that the material pre-
sented in the text is also accompanied by an animation on
the book’s website. Students may view the animation on their
computers or download it to their portable player and watch
it on the fly!

Checkpoints

Major sections within the chapters end with a summary of
the significant concepts covered. In the disease chapters,
the Checkpoints take the
form of tables that summa-
rize the characteristics of
the infectious agent(s) dis-
cussed. Students can use
these as self-testing tools as
well.

“ The fungi are nonphotosynthetic haploid species with cell
walls. They are either saprobes or parasites and may be uni-
cellular, colonial, or multicellular.

All fungi are heterotrophic.

© Fungi have many reproductive strategies, including both
asexual and sexual.

Fungi have asexual spores called sporangiospores and
conidiospores.

® Fungal sexual spores enable the organisms to incorporate
variations in form and function.

% Fungi are often identified on the basis of their microscopic
appearance.

There are two categories of fungi that cause human disease:

the primary pathogens, which infect healthy persons, and

the opportunistic pathogens, which cause disease only in

compromised hosts.

€& ] think the checkpoints in the chapters are effective tools in that they
reinforce what students have just finished reading. [They] clearly state
the concepts the students should take from each section of the text. ”

—Suzanne Butler, Miami-Dade College
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Insight Readings

Current, real-world readings allow students to consider
applications of the concepts they are studying. The Insight
readings are divided into four interesting categories: Discov-
ery, Historical, Medical, and Microbiology.

Small RNAs: An Old Dog Shows Off Some New(?) Tricks
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Notes

“Heads-up” type material appears when appropriate letting
students know about various terminology, exceptions to the
rule, or, in the case
of chapter 18, dif-
ferences in chapter
organization and
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Chapter Summary with Key Terms

A brief outline of the main chapter concepts is provided with important terms highlighted.
Key terms are also included in the glossary at the end of the book.

Multiple-Choice and New True-False Questions

Students can assess their knowledge of basic concepts by answering these two sets of questions.
Other types of questions and activities build on this foundational knowledge.

Writing-to-Learn Questions

Using the facts and concepts they just studied, students
must reason and problem-solve to answer these critical-
thinking questions. Such questions do not have a single
correct answer, and thus, open doors to discussion and

serious thought.

.~/ Visual Understanding Questions

. From chapter 13, figure 13.6b. Imagine for a minute that the
organism in this illustration is E. coli O157:H7. What would

be one reason not to treat a patient having this infection with
powerful antibiotics?

2. From chapter 12, figure 12.15. Assume the growth on plate

“a” represents normal intestinal microbiota. How could
you use these ions to explain the development of
C. difficile-associated colitis?

New! Concept Mapping

Three different types of concept mapping activities are
used throughout the text in the end-of-chapter material
to help students learn and retain what they’ve read.

%ﬁ{/ ; Internet Search Topics

1. Use the Internet to locate information on salmonellosis and
shigellosis. Make a comparison table of the two pathogens,
including basic istics, epi and
symptoms.

2. Go to: www.aris mhhe.com, and click on “microbiology” and
then this textbook’s author/ title. Go to chapter 22, access the
URLS listed under Internet Search Topics, and research the
following
a. Find the case studies in enteric diseases. Try your hand at

diagnosis

-

b. Look at the site for the Schistosomiasis Control Initiative.
Use the information you find there to write a short (2- to
3-paragraph) news story for a magazine intended for
middle-school science classes,

You be the detective: Use search engines to discover the

causes behind the epidemic of cholera in Peru in the late

1990s. What is the current status of this disease worldwide?

Mount Healthy, a city in southwestern Ohio, owes its name to
a regional epidemic that occurred in 1950. Do a search to find
the story behind the name. Based on your knowledge of this
disease, what could explain this city’s good fortune?

m,,,"‘_ _~/ Concept Mapping

Writing to Learn

These questions are suggested as a writing-to-learn experience. For each question, compose a one- or two-paragraph answer that includes
the factual information needed to completely address the question.

1. Besides E, coli, name two other microorganisms associated

6. What are some of the stimuli that can trigger reactivation of a
with cystitis and pyelonephritis.

latent herpesvirus infection? Speculate on why.
7. a. Human is with what

b. Name some of the different sites on the body that can be

affected by this virus,

8. What are the clinical stages of syphilis?
9. a. What is the standard screening for cervical cancer?

b. In this screening technique, cervical cells are screened for
abnormalities. What are some of the terms used to describe
these abnormalities?

2. Describe the symptoms of Weil’s syndrome.

3. Describe the common treatments for gonorrhea.
4. a. What is PID?
b. What are the two most common microorganisms associated
with this disease?
c. Describe the long-term consequences of untreated PID.
5. Describe the life cycle of Chlamydia.

New! Visual Understanding

Images from previous chapters are combined with
integrated learning questions based on material in
the current chapter to encourage an understanding

of how important explanations and concepts are
linked.

Appendix D provides guidance for working with concept maps.

1. Supply your own linking words or phrases in this concept

2. Construct your own concept map using the following words
map, and provide the missing concepts in the empty boxes.

as the concepts. Supply the linking words between each pair of
concepts.

inoculation staining

isolation biochemical tests
incubation subculturing
inspection source of microbes

identification transport medium

medium streak plate

multiplication

Internet Search Topics

Opportunities for further research into the material
just covered are outlined at the end of each chapter,
in addition to the numerous resources available on
the ARIS website accompanying the textbook.
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