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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

Preface
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You’re in the driver’s seat.
Want to build your own course? No problem. Prefer to use our turnkey, 
prebuilt course? Easy. Want to make changes throughout the semester? 
Sure. And you’ll save time with Connect’s auto-grading too.

Make it simple,  
make it affordable. 
 
Connect makes it easy with seamless 
integration using any of the major 
Learning Management Systems—
Blackboard®, Canvas, and D2L, among 
others—to let you organize your course 
in one convenient location. Give your 
students access to digital materials at 
a discount with our inclusive access 
program. Ask your McGraw-Hill 
representative for more information.

Solutions for your 
challenges.
 
A product isn’t a solution. Real 
solutions are affordable and 
reliable, and come with training and 
ongoing support when you need it 
and how you want it. Our Customer 
Experience Group can also help 
you troubleshoot tech problems—
although Connect’s 99% uptime 
means you might not need to call 
them. See for yourself at status 
.mheducation.com

65%
Less Time
Grading

FOR INSTRUCTORS

They’ll thank you for it.
Adaptive study resources like SmartBook® 2.0 help 
your students be better prepared in less time. You 
can transform your class time from dull definitions to 
dynamic debates. Find out more about the powerful 
personalized learning experience available in 
SmartBook 2.0 at www.mheducation.com/highered 
/connect/smartbook

Laptop: McGraw-Hill; Woman/dog: George Doyle/Getty Images

Checkmark: Jobalou/Getty ImagesPadlock: Jobalou/Getty Images

®
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Effective, efficient studying.
Connect helps you be more productive with your study time and get better grades using tools like 
SmartBook 2.0, which highlights key concepts and creates a personalized study plan. Connect sets you 
up for success, so you walk into class with confidence and walk out with better grades.

No surprises. 
The Connect Calendar and Reports tools keep you on track with the 
work you need to get done and your assignment scores. Life gets busy; 
Connect tools help you keep learning through it all.

Learning for everyone. 
McGraw-Hill works directly with Accessibility Services 
Departments and faculty to meet the learning needs 
of all students. Please contact your Accessibility 
Services office and ask them to e-mail  
accessibility@mheducation.com, or visit  
www.mheducation.com/about/accessibility  
for more information.

“I really liked this 
app—it made it easy 
to study when you 
don't have your text-
book in front of you.”

FOR STUDENTS

- Jordan Cunningham,  
Eastern Washington University

Study anytime, anywhere.
Download the free ReadAnywhere app and access your 
online eBook or SmartBook 2.0 assignments when it’s 
convenient, even if you’re offline. And since the app 
automatically syncs with your eBook and SmartBook 2.0 
assignments in Connect, all of your work is available 
every time you open it. Find out more at  
www.mheducation.com/readanywhere 

Top: Jenner Images/Getty Images, Left: Hero Images/Getty Images, Right: Hero Images/Getty Images

Calendar: owattaphotos/Getty Images

cow58998_FM_i-xxx.indd   7 10/15/19   10:17 PM



viii 

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 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® Tegrity in Connect is a tool that makes 
class time available 24/7 by automatically capturing every 
lecture. With a simple one-click, start-and-stop process, you 
capture all computer screens and corresponding audio in a 
format that is easy to search, frame by frame. Students can 
replay any part of any class with easy-to-use, browser-based 
viewing on a PC, Mac, or other mobile device. 

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.

®
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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.

 • SmartGrid Questions: New to this edition, SmartGrid questions replace the traditional end-of-chapter questions, 
and all of these questions are available for assignment in Connect. These questions were carefully constructed to 
assess chapter material as it relates to all six concepts outlined in the American Society of Microbiology curriculum 
guidelines plus the competency of “Scientific Thinking.” The questions are cross-referenced with Bloom’s taxonomy 
of learning level. Seven concepts/competencies × three increasing Bloom’s levels = a robust assessment tool.

 • Study Smarter: Better Together: A new feature in every chapter, Study Smarter gives guidance for students’ 
group study, either in person or online. No instructor intervention required! Research shows that well-structured 
group study benefits under-resourced learners and students with lower levels of reading ability.

 • 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.

 • 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. These modules 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,  
4th edition (978-1-259-70522-9)

Morello: Laboratory Manual and Workbook 
in Microbiology: Applications to Patient 
Care, 12th edition (978-1-260-00218-8)

x 

Prep for Microbiology is an adaptive learning tool that 
prepares students for college-level work in Microbiology. 
Prep for Microbiology individually identifies concepts 
the student does not fully understand and provides learning 
resources to teach essential concepts so he or she enters the 
classroom prepared. Data-driven reports highlight areas 
where students are struggling, helping to accurately identify 
weak areas.

Lab Resources
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 xi

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 nonmajors 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.

 • STUDY SMARTER: BETTER TOGETHER in each chapter 
that provides guidance for students’ group study, either in 
person or online. No instructor intervention required!  
Research shows that well-structured group study benefits 
under-resourced learners and students with lower levels 
of reading ability.

 • SMARTGRIDS in each chapter. The end-of-chapter 
questions are dramatically reformatted into a 21-question 

grid that cross-references questions by their Bloom’s level 
and the six core concepts of microbiology (plus the 
competency of scientific literacy) as identified by the 
American Society for Microbiology.

 • 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	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.

xii 

Capturing Students’ Attention and Learning
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Figures

Many difficult microbiological concepts are 
best portrayed by breaking them down into 
stages. These figures show each step clearly 
marked with an orange, numbered circle and 
correlated to accompanying narrative to benefit 
all types of learners. 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.

  xiii
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Connecting Students to Their Future Careers
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.  

Every disease table 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.

xiv 
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  xv

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 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, in these examples).

Learning Outcomes and Assess Your Progress Questions

Every chapter in the book opens with an outline—which is a list of 
Learning Outcomes. Assess Your Progress with the learning outcome 
questions concludes 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 Readings

Each chapter includes a 
Microbiome Insight box and a 
Clinical Insight box. 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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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.

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 visual feature that appears  
in each disease chapter, and in the  
epidemiology chapter. 

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.
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  xvii

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. 

SmartGrid
This innovative learning tool distributes 
chapter material among the American Society 
for Microbiology’s six main curricular concepts, 
plus the competency of scientific thinking. 
Each of the seven areas is probed at three 
different Bloom’s levels. The resulting 
21-question grid can be assigned by column 
(all multiple-choice questions about each core 
concept, for example) or by row (all questions 
related to evolution, but at increasing Bloom’s 
level). The highest Bloom’s level questions can 
easily be assigned as a group project or 
presentation topic.  

Developing Critical Thinkers

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 students 
identify the most important 10 to 15 items in a 
chapter. If they understand these, they are well 
on their way to mastery. 
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Group Study Guide

The new feature “Study Smarter: Better Together”  
gives students a format for their self-guided group study. 
We know that group study can be immensely useful for 
learning—but only if it is well-structured. This feature,  
in every chapter, helps students make the best use of  
their study time with their classmates, either in person  
or virtually, with no effort on the part of the instructor!

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.
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Changes to the Sixth Edition

New to Microbiology, A Systems Approach

GLOBAL CHANGES THROUGHOUT THE 
SIXTH EDITION

 • Many art pieces have been turned into infographics, a form of 
data visualization 21st-century learners are comfortable with.

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

 • Disease Tables now indicate the taxonomy of each 
microorganism.

 • The end-of-chapter materials now include the 
SmartGrid—21 questions probing chapter content with 
respect to the ASM curriculum concepts and Bloom’s 
taxonomy. Also, each chapter contains a simple guide for 
students to engage in face-to-face or virtual group study. 
This is called Study Smarter: Better Together.

 • In all disease tables, each organism is denoted as “B, V, F, 
P, or H”—indicating bacterium, virus, etc. When bacterial, 
the table also indicates G+ or G-.

Major chapter updates or new material. Note: Each 
chapter contains between 400 and 700 edits, 
ranging from minor grammatical improvements to 
major insertions of content. Listed here are just the 
highlights.
Chapter 1: The Main Themes of Microbiology

 • New infographics for better understanding of cell types
 • More time on scientific methods
 • Updates on evolutionary history of cell line
 • Taxonomy and classification discussions clarified and 

simplified

Chapter 2: The Chemistry of Biology
 • New elements named
 • Case study on why saline might not be ideal for hydration 

(hint: it’s the chloride!)

Chapter 3: Tools of the Laboratory
 • In this chapter, there is typically a lot of terminology that 

is used to describe phenomena, yet the terms themselves 
are not defined (such as “what is growth?”); rewritten  
with an eye to what the students do not yet know

 • New infographic to illustrate the “Five I’s”

Chapter 4: Bacteria and Archaea
 • New infographics that make different categories of 

bacteria more visual

Chapter 5: Eukaryotic Cells and Microorganisms
 • Updated origins of eukaryotes narrative
 • Highlighted increase in fungal opportunistic diseases
 • Neglected parasitic infections (NPIs)

Chapter 6: Viruses and Prions
 • Discussion of viruses in the microbiome
 • New diseases caused by prions

Chapter 7: Microbial Nutrition, and Growth
 • Improved the presentation of serial dilution
 • Added origin of oxygen

Chapter 8: Microbial Metabolism
 • Expands on electricity-eating bacteria

Chapter 9: Microbial Genetics
 • Epigenetics and their connection with small RNAs

Chapter 10: Genetic Analysis and Genetic Engineering
 • Pangenomes introduced
 • CRISPR and gene drives updated

Chapter 11: Physical and Chemical Control of Microbes
 • Added the banning by the FDA of triclosan and other 

chemicals in consumer products

Chapter 12: Antimicrobial Treatment
 • The influence of antibiotics on the microbiome, 

throughout the lifespan
 • New approaches to antimicrobials

Chapter 13: Microbe-Human Interactions: Health and 
Disease

 • Added the need to negotiate the host microbiome as one 
of the steps required for microbes to cause disease

 • Several new figures

Chapter 14: Host Defenses I: Overview and Nonspecific 
Defenses

 • Changed overall organization to more logical sequence

Chapter 15: Host Defenses II: Specific Immunity and 
Immunization

 • New infographic about the properties of specific immunity
 • Information about vaccines for noninfectious conditions 

and CAR-T treatments

  xix
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Chapter 16: Disorders in Immunity
 • Updated discussion of causes of autoimmunity
 • Several new infographics
 • New information on asthma incidence

Chapter 17: Diagnosing Infections
 • Point-of-care diagnostics
 • More emphasis on genetic testing, qPCR, pan bacterial 

qPCR
 • New infographics summarize the testing procedures for 

phenotypic, genotypic, and immunological methods in a 
visually consistent manner

Chapter 18: Infectious Diseases Affecting the Skin  
and Eyes

 • Not new, but important: Retained and updated opening 
case study about measles transmission in an airport

Chapter 19: Infectious Diseases Affecting the Nervous 
System

 • Zika virus disease added
 • New prion described

Chapter 20: Infectious Diseases Affecting the 
Cardiovascular and Lymphatic Systems

 • Updated the section on Rocky Mountain spotted fever 
to include all spotted fever rickettsias and noted their 
dramatic increase in the United States

 • Discussion of CRISPR techniques for making mosquito 
populations sterile

 • New figure detailing who gets AIDS in the United States

Chapter 21: Infectious Diseases Affecting the 
Respiratory System

 • Updated differential diagnoses for pharyngitis and 
pneumonia

Chapter 22: Infectious Diseases Affecting the 
Gastrointestinal Tract

 • Updated the C. diff genus to Clostridioides
 • Updated foodborne disease trends

Chapter 23: Infectious Diseases Affecting the 
Genitourinary System

 • More discussion of catheter-associated urinary tract 
infections

 • Updated discussion on role of vaginal microbiome in  
high infant mortality rates

 • Updated STI statistics

Chapter 24: Microbes and the Environment
 • Increased emphasis on climate change 

Chapter 25: Applied Microbiology and Food and Water 
Safety

 • Clearer illustration of water purification
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