B Ebola, Zika - What's Next?

The human race has experienced and felt the effects
of new infectious diseases for millennia, even well
before the discovery of the infectious agents respon-
sible for such diseases. Today, however, despite
extraordinary advances to eliminate or lessen the
development and spread of infectious disease, their
appearance continues—and indeed, it is inevitable.
Recent examples of emerging diseases include HIV/
AIDS, severe acute respiratory syndrome (SARS),
Ebola virus disease, and, most recently, Zika virus
infection. Each of these unexpected illnesses has
had a global impact on governments, economics,
and society, and for Zika, even threatened the 2016
Summer Olympics.

The emergence of infectious diseases like Ebola
and Zika is the result of several factors. Realize that
more than 60% percent of new human infections
originate in, or are transmitted by, wild animals, as
is the case for all the diseases mentioned above—
AIDS (apes and monkeys to humans), SARS and
Ebola (bats [to other animals] to humans), and Zika
(monkeys to mosquitoes to humans). Consequently,
as human habitation spreads into more remote areas
around the world, unknown infectious microbes in
wild animals will “jump” to humans as these inter-
acting species make contact. In addition, many
of these infectious agents undergo rapid genetic
changes, as exemplified by the AIDS and influenza
viruses, and they can share genetic information as
the influenza virus does every flu season. In some
cases, this can make the infection more dangerous.

Adding to these factors is the globalized world
we live in today. Airline travel makes an infectious
disease outbreak in one corner of the world only a
day’s plane ride from almost any other destination
on the globe. Accordingly, infectious diseases can
“pop up” from seemingly nowhere.

The next emerging disease will have a different
name and different symptoms from Ebola and Zika,
and it will come from another region of the world—
but it and others are coming. Therefore, what we
can (and must) do is recognize and react to these
“infectious events” before they can cause an out-
break or epidemic. We need to be better prepared
to deal with these events by managing better the
next Ebola- or Zika-like emergence, something that

was not done in the most recent Ebola outbreak in
West Africa and Zika outbreak in Brazil. Prevent-
ing another outbreak/epidemic of a new infectious
disease can be accomplished only by aggressive
vigilance, continued research for detecting new
infectious agents (surveillance tools, diagnostics,
drugs, and vaccines), and rapidly deploying these
countermeasures.

Each new emerging disease brings unique chal-
lenges, forcing the medical community to continu-
ally adapt to these ever-shifting threats. The battle
against emerging infectious diseases is a continual
process in trying to get ahead and stay ahead of the
next infectious agent before it can explode on the
world scene.

More than likely, you are planning a career in
the healthcare field. As such, it is important that
you understand how new infectious diseases come
about. Therefore, I am excited and honored that you
are using and reading this new, eleventh edition of
Fundamentals of Microbiology. I hope it is very use-
ful in your studies and you come away from your
course with a much better appreciation for the role
that microorganisms play in the environment as
well as with us. Always take time to read the side-
bars (MicroFocus boxes) whether they are assigned
or not. They will help in your overall microbiology
experience and the realization that microorganisms
do rule the world!

H A CGoncept-Based Gurriculum

Fundamentals of Microbiology, Eleventh Edition is
written for introductory microbiology courses hav-
ing an emphasis in the health sciences. It is geared
toward students in health and allied health science
curricula such as nursing, dental hygiene, medical
assistance, sanitary science, and medical labora-
tory technology. It also will be an asset to students
studying food science, agriculture, environmental
science, and health administration. In addition, the
text provides a firm foundation for advanced pro-
grams in biological sciences, as well as medicine,
pharmacy, dentistry, and other health professions.

The textbook is divided into seven areas of con-
centration. Each area reflects the Concept-Based
Microbiology Curriculum Guidelines as recommended
by the American Society for Microbiology.
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Overarching Concepts and Fundamental Statements’

Evolution + Cells, organelles (e.g., mitochondria and chloroplasts), and all major metabolic pathways

evolved from early prokaryotic cells.

+ Mutations and horizontal gene transfer, with the immense variety of microenvironments,
have selected for a huge diversity of microorganisms.

+ Human impact on the environment influences the evolution of microorganisms.

+ The traditional concept of species is not readily applicable to microbes due to asexual
reproduction and the frequent occurrence of horizontal gene transfer.

+ Evolutionary relatedness of organisms is best reflected in phylogenetic trees.

Cell Structure and  + The structure and function of microorganisms have been revealed by the use of microscopy.
Function + Bacteria have unique cell structures that can be targets for antibiotics, immunity, and phage
infection.
+ Bacteria and Archaea have specialized structures that often confer critical capabilities.
+ While microscopic eukaryotes carry out some of the same processes as bacteria, many of
the cellular properties are fundamentally different.
+ The replication cycles of viruses differ among viruses and are determined by their unique
structures and genomes.

Metabolic + Bacteria and Archaea exhibit extensive, and often unique, metabolic diversity.
Pathways + The interactions of microorganisms among themselves and with their environment are
determined by their metabolic abilities.
+ The survival and growth of any microorganism in a given environment depends on its
metabolic characteristics.
+ The growth of microorganisms can be controlled by physical, chemical, mechanical, or
biological means.

Information Flow + Genetic variations can impact microbial functions.
and Genetics + Although the central dogma is universal in all cells, the processes of replication,
transcription, and translation differ in Bacteria, Archaea, and Eukarya.
+ The regulation of gene expression is influenced by external and internal molecular cues and/
or signals.
+ The synthesis of viral genetic material and proteins is dependent on host cells.
+ Cell genomes can be manipulated to alter cell function.

Microbial Systems + Microorganisms are ubiquitous and live in diverse and dynamic ecosystems.
« Most bacteria in nature live in biofilm communities.
+ Microorganisms and their environment interact with and modify each other.
+ Microorganisms, cellular and viral, can interact with both human and nonhuman hosts in
beneficial, neutral, or detrimental ways.

Impact of + Microbes are essential for life, as we know it, and the processes that support life.
Microorganisms + Microorganisms provide essential models that give us fundamental knowledge about life
processes.

* Humans use and harness microorganisms and their products.
+ Because the true diversity of microbial life is largely unknown, its effects and potential
benefits have not been fully explored.

" Merkel, S. 2012. The Development of Curricular Guidelines for Introductory Microbiology That Focus On Understanding. J Microbiol Biol Educ 13323810.1128/ jmbe.v13i1.363236537793577306 http:/dx.doi.
0rg/10.1128/jmbe.v13i1.363
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Bl What's New in This Edition

When you read this text, you get a global perspective on microbiology and infectious disease as found in
no other similar textbook. The current edition has been updated with the latest scientific and education
research and has incorporated many suggestions made by my colleagues, by emails received from microbi-
ology instructors, and by my students. Along with these revisions, the visual aspects of the text have been
improved to make the understanding of difficult concepts more approachable and the figures more engaging.
What’s new? Here is a summary list.

Clinical Case 1 NEW and revised Clinical Cases are embedded in all the chapters to
S o - "My help you understand pathogens by presenting contemporary human
disease scenarios, many originally reported by the Centers for

In 1B44~1846, many mothers in the =

Fest Matemity DVision o ThVIOND | e sy v | Disease Control and Prevention.

General Hospital which was run [ == Viers Boapial sscond matemty dhvision
by doctors and medical students,
contracted & sericus disease called I
childbed fever (pusrperal fover). Up . "1
to 11% of the mothers died from I;
the illness. Howeves, in the adjacent
Second Maternity Division of the
same hospital run by madwives, the
death toll from childbed fever was 3
less than 3% over the same peried.  §

As a member of the medical staff of
the First Division, Ignaz Semmelweis
searched fof an explanation for the i
high mortality in his division. s

Most of the medical staff attributed
the linesses and deaths of puerperal
fever to an unavoidable miasma.

Investigating the Microbial World 16 NEW Investigating the

Semmetweis discounted this beliel 0 : 0 3
et how coud o eniithe PSP E S P2 Vitamin Gand the Common Cold Microbial World boxes
fact that whle the fever was raging in .
the First Division, few cases cccurred  yoarly Mortality for Childbed Fever -184
in the Second Division, and hardly 8 on deaths of hi,,h‘;,i,,g pmrels ,h:'\'}:n,‘,, + n this Investigating the Microbial World, rather than lcoking a1 one research study, a meta-analysis is presented. The are actual experi ments
case occumed in the sumounding city the deaths 1o those in the second ma nm‘m of & mets-analysis is to examine many previously published, peer-reviewed research studies with the aim of o <
petvhond b gl byl e - sk om0 T (abridged) that require you
Others  stirbuted the fever 1o Pathology = Wiy do Treating calds with vitamin C became very popular in the 19705 after Nobel laureate Linus Pauling
cvercrowding in the First Division, "ol SUpport a missma as the cause of and transmis! suggected that vitamin C could prevent and lessen cold symptoms, Since then, numerous studies have looked at whether to apply the process of
Semmelweis pointed OUl ThBL 1 g ion e 1) here are from taking C to prevent or gth of & cammen cold syndrome. n d tt t
fact, the crowding was heavier in the
Secand Onion s, heewere 0 i i AR nmﬂwm«mmmcmmwxmmm o dration of  common col syrcrame? SClenC? ana use quantitative
g R mmumonqsnmamrsmmworwemawmuneswpem Sﬂlmcmaabohedfo!nalsusuq reasoning. Even though
In '3“7‘ d ; . o 1 more than 0.2 g per day of vitamin C and having placebo controls, The term “incidence” refers 1o the percentage of 4
medical students in the art of medical dissection of cadavers in 1 morgue {desd 1 oy pesicd and “duration” refs s e you probably are nOt gOIng
- with a shorter duration of a common cold syndrome.
Kolletschica extibited the same symptoms anhc victims of debaa favar, Data was sxtracted f of: CENTRAL i MEDL! b 101
50 nated that (a) in th : ither received ana  Fesource), EMBASE (biomedical and pharmacological Herature resource), CINAHL (Cumwlative Index for Nursing and to become praCtICIng
dissect b} he la Alied Health Literature), LILACS (scientific and technical literature resowrce), and Web of Science (citation database) . . . o
cleaning up after performing their dissections in the deadhcuse (see figure) Searches were 8130 done using the Naticnal Institutes of Health Clinical Trials registry and the Woild Health Drganization mi Cl’oblo |Og |StS, the a bl | Ity to
2 CTRP {Clinical Trials Registry Platfoem). 4
T Homrida theshid fver e e (Voucan fine  SEARCH 1 Seven stot andseverityof ; use, interpret, and evaluate
b weis’ iont , f childbed fever?{ g gularty or a placebo during the study period. . 4 .
< Wty was thelncidance ol th Jow in the Second Division? (You can find af _ SEARCH 2: Twenty-nine stuces (11,306 pasticipants) wer found th scientific data and evidence
d. How was the agent of to f pa inthe First L popariancing cne or more colds during the study pericd) while taking vitamin C rugu\m,-m a placebo during the sﬁuﬁy
i E '
oniing iy Appendix E) period. These studies were separated inta two subgroups: the general population, snd 598 participants exposed 1o short Of the natural World Wl" be
For additional information, resd The Doclors” Plague: Germs, Childbed Fever, and the Strang periods of severe physical exercise (marathon runners, skiers, and soldiers on subarctic winter exercises).
Sherwin B, Nuland. (New York: W, & 2004, i i
erwin B, Nuland. (New W. Horton & Company, 1 SEARCH 3: Thirty-one studses were found that examined the duration bewemg::l' participants experiencing a shorter |mp0rtant N your career.
|rv|ol»o ubquoum. adults and children by (a) children often have e o i System immatursty and
y f vitamin 1o a higher dose per body weight.

RESULTS: See hqmeﬁl‘)al\dim.

-
.

2 & B
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MICROFOCUS 3.2: =

Cell Size: ik ia and i !_

TR gok wyredrma)

.
i
L e —

Whalie oe s expedition aff the coast of Namibla of southern Alrica) in 1997, schentists from the Max Planck
Institute for Marine Microbiology found a bacterial mnsl:r in sediment samples from the sea floor. These chalm of g{i
spherical cels fuee figure A) were 100 um to 300 d"p
in this sertence. Their vohame is about 3 milon times greater ‘than that U[ Eerithl mh The cells, shlnnq \ﬂhlle 'mh
enclosed sulfur granules, looked e a string of pearls, Thus, the bacterial species was named Thi
(meaning. “sulfur pear of Namdia®). Another closely related strain was dissovered in the Gulf of Mexi eu-nznos
Haow do these extremely large cells solve the nutrient and energy barriers? Quite simply, the cell cytoplasm is slammed (]
against the call membrane, with most of the volume taken up a by large central storge vacucle
At the other end of the size spectrum are the so-called nanobacteria. In an analysis of groundwater samples at &
Departmant of Energy Research site in Colorado, scientists discovered culls that were as small as 250 nm (0.25 ym)
in diametec smaller than some viruses. These extremely small cells have just enough volume for DNA and about 40
ribosomes, 5o they probably grow very slowly. Nonetheless, this group of bacteria, informally called the candidate phyla
radeation (CPR), is very prevalent, perhaps ling for up to 15% of all by Earth (see Figure 3.11).
An equally nmulgmupn{moh-ctnm called ARMAN (Archacal Riehmnnd Mine Acidophilic Nancorganism), has been
inclated from Fleddirsg, igure B). They are part of a new archaeal
supergroup called TACK. ﬁy Onmnﬂ‘lsrm E. coli are three times Iungm and up to 100 times the cell valume of CPR and
TACK el

ey hat ot all rkarycaa e i U st toe tanige and that cell size is not  suitable chasacteristic for
separating viruses from cells.

NEW and revised MicroFocus boxes explore interesting
e e e G T oty o Pae =100 5 Gy R topics applying microbiology and microorganisms to the
everyday world.
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NEW and revised Microlnquiry boxes allow you to

investigate (usually interactively) some important aspect

of the chapter being studied.

Biofilms

What do the microbiota in your
gut, the presence of tocth tartar
(plaque), and development of & mid-
die ear infection have in commor?
Ihey g are examples of a biofilm,

NEW Key Concept organization presents section
statements identifying the important concepts in the

upcoming section and alerts you to the significance of that

written material.

[l KEY CONCEPT 9.4 A Variety of Chemical Agents Can Control Microbial Growth

& “mulliceliular community” of bac-
teria and perhaps other microbes
embedded in 8 gelatinous matrix
and often attached 1o a surface. In
fact, around 80 of bacterial spe-
cies live in clusters within a highly

organized bickilm

A biofilm forms when planktonic
cells indtially attach o @ living or
ronliving surface by weak electro-
static foroes and then more perma-
rently, using pill, flagella, and/or a
ghycocalys (see figure). As they cok
onize the surfsce, thesr pogulation

m

size increases theough cell division

a8 the cells secrete an extracelular

matrix of peoteins, palysaccharides,

and DNA {commonly referred 1o as “shme”) in which the
3 o

oells becs

For exampie, bicfilms are asscciated with cystic fibrosis

bedded. At maturity

where the build up of mucus provides a suitable emircn-

ng

ment for the b it Feruginass
The celie in a bioRim can coordinate themsetves by

fwater

ind "talking with” neighboring cels theough
munication. In some wiys, it is not that
our ebectronic communications in human
ting theough Twitter and Facebook. Thus,
peocess, called quorum sensing (S, is
ective decision making, whevein the cells

H CHAPTER SELI-TEST

For Btepa A, yots can find answers onlking in Appendia D

Step A: Review and Facts and Terms 503

shene, makes the cells less susceptible to antibiotics and
host immune defenses. Thus, many human wound and
chionic inbections are the result of biofim development.

B STEP A: REVIEW AND FACTS AND TERMS

Multiple Choi

Fead each question carefully before selecting the ome answer that best fits the guestion or statement

1. Moncnucleosis is an infection of ___ cells by the
A T; cytomegalovinus
B. B EpstenBan vina
€. lung: cytomegaloviius
D. redbkood; Epstein-Bar virus
2. Which of the follwing i nol B Iransmsion mechi-
s for hepatitis 67
A Secusl contact
B Monsteite body paancing equpment
G Fecal-onl mute
D Bkod-contamnated needhs
3. Symptom of hesdache. fever and muscle pain last-
g 3 10.5 days, folowed by & 2 1o 24 houw abating of
symptoms are charscteristicacf
& yellow fever
B. hepatitis C
C. dengue fever
B, Ebola hemonhagic fever
4 A long theead-e ANA virus is typical of the
inis
A hepatitis C
B. Ebol
€. polio
0. West hile
. Thoe resarvon for Laass fever b
A rate
B. mosquices
(-
0. sandfbes

-

True-False
Each of the following statements is tnue (T} or false (F). if the
underfined word of phiase ta maks the Statement s

T2 The infecticus agent for Both yellow bever and
‘denque fever is a DA virus transmitted by mosqu-

, - A Eighty percent of people infected by West Nie
virus experience fhufike symstoms.

6

mflamematory e dieease
abave (A€} are corect

i the single mast important cause of dishan
in infaits and young chiiren admitted o Amercan
hospitals.

A Nomovinses

B. Echoviruses

€. Hipatitss A viiuses

6. The Egatein-Bir virus is the cause of infecticus

menonucieosss

17.___ The Salk and Sabin vaceines have been used fee

immunizations agans! hegalitis

18.___ Hepatitis B is most commanly transmitted by

contact with wdected semen of ifected binod

M STEP B: CONCEFT REVIEW

2.

Compace the simiarities and differences Eatween
the nature of the bepatitis [ and C vinases and the
ilinesses they couse. (Key Concept 17.1)

]

Marbrg vinm £
23, Describe how the hepatitis A vinas is spoead and pre-

wesaed, Moy Comcopt 17.3]

CHAPTER 17 VIRAL INFECTIONS OF THE BLOOD, LYMPHATIC, GASTROINTESTINAL

. Or of the et impornke ciuses of disrrhes in

infants and young chiliren admitted 1o hospitals is
the Egatein Baer vins.

20.___ Fikoviruses are long, Evead e vinases that cause
and inchude
24, Explain why rotavius infections are 5o deadly in ch

dren 4l dencrite how noroviruses are banemitted
(Hey Concept 17.3)

. Detcribe the cutecme 1o semeone who has been

iten by a rabid animal and recommend treatment
o Pubbs syMpLoma P et yet appeared. Ky Con-
cnpt 17.4)

Explain bow the poloviruses cause disease aned ider
ity the T types of ok visccnes. (Key Concapt 17.4)

H STEP C: APPLICATIONS AND PROELEM SOLVING

Weitten cn sorme bleod donce cards is the notation
“EAINT Wihat 85 you think the letters men, and why
are they placed there?

28, Siciban barbers are rencwned for their skil and

dexterity with razors (and sometimes. their singing
vokes). French researchers. stufied a group of 37
Sicikan baibers and found that 14 had antibodies
against hepatitis: €, despite never having been sick
wiEh the disease, By compariscn, when a random
e of S0 biood donors wan stadied, one had

the antibodies. As an epidemiologist, what might
actount for the high incidence of £xpagure 1o hegati
tie C among these barbers?

. As b $tite heslth inapectse, you suggest all mstiaren

workers showld be immunized with the hepatitis A
waccine. Wiy would restaurant cwners agree or dis-
acgren with yous idea?

. An epideminiogist nates that india has a high rate of

dengue fever but s very kow rate of yeliow feve: Whan
miight be the cause cf this anomaly?

H STEP I QUESTIONS FOR THOUGHT AND DISCUSSION

ealth suthceitien panicked when an cutbeeak of

bR i B quiranting Taclity in Reston, Virginia,
in 1989, What sparks such # Ssmatic respanss when
a disease fike Eboda virus disease breaks out?

32, A disgrostic trat had bren deveioped 1o detest Pap-

atitis € in biood intended for transfusion purposes
Dbwioushy, if the test i positive, the bisod s not used
Mowever, theee it & Bvely contraverey a8 b whether
the bleod donor shoukd be informed of the positive
Pesul, What is you epinion? Wy

5 burgeoring todert population Linder thewe cintum-
stances, what viral disease would beahth officials
aeticipate and what pecautions shoudd they ghve
sesidents?

y World and 20 swampy counties in Florida
e “wentingl chickies® strategiealy placed on the
rounds o defect any sgns of viral encephalitis
Why g0 you SUPpOSE they wie Chickens? Wiy are
Diseary Workd and marry Florida counties particularty
susceptible to outbreaks of viral encephalitis? What
secommendziens might be offeied 10 touriats if the

a mid winter often bring conditions that encourage

spulaion numbers thiough the exchange
on exuracesuiar chemicats. When these molecules reach
a critical theeshald, the commurity of cells acts together
and, depending on the species, gene regulation friggers a
specific behaviceal response.

NEW Chapter Self-Test organization outlines
the important concepts in the chapters
through Bloom's Taxonomy, a classification
of levels of intellectual skills important in
learning. The three steps are:

+ Step A: Review of Facts and Terms are
multiple-choice questions focusing on
concrete “facts” learned in the chapter.
Let's face it; there is information that
needs to be memorized in order to reason
critically.

+ Step B: Applications and Problems are
questions requiring students to reason
critically through a problem of practical
significance.

+ Step C: Questions for Thought and
Discussion encourage students to use
the text to resolve thought-provoking
problems with contemporary relevance.
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Bl Chapter-By-Chapter Revisions

Each chapter of Fundamentals of Microbiology, Elev-
enth Edition has been carefully and thoroughly
revised. In addition, new information pertinent to
nursing and allied health has been included, while
many figures and tables have been updated, revised,
and/or reorganized for clarity. Here are the major
changes to each chapter.

Chapter 1 Microbiology: Then and Now

e New Clinical Case study

e Modified Microlnquiry feature

» Two new and one revised and updated
MicroFocus feature

e Chapter Self-Test redesigned

Chapter 2 The Chemical Building Blocks of Life

e 16 figures modified for clarity
e 2 new figures
e Chapter Self-Test redesigned

Chapter 3 Concepts and Tools for Studying
Microorganisms

e New discussion on the importance of cell size

¢ New MicroFocus feature on very small cells

e More basic information on eukaryotic
organelles

e New text material on endosymbiosis

» New Microinquiry feature on microbial
identification

e Chapter Self-Test redesigned

Chapter 4 Structure and Organization of
Prokaryotic Cells

e New Microlnquiry feature on biofilms

e New information on bacterial cell
compartments

e Chapter Self-Test redesigned

Chapter 5 Microbial Growth and Nutrition

e New information on biofilm growth

e New and revised MicroFocus features

e New section on chemical factors influencing
microbial growth

e Chapter Self-Test redesigned

PREFACE XVII

Chapter 6 Microbial Metabolism

Revised Microlnquiry feature

New clinical case

Revised section on cellular respiration
Revised section on metabolic diversity
Chapter Self-Test redesigned

Chapter 7 Microbial Genetics

e New information on bacterial genomes
e New information on organelle DNA

e Revised section on mutations

e Chapter Self-Test redesigned

Chapter 8 Gene Transfer, Genetic Engineering,
and Genomics

e New Clinical Case study

e Added discussion on bioethics in biotechnology
e Several new figures

e Chapter Self-Test redesigned

Chapter 9 Control of Microorganisms: Physical
Methods and Chemical Agents

« New Investigating the Microbial World
e Chapter Self-Test redesigned

Chapter 10 Control of Microorganisms:

Antimicrobial Drugs and Superbugs

Formerly Chapter 24

e New Investigating the Microbial World box on
antibiotic resistance

e Chapter Self-Test redesigned

Chapter 11 Airborne Bacterial Diseases

e Expanded discussion of the human respiratory
microbiome

» Revised material on pertussis and tuberculosis

e Revised tables

e Chapter Self-Test redesigned

Chapter 12 Foodborne and Waterborne Bacterial
Diseases

e New MicroFocus feature on probiotics

o Expanded discussion of the human gut
microbiome

e New figures on oral health

e Revised tables

e Chapter Self-Test redesigned
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Chapter 13 Soilborne and Arthropod-borne
Bacterial Diseases

New MicroFocus feature on insect bites
Updated discussion of Lyme disease

New figures on arthropod-borne diseases
Chapter Self-Test redesigned

Chapter 14 Sexually Transmitted and Contact
Transmitted Bacterial Diseases

New MicroFocus box about rosacea

New information on the human microbiome
New figures and art

Chapter Self-Test redesigned

Chapter 15 The Viruses and Virus-Like Agents

e New information of giant viruses
e New figures and art
e Chapter Self-Test redesigned

Chapter 16 Viral Infections of the Respiratory
Tract and Skin

New figures on virus families

New Investigating the Microbial World feature
New figure on recent mumps outbreaks
Chapter Self-Test redesigned

Chapter 17 Viral Infections of the Blood,
Lymphatic, Gastrointestinal, and Nervous
Systems

e New chapter introduction (on Zika virus
infection)

New Microlnquiry feature

Coverage of Zika virus infection

Updated material on Ebola virus disease
Updated material on yellow fever and dengue
fever

e Chapter Self-Test redesigned

Chapter 18 Eukaryotic Microorganisms:
The Fungi

e New material on the fungal mycobiome
e New figures
e Chapter Self-Test redesigned

Chapter 19 Eukaryotic Microorganisms:
The Parasites

e New Clinical Case study
e Chapter Self-Test redesigned

Chapter 20 The Host-Microbe Relationship and
Epidemiology

e New tables

e Several figures redesigned

e Narrative reorganized

e Chapter Self-Test redesigned

Chapter 21 Resistance and the Inmune System:
Innate Immunity

e New tables
e New figure for inflammation
e Chapter Self-Test redesigned

Chapter 22 Resistance and the Inmune System:
Adaptive Immunity

e Revised figures
e Chapter Self-Test redesigned

Chapter 23 Immunity and Serology

e Two MicroFocus features revised
e Chapter Self-Test redesigned

Chapter 24 Immunization and Serology

o Update on AIDS
e New figures
e Chapter Self-Test redesigned

Chapter 25 Applied and Industrial Microbiology

e Chapter material organized around food
spoilage, food preservation, and industrial uses
of microbes in food production (fermentation)

e Chapter Self-Test redesigned

Chapter 26 Environmental Microbiology

Chapter completely revised to incorporate some

material from previous edition Chapter 27

e New chapter opener

e Chapter material organized around water
pollution, water and sewage treatment, and
microbial roles in biogeochemical recycling in
the environment

e Chapter Self-Test redesigned
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PREFACE XIX

Bl The Student Experience

A Global Perspective

Many decades ago, nursing and allied health students studying microbiology only needed to be concerned
about infectious diseases as related to their community or geographic region. Today, with global travel, dis-
eases from halfway around the world can be at our doorstep almost overnight. Therefore, students need a
more global perspective of infectious disease and an understanding and familiarity with these diseases, which
are presented no better than in this text.

MICROFOCUS features, such as public health articles,
provide students with the information and understanding
they need. Each article, such as the one about an
emerging hemorrhagic fever, provides the background
and significance needed for students to be informed and
conversant. See page xi for the complete list of Public

A Newly Emerging Hemorrhagic Fever

In 2006, the Canters for Disease Control and Prevention (COC) reported 37 cases of a unique hemorrhagic fever in LS.
—raly Teturning from destinations in the Indian Ocesn and India=that is 34 more cases than had occurred in the
previcus 15 years. Thase travelers experienced fover, headache, fatigue, nausea, vomiting, muscle pain, and a skin
rash~typical symploms of dengue fever. Howeves, unlike dengue, these patients also had mncapacitating joint pain. The
symptoms typically lasted a few days o a few weeks, although the joint pain sometimes Lasted for many months. In the
COC capes, all recovered
The disease experienced by these travelers was chikungunya (CHIK) fever (chikumgunya means “to walk bect orer”
raferring tothe severs joint pain). CHIK fever . a0 thi that

s endemic o tropical E,asl .-lrm:a andm;mns fimming the Indian Ocean. CHIKY is an !M!bned. positive-strand, smg'e-
Health boxes. Sraned AN ¥
The 2006 cutbresk on Ialand in the Indian

Ooean affected maore than 300,000 of the TB0,000 inhabitants
and, for the fust time, CHIK fever had claimed a substantial
number of fives; 240 fatalities were attributed directly or
indirectly to CHIKV. it then spread to India where mare than
16 milion cases were reported. Thirty-seven countries. have
reported CHIK fever cases.

CHIKV spreads through the blood 1o the liver, muscles, brain,
lymphates tisgues, and joints. There i no specific antiviral
treatment for CHIK fever and care is based on symptoms
Wem\:»on conssts of prolecting i Mnﬂuals from mosquite

wector de spraying
i the

Clinical Case 20

On August 11, 2009, a previcusly healthy, 34-yearald woman
in Rochester, New York, went 1o her primary-care physician
complaining of fever, headache. malaise, and chills. She told the
physician that the symploms had appeared 24 hours earfer A
urine sample was taken for analysis,

Twa days later, the patsent returmed o her physician. Her fever

had abated, but she had a more severe headache, severs pain

behind the eyes that worsened on eye maverment, and a feeling of

light-headedness. Her urinalysis report indicated bactenial cells

iy e pesmant i i P Shaiwas pefemed o eases were soquired locally in the continental United States, It A digitally coloria ssion ek 3
PRALsmerDency deparinaent. ~ i likely that CHIKV will spread to new areas in the Americas and  of numercus Chikungunya vinuses. (Bar = 100 am.)

The emergency room evalustion showed all vital signs were [ _ | Iocally pected 1o grow. © S e

narmal. A complete blood cell workup revealed a low white biood

cell and platelet count and & normal hematocrit. A CT scan and

cercbral spinal fuid (CSF) from a lumbar puncture were normal.

spread of CHIKV 10 the Americas. Nnml B0% af the CHIK fever
cases have occurred in the Caribbean where 350,000 have been
infected and 21 have deed. In July 2014, the COC reported that the
wirus had amived in the United States. As of January 2016, cases
of CHIK fevar have been identified in 44 countries and teritores
in the Americas. There have been aimost 800 cases reparted 1o
the COC from 44 states. Although most were in travelers, a few

Cotrase, vy o i D TIE.

Bacause her ight. , she
fram the emergency department
On August 17, the patient peimary i i good. Although

il vital signs were narmal, pe
A consultation with an infectious disease specialist suggested the patient could have dengue fever. Questioning the

CLINICAL CASES also provide the global experience essential for

[patient, it was determined that she had net iraveled 1o any dengue-endemic area in the world. She did s1ate that prior 1o
the onset of symptoms she had just retuned from a trip to Key Wes2, Florida and, while theve, had been

times by mosquitaes. A serum sample from the patient was tested lor antibodies 1o dengue fever virus. The results were
positive Con!\rmatw testing of serum and CF5 wmles wias done by the Centers for Disease Control and Prevention
{CDC) in Atlanita, Bath sample po ga g wirus

On August 19, the patient reported to her physician that she was fesln

interviewed by the Manroe County (Florida) Health Department cn September 1,

Further investigation identified anather 24 cases of dengue fever, all lacally acquired in the Key West area.

student achievement and career success. These cases, such as
the one on dengue fever, illustrate how a disease originally found
in another part of the world has rapidly made it to our doorstep.
See page x for the complete list of Clinical Cases.

Questions:
ou can find answers online in Appendix £,
& Why was a wine sample taken for analysis?
b. Why didn't the ariginal CSF sample taken cn August 13 indicate a dengue fever infection?
. What sign indicated ta the infectious disease specialiat that the patient might have ﬂmiucﬂ
o dengue f West, should b the

d
outbreak?
For addit i W Coe htme

REAL-LIFE APPLICATIONS

Some concepts and ideas in microbiology can be daunting and, at times, abstract to students studying the
science. Providing students with real-life examples helps them see the significance of the concept and its
application in the real world, be it their local community or worldwide.

CHAPTER CHALLENGES help
students connect text material to
the outside world while at the same
time building their critical thinking
skills. For example, foodborne omien
illnesses are a growing concern Ja Sy wr
locally, nationally, and globally.

Yes, there are diseases associated
with such food infections, but what
about the prevention strategies?
This and other chapter challenges
help students see “beyond the
textbook” to the real world.

about food microbiol

QUESTION B: What is o
o your retum home?
You can find answers d

in same cases, milk is purposely allowad to “sour” Among tha raw or pasteurized milk products are: kefir
{a fermented milk drink made with a mixture of bacteria and yeasts mived with protein, sugars, and hipsds).
yogurts; buttermill; cottage cheese, feta, fresh mezzarella, mascarpone, cream cheese, and all sorts of
other soft 1o hard cheeses.

Mast of the milk we drink today is produced on large dairy farms. In fact, it is fair to say that these farms
really are part of a dairy industry.

You can find answers anline in Appendix F.
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XX PREFACE

Investigating the Microbial World 14
Does Cranberry Juice Cure Urinary Tract Infections?

INVESTIGATING THE MICROBIAL WORLD (IMW) introduces
students to real world science. Although most students will not
be entering the research field, the nursing and allied health arenas
require that they have a familiarity with how science is done.

The examples in each chapter vary from basic to applied science
experiments and, as in the IMW on urinary tract infections, often
have real world (and personal) implications. See page x for the

Urinary tract infections (UTIs), such a% cystiis, are an unpleasant llness. Besides the increased urge to urinate, there
aften is a burning sensation when one does urinate. Although the infiction and symptoms can resolve without medical
treatmaent, there is & 24% chance of a recumence within & months,

Cranbesry p , such berry juice or Y cap: ; have d or even touted
by mary &5 an effective home treatment for praventing recuring UTIs. Proponents say that cranberry products work
by acidifying the urine, which weald make the urinary tract less hospiable to pathogens like Escherichia coll the mast
common cause of UTIs. Also, the sugas (fructose) i in ies might h the abdity of
the pill o E coll cells to adhere to the cells lining the winary act. Dpporents say th evidence i kess than compelling
and 100 anecdatal. In addition, good quality, double-blind, and placeb lled studies on the effects of
cranberries have not been undertaken.

QUESTION: Does cranberry juice prevent recurment UTis?
HYPOTHESIS: Regular drinking of cranberry juice cocitail (CJC) will reduce the likelihod of recurrent UTls. if 50, &
doubleblind f the 16 reic

A wamen with te UTH
the rate and duration of UTI symptoms.
DESIGN: Out ol 4 lled, 310 had " 20
for a UTL Th j " of a formulated JC (2T% juice] with ]
a standardized proanthacyanidns component. The placebo juice was formulated 1o imitate )
the flavor (sugas and acidity) and color of cranberry juice but without any cranberry of 20 |

proanthecyanidin content

EXPERIMENT: The 319 women were randomly split into two groups. One group (155 E w J
women) drank two 8 oz. glasses of CJC twice daty for & menths, The other group (164 %
women) drank two 8 oz glasses of placebo juice twice daily for & manths. Neither the 2 .| ig
h 2 » s 3 r
|
1

10
group was drinking which juice. E

based on self-1eporting.

The clinical asceszment consisted of analyzing clean-catch, mid-stream urine specimens LE

from the participants at the beginning of the study, and a1 3 and & manths, Self-coliected Mo Prvicus

wvaginal and rectal specimens were cullured for £ colf pathogens. Panicipants also
completed questionnaires at the beginning of the study. and at 3 and & months, regarding
any LTI symptoma a3 well 88 other pertinent medical infoemation

RESULTS: See figure. Of the 319 participants that started the study, 230 completed the
wntire study (116 in the CJC group and 114 in the placebo groupl. The presence of urinary
and vaginal symptoms aver the course of the study was similar between the two groups:
A positive LTI was based on a combination of symptoms and a wine culture positive for

pravious  UTI
umi

UTI History

| = Cranterry
1= Pacate

Risk of & recurting UTI by
history and juice assign-
men

& known uropathogen. Gastrointestinal symptoms were twice 8+ feguent in the placebo
greup % in the CJIC group.

CONCLUSIONS:
QUESTION 1: Was the hypothesis validated? Explain using the figure.
QUESTION & Expdain wiy this was & (4) randemized, (b double-bind and (c) placebo-confrolied study.

QUESTION 3 €an you think of any problems or caveats in the sef up and performance of this study that coukd make the
resuits questionsble?

Wou can find answers coling in Appendix E

e b i o, £ 4 3011 ke B ST 19-08

complete list of IMW boxes.

PRACTICE THROUGH THINKING AND DISCUSSING

One of the best ways to ensure mastery of a topic is through further thought and conversation. Again, the
application to what a student has read will not only indicate if he or she has mastered the material, but also

strengthen his or her critical thinking skills.

Many of the MICROINQUIRY BOXES, such as
the one on smallpox, provide an opportunity
for students to discuss what they have just
read—and may ask for an opinion.

Sometimes the content students are trying to
absorb becomes so dense they cannot “see
the forest for the trees.” Therefore, summary
figures, diagrams, and tables can help them
see the “forest.”” In the chapters on infectious
diseases of the body systems, such as the
one on the respiratory system, each ends
with a SUMMARY MAP of the agents and
diseases of that body system. Although the
students may not need to know all the agents
and diseases, a common “body map” will help
solidify their understanding.

MICROINQUIRY 23

of Disease Diag

Ancient Egyptian medical papyri from 1500 BC refer 1o
many different disease symptoms and treatments. Same
of these symptoms can 31ill be used to identify diseases
today. Thus, one of the most traditional “tocls” of diag-
nasis over the centuries has been a patient’s signs and
symproms. However, there are problems when relying
solely on these signs and symptoms. initially, many dis
eases display common symptoms. For example, the ini-
tial symploms of a hantavirus or anthrax infection are
very similar to those of the flu. Seme diseases do nat
display symptoms for perhaps weeks, months—or years
in the case of AIDS, Yet, it is impartant to identify these
digeases rapidly 80 that appropriste treatment, if possi-
ble, can be started

Serclogical [bload) tests have been used in the Uniled
States since about 1910 1o both diagnose and control

fnct Today's of
has browght newer tests that rely an identifying antibody-
mediated (humeeal) immune responses; that i, antibody
reactions with sntigens. Serolegy laboratories work with
serum or blood from patients suspected of having an

An FDA-approved home testing kit for
hepatitis C.

Conrtmy of Homs decosa Hasth Crperton

infecticus disease. The lab tests lock for the presence of
antibodies 1o known microbial antigens, Serclogical tests
that are seropositive indicate antibodses 10 the microbe
were detected, whereas a seronegative result means no
antibodies were detected in a patient’s serum

Let's use & hypothetical person, named Pat, who
“befieves” that 7 days ago he might have been exposed to

theatigh unp . Afesid

o Be: 0
to & nesghborheod cinic to be tested, Pat goes to a local
dnsgstore and purchases on owerthe-counter, FOA-ap
proved, hepatitis C home testing kit (see the sccompary-
ing figure), U i divice thy
with the kit, Pat peicks his little finger and puts a couple of
drops of blood onto a paper strip included with the kit. He
fills oun the paperwark and mails the paper #irip i a pre-
paid mailer (supplied in the kit) to a specific blood-testing
facility where the ELISA test is performed. In 10 business
days, Pat can call a toll-free number anorymeusly, iden
tify himself by & unique 14-digip -~ - -
testing kit, and ask for his test
can receive professional postal
cal referrals.

Later in the day, Pat runs intg
is & nurse. Pat explaing his “pre
anxiows about having to wait 10
He asks his friend some questic
Pow would you respond to Par
answers online i Appendix E
23.1a. What is ELISA and how

Z3.1b. You mention positive
your explanation of the
“What are positive an
why are they necessary

After your explanations, Pat st

you ta angwer

23.1c, Patsays, “So suppose.
mean | have hepatitis C

23.1d.  Pat says, “Okay, so if |
must be free of the vin

23.0e. M, indeed, Pat was 54
would you give him?
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Jones & Bartlett Learning offers an assortment of supplements to assist stu- Adenovirus Penetration
dents in mastering the concepts in this text.
Ay
e & ;
T
»
A . St v o
Animations: Engaging animations Lagen Move r
—

bring fascinating microbiology
phenomena to life! Each
animation guides students
through microbiology processes
and gauges students’ progress
and understanding with exercises
and assessment questions
introduced throughout each
narrated animation.

Bonus eBook content: Two bonus chapters, “Applied and Industrial
Microbiology” and “Environmental Microbiology,” are available online.

Industrial
Microbiology

The Mictotsal Ecology of Ghe

- 26 1 Water Polution includes Bislogical
Harmiul to Wat
memmmre  Environmental SEENEST
et - Ensures Safe Drinking Water
Microbiology el
26 3 Microbes Are ingsgendabie for

The year was 1857, and the

Koy Chemical Blements:

Finsted on Carben

Web Links: A variety of weblinks are
available that present external website
resources to continue your study of
microbiology and keep up-to-date on
what is happening in the field today.

and plant. Then, it dawned on him that

Light raicrascepe image ol gram-staned Clorruurs Gokulnm cola and sndasscnrs |oval smatbrgs]

]

Answer Key: Answers for the End-
of-Chapter Questions, as well as
the questions in the Microlnquiry,
Chapter Challenge, Clinical Case,
and Investigating the Microbial
World feature boxes are available
in the online Appendices D, E, and F
(accessible with access card).
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l TEACHING TOOLS

Jones & Bartlett Learning also has an array of supportive materials for instructors. Additional information
and review copies of any of the following items are available through your Jones & Bartlett sales representa-

tive or by going to http://www.jblearning.com.

The PowerPoint Lecture Outline presentation package
provides lecture notes and images for each chapter of the
text. Instructors with Microsoft PowerPoint software can
customize the outlines, art, and order of presentation.

The Image Bank in PowerPoint format provides images of
the illustrations, photographs, and tables (to which Jones
& Bartlett Learning holds the copyright or has permission
to reproduce digitally). These images are not for sale or
distribution, but you can copy individual images or tables
into your existing lecture presentations, test and quizzes,
or other classroom materials.

® 22.2 Serological Reactions Can Be
Used to Diagnose Disease

An Unlabeled Art Image Bank in PowerPoint format * Serologica) renctions have oot .
provides selected images from the text with the labels - Serology can help diagnose

removed so you can easily integrate them into your
lectures, assignments, or exams.

microbial infections.
Titration is the dilution
of antigen or antibody

solution to the most

(2

™ ] " - n w

favorable concentration.

+ The titer is the most dilute M —
concentration of serum Figure 23.09: The determination of titer.
antibody that reacts to its antigen.

* A rise in the titer ratio
(antibody:serum) indicates
3 - disease.
+ Enzymes lower the activation energy so a

reaction is more likely to occur. o
* Enzymes weaken chemical bonds in the substrate.

e b

+ Enzymes can: 2
* be made entirely of ’\::p}' -
protein or Cl
* contain a
- metal ion
(cofactor).
= 0r an organic
molecule .
(coenzyme). :

Figure 06.02: Enzymes and activation energy.

o Sonn B Bt g LA oy
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The Instructor's Manual, provided as a text file, includes an
Instructional Overview, Instructional Objectives, Key Terms
and Concepts, Chapter Teaching Points and Tips, and
Essay Questions.

A robust Test Bank, including hundreds of assessment
questions, is available.

Infectious Diseases: The Guide to Infectious Diseases by
Body Systems, Second Edition is an excellent ancillary tool
for learning about microbial diseases. Each of the fifteen
body systems units presents a brief introduction to the
anatomical system and the bacterial, viral, fungal, or
parasitic organism infecting the system.

Encounters in Microbiology: Encounters in Microbiology,
Volume |, Second Edition, and Volume Il bring together “Vital
Signs” articles from Discover magazine in which health
professionals use their knowledge of microbiology in their
medical cases.

Volume 1

Encounters in

Micrgbi_oiggy,

Second Editionis

PREFACE

Guide to
Infectious Diseases
by Body System

amkdited by
Volume 2 | JefeyCPRimenle

* Y
Encountersin -
iy ™ -

*
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XXIV

LABORATORY FUNDAMENTALS OF
MICROBIOLOGY, ELEVENTH EDITION

Read. See. Do. Connect.

ﬁTCRdBIOLOGY

WHAT'S NEW?

+ Every new lab manual is packaged with
access to over 110 minutes of NEW videos
that teach common lab skills and are tied to
the labs in the manual. Students clearly see
how to work safely in the lab setting, how
to use operating equipment, how to swab
cultures, and many more valuable lab skills.

+ NEW - all labs have been expanded and
reorganized to fit neatly into new sections

+ Features NEW introductions for each section

+ Contains NEW full-color photos and
micrograph examples

+ Updated with NEW exercises and
assessments

LABORATORY EXERCISES

Packaged With Access To
NEW Videos That Teach
Common Lab Skills

BUNDLE
AND SAVE

BUNDLE Fundamentals
of Microbiology,
Eleventh Edition WITH
Laboratory Fundamentals of Microbiology,
Eleventh Edition and SAVE

This all-inclusive bundle contains the textbook
and the laboratory manual with access to
Fundamentals of Microbiology Laboratory Videos,
all for only $25 more than the printed textbook
alone.

Bundle ISBN: 978-1-284-14396-6

Visit go.jblearning.com/PommervilleLabManual to view a sample video, sample lab exercises, and to see

the complete list of 99 laboratory exercises.
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XXV

FUNDAMENTALS OF MICROBIOLOGY
LABORATORY VIDEOS

The Ultimate Microbiology Laboratory Experience

Welcome to the ultimate microbiology laboratory
experience, with 110 minutes of instructor chosen,
high-quality videos of actual students performing the
most common lab skills, procedures, and techniques.
From lab safety to microscopy to bacterial staining
techniques, nowhere else will you find a more
comprehensive and customized microbiology video
program. Jeffrey Pommerville provides narration,
context, and rationale for the on-screen action, and Skills
Checklists are available online to record progress and for

value video!

+ 34 videos and over 110 minutes of quality production-

+ Visually demonstrates common skills typically
covered in an introductory undergraduate
microbiology lab (safety protocols, operating
equipment, swabbing cultures, etc.)

- Jeffrey Pommerville provides the educational context
for each lab skill, and actual students perform the
technigues in a typical undergraduate lab setting

assignability. Fundamentals of Microbiology Laboratory « Skills Checklists on PDF allows students to record

Videos is the perfect companion to any modern

microbiology laboratory course.

BUNDLE AND SAVE

BUNDLE Fundamentals of Microbiology, Eleventh
Edition WITH Fundamentals of Microbiology

Laboratory Videos and SAVE

This bundle includes the textbook and standalone access to the lab
skills videos for only $25 more than the printed textbook alone.

Bundle ISBN: 978-1-284-14435-2

LABORATORY VIDEOS

progress and instructors to assign lab activities

STANDALONE
ACCESS

Get the complete
Fundamentals of Microbiology
Laboratory Videos series for
$99.95/user for one year's
access.

Section: Lab Safety

Laboratory Safety

Cleaning Up a Culture Spill

Section: Laboratory Techniques and

Skills

How To Use a Gas Burner / Bacti-
Cinerator to Sterilize an Inoculating
Loop / Needle

Broth-To-Broth

Broth-To-Agar

Four-Way Streak Plate

Preparing the Pour Plate

Transferring a Solution with a Pipette

How To Make a Serial Dilution

Section: Microscopy

How To Use the Light Microscope:
Identifying the Parts

Measuring Cell Size

Section: Bacterial Staining Techniques

How To Make a Bacterial Smear

How To Make a Simple Stain Technique

How To Make a Negative Stain
Preparation

Preparing a Gram Stain

Preparing an Endospore Stain

How To Make a Capsule Stain
Preparation

How To Make a Hanging Drop
Preparation

Section: Control of Microorganisms

How To Prepare a Disk Diffusion Assay

How To Prepare the Kirby-Bauer Test

Section: Measuring Population Growth

How To Use a Petroff-Hausser Chamber

How To Prepare a Standard Plate Count

How To Use a Spectrophotometer

Section: Medical Microbiology

Preparing the Acid-Fast Stain

Oxidase Test

IMViC: Indole Test

IMVIC: Methyl Red Test

IMViC: Voges-Proskauer Test

IMVIC: Citrate Test

Section: Identification of a Bacterial

Unknown

Biochemical Tests: Carbohydrate
Fermentation

Starch Hydrolysis Test

Catalase Test

Hydrogen Sulfate

Urease Test

Visit go.jblearning.com/PommervilleLabVideos to view a sample video @
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Throughout all my years of teaching at univer-
sities and colleges, I have had great fortune of work-
ing with great colleagues and outstanding students.
My students keep me on my toes in the classroom,
require me to always be prepared, and let me know
when a topic or concept was not conveyed in as clear
and understandable a way as it could (or should) be.
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me to continually assess my instruction, and make
it the best it can be. I salute all my former students—
and I hope those of you who read this text will let me
know what works and what still needs improvement
to make your learning effective, enjoyable, and most
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Today, I am a micro-
biologist, researcher,
and science educa-
tor. My plans did not
start with that intent.
While in high school
in Santa Barbara,
California, I wanted
to play professional
baseball, study the
stars, and own a ’66
Corvette. None of
those desires would
come true—as a high school baseball player my bat-
ting average was miserable (but I was a good defen-
sive fielder), I hated the astronomy correspondence
course I took in high school, and I never bought that
Corvette.

I found an interest in biology at Santa Barbara
City College. After squeaking through college cal-
culus, I transferred to the University of California
at Santa Barbara (UCSB) where I received a B.S. in
biology and stayed on to pursue a Ph.D. degree in
the lab of Tan Ross studying cell communication and
sexual pheromones in a water mold. After receiving
my doctorate in cell and organismal biology, my
graduation was written up in the local newspaper
as a native son who was a fungal sex biologist—an
image that was not lost on my three older brothers!

While in graduate school at UCSB, I rescued a sec-
retary in distress from being licked to death by a Ger-
man shepherd. Within a year, we were married (the
secretary and I). When I finished my doctoral thesis,
I spent several years as a postdoctoral fellow at the
University of Georgia. Worried that I was involved in
too many research projects, a faculty member told
me something I will never forget. He said, “Jeff, it’s
when you can’t think of a project or what to do that
you need to worry.” Well, I have never had to worry!

B Dedication

Moving to Texas A&M University, I spent 8 years
in teaching and research—and telling Aggie jokes.
Toward the end of this time, I realized I had a real
interest in teaching and education. Leaving the sex
biologist nomen behind, I headed farther west to
Arizona to join the biology faculty at Glendale Com-
munity College, where I continue to teach introduc-
tory biology and microbiology.

I have been lucky to be part of several educa-
tional research projects. I was project director and
lead principal investigator for a National Science
Foundation grant to improve student outcomes in
science through changes in curriculum and peda-
gogy. This culminated in my being honored with the
Gustav Ohaus Award (College Division) for Innova-
tions in Science Teaching from the National Science
Teachers Association.

For 6 years I was the Perspectives Editor for the
Journal of Microbiology and Biology Education, the
education research journal of the American Soci-
ety for Microbiology (ASM). I have been co-chair
for the ASM Conference for Undergraduate Edu-
cators and chair of the Undergraduate Education
Division of ASM. My dedication to teaching and
mentoring students has been recognized by an
Outstanding Instructor Award at Glendale Commu-
nity College and, nationally, the Carski Foundation
Distinguished Undergraduate Teaching Award for
distinguished teaching of microbiology to under-
graduate students and encouraging them to subse-
quent achievement.

I mention all this not to impress, but to show
how the road of life sometimes offers opportunities
in unexpected and unplanned ways. The key though
is keeping your “hands on the wheel and your eyes
on the prize;” then unlimited opportunities will
come your way. And, hey, who knows—maybe that
’66 Corvette could be in my garage yet.

This is the fifth edition of Fundamentals of Microbiology that I have authored. Over these 14 years, I have spent
countless months revising and updating the text, often unintentionally neglecting time that should be spent
with my wife. Therefore, I dedicate this eleventh edition of the textbook to my wife, Yvonne. She always has
supported my passion for teaching and has encouraged me to push forward throughout the textbook revision,
often providing valuable and constructive suggestions. Thanks for your support and encouragement, and

enduring love through the years.
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TO THE STUDENT—-STUDY SMART

Your success in microbiology and any college or uni-
versity course will depend on your ability to study
effectively and efficiently. Therefore, this textbook
was designed with you, the student, in mind. The
text’s organization will help you improve your learn-
ing and understanding and, ultimately, your grades.
The learning design concept described in the Pref-
ace and illustrated below reflects this organization.
Study it carefully, and, if you adopt the flow of study
shown, you should be a big step ahead in your prep-
aration and understanding of microbiology—and for
that matter any subject you are taking.

When I was an undergraduate student, I hardly
ever read the “To the Student” section (if indeed one
existed) in my textbooks because the section rarely
contained any information of importance. This one
does, so please read on.

In college, I was a mediocre student until my
junior year. Why? Mainly because I did not know
how to study properly, and, important here, I did not
know how to read a textbook effectively. My text-
books were filled with underlined sentences (high-
lighters hadn’t been invented yet!) without any plan
on how I would use this “emphasized” information.
In fact, most textbooks assume you know how to
read a textbook properly. I didn’t, and you might
not, either.

Reading a textbook is difficult if you are not
properly prepared. So that you can take advantage
of what I learned as a student and have learned
from instructing thousands of students, I have
worked hard to make this text user friendly with a
reading style that is not threatening or complicated.
Still, there is a substantial amount of information
to learn and understand, so having the appropriate
reading and comprehension skills is critical. There-
fore, I encourage you to spend 30 minutes reading
this section, as I am going to give you several tips
and suggestions for acquiring those skills. Let me
show you how to be an active reader. Note: the Stu-
dent Study Guide also contains similar information
on how to take notes from the text, how to study,
how to take class (lecture) notes, how to prepare for
and take exams, and perhaps most important for
you, how to manage your time effectively. It all is
part of this “learning design,” my wish to make you
a better student.

l Be a Prepared Reader

Before you jump into reading a section of a chap-
ter in this text, prepare yourself by finding the place
and time and having the tools for study.

Place. Where are you right now as you read these
lines? Are you in a quiet library or at home? If at home,
are there any distractions, such as loud music, a blar-
ing television, or screaming kids? Is the lighting ade-
quate to read? Are you sitting at a desk or lounging on
the living room sofa? Get where [ am going? When you
read for an educational purpose—that is, to learn and
understand something—you need to maximize the
environment for reading. Yes, it should be comfortable
but not to the point that you will doze off.

Time. All of us have different times during the
day when we perform some skill, be it exercising or
reading, the best. The last thing you want to do is
read when you are tired or simply not “in tune” for
the job that needs to be done. You cannot learn and
understand the information if you fall asleep or lack
a positive attitude. I have kept the chapters in this
text to about the same length so you can estimate
the time necessary for each and plan your read-
ing accordingly. If you have done your preliminary
survey of the chapter or chapter section, you can
determine about how much time you will need. If
40 minutes is needed to read—and comprehend (see
below)—a section of a chapter, find the place and time
that will give you 40 minutes of uninterrupted study.
Brain research suggests that most people’s brains
cannot spend more than 45 minutes in concentrated,
technical reading. Therefore, I have avoided lengthy
presentations and instead have focused on smaller
sections, each with its own heading. These should
accommodate shorter reading periods.

Reading Tools. Lastly, as you read this, what
study tools do you have at your side? Do you have
a highlighter or pen for emphasizing or underlin-
ing important words or phrases? Notice, the text has
wide margins, which allow you to make notes or to
indicate something that needs further clarification.
Do you have a pencil or pen handy to make these
notes? Or, if you do not want to “deface” the text,
make your notes in a notebook. Lastly, some stu-
dents find having a ruler is useful to prevent your
eyes from wandering on the page and to read each
line without distraction.
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H Be an Explorer Before You
Read

When you sit down to read a section of a chapter,
do some preliminary exploring. Look at the sec-
tion head and subheadings to get an idea of what
is discussed. Preview any diagrams, photographs,
tables, graphs, or other visuals used. They give you
a better idea of what is going to occur. We have
used a good deal of space in the text for these fea-
tures, so use them to your advantage. They will
help you learn the written information and com-
prehend its meaning. Do not try to understand
all the visuals, but try to generate a mental “big
picture” of what is to come. Familiarize yourself
with any symbols or technical jargon that might
be used in the visuals.

The end of each chapter contains a Summary of
Key Concepts for that chapter. It is a good idea to
read the summary before delving into the chapter.
That way you will have a framework for the chapter
before filling in the nitty-gritty information.

Bl Be a Detective as You Read

Reading a section of a textbook is not the same
as reading a novel. With a textbook, you need to
uncover the important information (the terms and
concepts) from the forest of words on the page. So,
the first thing to do is read the complete paragraph.
When you have determined the main ideas, high-
light or underline them. However, I have seen stu-
dents highlighting the entire paragraph in yellow,
including every a, the, and and. This is an example
of highlighting before knowing what is important.
So, I have helped you out somewhat. Important
terms and concepts are in bold face followed by the
definition. So only highlight or underline with a pen
essential ideas and key phrases—not complete sen-
tences, if possible. By the way, the important micro-
biological terms and major concepts are also in the
Glossary at the back of the text.

What if a paragraph or section has no boldfaced
words? How do you find what is important here?
From an English course, you may know that often
the most important information is mentioned first
in the paragraph. If it is followed by one or more
examples, then you can backtrack and know what
was important in the paragraph. In addition, I have
added section “speed bumps” (called Concept and
Reasoning Checks) to let you test your learning and
understanding before getting too far ahead in the

material. These checks also are clues to what was
important in the section you just read.

l Be a Repetitious Student

Brain research has shown that each individual can
only hold so much information in short-term mem-
ory. If you try to hold more, then something else
needs to be removed—sort of like a full computer
disk. So that you do not lose any of this important
information, you need to transfer it to long-term
memory—to the hard drive if you will. In reading
and studying, this means retaining the term or con-
cept; so, write it out in your notebook using your
own words. Memorizing a term does not mean
you have learned the term or that you understand
the concept. By actively writing it out in your own
words, you are forced to think and actively inter-
act with the information. This repetition reinforces
your learning.

H Be a Patient Student

In textbooks, you cannot read at the speed that you
read your e-mail or a magazine story. There are
unfamiliar details to be learned and understood—
and this requires being a patient, slower reader.
Actually, if you are not a fast reader to begin with, as
I am, it may be an advantage in your learning pro-
cess. Identifying the important information from a
textbook chapter requires you to slow down your
reading speed. Speed-reading is of no value here.

H Know the What, Why, and
Howr

Have you ever read something only to say, “I have
no idea what I read!” As I’ve already mentioned,
reading a microbiology text is not the same as read-
ing Sports Illustrated or People magazine. In these
entertainment magazines, you read passively for
leisure or perhaps amusement. In Fundamentals
of Microbiology, Eleventh Edition, you must read
actively for learning and understanding—that is, for
comprehension. This can quickly lead to boredom
unless you engage your brain as you read—that is,
be an active reader. Do this by knowing the what,
why, and how of your reading.

» What is the general topic or idea being dis-
cussed? This often is easy to determine be-
cause the section heading might tell you. If
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not, then it will appear in the first sentence
or beginning part of the paragraph.

» Why is this information important? If I
have done my job, the text section will tell
you why it is important, or the examples
provided will drive the importance home.
These surrounding clues further explain
why the main idea was important.

» How do I “mine” the information presented?
This was discussed under being a detective.

l A Marked-Up Reading
Example

So let’s put words into action. Below is a passage
from the text. I have marked up the passage as if I
were a student reading it for the first time. It uses

many of the hints and suggestions I have provided.—]

Remember, it is important to read the passage
slowly and concentrate on the main idea (concept)
and the special terms that apply.

B KEY CONCEPT 4.4 Most Prokaryotic

The cell envelope is a complex structure that forms the
two “wrappings”—the cell wall and the cell mem-
brane—around the cell cytoplasm. The cell envelope
helps protect the integrity of the cell. However, the cell
wall is relatively porous to the diffusion of substances,
so the cell membrane controls the transport of nutri-
ents and metabolic products into and out of the cell.

The Bacterial Cell Wall Is a Tough and
Protective External Shell

A key feature of most prokaryotic cells is the cell —o—

wall. By covering the entire cell surface, the cell
wall acts as an exoskeleton to provide structural
integrity to the cell and, along with the cytoplasmic
cytoskeleton, to provide cell shape. The cell wall
also anchors other molecules (i.e., pili and flagella)
that extend out from the cell surface.

The cell wall prevents the cell from expanding
and bursting due to the high osmotic forces push-
ing against the cell membrane. Most microbes live
in an environment where there are more dissolved
materials inside the cell than outside. The hyper-
tonic condition in the cytoplasm means water dif-
fuses inward, accounting for the increased osmotic
pressure. Without a cell wall, the cell would rupture
through a process called osmotic lysis (FIGURE 4.9).
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l Have a Debriefing Strategy

After reading the material, be ready to debrief.
Verbally summarize what you have learned. This
will start moving the short-term information into
the long-term memory storage—that is, retention.
Any notes you made concerning confusing material
should be discussed as soon as possible with your
instructor. For microbiology, allow time to draw out
diagrams. Again, repetition makes for easier learn-
ing and better retention.

In many professions, such as sports or the the-
ater, the name of the game is practice, practice, prac-
tice. The hints and suggestions I have given you form
a skill that requires practice to perfect and use effi-
ciently. Be patient, things will not happen overnight;
perseverance and willingness though will pay off
with practice. You might also check with your college
or university academic (or learning) resource center.
These folks will have more ways to help you to read a
textbook better and to study well overall.

H Concept Maps

In science as well as in other subjects you take at the
college or university, there often are concepts that
appear abstract or simply so complex that they are
difficult to understand. A concept map is one tool to
help you enhance your abilities to think and learn.
Critical reasoning and the ability to make connec-
tions between complex, nonlinear information are
essential to your studies and career.

Concept maps are a learning tool designed to
represent complex or abstract information visually.
Neurobiologists and psychologists tell us that the
brain’s primary function is to take incoming infor-
mation and interpret it in a meaningful or practi-
cal way. They also have found that the brain has an
easier time making sense of information when it is
presented in a visual format. Importantly, concept
maps not only present the information in “visual
sentences” but also take paragraphs of material and
present it in an “at-a-glance” format. Therefore, you
can use concept maps to

» Communicate and organize complex ideas
in a meaningful way

» Aid your learning by seeing connections
within or between concepts and knowledge

» Assess your understanding or diagnose
misunderstanding
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There are many different types of concept
maps. The two most used in this textbook
are the process map or flow chart and the
hierarchical map. The hierarchical map
starts with a general concept (the most
inclusive word or phrase) at the top of the
map and descends downward using more
specific, less general words or terms. In
several chapters in this textbook process
or hierarchical maps are drawn—and you
have the opportunity to construct your own
hierarchical maps as well.

Concept mapping is the strategy used to pro-
duce a concept map. So, let’s see how one makes a
hierarchical map.

How to Construct a Concept Map

1.

Print the central idea (concept or question
to be mapped) in a box at the top center of a
blank, unlined piece of paper. Use uppercase
letters to identify the central idea.
Once the concept has been selected, identify
the key terms (words or short phrases) that
apply to or stem from the concept. Often
these may be given to you as a list. If you
have read a section of a text, you can extract
the terms from that material, as the words
are usually boldfaced or italicized.

Now, from this list, try to create a hierarchy

for the terms you have identified; that

is, list them from the most general, most
inclusive to the least general, most specific.

This ranking may only be approximate and

subject to change as you begin mapping.

Construct a preliminary concept map. This

can be done by writing all of the terms on

Post-its®, which can be moved around easily

on a large piece of paper. This is necessary

as one begins to struggle with the process of
building a good hierarchical organization.

The concept map connects terms associated

with a concept in the following way:

e The relationship between the concept
and the first term(s), and between terms,
is connected by an arrow pointing in the
direction of the relationship (usually
downward or horizontal if connecting
related terms).

e Each arrow should have a label, a
very short phrase that explains the
relationship with the next term. In the
end, each link with a label reads like a
sentence.

Once you have your map completed, redraw

it in a more permanent form. Box in all terms

that were on the sticky notes. Remember

there may be more than one way to draw a

good concept map, and don’t be scared off

if at first you have some problems mapping;
mapping will become more apparent to you

after you have practiced this technique a

few times using the opportunities given to

you in the early chapters of the textbook.

Now look at the map and see if it answers

the following. Does it:

e Define clearly the central idea by
positioning it in the center of the page?

e Place all the terms in a logical hierarchy
and indicate clearly the relative
importance of each term?

« Allow you to figure out the relationships
among the key ideas more easily?

e Permit you to see all the information
visually on one page?

e Allow vyou to visualize
relationships more easily?

e Make recall and review more efficient?

complex

Example

After reading the section on “Protein Synthesis,” a
student makes a list of the terms used and maps the
concept. Using the steps outlined above, the student
produces the following hierarchical map. Does it
satisfy all the questions asked in (7)?

Practical Uses for Mapping

>

Summarizing textbook readings. Use
mapping to summarize a chapter section or
a whole chapter in a textbook. This purpose
for mapping is used many times in this text.
Summarizing lectures. Although producing
a concept map during the classroom period
may not be the best use of the time, making
a concept map or maps from the material
after class will help you remember the
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EXPOSURE TO THE TUBERCLE BACILLI |

70% will have l
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FIGURE 11.17 A Concept Map for Tuberculosis. The stages of tuberculosis infection and disease are shown. (“+" or “~" rep-
resents positive or negative test results.) »» How does TB infection differ from active TB disease?

important points and encourage high-level,
critical reasoning, which is so important in
university and college studies.

Reviewing for an exam. Having concept maps
made ahead of time can be a very useful
and productive way to study for an exam,
particularly if the emphasis of the course
is on understanding and applying abstract,
theoretical material, rather than on simply
reproducing memorized information.
Working on an essay. Mapping also is a
powerful tool to use during the early stages
of writing a course essay or term paper.
Making a concept map before you write
the first rough draft can help you see and
ensure you have the important points and
information you will want to make.

H Send Me a Note

In closing, I would like to invite you to write me and
let me know what is good about this textbook so I
can build on it and what may need improvement so
I can revise it. Also, I would be pleased to hear about
any news of microbiology in your community, and
I’d be happy to help you locate any information not
covered in the text.

I wish you great success in your microbiology
course. Welcome! Let’s now plunge into the won-
derful and often awesome world of microorganisms.

—Dr. P
Email: jeffrey.pommerville@gccaz.edu
Web site: http://www.gccaz.edu/directory/jeffrey-pommerville
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