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. 1 hope it is very use-
ful in vour 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!

Hl A Concept-Based Curriculum

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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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.

The structure and function of microarganisms have been revealed by the use of microscopy.
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.

Bacteria and Archaea exhibit extensive, and often unique, metabalic diversity.

The interactions of microorganisms among themselves and with their environment are
determined by their metabolic abilities. ;i

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.

Genetic variations can impact microbial functions.

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.

Microorganisms are ubiguitous 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.

Microbes are essential for life, as we know it, and the processes that support life.
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.
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Bl What's New in This Edition

When you read this text, you get a global perspective on microbiology and lnfectmus 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.

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

i 1B meep modhen N He

ey e —— . ‘ Disease Control and Prevention.
.
|
1

By dacior md reshosl whidinis,

Speored WaaTey (BAsm o the
wars beaspdal e by mednines e

st Wl om chbdbad Tea wen 1§
fioes tha # T Il o R [l i
Ba i mverin o the il stal ol E [
e P Dvvm o, e Serwraine I
abad Tod o asplenadion %o tha I
Fegh rexiniy kb deaas L]
ot of the Ted e el Wil atributsd
o s ail ceathin of pspaeid

NEW Investigating the
Microbial World boxes

ot e i e el e I—Vd’fa’fﬂi‘*’a’fﬁf&’f:

Rk aaan] Bk, o tarch o mam':wm?:p‘,ﬁ“ﬁ I thin Imrkgariv e bbamubiad Wl rathr 11 |0k o7 e sty 5 mts ansbym in premeried. The are actual experiments
e oA 168 BTGE S OO Corp e the et 13 thawe e meond e [RARRS 64 (955 A 4 8 "0 e ey pieeas 2ud sed pearemeen misarch s wik T am of : :
I I red coas
T Focuuad aa stencig 1 bitha asd dd Exvsioping 3 %3, Soneine coadunat bor o e sty eains {abﬂdgE‘d} that require you
e arwia I PG g2 o BN R ey popela i e T rean
revany 5 he i Tk, Tl aet s s s S S Sy e e ol St 8 T Tl Bl e e o e ¥ to apply the process of
e e i Thas e rmap K b en 1o aheg 1T C 13 BT O 038 Th MIG o § G, ] Syrisiene » e
“mnwmlzrﬁmwﬂmmmmﬁpmmu rmn::mc.:fnnmmmuzfmaimo:bmrm d $C|E“C? and use quamﬂa‘tl‘fe
_1-?;:'“‘“ & et o AR ATERG EIdy SERCIN O R O CF FRas sl Apng Thr vty pricd mﬁ-ﬂ?ﬁum reasoning. Even thﬂugh
el vimberis o it o Bl Bcbon of slesre 1 o et B e o L Lot ULl e e o e e 3 P o u probably ar t qoi
m:mﬂﬂmﬂdﬁ"ﬁ'ﬂqﬁm'w'm““ skt thres curmban o 3 o ol FyRaseTE you pro ¥ are not going
A S i s v i 1SS EMIASE [bereabo e parecigis K ememet, OGS Fosmeii i e g o | to become practicing
e e b varen piby MRtk Limrsiore) ULADS (o wwd rechidsal Diecsl e st ] el el ol Someon iodebes datebes] - - - e
.—qmﬁrmmmn-dh-mhmanmn i mMr-\ex:;:?_:ehn:wml-emmdl-unudmmmﬂlhmmmnum mlcmblﬂlﬂglsts_ the ﬂblllt‘l‘ tD
e oy f
Pyl ey e I T el ? L e e
& Wiy ean e i rcdmes masas 5 bwin an caa T It Fob e T =z ol
AL o s e et ol ahd Mt vt temnerminesd 1o raaneod 1y parkees i tha P F"“-".' im::-mc-nm{:-wmmpr;&;r:uqmrc s e scientific data an EVI_IﬂEI‘ICE
e . Vet i ioov st i S of the natural world will be
e iors e e hoctors” g B Cleee v are' e Sty Po91248 31 SO0y Syeicnl gamcinn brasmiae re st -t el
1_ll-hl- m.-l wmm‘-‘ m;wm | m}e Thitraw Cuie H:‘r:-lw . nnmhmﬂmmﬂmmlm important in yﬂur career,

paT
Iria hwa pabgraup: mur:dﬁmmmmm*wuﬁrmmhlgmmwwad
1) cIAGHE gy BTt s Dy bl o e p Bl o of mboren C parreapond 1o 6 gt o pe oy waght

RESILTE: S Vi () aved (B,

Whike o s Enped o 011 Ehe poatd ol Merwbm hecstorm camst of sosthes Biioe) n 1557 achertmh From e s Plarck
Insiuly dor Marre Wioroheiogy ouns 8 Sechmisl o o Simat seTehs 4o e e Poos Thess chaine of
pheical v e [ b Al we e |0t D00 o b s tes with e 0 T - the mmanes ol e il
i 11 semnen, The! yekae s abast & reilion tires gl Bun Tal of Enteatis ool "he ovl, whimiog ofite ot
ancizes uHur qranaler, adwe | bs 8 oiring af pasrk. Thar, 5 Bacheisl sascke was ramwd Mhorasgury o bied
(g, "B ] s, ARSver ooney rlated s AR chboverid 8 158 Al of Lo in SU08

i s D i vty L i moimt D Pl o) ) ety bt v St ey, he ool opfeplonn b sleneed
guirat ol merbrane nih mask of e vohare fates iz s by lige ookl atorage s

i e clfver sad of the sre spactum a the acrceled rercbacens. i an aralyss of greiieee wa
Depurtaeat of Fregy Fessuth sre o Colnady, soiatans saomessd il ot wee o sral o 250 e 0026 prag
in daratk, nale than pare Aasan nmn-rrulr-inhlu-.nl wasigh valwrw lat THA and sbout
rboacaas, be by arobable o s sosl. infzrraly caled et pryla
rediiien [EPAL N Sary pwnaT, Sarkap s mm h-'ww T4 0 4B B 1 G 1 F LAY

e W e gL hm bem

it e 1o Merord M o ron Ripusain et Feci g akiarmia [uee Figuan B Thary are part o s revw wc el
sapergroap calbee TACK. By compan sy, i ook a18 thiss Bmwes b 802 U 16 100 B the ool vl &l (98 gl
TaiE cu i

i thashrach fmting A% rach Rnoa s skl e

ul.ufil}mr\:lllmhﬂmﬂluh“mmumndlwﬂlhkmamMthh
seBALing v T oo,

o = S MEW and revised MicroFocus boxes explore interesting
e RN i s W] oo Ty oo e PRy Py topics applying microbiclogy and microorganisms to the

everyday world.



b PREFACE

NEW and revised Microlnquiry boxes allow you 1o
investigate (usually interactively) some important aspect
of the chapter being studied.
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NEW Chapter Self-Test organization outlines
the important concepts in the chapters
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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

T : guestions requiring students to reason
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B 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

« New Clinical Case study

» Modified Microlnquiry feature

*« Two new and one revised and updated
MicroFocus feature

+ Chapter Self-Test redesigned

Chapter 2 The Chemical Building Blocks of Life

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

Chapter 3 Concepts and Tools for Studying
Microorganisms

» New discussion on the importance of cell size

« New MicroFocus feature on very small cells

» More basic information on eukarvotic
organelles

= New text material on endosymbiosis

» New Microinquiry feature on microbial
identification

« Chapter Self-Test redesigned

Chapter 4 Structure and Organization of
Prokaryotic Cells

« New Microlnquiry feature on biofilms

» New information on bacterial cell
compartments

» Chapter Self-Test redesigned

Chapter 5 Microbial Growth and Nutrition

« New information on biofilm growth

+  New and revised MicroFocus features

» New section on chemical factors influencing
microbial growth

« 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

* New information on bacterial genomes

» New information on organelle DNA

» Revised section on mutations

» Chapter Self-Test redesigned

Chapter 8 Gene Transfer, Genetic Engineering,
and Genomics

New Clinical Case study

Added discussion on bioethics in biotechnology
Several new figures

Chapter Self-Test redesigned

Chapter 9 Control of Microorganisms: Physical
Methods and Chemical Agents

+« New Investigating the Microbial World
= Chapter Self-Test redesigned

Chapter 10 Control of Microorganisms:

Antimicrobial Drugs and Superbugs

Formerly Chapter 24

* New Investigating the Microbial World box on
antibiotic resistance

* Chapter Self-Test redesigned

Chapter 11 Airborne Bacterial Diseases

» Expanded discussion of the human respiratory
microbiome

+ Revised material on pertussis and tuberculosis

+ Revised tables

» Chapter Self-Test redesigned

Chapter 12 Foodborne and Waterborne Bacterial
Diseases

»  New MicroFocus feature on probiotics

= Expanded discussion of the human gut
microbiome

» New figures on oral health

« Revised tables

» 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

L] - - -

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 redesi gned

Chapter 15 The Viruses and Virus-Like Agents

. New information of giant viruses
« New figures and art
« 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
» MNew figure on recent mumps outbreaks

« Chapter Self-Test redesigned

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

« 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

s Chapter Self-Test redesigned

Chapter 18 Eukaryotic Microorganisms:
The Fungi

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

Chapter 19 Eukaryotic Microorganisms:
The Parasites

« New Clinical Case study
« Chapter Self-Test redesigned

Chapter 20 The Host-Microbe Relationship and
Epidemiology

New tables

Several figures redesigned

Narrative reorganized

Chapter Self-Test redesigned

Chapter 21 Resistance and the Immune System:
Innate Immunity

« New tables
+ New figure for inflammation
+ Chapter Self-Test redesigned

Chapter 22 Resistance and the Immune System:
Adaptive Immunity

» Revised figures
. Chapter Self-Test redesigned

Chapter 23 Immunity and Serology

« Two Mi:truFocus features revised
« Chapter Self-Test redesigned

Chapter 24 Immunization and Serology

« Update on AIDS
+ New figures
« Chapter Self-Test redesigned

Chapter 25 Applied and Industrial Microbiology

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

« Chapter Self-Test redesigned

Chapter 26 Environmental Microbiology

Chapter completely revised to incorporate some

material from previous edition Chapter 27

« New chapter opener

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

« Chapter Self-Test redesigned



