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xix

our health in beneficial and harmful ways. In fact, today 
we now know our human microbiome plays even more 
roles in our health and represents just one of the updated 
topics in this textbook that makes microbiology one of the 
most exciting and interesting sciences. It also shows why 
it is important for you, as a student of microbiology and a 
current/future healthcare professional, to understand the 
basics of microbiology and the means by which microbes 
can keep us healthy or make us more susceptible to 
disease.

Having taught microbiology for over 25 years, I know 
students going into nursing or an allied health field can 
struggle with some areas of science and biology, depending 
on their background. Importantly, this textbook is 
designed to be easily approachable by students with and 
without a strong biology background. To facilitate your 
studies and coordinate it with class material, I developed 
a “learning design” format for the textbook (described 
below) to make reading easier, studying more efficient, 
and learning uncomplicated. The design allows you to 
better evaluate your learning and provides you with 
the tools needed to probe your understanding—that is, 
chapter learning aids and assessment drills to evaluate 
your progress. Realize a prepared student knows her or 
his mastery before an exam—not as a result of the exam!

I am excited and honored that you are using and 
reading this new, third edition of Fundamentals of 
Microbiology: Body Systems Edition. I hope it is very 
useful in your studies and also enjoyable to read. Always 
take time to read the sidebars (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!

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 

Good HeALtH meAnS BeinG An  
AmiABLe HoSt
If you are hosting a party, you want to make sure your 
home is inviting to your guests. When the guests arrive, 
they tend to spread out through your home, with many 
typically finding the kitchen to be an inviting spot. The 
same holds true for your body. Each of us is home and 
host to an enormous community of long term guests, spe-
cifically microbes known as the human microbiome. And 
just as guests at a party usually far outnumber the hosts, 
the cells composing the microbiome outnumber our own  
human cells by at least 10 to 1. Of these microbial guests, 
the vast majority find the gut to be a very inviting spot.

You also make your party inviting by serving your 
guests food and drink. But suppose you only served vegan 
foods. Most of the meat-eating guests would shy away. 
Similarly, if you only had salami and roast beef, the vegans 
would draw back. In fact, depending on what foods you 
serve, guests may actually leave your party.

Well, the same holds true for your gut. Depending 
on your diet, your microbiome can change rapidly. 
More importantly, the change can have more serious 
consequences than some friends leaving your party. For 
example, if a group of individuals on their “normal” diet 
is switched to a diet rich in grains, fruits, and vegetables, 
there is a rapid rise in the number of bacteria producing 
chemicals known to reduce chronic inflammation in the 
digestive tract that is associated with inflammatory bowel 
diseases such as Crohn’s disease and ulcerative colitis.

Alternatively, if another group is switched to a high 
meat, egg, and cheese diet, their gut microbiome changes 
within 24 hours, but in the long term to one linked with 
an increased risk of the chronic inflammatory conditions 
mentioned above. So, like the party, to be an amiable 
host to all your gut microbes, perhaps maintaining a 
varied diet—not overly animal dominated—is one very 
important factor to maintaining good health.

Ten years ago, few scientists and health experts would 
have predicted microbes had this ability to directly affect 

Preface
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xx Preface

 ■ NEW Chapter Challenges provide stimulating 
activities to extend your thinking beyond the basic 
concepts and ideas presented in each chapter. They 
will help you develop the critical thinking skills 
needed for your future career in nursing or an allied 
health field.

incorporated many suggestions made by my colleagues, 
by emails received from microbiology 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 Disease 
Control and Prevention.

428 Chapter 13: The Viruses and Virus-Like Agents

particles. Much further south in the Antarctic’s 
Lake Limnopolar, a freshwater lake that is frozen 
nine months of the year, scientists have found 
bacterial cells, protists, and—yes—viruses. 
Again, huge numbers are present, representing 
perhaps 10,000 di� erent types, making the lake 
one of the most diverse virus communities in 
the world. Even the world’s oceans are � lled 
with viruses. For example, Rachel Parsons 
and her collaborators have detected enormous 
virus populations in the western Atlantic 
(  FIGURE 13.1FIGURE 13.1FIGURE 13.1   ). 

  � e number of bacterial viruses alone on 
Earth exceeds 10 30 , and, as described above, 
scientists and microbiologists are � nding them 
faster than they can make sense of them. In fact, 
the planet’s most abundant “coterrestrials” are 
the viruses, the majority infecting the microbes. 
� is so-called  virosphere  exists, as Suttle’s lab 
explains, “ wherever life is found; it is a major 
cause of  [morbidity and]  mortality, a driver of 
global geochemical cycles, and a reservoir of the 
greatest unexplored genetic diversity on Earth. ” 
And they are a major driving force for evolution 
because each virus infection has the potential 
to introduce new genetic information into just 
about any organism in the domains Bacteria, 

  FIGURE 13.1FIGURE 13.1FIGURE 13.1   The Virosphere.         Viruses can be found 
wherever life exists. This includes huge, open expanses 
such as the world’s oceans. The larger, fluorescent dots 
are bacterial cells and the smaller spots marine bacterial 
viruses. Courtesy of Rachel Parsons, Bermuda Institute of 
Ocean Science. ❯ ❯❯ ❯❯ ❯  Does it seem strange to you that 
huge numbers of viruses are found in places like these? 
Explain.   
 Courtesy of Rachel Parsons, Bermuda Institute of Ocean Science. 

Archaea, and Eukarya, or into their own 
progeny viruses. � e virosphere is huge, it is 
incredibly diverse, and it produces tremendous 
impact beyond infection and disease. 

 In this chapter, we study the properties 
of viruses, especially bacterial and clinically 
important human viruses, focusing on their 
unique structure and mechanism for infection 
and replication. We will see how they are 
classi� ed, how they are cultured and identi� ed, 
and how some are associated with tumors and 
cancer. � e chapter ends with a discussion of 
even more bizarre virus-like agents causing 
disease in animals and humans.  

 Viruses are oft en described as being on the edge 
of life, in some “limboland” between “life” and 
“nonlife.” But on which side of the edge are they? 
Most biology textbooks use certain emergent 
properties of life to define something as a living 
organism. These properties include the ability to:   

 ■  Grow and develop   
 ■  Reproduce   
 ■  Establish a complex organization   
 ■  Regulate its internal environment (maintain 

homeostasis)   
 ■  Transform energy (light to chemical; chemi-

cal to cellular)   
 ■  Respond to the environment   
 ■  Evolve by adapting to a changing environ-

ment   

 So, are viruses alive? Let’s consider this question 
as we study the viruses, their structure, and 
behavior in this chapter. 

 CHAPTER CHALLENGE 

  Filterable Infectious Agents Cause 
Disease  

 KEY CONCEPT 13.1 Bacteria: © NIAID

 � e development of the germ theory recognized 
disease patterns associated with a speci� c 
bacterial species. However, some diseases, 
like smallpox, measles, and rabies, resisted 
identi� cation and would soon be found to be 
caused by viruses.  
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Acute Bacterial Meningitis Is a Rapidly Developing Inflammation

111     On March 22, 2013, a female Princeton University student returning from spring break developed 

symptoms of meningococcal disease.   

222   In early April, a visitor to the Princeton University campus was diagnosed with bacterial meningitis aft er 

returning home to another state. In May, two more cases of bacterial meningitis were identified in two 

male students. At this time, the New Jersey Department of Health declared a school-based outbreak 

of meningococcal disease and worked with the Centers for Disease Control and Prevention (CDC) and 

Princeton University Health Services to monitor the outbreak and provide antibiotics to close contacts of 

patients.   

333   In late June, a Princeton male student traveling abroad developed symptoms of meningococcal disease. 

Meanwhile, all aff ected individuals were diagnosed with  Neisseria meningitidis  serogroup (type) B.   

444   In the fall semester, additional cases of meningococcal disease developed among Princeton students. 

This included one female student in early October and two male students in November.   

555   All eight patients receive medical care and treatment and recovered. A serogroup B meningococcal 

vaccine was administered to more than 5,200 Princeton University students.   

666   On November 18, two students at the University of California, Santa Barbara (UCSB) were diagnosed with 

meningococcal disease. Unfortunately, one of the male students had to have both feet amputated due to 

complications from the infection. This was followed by a third case on November 22 and a fourth case on 

December 2.   

777   All four aff ected students at UCSB were 

diagnosed with  Neisseria meningitidis  

serogroup (type) B and all recovered.   

888   Genetic analysis of bacterial samples from 

the two outbreaks at the two universities 

indicated they were diff erent strains of 

serogroup B.   

999   In January 2014, the CDC announced it 

would apply to make the meningococcal B 

vaccine available to UCSB students and staff . 

In February, students began to be vaccinated.           

 Questions 

 (Answers can be found in Appendix E.) 

A.    How does meningococcal disease spread?  

B.   Why was a serogroup B meningococcal vaccine required when students had been vaccinated as 

adolescents with the standard MCV4 meningococcal vaccine?  

C.   Why was an outbreak announced aft er the fourth identified Princeton case?  

d.   Were the cases at Princeton and UCSB related? Explain.  

e.   What precautions should be taken to prevent further cases of meningococcal disease at these 

universities?   

 For additional information see http://www.cdc.gov/meningitis/index.html. 

 CliniCAl CASe    
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 Invasive Meningococcal Disease—School-Based Outbreak—2013 
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Preface xxi

 ■ NEW Investigating the 
Microbial World boxes are 
actual experiments (abridged) 
that require you to apply the 
process of science and use 
quantitative reasoning. Even 
though you probably are not 
going to become practicing 
microbiologists, the ability to use, 
interpret, and evaluate scientific 
data and evidence of the natural 
world will be important in your 
career.

 ■ NEW and revised MicroFocus 
boxes explore interesting topics 
applying microbiology and 
microorganisms to the everyday 
world.

197

Photosynthesis Is a Process to Acquire Chemical Energy

 InveSTIgATIng The mICRoBIAl woRld 6    

 InveSTIgATIng The mICRoBIAl woRld 6    

 InveSTIgATIng The mICRoBIAl woRld 6    

 InveSTIgATIng The mICRoBIAl woRld 6    

 InveSTIgATIng The mICRoBIAl woRld 6    

 InveSTIgATIng The mICRoBIAl woRld 6    

 InveSTIgATIng The mICRoBIAl woRld 6    

 InveSTIgATIng The mICRoBIAl woRld 6    

 InveSTIgATIng The mICRoBIAl woRld 6    

 InveSTIgATIng The mICRoBIAl woRld 6    

 InveSTIgATIng The mICRoBIAl woRld 6    

 InveSTIgATIng The mICRoBIAl woRld 6    

 Microbes Provide the Answer 

 It was known by the late 1700s that plants and algae produced oxygen gas during photosynthesis. In the late 1800s, 

Theodor W. Engelmann, a German physiologist, botanist, and microbiologist, confirmed that oxygen production was 

dependent on the chlorophyll found in chloroplasts of plant and algal cells. He further observed bacterial aerotaxis, the 

movement of oxygen-sensing cells toward higher concentrations of oxygen gas.   

 ■ OBSERVATION:  In 1881, Engelmann observed that when white light was shining on the green alga  Spirogyra,  the 

motile bacterial cells moved toward the chloroplasts in a filament of the green alga. Knowing the bacterial cells 

exhibited aerotaxis and white light is composed of a spectrum of colors (red, orange, yellow, green, blue, indigo, and 

violet), he wondered:   

 ■ QUESTION:   Which of these colors (wavelengths) in white light stimulated photosynthesis?    

 ■ HYPOTHESIS:  Photosynthesis is more eff icient with certain colors within the spectrum of white light. If so, then the 

aerotactic bacterial cells can be used to identify which colors (wavelengths) are more eff icient (as measured by the 

production of oxygen gas).   

 ■ EXPERIMENTAL DESIGN:  In 1882, Engelmann had a specially designed microscope equipped with a prism that on 

a microscope slide would break white light into its spectrum of colors.   

 ■ EXPERIMENT:  A filament of the green alga  Cladophora  

was placed on a slide of his special microscope, which 

exposed diff erent segments of the algal filament to 

diff erent colors (wavelengths) of visible light. Motile cells 

of the aerotactic bacterial species were then added to 

the slide and the algal filament was observed to see the 

eff ect the diff erent colors (wavelengths) of light had on 

the accumulation of the aerotactic bacterial cells.   

 ■   RESULTS: See figure.    

 ■   CONCLUSION:      

  QUESTION   1:  What could Engelmann conclude from his 

experiment?    

  QUESTION   2:  Did the results support his hypothesis? 

Explain.    

  QUESTION   3:  What would have been the response of the 

aerotactic bacteria if only green light was 

used to illuminate the algal filament?    

 Answers can be found in  Appendix E .       

   Adapted from: Engelmann, T. W. (1882).  Bot. Zeit.   40 : 419–426.  

Bacteria: © NIAID

 It was known by the late 1700s that plants and algae produced oxygen gas during photosynthesis. In the late 1800s, 

Theodor W. Engelmann, a German physiologist, botanist, and microbiologist, confirmed that oxygen production was 

dependent on the chlorophyll found in chloroplasts of plant and algal cells. He further observed bacterial aerotaxis, the 

 the 

motile bacterial cells moved toward the chloroplasts in a filament of the green alga. Knowing the bacterial cells 

exhibited aerotaxis and white light is composed of a spectrum of colors (red, orange, yellow, green, blue, indigo, and 

  Photosynthesis is more eff icient with certain colors within the spectrum of white light. If so, then the 

aerotactic bacterial cells can be used to identify which colors (wavelengths) are more eff icient (as measured by the 

  In 1882, Engelmann had a specially designed microscope equipped with a prism that on 

 Results of the Engelmann experiment. 
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Chapter 23: Cardiovascular, Lymphatic, and Systemic Infectious Diseases

MicroFocus 23.2: Public Health 

In 2006, the Centers for Disease Control and Prevention (CDC) 

reported 37 cases of a unique hemorrhagic fever in U.S. travelers 

returning from destinations in the Indian Ocean and India—that 

is 34 more cases than had occurred in the previous 15 years. 

These travelers experienced fever, headache, fatigue, nausea, 

vomiting, muscle pain, and a skin rash—typical symptoms of 

dengue fever. However, unlike dengue, these patients also had 

incapacitating joint pain. The symptoms typically lasted a few 

days to a few weeks, although the joint pain sometimes lasted 

for many months. In the CDC cases, all recovered.

The disease experienced by these travelers was chikungunya 

(CHIK) fever (chikungunya means “to walk bent over,” referring to 

the severe joint pain) caused by the disease. CHIK fever is caused 

by the chikungunya virus (CHIKV), a single-stranded (+ strand), 

enveloped RNA virus of the Togaviridae endemic to tropical East 

Africa and regions rimming the Indian Ocean. It is transmitted by 

mosquitoes. The 2006 outbreak on Réunion Island in the Indian 

Ocean affected more than 300,000 of the 780,000 inhabitants and, 

for the first time, CHIK fever had claimed a substantial number of 

lives; 240 fatalities were attributed directly or indirectly to CHIKV. 

It then spread to India where more than 1.5 million cases were 

reported. Today, more than 37 countries have reported CHIK 

fever cases (see map).

CHICKV spreads through the blood to the liver, muscles, 

brain, lymphatic tissues, and joints. There is no specific antiviral 

treatment for CHIK fever, so prevention consists of protecting 

individuals from mosquito bites and controlling the vector 

through insecticide spraying.

What makes this emerging disease especially worrisome is 

the spread of CHIKV to the Americas. In December 2013, the first 

case of CHIK fever was reported in the Caribbean. And it continues 

to spread. As of September 19, 2014, cases of Chikungunya 

fever have been identified in 34 countries or territories in the 

Caribbean, Central America, South America, and North America. 

Courtesy of NIAID

There have been almost 730,000 suspected cases and nearly 

11,000 laboratory-confirmed cases.

It is likely that the virus will continue to spread to new areas 

in the Americas through infected people and mosquitoes. In 

fact, the mosquitoes capable of transmitting CHIKV are found 

throughout much of the Americas, including parts of the United 

States. Because most people in these regions of the Americas are 

not immune, they can be infected and, through blood meals by 

female mosquitoes, infected individuals can spread the disease 

to more humans. By the time you read this, CHIK fever will 

certainly have spread in the U.S.

outbreaks occurred in Sudan and Zaire (now 

the Democratic Republic of Congo)—Ebola was 

named from the Ebola River in the Democratic 

Republic of Congo where the disease first 

appeared. When it was over, 280 infected 

people (88%) died. Through 2014, there have 

been 25 confirmed outbreaks of EVD in Africa 

and more than 67% of the infected individuals 

have died. Fruit bats have been identified as 

a possible reservoir. Of these outbreaks, the 

deadliest and longest-ever outbreak of EVD 

is the one currently occurring in West Africa 

(Guinea, Sierra Leone, and Liberia). As of  

this writing (October 2014), the end of this 

epidemic is nowhere in sight and health officials 

fear up to 100,000 cases may occur before the Reservoir: The 

natural host 

or habitat of a 

pathogen.

A digitally-colorized transmission electron micrograph of 

numerous Chikungunya viruses. (Bar = 100 nm.)

Courtesy of Cynthia Goldsmith, James A. Comer, and Barbara Johnson/CDC.

A Newly Emerging Hemorrhagic Fever
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xxii Preface

 ■ NEW and revised 
MicroInquiry boxes allow 
you to investigate (usually 
interactively) some important 
aspect of the chapter being 
studied.

 ■ 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.
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Polio May Be the Next Infectious Disease Eradicated Globally

 MICRO MICRO MICROINQUIRYINQUIRYINQUIRYINQUIRYINQUIRYINQUIRY 22     22     22     22     22     22     22     22     22     22     22     22    
INQUIRY 22    
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INQUIRY 22    
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INQUIRY

 A global eff ort to eradicate polio began in 

the 1988 as the Global Polio Eradication 

Initiative. Stimulated by the recent 

success in eradicating smallpox from 

the globe and polio from the Americas 

in 1979, the World Health Organization, 

Rotary International, the Centers for 

Disease Control and Prevention, and 

UNICEF spearheaded the eff ort to rid the 

world by 2000 of a virus responsible for 

the majority of paralysis and disability 

in children. Although this goal was not 

met, significant progress was made. 

By 2000, annual reports of polio cases 

had fallen by more than 99%, to fewer 

than 1,000. By 2013, only three countries 

(Afghanistan, Pakistan, and Nigeria) were 

reporting endemic cases with only 89 

cases between January and June of 2014. 

Thus, the Initiative succeeded in reducing 

cases through routine immunization 

of infants with the oral polio vaccine. 

However, eradication was not completed 

for several reasons. Remaining reservoirs 

of naturally occurring wild poliovirus have 

been diff icult to eliminate in the endemic 

countries. Conflicts and wars have made it 

hard to move freely through the countries 

to ensure immunization has been 

accomplished. In India, the problem has 

been trying to vaccinate an enormously 

overcrowded and growing population, 

where poor sanitation and diarrheal 

diseases abound. 

 Basic biology has also hampered 

eff orts to eradicate the virus. A new, 

circulating vaccine-derived poliovirus 

has emerged that reverted back to a 

virulent form similar to the parent strain 

from which the vaccine was originally 

produced. Although the outbreaks have 

been controlled through additional 

immunization campaigns, the emergence 

of these new virus strains is worrisome. 

 For these reasons, and that 

an increasing number of polio-free 

areas were becoming reinfected, the 

Courtesy of NIAID

 The Last Push to Polio Eradication? 

   Global Polio Cases, 2013.         Cases are limited to three endemic countries (Nigeria, Pakistan, and 

Afghanistan and outbreaks in neighboring countries (Cameroon, Ethiopia, Somalia, Kenya, and 

Syria) due to importation.   

Source:  WHO;  http://www.polioeradication.org/Dataandmonitoring.aspx . 

Data in HQ as of 14 January 2014

Excludes vaccine derived polioviruses and viruses

detected from environmental surveillance.

Wild polio virus type 1

Endemic countries

Importation countries

stakeholders in the global eradication 

of polio launched the Strategic Plan 

2010–2012 for eradicating wild polio virus. 

Unfortunately, that plan did not reach 

its goal so a new Polio Eradication and 

Endgame Strategic Plan 2013–2018 has 

been developed to eradicate all types of 

polio disease simultaneously—both due 

to wild poliovirus and due to vaccine-

derived polioviruses. Confidence in the 

plan appears high as global leaders and 

philanthropists have pledged over 75% of 

the $5.5 billion needed over these six years 

to accomplish the goal. An encouraging 

sign was announced in early 2014 when 

India, considered the most challenging 

place to attempt polio eradication, 

marked its third anniversary without a 

reported polio case. Hopefully, the new 

Strategic Plan 2013–2018 will soon bring 

the end to another devastating human 

disease.  

 Discussion Point 

According to the Polio Eradication and 

Endgame Strategic Plan 2013–2018, $5.5 

billion is needed to finally eradicate polio 

by 2018. What might happen if it is not 

eradicated and immunizations were to 

stop? What does it say about potential 

future immunization campaigns for 

eradicating other diseases if this polio 

initiative fails?  
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785Encephalitis Can Be the Result of Indirect Transmission of a Protistan Parasite

  Diseases of the Nervous System 
Also Can Be Caused by Eukaryotic 
Microorganisms  

 KEY CONCEPT 22.4 Courtesy of NIAID

infection as discussed in the chapter covering 
airborne diseases. Here a brief discussion of 
their e� ect on the nervous system is presented. 
In addition, the protistan parasites a� ecting 
or in� uencing the nervous system will be 
discussed.    

 Fungal Infections of the CNS Cause 
Chronic Meningitis 
 Although acute meningitis strikes suddenly, 
chronic meningitis  develops over two weeks 
or more as the pathogen slowly invades the 
meninges and � uid surrounding the brain. 
Nonetheless, the signs and symptoms of chronic 
meningitis—headaches, fever, vomiting and 
mental confusion—are similar to those of acute 
meningitis. 

 In 2012, fungal meningitis made the news 
because contaminated corticosteroid injections 
caused a multistate outbreak. � ese nonconta-
gious fungal meningitis cases, occurring in both 
inpatient and outpatient facilities, were associ-
ated with contaminated medication injected 
into the spine for back or neck pain. More than 
750 cases were reported among 20 states. Sixty-
four infected individuals died.          

 Cryptococcal Meningitis.   � e lung 
disease caused by  Cryptococcus neoformans,  
called  cryptococcosis , is most o� en found in 
immunocompromised individuals. � e yeast-
like fungus is typically found in pigeon droppings 
and their nesting sites. Should the fungus 
be inhaled and enter the bloodstream, it can 
present as a CNS infection, called  cryptococcal 
meningoencephalitis . � e diagnosis can 
be made by microscopic examination and/
or culture of CSF from a lumbar puncture, 
or by looking for an brain abscess with 
medical imaging techniques (  FIGURE 22.15FIGURE 22.15FIGURE 22.15   ). 
Treatment involves amphotericin B combined 
with � ucytosine. Because  C. neoformans  is 
commonly spread by bird droppings, especially 
from pigeons, individuals with a weakened 

Cryptococcus neoformans

FIGURE 22.15FIGURE 22.15FIGURE 22.15   Cryptococcal Meningitis.         Magnetic 
resonance imaging (MRI) shows fungal abscesses (orange) 
due to cryptococcal meningitis in a 34-year-old male 
patient with AIDS. ❯ ❯❯ ❯❯ ❯  Why would someone like an AIDS 
patient be more susceptible to cryptococcosis?   
 © Phototake, Inc./Alamy 

immune system should avoid contact with birds 
and areas contaminated by bird droppings. 

 Coccidioidal Meningitis.   � e dimorphic 
fungi  Coccidioides immitis  and  C. posadasii
cause  coccidioidomycosis , also known as 
“valley fever.” Most people who develop 
respiratory symptoms make a full recovery, 
within weeks to months of symptom onset. 
A small number of individuals may develop 
a potentially lethal chronic CNS infection, 
called  coccidioidal meningitis . Diagnosed by 
spinal tap and physical examination, treatment 
involves amphotericin B, which is given by 
spinal tap into the spinal � uid at the base of 
the brain. Prevention requires individuals 
avoid dusty environments and dust exposure in 
endemic regions.    

 Encephalitis Can Be the Result of 
Indirect Transmission of a Protistan 
Parasite 
 A few protist parasites are also associated with 
CNS infections.          

 Primary Amoebic Meningoencephali-
tis.   Several species of thermophilic amoebae in 
the genus  Naegleria,  especially  N. fowleri  ,  can 
cause  primary amoebic meningoencephalitis
( PAM;  PAM;  FIGURE 22.16FIGURE 22.16FIGURE 22.16   ). It also can be caused 

Naegleria fowleri
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Chapter 18: Immune Disorders and AIDS

 CHAPTER SELF-TEST 

Courtesy of NIAID

 For  STEPS A–D , answers to questions and problems can be found in  Appendix D .   

 STEP A: REVIEW OF FACTS AND TERMS  

9. Type IV cellular hypersensitivity  involves no antibodies, 

but is an exaggeration of cell-mediated immunity based in T 

lymphocytes.  Contact dermatitis  and  infection allergies  

are manifestations of this hypersensitivity.    

 18.3 Autoimmune Disorders and Transplantation Are 

Immune Responses to “Self”  

10.   Autoimmune disorders  can occur through defects in  clonal 

deletion ,  clonal anergy , or  regulatory T-cell activity . 

Human heredity, as well as access to  privileged sites  

and  antigenic mimicry , also can trigger an autoimmune 

response. ( Fig. 18.14 )   

11.  Four types of graft s or transplants can be performed: 

autograft s ,  isograft s ,  allograft s , and  xenograft s . Allograft s 

are the most common. Rejection of graft s or transplants 

involves cytotoxic T cells and antibodies. The graft  also 

can be rejected by immune cells in the graft  that reject the 

recipient ( graft -versus-host reaction ).   

12.  Prevention of rejection is strengthened by using 

immunosuppressive agents, including antimetabolites, 

immune cell inhibitors, anti-inflammatory drugs, and 

monoclonal antibodies.    

 18.4 Immunodeficiency Disorders Can Be Inherited or 

Acquired  

13. Immunodeficiency disorders  may be congenital ( primary 

immunodeficiencies ) or acquired later in life ( secondary 

immunodeficiencies ).   

14. AIDS  ( acquired immunodeficiency syndrome ) is the final 

stage of the HIV (human immunodeficiency virus) infection. 

HIV infects and destroys CD4 T cells, eventually leading to 

an inability of the immune system to fend off  opportunistic 

diseases. Transmission is through blood, blood products, 

contaminated needles, or unprotected sexual intercourse. 

Many  antiretroviral drugs  are available to slow the 

progression of disease. ( Figs. 18.19 ,  18.20 )    

 

 Multiple Choice 

 Read each question carefully, then select the  one  answer that 

best fits the question or statement. 

       1.     All the following are types of immediate hypersensitivities  except  

_____.   

A.  asthma   

B.  contact dermatitis   

C.  food allergies   

D.  hay fever     

      2.     Systemic anaphylaxis is characterized by _____.   

A.  contraction of smooth muscles   

B.  a red rash   

C.  blood poisoning   

D.  hives     

      3.     Which of the following is NOT a type I hypersensitivity?   

A.  Food allergies   

B.  Contact dermatitis   

C.  Allergic rhinitis   

D.  Exercise-induced allergies     

      4.     The early response in asthma is due to _____ activity.   

A.  cytotoxic T cell   

B.  basophil   

C.  T H 2 cell and NK cell   

D.  dendritic cells     

      5.     What type of immune cell may control IgE-mediated 

hypersensitivities?   

A.  Suppressor T cells   

B.  Plasma cells   

C.  Cytotoxic T cells   

D.  Neutrophils     

      6.     Desensitization therapy can involve _____.   

A.  the use of blocking antibodies   

B.  injections of small amounts of allergen   

C.  allergen injections of several months   

D.  All the above (A–C) are correct.     

      7.     A cytotoxic hypersensitivity would occur if blood type _____ is 

transfused into a person with blood type _____.   

A.  A; AB   

B.  O; AB   

C.  A; O   

D.  O; B     

      8.     Serum sickness is a common symptom of _____.   

A.  contact dermatitis   

B.  hemolytic disease of the newborn   

C.  immune complex hypersensitivity   

D.  food allergies     
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 26. Summarize the events occurring in and the role of humoral 

immunity in type I hypersensitivities. (Key Concept 1)

 27. Explain the initiation and outcomes of systemic anaphylaxis. 

(Key Concept 1)

 28. Distinguish between the different forms of atopic disease.  

(Key Concept 1)

 29. Compare asthma to other forms of type I hypersensitivities. 

(Key Concept 1)

 30. Discuss the reasons why allergies develop. (Key Concept 1)

 31. Identify the therapies and treatments available for type I 

hypersensitivities. (Key Concept 1)

 32. Summarize the characteristics of type II hypersensitivity and 

its relationship to blood transfusions and hemolytic disease of 

the newborn. (Key Concept 2)

 33. Summarize the characteristics of type III hypersensitivity and 

its relationship to serum sickness and the Arthus reaction. 

(Key Concept 2)

 34. Summarize the characteristics of type IV hypersensitivity and 

its relationship to infection allergies and contact dermatitis. 

(Key Concept 2)

 35. Identify the ways in which an autoimmune disease can arise. 

(Key Concept 3)

 36. Describe the immunological reasons why organ transplants 

are rejected and list the four types of grafts (transplants).  

(Key Concept 3)

 37. Assess the usefulness of immunosuppressive drugs by 

transplant patients. (Key Concept 3)

 38. Contrast primary and secondary immunodeficiencies 

and list several primary disorders and their accompanying 

immunological deficiencies. (Key Concept 3)

 39. Diagram how the human immunodeficiency virus (HIV) 

infects a cell and identify the prevention and treatment methods 

used for HIV disease and AIDS. (Key Concept 4)

Step C: AppliCAtionS And pRoblemS

 40. During war and under emergency conditions, a soldier whose 

blood type is O donates blood to save the life of a fellow soldier 

with type B blood. The soldier lives, and after the war becomes a 

police officer. One day he is called to donate blood to a brother 

officer who has been wounded and finds that it is his old friend 

from the war. He gladly rolls up his sleeve and prepares for the 

transfusion. Should it be allowed to proceed? Why?

 41. Coming from the anatomy lab, you notice your hands are red and 

raw and have begun peeling in several spots. This was your third 

period of dissection. What is happening to your hands, and what 

could be causing the condition? How will you solve the problem?

 42. “He had a history of nasal congestion, swelling of his eyes, 

and difficulty breathing through his nose. He gave a history of 

blowing his nose frequently, and the congestion was so severe 

during the spring he had difficulty running.” The person in this 

description is former President Bill Clinton, and the writer is an 

allergist from Little Rock, Arkansas. What condition (technically 

known as allergic rhinitis) is probably being described?

Step b: ConCept Review

Step d: QueStionS foR thought And diSCuSSion

 43. As part of an experiment, one animal is fed a raw egg while a 

second animal is injected intravenously with a raw egg. Which 

animal is in greater danger? Why?

 44. A woman is having the fifth injection in a weekly series of 

hay fever shots. Shortly after leaving the allergist’s office, she 

develops a flush on her face, itching sensations of the skin, and 

shortness of breath. She becomes dizzy, then faints. What is 

taking place in her body, and why has it not happened after the 

first four injections?

 45. You may have noted that brothers and sisters are allowed to 

be organ donors for one another, but a person cannot always 

donate to his or her spouse. Many people feel bad about being 

unable to help a loved one in time of need. How might you 

explain to someone in such a situation the basis for becoming 

an organ donor and why it may be impossible to serve as one?

 46. The immune system is normally provides protection against 

disease. This chapter, however, seems to indicate that the 

immune system is responsible for numerous afflictions. Even the 

title is “Immune Disorders.” Does this mean the immune system 

should be given a new name? On the other hand, is it possible 

all these afflictions are actually the result of the body’s attempts 

to protect itself? Finally, why can the phrase “immune disorder” 

be considered an oxymoron?

 47. In many diseases, the immune system overcomes the infectious 

agent, and the person recovers. In other diseases, the infectious 

agent overcomes the immune system, and death follows. 

Compare this broad overview of disease and resistance to what 

is taking place with AIDS, and explain why AIDS is probably 

unlike any other disease encountered in medicine.
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 ■ 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 four 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: Concept Review contains questions 
covering the major concepts in each chapter. 

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

 ■ Step D: Questions for Thought and Discussion 
encourage students to use the text to resolve 
thought-provoking problems with contemporary 
relevance.
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 ■ One MicroFocus feature revised and updated 
 ■ Four new photos
 ■ One figure revised for clarity

Chapter 4 Structure of Bacterial and Archaeal Cells
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with three follow up challenges
 ■ New Investigating the Microbial World box
 ■ Two new MicroFocus features

Chapter 5 Microbial Growth and Nutrition
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with three follow up challenges
 ■ New Investigating the Microbial World box
 ■ One new and two revised MicroFocus features
 ■ One new photo
 ■ Four figures revised for clarity

Chapter 6 Microbial Metabolism
 ■ Revised sections on cellular respiration and 

alternative energy sources
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with four follow up challenges
 ■ New Investigating the Microbial World box

Chapter-by-Chapter revisions
Each chapter of Fundamentals of Microbiology: Body Systems 
Edition, Third Edition has been carefully and thoroughly 
revised. In addition, new information pertinent to nursing 
and allied health has been added, 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 introduction highlighting the microbial world
 ■ Revised material on model systems
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with three follow up challenges
 ■ New Investigating the Microbial World box
 ■ Two new and one revised and updated MicroFocus 

feature 
 ■ One new photo, one new figure
 ■ One figure revised for clarity

Chapter 2 The Chemical Building Blocks of Life
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with four follow up challenges
 ■ New Investigating the Microbial World box
 ■ One new photo
 ■ One figure revised for clarity

Chapter 3 Concepts and Tools for Studying 
Microorganisms

 ■ Rewritten section of classification
 ■ Revised section on microbial identification
 ■ Improved visual presentation of microscopy
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with four follow up challenges

173Microbial Metabolism  

 Now, having  C. albicans  in one’s intestine is 
not uncommon; then again, � nding fermenting 
C. albicans  was historic. With this knowledge, 
Swaart approached his doctor. Sure enough, lab 
tests showed massive colonies of  C. albicans  in 
Swaart’s intestine. � e sugar in a cup of co� ee 
or any carbohydrate in pasta, cake, or candy 
allowed the yeast to ferment the sugars into eth-
anol, resulting in apparent drunkenness. 

 Swaart then learned that an antibiotic had 
worked to kill the yeast cells in the Japanese man’s 
gut. However, to cure his illness, Swaart had to 
travel back to Japan to get the e� ective antibiotic. 

 Researchers suggested the atomic blasts 
of Hiroshima and Nagasaki in 1945 may have 
caused a normal  C. albicans  to mutate to a fer-
menting form, which somehow found its way 
into Swaart’s digestive system. For Charlie 
Swaart, the nightmare was � nally over. 

 � e process of fermentation described here 
involved a eukaryotic microbe. However, many 
other types of fermentation processes also occur 
in microorganisms and they are but one aspect 
of the broad topic of microbial metabolism. 

 In this chapter, we examine some of the 
major metabolic pathways carried out by micro-
organisms. Much of the chapter discusses the 
reactions involved in energy conversions form-
ing adenosine triphosphate (ATP). Because the 
chapter emphasizes the role of carbohydrates in 
the energy conversions, it might be worthwhile 
to review the material on the organic com-
pounds (carbohydrates, lipids, and proteins).  

 CHAPTER CHALLENGE 

 What do a termite’s gut, a cow’s rumen, and the warm, 
waterlogged soil in a rice paddy have in common? 
They all produce substantial amounts of methane 
(CH 4 ) gas. In Africa, Australia, and South America, there 
are large areas inhabited by mound-building termites 
whose mounds can be up to 9 meters tall. The methane 
gas produced from the termites in these mounds 
contributes some 5% of the atmospheric methane. 
Methane produced from ruminant livestock, like 
dairy cattle, goats, and sheep, is currently estimated 

to contribute 16% of the atmospheric methane. 
However, rice production currently accounts for 
approximately 20% of global methane emissions. So, 
methane release from these three “natural” sources 
account for more than 40% of the methane gas being 
emitted every day into the atmosphere. Where is this 
methane gas coming from? You have probably already 
guessed—microbes! Still, how do termite guts, cow 
rumens, and waterlogged rice patty soils produce the 
methane gas? Let’s uncover the reason! 

Bacteria: © NIAID

  Enzymes and Energy Drive Cellular 
Metabolism  

 KEY CONCEPT 6.1 

  Metabolism  refers to all the biochemical 
reactions taking place in an organism and, as 
such, they manage the material and energy 
resources of the cell. Some of these reactions are 
called  anabolism , which is the building of larger 
organic compounds ( polymers ) from simpler 
building blocks ( monomers ). For example, 
photosynthesis is an anabolic process because 
the sugar glucose is built from carbon dioxide 
and water. Building reactions consume energy in 
forming the bonds between the monomers, so, 
from an energy perspective, anabolic reactions 
are said to be  endergonic  ( end  = “inner”;  ergon  
= “work”)  reactions . � e opposite biochemical 
reactions are called  catabolism , which breaks 
down (hydrolyzes) polymers into simpler 
molecules. A major catabolic pathway in cells 
is cellular respiration where sugars like glucose 
are broken down into carbon dioxide and water. 
From an energy perspective, catabolic reactions 
release energy and are referred to as  exergonic  ( ex  
= “outside of”)  reactions .  TABLE 6.1TABLE 6.1TABLE 6.1   compares 
anabolism and catabolism, which are reactions 
o� en taking place simultaneously in cells and 
organisms. Realize metabolism also includes 
numerous “conversion reactions” that transform 
one molecule into another without any type of 
catabolic or anabolic event taking place.   
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In conclusion , we saw that cellular respira-
tion is an e�  cient energy metabolism process. 
Cell respiration couples the oxidation of organic 
compounds (such as sugars and lipids) through 
the central metabolic pathways (glycolysis 
and the citric acid cycle) to the reduction of a 
separate � nal electron acceptor (usually oxy-
gen or another inorganic acceptor) in oxidative 

phosphorylation. � us, cell respiration rep-
resents a substantial source of ATP generation 
compared to the substrate-level phosphoryla-
tion characteristic of fermentation. Having said 
this, realize that nearly all organisms (microbial 
and multicellular) have pretty much the same 
sets of chemical reactions to carry out cell res-
piration. � e substrates and enzymes of gly-
colysis and the citric acid cycle are practically 
the same whether we are discussing  E. coli  or 
a human liver cell. Even the chemical reactions 
by which organic compounds are assembled 
from their monomers are very similar in all 
organisms. Furthermore, oxygenic photosyn-
thesis also is the same in cyanobacteria, algae, 
and green plants. We can say that the processes 
of energy metabolism are almost universal. 
� e di� erence? Structural organization. � e 
diverse members of the Bacteria and Archaea 
lack mitochondria and chloroplasts, yet they 
carry out these metabolic processes almost 
identically to that found in the diverse mem-
bers of the Eukarya. � ese common processes 
illustrate once again that bacterial and archaeal 
species are not simple, primitive organisms 
and, perhaps more importantly, present power-
ful evidence pointing to the evolution of all life 
on the “tree of life” as originating from a single, 
universal common ancestor.     

ChApTeR ChAllenge d
Hopefully you have figured out the chapter 
challenge. The reason all these animal and soil 
“environments” were producing methane gas was 
because the environments are highly anaerobic. 
The breakdown of cellulose (the polysaccharide) 
to glucose requires the anaerobes to use a 
diff erent final electron acceptor to generate ATP 
through anaerobic respiration. For some of these 
microbes, especially the archaeal members, 
carbonate is the final electron acceptor, forming 
ATP and methane gas as a final end product.

Question d:
As a last step, use Figure 6.17 to trace the micro-
organism metabolism that these anaerobic 
microbes possess. Where do you end up?
Answers can be found in Appendix F.

 SummARY of KeY ConCepTS  
Bacteria: © NIAID

 6.1 enzymes and energy drive Cellular metabolism  
1.  The two major themes of microbial metabolism are 

catabolism  (the breakdown of organic molecules) and 
anabolism  (the synthesis of organic molecules).   

2.  Microorganisms and all living organisms use  enzymes , 
protein molecules that speed up a chemical change, to 
control cellular reactions.   

3.  Enzymes bind to  substrates  at their  active site  (enzyme-
substrate complex) where functional groups are destabilized, 
lowering the  activation energy . ( Figs. 6.1 ,  6.2 )   

4.  Many metabolic processes occur in  metabolic pathways , 
where a sequence of chemical reactions is catalyzed by 
diff erent enzymes. ( Fig. 6.3 )   

5.  Enzymes can be inhibited by physical agents, which can 
denature enzymes and inhibit their action in cells. Enzymes 

are modulated through  feedback inhibition . The final end 
product oft en inhibits the first enzyme in the pathway.   

6.  Many metabolic reactions in cells require energy in the form 
of  adenosine triphosphate   (ATP) . The breaking of the 
terminal phosphate produces enough energy to supply an 
endergonic reaction , and oft en involves the addition of the 
phosphate to another molecule  (phosphorylation) . 
( Figs. 6.4, 6.5 )    

 6.2 glucose Catabolism generates Cellular energy  
7. Cellular respiration  is a series of metabolic pathways in which 

chemical energy is converted to cellular energy (ATP). It may 
require oxygen gas  (aerobic respiration)  or another inorganic 
final electron acceptor  (anaerobic respiration) . ( Fig. 6.6 )   
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Chapter 9 Control of Microorganisms: Physical and 
Chemical Methods

 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with three follow up challenges
 ■ New Investigating the Microbial World box
 ■ One new figure and two figures revised for clarity

Chapter 10 Antimicrobial Drugs and Superbugs
Formerly Chapter 24

 ■ Completely revised and updated material on 
antibiotics, including the CRE and NDM superbugs

 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with five follow up challenges
 ■ New Investigating the Microbial World box
 ■ One new and two revised MicroFocus features 
 ■ Two new photos, three new figures
 ■ Seven figures revised for clarity and four tables revised

Chapter 11 Microbial Systematics and the Domains 
Bacteria and Archaea

 ■ Material on microbial systematics shortened
 ■ Improved coverage of mutations and horizontal  

gene transfer
 ■ Chapter Self-Test redesigned

Chapter 7 Microbial Genetics
 ■ Revised section on DNA replication
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with four follow up 

challenges
 ■ New Investigating the Microbial World box
 ■ New Clinical Case box
 ■ Two MicroFocus features revised
 ■ Five figures revised for clarity

Chapter 8 Gene Transfer, Genetic Engineering, and 
Genomics

 ■ Revised section on conjugation
 ■ More concise coverage of genetic engineering and its 

uses
 ■ Revised section on comparative genomics with more 

information on microbial forensics
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with three follow up 

challenges
 ■ New Investigating the Microbial World box
 ■ Six figures revised for clarity and two updated
 ■ One new table

263Biotechnology Has Spawned Many Commercial and Practical Products

TablE 8.3 Some of the Therapeutic products of Biotechnology and Their Functions

product Function

Replacement Proteins and Hormones

Factors VII, VIII, IX
Growth hormone (HGH)
Insulin

Replace clotting factors missing in hemophiliacs
Replaces missing hormone in people with short stature
Treatment of insulin-dependent diabetes

Therapeutic Proteins, Hormones, and Enzymes

Epidermal growth factor (hEGF)
Granulocyte colony stimulating factor 
(hG-CSF)
Interferon-alpha (IFN-α)
Tissue plasminogen activator (TPA)
DNase I

Promotes wound healing
Used to stimulate white blood cell production in cancer and AIDS patients
Used with other antiviral agent to fight viral infections and some cancers
Dissolves blood clots; prevents blood clotting after heart attacks and strokes
Treatment of cystic fibrosis

genetically recombined cells are provided with 
specific genes whose products will break down 
toxic pollutants, clean up waste materials, or 
degrade oil spills in an attempt to return the 
environment to its original condition. However, 
we have barely scratched the surface to take 
advantage of the metabolic diversity offered by 
these microbes.

Medicine. The presence or threat of 
infectious disease represents a high demand 

for antibiotics in the medical field. Although 
antibiotics are produced in nature, the bacterial 
or fungal organisms often do not produce 
these compounds in high yield. This means 
new antibiotic sources must be discovered 
(see chapter opener) and the microbes must 
be genetically engineered to produce larger 
quantities of antibiotics and/or to produce 
modified antibiotics to which infectious 
microbes have yet to show resistance.

Figure 8.8  FDa approvals of new pharmaceutical products, 1985–2013. This graph shows the number 
of approvals of new biopharmaceutical products since 1985. ❯ ❯  Can you come up with a reason for the drop in 
recombinant protein biopharmaceuticals in 2007?
Data from: Biotechnology Information Institute (http://www.biopharma.com/approvals_2011.html). 
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 ■ New Chapter Challenge with five follow up challenges
 ■ New Investigating the Microbial World box
 ■ Four MicroFocus features revised
 ■ One new figure and seven figures revised for clarity

Chapter 14 Infection and Disease
 ■ Reorganized sections on the stages and progression 

of infectious disease
 ■ Updated and revised information on epidemiology
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with three follow up challenges
 ■ New Investigating the Microbial World box
 ■ One new and two revised and updated MicroFocus 

features 
 ■ Seven figures revised for clarity and two updated
 ■ Two new tables

Chapter 15 Resistance and the Immune System: 
Introduction and Innate Immunity

 ■ Material on the white bloods cells restructured
 ■ Complement coverage simplified

 ■ New Chapter Challenge with three follow up challenges
 ■ New Investigating the Microbial World box
 ■ One new MicroFocus feature
 ■ One new figure and two figures revised for clarity

Chapter 12 Eukaryotic Microorganisms: The Protists, 
Fungi, and Helminths

 ■ Revised material on the classification of the protists
 ■ Condensed coverage of fungal classification
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with four follow up 

challenges
 ■ New Investigating the Microbial World box
 ■ One new photo 
 ■ Five figures revised for clarity and one table revised

Chapter 13 The Viruses and Virus-Like Agents
 ■ Improved coverage of the history of virology
 ■ Amended coverage of virus replication
 ■ Updated coverage of viruses and cancer
 ■ Chapter Self-Test redesigned 407Fungi Can Be Classified into Several Major Groups

FIGURE 12.12FIGURE 12.12FIGURE 12.12   Yeast Budding.         False-color scanning 
electron micrograph of the unicellular yeast  Saccharomyces 
cerevisiae.  (Bar = 3 µm.) ❯ ❯❯ ❯❯ ❯  Propose what the circular 
areas represent on the parent cell at the left  and right 
center of the micrograph.   
 © Medical-on-Line/Alamy 

FIGURE 12.13FIGURE 12.13FIGURE 12.13   A Typical Life Cycle of a Mold.         Many fungi have both an asexual 
and sexual reproduction cycle characterized by spore formation. The unique condition 
in the sexual life cycle is the presence of a heterokaryon, where nuclei from two 
diff erent mating types remain as independent organelles in a common cytoplasm. 
❯ ❯❯ ❯❯ ❯  How could an organism like a mold survive without a sexual cycle?   
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  FIGURE 12.11FIGURE 12.11FIGURE 12.11   Fungal Fruiting Bodies.          (A)  A false-color scanning electron micrograph of sporangia of the common bread mold  Rhizopus.  
Each round sporangium contains thousands of sporangiospores. (Bar = 20 µm.)  (B)  A false-color scanning electron micrograph of conidiophores 
and conidia in  Penicillium roqueforti.  (Bar = 20 µm.)  (C)  Some fungi produce arthrospores by simple fragmentation of the hyphae. ❯ ❯❯ ❯❯ ❯  Why must 
fungal spores be elevated on the tips of hyphae?   
 (A) © Andrew Syred/Science Source; (B) © Phototake/Alamy. 
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602 Chapter 18: Immune Disorders and AIDS

 INVESTIGATING THE MICROBIAL WORLD 18.1     INVESTIGATING THE MICROBIAL WORLD 18.1     INVESTIGATING THE MICROBIAL WORLD 18.1     INVESTIGATING THE MICROBIAL WORLD 18.1     INVESTIGATING THE MICROBIAL WORLD 18.1     INVESTIGATING THE MICROBIAL WORLD 18.1     INVESTIGATING THE MICROBIAL WORLD 18.1     INVESTIGATING THE MICROBIAL WORLD 18.1     INVESTIGATING THE MICROBIAL WORLD 18.1     INVESTIGATING THE MICROBIAL WORLD 18.1     INVESTIGATING THE MICROBIAL WORLD 18.1     INVESTIGATING THE MICROBIAL WORLD 18.1    

 Microbes and the Allergic Response 
 Allergies and asthma have long been suff ered by many individuals in various populations. The causes of the disorders 
have also been studied for decades and yet we still have an incomplete picture of how the process is triggered even as 
the numbers of allergy and asthma cases continue to increase. Recently though, researchers have been getting some very 
interesting clues to the causes. 

 ■     OBSERVATION:  Children on farms appear to suff er many fewer allergic attacks and less asthmatic lung disease than 
children who live in more urban areas and large cities (see MicroInquiry 18). In addition, it has been proposed that the 
overuse of antibiotics could be a predisposing factors leading to allergies and asthma. Therefore, some researchers are 
investigating whether the bacterial populations (microbiota) in our airways and gut influence the onset of an allergic 
airway disease (AAD) such as asthma. For example, germ-free animals produce an allergic airway response mimicking 
the clinical features seen in humans.   

 ■   QUESTION:   Does the removal of natural bacterial populations (microbiota) from the gut lead to the development 
of AAD?    

 ■   HYPOTHESIS:   Established bacterial populations in the gut lessen the chances of developing AAD. If so, then in 
test animals the removal of the gut microbial population and exposure to a set of airway allergens will cause AAD 
response.    

 ■   EXPERIMENTAL DESIGN:  Groups of pathogen-free mice were split into three groups. An AAD response was 
characterized by increased numbers of immune cells (eosinophils, mast cells, neutrophils) and immune molecules 
(IgE antibody and cytokines).   

  Experimental group  (group A): One group of mice was treated for 5 days with a broad-spectrum antibiotic to decrease 
the total bacterial microbiota and then given a single oral dose of the yeast  Candida albicans  to establish a low level of 
yeast in the microbiota, which typically occurs aft er human antibiotic therapy. On days 2 and 9, the mice were exposed 
intranasally to mold spores from  Aspergillus fumigatus,  a common indoor allergen aff ecting humans. Mouse tissues were 
examined on day 12.   

  Control groups  (groups B and C): One group of mice (group B) received the antibiotic and yeast exposures, but no 
exposure to mold spores. The other group (group C) was not exposed to antibiotic or yeast, but was exposed to mold 
spores on days 2 and 9.    

 ■   RESULTS: See figure. Note: the intranasal exposure to fungal spores did not cause any type of infection or 
fungal disease in any of the three groups of mice.    

 ■   CONCLUSIONS: Based on the results, clinical features mimicking an AAD were noted.      

  QUESTION 1:   Did the experimental study support the hypothesis being tested? Explain.    

  QUESTION 2:   Which group(s) of mice exhibited the characteristics of AAD? Explain your selection.    

  QUESTION 3:    Only animals with active helper T cells show the characteristics of AAD. Why were active T cells only 
found in Group A?    

 Answers can be found in  Appendix E . 

 Adapted from: Noverr, M. C.  et al.  (2004).  Infect. Immun.  72 (9): 4996–5003. 
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 Microbes and the Allergic Response 
 Allergies and asthma have long been suff ered by many individuals in various populations. The causes of the disorders 
have also been studied for decades and yet we still have an incomplete picture of how the process is triggered even as 
the numbers of allergy and asthma cases continue to increase. Recently though, researchers have been getting some very 
interesting clues to the causes. 
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Chapter 17 Immunity and Serology
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with three follow up challenges
 ■ New Investigating the Microbial World box
 ■ Two MicroFocus features revised
 ■ One new photo 
 ■ Five figures revised and two updated
 ■ One table updated

Chapter 18 Immune Disorders and AIDS
 ■ Improved coverage of hypersensitivities
 ■ Updated coverage of AIDS
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with three follow up challenges
 ■ New Investigating the Microbial World box

 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with four follow up 

challenges
 ■ New Investigating the Microbial World box
 ■ One MicroFocus feature revised
 ■ One new figure and three figures revised for clarity

Chapter 16 Resistance and the Immune System: 
Adaptive Immunity

 ■ Improved coverage of cell-mediated immunity
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with three follow up 

challenges
 ■ New Investigating the Microbial World box
 ■ Six figures revised
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 ■ Better coverage of intestinal helminths
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with eight follow up 

challenges
 ■ New Investigating the Microbial World box
 ■ Two new and one revised MicroFocus feature 
 ■ Two new photos, three new figures
 ■ Four figures revised and three tables revised

Chapter 22 Infectious Diseases Affecting the Nervous 
System

 ■ Updated coverage of meningitis and recent outbreaks
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with four follow up 

challenges
 ■ New Investigating the Microbial World box
 ■ New Clinical Case box
 ■ One new and one revised MicroFocus feature 
 ■ Two new figures
 ■ Four figures revised and two tables revised

Chapter 23 Cardiovascular, Lymphatic, and Systemic 
Infectious Diseases

 ■ Updated coverage of emerging hemorrhagic fevers
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with five follow up challenges
 ■ New Investigating the Microbial World box
 ■ One MicroFocus feature revised and updated
 ■ One new photo
 ■ Two figures revised and three tables revised

Chapter 24 Infectious Diseases Affecting the Urinary 
and Reproductive Systems

 ■ Revised organization of material on urinary tract 
infections

 ■ Updated material on STDs
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with four follow up 

challenges
 ■ New Investigating the Microbial World box

 ■ One new MicroFocus feature
 ■ Revised MicroInquiry box
 ■ One new figure and five figures revised for clarity

Chapter 19 Infectious Diseases Affecting the Skin  
and Eyes

 ■ Enhanced coverage of the skin microbiome
 ■ More concise coverage of skin diseases caused by 

bacteria, viruses, fungi, and parasites
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with three follow up 

challenges
 ■ New Investigating the Microbial World box
 ■ One MicroFocus feature revised
 ■ Seven new photos
 ■ One figure revised for clarity and five tables revised

Chapter 20 Infectious Diseases Affecting the 
Respiratory System

 ■ Updated information on the respiratory microbiome
 ■ New discussion of pertussis outbreaks
 ■ Updated information on flu virus types and 

transmission
 ■ Updated information on MERS
 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with five follow up 

challenges
 ■ New Investigating the Microbial World box
 ■ Two new and three revised and updated MicroFocus 

features 
 ■ Revised and updated MicroInquiry box
 ■ Two new photos and three new figures 
 ■ Five figures revised and two tables revised and 

updated

Chapter 21 Infectious Diseases Affecting the Digestive 
System

 ■ Updated information and more discussion on the gut 
microbiome

 ■ More coverage of Clostridium difficile and norovirus 
infections
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Chapter 25 Allied and Industrial Microbiology
 ■ Chapter material organized around food spoilage, 

food preservation, and industrial uses of microbes in 
food production (fermentation)

 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with four follow up challenges
 ■ New Investigating the Microbial World box
 ■ One new MicroFocus feature and one MicroFocus 

feature revised and updated
 ■ Seven new photos, three new figures, and two new 

tables

Chapter 26 Environmental Microbiology
Chapter completely revised to incorporate some material 
from previous edition Chapter 27

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

 ■ Chapter Self-Test redesigned
 ■ New Chapter Challenge with three follow up challenges
 ■ New Investigating the Microbial World box

 ■ Three MicroFocus features revised and updated
 ■ Three figures revised and three tables revised

840 Chapter 24: Infectious Diseases Aff ecting the Urinary and Reproductive Systems

  FIGURE 24.8FIGURE 24.8FIGURE 24.8   Incidence of Chlamydia, Gonorrhea, 
and Syphilis—United States and U.S. Territories, 
1995–2013.         In 2012, more than 1.4 million cases of 
chlamydia were reported to the CDC, the largest number of 
cases ever reported to CDC for any condition. 
❯ ❯❯ ❯❯ ❯  Provide a few reasons for the explosive increase 

in chlamydia infections in comparison to those for 
gonorrhea and syphilis.   

exceptionally small (0.35 μm), round to ovoid-
shaped organism. It has such a small genome 
that it only exists as an obligate, intracellular 
parasite in human hosts, as   MicroFocus 24.2
describes. It has a biphasic and unique repro-
ductive cycle involving a non-replicating, extra-
cellular, infectious  elementary body  ( EB ) and a 
replicating, intracellular, noninfectious  reticu-
late body  (  FIGURE 24.9FIGURE 24.9FIGURE 24.9   ). 

   Chlamydial urethritis is the most common 
STD globally and the most frequently reported 
STD in the United States (see  Figure 24.1 ). 
Part of the reason for the upsurge is due to 
the increased number of screening programs 
available and the development of better 
diagnostic tests. About 75% of chlamydial cases 
occur in females between 15 and 29 years of age. 

 Chlamydial urethritis represents one 
of several diseases collectively known as 
nongonococcal urethritis , or  NGU.  NGU 
is a general term for a condition in which 

FIGURE 24.9FIGURE 24.9FIGURE 24.9   The Chlamydial Life Cycle.         The reproductive cycle of the Chlamydiae involves two types of cells. Aft er 
infection, nonreplicating elementary bodies (EBs) reorganize into reticulate bodies (RBs), which divide to form additional 
RBs. Within 30 hours, the RBs begin to reorganize into EBs within an inclusion. These EBs are released directly from the 
inclusion or by the spontaneous lysis of the inclusion and host cell. ❯ ❯❯ ❯❯ ❯  Because  C. trachomatis  only reproduces inside 
cells, what cellular products might the pathogen require from its host to survive and grow?   
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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, diseases 
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 xvii for the complete list of Public Health boxes.

816 Chapter 23: Cardiovascular, Lymphatic, and Systemic Infectious Diseases

MicroFocus 23.2: Public Health 

In 2006, the Centers for Disease Control and Prevention (CDC) 
reported 37 cases of a unique hemorrhagic fever in U.S. travelers 
returning from destinations in the Indian Ocean and India—that 
is 34 more cases than had occurred in the previous 15 years. 
These travelers experienced fever, headache, fatigue, nausea, 
vomiting, muscle pain, and a skin rash—typical symptoms of 
dengue fever. However, unlike dengue, these patients also had 
incapacitating joint pain. The symptoms typically lasted a few 
days to a few weeks, although the joint pain sometimes lasted 
for many months. In the CDC cases, all recovered.

The disease experienced by these travelers was chikungunya 
(CHIK) fever (chikungunya means “to walk bent over,” referring to 
the severe joint pain) caused by the disease. CHIK fever is caused 
by the chikungunya virus (CHIKV), a single-stranded (+ strand), 
enveloped RNA virus of the Togaviridae endemic to tropical East 
Africa and regions rimming the Indian Ocean. It is transmitted by 
mosquitoes. The 2006 outbreak on Réunion Island in the Indian 
Ocean affected more than 300,000 of the 780,000 inhabitants and, 
for the first time, CHIK fever had claimed a substantial number of 
lives; 240 fatalities were attributed directly or indirectly to CHIKV. 
It then spread to India where more than 1.5 million cases were 
reported. Today, more than 37 countries have reported CHIK 
fever cases (see map).

CHICKV spreads through the blood to the liver, muscles, 
brain, lymphatic tissues, and joints. There is no specific antiviral 
treatment for CHIK fever, so prevention consists of protecting 
individuals from mosquito bites and controlling the vector 
through insecticide spraying.

What makes this emerging disease especially worrisome is 
the spread of CHIKV to the Americas. In December 2013, the first 
case of CHIK fever was reported in the Caribbean. And it continues 
to spread. As of September 19, 2014, cases of Chikungunya 
fever have been identified in 34 countries or territories in the 
Caribbean, Central America, South America, and North America. 

Courtesy of NIAID

There have been almost 730,000 suspected cases and nearly 
11,000 laboratory-confirmed cases.

It is likely that the virus will continue to spread to new areas 
in the Americas through infected people and mosquitoes. In 
fact, the mosquitoes capable of transmitting CHIKV are found 
throughout much of the Americas, including parts of the United 
States. Because most people in these regions of the Americas are 
not immune, they can be infected and, through blood meals by 
female mosquitoes, infected individuals can spread the disease 
to more humans. By the time you read this, CHIK fever will 
certainly have spread in the U.S.

outbreaks occurred in Sudan and Zaire (now 
the Democratic Republic of Congo)—Ebola was 
named from the Ebola River in the Democratic 
Republic of Congo where the disease first 
appeared. When it was over, 280 infected 
people (88%) died. Through 2014, there have 
been 25 confirmed outbreaks of EVD in Africa 
and more than 67% of the infected individuals 

have died. Fruit bats have been identified as 
a possible reservoir. Of these outbreaks, the 
deadliest and longest-ever outbreak of EVD 
is the one currently occurring in West Africa 
(Guinea, Sierra Leone, and Liberia). As of  
this writing (October 2014), the end of this 
epidemic is nowhere in sight and health officials 
fear up to 100,000 cases may occur before the 

Reservoir: The 
natural host 
or habitat of a 
pathogen.

A digitally-colorized transmission electron micrograph of 
numerous Chikungunya viruses. (Bar = 100 nm.)
Courtesy of Cynthia Goldsmith, James A. Comer, and Barbara Johnson/CDC.

A Newly Emerging Hemorrhagic Fever
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CLINICAL CASES also provide the 
global experience essential for 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 xv for 
the complete list of Clinical Cases.

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 illnesses are a growing concern 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.

492
Chapter 14: Infection and Disease

111     A previously healthy, 34-year-old woman in 

Rochester, New York, went to her primary care 

physician complaining of fever, headache, 

malaise, and chills. She told the physician the 

symptoms had appeared 24 hours earlier. A 

urine sample was taken for analysis.   

222   Two days later, the patient returned to her 

physician. Her fever had abated but she had 

a more severe headache, severe pain behind 

the eyes that worsened on eye movement, 

and a feeling of light-headedness. Her 

urinalysis report indicated bacterial cells and 

red blood cells were present in the urine. She 

was referred to a local hospital emergency 

department.   

333   The emergency room evaluation showed all vital signs were normal. A complete blood cell workup 

revealed a low white blood cell and platelet count and a normal hematocrit. A CT scan and cerebral 

spinal fluid (CSF) from a lumbar puncture were normal. Because her light-headedness disappeared, she 

was discharged from the emergency department.   

444   Four days later, the patient returned to her primary care physician expressing the feeling that she just 

didn’t feel good. Although all vital signs were normal, petechiae (tiny purplish-red spots due to blood 

hemorrhages) were noted on her lower extremities.   

555   A consultation with an infectious disease specialist suggested the patient could have dengue fever. 

Questioning the patient, it was evident she had not traveled to any dengue-endemic area in the world. 

She did state that prior to the onset of symptoms she had just returned from a trip to Key West, Florida. 

While there, she had been bitten several times by mosquitoes. A serum sample from the patient was 

tested for antibodies to dengue fever virus. The results were positive. Confirmatory testing of serum and 

CSF samples was done by the Centers for Disease Control and Prevention (CDC) in Atlanta. Both samples 

were positive for antibodies against dengue fever virus.   

666   Two days later the patient reported to her physician that she was feeling much better. She had 

completely recovered when interviewed by the Monroe County (Florida) Health Department on 

September 1.   

777   Further investigation identified another 24 cases of dengue fever, all locally acquired in the Key West 

area.   

  Questions:  
 Answers can be found in  Appendix E . 

A.    Why was a urine sample taken for analysis?  

B.   Why didn’t the original CSF sample indicate a dengue fever infection?  

C.   What sign indicated to the infectious disease specialist that the patient might have dengue fever?  

D.   Considering the number of dengue fever cases in Key West, what measures should be taken to lessen 

and control the outbreak?   

 For additional information see  http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5919a1.htm .       

 CLInICAL CASE     CLInICAL CASE     CLInICAL CASE     CLInICAL CASE     CLInICAL CASE     CLInICAL CASE     CLInICAL CASE     CLInICAL CASE     CLInICAL CASE     CLInICAL CASE     CLInICAL CASE     CLInICAL CASE    14

 Locally Acquired Dengue Fever 

  Courtesy of Prof. Frank Hadley Collins, Director, Center for Global Health and Infectious Diseases, University of Notre Dame/CDC.    
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immense health challenge today and Haiti is 
only one of the most recent epidemics to make 
the news (  FIGURE 21.1FIGURE 21.1FIGURE 21.1   ). In 2010–2011, one 
of the worst ever regional cholera outbreaks 
occurred in west and central Africa, where 
more than 105,000 cases were reported, taking 
the lives of 3,000 people. 

  Cholera cases and deaths continue to occur 
in Haiti. As of September 2014, over 700,000 
cases and more than 8,500 deaths had been 
reported since the outbreak began in 2010. 

 Cholera is just one of many illnesses 
a� ecting the digestive system. In this chapter, 
we examine the intoxications and infections 
caused by bacterial species contaminating food 
and water. � en, we discuss gastrointestinal 
diseases caused by other pathogens. As we 
proceed, take note of the illnesses with similar 
symptoms.  

FIGURE 21.1FIGURE 21.1FIGURE 21.1   Recent Cholera Outbreaks.         There have been numerous outbreaks of cholera, especially in Africa. 
❯ ❯❯ ❯❯ ❯  Medical experts are concerned that the rainy season will continue to spread the disease. Why would the rainy 

season spread cholera?   
 Adapted from Waldor, M.K., Hotez, P.J., and Clemens, J.D. (2010)  N Engl J Med  363 (24):2279–2282. 
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 Foodborne illnesses are a major cause of 
infectious disease in the United States. Every 
year there are an estimated 48 million foodborne 
infections, leading to 128,000 hospitalizations 
and 3,000 deaths. Yet many of us don’t think 
about food safety until we or someone we know 
gets sick from eating contaminated food or 
drinking contaminated water. Because everyone 
is at risk for food poisoning, we need to think 
about ways we can try to reduce the risk and 
prevent illnesses of the digestive system. As we 
describe many of the more common foodborne 
and waterborne infections, let’s try to think of 
ways to prevent such infections from the farm to 
the table. 

 CHAPTER CHALLENGE 
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xxxii Preface

INVESTIGATING THE MICROBIAL 
WORLD 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 xv for 
the 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 they 
have mastered the material, but also 
strengthen their 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.
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 Does Cranberry Juice Cure Urinary Tract Infections? 

 Urinary tract infections (UTIs), such as cystitis, are an unpleasant illness. Besides the increased urge to urinate, there oft en is 

a burning sensation when one does urinate. Although the infection and symptoms can resolve without medical treatment, 

there is a 24% chance of a recurrence within 6 months. 

 ■ OBSERVATIONS:  The cranberry and especially cranberry products, such as cranberry juice or cranberry capsules, 

have been considered, or even touted, by many as an eff ective home treatment for UTIs, or to prevent UTIs from 

recurring. Proponents say that cranberry products work by acidifying the urine, which would make the urinary tract 

less hospitable to pathogens like  Escherichia coli,  the most common cause of UTIs. Also, the sugar (fructose) and 

proanthocyanidins in cranberries may interfere with the ability of the pili on  E. coli  cells to adhere to the cells lining 

the urinary tract. Opponents say the evidence is less than compelling and too anecdotal. In addition, good quality, 

randomized, double-blind, and placebo-controlled studies on the eff ects of cranberries have not been undertaken.   

 ■ QUESTION:  Does cranberry juice prevent recurrent UTIs?     

 ■ HYPOTHESIS:  Regular drinking of cranberry juice cocktail (CJC) will reduce the likelihood of recurrent UTIs. If so, then 

a randomized, double-blind comparison of the eff icacy of CJC and placebo juice on women with an acute UTI should 

reduce the rate and duration of UTI symptoms.   

 ■ EXPERIMENTAL DESIGN:  Out of 419 college women enrolled, 319 had a positive urine culture for a UTI. The 

experimental juice consisted of a formulated low-calorie CJC (27% juice) with a standardized proanthocyanidins 

component. The placebo juice was formulated to imitate the flavor (sugar and acidity) and color of cranberry juice but 

without any cranberry or proanthocyanidin content.   

 ■   EXPERIMENT:  The 319 women were randomly split into two groups. One group (155 women) drank two 8 oz. glasses 

of CJC twice daily for 6 months. The other group (164 women) drank two 8 oz. glasses of placebo juice twice daily for 6 

months. Neither the participants nor investigators knew which group was drinking which juice. Compliance was based 

on self-reporting. 

 The clinical assessment consisted of analyzing clean-catch, mid-stream urine specimens from the participants at the 

beginning of the study, and at 3 and 6 months. Self-collected vaginal and rectal specimens were cultured for  E. coli  

pathogens. Participants also completed questionnaires at the beginning of the study, and at 3 and 6 months, regarding any 

UTI symptoms as well as other pertinent medical information.   

 ■ RESULTS:  See figure. Of the 319 participants that started the study, 230 completed the entire study (116 in the CJC 

group and 114 in the placebo group). The presence of urinary and vaginal symptoms over the course of the study was 

similar between the two groups. A positive UTI was based on a combination of symptoms and a urine culture positive 

for a known uropathogen. Gastrointestinal symptoms were twice as frequent in the placebo group as in the CJC group.    

CONCLUSIONS:    

QUESTION  1: Was the hypothesis validated? Explain using 

the figure.     

  Question  2: Explain why this was a (a) randomized, (b) 

double-blind, and (c) placebo-controlled study.     

QUESTION  3: Can you think of any problems or caveats in 

the set up and performance of this study that could make the 

results questionable?     

 Answers can be found online in  Appendix F . 

 Adapted from: Barbosa-Cesnik, C.  et al.  (2011).  Clin Infect Dis   52  (1):23–30. 
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of CJC twice daily for 6 months. The other group (164 women) drank two 8 oz. glasses of placebo juice twice daily for 6 

months. Neither the participants nor investigators knew which group was drinking which juice. Compliance was based 

 The clinical assessment consisted of analyzing clean-catch, mid-stream urine specimens from the participants at the 
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pathogens. Participants also completed questionnaires at the beginning of the study, and at 3 and 6 months, regarding any 

  See figure. Of the 319 participants that started the study, 230 completed the entire study (116 in the CJC 

group and 114 in the placebo group). The presence of urinary and vaginal symptoms over the course of the study was 

similar between the two groups. A positive UTI was based on a combination of symptoms and a urine culture positive 

for a known uropathogen. Gastrointestinal symptoms were twice as frequent in the placebo group as in the CJC group.    

       Risk of a recurring UTI by history and juice assignment.   

 Adapted from: Barbosa-Cesnik, C. et al. (2011).  Clin. Infect. Dis . 52 (1): 23–30. 
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Chapter 19: Infectious Diseases Aff ecting the Skin, Soft  Tissues, and Eyes
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 One of the liveliest global debates in 

microbiology is whether the last remaining 

stocks of smallpox viruses in Russia and 

the United States should be destroyed. 

Here are some of the arguments.  

 For Destruction 

 ■    People are no longer vaccinated, so 

if the virus should escape the labora-

tory, a deadly epidemic could ensue.   

 ■  The DNA of the virus has been se-

quenced and many cloned fragments 

are available for performing research 

experiments; therefore, the whole vi-

rus is no longer necessary.   

 ■  The elimination of the remaining 

stocks of laboratory virus will 

eradicate the disease and complete 

the project.   

 ■  No epidemic resulting from the theft  

or accidental release of the virus can 

occur if the remaining stocks are 

destroyed.   

 ■  If the United States and Russia 

destroy their smallpox stocks, it will 

send a message saying biological 

warfare will not be tolerated.     

 Against Destruction 

 ■    Future studies of the virus are 

impossible without the whole virus. 

Indeed, certain sequences of the viral 

genome defy deciphering by current 

laboratory means.   

 ■  Insights into how the virus causes 

disease and aff ects the human 

immune system cannot be studied 

without having the genome and 

whole virus. The virus research may 

identify better therapeutic options 

that can be applied to other infectious 

diseases.   

 ■  Mutated viruses could cause 

smallpox-like diseases, so continued 

research on smallpox is necessary in 

order to be prepared.   

 ■  No one actually knows where all 

the smallpox stocks are located. 

Smallpox virus stocks may be secretly 

retained in other labs around the 

world for bioterrorism purposes, so 

destroying the stocks may create a 

vulnerability in protecting the public. 

Smallpox viruses also may remain 

active in buried corpses.   

 ■  Destroying the virus impairs the 

scientists’ right to perform research, 

and the motivation for destruction is 

political, not scientific.   

 ■  Today, it is possible to create the 

smallpox virus from scratch. So why 

bother to destroy it?   

 ■  Because the smallpox virus (vaccinia) 

may have evolved from camelpox, 

who is to say that such evolution 

could not happen again from 

camelpox?     

 Discussion Point 
  Now it’s your turn. Can you add any 

insights to either list? Which argument do 

you prefer? P.S. In 2011, the World Health 

Assembly of the World Health Organization 

(WHO) met to consider again the evidence 

for retention or destruction of the smallpox 

stocks. WHO decided to postpone a 

decision. In 2014, the debate continues.   

Courtesy of NIAID

 “Should We or Shouldn’t We?” 

 As you have read, a variety of skin diseases are caused by viruses. 

  Question B:  
  Identify (easy, medium) the virus responsible for each of the following disease signs and symptoms.  

1.    (Easy) A 65-year-old man presents with blotchy-red blisters on the body trunk and is experiencing sharp 

“icepick” pains. Viral diagnosis?   

2.  (Medium) A 10-year-old boy presents with a fever, runny nose, red eyes and a fading pink skin rash that 

first appeared two days ago. Viral diagnosis?   

3.  (Medium) A 7-year-old girl presents with fever, runny nose, red eyes, cough, and a facial rash that formed 

at the hairline and has spread to the face. Viral diagnosis?   

 Answers can be found in  Appendix F . 

 CHAPTER CHALLENGE B 
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Preface xxxiii

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.

Jones & Bartlett Learning offers 
an assortment of supplements to assist 
students in mastering the concepts in this 
text. 

 ■ Animations: Engaging animations 
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.
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Chapter 20: Infectious Diseases Aff ecting the Respiratory System
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4, 7
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11

19-25

12, 13
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20.1 The Respiratory System Has a Resident Microbiota

• The respiratory system is divided into the upper

 respiratory tract (URT) (nose, sinus cavities, pharynx

 (throat), and larynx), and the lower respiratory tract

 (LRT) (trachea, bronchi, and lungs). The lungs contain

 the alveoli where gas exchange occurs. Mechanical and

 chemical defenses of the URT include: mucociliary

clearance to trap microbes in a layer of mucus; the

 presence and activity of several antimicrobial substances,

 including lysozyme and other antimicrobial peptides, IgA

 and IgG antibodies, and human defensins. The

 microbiota of the URT includes Streptococcus, Neisseria

 (in the nasopharynx), Haemophilus, Staphylococcus

 (primarily in the anterior nares of the nose). (Fig. 20.2,

 20.3)

20.2 Bacterial and Viral Diseases of the

URT
Bacterial:

• Streptococcal pharyngitis

 1. Streptococcus pyogenes

• Scarlet fever

 2. Streptococcus pyogenes

• Diphtheria

 3. Corynebacterium diphtheriae

• Sinusitis

 4. Various bacterial species

• Otitis externa

 5. Streptococcus, Staphylococcus,

 Pseudomonas species

• Otitis media

 6. Streptococcus pyogenes,

 Haemophilus influenzae

Viral:
• Common colds

 7. Rhinoviruses

20.3 Bacterial and Viral Diseases

of the URTand LRT

Bacterial:

• Pertussis

 8. Bordetella pertussis

Viral:
• Influenza

 9. Influenza A virus,

 influenza B virus

Summary Map of Key Concepts and Infectious Diseases: The Respiratory System

20.4 Bacterial, Viral, Fungal

Diseases of the LRT

Bacterial:

• Tuberculosis

 10. Mycobacterium tuberculosis

• Inhalational anthrax

 11. Bacillus anthracis

• HCAP

 12. Staphylococcus aureus,

 Klebsiella pneumoniae,

 Pseudomonas aeruginosa,

 Acinetobacter species

• CAP

 13. Streptococcus pneumoniae,

 Mycoplasma pneumoniae,

 Legionella pneumophila,

 Coxiella bumetii,

 Chlamydophila psittaci,

 Chlamydophila pneumoniae

Viral:
• Respiratory syncytial (RS)

 disease

 14. Respiratory syncytial virus

• Parainfluenza

 15. Human parainfluenza

 viruses 1 and 3

• RSV-like illness

 16. Human metapneumovirus

• SARS

 17. SARS coronavirus

• Hantavirus pulmonary

 syndrome (HPS)

 18. Hantavirus

Fungal:
• Histoplasmosis

 19. Histoplasma capsulatum

• Blastomycosis

 20. Blastomyces dermatitidis

• Coccidioidomycosis

 21. Coccidioides immitis,

 Coccdioides posadasii

• Cryptococcosis

 22. Cryptococcus neoformans

 23. Cryptococcus gattii

• Pneumocystis pneumonia

 24. Pneumocystis jirovecii

• Aspergillosis

 25. Aspergillus fumigatus

 SUMMARY OF KEY CONCEPTS 
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xxxiv Preface

 ■ 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.

 ■ Answer Key: Answers for the End 
of Chapter Questions, as well as 
the questions in the MicroInquiry, 
Chapter Challenge, Clinical Case, and 
Investigating the Microbial World 
feature boxes are available in the book’s 
appendices.

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

  25.1  Food Spoilage Is Generally 

a Result of Microbial 

Contamination and Growth 

  25.2  Food Preservation Inhibits 

Foodborne Pathogens and 

Spoilage Microorganisms  

  MicroInquiry 25:  Keeping 

Microorganisms Under Control  

  25.3  Many Foods and Beverages 

Are the Product of Microbial 

Metabolism  

  Investigating the Microbial 

World 25:  The Microbial 

Ecology of Cheese  

  25.4  Microorganisms Are Used 

to Produce Many Industrial 

Products  

 CHAPTER PREVIEW 

  25 
 Applied and Industrial 

Microbiology 

 The idea was appealing and the price was right: a patty melt 

sandwich and a so�  drink for lunch. � e rye bread was toasted, 

the hamburgers were stacked and waiting to be cooked, the 

American cheese slices were lined up next to the grill, and the aroma 

from the sautéed onions was irresistible. However, on this fall day in 

October, the stage was set for one of the worst outbreaks of botulism in 

American history. 

 Between October 14 and 16, many people stopped by Peoria’s Skewer 

Inn and enjoyed patty melt sandwiches. Within a day or two, however, 

28 individuals began experiencing the paralyzing signs of botulism. � ey 

su� ered blurred vision, di�  culty swallowing and chewing, and labored 

breathing. One by one, they called their doctors, and within a week, all 

were hospitalized. Twelve patients had to be placed on respirators. A� er 

many anxious hours, all but one recovered. 

 Investigators from the Centers for Disease Control and Prevention 

(CDC) arrived in Peoria shortly therea� er. � ey obtained detailed food 

histories from patients and from others who ate at the restaurant during 

the same 3-day period. First, they identi� ed patty melt sandwiches as 

the probable cause (24 of 28 patients interviewed speci� cally recalled 

eating the sandwiches); then they began a search to pinpoint the item 

Courtesy of NIAID
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  26.1  Water Pollution Includes 

Biological Changes Harmful to 

Water Quality 

  26.2  Proper Treatment of Water 

and Sewage Ensures Safe 

Drinking Water  

  MicroInquiry 26:  Doing a 

Standard Qualitative Water 

Analysis  

  26.3  Microbes Are Indispensable 

for Recycling Major Chemical 

Elements  

  Investigating the Microbial 

World 26:  Fixated on Carbon 

  MicroFocus 26.1: 

Environmental Microbiology    

 CHAPTER PREVIEW 

    26 
 Environmental Microbiology 

 In the early 1800s, the steam engine and its product, the Industrial 

Revolution, brought crowds of rural inhabitants to European cities. 

To accommodate the rising populations, row houses and apartment 

blocks were hastily erected, and owners of existing houses took in tenants. 

Not surprisingly, the o� en unsanitary conditions led to the spread of 

infectious diseases, including typhoid fever, cholera, tuberculosis, and 

dysentery. 
 As the death rates rose, a few activists spoke up for reform. Among 

them was an English lawyer and journalist named Edwin Chadwick. 

Chadwick subscribed to the then-novel idea that humans could shape 

their environment and could eliminate diseases of � lth by doing away 

with the waste. In 1842, he published a landmark report suggesting 

poverty-stricken laborers su� ered a far higher incidence of disease than 

people from middle or upper classes. Chadwick attributed the di� erence 

to the abominable living conditions of workers, and he believed most of 

their diseases were preventable. His report established the basis for the 

Great Sanitary Movement, a wave of reform that began in Europe. 

 Chadwick was not a medical man, but his ideas captured the 

imagination of both scientists and social reformers. He suggested sewers 

be constructed using smooth ceramic pipes and then enough water be 

� ushed through the system to carry waste to some distant depository. To 

work e�  ciently, the system required the installation of new water and 

sewer pipes, the development of powerful pumps to bring water into 

homes, and the elimination of older sewage systems. 
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          Safe and clean water is a precious resource in many parts of the world.   

 ©
 polepole tochan/ShutterStock, Inc.     
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teACHinG tooLS
Jones & Bartlett Learning also has an array of support ma-
terial for instructors. Additional information and review 
copies of any of the following items are available through 
your Jones & Bartlett Learning sales representative or by 
going to www.jblearning.com.

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

 ■ The Image Bank provides 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 quickly and easily copy 
individual images or tables into your existing lecture 
presentations, test and quizzes, or other classroom 
materials.

 ■ 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, prepared by Justin York of 
Glendale Community College, including hundreds of 
assessment questions is available.
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 ■ Lab manual: Alcamo’s Laboratory Fundamentals 
of Microbiology, Tenth Edition, is a series of over 
30 multipart laboratory exercises providing basic 
training in the handling of microorganisms and 
reinforcing ideas and concepts described in the 
textbook.

 ■ Infectious Diseases: The Guide to Infectious Diseases 
by Body System, 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: The Encounters in 
Microbiology, Volume I, Second Edition, and Volume 
II bring together “Vital Signs” articles from Discover 
magazine in which health professionals use their 
knowledge of microbiology in their medical cases.
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Throughout all my years of teaching at universities 
and colleges, I would not be able to be the instructor I 
am without the great students I have had the fortune to 
have in my many classes. They 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 way as it could (or should) be. 
Their suggestions and evaluations have encouraged 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 of all—successful.

Jeff Pommerville
Glendale, AZ

It takes a team of experts to put together a new edition of 
Fundamentals of Microbiology: Body System Edition and 
the team at Jones & Bartlett Learning are professionals. As 
Senior Acquisitions Editor, Matthew Kane has been key 
in coordinating the revision project and is always there to 
answer my questions and provide guidance. Working on a 
daily basis with my Editorial Assistant, Audrey Schwinn, 
has been a pleasure and made the process as smooth as 
possible. At the production end, my Production Editor, 
Leah Corrigan, was on top of the project and managed 
the process skillfully. Lauren Miller, Manager of Photo 
Research, Rights & Permissions, always found the new 
photos needed to illustrate the pages. Kristin Parker 
put together the design format. Shellie Newell did the 
copyediting and Elizabeth Platt proofread the textbook 
pages.
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jokes. Toward the end of this time, after publishing over 
30 peer-reviewed papers in national and international 
research journals, 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 Community College, where I continue to 
teach introductory biology and microbiology.

I have been lucky to be part of several educational 
research projects and have been honored, along with two 
of my colleagues, with a Team Innovation of the Year 
Award by the League of Innovation in the Community 
Colleges. In 2000, I became project director and lead 
principal investigator for a National Science Foundation 
grant to improve student outcomes in science through 
changes in curriculum and pedagogy. I had a fascinating 
3 years coordinating more than 60 science faculty 
members (who at times were harder to manage than 
students) in designing and field testing 18 interdisciplinary 
science units. This culminated with me being honored in 
2003 with the Gustav Ohaus Award (College Division) for 
Innovations in Science Teaching from the National Science 
Teachers Association.

I am the Perspectives Editor for Microbiology Educa-
tion (now the Journal of Microbiology and Biology Edu-
cation), the education research journal of the American 
Society for Microbiology (ASM) and in 2004 was co-chair 
for the ASM Conference for Undergraduate Educators. 
From 2006 to 2007, I was the chair of Undergraduate  
Education Division of ASM. In 2006, I was selected as one 
of four outstanding instructors at Glendale Community 
College. The culmination of my teaching career came in 
2008 when I was nationally recognized by being awarded 
the Carski Foundation Distinguished Undergraduate 
Teaching Award for distinguished teaching of microbiol-
ogy to undergraduate students and encouraging them to 
subsequent 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 

Today I am a micro-
biologist, researcher, 
and science educator. 
My plans did not start 
with that intent. While 
in high school in Santa 
Barbara, California, I 
wanted to play profes-
sional baseball, study 
the stars, and own a ’66 
Corvette. None of these 
desires would come 
true—my batting aver-
age was miserable (but I 

was a good defensive fielder), I hated the astronomy cor-
respondence course I took, and I never bought that Cor-
vette.

I found an interest in biology at Santa Barbara City 
College. After squeaking through college calculus, I 
transferred to the University of California at Santa 
Barbara (UCSB), where I received a BS in biology and 
stayed on to pursue a PhD degree in the lab of Ian 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 secre-
tary in distress from being licked to death by a German 
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 proj-
ects, 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!

I then moved on to Texas A&M University, where I 
spent 8 years in teaching and research—and telling Aggie 

Courtesy of Dr. Jeffrey Pommerville
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unlimited opportunities will come your way. With the 
untimely passing of my friend and professional colleague 
Ed Alcamo, also the Carski recipient in 2000, I was 
privileged in 2003 to be offered the opportunity to take 
over the authorship of Fundamentals of Microbiology. It 
is an undertaking I continue to relish as I (along with the 
wonderful folks at Jones & Bartlett Learning) try to evolve 
a new breed of microbiology textbook reflecting the 
pedagogy change occurring in science classrooms today. 
And, hey, who knows—maybe that ’66 Corvette could be 
in my garage yet.

Reviewers for the Third Edition
As always, it is the input, suggestions, and comments from 
instructors and students alike that evolve a textbook and 
make each edition an improvement on its predecessor. 
I thank everyone from previous editions as well as the 
reviewers for this edition for their time and effort with 
the review. 

Fundamentals of Microbiology Advisory Panel
Sue Katz, Rogers State University
Don Lehman, University of Delaware
Pam Marshall, Arizona State University, West
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To The STudenT—STudy SmarT

Chapter Introduction
What is this chapter 

about?

Key Concepts
What is important in 

the section I am about 
to read?

Concept and 
Reasoning Checks

Have I understood what 
I just read?

Summary of Key 
Concepts

Did I get the main idea?

Are there other materials 
that will help me 

master and retain the 
information?

Student Study Guide
 (bundled or sold 

separately)

Boldface Terms

Marginal Definitions

Marginal drawings and 
chemical structures

MicroFocus boxes

MicroInquiry boxes

Textbook cases

Figure questions

Pronouncing organism names

Summary tables

Learning Objectives

Self-Test

Questions for Thought and
Discussion

Applications

Review

CHAPTER AIDS

END-OF-CHAPTER
STUDENT

ASSESSMENTS

Your success in microbiology and any 
college or university 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 learning and 
understanding and, ultimately, your 
grades. The learning design concept 
described in the Preface 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 preparation and 
understanding of microbiology—and for 
that matter any subject you are taking.
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To the Student—Study Smart xli

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 reading 
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 underlining 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 students find having a ruler is useful to prevent your 
eyes from wandering on the page and to read each line 
without distraction.

Be An eXPLoReR BeFoRe yoU ReAd
When you sit down to read a section of a chapter, do 
some preliminary exploring. Look at the section 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 
features, so use them to your advantage. They will help 
you learn the written information and comprehend 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 

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 textbooks were filled 
with underlined sentences (highlighters 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. 
Therefore, 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 Student 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.

Be A PRePARed ReAdeR
Before you jump into reading a section of a chapter 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 blaring 
television, or screaming kids? Is the lighting adequate to 
read? Are you sitting at a desk or lounging on the living 
room sofa? Get where I 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.

To The STudenT—STudy SmarT
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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 process. Identifying the 
important information from a textbook chapter requires 
you to slow down your reading speed. Speed-reading is 
of no value here.

KnoW tHe WHAt, WHy, And HoW
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 reading Sports 
Illustrated or People magazine. In these entertainment 
magazines, you read passively for leisure or perhaps 
amusement. In Fundamentals of Microbiology, Body 
Systems Edition,Third 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 discussed? 
This often is easy to determine because the section 
heading might tell you. If 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.

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.

will have a framework for the chapter before filling in the 
nitty-gritty information.

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, highlight or underline them. However, I 
have seen students 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 (or the 
definition might be in the margin). So only highlight or 
underline with a pen essential ideas and key phrases—not 
complete sentences, if possible. By the way, the important 
microbiological terms and major concepts also are 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.

Be A RePetitioUS StUdent
Brain research has shown that each individual can only 
hold so much information in short-term memory. 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 concept; so, write it out in your notebook 
using your own words. Memorizing a term does not mean 
you have learned the term or understood the concept. By 
actively writing it out in your own words, you are forced 
to think and actively interact with the information. This 
repetition reinforces your learning.
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center. These folks will have more ways to help you to read 
a textbook better and to study well overall.

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 connections 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 information and interpret it in a 
meaningful or practical way. They also have found that 

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 learning and better retention.

In many professions, such as sports or the theater, the 
name of the game is practice, practice, practice. The hints 
and suggestions I have given you form a skill that requires 
practice to perfect and use efficiently. Be patient, things 
will not happen overnight; perseverance and willingness 
will pay off with practice. You might also check with your 
college or university academic (or learning) resource 

730 Chapter 21: Infectious Diseases Affecting the Digestive System 

A few bacterial species secrete preformed toxins 
present in food. These foodborne intoxications 
represent a noninflammatory gastroenteritis 
and involve a brief incubation period and quick 
resolution.

Food Poisoning Can Be the Result of 
Enterotoxins
Some bacterial species produce enterotoxins, 
which, limited to the intestines (entero = 
“intestine”), are poisons causing vomiting and 
diarrhea.

Staphylococcal Food Poisoning. In-
gestion of a heat-stable exotoxin produced by 
Staphylococcus aureus, a facultatively anaerobic, 
gram-positive sphere, can cause staphylococcal 
food poisoning. Today, it ranks fourth among 
reported cases of bacterial foodborne diseases.

A key reservoir of S. aureus in humans is the 
nose. Thus, an errant sneeze by a food handler 
may be the source of staphylococcal food 
contamination. Studies indicate, however, the 
most common mode of transmission is from 
boils or abscesses on the skin, which can shed 
staphylococci into the food product where the 

Staphylococcus aureus

Reservoir: The 
natural host 
or habitat of a 
pathogen.

In this section of the chapter, the point was 
made that foods can become contaminated 
somewhere along the production line from farm 
to table. 

Question C:
Present ways that foods can be protected 
from pathogen contamination on the farm, 
during manufacturing, at a restaurant, the 
grocery store, and at home. We will deal with 
more specific examples of prevention in the 
rest of the chapter.
Answers can be found online in Appendix F.

ChaPtER ChallEngE C

Some Bacterial Pathogens Cause 
Foodborne Intoxications

Key ConCept 21.4 Courtesy of NIAID

cells soon begin toxin secretion. The incubation 
period is a brief 3 to 12 hours, so the individual 
usually can think back and pinpoint the source, 
which often is a protein-rich food, such as meats, 
fish, or egg salad. Patients then experience 
abdominal cramps, nausea, vomiting, and 
diarrhea as the toxin triggers the release of 
water from the intestine. The symptoms last for 
12–24 hours with recovery rapid and complete 
in 1 to 2 days.

Clostridial Food Poisoning. Clostridial 
food poisoning is caused by Clostridium 
perfringens, an obligately anaerobic, spore-
forming, gram-positive rod ( Figure 21.11 ). 
Most commonly, it contaminates protein-rich 
foods such as meat, poultry, and fish. If the 
endospores survive the cooking process, they 
germinate to vegetative cells, which produce 

Clostridium perfringens

Figure 21.11  Clostridium perfringens. False-color 
transmission electron micrograph of a C. perfringens 
cell. It produces a heat-resistant enterotoxin that can 
contaminate protein-rich foods. (Bar = 0.5 um.) ❯ ❯  What 
is the “green” structure in the bottom portion of the 
cell?
© CNRI/Science Source
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piece of paper. This is necessary as one begins 
to struggle with the process of building a good 
hierarchical organization.

5. The concept map connects terms associated with 
a concept in the following way:

 ■ 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).

 ■ 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.

6. 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.

7. Now look at the map and see if it answers the 
following. Does it:

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

 ■ 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?

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

 ■ Allow you to visualize complex relationships 
more easily?

 ■ Make recall and review more efficient?

Example
After reading the section on gene expression, 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)?

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 

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 produce 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.

2. 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. 

3. 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.

4. 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 
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 ■ 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.

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 wonderful and 
sometimes awesome world of microorganisms.

—Dr. P
Email: jeffrey.pommerville@gccaz.edu
Web site: http://web.gccaz.edu/~jpommerv/

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 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.

230 Chapter 7: Microbial Genetics

a.    How is the coding sequence 
of a bacterial gene processed 
diff erently from that in a 
eukaryotic gene?  

b.   What is meant by the genetic 
code being redundant? Give two 
examples.  

c.   Explain why the ribosome can 
be portrayed as a “cellular 
translator.”  

d.   Propose a hypothesis to explain 
why so many antibiotics 
specifically aff ect translation.  

e.   In the  lac  operon, why is 
transcription referred to as 
negative control?   

 CONCEPT AND REASONING CHECKS 3 Bacteria: © NIAID

 In this section of the chapter, you studied gene 
expression in bacterial species. This involved 
both transcription by an RNA polymerase and 
translation by ribosomes. Again, both the 
transcription and translation processes require 
many proteins to regulate and carry out the 
expression of a gene. 

  QUESTION C:  
  When considering the obligate symbionts/
parasites, would the genes required for 
transcription and translation be part of 
the symbiont/parasite genome? Explain. 
Remember, a bacterial ribosome is built from 
four rRNAs and some 55 proteins.  

 Answers can be found in the book’s online 
resources in  Appendix D . 

 CHAPTER CHALLENGE  C 

  FIGURE 7.14FIGURE 7.14FIGURE 7.14   A Concept Map for Gene Expression.         Gene expression is a combination of the transcription and 
translation processes. ❯ ❯❯ ❯❯ ❯  Circle the part of the concept map that represents (a) transcription and (b) translation.   

read the codons
to produce

GENE EXPRESSION

involves genes copied into

associate with ribosomal
proteins to form

associate with 

mRNAs rRNAs

Ribosomes

Polypeptides (proteins)

tRNAs

tRNA–AA

are charged with specific
amino acids (AA)

brings
specific

AA
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