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Designed for Today’s Students

You always hope that the current revision will be easier, that after 
11 editions and 30 years you’ve finally managed to create the per-
fect book. But, of course, that’s never the case. Crafting a truly 
useful learning tool for students takes time and dedication. Every 
line of text and every piece of art is scrutinized for instructional 
usefulness, placement, and pedagogy, and then reexamined with 
each revision. In this eleventh edition, the author has gone through 
the book page by page, with more depth than ever before, to make 
sure it maintains its instructional quality, superior art program, 
currency, and engaging writing style. Since the first edition, the 
goals of this book have been to explain complex topics clearly and 
vividly, and to present the material in a straightforward manner 
that students can understand. The eleventh edition continues to 
meet these goals with the most digitally integrated, up-to-date, and 

pedagogically important revision yet. More than a compendium of 
facts, figures, and photographs, Foundations in Microbiology tells 
a story of microorganisms, of people, and of the myriad ways in 
which they interact. 

An effective textbook must be carefully constructed to place art 
where it makes the most sense in the flow of the narrative; create 
process figures that break down complex processes into their 
component parts; and provide explanations that are clear, con-
cise, and correctly targeted to the reader, with pedagogical tools 
that help all types of learners. Hopefully, the time and effort put 
into this revision shows, so that when the pieces come together, 
the result is an expertly crafted learning tool—a story of the mi-
crobial world.

A strong art program is a defining quality of an effective textbook. Complex biological processes can be disassembled into their component parts, allowing 
understanding to take place one step at a time. Working closely with scientific illustrators, Barry Chess ensures that Foundations in Microbiology has an art 
program that allows difficult concepts to come to life. 
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Art and organization of content make this book unique
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Structured to Promote  
Cri t ical  Thinking

Chapter-Opening Case Studies
Each chapter opens with a two-page introduction. On the left is a synopsis of the chapter’s contents, while 
the right side contains the first part of the Case Study, which has been carefully chosen to exhibit microbiol-
ogy in real-world situations. Line art and micrographs are all part of the chapter-opening pages to help 
students see the big picture and grasp the relevance of the material they’re about to study. Questions appear-
ing after the chapter opener serve as prompts to the most important aspects of the case, providing students 
with touchstones to lean on as they learn. The chapter concludes with the second part of the Case Study, 
which resolves the microbiological (and occasionally social, political, and economic) aspects of the case. 
Once again, questions follow, helping students to reinforce their newfound knowledge, and use it to develop 
a more inquisitive view of the broader world. 

Plush Studios/Blend Images LLC
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I l lus t rated to Increase  
Unders tanding

Truly instructional artwork has always been a hallmark feature of 
Foundations in Microbiology, and the eleventh edition of the book 
continues to set the standard. Common sense, backed by many 
decades of research, have shown that when abstract concepts are 
explained using scientifically accurate illustrations, understanding 
is increased. Powerful artwork that paints a conceptual picture for 
students is more important than ever for today’s visual learners. 
Foundations in Microbiology’s art program combines vivid colors, 
multidimensionality, and self-contained narrative to help students 
study the challenging concepts of microbiology.

The author’s experience and talent transform difficult concepts

Process Figures
Process figures break down difficult concepts to more clearly illus-
trate their component parts. Each step is clearly numbered, making 
the entire process easy to follow for all types of learners. A distinc-
tive icon identifies each process figure and, when needed, the ac-
companying legend provides additional explanation.

Cas-9

Genomic DNA

Target sequence

Guide RNA

Bacterial culture

Reconstructed
genome

CCTGGCGGCCTCCAATGCTTATTCTTGGCCTTGAAATCGCCCGAA

CTTATTCTTGGCCTT

CTTGAAATCGCCCGAA

GCCTCCAATGCTTAT

GCGGCCTCCAATGCT

TTGGCCTTGAAATCGCCTGGCGGCCTCCAA
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5

Using chemicals to lyse cells 
of an unknown bacterial isolate, 
DNA is extracted and purified.

DNA
extraction

DNA
shearing

DNA library
preparation

DNA library
sequencing

DNA 
sequence
analysis

DNA is cut into short
fragments using restriction
endonucleases or mechanical
shearing.

PCR is used to amplify each 
DNA fragment (all within a single 
tube), creating a library of 
multiple overlapping DNA 
fragments, representing the 
entire genome.The sequence of each DNA fragment in 

the library (called a DNA read) is determined 
using an automatic DNA sequencer.

The millions of DNA 
reads are compared using
a computer algorithm which, 
by looking for overlapping 
areas of sequence, assembles 
the genomic sequence of the 
unknown bacterial isolate.

DNA
reads
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Clinical photos help students visualize

Designed for the  
Twenty-First  Century

Brand X Pictures/PunchStock

Franciscodiazpagador/Getty Images

Source: Robert E. Sumpter/CDC
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Modern Processes
Microbial diagnostics are not what they were 20 years ago. Automated diagnostics, rapid tests, and 
Point-of-Care testing are featured throughout the text.
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Process Figure 22.4 MALDI-TOF identification of a fungal sample. (1) Sample of an 
unknown fungus is combined with a volatile matrix and applied to a metal plate. (2) A laser beam 
heats the sample and matrix, converting them to gas and ionizing DNA and protein molecules in the 
sample. (3) The ions move through a time-of-flight tube, where they are separated by size, as small 
ions move across the tube faster than larger ones. (4) The mass-to-charge ratio (m/z) for each ion is 
displayed as a spectrum, which is compared to the spectrum produced by other fungi (contained in a 
database) to determine identification.
(inset): BENPOL/Shutterstock 
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Maintaining Relevance  
Beyond the Classroom

Learn and Practice
Succinctly answering every student’s “What do I need to know?” 
question, each numbered section in the book opens with learning 
outcomes (Learn) and closes with assessment questions (Practice). 
The learning outcomes are tightly correlated to digital materials and 
instructors can easily measure student learning in relation to the spe-
cific learning outcomes used in their course. You can also assign 
Practice questions to students through McGraw-Hill’s Connect.

Pathogen Profiles
Pathogen Profiles are abbreviated snapshots of the major pathogens 
in each disease chapter. The pathogen is featured in a micrograph, 
along with a description of the microscopic morphology, means of 
identification, habitat information, and virulence factors. Artwork 
displays the primary infections/disease, as well as the organs and 
systems primarily impacted. New to the eleventh edition, each 
Pathogen Profile also includes a System Profile that presents the 
pathogen in relation to organ systems affected.

166 Chapter 6 An Introduction to Viruses, Viroids, and Prions

6.1 Overview of Viruses

 Learn

1. Indicate how viruses were discovered and characterized.

2. Describe the unique characteristics of viruses.

3. Discuss the origin and importance of viruses.

Early Searches for the Tiniest Microbes
The discovery of the light microscope made it possible to see first-
hand the agents of many bacterial, fungal, and protozoan diseases. 
But the techniques for observing and cultivating these relatively 
large microorganisms were useless for viruses. For many years the 
cause of viral infections such as smallpox and polio was unknown, 
even though it was clear that the diseases were transmitted from 
person to person. The French bacteriologist Louis Pasteur was 
certainly on the right track when he postulated that rabies was 
caused by a “living thing” smaller than bacteria, and in 1884 he 
was able to develop the first vaccine for rabies.

The first substantial revelations about the unique characteristics 
of viruses occurred in the 1890s. First, Dmitri Ivanovski and Marti-
nus Beijerinck showed that a disease in tobacco was caused by a virus 
(tobacco mosaic virus). In fact, it was Beijerinck who first proposed 
the term virus (L., “poison”) to denote this particular group of infec-
tious agents. This discovery was followed by Friedrich Loeffler and 
Paul Frosch’s isolation of the virus that causes foot-and-mouth dis-
ease in cattle. These early researchers found that when infectious 
fluids from host organisms were passed through porcelain filters de-
signed to trap bacteria, the filtrate remained infectious even though 
they could not see the infectious agent with a microscope.

Over the succeeding decades, virology grew into a multifac-
eted discipline that promised to provide much information on dis-
ease, genetics, and even life itself.

The Position of Viruses in the  
Biological Spectrum
Viruses are a unique group of biological entities known to infect 
every type of cell, including bacteria, fungi, protists, plants, and 
animals. Although the emphasis in this chapter is on animal vi-
ruses, much credit for our knowledge must be given to experiments 
with bacterial and plant viruses. The exceptional and curious nature 
of viruses prompts numerous questions, including:

1. How did viruses originate?
2. Are they organisms; that is, are they alive?
3. What are their distinctive biological characteristics?
4. How can particles so small, simple, and seemingly insignifi-

cant be capable of causing disease and death?
5. What is the connection between viruses and cancer?

In this chapter, we address these ideas and many others.
There is no universal agreement on how and when viruses 

originated. But there is little disagreement that they have been in 

existence for billions of years, probably ever since the early history 
of cells. One theory explains that viruses arose from loose strands 
of genetic material released by cells. These then developed a pro-
tective coating and a capacity to reenter a cell and use its machinery 
to reproduce. An alternate explanation for their origins suggests 
that viruses were once cells that have regressed to a highly parasitic 
existence inside other cells. Both of these viewpoints have some 
supportive evidence, and it is entirely possible that viruses have 
originated in more than one way.

In terms of numbers, viruses are considered the most abun-
dant microbes on earth. To quote microbiologist Carl Zimmer, 
we live on “a planet of viruses.” Based on a decade of research on 
the viral populations in the ocean, “virus hunters” now have 
evidence that there are hundreds of thousands of distinct virus 
types that have never been described. Many of them are parasites 
of bacteria, which are also abundant in most ecosystems. By one 
estimate, viruses outnumber bacteria by a factor of 10. Because 
viruses tend to interact with the genetic material of their host 
cells and can carry genes from one host cell to another (chapter 9), 
they have played an important part in the evolution of Bacteria, 
Archaea, and Eukarya.

Viruses are different from their host cells in size, structure, 
behavior, and physiology. They are a type of obligate intracellular 
parasite that cannot multiply unless it invades a specific host cell 
and instructs its genetic and metabolic machinery to make and 
 release quantities of new viruses. Because of this characteristic, 
viruses are capable of causing serious damage and disease. Other 
unique properties of viruses are summarized in table 6.1.

The unusual structure and behavior of viruses have led to  
debates about their connection to the rest of the microbial world. 
The most common viewpoint holds that viruses are unable to exist 
independently from the host cell, so they are not living things but 

 ∙ Obligate intracellular parasites of bacteria, protists, fungi, plants, 
and animals

 ∙ Ultramicroscopic size, ranging from 20 nm up to 450 nm 
(diameter)

 ∙ Not cellular in nature; structure is very compact and economical
 ∙ Do not independently fulfill the characteristics of life
 ∙ Inactive macromolecules outside the host cell and active only 

inside host cells
 ∙ Basic structure consists of protein shell (capsid) surrounding 

nucleic acid core
 ∙ Nucleic acid of the viral genome is either DNA or RNA but  

not both
 ∙ Nucleic acid can be double-stranded DNA, single-stranded DNA, 

single-stranded RNA, or double-stranded RNA
 ∙ Molecules on virus surface impart high specificity for attachment 

to host cell
 ∙ Multiply by taking control of host cell’s genetic material and 

regulating the synthesis and assembly of new viruses
 ∙ Lack enzymes for most metabolic processes
 ∙ Lack machinery for synthesizing proteins

TABLE 6.1 Properties of Viruses

416 Chapter 13 Microbe-Human Interactions

streptococci and species of Haemophilus that colonize the tonsils 
and lower pharynx. Conditions even lower in the respiratory tree 
(bronchi and lungs) are unfavorable habitats for permanent 
residents.

Microbiota of the Genitourinary Tract
The regions of the genitourinary tract that harbor resident mi-
crobes are the vagina and outer opening of the urethra in females 
and the anterior urethra in males (figure 13.6). The internal re-
productive organs are kept sterile through physical barriers such 
as the cervical plug and other host defenses. The kidney, ureter, 
bladder, and upper urethra are presumably kept sterile by urine 
flow and regular bladder emptying. The shortness of the urethra 
in women (about 3.5 cm long), frequently leads to urinary tract 
infections. The principal residents of the urethra are nonhemolytic 
streptococci, staphylococci, corynebacteria, and occasionally, 
coliforms.

The vagina presents a notable example of how changes in 
physiology can greatly influence the composition of the normal 
microbiota. An important factor influencing these changes in 
women is the hormone estrogen. Estrogen normally stimulates 
the vaginal mucosa to secrete glycogen, which certain bacteria 

(primarily Lactobacillus species) ferment, thus lowering the pH 
to about 4.5. Before puberty a girl produces little estrogen and 
little glycogen and has a vaginal pH of about 7. These conditions 
favor the establishment of diphtheroids,3 staphylococci, strepto-
cocci, and some coliforms. As hormone levels rise at puberty, 
the vagina begins to deposit glycogen, and the microbiota shift 
to the acid- producing lactobacilli. It is thought that the acidic 
pH of the vagina during this time prevents the establishment and 
invasion of microbes with potential to harm a developing fetus. 
The estrogen-glycogen effect continues, with minor disruption, 
throughout the childbearing years until menopause, when the 
microbiota return to a mixed population similar to that of prepu-
berty. These transitions are not abrupt but occur over several 
months to years.

Maintenance of the Normal Microbiota
There is no question that the normal residents are essential to the 
health of humans and other animals. When living in balance with 
their host, the flora create an environment that may prevent in-
fections and can enhance certain host defenses. In general, the 
microbes replace themselves naturally on a regular basis to main-
tain the types and numbers in their zones. However, because the 
exact content of the microbiota is not fixed, a number of changes 
can disrupt this balance. Use of broad-spectrum antibiotics, 
changes in diet, and underlying disease all have the potential to 
alter the makeup of the microbiota and tilt the system toward 
disease. A growing trend in therapy is the use of live cultures of 
known microbes in the form of probiotics. This essentially in-
volves introducing pure cultures of known microbes into the 
body through ingestion or inoculation. The microbes chosen for 
this process are known to be beneficial and are considered 
nonpathogenic.

For a look into laboratory studies that address the effects of 
microbiota, see 13.2 Making Connections.

 3. Any nonpathogenic species of Corynebacterium.
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Figure 13.6 Microbiota of the reproductive tract. (a) Female 
and (b) male genitourinary residents (location indicated by color).

  Practice SECTION 13.1

1. Describe the significant relationships that humans have with 
microbes.

2. Explain what is meant by microbiota and microbiome and sum-
marize their importance to humans.

3. Differentiate between contamination, colonization, infection, and 
disease, and explain some possible outcomes in each.

4. How are infectious diseases different from other diseases?
5. Outline the general body areas that are sterile and those regions 

that harbor normal resident microbiota.
6. Differentiate between transient and resident microbes.
7. Explain the factors that cause variations in the microbiota of the 

newborn intestine and the vaginal tract.

 18.2 General Characteristics of the Streptococci and Related Genera 583

18.2 General Characteristics of the 
Streptococci and Related Genera

 Learn

7. Name the most important human pathogens in the genus 
Streptococcus.

8. Summarize the virulence factors of S. pyogenes, as well as the 
diseases and long-term complications associated with S. pyogenes 
infection.

9. Recall the epidemiology and pathogenesis of the streptococcal 
species most often associated with human disease and how these 
groups are separated in the laboratory.

10. Explain strategies used to prevent and treat streptococcal 
infections.

11. Relate the pathogenesis and epidemiology of S. pneumoniae.

Microscopic Morphology Gram-positive 
cocci in irregular clusters; nonmotile; non–
spore-forming. May form biofilm infections on 
catheters and other indwelling devices.
Identified By Growth on high-salt (7.5% NaCl 
or more) media, Gram reaction, and arrange-
ment. Fermentation of sugars distinguishes 
Staphylococcus from Micrococcus; catalase 
production distinguishes Staphylococcus 
from Streptococcus. Coagulase production 
distinguishes S. aureus from other species of 
Staphylococcus. Commercially available rapid 
identification tests rely on antibody-coated la-
tex beads that bind specifically with S. aureus.

Habitat Carried by 20% to 60% of healthy persons in the nostrils, 
skin, nasopharynx, and intestine. Very resistant to harsh environ-
mental conditions and routinely present on fomites.
Virulence Factors S. aureus possesses enzymes that destroy host 
tissue (hyaluronidase), digest blood clots (staphylokinase), colonize 
oily skin (lipase), and resist the effects of penicillin (penicillinase). 
Toxins (leukocidins) destroy neutrophils and macrophages, lyse red 
blood cells (hemolysins), and cause damage throughout the body 
(enterotoxins, exfoliative toxins, toxic shock syndrome toxin).

Primary Infections/Disease Local cutane-
ous infections include folliculitis, furuncles, and 
carbuncles, as well as bullous impetigo. Systemic 
infections include osteomyelitis, pneumonia, and 
endocarditis. A rare cause of meningitis. Diseases 
due to S. aureus toxins include food intoxication, 
scalded skin syndrome, and toxic shock syndrome.
Control and Treatment Control of healthcare– 
associated infection relies on careful hygiene and 
adequate cleansing of surgical incisions and  
burns; isolation of persons with open lesions; 
and barring of S. aureus carriers from sensitive 
areas such as operating rooms and nurseries. 
Special concern is paid to the strains known as 
MRSA, which have high levels of drug resistance. 
Community- acquired infections are controlled 
through disinfection of shared environments and 
equipment. Treatment involves intensive chemo-
therapy, often with multiple antimicrobics. The prob-
lem of MRSA strains requires antimicrobial suscep-
tibility testing to select a correct chemotherapeutic 
agent. Many cutaneous lesions require perforation 
and drainage prior to antimicrobic therapy.

Source: Janice  
Carr/CDC

Pathogen Profile #1 Staphylococcus aureus

System Profile

System Skin/Skeletal Nervous/Muscle
Cardiovascular/ 
Lymphatic/Systemic Gastrointestinal Respiratory

Disease 1.  Boils, carbuncles
2. Impetigo
3.  Scalded skin syndrome
4.  Osteomyelitis

Meningitis 1. Endocarditis
2.  Toxic shock  

syndrome

Food intoxication Pneumonia

The genus Streptococcus* includes a large and varied group of bac-
teria. Members of this group are known for the arrangement of 
cocci in long, beadlike chains, especially when grown in a liquid 
culture. The length of these chains varies, and it is common to find 
them in pairs (figure 18.8). The general shape of the cells is spher-
ical, but they can also appear ovoid or rodlike, especially in actively 
dividing young cultures.

Streptococci are non–spore-forming and nonmotile (except for 
an occasional flagellated strain), and they can form capsules and 
slime layers. They are facultative anaerobes that ferment a variety of 
sugars, usually with the production of lactic acid. Streptococci do 
not produce catalase, but they do have a peroxidase system for inac-
tivating hydrogen peroxide, which allows their survival in the pres-
ence of oxygen. Most pathogenic forms are fastidious in nutrition 
and require enriched media for cultivation. Colonies are usually 

  * Streptococcus (strěp′tə-kŏk′əs) Gr. streptos, winding, twisted. The chain 
arrangement is the result of division in only one plane.
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immunization is recommended for all healthy children at the age of 
12 to 15 months (MMR vaccine, with mumps and rubella), and a 
booster is given before a child enters school. As a general rule, 
anyone who has had the measles is protected against reinfection.

Respiratory Syncytial Virus: RSV Infections
As its name indicates, respiratory syncytial virus (RSV), also 
called Pneumovirus, infects the respiratory tract and produces giant 
multinucleate cells. Outbreaks of droplet-spread RSV disease occur 
regularly throughout the world, with peak incidence in the winter 
and early spring. Children 6 months of age or younger are espe-
cially susceptible to serious disease of the respiratory tract. Ap-
proximately 5 in 1,000 newborns are affected, making RSV the 
most prevalent cause of respiratory infection in this age group. An 
estimated 100,000 children are hospitalized with RSV infection 
each year in the United States. The mortality rate is highest for 
children who have complications such as prematurity, congenital 
disease, and immunodeficiency.

The epithelia of the nose and eye are the principal portals of 
entry, and the nasopharynx is the main site of RSV replication. The 
first symptoms of primary infection are fever that lasts for 3 days, 
rhinitis, pharyngitis, and otitis. Infections of the bronchial tree and 
lung parenchyma give rise to symptoms of croup that include acute 

bouts of coughing, wheezing, dyspnea,* and abnormal breathing 
sounds (rales). Adults and older children with RSV infection can 
experience cough and nasal congestion but are frequently asymp-
tomatic.

Diagnosis, Treatment, and Prevention of RSV
Diagnosis of RSV infection is more critical in babies than in older 
children or adults. The afflicted child is conspicuously ill, with 
signs typical of pneumonia and bronchitis. The preferred diagnostic 
technique is reverse transcriptase-polymerase chain reaction 
( RT-PCR), which detects viral RNA.

The vast majority of patients require only supportive care, 
 including drugs to reduce fever and treat secondary bacterial 
 infection. For the sickest patients—those who are immunocompro-
mised or organ transplant recipients for example—the antiviral 
drug ribivarin can be administered. In some cases, ribivarin is sup-
plemented with RSV immunoglobulin, obtained from people with 
high-RSV antibody titers. For infants who are premature or pro-
foundly immunocompromised, Palivizumad, a monoclonal anti-
body to the virus may be used to lower the risk of infection. An 
effective vaccine has not yet been developed.

Microscopic Morphology Enveloped 
virus, 100 to 200 nm in diameter, 
 containing a nonsegmented,  
single-stranded RNA genome.
Identified By Clinical presenta-
tion, especially the appearance of 
a maculopapular rash and Koplik’s 
spots, which are indicative of mea-
sles. Serological testing that reveals 
measles-specific IgM antibodies early 
in the course of the disease or a  rising 
IgG titer when comparing acute and 

convalescent samples confirms a  diagnosis of measles.
Habitat Humans are the only natural reservoir for Morbillivirus.
Virulence Factors Syncytium formation.
Primary Infections/Disease Early symptoms of measles (ru-
beola) include sore throat, dry cough, headache, conjunctivitis, 
 lymphadenitis, and fever, followed by oral  lesions called Koplik’s 

spots and a maculopapular rash over most of 
the body. The most serious complication is 
subacute sclerosing panencephalitis (SSPE), a 
progressive neurological disease resulting in 
coma and death. Less serious complications 
include secondary bacterial infections such as 
pneumonia and otitis media.
Control and Treatment The MMR (measles, 
mumps, rubella) vaccine has greatly reduced 
the incidence of measles, with deaths in the 
United States being extremely rare. World-
wide, the disease still claims about 89,000 
lives each year. Treatment of measles centers 
on reducing fever, suppressing cough, and 
replacing lost fluids. In some cases, second-
ary bacterial infections may be treated with 
antibiotics, and children may receive vitamin 
A supplements.

Source: Cynthia Goldsmith/
CDC

Pathogen Profile #2 Morbillivirus (measles virus)

System Profile

System Skin/Skeletal Nervous/Muscle
Cardiovascular/
Lymphatic/Systemic Gastrointestinal Respiratory Urogenital

Disease Measles Subacute sclerosing  
panencephalitis

  * dyspnea (dysp′-nee-ah) Gr. dyspnoia, difficulty in breathing.tal51437_fm_i-xxxiii.indd   16 12/16/19   8:33 PM
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Artificial Active Immunization: Vaccination
The term vaccination originated from the Latin word vacca (cow), 
because the cowpox virus was used in the first preparation for 
 active immunization against smallpox (see 15.1 Making Connec-
tions). Vaccination exposes a person to a specially prepared 
microbial (antigenic) stimulus, which then triggers the immune sys-
tem to produce antibodies and memory cells to protect the person 
upon future exposure to that microbe. As with natural active im-
munity, the degree and length of protection vary. Commercial vac-
cines are currently available for many diseases.

Artificial Passive Immunization: Immunotherapy
In immunotherapy, a patient at risk for acquiring a particular  
infection is administered a preparation that contains specific an-
tibodies against that infectious agent. Pooled human serum from 
donor blood (gamma globulin) and immune serum globulins 

containing high quantities of antibodies are the usual sources. 
Immune serum globulins are used to protect people who have 
been exposed to certain diseases such as hepatitis A, rabies, and 
tetanus.

The Immunological Benefits of Breast-Feeding
An advertising slogan from the past 
claims that cow’s milk is “nature’s 
most nearly perfect food.” One could 
go a step farther and assert that hu-
man milk is nature’s perfect food for 
young humans. Clearly, it is loaded 
with essential nutrients, not to men-
tion being available on demand from 
a readily portable, hygienic container 
that does not require refrigeration or 
warming. But there is another and 
perhaps even greater benefit. During 
lactation, the breast becomes a site for the proliferation of lym-
phocytes that produce IgA antibodies that protect the mucosal 
surfaces from local invasion by microbes. The very earliest se-
cretion of the breast, a thin, yellow milk called colostrum, is very 
high in these antibodies. They form a protective coating in the 
gastrointestinal tract of a nursing infant that guards against infec-
tion by a number of enteric pathogens (Escherichia coli, Salmo-
nella, poliovirus, rotavirus). Protection at this level is especially 
critical because an infant’s own antibodies and natural intestinal 
barriers are not yet developed. As with immunity in utero, the 
necessary antibodies will be donated only if the mother herself 
has active immunity to the microbe through a prior infection or 
vaccination.

A critical benefit of breast-feeding that has not been given 
 adequate credit is the connection between nursing, the breast 
 microbiome, and the neonatal microbiome. For many years, milk was 

thought to be sterile unless the mother’s breasts were infected. Now 
we know from studies on the human microbiome that breast milk and 
tissues harbor a diverse bacterial community that is distinct from that of 
the skin or the mouth.  This discovery acknowledges that, in addition to 
its nutritional and immunological support, breast milk is an important 
early source of microbes that populate the newborn intestine and 
other body sites.  A related function of the breast microbiome could be 
to supply bacterial stimuli for the continuing development of the baby’s 
immune system.  

For a number of years, the ready availability of artificial formu-
las and the changing lifestyles of women have reduced the inci-
dence of breast-feeding. According to UNICEF, only about 38% of 
mothers worldwide breast-feed their babies for 6 months or more. 
Where adequate hygiene and medical care prevail, bottle-fed in-
fants get through the critical period with few problems because the 
foods given them are relatively free of pathogens and they have 
received protection against some childhood infections in utero. 
Mothers in developing countries with untreated water supplies or 
poor medical services are strongly discouraged from using pre-
pared formulas, because they can actually inoculate the baby’s in-
testine with pathogens from the formula. Millions of neonates suffer 
from severe and life-threatening diarrhea that could have been pre-
vented by sustained breast-feeding. The use of formula has been 
so damaging to infant health that the World Health Organization is-
sued an International Code on the  Marketing of Breast Milk Substi-
tutes, discouraging the use of formula in the developing world.

Explain the reasons donated antibodies (either placental or in  
breast milk) are only a temporary protection.

C L I N I C A L  C O N N E C T I O N S

International symbol for 
breast feeding
Lukasz Stefanski/Shutterstock

  Practice SECTION 15.5

28. Contrast active and passive immunity in terms of how each is acquired, 
how long it lasts, whether memory is triggered, how soon it becomes 
effective, and what immune cells and substances are involved.

29. Name at least two major ways in which natural and artificial im-
munities are different. 

30. Explain why the passive transfer of T-cell immunities would be 
highly unlikely.

Clinical Connections
Clinical Connections boxes, found throughout the book, provide students with concrete examples of the central role microbiology plays in 
the health care environment. Generally no longer than half a page, each feature creates a link for students between microbiological theory 
and clinical practice. Each Clinical Connections box ends with a question requiring students to use knowledge from the chapter to analyze 
or evaluate real-life problems.

Quick Search
This feature reminds students that videos, animations, and pictorial displays that provide further information on the topic are just a click 
away using their smartphone, tablet, or computer. This integration of learning via technology helps students become more engaged and 
empowered in their study of the featured topic.
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When you encounter the name of a 
microorganism in the chapters ahead, it 
is helpful to take the time to sound it out 
one syllable at a time and repeat until it 
seems familiar. You are much more 
likely to remember the names that 
way—and they will become part of the 
new language you will be learning.

over hundreds of years regarding the process of evolution is so 
significant that scientists from all disciplines consider evolution to 
be a fact. It is an important theme that underlies all of biology, in-
cluding microbiology. Put simply, the scientific principle of evolu-
tion states that living things change gradually over time. The 
process of evolution is selective: Those changes that most favor the 
survival of a particular organism or group of organisms tend to  
be retained, and those that are less beneficial to survival tend to be 
lost. The great naturalist Charles Darwin labeled this process natu-
ral selection. We do not have the space here to present a detailed 
analysis of evolutionary theories, but the occurrence of evolution is 
supported by a tremendous amount of evidence from the fossil re-
cord and from the study of morphology (structure), physiology 
(function), and  genetics (inheritance). Evolution accounts for the 
millions of different  species on the earth and their adaptation to its 
many and diverse habitats.

Evolution is founded on two premises: (1) that all new spe-
cies originate from preexisting species through inheritance of 
traits and (2) that closely related organisms have similar features 
because they evolved from common ancestral forms. Usually 
evolution progresses toward greater complexity, and evolution-
ary stages range from simple, less evolved forms that are close 
to an ancestral organism to more complex, evolved forms that 
have advanced beyond the ancestral forms. Regardless of their 
evolutionary history, all species presently residing on the earth 
are modern, but some have arisen more recently in evolutionary 
history than others.

Traditionally we present the history of life, or phylogeny, in the 
form of branching trees that are designed to show the origins of 
various life forms (figures 1.13 and 1.14). At the base are the oldest 
ancestral forms (somewhat like roots), and the trunk indicates the 
progression of major lines that emerge through selection. Branches 
split off the main trunk as further selection and modification occur. 
With this arrangement, more closely related organisms appear 
nearer to each other on the tree. Any tree of life is nothing more 
than a system for classifying organisms, and the characteristics 
used for the process are specified by the person or group creating 
the tree. Classifying organisms alphabetically (aardvark, acineto-
bacter, aloe, antelope) or by size (giant redwood, blue whale . . .) 
are equally valid strategies. However, the most scientifically useful 
classification schemes group organisms according to their biologi-
cal characteristics, using the tree to display the evolutionary rela-
tionships between organisms.

Systems for Presenting a Universal  
Tree of Life
The earliest classification schemes assigned every living thing to 
either the Plant Kingdom or the Animal Kingdom, even though 
many organisms were a poor fit for either. As knowledge grew con-
cerning cellular structure, means of acquiring nutrients, and how 
organisms moved about, Robert Whittaker developed a five-kingdom 
system (figure 1.13) in the 1960s that remained the standard for 
many years. Individual members of the five kingdoms—the 
 monera, fungi, protists, plants, and animals—were easily 
distinguished from one another using techniques common to most 
laboratories during the mid-twentieth century.

Quick Search
Search the Web  
using the phrase  
“Bacterial 
Pathogen 
Pronunciation 
Station” for help 
in correctly 
pronouncing 
some common 
scientific names.

 Practice SECTION 1.6

 14. Differentiate between taxonomy, classification, and nomenclature.
 15. What is the basis for a phylogenetic system of classification?
 16. Explain the binomial system of nomenclature and give the correct 

order of taxa, going from most general to most specific.
 17. Explain some of the benefits of using scientific names for organisms.

1.7 The Origin and Evolution  
of Microorganisms

 Learn

14. Discuss the fundamentals of evolution, evidence used to verify 
evolutionary trends, and the use of evolutionary theory in the study 
of organisms.

15. Explain the concepts behind the organization of the two main trees 
of life, and indicate where the major groups of microorganisms fall 
on these trees.

16. Explain the bases for classification, taxonomy, and nomenclature.

17. Recall the order of taxa and the system of notation used in creating 
scientific names.

All Life Is Related and Connected  
Through Evolution
As we indicated earlier, taxonomy, the classification of biologi-
cal species, is a system used to organize all of the forms of life. 
In biology today, there are different methods for deciding on 
taxonomic categories, but they all rely on the history and relat-
edness of organisms. The natural relatedness between groups of 
living things is called their phylogeny. Biologists can apply 
their knowledge of phylogenetic relationships to develop a sys-
tem of taxonomy.

To understand how organisms originate, we must understand 
some fundamentals of evolution. You have no doubt heard com-
ments that dismiss evolution as “only a theory” as though there re-
main significant problems with its acceptance. But you have also 
learned that a scientific theory is a highly documented and well- 
established concept. The body of knowledge that has accumulated 
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Cilia are very similar in overall archi-
tecture to flagella, but they are shorter and 
more numerous (some cells have several 
thousand). They are found only in certain 
protozoa and animal cells. In the ciliated 
protozoa, the cilia occur in rows over the cell 
surface, where they beat back and forth in 
regular oarlike strokes ( figure 5.5) and pro-
vide rapid motility. On some cells, cilia also 
function as feeding and filtering structures.

The Glycocalyx
Most eukaryotic microbes have a glycocalyx, an outermost boundary 
that comes into direct contact with the environment. This structure is 
usually composed of polysaccharides and appears as a network of 
fibers, a slime layer, or a capsule much like the glycocalyx of pro-
karyotes. From its position as the exposed cell layer, the glycocalyx 
serves a variety of functions. Most prominently, it  promotes adher-
ence to environmental surfaces and the development of biofilms and 
mats. It also serves important receptor and communication functions 
and offers some protection against environmental changes.

The nature of the layer beneath the glycocalyx varies among the 
several eukaryotic groups. Fungi and most algae have a thick, rigid cell 
wall surrounding a cell membrane. Protozoa, a few algae, and all ani-
mal cells lack a cell wall and are encased primarily by a cell membrane.

Form and Function of the Eukaryotic Cell: 
Boundary Structures
The Cell Wall
The cell walls of fungi and algae are rigid and provide structural 
support and shape, but they are different in chemical composition 
from prokaryotic cell walls. Fungal cell walls have a thick, inner 

layer of polysaccharide fibers composed of chitin or cellulose and a 
thin outer layer of mixed glycans. The cell walls of algae are quite 
varied in chemical composition. Substances commonly found in 
various algal cell walls include various forms of sugar, such as cel-
lulose, pectin,1 and mannan,2 along with minerals such as silicon 
dioxide and calcium carbonate.

Quick Search
To compare the 
types of 
movement seen 
in eukaryotes, 
find videos using 
the search words 
amoebic, 
flagellate, and 
ciliate movement 
on YouTube.

(c) Whips back and
forth and pushes
in snakelike
pattern

Twiddles
the tip

Lashes, grabs
the substrate,
and pulls

Figure 5.4 The structure of cilia and flagella. (a) A cross section through a protozoan cilium reveals the typical 9 + 2 arrangement of 
microtubules seen in both cilia and flagella. (b) Longitudinal section through a cilium, showing the lengthwise orientation of the microtubules and 
the basal body (bb) from which they arise. Note the membrane that surrounds the cilium that is an extension of the cell membrane and shows that 
it is indeed an organelle. (c) Locomotor patterns seen in flagellates.
(a and b): Courtesy of Richard Allen

(a) (b)

Cilium

Microtubules

Cell
membrane

bb

Power stroke Recovery stroke

(a)

(b)

Oral groove

Figure 5.5 Locomotion in ciliates. (a) A common ciliate, a 
Paramecium has regular rows of cilia over its surface and within its 
oral groove and gullet for capturing and transporting food. (b) Cilia 
beat in coordinated waves, driving the cell forward and backward. The 
pattern of ciliary movement is like a swimmer’s arms, with a power 
forward stroke and a repositioning stroke.
(a): Nancy Nehring/Getty Images

1. A polysaccharide composed of galacturonic acid subunits.
2. A polymer of the sugar known as mannose.
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To analyze the phenomenon, let us again re-
view the production of NaCl but from a different 
standpoint. When these two atoms, called the redox 
pair, react to form sodium chloride, a sodium atom 
gives up an electron to a chlorine atom. During this 
reaction, sodium is oxidized because it loses an 
electron, and chlorine is reduced because it gains 
an electron (figure 2.9). With this system, an atom 
such as sodium that can donate electrons and 
thereby reduce another atom is a reducing agent. 
An atom that can receive extra electrons and 
thereby oxidize another molecule is an oxidizing 
agent. You may find this concept easier to keep 
straight if you think of redox agents as partners: 
The reducing partner gives its electrons away and is 
oxidized; the oxidizing partner receives the electrons 
and is reduced.4

Redox reactions are essential to many of the biochemical pro-
cesses discussed in chapter 8. In cellular metabolism, electrons are 
frequently transferred from one molecule to another as described 
here. In other reactions, oxidation and reduction occur with the 
transfer of a hydrogen atom (a proton and an electron) from one 
compound to another.

 4. A mnemonic device to keep track of this is LEO says GER: Lose Electrons 
Oxidized; Gain Electrons Reduced.

Formulas, Models, and Equations
The atomic content of molecules can be represented by a few con-
venient formulas. We have already been using the molecular for-
mula, which concisely gives the atomic symbols and the number of 
the atoms involved in subscripts (CO2, H2O). More complex mol-
ecules such as glucose (C6H12O6) can also be symbolized this way, 
but this formula is not unique, because fructose and galactose also 
share it. Molecular formulas are useful, but they only summarize 
the atoms in a compound; they do not show the position of bonds 
between atoms. For this purpose, chemists use structural formulas 
illustrating the relationships of the atoms and the number and 
types of bonds (figure 2.10). Other structural models present the 
three-dimensional appearance of a molecule, illustrating the orien-
tation of atoms (differentiated by color codes) and the molecule’s 
overall shape (figure 2.11). Many complex molecules such as pro-
teins are now represented by computer-generated images (see 
 figure 2.24, step 4).

Molecules, including those in cells, are constantly involved in 
chemical reactions, leading to changes in the composition of the 
matter they contain. These changes generally involve the breaking 
and making of bonds and the rearrangement of atoms. The chemical 
substances that start a reaction and that are changed by the reaction 
are called the reactants. The substances that result from the reaction 
are called the products. Keep in mind that all of the matter in any 
reaction is retained in some form, and the same types and numbers 
of atoms going into the reaction will be present in the products. 
Chemists and biologists use shorthand to summarize the content of 
a reaction by means of a chemical equation. In an equation, the 
reactant(s) are on the left of an arrow and the product(s) are on the 
right. The number of atoms of each element must be balanced on 
either side of the arrow. Note that the numbers of reactants and prod-
ucts are indicated by a coefficient in front of the formula (no coef-
ficient means 1). We have already reviewed the reaction with sodium 
and chloride, which would be shown with this equation:

2Na + Cl2 → 2NaCl

Most equations do not give the details or even exact order of the 
reaction but are meant to keep the expression a simple overview of 
the process being shown. Some of the common reactions in organ-
isms are syntheses, decompositions, and exchanges.

Na

Reducing agent
can donate an
electron.

Oxidizing agent
can accept an
electron.

Oxidized cation
donated an
electron and 
converted to a
positively
charged ion.

Reduced anion
accepted the 
electron and
converted to a 
negatively 
charged ion.

2 8 1 Na 2 8Cl 2 8 7 Cl 2 8 8

+ −

Figure 2.9 Simplified diagram of the exchange of electrons during an 
oxidation-reduction reaction. Numbers indicate the total electrons in that shell.

  Practice SECTION 2.2

7. Explain how the concepts of molecules and compounds are 
related.

8. Distinguish between the general reactions in covalent, ionic, and 
hydrogen bonds.

9. Which kinds of elements tend to make covalent bonds?
10. Distinguish between a single and a double bond.
11. Define polarity and explain what causes it.
12. Which kinds of elements tend to make ionic bonds?
13. Differentiate between an anion and a cation, using examples.
14. Differentiate between oxidation and reduction, and between an 

oxidizing agent and a reducing agent, using examples.

2.3 Chemical Reactions, Solutions, and pH

 Learn

12. Classify different forms of chemical shorthand and types of reactions.

13. Explain solutes, solvents, and hydration.

14. Differentiate between hydrophilic and hydrophobic.

15. Describe the pH scale and how it was derived; define acid, base, 
and neutral levels.Footnotes

Footnotes provide the reader with additional information about the text content. 
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Illustrated Tables
Illustrated tables provide quick access to information. Horizontal contrasting lines set off each entry, making them easy to read.

Gram-Negative
Bacteria
Plague

Gram-Positive
Bacteria

Staphylococcus
infections

Category

Disease

Mycobacteria

Hansen’s Disease
(Leprosy)

Chlamydias

Trachoma

Rickettsias

Rocky Mountain
spotted fever

Other
examples

Spectrum
of
antibiotic
activity*

Isoniazid

Streptomycin

Tobramycin

Polymyxin

Carbapenems

Tetracyclines

Sulfonamides
Cephalosporins

Penicillins

Tuberculosis Salmonellosis,
gonorrhea

Strep throat Chlamydia Typhus

*Resistant strains of bacteria may occasionally be encountered, meaning that an antibiotic may not always be e�ective, even for bacteria that seem to fall within its
spectrum of action.

Combination Figures
Line drawings combined with photos give students two perspec-
tives: the realism of photos and the explanatory clarity of illustra-
tions. The authors chose this method of presentation often to help 
students comprehend difficult concepts.

(mold on bread): Richard Hutchings/McGraw-Hill Education;  
(mold): Mitroshkin/Getty Images; (Rhizopus sporangia and zygote): 
Richard Gross/McGraw-Hill Education

Zygospore forms

Gametangia

Zygospore 
matures

Hypha

Contact of
mating hyphae

Fertilization

Germination

(–)(+)

Sporangium

Germinating
zygospore

Spores

(Tuberculosis): NikomMaelao Production/Shutterstock; (Salmonellosis): Source: CDC; (Strep throat): McGraw-Hill Education Source: Susan Lindsley/CDC; (Chlamydia): 
Susan Lindsley is the source for Chlamydia (Typhus): Source: CDC
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New to this edition, Clinic Cases are short case studies that typi-
cally focus on a single aspect of a chapter.  They provide relevance 
for lessons learned and easily serve as collaborative warm-up 
activities.
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the helix and can cause frameshift mutations. Analogs5 of the nitro-
gen bases (5-bromodeoxyuridine and 2-aminopurine, for example) 
are chemical mimics of natural bases that are incorporated into 
DNA during replication. The addition of these abnormal bases 
leads to mistakes in base-pairing. Many chemical mutagens are also 
carcinogens, or cancer-causing agents (see the discussion of the 
Ames test later in this section).

Physical agents that alter DNA are primarily types of radiation. 
High-energy gamma rays and X-rays introduce major physical 
changes into DNA, which can accumulate breaks that may not be 
repairable. Ultraviolet (UV) radiation induces abnormal bonds be-
tween adjacent pyrimidines so that normal replication of that re-
gion is blocked. Exposure to large doses of radiation can be fatal, 
which is why radiation is so effective in microbial control; it can 
also be carcinogenic in animals. The use of radiation to control 
microorganisms is described further in chapter 11.

Categories of Mutations
Mutations range from large mutations, in which long genetic se-
quences are gained or lost, to small ones that affect only a few 
bases on a gene. These latter mutations, which involve addition, 
deletion, or substitution of no more than a few bases, are called 
point mutations.

To understand how a change in DNA influences the cell, re-
member that the DNA code appears in a particular order of triplets 
(three bases) that is transcribed into mRNA codons, each of which 
specifies an amino acid. A permanent alteration in the DNA that is 
copied faithfully into mRNA and translated can change the structure 
of the protein. A change in a protein can likewise change the mor-
phology and physiology of a cell. Most mutations have a harmful 
effect on the cell, leading to cell dysfunction or death; these are called 
lethal mutations. Neutral mutations produce neither adverse nor 

helpful changes. A small number of mutations are beneficial in that 
they provide the cell with a useful change in structure or  physiology.

Any change in the code that leads to placement of a different 
amino acid is called a missense mutation. A missense mutation 
can do one of the following:

 ∙ create a faulty, nonfunctional (or less functional) protein,
 ∙ produce a protein that functions in a different manner, or
 ∙ cause no significant alteration in protein function.

Agent Effect

Chemical
Nitrous acid, bisulfite  Remove an amino group from some 

 nitrogen bases
Ethidium bromide Inserts between the paired bases
Acridine dyes  Cause frameshifts due to insertion  

 between base pairs
Nitrogen base analogs  Compete with natural bases for sites on 

 replicating DNA

Radiation
Ionizing (gamma rays, Form free radicals that cause single 
 X-rays)  or double breaks in DNA
Ultraviolet  Causes cross-links between adjacent  

 pyrimidines

Selected Mutagenic Agents and  
Their Effects

TABLE 9.3

5. An analog is a chemical structured very similarly to another chemical except for 
minor differences in functional groups.

C L I N I C  C A S E

If Only We Could Give You a Mutation The patient, Timothy Ray 
Brown, presented to doctors in Berlin with overwhelming fatigue. 
Used to 20 miles a day on his bicycle back and forth to work, he 
was suddenly unable to make the one-mile ride to a restaurant 
near his office. Diagnosed with the human immunodeficiency virus 
(HIV) 10 years earlier, Brown had been keeping the virus in check 
with a combination of AZT and protease inhibitors. He was in good 
health and had a life expectancy about the same as someone 
uninfected by the virus. Doctors in Berlin diagnosed Brown with 
anemia (unrelated to his HIV) and provided blood transfusions to 
increase the number of circulating erythrocytes. An oncologist per-
formed a bone marrow biopsy, and less than a week after his initial 
symptoms, Brown was diagnosed with acute myeloid leukemia 
(AML), a cancer of the bone marrow.

After several failed rounds of chemotherapy, doctors brought 
up the idea of a bone marrow transplant, a treatment for leuke-
mia in which the bone marrow, both cancerous and healthy, is 
destroyed and new, healthy bone marrow is transplanted into the 
body. Brown’s doctor wanted to go one step further though, and 
proposed a treatment that would, perhaps, cure Brown of his HIV 
at the same time.

To enter cells of the immune system, the human immunodefi-
ciency virus must first bind to a cell surface receptor protein known 
as CCR-5. Approximately 1% of the population has a mutation in 
both copies of their CCR-5 gene (called CCR-5 delta 32, or CCR-5 
Δ32) that creates a stop codon. HIV cannot use these mutant 
proteins to enter the cell and is therefore unable to replicate. If a 
bone marrow donor with the CCR-5 Δ32 mutation could be found, 
perhaps Brown’s AML and HIV could be cured simultaneously. 

As luck would have it, Brown is of northern European descent 
and the CCR-5 Δ32 mutation is most commonly found in that 
group as well. An appropriate donor was found that possessed the 
mutation and Brown underwent transplant on February 6, 2007, 
the same day he stopped taking his anti-HIV medication. A second 
transplant, from the same donor, was required in 2008, but in more 
than 10 years, Brown has shown no signs of his HIV progressing, 
leaving him the first person cured of HIV infection.

Δ32 refers to a 32-base-pair deletion in the CCR-5 gene. Besides 
a deletion mutation and nonsense mutation, what other type of 
mutation was created in the gene?

 13.2 Major Factors in the Development of an Infection 419

structure of the microbe that contributes to the infection or disease 
state is called a virulence factor. Virulence can be due to a single 
factor or to multiple factors. In some microbes, the causes of viru-
lence are clearly established, but in others, they are not as well 
understood. In the following section, we examine the effects of 
virulence factors and their roles in the progress of an infection.

Becoming Established: Phase 1—Portals  
of Entry
To initiate an infection, a microbe enters the tissues of the body by 
a characteristic route, the portal of entry (figure 13.8), usually 
some sort of cutaneous or membranous boundary. The source of the 
infectious agent can be exogenous, originating from a source out-
side the body such as the environment or another person or animal, 
or endogenous, already existing on or in the body from microbiota 
or a latent infection.

For the most part, the portals of entry are the same ana-
tomical regions that also support resident microbes: the skin, 
gastrointestinal tract, respiratory tract, and urogenital tract. The 
majority of pathogens have adapted to a specific portal of entry, 
one that provides a habitat for further growth and spread. This 
adaptation can be so restrictive that if certain pathogens enter 
the “wrong” portal, they will not be infectious. For instance, 
inoculation of the nasal mucosa with the influenza virus invari-
ably gives rise to the flu, but if this virus contacts only the skin, 
no infection will result. Likewise, contact with athlete’s foot 
fungi in small cracks in the toe webs can induce an infection, but 
inhaling the spores from this same fungus will not infect a 
healthy individual.

Occasionally an infectious agent can enter by more than one 
portal. For instance, Mycobacterium tuberculosis enters through 
both the respiratory and gastrointestinal tracts, and pathogens in the 
genera Streptococcus and Staphylococcus have adapted to invasion 
through several portals of entry such as the skin, urogenital tract, 
and respiratory tract. Understand that the same pathogen entering 
different portals of entry will likely lead to different infections or 
diseases. Infection of a skin follicle by Staphylococcus aureus will 
produce an abscess, but its invasion of the respiratory tract causes a 
serious form of pneumonia.

C L I N I C  C A S E

Plague Is Not an Opportunistic Infection, Unless . . . The patient 
was Malcolm Casadaban, a 60-year-old professor at the University 
of Chicago who was well known for his work with Yersinia pestis, 
the bacterium that causes bubonic plague. A primary pathogen 
responsible for the death of more than 100 million people in the 
1300s, outbreaks of plague were still seen from time to time, and 
Casadaban was working to develop a vaccine to protect against 
the disease. But even plague researchers get the flu from time to 
time, and this is what compelled Dr. Casadaban to visit his primary 
care physician.  

Not surprisingly, given his occupation, the first question the 
doctor asked was, “Do you work with Yersinia pestis?” Casadaban 
assured his doctor that he worked exclusively with an attenuated 
strain of the bacterium that required excess iron—more than was  
normally found in the human body—to reproduce. While it grew 
well in the lab, there was no chance this strain could cause  
disease. Assured that he wasn’t dealing with the “Black Death,”  
the doctor diagnosed a viral infection and sent Dr. Casadaban 
home with instructions to rest. Three days later, he returned to the 
hospital, very sick, and soon thereafter died.

An autopsy revealed the supposedly innocuous strain of 
Yersinia pestis in his system, but the researcher’s demise re-
mained a mystery. How could such a weakened strain of Yersinia 
pestis cause death?  Analysis of the doctor’s blood finally solved 
the puzzle.  Unbeknownst to him, Dr. Casadaban suffered from 
hemochromatosis, a genetic disorder in which people accumulate 
high levels of iron in their blood.  This excess of iron allowed the 
usually iron-starved Yersinia pestis to assume its original virulence.  
Dr. Casadaban’s condition increased his susceptibility to a single 
bacterial species, the one he had been working with for years. 

Drugs meant to reduce stomach acid (to combat heartburn) may 
make the patient more susceptible to infection by bacteria that 
pass through the gastrointestinal tract. How is this situation 
similar to what happened to Dr. Casdaban?

Conjunctiva

Respiratory tract

Gastrointestinal
tract

Pregnancy
and birth

Urogenital tract

Skin

Ear

Figure 13.8 Portals of entry. Infectious microbes first enter the 
body through characteristic routes. Most microbes have adapted to a 
specific means of entry. Only one of these (the uterus) is an internal 
portal of entry as it may allow microbes to access a developing fetus.
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Pedagogy designed for varied learning styles
The end-of-chapter material for the eleventh edition has been carefully planned and updated to promote active learning and provide review 
for different learning styles and levels of Bloom’s Taxonomy. 

Chapter Summary with Key Terms
A brief outline of the chapter’s main concepts is 
provided for students, with important terms high-
lighted. Key terms are also included in the glos-
sary at the end of the book. 

Developing a Concept Inventory
Students can assess their knowledge of basic con-
cepts by answering these questions and looking up 
the correct answers in appendix D. In addition, 
SmartBook allows for students to quiz themselves 
interactively using these questions.
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 16.4 Type III Hypersensitivities: Immune Complex Reactions
Exposure to a large quantity of soluble foreign antigens (serum, 
drugs) stimulates antibodies that produce small, soluble Ab-Ag 
complexes. These immune complexes are trapped in various 
organs and tissues, which incites a damaging inflammatory 
response.

 16.5 Immunopathologies Involving T Cells
 A. Type IV Delayed Hypersensitivity

 1. A delayed response to antigen involving the activation of 
and damage by T cells.

 2. Skin response to allergens, including infectious agents. 
Example is tuberculin reaction.

 3. Contact dermatitis is caused by exposure to plants (ivy, oak) 
and simple environmental molecules (metals, cosmetics).

 4. Cytotoxic T cells acting on allergen elicit a skin reaction.
 B. Graft Rejection: Reaction of cytotoxic T cells directed 

against foreign cells of a grafted tissue; involves recognition 
of foreign human leukocyte antigens (HLA) by T cells and 
rejection of tissue.

 1. Host may reject graft; graft may reject host.
 2. Types of grafts include: autograft, from one part of 

body to another; isograft, between identical twins; 
allograft, between two members of same species; 
xenograft, between two different species.

 3. All major organs may be successfully transplanted.
 4. Allografts require tissue match (HLAs must 

correspond); rejection is controlled with drugs.
 16.6 Autoimmune Diseases: An Attack on Self

 A. In certain type II and type III hypersensitivities, the 
immune system has lost tolerance to self molecules 
(autoantigens) and forms autoantibodies and sensitized T 
cells against them. Disruption of function can be systemic 
or organ-specific.

 B. Autoimmune diseases are genetically determined and more 
common in females.

 C. Examples include systemic lupus erythematosus, rheumatoid 
arthritis, diabetes mellitus, and multiple sclerosis.

 16.7 Immunodeficiency Diseases and Cancer: Compromised 
Immune Responses
I. Immunodeficiency Diseases
Components of the immune response system are absent. 
Deficiencies involve B and T cells, phagocytes, and complement.
 A. Primary immunodeficiency is genetically based, congenital; 

defect in inheritance leads to lack of B-cell activity, T-cell 
activity, or both.

 B. B-cell defect is called agammaglobulinemia; patient lacks 
antibodies; serious recurrent bacterial infections result. In Ig 
deficiency, one of the classes of antibodies is missing or 
deficient.

 C. In T-cell defects, the thymus is missing or abnormal. In 
DiGeorge syndrome, the thymus fails to develop; afflicted 
children experience recurrent infections with eukaryotic 
pathogens and viruses; immune response is generally 
underdeveloped.

 D. In severe combined immunodeficiency (SCID), both limbs 
of the lymphocyte system are missing or defective; no 
adaptive immune response exists; fatal without replacement 
of bone marrow or other therapies.

 E. Secondary (acquired) immunodeficiency is due to damage 
after birth (infections, drugs, radiation). HIV/AIDS is the most 
common of these; T helper cells are main target; deficiency 
manifests in numerous opportunistic infections and cancers.

II. Cancer: The Role of the Immune System
 A. Cancer is characterized by overgrowth of abnormal tissue, 

also known as a neoplasm. It can arise when normal 
immune surveillance by lymphocytes malfunctions and 
fails to detect and destroy tumors and cancers, allowing 
them to grow and spread.

 1. Tumors can be benign (a nonspreading local mass of 
tissue) or malignant (a cancer) that spreads 
(metastasizes) from the tissue of origin to other sites.

 2. Cancers occur in nearly every cell type (except mature, 
nondividing cells).

 B. Cancer cells appear to share a common basic mechanism 
involving a genetic alteration that transforms a normally 
dividing cell into one that grows out of control.

Assess Your Knowledge

These questions require a working knowledge of the concepts in the chapter 
and the ability to recall and understand the information you have studied.Level I.

Select the correct answer from the answers provided. For questions with blanks, choose the combination of answers that most accurately completes  
the statement.

 1. Pollen is which type of allergen?
 a. contactant c. injectant
 b. ingestant d. inhalant

 2. B cells are responsible for which conditions?
 a. asthma c. tuberculin reactions
 b. anaphylaxis d. both a and b

 3. Which hypersensitivities are T-cell mediated?
 a. type I c. type III
 b. type II d. type IV

 4. The contact with allergen that results in symptoms is called the
 a. sensitizing dose c. provocative dose
 b. degranulation dose d. desensitizing dose

 Developing a Concept Inventory
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For each question, compose a one- or two-paragraph answer that includes the factual information needed to completely address the question. Practice 
questions can also be used for writing-challenge exercises.

1. Compare and contrast atopic allergy and type IV (delayed) 
hypersensitivity as to mechanism, symptoms, eliciting factors, and 
allergens.

2. Go through the sequence of events that gives rise to an anaphylactic 
response to peanuts.

3. How does a baby inherit Rh+ blood from an Rh− mother?

4. Why is a hemolytic transfusion reaction considered a type of 
hypersensitivity?

5. Describe three circumstances that might cause antibodies to develop 
against self tissues.

6. Explain how people with autoimmunity could develop antibodies 
against intracellular components (nucleus, mitochondria, and DNA).

 Writing Challenge

On Connect you can find an Introduction to Concept Mapping that provides guidance for working with concept maps, along with concept-mapping
activities for this chapter.

 Concept Mapping

Critical thinking is the ability to reason and solve problems using facts and concepts. These questions can be approached from a number of angles and, in 
most cases, they do not have a single correct answer.

1. Suggest some possible physiological benefits of allergy.
2. A 3-week-old neonate develops severe eczema after being given 

penicillin therapy for the first time. Explain what probably has happened.
3. Why would a person be allergic to strawberries when he eats them, 

but show a negative skin test to them?
4. a.  Where in the course of type I allergies do antihistamine drugs, 

cortisone, and desensitization work? Exactly what do they do?
b.  Compare the sites of action of montelukast (Singulair) and 

omalizumab (Xolair).
5. Explain how cleaner living and medical advances could contribute to 

allergies.
6. Why would it be necessary for an Rh− woman who has had an 

abortion, miscarriage, or an ectopic pregnancy to be immunized 
against the Rh factor?

7. How can a person prevent becoming allergic to poison oak? What is 
the basis for infectious allergy?

8. Why are primary immunodeficiencies considered “experiments of 
nature”?

9. a.  Explain why babies with agammaglobulinemia do not develop 
opportunistic infections until about 6 months after birth.

b.  Explain why people with B-cell deficiencies can benefit from 
artificial passive immunotherapy. Explain whether vaccination 
would work for them.

c.  Explain why T-cell deficiencies usually cause more severe effects 
than B-cell deficiencies.

10. In what ways can cancer be both a cause and a symptom of 
immunodeficiency?

 Critical Thinking

Application, Analysis, Evaluation, and Synthesis

Level II. These problems go beyond just restating facts and require higher levels of understanding and an ability to interpret, 
problem solve, transfer knowledge to new situations, create models, and predict outcomes.

End-of-Chapter Questions
Questions are divided into two levels.
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  Practice SECTION 3.5

22. Describe the main purposes of media, and compare the three cat-
egories based on physical state, chemical composition, and usage.

23. Differentiate among the ingredients and functions of enriched, se-
lective, and differential media.

24. Explain the two principal functions of dyes in media.
25. Why are some bacteria difficult to grow in the laboratory? Relate 

this to what you know so far about the nutrients that are added to 
media.

26. What conditions are necessary to cultivate viruses in the laboratory?

forms of genetic testing—that scientists became able to identify 
microbes by analyzing their DNA alone. These were the techniques 
used to study the bacteria isolated from Lake Whillans (see the 
Case Study in chapter 1). 

The human microbiome likely includes many viable but non-
culturable microbes, and these organisms may play a role in dis-
eases long thought to be noninfectious, just as many oral microbes 
always thought of as innocuous are now known to play a role in 
cancer and heart disease. In chapter 13, we will explore some of the 
findings from the Human Microbiome Project, a comprehensive 
study of the microbial content of several body sites. One important 
finding was the numerous roles many resident organisms have in 
developing and maintaining the immune system.

C A S E  S T U D Y   Part 2

Inspections performed within the restaurant revealed 
no deficiencies regarding hand hygiene or food 
handling. Proper handwashing, especially after using the rest-
room, is crucial in interrupting outbreaks caused by microbes 
like Salmonella, that spread via the oral-fecal route. Restaurant 
administrators cooperated with the investigation, supplying 
the names of all food handlers, who were given paid time off 
to be interviewed and examined. 

Because no employees were symptomatic, investigators 
presumed they were searching for a carrier, someone infected 
with a pathogen who doesn’t display signs or symptoms of 
disease. As the normal microbiome of the human gut contains 
many hundreds of different species of bacteria, isolating one 
particular species can be a daunting task. Samples were obtained 
from the rectum of each employee, and pure culture techniques 
were used to isolate and identify Salmonella Typhi in a single 
food handler. This employee reported having travelled 15 years 
previously to a country where typhoid fever was endemic, but 
had not been ill and had not had contact with any ill persons. The 
worker was excluded from food service work and treated with the 
antibiotic azithromycin for 28 days. After three consecutive stool 
specimens (obtained at least 1 month apart) tested negative for 
Salmonella Typhi, the employee was allowed to return to work, 
where his job had been held open for him.

 ■ How could flies (which cannot be infected by Salmonella 
Typhi) act to spread disease in this case?

 ■ How would selective media be especially useful, given 
the type of bacterium involved in the outbreak?

For more information on Salmonella and the diseases it 
causes, see chapter 20 and log on to http://www. cdc.gov 
/salmonella/index.html.

 3.2 The Microscope: Window on an Invisible Realm
 A. Optical, or light, microscopy depends on lenses that refract 

light rays, drawing the rays to a focus to produce a magnified 
image.

 1. A simple microscope consists of a single magnifying 
lens, whereas a compound microscope relies on two 
lenses: the ocular lens and the objective lens.

 2. The total power of magnification is calculated as the 
product of the ocular and objective magnifying powers.

 3. Resolution, or the resolving power, is a measure of a 
microscope’s capacity to make clear images of very 
small objects. Resolution is improved with shorter 
wavelengths of illumination and with a higher 
numerical aperture of the lens. Light microscopes  
are limited by resolution to magnifications around 
2,000×.

 4. Modifications in the lighting or the lens system give rise 
to the bright-field, dark-field, phase-contrast, interference, 
fluorescence, and confocal microscopes.

 3.1 Methods of Microbial Investigation
 A. Microbiology as a science is very dependent on a number of 

specialized laboratory techniques.
 1. Initially, a specimen must be collected from a source, 

whether environmental or patient.
 2. Inoculation of a medium with the specimen is the first 

step in culturing.
 3. Incubation of the medium with the microbes under  

the right conditions creates a culture with visible 
growth.

 4. Isolation of the microbes in the sample into discrete, 
separate colonies is one desired goal.

 5. Inspection begins with macroscopic characteristics of 
the culture and continues with microscopic analysis.

 6. Information gathering involves acquiring additional 
data from physiological, serological, and genetic  
tests.

 7. Identification correlates the key characteristics that can 
pinpoint the actual species of microbe.

 Chapter Summary with Key Terms
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(erythrocytes), and megakaryocytes, which give rise to 
platelets.

 2. Leukocytes are the primary mediators of immune 
function and can be divided into granulocytes 
(neutrophils, eosinophils, and basophils) and 
agranulocytes (monocytes, lymphocytes, and natural 
killer cells) based on their appearance. Monocytes later 
differentiate to become macrophages. Lymphocytes are 
divided into B cells, which produce antibodies as part 
of humoral immunity, and T cells, which participate in 
cell-mediated immunity. Natural killer cells act 
nonspecifically against cancerous and virally infected 
cells. Leukocytes display both chemotaxis and 
diapedesis in response to chemical mediators of the 
immune system.

 D. Lymphatic System
 1. The lymphatic system parallels the circulatory system 

and transports lymph while also playing host to cells of 
the immune system. Lymphoid organs and tissues 
include lymph nodes, the spleen, and the thymus, as 
well as areas of less well-organized immune tissues such 
as GALT and MALT.

 14.3 Second-Line Defenses: Inflammation
 A. The inflammatory response is a complex reaction to tissue 

injury marked by redness, heat, swelling, and pain (rubor, 
calor, tumor, and dolor).

 1. Blood vessels narrow and then dilate in response to 
chemical mediators, cytokines, and chemokines.

 2. Edema swells tissues as blood supply to the area of 
infection is increased.

 3. WBCs, microbes, debris, and fluid collect to form pus.
 4. Pyrogens may induce fever.

 14.4 Second-Line Defenses: Phagocytosis, Interferon, and 
Complement
 A. Phagocytosis: Partner to Inflammation

 1. Macrophages and neutrophils engage in phagocytosis, 
engulfing microbes in a phagosome. Uniting the 
phagosome with a lysosome results in destruction of the 
phagosome contents.

 2. Phagocytes use a type of PRR called toll-like receptors 
(TLRs) to recognize and adhere to foreign markers on 
microbes such as PAMPs.

 B. Interferon (IFN) is a family of proteins produced by 
leukocytes and fibroblasts that inhibit the reproduction of 
viruses by degrading viral RNA or blocking the synthesis of 
viral proteins.

 C. Complement is an innate defense system that plays a role in 
the destruction of bacteria, viruses, and parasites. It causes 
reactions on the surfaces of cells which result in the 
formation of a membrane attack complex (MAC) that kills 
microbial cells by creating holes in their membranes. It also 
plays roles in inflammation and phagocytosis.

Assess Your Knowledge

These questions require a working knowledge of the concepts in the chapter 
and the ability to recall and understand the information you have studied.Level I.

Select the correct answer from the answers provided. For questions with blanks, choose the combination of answers that most accurately completes  
the statement.

 1. An example/examples of a nonspecific chemical barrier to  
infection is/are

 a. unbroken skin c. cilia in respiratory tract
 b. lysozyme in saliva d. all of these

 2. Which nonspecific host defense is associated with the trachea?
 a. lacrimation c. desquamation
 b. ciliary lining d. lactic acid

 3. Which of the following blood cells function primarily as phagocytes?
 a. eosinophils c. lymphocytes
 b. basophils d. neutrophils

 4. Which of the following is not a lymphoid tissue?
 a. spleen c. lymph node
 b. thyroid gland d. GALT

 5. What is included in GALT?
 a. thymus c. tonsils
 b. Peyer’s patches d. breast lymph nodes

 Developing a Concept Inventory

 6. A signaling molecule from microbes recognized by phagocytes is
 a. pyrogen c. complement
 b. PAMP d. lectin

 7. Monocytes are  leukocytes that develop into .
 a. granular, phagocytes
 b. agranular, mast cells
 c. agranular, macrophages
 d. granular, T cells

 8. Which of the following inflammatory signs specifies pain?
 a. tumor c. dolor
 b. calor d. rubor

 9. Toll-like receptors are proteins on .
 a. phagocytes that recognize foreign molecules
 b. viruses that stimulate immune reactions
 c. skin cells that provide barriers to infection
 d. lymphocytes that damage parasitic worms

Case Study Analysis
These questions provide a quick check 
of concepts covered by the Case Study 
and allow instructors to assess students 
on the Case Study material.
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1. Small intestinal bacterial overgrowth (known by its acronym, SIBO) 
is a condition similar to gut fermentation syndrome. SIBO occurs 
when an overabundance of bacteria, rather than yeast, in the small 
intestine ferment carbohydrates. What product would be produced in 
the gut of someone suffering from SIBO?

 a. phospholipids
 b. sugars
 c. acid
 d. proteins

2. Diagnosis of SIBO is sometimes accomplished by testing expelled 
breath gases for the products of bacterial fermentation (much like a 

 Case Study Analysis

Breathalyzer detects alcohol). What gas would be produced in excess 
in someone suffering from SIBO?

 a. oxygen
 b. hydrogen
 c. nitrogen
 d. chlorine

3. Both gut fermentation syndrome and SIBO are caused by the actions 
of microorganisms in the body, yet neither is considered a 
communicable disease. Why not?

final totals of reactants and products, and indicate where they occur 
in the pathways.

5. Describe four requirements required for fermentation to take place.
6. Is fermentation catabolic or anabolic? Explain your choice.
7. Name three electron carriers and the vitamins that are essential to 

their function. Explain what actions the electron carriers and their 
associated vitamins have in metabolic reactions.

8. Explain the similarities and differences between anaerobic respiration 
and fermentation.

 Writing Challenge

For each question, compose a one- or two-paragraph answer that includes the factual information needed to completely address the question. Practice 
questions can also be used for writing-challenge exercises.

1. Discuss the relationship of
 a. anabolism to catabolism
 b. ATP to ADP
 c. glycolysis to fermentation
 d. electron transport to oxidative phosphorylation
2. Give the general name of the enzyme that
 a. converts citrate to isocitrate
 b. reduces pyruvic acid to lactic acid
 c. reduces nitrate to nitrite
3. Explain what is unique about the actions of ATP synthase.
4. Compare the general equation for aerobic metabolism (section 8.3) 

with the summary of aerobic metabolism (figure 8.22), verify the 

 Concept Mapping

On Connect you can find an Introduction to Concept Mapping that provides guidance for working with concept maps, along with concept-mapping 
activities for this chapter.

2. Enzymes facilitate chemical reactions by 
 a. lowering the energy level of the reactants
 b. increasing the energy level of the products
 c. lowering the activation energy of the reaction
 d. increasing the energy level of the reactants

1. Photosynthesis converts _____ energy to chemical energy.
 a. light
 b. nuclear
 c. electrical
 d. heat

 On the Test

These questions will help to prepare you to successfully answer similar questions you’ll see on the TEAS (Test of Essential Academic Skills) and 
NCLEX (National Council Licensure Examination).

On the Test
On the Test questions cover material 
from the chapter that may appear on the 
TEAS (Test of Essential Academic 
Skills) or NCLEX (National Council 
Licensure Exam).  Written in the style 
seen on each exam, these questions help 
students forge a link between the chap-
ter contents and two of the most impor-
tant exams they’ll take in the future.
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 5. Production of IgE and degranulation of mast cells are involved in
 a. contact dermatitis c. Arthus reaction
 b. anaphylaxis d. both a and b

 6. The direct, immediate cause of allergic symptoms is the action of
 a. the allergen directly on smooth muscle
 b. the allergen on B lymphocytes
 c. allergic mediators released from mast cells and basophils
 d. IgE on smooth muscle

 7. Theoretically, type  blood can be donated to all persons 
because it lacks .

 a. AB, antibodies c. AB, antigens
 b. O, antigens d. O, antibodies

 8. An example of a type III immune complex disease is
 a. serum sickness c. graft rejection
 b. contact dermatitis d. atopy

 9. Type II hypersensitivities are due to
 a. IgE reacting with mast cells
 b. activation of cytotoxic T cells
 c. IgG-allergen complexes that clog epithelial tissues
 d. complement-induced lysis of cells in the presence of antibodies

 10. Production of autoantibodies may be due to
 a. emergence of forbidden clones of B cells
 b. production of antibodies against sequestered tissues
 c. infection-induced change in receptors
 d. All of these are possible.

 11. Rheumatoid arthritis is an  that affects the .
 a. immunodeficiency disease, muscles
 b. autoimmune disease, nerves

 c. allergy, cartilage
 d. autoimmune disease, joints

 12. A positive tuberculin skin test is an example of
 a. a delayed-type allergy
 b. autoimmunity
 c. acute contact dermatitis
 d. eczema

 13. Contact dermatitis can be caused by
 a. pollen grains
 b. chemicals absorbed by the skin
 c. microbes
 d. proteins found in foods

 14. Which disease would be most similar to AIDS in its pathology?
 a. X-linked agammaglobulinemia
 b. SCID
 c. ADA deficiency
 d. DiGeorge syndrome

 15. Which of these immunopathologies could be treated with a stem cell 
transplant? 

 a. arthus reaction d. a and b only
 b. SCID e. b and c only
 c. anaphylaxis

 16. How is the immune system involved in development of cancer?
 a. failure in immune surveillance
 b. mutation in cytotoxic T cells
 c. autoantibody formation
 d. overreaction to environmental chemicals

 1. The autoantibodies responsible for Emily and Susannah’s condition 
were produced by 

 a. plasma cells
 b. T cells
 c. macrophages
 d. bacteria that cross the blood-brain barrier

 2. Which disease is caused in a manner most similar to anti-NMDAR 
encephalitis?

 a. cancer c. adenosine deaminase deficiency
 b. botulism d. myasthenia gravis

 3. Women diagnosed with anti-NMDAR encephalitis are also commonly 
found to have an ovarian teratoma (an ovarian tumor). Postulate a 
connection between the tumor and the autoimmune disorder. 

 Case Study Analysis

 1. The nurse gives a primigravida (first pregnancy) client an injection of 
RhoGAM during the 28th week of her pregnancy. Why was the nurse 
required to take this action?

 a. The mother was Rh-negative while the father was Rh-positive.
 b. The mother was Rh-positive while the father was Rh-negative.
 c. The mother was O-negative while the father was Ab-positive.
 d. Both the mother and father were Rh-positive.

 2. The nurse recognizes which of the following as a type III 
hypersensitivity?

 a. contact dermatitis after an encounter with poison sumac
 b. Arthus reaction
 c. an allergic reaction to shellfish
 d. hemolytic disease of the newborn

 On the Test

These questions will help to prepare you to successfully answer similar questions you’ll see on the TEAS (Test of Essential Academic Skills) and 
NCLEX (National Council Licensure Examination).

Writing Challenge
Writing Challenge questions are sug-
gested as a writing experience. Stu-
dents are asked to compose a one- or 
two-paragraph response using the fac-
tual information learned in the chapter.

  Concept Mapping 265

1. Small intestinal bacterial overgrowth (known by its acronym, SIBO) 
is a condition similar to gut fermentation syndrome. SIBO occurs 
when an overabundance of bacteria, rather than yeast, in the small 
intestine ferment carbohydrates. What product would be produced in 
the gut of someone suffering from SIBO?

 a. phospholipids
 b. sugars
 c. acid
 d. proteins

2. Diagnosis of SIBO is sometimes accomplished by testing expelled 
breath gases for the products of bacterial fermentation (much like a 

 Case Study Analysis

Breathalyzer detects alcohol). What gas would be produced in excess 
in someone suffering from SIBO?

 a. oxygen
 b. hydrogen
 c. nitrogen
 d. chlorine

3. Both gut fermentation syndrome and SIBO are caused by the actions 
of microorganisms in the body, yet neither is considered a 
communicable disease. Why not?

final totals of reactants and products, and indicate where they occur 
in the pathways.

5. Describe four requirements required for fermentation to take place.
6. Is fermentation catabolic or anabolic? Explain your choice.
7. Name three electron carriers and the vitamins that are essential to 

their function. Explain what actions the electron carriers and their 
associated vitamins have in metabolic reactions.

8. Explain the similarities and differences between anaerobic respiration 
and fermentation.

 Writing Challenge

For each question, compose a one- or two-paragraph answer that includes the factual information needed to completely address the question. Practice 
questions can also be used for writing-challenge exercises.

1. Discuss the relationship of
 a. anabolism to catabolism
 b. ATP to ADP
 c. glycolysis to fermentation
 d. electron transport to oxidative phosphorylation
2. Give the general name of the enzyme that
 a. converts citrate to isocitrate
 b. reduces pyruvic acid to lactic acid
 c. reduces nitrate to nitrite
3. Explain what is unique about the actions of ATP synthase.
4. Compare the general equation for aerobic metabolism (section 8.3) 

with the summary of aerobic metabolism (figure 8.22), verify the 

 Concept Mapping

On Connect you can find an Introduction to Concept Mapping that provides guidance for working with concept maps, along with concept-mapping 
activities for this chapter.

2. Enzymes facilitate chemical reactions by 
 a. lowering the energy level of the reactants
 b. increasing the energy level of the products
 c. lowering the activation energy of the reaction
 d. increasing the energy level of the reactants

1. Photosynthesis converts _____ energy to chemical energy.
 a. light
 b. nuclear
 c. electrical
 d. heat

 On the Test

These questions will help to prepare you to successfully answer similar questions you’ll see on the TEAS (Test of Essential Academic Skills) and 
NCLEX (National Council Licensure Examination).

The consistent layout of each chapter allows students to develop a learning strategy and gain 
confidence in their ability to master the concepts, leading to success in the class!

The Revision  of  an Exper t ly  
Craf ted Learning Tool
Organized to Promote  
Cri t ical  Thinking
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Concept Mapping
Concept Mapping activities have been 
designed for each chapter, and an intro-
duction to concept mapping can be 
found on Connect.

Critical Thinking
Using the facts and concepts they just studied, students must reason and problem solve to 
answer these specially developed questions. Questions do not have a single correct answer 
and thus open doors to discussion and application.

Visual Assessment
Visual Assessment questions take images and concepts learned in 
other chapters and ask students to apply that knowledge to concepts 
covered in the current chapter.

638 Chapter 19 The Gram-Positive Bacilli of Medical Importance

 9. a. Outline the unique characteristics of Mycobacterium.
 b. What is the epidemiology of TB?
 c. Differentiate between TB infection and TB disease.
 d. What are tubercles?
 e. Describe the applications of BCG vaccine.

 10. a. What characteristics make M. leprae different from other mycobacteria?
 b. Differentiate between multibacillary and paucibacillary Hansen’s 

disease.
 11. a. What is the importance of NTM?

 b. Describe the effects of Mycobacterium avium complex in AIDS 
patients.

 12. a.  Describe the bacteria in the actinomycete group, and explain what 
characteristics make them similar to fungi.

 b. Briefly describe two of the common diseases caused by this group.

 3. a.  Outline the epidemiology of the major wound infections and food 
intoxications of Clostridium.

 b. What is the origin of the gas in gas gangrene?
 4. a. What causes the jaw to “lock” in lockjaw?

 b. How would it be possible for patients with no noticeable infection 
to present with symptoms of tetanus?

 5. How are botulism and tetanus alike and different?
 6. a. Why is listeriosis a serious problem even with refrigerated foods?

 b. Which groups are most at risk for serious complications?
 7. Why is erysipeloid an occupation-associated infection?
 8. a. What are the distinctive morphological traits of Corynebacterium?

 b. How can the pseudomembrane be life threatening?
 c. What is the ultimate origin of diphtherotoxin?

 Concept Mapping

On Connect you can find an Introduction to Concept Mapping that provides guidance for working with concept maps, along with concept-mapping 
activities for this chapter.

Application, Analysis, Evaluation, and Synthesis

Level II. These problems go beyond just restating facts and require higher levels of understanding and an ability to interpret, 
problem solve, transfer knowledge to new situations, create models, and predict outcomes.

 Critical Thinking

Critical thinking is the ability to reason and solve problems using facts and concepts. These questions can be approached from a number of angles and, 
in most cases, they do not have a single correct answer.

 1. a. What is the main clinical strategy in preventing gas gangrene?
 b. Why does it work?

 2. a.  Why is it unlikely that diseases such as tetanus and botulism will 
ever be completely eradicated?

 b. Name some bacterial diseases in this chapter that could be 
completely eradicated and explain how.

 3. Why is the cause of death similar in tetanus and botulism?
 4. a. Why does botulinum toxin not affect the senses?

 b. Why does botulism not commonly cause intestinal symptoms?
 5. Account for the fact that boiling does not destroy botulism spores but 

does inactivate botulinum toxin.
 6. Adequate cooking is the usual way to prevent food poisoning. Why 

doesn’t it work for Clostridium perfringens and Bacillus food 
poisoning?

 7. a.  Why do patients who survive tetanus and botulism often have no 
sequelae?

 b. How has modern medicine improved the survival rate for these 
two diseases?

 8. What would be the likely consequence of diphtheria infection alone 
without toxemia?

 9. How can one tell that acne involves an infection?
 10. Do you think the spittoons of the last century were effective in 

controlling tuberculosis? Why or why not?
 11. a.  Provide an explanation for the statement that TB is a “family 

disease.”
 b. What, if anything, can be done about multidrug-resistant tuberculosis?
 c. Explain an important rationale for not administering BCG vaccine 

in the United States to the general public.
 12. Carefully compare figures 19.11 and 19.23.

 a. Describe the main differences observable in the lesions of these 
two conditions.

 b. Explain how you would go about diagnosing them differentially.
 13. Which diseases disucssed in this chapter have no real portal of exit?

  Visual Assessment 127

On Connect you can find an Introduction to Concept Mapping that 
provides guidance for working with concept maps, along with  
concept-mapping activities for this chapter.

 Concept Mapping

1. From chapter 3, figure 3.18b. Which bacteria have a well-developed 
capsule: “Klebsiella” or “S. aureus”? Defend your answer.

2. What is it about Clostridium cells that makes them stain unevenly, 
producing the appearance seen in the photo below?

Critical thinking is the ability to reason and solve problems using facts and concepts. These questions can be approached from a number of angles and, in 
most cases, they do not have a single correct answer.

1. Using clay, demonstrate how cocci can divide in several planes and 
show the outcome of this division. Show how the arrangements of 
bacilli occur, including palisades.

2. Using a corkscrew and a spring to compare the flexibility and 
locomotion of spirilla and spirochetes, explain which cell type is 
represented by each object.

3. Under the microscope, you see a rod-shaped cell that is swimming 
rapidly forward.

 a. What do you automatically know about that bacterium’s 
structure?

 b. Propose another function of flagella besides locomotion.
4. Name an acid-fast bacterium and explain what characteristics make 

this bacterium different from other gram-positive bacteria.

5. a. Name a bacterial group that uses chlorophyll to photosynthesize.
 b. Describe the two major groups of photosynthetic bacteria and how 

they are similar and different.
6. Propose a hypothesis to explain how bacteria and archaea could have, 

together, given rise to eukaryotes.
7. Explain or illustrate exactly what will happen to the cell wall if the 

synthesis of the interbridge is blocked by penicillin.
8. Ask your lab instructor to help you make a biofilm and examine it 

under the microscope. One possible technique is to suspend a glass 
slide in an aquarium for a few weeks, then carefully air-dry, fix, and 
Gram stain it. Observe the diversity of cell types.

 Visual Assessment

 Critical Thinking

Application, Analysis, Evaluation, and Synthesis

Level II. These problems go beyond just restating facts and require higher levels of understanding and an ability to interpret, 
problem solve, transfer knowledge to new situations, create models, and predict outcomes.

Kathy Park Talaro Courtesy of Kit Pogliano and Mark Sharp/UCSD
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 9. a. Outline the unique characteristics of Mycobacterium.
 b. What is the epidemiology of TB?
 c. Differentiate between TB infection and TB disease.
 d. What are tubercles?
 e. Describe the applications of BCG vaccine.

 10. a. What characteristics make M. leprae different from other mycobacteria?
 b. Differentiate between multibacillary and paucibacillary Hansen’s 

disease.
 11. a. What is the importance of NTM?

 b. Describe the effects of Mycobacterium avium complex in AIDS 
patients.

 12. a.  Describe the bacteria in the actinomycete group, and explain what 
characteristics make them similar to fungi.

 b. Briefly describe two of the common diseases caused by this group.

 3. a.  Outline the epidemiology of the major wound infections and food 
intoxications of Clostridium.

 b. What is the origin of the gas in gas gangrene?
 4. a. What causes the jaw to “lock” in lockjaw?

 b. How would it be possible for patients with no noticeable infection 
to present with symptoms of tetanus?

 5. How are botulism and tetanus alike and different?
 6. a. Why is listeriosis a serious problem even with refrigerated foods?

 b. Which groups are most at risk for serious complications?
 7. Why is erysipeloid an occupation-associated infection?
 8. a. What are the distinctive morphological traits of Corynebacterium?

 b. How can the pseudomembrane be life threatening?
 c. What is the ultimate origin of diphtherotoxin?

 Concept Mapping

On Connect you can find an Introduction to Concept Mapping that provides guidance for working with concept maps, along with concept-mapping 
activities for this chapter.

Application, Analysis, Evaluation, and Synthesis

Level II. These problems go beyond just restating facts and require higher levels of understanding and an ability to interpret, 
problem solve, transfer knowledge to new situations, create models, and predict outcomes.

 Critical Thinking

Critical thinking is the ability to reason and solve problems using facts and concepts. These questions can be approached from a number of angles and, 
in most cases, they do not have a single correct answer.

 1. a. What is the main clinical strategy in preventing gas gangrene?
 b. Why does it work?

 2. a.  Why is it unlikely that diseases such as tetanus and botulism will 
ever be completely eradicated?

 b. Name some bacterial diseases in this chapter that could be 
completely eradicated and explain how.

 3. Why is the cause of death similar in tetanus and botulism?
 4. a. Why does botulinum toxin not affect the senses?

 b. Why does botulism not commonly cause intestinal symptoms?
 5. Account for the fact that boiling does not destroy botulism spores but 

does inactivate botulinum toxin.
 6. Adequate cooking is the usual way to prevent food poisoning. Why 

doesn’t it work for Clostridium perfringens and Bacillus food 
poisoning?

 7. a.  Why do patients who survive tetanus and botulism often have no 
sequelae?

 b. How has modern medicine improved the survival rate for these 
two diseases?

 8. What would be the likely consequence of diphtheria infection alone 
without toxemia?

 9. How can one tell that acne involves an infection?
 10. Do you think the spittoons of the last century were effective in 

controlling tuberculosis? Why or why not?
 11. a.  Provide an explanation for the statement that TB is a “family 

disease.”
 b. What, if anything, can be done about multidrug-resistant tuberculosis?
 c. Explain an important rationale for not administering BCG vaccine 

in the United States to the general public.
 12. Carefully compare figures 19.11 and 19.23.

 a. Describe the main differences observable in the lesions of these 
two conditions.

 b. Explain how you would go about diagnosing them differentially.
 13. Which diseases disucssed in this chapter have no real portal of exit?
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Global Changes to the Eleventh  
Edition

 ∙ Chapter-opening pages include a content 
outline, helping to emphasize the chapter 
organization.

 ∙ Clinic Cases appear in every chapter to 
highlight important topics.

 ∙ End-of-chapter questions in the style of the 
TEAS and NCLEX exams have been added.

Chapter-Specific Changes
Chapter 1

 ∙ New introduction to viruses and prions
 ∙ Clinic Case concerning Microcystis  

poisoning
 ∙ Discussion concerning the changing nature 

of infectious disease and microbial roles in 
noninfectious disease

 ∙ Ten new photographs

Chapter 2
 ∙ New Case Study on lactose intolerance
 ∙ Clinic Case illustrating the pH-dependent 

germination of Clostridium botulinum
 ∙ Six new photos and illustrations

Chapter 3
 ∙ New Case Study concerning the laboratory 

diagnosis of Salmonella Typhi
 ∙ Clarified discussion of fluorescence  

microscopy
 ∙ Clinic Case concerning anthrax infection 

in New York City
 ∙ Discussion of unculturable microorganisms
 ∙ Nineteen new photographs and illustrations

Chapter 4
 ∙ New Case Study concerning biofilm  

formation within dental equipment
 ∙ Process figure on biofilm formation
 ∙ Discussion of capsules, biofilms, and  

quorum sensing
 ∙ Clinic Case concerning gas gangrene in an 

IV drug user
 ∙ Twelve new photographs and illustrations

Chapter 5
 ∙ New Case Study concerning Amanita phal-

loides (death cap mushroom) poisoning
 ∙ Discussion of the eukaryotic cytoskeleton 

has been clarified
 ∙ Eukaryotic classification has been updated 

to reflect the latest findings
 ∙ Clinic Case concerning paralytic shellfish 

poisoning
 ∙ Clinic Case involving roundworm infection 

of a toddler
 ∙ Twenty-seven new photographs and  

illustrations

Chapter 6
 ∙ New Case Study dealing with  

bacteriophage therapy
 ∙ Clinic Case examining a monkeypox infec-

tion in Wisconsin
 ∙ Discussion of persistent viral infections
 ∙ Clinic Case concerning an incident of vari-

ant Creutzfeldt-Jakob disease
 ∙ Nine new photographs and illustrations

Chapter 7
 ∙ New Case Study concerning Vibrio vulnifi-

cus infection related to a recent tattoo
 ∙ Clinic Case concerning Vibrio parahaemo-

lyticus infections related to warming 
oceans

 ∙ Modified discussion concerning associa-
tions between microbes 

 ∙ Eleven new photographs and illustrations

Chapter 8
 ∙ New Case Study on auto-brewery  

syndrome
 ∙ Clinic Case on the use of ethanol as an  

antidote to methanol poisoning
 ∙ Clarified discussion of electron carriers
 ∙ Discussion of glycolysis has been clarified, 

and reactions are divided into “first five” 
and “second five”

 ∙ Four new photographs and illustrations

Chapter 9
 ∙ New Case Study concerning the 14th 

known case of vancomycin-resistant  
Staphylococcus aureus

 ∙ Clarified discussion of DNA structure and 
replication, transcription and translation, 
and mutations

 ∙ Clinic Case on the use of a bone marrow 
donor carrying a CCR-5 mutation being 
used to cure the recipient’s HIV

 ∙ Six new photographs and illustrations

Chapter 10
 ∙ New Case Study on the use of genetically 

engineered mosquitoes to reduce Zika  
virus infection

 ∙ Discussion of genetic engineering, restric-
tion enzymes, and electrophoresis

 ∙ Discussion of transcriptomics, proteomics, 
metagenomics, and metabolomics

 ∙ Updated discussion on the potential bene-
fits of GMOs

 ∙ Clinic Case discussing the use of modified 
bacteria as a treatment for phenylketonuria

 ∙ Discussion of the CRISPR/Cas-9 system 
for editing DNA

 ∙ Discussion of gene therapy used to correct 
blindness due to Leber congenital 
amaurosis

 ∙ Clinic Case concerning the use of familial 
DNA fingerprinting to identify the Grim 
Sleeper serial killer

 ∙ Nine new photographs and illustrations

Chapter 11
 ∙ New Case Study concerning infection 

linked to improper disinfection of duoden-
oscopes at UCLA

 ∙ Clarified discussion of sterilization with 
regard to prions

 ∙ Clinic Case concerning a case of botulism 
due to inadequate processing of commer-
cially canned chili

 ∙ Clinic Case concerning the use of ultravio-
let light to disinfect the water in an interac-
tive fountain

 ∙ Seven new photographs and illustrations 

Chapter 12
 ∙ New Case Study illustrating the side  

effects of fluoroquinolone antibiotics
 ∙ Terminology has been added, updated, and 

clarified throughout the chapter
 ∙ New drugs used to cure hepatitis C and 

prevent replication of influenza are  
discussed

 ∙ Expanded discussion of new HIV drugs 
used to fight existing infection or as 
pre-exposure prophylactics

 ∙ The relationship between biofilms and 
drug resistance is now part of the chapter

 ∙ A feature on clinical testing of antimicro-
bics is included in the chapter

 ∙ A Clinic Case concerning the use of inten-
tional drug interaction to treat a drug over-
dose has been added

 ∙ Nineteen new photographs and illustrations

Chapter 13
 ∙ The role of viruses as normal microbiota is 

addressed
 ∙ Clinic Case concerning a plague researcher 

who dies from infection with an attenuated 
strain of Yersinia pestis

 ∙ Clinic Case concerning an MRSA outbreak 
in a newborn nursery

 ∙ Disease statistics have been updated 
throughout the chapter

 ∙ The discussion of epicurves has been  
clarified

 ∙ Twenty-one new photographs and  
illustrations

Chapter 14
 ∙ New Case Study concerning autosplenec-

tomy related to lupus 
 ∙ Clarified discussion of the body’s intercon-

nections with regard to the immune system
 ∙ Clinic Case exploring an occurrence of 

trichinellosis resistant to freezing

Changes to Foundations in  
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 ∙ Clarified discussion of hematopoiesis and 
the role of natural killer cells 

 ∙ Nine new photographs and illustrations

Chapter 15
 ∙ New Case Study regarding an incident of 

necrotizing fasciitis 
 ∙ Figures used to clarify the genetics of anti-

body generation, and the activation of T cells
 ∙ Expanded discussion of T helper 17 cells, 

T regulatory cells, Gamma-Delta T cells, 
natural killer cells, and natural killer T cells

 ∙ New figure explaining the outcomes of an-
tibody binding of antigen

 ∙ Updated discussion on the use of monoclo-
nal antibodies

 ∙ Clinic Case following an outbreak of mea-
sles in Minnesota

 ∙ Clarified discussion of hematopoiesis and 
the role of natural killer cells 

 ∙ Fifteen new photographs and illustrations

Chapter 16
 ∙ New Case Study following a case of  

anti-NMDAR encephalitis, an autoimmune 
disease resulting in severe neurologic 
changes

 ∙ Updated information concerning the devel-
opment of food allergies and treatments for 
severe allergic reactions

 ∙ Clinic Case following four cases of trans-
plant-transmitted infection

 ∙ Seven new photographs and illustrations

Chapter 17
 ∙ New Case Study following a case of men-

ingitis due to lymphocytic choriomenigitis 
virus

 ∙ New discussions of fluorescent in-situ hy-
bridization, pulsed-field gel electrophore-
sis, and whole genome sequencing

 ∙ Clinic Case concerning misidentification 
of a bacterial isolate as a potential bioter-
rorism agent

 ∙ Clarified discussion of ELISA 
 ∙ Eight new photographs and illustrations
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Missouri and Elizabeth Co of Boston University, who reviewed the 
chapters on host defenses.

More thanks to the people who really know how to write a book and 
can cogently discuss typefaces, obtain permissions, and corral writ-
ers: the editorial and production staff at McGraw-Hill Education. 
For the eleventh edition, I have been fortunate to work with product 
developer Krystal Faust (anyone tasked to develop me deserves 
thanks) and brand manager Lauren Vondra (anyone tasked to man-
age me…). Marketing manager Jim Connely, project manager Ann 
Courtney, content licensing specialist Lorraine Buzcek, designer 
Jessica Cuevas, copyeditor Nicole Schlutt, and, in what is only a 
slight exaggeration, a cast of thousands. When I say I couldn’t have 
done it without them, realize that in the absence of these people, 
you’d be, at best, holding my coffee-stained notes in your hands.

Despite the careful work of all these people, typos, errors, and  
oversights may make it to the printed page. These errors belong 
solely to me. If you find an error or wish to make other comments, 
feel free to contact the publisher, sales representative, or myself 
(barry.chess.micro@gmail.com). Enjoy.

—Barry Chess

The biggest lies are told before the marriage, after the hunt, and 
during the election.

—Otto von Bismarck

And the biggest lie of all may be “I write a book.” Because writing 
a book is most definitely a team sport. And thank-you’s are owed to 
the rest of the team.

Beginning of course with microbiology itself, a subject whose ever-
changing nature means that after just a few years, a book begins to 
look antiquated, irrelevant, even silly. A few editions ago, there was 
little thought given to Zika virus, probiotics, or the microbiome, 
topics of great import today. So the first thanks go to the science 
itself and those who spend their days (and nights, and weekends) 
coaxing answers from the smallest of organisms. 

To the students, instructors, and colleagues who’ve used the book, 
sent an email, suggested a change, or simply walked up with book 
in hand and a quizzical expression which said “Huh?,” thank you. 
Your suggestions have never once fallen upon deaf ears, and you’ve 
helped me to hopefully make this edition better than the last.  
A special shout-out to to Anna Oller of the University of Central 
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To the Student

When you awoke this morning, the coating you felt on your teeth 
was a bacterial biofilm.  For every human cell of your body, at least 
three cells are not human. Remember the time you didn’t get small-
pox, polio, and measles. How about that safe water? Enjoy yogurt? 
Cheese? Bread? Beer? Have I made my point?

Microbiology is often the very essence of “Out of sight, out of 
mind,” but it is my sincere hope that this book can change that. For 
most of you, this course is a required prerequisite for your chosen 
career, but microbiology is so much more than that.  From before 
we’re born until after we die, we have an intimate association with 
all manner of microorganisms, and the goal of this book is to make 

these relationships more familiar. Which organisms are dangerous? 
Beneficial? Useful? Along the way,  there will be Greek terminol-
ogy, a little chemistry, and some math. Sorry. 

As you use this book, please use this book, it was designed solely 
with you in mind. Study the photographs, look up unfamiliar words, 
answer the questions, make the information yours. Without even 
being aware of it, you’ll gain a greater understanding of not only the 
world around you, but the world within you. Not a bad way to spend 
some time.

—Barry Chess
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2

C H A P T E R

The Main Themes  
of Microbiology 

1
In This Chapter...
1.1 The Scope of Microbiology 
1.2  General Characteristics of Microorganisms and Their Roles 

in the Earth’s Environments 
 ∙ The Origins and Dominance of Microorganisms
 ∙ The Cellular Organization of Microorganisms
 ∙ Noncellular Pathogenic Particles—Viruses and Prions
 ∙ Microbial Dimensions: How Small Is Small?
 ∙ Microbial Involvement in Energy and Nutrient Flow

1.3 Human Use of Microorganisms 
1.4 Microbial Roles in Infectious Diseases
1.5 The Historical Foundations of Microbiology 

 ∙ The Development of the Microscope: Seeing Is Believing
 ∙ The Scientific Method and the Search for Knowledge
 ∙ The Development of Medical Microbiology

1.6  Taxonomy: Organizing, Classifying, and Naming 
Microorganisms
 ∙ The Levels of Classification
 ∙ Assigning Scientific Names

1.7 The Origin and Evolution of Microorganisms 
 ∙ All Life Is Related and Connected Through Evolution
 ∙ Systems for Presenting a Universal Tree of Life

(Water sample from Lake Whillans): JT Thomas; (White wine): John Thoeming/McGraw-Hill Education; 
(Mycobacterium): Source: Janice Carr/CDC; (algae): Source: Christopher Botnick/NOAA; (mosquito): 
Source: Frank Hadley Collins, Dir. Center for Global Health and Infectious Diseases; University of ND/CDC; 
(Louis Pasteur): Pixtal/age fotostock
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(methane bubbles arise from the sea floor) Source: NOAA Okeanos Explorer Program, 2013 ROV Shakedown and Field Trials in the U.S. Atlantic Canyons.

A frozen white wasteland, a toxic soup. Two fairly 
common descriptions of an environment so harsh—
cold, toxic, or lacking nutrients—that no life can sur-

vive. Lake Whillans, a small, shallow lake trapped beneath 
half a mile of ice, certainly fits that description. Located 
640 kilometers from the South Pole, Lake Whillans is com-
pletely encased in ice and sits at a slant, pressed against 
the side of a hill far below the icy surface. As heat from the 
core of the earth melts the bottom of the Antarctic ice 
sheet, a few milliliters of liquid water are added to the lake 
each year.

Subglacial lakes like Lake Whillans were discovered 
only in the late 1990s when ice- penetrating radar and 
satellite measurements allowed researchers to see through 
the dense ice sheets that cover the polar regions of the 
planet. The next phase of the project was—as has been the 
case as long as humans have been exploring their 
environments—to determine what, if anything, lived in the 
newly discovered area. Although the immediate instinct 
would be to drill through the ice and sample the water in 
the lake, microbial ecologists realized that sampling Lake 
Whillans was not terribly different from performing surgery 
on a human patient; aseptic techniques would have to be 
followed so that external microbes were not allowed to 
contaminate the lake. Drilling equipment was sterilized 
using a combination of ultraviolet light and hydrogen 
peroxide, the same techniques routinely used in hospitals 
and laboratories, and the water used to bore through the 
ice was filtered to remove even the smallest microorganisms. 
When the drill penetrated the last of the ice, it entered the 
lake, which at −0.5°C was several degrees warmer than the 
Antarctic surface.

Over the next few days, until the drilling hole froze 
shut, scientists and graduate students collected 30 liters 
of water and several sediment samples from the lake. 

Study of those samples, 
which continues today, 
reveals that Lake Whillans 
hosts a vibrant ecosystem. 
DNA analysis revealed nearly 
4,000 different microbial 
species, and each milliliter of lake 
water contained more than 130,000 
cells, comparable to what one finds in the 
deepest oceans. The biggest difference between life in 
Lake Whillans and ecosystems found on the surface of the 
planet is the lack of sunlight. In terrestrial lakes, 
photosynthetic microorganisms use the energy in 
sunlight to convert dissolved carbon dioxide into sugars. 
Because sunlight can’t penetrate the half mile of ice 
covering Lake Whillans, many of the microbes in the lake 
derive energy from the oxidation of iron, sulfur, or 
ammonium compounds, a strategy used by some deep-
sea bacteria. If it turns out, as many scientists believe, that 
the microorganisms in Lake Whillans supply minerals and 
nutrients to the surrounding ocean, then this small, dark, 
cold, invisible lake may have a tremendous effect on the 
ecosystem surrounding it. Not bad for a frozen wasteland.

 ■ One of the environmental pressures microorganisms 
from Lake Whillans had to adapt to was the ability to 
grow in very cold temperatures. What were several 
other environmental challenges these microbes 
faced?

 ■ What fields of microbiology were used to initially 
study these microbes, and what fields could be 
involved in the further study of the isolated cells?

To continue this Case Study, go to Case Study Part 2 at the end of 
the chapter.

3

C A S E  S T U D Y   Part 1 Microbes Find a Way
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4 Chapter 1 The Main Themes of Microbiology

1.1 The Scope of Microbiology

 Learn

1. Define microbiology and microorganisms, and identify the major 
organisms included in the science of microbiology.

2. Name and define the primary fields included in microbiological 
studies.

As we observe the natural world, teeming with life, we cannot help 
but be struck by its beauty and complexity. But for every feature that 
is visible to the naked eye, there are millions of other features that are 
concealed from our sight by their small size. This microscopic uni-
verse is populated by a vast microbial menagerie that is equally beau-
tiful and complex. To sum up the presence of microbes in one word, 
they are ubiquitous.* They are found in all natural habitats and most 
of those that have been created by humans. As scientists continue to 
explore remote and unusual environments, the one kind of entity they 
always find is microbes. These exist deep beneath the polar ice caps, 
in the ocean to a depth of 7 miles, in hot springs and thermal vents, in 
toxic waste dumps, and even in the clouds.

Microbiology is a specialized area of biology that deals with 
tiny life forms that are not readily observed without magnification, 
which is to say they are microscopic.* These microscopic organ-
isms are collectively referred to as microorganisms, microbes,* 
or several other terms, depending upon the purpose. Some people 
call them “germs” or “bugs” in reference to their role in infection 
and disease, but those terms have other biological meanings and 
perhaps place undue emphasis on the disagreeable reputation of 
microorganisms. The major groups of microorganisms included in 
this study are bacteria, viruses, fungi, protozoa, algae, and 
helminths (parasitic worms). As we will see in subsequent chap-
ters, each group exhibits a distinct collection of biological charac-
teristics. The nature of microorganisms makes them both easy and 
difficult to study. Easy, because they reproduce so rapidly and can 
usually be grown in large numbers in the laboratory. Difficult, 
because we can’t observe or analyze them without special tech-
niques, especially the use of microscopes (see chapter 3).

Microbiology is one of the largest and most complex of the 
biological sciences because it integrates subject matter from many 
diverse disciplines. Microbiologists study every aspect of 
microbes—their genetics, their physiology, characteristics that 
may be harmful or beneficial, the ways they interact with each 
other and the environment, and their uses in industry and 
agriculture.

In fact, many areas of the field have become so specialized 
that a microbiologist may spend an entire career focused on a sin-
gle subspecialty, a few of which are:

 ∙ Bacteriology—the study of bacteria; small, single-celled pro-
karyotic organisms

 ∙ Mycology—the study of fungi; eukaryotic organisms that in-
clude both microscopic (molds and yeasts) and larger mem-
bers like mushrooms, puffballs, and truffles

 ∙ Protozoology—the study of protozoa; a group of mostly  
single-celled eukaryotes

 ∙ Virology—the study of viruses; noncellular particles that par-
asitize cells

 ∙ Parasitology—the study of parasites; traditionally including 
pathogenic protozoa, helminth worms, and certain insects

 ∙ Phycology or algology—the study of simple photosynthetic 
eukaryotes, the algae; ranging from single-celled forms to 
large seaweeds

 ∙ Morphology—the study of the detailed structure of microor-
ganisms

 ∙ Physiology—investigation of organismal metabolism at the 
cellular and molecular levels

 ∙ Taxonomy—the classification, naming, and identification of 
microorganisms

 ∙ Microbial genetics and molecular biology—the study of the 
genetic material and biochemical reactions that make up a 
cell’s metabolism

 ∙ Microbial ecology—the interrelationships between microbes 
and the environment; the roles of microorganisms in nutrient 
cycles and natural ecosystems

Studies in microbiology have led to greater understanding 
of  many general biological principles. For example, the study  
of microorganisms established universal concepts concerning 
the chemistry of life, systems of inheritance, and the global 
cycles of nutrients, minerals, and gases. Table 1.1 describes just 
a few of the occupations included within the greater field of 
microbiology.

1.2 General Characteristics of 
Microorganisms and Their Roles  
in the Earth’s Environments

 Learn

3. Describe the basic characteristics of prokaryotic cells and 
eukaryotic cells and their evolutionary origins.

4. State several ways that microbes are involved in the earth’s  
ecosystems.

5. Describe the cellular makeup of microorganisms and their size 
range, and indicate how viruses differ from cellular microbes.

The Origins and Dominance  
of Microorganisms
For billions of years, microbes have shaped the development of the 
earth’s habitats and influenced the evolution of other life forms. It 
is understandable that scientists searching for life on other planets 
first look for signs of microorganisms.

The fossil record uncovered in ancient rocks and sediments 
points to bacteria-like cells having existed on earth for at least 

  * ubiquitous (yoo-bik′-wih-tis) L. ubique, everywhere, and ous, having. Being, or 
seeming to be, everywhere at the same time. 
* microscopic (my″-kroh-skaw′-pik) Gr. mikros, small, and scopein, to see. 
* microbe (my′-krohb) Gr. mikros, small, and bios, life.
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 1.2 General Characteristics of Microorganisms and Their Roles in the Earth’s Environments 5

Medical Microbiology, Public Health Microbiology, and 
Epidemiology
Medical microbiology, which studies the effects of microorganisms on 
human beings, remains the most well-known branch of microbiology. The 
related fields of public health and epidemiology monitor and control the 
spread of diseases in communities. Some of the institutions charged with 
this task are the U.S. Public Health Service (USPHS) and the Centers for 
Disease Control and Prevention (CDC). The CDC collects information 
and statistics on diseases from around the United States and publishes it 
in The Morbidity and Mortality Weekly Report (see chapter 13).

Biotechnology, Genetic Engineering, and Industrial Microbiology
These branches revolve around the idea that microorganisms can be 
used to derive a desired product, from beer to vaccines. 
Biotechnology focuses on the natural abilities of microbes, while 
genetic engineering involves the deliberate alteration of the genetic 
makeup of organisms to create novel microbes, plants and animals 
with unique behaviors and physiology. Industrial microbiology is the 
science of scaling up these processes to produce large quantities of a 
desired product (see chapters 10 and 27).

TABLE 1.1 A Sampling of Fields and Occupations in Microbiology

 Microbiologists from the U.S. 
Food and Drug Administration 
collect soil samples to detect 
animal pathogens.
Source: Black Star/Steve Yeater for FDA

Agricultural Microbiology
This branch is concerned 
with the relationships 
between microbes and 
domesticated plants and 
animals. Plant specialists 
focus on plant diseases, soil 
fertility, and nutritional 
interactions. Animal 
specialists work with 
infectious diseases and other 
interactions between animals 
and microorganisms.

Food Microbiologists
These scientists are concerned with the impact of microbes on the 
food supply, including such areas as food spoilage, food-borne 
diseases, and production.

 A U.S. Department of 
Agriculture technician observes 
tests for the presence of 
Escherichia coli in foods.
Source: Keith Weller/USDA

 A technician tests the 
effectiveness of 
microorganisms in the 
production of new 
sources of energy.
Source: Lawrence Berkeley 
National Laboratory

 A CDC virologist examines 
cultures of influenza virus 
that are used in producing 
vaccines. This work 
requires high-level 
biohazard containment.
Source: James Gathany/CDC

 A parasite specialist 
examines leaf litter 
for the presence of 
black-legged ticks—
the carriers of Lyme 
disease.
Source: Scott Bauer/
USDA

Immunology
This branch studies the complex web of protective substances 
and reactions caused by invading microbes and other harmful 
entities. It includes such diverse areas as blood testing, 
vaccination, and allergy (see chapters 15, 16, and 17).
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6 Chapter 1 The Main Themes of Microbiology

3.5  billion years (figure 1.1). Early microorganisms of this type 
domi nated the earth’s life forms for the first 2 billion years. These 
ancient cells were small and simple, and lacked specialized internal 
structures to carry out their functions. The genetic material of these 
cells was not bound into a separate compartment called a nucleus or 
“karyon.” The term assigned to cells and microbes of this type is 
prokaryotic,* meaning “before the nucleus.” About 1.8 billion 
years ago, there appeared in the fossil record a more complex cell, 
which had developed a nucleus and various specialized internal 
structures called organelles.* These types of cells and organisms 
are defined as eukaryotic* in reference to their “true” nucleus. 
 Figure 1.2 compares the two cell types and includes some exam-
ples of viruses for comparison. In chapter 5  we will learn more 
about the origins of eukaryotic cells—they didn’t arise suddenly 
out of nowhere; they evolved over millennia from prokaryotic cells 
through an intriguing process called endosymbiosis. The early eu-
karyotes, probably similar to algae and protozoa, started lines of 
evolution that eventually gave rise to fungi, plants, and multicellu-

lar animals such as worms and insects. You can see from figure 1.1 
how long that took! The bacteria preceded even the earliest animals 
by about 3  billion years. This is a good indication that humans are 
not likely to, nor should we try to, eliminate  microorganisms from 
our environment. Having existed for eons, they are absolutely es-
sential for maintaining the planet’s life-giving characteristics.

The Cellular Organization of Microorganisms
As a general rule, prokaryotic cells are smaller than eukaryotic 
cells, and in addition to lacking a nucleus, they lack organelles, 
which are structures in cells bound by one or more membranes. 
Examples of organelles include the mitochondria and Golgi 
 complexes, and several others, which perform specific functions 
such as transport, feeding, energy release and use, and synthesis. 
Prokaryotes perform similar functions, but they lack dedicated or-
ganelles to carry them out (figure 1.2).

The body plan of most microorganisms consists of a single cell 
or clusters of cells (figure 1.3). All prokaryotes are microorgan-
isms, and they include the bacteria and archaea. Only some of the 
eukaryotes are microorganisms: primarily algae, protozoa, molds 
and yeasts (types of fungi), and certain animals such as worms and 
arthropods. Not all members of these last two groups are micro-

  * prokaryotic (proh″-kar-ee-ah′-tik) Gr. pro, before, and karyon, nucleus.  
* organelles (or-gan′-elz) Gr. organa, tool, and ella, little. 
* eukaryotic (yoo″-kar-ee-ah′-tik) Gr. eu, true or good, and karyon, nucleus.

Earliest
eukaryotic

cells
appeared.

Reptiles
appeared.

Cockroaches,
termites

appeared.

Probable
origin of
universe.

Origin of
earth.

Earliest
prokaryotic

cells 
appeared.

Mammals
appeared.

Humans
appeared.

4 billion
years ago

14 billion
years ago

3 billion
years ago

2 billion
years ago

1 billion
years ago

Present
time

Figure 1.1 Evolutionary time line. The first simple prokaryotes appeared on earth approximately 3.5 billion years ago, and the first 
eukaryotes arose about 2 billion years ago. Although these appearances seem abrupt, hundreds of millions of years of earth’s history passed  
while they were evolving to these stages. The fossil record for these periods is incomplete because many of the earliest microbes were too  
delicate to fossilize.
Source: NASA
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Figure 1.2 Basic structure of cells and viruses. (a) Comparison of a prokaryotic cell and a eukaryotic cell. (b) Two examples of viruses. 
These cell types and viruses are discussed in more detail in chapters 4, 5, and 6.

Cell
membrane
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Ribosomes

Cell
membrane

Cell wall

Flagellum

Flagellum

Chromosome

Prokaryotic cell Eukaryotic cell showing
selected organelles

Capsid

Envelope

An enveloped
virus (HIV)

A complex virus
(bacteriophage)

Nucleic 
acid

Ribosomes

(a) Basic cell types (b) Examples of viruses

 Algae: Micrasterias truncata (750×), one of the
predecessors of modern-day plants.

Helminths: Roundworms of Trichinella spiralis coiled in the
muscle of a host (250×). This worm causes trichinellosis.

Protozoa: A protozoan, Oxytricha trifallax bearing tufts
of cilia that function like tiny legs (3,500×).

Virus: Herpes simplex, the cause of cold
sores (100,000×).

Fungi: Histoplasma capsulatum, with lollipop-like
reproductive structures (750×). This agent is the
cause of Ohio Valley fever. 

 Bacteria: Mycobacterium tuberculosis, a 
rod-shaped cell (15,500×). 

A single virus particle

Reproductive structures

A single virus particle

Figure 1.3 The six basic types of microorganisms. Organisms are not shown at the same magnifications; approximate magnification  
is provided. To see these microorganisms arrayed more accurately to scale, look for them in figure 1.4.
(bacteria): Source: Janice Carr/CDC; (fungi): Source: Dr. Libero Ajello/CDC; (algae): Lebendkulturen.de/Shutterstock; (virus): Source: Dr. Erskine Palmer/CDC;  
(protozoa): Source: National Human Genome Research Institute; (helminths): Source: CDC
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8 Chapter 1 The Main Themes of Microbiology

fore the first plants appeared. In fact, they were responsible for 
changing the atmosphere of the earth from one without oxygen to 
one with oxygen. Today, photosynthetic microorganisms (includ-
ing algae) account for more than 50% of the earth’s photosynthe-
sis, contributing the majority of the oxygen to the atmosphere 
(figure 1.5a).

scopic, but certain members are still included in the study of micro-
biology because worms can be involved in infections and may 
require a microscope to identify them. Some arthropods such as 
fleas and ticks may also be carriers of infectious diseases. Addi-
tional coverage on cell types and microorganisms appears in 
chapters 4 and 5.

Noncellular Pathogenic Particles—Viruses  
and Prions
Viruses are well-studied in microbiology, as they are the most com-
mon microbes on earth and are responsible for diseases ranging 
from the common cold to AIDS, but they are not cells. Rather, vi-
ruses are small particles composed of a small amount of hereditary 
material, surrounded by a protein coat, and are so simple that most 
biologists don’t consider them to be alive (primarily because they 
are incapable of replication on their own). 

Prions—a contraction of the words proteinaceous infectious 
particle—are even simpler than viruses, consisting solely of 
protein. The very existence of prions was doubted until the late 
twentieth century, but they are now recognized as the causative 
agent of transmissible spongiform encephalopathies, a group of 
invariably fatal diseases, including mad cow disease and its human 
counterpart Creutzfeld-Jakob disease. Both viruses and prions will 
be examined in greater depth in chapter 6.

Microbial Dimensions: How Small Is Small?
When we say that microbes are too small to be seen with the unaided 
eye, what sorts of dimensions are we talking about? This concept is 
best visualized by comparing microbial groups with some organ-
isms of the macroscopic world and also with the molecules  
and atoms of the molecular world (figure 1.4). The  dimensions  
of macroscopic  organisms are usually given in centimeters (cm) and 
meters (m), whereas those of most microorganisms fall within the 
range of micrometers (μm) and, sometimes, nanometers (nm) and 
millimeters (mm). The size range of most microbes extends from the 
smallest viruses, measuring around 10 nm and actually not much 
bigger than a large molecule, to protozoans measuring 3 to 4 mm 
and visible with the naked eye.

Microbial Involvement in Energy  
and Nutrient Flow
The microbes in all natural environments have lived and evolved 
there for billions of years. We do not yet know all of their roles, but 
it is likely they are vital components of the structure and function of 
these ecosystems.

Microbes are deeply involved in the flow of energy and food 
through the earth’s ecosystems.1 Most people are aware that plants 
carry out photosynthesis, which is the light-fueled conversion of 
carbon dioxide to organic material, accompanied by the formation 
of oxygen. But microorganisms were photosynthesizing long be-

Flea

Roundworm

Algae

Protozoan

Mold spores

Spirochete

M
ic

ro
sc

op
ic

U
ltr

am
ic

ro
sc

op
ic

M
ac

ro
sc

op
ic

At
om

ic

Rods
Most bacterial cells
fall between 10 μm
and 1 μm in size.

Most viruses fall between
200 and 10 nm in size.

Cocci
Rickettsias

Poxvirus
Herpesvirus HIV

Poliovirus

DNA molecule

Protein molecule

Glucose molecule

Hydrogren atom

0.1 nm
0.5 nm

1 nm

2 nm
10 nm

70 nm
100 nm

200 nm

1 μm

2 μm

5 μm

10 μm

20 μm

50 μm

200 μm
1 mm

2 mm

Metric Chart

Length

meter
millimeter
micrometer
nanometer
angstrom
picometer

m
mm
μm
nm
Å
pm

1×
0.001×
0.000,001×
0.000,000,001×
0.000,000,000,1×
0.000,000,000,001×

100

10–3

10–6

10–9

10–10

10–12

Symbol Log No. Multiplier

Figure 1.4 The sizes of the smallest organisms and objects. 
Even though they are all very small, they still display extensive variations 
in size. This illustration organizes the common measurements used in 
microbiology, along with examples of organisms or items that fall into 
these measurement ranges. The scale includes macroscopic, 
microscopic, ultramicroscopic, and atomic dimensions. Most microbes 
we study measure somewhere between 100 micrometers (μm) and 10 
nanometers (nm) overall. The examples are more or less to scale within a 
size zone but not between size zones.
(flea): Cosmin Manci/Shutterstock; (roundworm): Source: CDC; (algae): 
Lebendkulturen.de/Shutterstock; (protozoan): Source: National Human Genome 
Research Institute; (mold spores): Dr. Lucille K. Georg/CDC; (spirochete): Source: 
CDC; (rods, cocci): Source: Janice Carr/CDC; (herpesvirus): Source: Jeff Hageman, 
M.H.S./Janice Carr/CDC

1. Ecosystems are communities of living organisms and their surrounding environment.
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Another process that helps keep the earth in balance is the 
process of biological decomposition and nutrient recycling. 
 Decomposition involves the breakdown of dead matter and wastes 
into simple compounds that can be directed back into the natural 
cycles of living things (figure 1.5b). If it were not for multitudes 
of bacteria and fungi, many chemical elements would become 
locked up and unavailable to organisms. In the long-term, micro-
organisms are greatly responsible for the structure and content of 
the soil, water, and atmosphere. For example:

 ∙ Earth’s temperature is regulated by “greenhouse gases,” such 
as carbon dioxide and methane, that create an insulation layer 
in the atmosphere and help retain heat. A significant propor-
tion of these gases is produced by microbes living in the envi-
ronment and in the digestive tracts of animals.

 ∙ Recent estimates propose that, based on weight and numbers, 
up to 50% of all organisms exist within and beneath the earth’s 
crust in soil, rocks, and even the frozen Antarctic (figure 1.5c). 
It is increasingly evident that this enormous underground com-
munity of microbes is a major force in weathering, mineral 
extraction, and soil formation.

 ∙ Bacteria and fungi live in complex associations with plants. They 
assist the plants in obtaining nutrients and water and may protect 
them against disease. Microbes form similar interrelationships 
with animals, notably as residents of numerous bodily sites.

C L I N I C  C A S E

Toxic Treatments Like over 100,000 of his Brazilian countrymen 
(and over half a million people in the United States), Arnaldo Luis 
Gomes suffered from kidney failure and depended on dialysis to 
keep him alive. Three days a week he visited a clinic in the city of 
Caruaru and spent 4 hours tethered to a machine that cleansed 
the toxins from his blood. On this day, however, he knew some-
thing was wrong. His head hurt, his stomach ached, and the whites 
of his eyes began to turn yellow with jaundice, a sure sign that his 
liver was failing. Despite the best efforts of his doctors, 2 hours 
later he was dead from toxic hepatitis. Over the next 3 days, more 
than 100 patients had similar symptoms.

The culprit was identified as Microcystis, a type of algae which 
produces a powerful liver toxin. Unlike most bacterial contamina-
tion, water containing high levels of Microcystis cannot be made 
safe by boiling; only removal of the algae can guarantee safety. 
An investigation revealed that inadequate filtration of water from 
a local reservoir allowed the use of toxin-laden water in the clinic, 
eventually killing 46 clients. 

Brazil is not the only place where toxic algae is a health 
concern. Toledo, Ohio—which gets its drinking water from Lake 
Erie—typically has several days each summer when tap water is 
unsafe to drink due to high levels of Microcystis. A combination of 
abundant sunlight from long summer days and agricultural runoff 
into Lake Erie promote the growth of algae to dangerous levels in 
the lake, which is exactly what happened in Brazil. 

Speculate on why algae blooms, like the ones in Lake Erie, typically 
occur in summer.

Figure 1.5 A microscopic wonderland. (a) A summer pond is 
heavily laden with surface scum that reveals several different types of 
green algae called desmids (Micrasterias rotata, 600×). (b) A rotting 
tomato being invaded by a fuzzy forest of mold. The fungus is Botrytis, 
a common decomposer of tomatoes and grapes (250×). (c) Tunneling 
through an ice sheet in Antarctica, one of the coldest places on earth 
(–35°C), to access hidden microbes. Here we see a red 
cyanobacterium, Nostoc (3,000×), that has probably been frozen in 
suspended animation there for 3,000 years. Like the example 
discussed in the chapter-opening case study, this environment may 
serve as a model for what may one day be discovered on other planets.
(a): Source: Lynn Betts, USDA Natural Resources Conservation Service;  
(a, inset): Lebendkulturen.de/Shutterstock; (b & b, inset): Kathy Park Talaro;  
(c): Source: Ames Research Center/NASA; (c, inset): Image courtesy of the  
Priscu Research Group, Montana State University, Bozeman
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