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DISEASES"AND THE ORGANISMS THAT CAUSE THEM

BACTERIAL DISEASES
w— —
DIUJG I Organism Shape/Staining Disease Organism Shape/Staining
acne Propionibacterium acnes R, + peptic ulcer Helicobacter R, —
actinomycosis Actinomyces israelii % - pylori
anthrax Bacillus anthracis R, + pharyngltlsh Streptococcus C, +
bacterial meningitis Haemophilus "~ (strep throat) 4 ggenes .
influenzae plague (black death) Yersinia pestis R, —
Neisseria meningitidis C, - gﬁgsggrﬁfgue
Streptococcus G plague
pneumoniae :
e 5 pneumonia Streptococcus C, +
Listeria R, + pneumoniae
e i Klebsiella pneumoniae R, —
bacterial vaginitis Gardnerella vaginalis R, = - ical Iy y P | ’N A
botulism Clostridium botulinum R, + pne&";ﬁg% S;yeﬁjfr‘waonia) };%%%;sg,?a & !
br?g\?g?sr:/? a(ll;:(fieu\l/:?)t Brucella sp.! CB, - pseudomembranous Clostridium difficile R, +
v colitis
cat scratch fever Afipia felis, "=
Baronelle Hienselae CB. NA puerperal fever Streptococcus G+
; 4 ; : (childbed fever) pyogenes
c:all'\crmi iati I‘-/Ize(no;;hlllus g RbA B Q fever Coxiella burnetti CB, NA
c 2r$c:Iaen('a)Sla i Lt ULl relapsing fever Borrelia sp. 8 =
: i i heumatic fever Streptococcus pyogenes C,+
tivit hil CB, - 4 ‘  Bp e a08 s
e Hii'gf,fﬁ[,gs rickettsialpox Rickettsia akari CB, NA
Rocky Mountain Rickettsia rickettsii CB, NA
dental caries Viridans Streptococci C, + spotted fever
diphtheria Corynebacterium R, salmonellosis Salmonella sp. R~
diphtheriae shigellosis (bacillary Shigella sp. R, =
ehrlichiosis Ehrlichia sp. R, NA ; dVSZ”tE'Y) | . .
endocarditis Enterococcus sp. C, + SKin and woun aphylococcus , +
Sty infections (scalded aureus
food poisoning Staphylococcus G + skin syndrome, Staphylococcus G, +
aureus scarlet fever, epidermidis
Streptococcus C, + erysipelas, impetigo, Streptococcus sp. C, +
pyogenes etc.) Providencia stuartii B =
Clostridium R, + Pseudomonas R,—
perfringens 8 aent{gmosa ks
[ . erratia marcescens =
glo§ltlrldlum botlium g j: syphilis Treponema pallidum S,
?C’ gs corus ! tetanus Clostridium tetani R, +
L,s;;%rrlvaocytogenes R+ toxic shock syndrome  Staphylococcus C, +
aureus
Campylobacter sp. R, - trachoma Chlamydia coccoid, NA
Shigella sp. R; = trachomatis
Salmonella sp. R, - trench fever Rochalimaea quintana CB, NA
Vibrio parahaemolyticus R, -
gas gangrene Clostridium R, — tuberculosis Mycobacterium R, A-F
perfringens and tuberculosis
others
gonorrhea Neisseria gonorrhoeae C.— tuberculosis, avian Mycobacterium avium R, A-F
gfétggfgzgggg)”ale Caé{gf’)’[’;’[zﬁg;gte"ium R, - tularemia Francisella tularensis R, —
Haagggzy?isease Mycobacterium leprae R, A-F typhoid fever Salmonella typhi R, —
B . e i By = typhus, epidemic Rickettsia prowazekii CB,NA
leptospirosis Leptospira interrogans 8, = typ"(‘;sdr;"edfmgfus) Rickettsia typhi CB, NA
listeriosis Listeria R, + VP : . "
monocytogenes typhu;, rec;rudescent Rickettsia prowazekii CB, NA
Lyme disease Borrelia burgdorferi 8= gBi;ilig;sser
lymphogranuloma Chlamydia coccoid, NA t ; :
5 g yphus, scrub Rickettsia CB, NA
binckim et Siticialivig ) pospmnutii | S
3 , +, isease)
(maduromycosis) zg’ggﬁggyces, A-F vibriosis Vibrio R, —
arahaemolyticus
nongonococcal Chlamydia R, VAR wiliGagi i Bp detell r};t X CB. -
urethritis (NGU) trachomatis (pe‘r)tlﬂsgsgc)’ug USIOSIPERUOSIS 4
Ursra:alz,stgsm . NA yersiniosis Yersinia enterocolitica R =
ornithosis Chlamydia psittaci coccoid, NA
(psittacosis)
*Key:
Shape Staining
C = coccus — = gram-negative

CB = coccobacillus
R = rod

S = spiral

| = irregular

+ = gram-positive
VAR = gram-variable
A-F = acid-fast

NA = not applicable

1t Species



DISEASES AND THE ORGANISMS THAT CAUSE THEM (CONTINUED)

VIRAL DISEASES
:iaase ' Virus Reservoir [ Disease Virus Reservoir
bronchitis, rhinitis parainfluenza humans, v influenza influenza swine, humans
some other (type A
mammals humans (type
Burkitt's lymphoma Epstein-Barr humans B)
chickenpox varicella-zoster humans humans (type
coryza (common rhinovirus humans C)
cold) coronavirus humans Lassa fever arenavirus rodents
cytomegalic inclusion cytomegalovirus humans [ measles (rubeola) measles humans
disease
Dengue fever Dengue humans : meningoencephalitis herpes humans
encephalitis Colorado tick fever mammals molluscin R — PimEns
Eastern equine birds .
5 contagiosum
encephalitis :
St_Lotls birds mumps paramyxovirus humans
encephalitis
Venezuelan equine rodents pneumonia adenoviruses, humans
encephalitis respiratory
Western eqqi_ne birds syncyﬁal virus
b dencephalms . [ poliomyelitis poliovirus humans
epidemic adenovirus umans . ) _
keratoconjunctivitis | raples iabies ol t\:ll gonged
hantavirus bunyavirus rodents animals
gulg%r:ﬁ;y respiratory infections adenovirus humans
hemynrrh ol ) odents and paramyxoviruses none
grhagic fever, aronavirus ROCOntS ar Rift Valley fever bunyavirus humans, sheep,
heBollv;‘an i 5 . o;ur;\ans (phlebovirus) cattle
morrhagic fever, unyavirus rodents
Korsan (Hantaan) rut::gg S(ICej):)rman rubella humans
hemorrhagic fever Ebola virus humans (?)
(f||0V|ru§) shingles varicella-zoster humans
Marburg virus humans (?) ‘
. ) _ (fIIO.V.IrUS) smallpox variola (major and humans
hepatitis A (infectious hepatitis A humans minor)
h39§t't's) = viral enteritis rotavirus humans
hepatitis B (serum hepatitis B humans warts. common human humans
hep_"‘ft't's) » (papillomas) papillomavirus
hegatttlg C (non-A, hepatitis C humans yellow fever yellow fever monkeys,
°". ; ) - humans,
hepatitis D (delta hepatitis D humans mosquitoes
hepatitis)
hepatitis E (enteric- hepatitis E humans
ally transmitted
non-A, non-B,
non-C)
herpes, oral usually herpes humans ‘
simplex type 1,
sometimes type 2
herpes, genital usually herpes humans
simplex type 2,
sometimes type 1
HIV disease, human humans
AIDS immunodeficiency
virus (HIV)
infectious Epstein-Barr humans
mononucleosis

The tables of fungal and protozoal diseases appear on the back cover endpapers
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Microbiology for the Health Sciences has always been
written with the idea that a meaningful introduc-
tion to microbiology can be provided for the health-
science oriented student in a single semester or
quarter of study without demanding earlier ex-
posure to the subject or an extensive background
in chemistry and mathematics. Although the text
provides the necessary background support for
extended study in the discipline, the primary pur-
pose of the text is to provide a useful and basic
understanding of the microbe in its role as a dis-
ease-producing agent. Thus, the content has been
kept at a minimum in an effort to provide only that
information essential to an appreciation of micro-
organisms in the disease process.

Because of its narrower scope, Microbiology for
the Health Science is intended to be neither an ency-
clopedic reference of general microbiology nor a
detailed analysis of host responses to parasitic
microorganisms. Rather, the reader will find that
this text provides a succinct, easy-to-read back-
ground of the agents of infectious diseases and the
human disease processes associated with microor-
ganisms.

In reviewing the fourth edition we have tried
to retain the innovative style and student-oriented
nature of the first three editions. However, we rec-
ognize that advances in the discipline have been
rapid and far-reaching, and we’'ve done our best
to keep pace in terms of including appropriate
updates throughout the text. Our new co-author,
Richard Robison, received his doctorate in im-
munology and has taught the introductory course
for many years. His involvement has helped to
ensure that the material is up-to-date and accurate
in one of the most exciting and rapidly changing
fields, immunology.

In a sense, an introductory text like this is in a
constant state of revision, because the abundance of
scientific discoveries and research milestones of our
day demand that we as authors categorize, priori-
tize, and then integrate new facts and findings into
our text—never an easy task, but always a reward-
ing one.

TAXONOMIC ORGANIZATION

Microbiology for the Health Sciences takes a taxonomic
approach to introduce students to the patho-

gens of medical significance—that is, the chapters
are organized according to taxonomic groups.
Within each chapter, important members of the
group are discussed in terms of their physical char-
acteristics. This brief introduction to the infectious
agent is always followed then by a systematic dis-
cussion of the disease(s) it causes: pathogenesis and
clinical manifestations; transmission and epidemi-
ology; diagnosis and treatment; and prevention and
control. Throughout our many years of teaching, we
have found that students are able to assimilate the
information more readily in this kind of standard-
ized format.

A Graphic Sidebar, which visually depicts the
basic characteristics of the group under discussion,
is included in the opening page of each organismal
chapter. This serves as a quick reference to remind
students of the common attributes of members of
the group: its basic “cell type”—whether it is a
prokaryote, eukaryote, or virus; its Gram morphol-
ogy (for bacteria); its general shape(s); and its gen-
eral size or size range.

AN EMPHASIS ON CLINICAL
ASPECTS

Designed for students entering nursing or other
allied-healthcare professions, this text has always
had a clinical focus. However we’ve introduced sev-
eral new clinical elements that will help students
remember this important aspect of their microbiol-
ogy course:

Affected Body Systems. This new chapter feature
highlights the systems of the body affected by the
organism(s) discussed in the chapter. Found near
the beginning of each organismal chapter, this pro-
vides a quick overview of the clinical discussion
ahead.

Disease/Causative Organism Reference and Noti-
fiable Diseases Summary. The printed endpapers
of the text feature a quick-reference alphabetical list-
ing of diseases and the organisms that cause them.
On the back endpapers, notifiable diseases also
summarized by year and numbers of reported
cases.

Clinical Notes. One of the most popular chapter
features from earlier editions of this text, these

xXvii
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real-life accounts—based on the Morbidity and
Mortality Weekly Reports (MMWR) issued by the
Centers for Disease Control—have been updated
and expanded. These valuable boxes focus on perti-
nent on-going concerns in infectious disease micro-
biology and provide the student with an oppor-
tunity to see the study of microbiology from an
applied perspective.

Clinical Summary Tables. Found in the end-of-
chapter Material for Review, this new feature pro-
vides a succinct review of the clinical content
regarding each of the major microbes discussed in
the chapter: its virulence mechanisms, the diseases
it causes, its mode of transmission, and methods of
treatment and prevention.

VOCABULARY DEVELOPMENT

We recognize that building vocabulary is an impor-
tant task in any scientific discipline. Therefore, we
have included the following aids for students:

Key Terms/New Words. The most important
words for the chapter are boldfaced where they are
defined in the text, while additional terms with
which the student might not be familiar (but which
are not necessarily “key terms”) are italicized. All
boldfaced and italicized terms are included in the
Glossary at the end of the text.

Running Glossary. A running glossary is pro-
vided to expand the student’s understanding of
terms as they are used. These bottom-of-the-page
entries reduce the time required to read the text and
later provide excellent chapter review material for
the student

END-OF-CHAPTER
REVIEW ELEMENTS

Concept Summary. This numbered list of con-
cepts, written in sentence form, recaps the essential
points of the chapter.

Clinical Summary Table. This table provides a
quick review of the organisms covered in the chap-
ter and some specifics of the diseases they cause.

Study Questions. These 5-10 questions are de-
signed for students to recall the important facts of
the chapter.

Challenge Questions. These 2-3 questions ask the
student to go beyond mere memorization of the
facts to apply their knowledge to a specific problem.

SUPPLEMENTS

This text is accompanied by a variety of supple-
ments for the student and the instructor.

Combined Instructor’s Manual and Test Item File.
Each chapter in this resource, developed by Jeffrey
Pommerville of Glendale Community College, con-
tains a chapter overview, teaching tips, instructor
goals, and student learning objectives—plus an-
swers to the Study and Challenge Questions found
in the main text. Additionally, the test item portion
contains approximately 30-50 questions for each of
the 40 chapters in the book.

Transparency Masters. Transparency masters fea-
turing all of the illustrations from the text is avail-
able to qualified adopters of the text.

Student Study Guide. The Study Guide, also
developed by Jeffrey Pommerville of Glendale
Community College, contains chapter outlines,
objectives, vocabulary exercises, and numerous
questions and exercises to help students master the
material.

Prentice Hall Microbiology Laserdisc. Prentice
Hall Microbiology Laser Disc contains more than
2000 images, including full-color micrographs, pho-
tographs, illustrations, and animations for use in
either a lecture or lab setting. All images are indexed
and accessible with or without a bar code scanner.
Free to adopters with a minimum of 150 copies.

Prentice Hall/New York Times Themes of the
Times. The New York Times Themes of the Times
consists of selected articles from The New York Times
dealing with topics related to microbiology. This
supplement is updated annually and is available
free to adopters, who can order as many copies as
the number of new texts purchased.
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1S5

OUTLINE

STREPTOCOCCIH:
GENERAL
CHARACTERISTICS

STREPTOCOCCUS

PYOGENES
PATHOGENESIS AND
CLINICAL DISEASES

TRANSMISSION AND
EPIDEMIOLOGY

DIAGNOSIS
TREATMENT
PREVENTION AND
CONTROL

STREPTOCOCCUS
PNEUMONIAE

PATHOGENESIS AND
CLINICAL DISEASES

TRANSMISSION AND
EPIDEMIOLOGY

DIAGNOSIS
TREATMENT

PREVENTION AND
CONTROL

OTHER DISEASE-
CAUSING
STREPTOCOCCI

GROUP B
GROUP C
GROUP D
VIRIDANS GROUP

STREPTOCOCCI:

GENERAL

CHARACTERISTICS

Streptodocci are gram-positive, coccal-shaped bacte-
ria that yisually appear in chains of various lengths
(Figure 15-1; see Plate 5). These bacteria are moder-
ately resistant to environmental factors; that is, they
may remain living for days to weeks after being

__ PROKARYOTE

oth pathogenic and nonpathogenic species of streptococci are

commonly associated with humans and animals. A wide variety

of species are present as normal flora on skin and mucous
membranes of all humans. Three species, Streptococcus pyogenes,
Streptococcus pneumoniae, and Streptococcus
agalactiae, are responsible for most of the
streptococcal infections in humans. The
pathogenic species produce a wide
variety of toxins and cause a wide
variety of lesions and diseases.
Historically, some streptococcal diseases
have been among the most serious
diseases of humans. Fortunately, these
bacteria are usually easily destroyed by
chemotherapeutic agents, and as a result, even
though streptococcal infections are still common, their impact on
illness and death today is only a small fraction of what it was prior to

Graphic Sidebar

Provides visual quick-refer-
ence of the common attributes
of members of the taxonomic
group of the chapter: its basic
“cell type”—whether it is a
prokaryote, eukaryote, or
virus; its Gram morphology
(for bacteria); its general
shape(s); and its general size
or size range.

~Affected Body Systems
Highlights the systems of the
body affected by the organ-
ism(s) discussed in the chap-
ter. Found near the beginning
of each organismal chapter,
this provides a quick
overview of the clinical dis-
cussion ahead.

the 1930s.

210 Chapter 15 Streptococci

expelled fron|
readily killed
are highly s
therapeutic 4
species of the)
nature and a
the skin, no
humans and
guish clearl:

S. pneumoniae
# pneumonia
* pleuritis

S. pyogenes

\

Chapter Outline
Lists the topics to be covered
in the chapter.

Concept Links

Cue the student that new
material is related to or builds
on an earlier discussion.

%* pharyngitis

S. pyogenes
* glomerulonephritis

( SYSTEMIC \

S. pyogenes
* Scarlet fever

Group B streptococci
* septicemia

Human Bobpy SysteEms AFFECTED

Streptococci

S. pneumoniae
* meningitis
* ofitis media

S. pyogenes
* impetigo
* erysipelas
* necrotizing fascitis

S. pyogenes
* puerperal fever

(enzymes that dissolve red bloo

species. This has made a precise classification of
these bacteria difficult. Streptococci grow well on
blood agar and many species secrete hemolysins

emolytic zones around the
colonies. These hemolytic patterns can be used to

make a preliminary identification of streptococcal
groups. A clear zone of hemolysis surrounding the
colony is called beta- is{(), a zone with an
que greenish color is called alpha-hemolysis, and
some species produce no hemolysis.

The most usable classification system, the




Clinical Notes

Provide an applied persp

tive by focusing on pertinent
on-going concerns in infec-
tious disease microbiology.
Based on the Morbidity and

Mortality Weekly Reports
(MMWR) issued by the

Centers for Disease Control.

New Artwork

Makes understanding basic
concepts of cell biology, genet-
ics and immunology easier.
Organismal chapters use art
consistently to show patho-
genesis of various diseases

and graph the incidence o
disease occurrence.

Outbreak of Shigella flexneri 2a
DungQAugust—iSepmnberiManoumruk
of gastrointestinal iliness occurred on the cruise

voyage from
to Ensenada, Mexico. Amldsse(aT%)onOpu-
sengersand24(4%)ows4uvwwhoeomp{etodam-
d havi

299

S. dysenteriae (and others): Bacillary Dysentery (Shigellosis)

Infections on a Cruise Ship
Shigella flexneri 2a has been isolated from fecal spec-
) . Antimicrobial

subsequent two cruises of the ship were canceled.

vey ing vomiting
during the cruise. Omdoemoewnsdhamyear-old
man who was hospitalized in Mexico with diarrhea.

or of the mode of transmission is under way

(MMWR 43:657, 1994).

atric population.

f

Shigella species is commonly associated with poor
or crowded living conditions. Most of the approxi-
mately 20,000 cases occurring annually in the
United States (Figure 21-7) are associated with insti-
tutionalized individuals, where hygienic conditions
may be difficult to maintain because of crowding
and lack of individual capabilities. This relationship
between an ability to maintain personal hygiene
and the frequency of shigella infection is reflected in
the age distribution of the disease in the United
States, where it is seen most frequently in the pedi-

Shigellosis is endemic in underdeveloped coun-
tries. Historically, dysentery has been a problem in
military populations and entire armies have become
temporarily disabled when living under unsanitary
conditions that commonly exist during wartime.
People traveling from countries like the United
States often contract bacillary dysentery within a
short period after entering a country where dysen-
tery is endemic.

* Diagnosis

Diagnosis is made by isolating shigellae from the
feces or intestinal tract.

Chapter 21 Enterobacteriaceae

* Treatment

In contrast with Salmonella gastroenteritis, most
cases of shigellosis are improved by chemotherapy.
The recent development of multiresistant strains of
S. sonnei (resistant to ampicillin, tetracycline, and
trimethoprimsulfamethoxazole) has complicated
the approach to therapy, but several available
antibiotics remain effective. Oral rehydration and
maintaining proper electrolyte balance is an essen-
tial component of treatment.

* Prevention and Control

United States,
Control, Atlanta)

FIGURE 21-7 Reported cases of shigellosis in the
1955-1994. (Courtesy Centers for Disease

vention of person-to-person transmission by fol-

wing good sanitary practices is the most effective

‘means of avoiding shigellosis. Patients with the dis-
ease should be isolated.

t are to a variety of antibiotics with different

mechamsms of antimi

ial action.

/

FIGURE 21-6

Invasion of intestinal epithelial cells by Shigella. 1. Shigella attach
to M cells and induce their own phagocytosis. 2. Shigella escape the phagocytic vacuole
ial cells with multiplicati

and cell destruc-

and multiply. 3. Penetration of adj;

venting the spread to deeper tissues.

S. DYSENTERIAE (AND
OTHERS): BACILLARY
DYSENTERY

(SHIGELLOSIS)

* Pathogenesis and Clinical
Diseases

Following ingestion, the shigellae usually penetrate
the large intestine by stimulating the endothelial
cells, called M cells, that line the intestine to phago-
cytize them. However, these “nonprofessional”
phagocytes are unable to kill the ingested bacteria
and the bacteria then multiply and invade neigh-
boring cells (Figure 21-6). Generally, penetration is
not deeper than the submucosal cells. Inflam-
mation, together with sloughing of the epithelial
cells, results in ulcerative lesions. After 1 to 3 days
of incubation the patient experiences a sudden
onset of symptoms—abdominal cramps, fever, and
diarrhea. The diarrheal stool frequently contains
mucus and blood. Significant loss of water and salts
may occur and in young and/or debilitated patients
this dehydration and electrolyte imbalance may
cause death. In otherwise healthy persons the dis-
ease is usually self-limiting and recovery occurs in
3 to 7 days. The death rate from dysentery in young

tion. 4. Shigella released from infected cells are phagocytized by macrophages, thus pre-

children is signiﬁcant i
tion and nutriti

Mtries with poor sanita-

During a recent epidemic in Central and gouth
America the mortality rate among those ipffected
with this organism was between 8 apd 10%.
Although not endemic in the United Sfates, this
species has recently been introduced by tourists
returning from Central America and Mexico. Most
residents in areas where dysenteyy is endemic
develop some immunity to the/ disease either
through clinical or subclinical casgé. Many such per-
sons, however, remain carriers ¢f the organism and
serve as a source of infection for new susceptibles,
such as visitors or newborng entering the popula-
tion.

n and Epid iology

* Trar i

Transmission is from human to human via the
fecal-oral route by “fingers, food, feces, fomites, or
flies.” Infection can occur with as few as 10 or 10
bacteria (this is in contrast to 10°-107 bacteria neces-
sary to cause salmonellosis). Transmission by

central nervous system.

Shiga toxin A powerful toxin produced by S. dysenteriae that acts on tissues of the

Consistent Chapter Format
Highlights—from a clinical
perspective—the essential in-
formation for each taxonomic
group: Pathogenesis and
Clinical Disease, Transmission
and Epidemiology, Diagnosis,
Treatment, Prevention and
Control.




Micrographs and Clinical
Photos

Show disease organisms and
pathological conditions associ-

ated with infection.

Pathogenesis Illustrations
Are consistently used in the
organismal chapters to depict
the means by which organ-
isms cause disease in the
body.

Transmission electron micrograph of
P showing i capsids (partially dis-
pted) surrounded by envelopes (magnified 160,000x).

(Coyrtesy Robley C. Williams, University of California, Berkeley)

FIGURE 31-1

of cancer inYewer animals are associated with these
viruses and sevagal lines of evidence associate her-
pesviruses, particutagly the Epstein-Barr virus, with
certain forms of cancdx in humans. Women who
have cervical herpes infedtign have a significantly
greater incidence of cervical caqcer than uninfected
women.

Herpes Simplex Viruses 3985

caused by the type 1 HSV (Figure 31-2). The recur-
ring lesions on the lips are the clinical manifestation
of a complex chronic interaction between the virus
and the host. Most newborn infants are not readily
infected, possibly as a result of passive immunity
that offers some protection against primary infec-
tion. Once the passive immunity is gone, the infant
is highly susceptible to primary infection. Sus-
ceptibility tends to decrease somewhat as the child
gets older. However, in conditions of poor san-
itation as many as 90% of the population has been
infected before adulthood. Persons living under
conditions of improved sanitation experience about
a 50% infectivity rate. The primary infection is often
asymptomatic or is not diagnosed as herpes.
Symptoms are seen in 10 to 15% of the cases from 2
to 12 days after being exposed to the virus. The pri-
mary lesions may appear as small vesicles in the
throat, mouth, or nose and go relatively unnoticed.
The most noticeable form of primary infection
involves the lips, mouth, and gums (gingivostomati-
tis), in which the vesicles rupture and develop into
ulcerative lesions. Fever, pain, and irritability usu-
ally persist for about 1 week, followed by gradual
healing during the second week.

Recovery is associated with a rise in antibodies
against the virus. During the primary infection,
however, the virus passes along nerve fibers to
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FIGURE 31-3 Aspects of the pathogenesis of primary and recurring herpes infec-

tions of the lips.
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regional ganglia. In the case of gingivostomatitis,
HERPES SIMPLEX
VIRUSES

Two serotypes of herpes simplex viruses (HSV)
have been identified. Type 1 is generally associated
with infections of the upper half of the body and
type 2 with infections of the genitourinary tract and
surrounding tissues. Primary infection usually
occurs on the mucosal-epithelial surfaces of the
body. Following initial infection, the neurons that
innervate the area become infected. The primary
site of infection is characterized by a lesion, while
infection of the neurons leads to latent infection.
Both types may cause disseminated infections in
infants and compromised patients.

* Pathogenesis and Clinical
Diseases

Cold Sores or Fever Blisters. Among the
most common of all human infections are cold sores
or fever blisters (herpes labialis), which are usually

FIGURE 31-2 Herpes simplex fever blister on iower
lip 2 days after onset. (Centers for Disease Control, Atlanta)

Vesicle A blister-like structure that contains a clear serous fluid.
Ganglion Major nerve trunks connecting the peripheral nerves to the CNS.

Occasionally, almost any tissue of the body may

— Boldfaced and Italicized Terms
Highlight new or important words
for the chapter. Key terms are bold-
faced, while additional new terms are
italicized. All boldfaced and italicized

the virus becomes sequestered in a latent form in
this tissue. While in this latent form, the virus can-
not be detected by ordinary means. It causes no
symptoms and is not affected by antibodies.
Periodically, in from 20 to 30% of the general popu-
lation, these latent viruses become activated and
move down the nerve fiber to cause recurring
skin lesions at the site of the original infection
(Figure 31-3). The frequency of these recurring
lesions varies from person to person, ranging from
once every few years to about once a month.
Various stressful stimuli, such as excessive sunlight,
fever, cold winds, emotional stress, and hormonal
changes, apparently trigger the reactivation of the
virus. As the virus moves down the nerve fibers, it
passes directly into the skin cells without becoming
exposed to the host’s antibodies. The antibodies
usually prevent the virus from spreading systemi-
cally to other tissues of the body but are unable to
prevent the recurring lesions. Recurrent infections
are generally less severe than primary infection.
Primary and recurring infections may also occur in
the eyes, causing a disease known as herpetic kerato-
conjunctivitis. Lesions on the cornea are most seri-
ous, for the accumulating scar tissue may lead to
vision impairment.

become infected with these viruses. Primary an
recurring infections may occur on any cutaneo:
area of the body. Traumatic injury may provide/a

burns, or on the thumb of a thumb-suckin
the finger of a dentist (herpetic whitlow).
with eczema may acquire a serious herpeg infection
over large areas of the body (eczema hefepeticum).
Herpes simplex viruses may also infegt the central
nervous system, causing a severe, agd often fatal,
infection (herpetic encephalitis).

Genital Herpes. A very cpmmon sexydlly
transmitted disease is genital herpes (see Platé 38).
Over 80% of these infections are caused by HSV
type 2. In females the vesicles usually occur in the
mucosal tissue of the vulva, vagina, or cervix, but
any of the genital or surrounding tissues may be
involved. These vesicles ulcerate, producing shal-
low lesions. The symptoms may include malaise,
urinary retention, local pain, fever, vagin
charge, and tender, swollen inguinal |
In males the vesicles and sub; ent ulcerations

Eczema Inflammation of the skin, often
and serous discharge. |

d with scaling, papuls

crusting,

terms are included in the Glossary at
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has as yet not been associated with any specific clin-

ical disease.

In late 1994, yet another human herpes virus was
found, which is associated with a type of cancer

about 20% of AIDS patients. Some evidence sug-

gests that this herpesvirus, called Kaposi's sarcoma-

called Kaposi's sarcoma. Kaposi’s sarcoma is found in

MATERIAL FOR REVIEW

CONCEPT SUMMARY

1. Infection due to the DNA her-
pesvirus group is of consider- 2
able attention and concern
today. These viruses are
responsible for a wide variety
of disease conditions in both
humans and animals. They
cause benign, latent infections,
such as cold sores, and exten-
sive life-threatening infections, 3.

such as generalized herpes.
Herpesviruses are widely
known because of current inter-
est in their role as agents of a
sexually transmitted disease
caused by herpes simplex virus
type 2 and because of infectious
mononucleosis due to the
Epstein-Barr virus.

Herpes viruses are among the

'

associated herpesvirus, may be the cause of Kaposi's
sarcoma in AIDS patients.

few viruses for which a specific
antiviral therapy has been

developed.

. Although not generally well

known, cytomegalovirus infec-
tion is extremely common. This
agent is responsible for serious,
often fatal disease in compro-
mised patients.

CLINICAL SUMMARY TABLE

"

Virulence
Microor Di Tr i Tr Pr
Herpes simplex Latency Cold sores Direct and Acyclovir Avoid contact
Conjunctivitis Sexual contact
Genital herpes
Encephalitis
Varicella-zoster Latency Chickenpox Airborne Acyclovir Vaccine
Shingles
Epstein-Barr Latency Infectious Oral contact Symptomatic None

mononucleosis

STUDY QUESTIONS

1. Briefly describe the host-para- 3.
site relationship commonly
associated with herpesvirus 4.
infections.

2. Why isn’t antibody to herpes-

virus type I and type II protec- 5.

tive against recurrence of the
disease?

What is the most common site
of infection for type II herpes?
Why would a viral-component
vaccine be particularly useful
against herpesviruses?

What is the likely source of an
outbreak of chickenpox in a
community that is apparently

free of the virus? /

. What is the biggest risk factor

associated with
cytomegalovirus infection?

CHALLENGE QUESTIONS

1. Why would there be possible opposition to approv-
ing a living vaccine against herpes simplex virus

infections?

2. Chickenpox in children is usually a relatively harm- /
less disease. Why do health officials say that chick-

enpox in adults can be very serious?

A

Concept Summary

Recaps in numbered-sentence
format the essential points of
the chapter.

Clinical Summary Table
Provides a quick review of the
organisms covered in the
chapter and some specifics of
the diseases they cause.

|_-Study Questions

Provide an opportunity for
students to quiz themselves
about the important facts of
the chapter.

Challenge Questions

Ask the student to go beyond
mere memorization of the
facts to apply their knowledge
to a specific problem.



CHAPTER

O 0 h~ WN

~N

10
11
12

13
14
15
16
17
18
19
20

Historical Developments in Medical
Microbiology 1

The Scope of Microbiology 13
Microscopy 25

Cellular Anatomy 35
Metabolic Functions 49

Genetic Control of Cellular
Functions 65

Growth and Nutrition of
Microorganisms 87

109
123
Innate Host Defense Mechanisms 141

Sterilization and Disinfection
Chemotherapeutic Agents

Acquired Inmune Response 153

Applications of the Immune
Response 173

Host Microorganism Interactions 187
Staphylococci 201

209

Neisseria 225

Spirochetes 237

Anaerobic Bacteria 251

265

Mycobacteria and Related
Microorganisms 275

Streptococci

Gram-Positive Bacilli

21
22

23

24
25

26
27
28
29
30
31
32
33
34
35
36
37

38
39
40

Enterobacteriaceae 291

Nonfermentative Gram-Negative
Bacilli 305

Vibrio, Campylobacter, and
Helicobacter 311

Haemophilus and Bordetella 323

Brucella, Francisella, Pasteurella,
and Yersinia 333

Mycoplasma and Legionella 345
Chlamydiae and Rickettsiae 353
Viruses 367

Introduction to Viral Diseases 379
Adenoviruses and Poxviruses 385
Herpesviruses 393

Hepatitis Viruses 407
Orthomyxoviruses 417
Paramyxoviruses 425
Picornaviruses 437
Rhabdoviruses 445

Human Immunodeficiency Virus
and AIDS 453

Other Viruses 467
479
Protozoa 493

Fungi



Preface xvii

1

Historical Developments in Medical
Microbiology 1

A Brief History of Infectious Diseases 1
Developments Preceding the Germ Theory 2
Observations of Contagion 2
Immunization 4
Discovery of Microorganisms and Early Basic
Research 5
The Germ Theory of Disease and the Golden
Age of Microbiology 7
Chemotherapy 9
Molecular Biology 11
CriNnicAL NOTE: MOLECULAR BIOLOGY AND
ImmuNizATION 10
Material for Review 12

2

Light Microscopes 26

Types of Optical Microscopes 28

Electron Microscopes 29

CriNnicAaL Note: Microscory 31

Preparation of Microorganism in Microscopy 32
Material for Review 33

a4

The Scope of Microbiology 13

Basic Cell Types 13
Classification of Microorganisms 14
Nomenclature 16
Major Groups of Microorganisms 16
Fungi 16
Algae 17
Protozoa 19
Prokaryotes 19
Viruses 20
Nonmedical Aspects of Microbiology 21
Soil Microbes 21
Aquatic Microbes 21
Microorganisms in Dairy Products 22
Microorganisms in Food 23
Industrial Uses of Microbial By-products 23
Microorganisms as Biological Tools 24
Material for Review 24

3

Microscopy 25
Microscopy 25

Cellular Anatomy 35

Prokaryotic Cells 35
Sizes and Shapes 35
Components of Prokaryotic Cells 36
Cell Envelope Structures 36
External Appendages 40
Cytoplasm 41
Endospores 43

Eukaryotic Cells 44
CrLinicaL NoOTE: CLINICAL APPLICATION OF

THE GRAM STAIN 46
Material for Review 47

S

Metabolic Functions 49

Energy Metabolism 49
Photosynthesis 51
Catabolism 53
Metabolic Energy 53
Glycolysis 53
Fermentation 55
Aerobic Respiration 55
Biosynthesis 58
Structure and Functions of Proteins 58
Molecular Structure of Proteins 59
CLINICAL NOTE: BACTERIAL IDENTIFICATION 60
Enzymes and Enzymatic Functions 61
Material for Review 63

Genetic Control of Cellular Functions 65

DNA as the Genetic Molecule 65
Structure of DNA 66
Replication 67




viii Contents

Genetic Code 68
Protein Synthesis 69
Transcription 70
Translation 72
Alterations in Genetic Information of the
Cell 74
Mutation 74
Genetic Exchange 75
The Significance of Mutations and Gene
Transfer 80
Genetic Engineering 81
Material for Review 85

7

Growth and Nutrition of Microorganisms 87

Nutritional Requirements of Bacteria 87
Culture Media 88
CrmNnicAL NOTE: THE FirsT Use OF AGAR IN CULTURE
Mepia 89
Types of Culture Media 90
Pure Cultures 91
Identification of Bacteria 92
Recent Laboratory Innovations 92
Microbial Growth 94
Growth Curve 95
Environmental Influences on Microbial
Growth 98
Counting Microorganisms 100
Direct Microscopic Counts - 100
Plate Counts 101
Indirect Counting Methods 102
Environmental Sampling 102
Material for Review 106

Sterilization and Disinfection 109

Definition of Terms 109
Physical Methods of Microbial Control 110
Heat 110
Moist Heat Not Under Pressure 111
Dry Heat 112
Heat and Chemical Vapor 113
Radiation 113
Filtration 114
Chemical Methods of Microbial Control 115
Factors Affecting Disinfectant Action 115
Groups of Chemical Disinfectants 116
Evaluation of Chemical Disinfectants 116
Material for Review 121

9

Chemotherapeutic Agents 123

Characteristics of Chemotherapeutic
Agents 123

Synthetic Agents 124
Sulfonamides 124

Other Synthetic Agents 127
Antibiotics 127

Penicillins 127
Aminoglycosides 128
Tetracyclines 130
Chloramphenicol 131
Macrolides 131

Lincomycin and Clindamycin 131
Rifampicin (Rifampin) 132
Cephalosporins 132
Glycopeptides 132

Bacitracin 132

Polymyxins 132

New Classes of Antibiotics 133
Antifungal Agents 134
Polyenes 134

Imidazoles 134

Antiviral Agents 134
Microbial Resistance 135
Treatment 136
Complications 138

Material for Review 139

10

Innate Host Defense Mechanisms 141

Host Defenses 141

Nonspecific External Defense Mechanisms
(First Line of Defense) 142
Physical Barriers and Chemical Agents 142
Bacterial Interference 144

Nonspecific Internal Defense Mechanisms
(Second Line of Defense) 144
White Blood Cells 144
Phagocytosis 146
Lymphatic System 147
Other Blood Components 148
Inflammation 150

Material for Review 152

11

Acquired Immune Responses 153

Acquired Immunity 153
Immunogens and Antigens 154



Acquired Immune Responses 154
A General Overview of Immune Response
Components 155
B Cells 155
The Major Histocompatibility Complex 155
T Cells 156
Natural Killer Cells 157
Macrophages 157
Regulatory Proteins 157
Humoral Antibody Response 157
Structure and Classes of Antibodies 159
Primary and Secondary Humoral Antibody
Responses 160
Effect of Humoral Antibodies on
Microorganisms 161
Monoclonal Antibodies 161
Cell-Mediated Immune Responses 164
Cytotoxic T-Cell Response 164
Delayed-type—Hypersensitivity Response 164
Natural Killer Cells 166
Suppressor and Memory Functions 167
Harmful Effects of the Immune Response
(Hypersensitivity) 167
Type I Inmediate Hypersensitivity 167
Type II Cytotoxic Hypersensitivity 169
Type III Immune Complex
Hypersensitivity 170
Type IV Delayed Hypersensitivity 170
Material for Review 171

12

Applications of the Inmune Response 173

Types of Immunity 173
Natural Active Immunity 174
Artificial Active Immunity 174
Natural Passive Immunity 176
Artificial Passive Immunity 176
Measurement of Antibodies as a Diagnostic
Tool 176
Serologic Tests 177
Agglutination Tests 177
Precipitation Tests 177
Neutralization Tests 179
Complement Fixation Tests 179
Fluorescent Antibody Tests 181
Hemagglutination-Inhibition Test 181
Radioimmunoassay (RIA) 181
Enzyme-Linked Immunosorbent Assay
(ELISA) 181
Immunoblot (Western Blot) Procedures 183
CrLinicaL Note: FDA APPROVES, PEDIATRICIANS
ENDORSE CHICKEN Pox VAcCINE 184
Material for Review 184

Contents ix

13

Host-Microorganism Interactions 187

Host-Parasite Relationships 187

Normal Microbial Flora of Humans 190
Location of Normal Flora 190

Transmission of Microorganisms 191
Exit of Microorganisms from the Host 192
Routes of Transmission and Entry of

Microorganisms into the Host 192

Microbial Pathogenicity and Virulence 194
Attachment 194
Circumvention of Defense Mechanisms 195
Tissue Damage 196

Determining Etiology 197

Host Factors 198

Study of Infectious Diseases 198

Material for Review 199

14

Staphylococci 201

Bacteria 201

Staphylococcal Diseases 203
Pathogenesis and Clinical Diseases 203
Transmission and Epidemiology 206
Diagnosis 206
Treatment 206
CrLnicAL NoOTE: NAsAL S. AUREUS Risk FOR

POSTOPERATIVE STERNAL INFECTION 207

Prevention and Control 207

Material for Review 208

15
Streptococci 209

Streptococci: General Characteristics 209
Streptococcus pyogenes 211
Pathogenesis and Clinical Diseases 211
CrLiNnicAL NOTE: INvASIVE GROUP A STREPTOCOCCAL
InrFECTIONS UNITED KINGDOM, 1994 213
Transmission and Epidemiology 214
Diagnosis 215
Treatment 215
Prevention and Control 215
Streptococcus pneumoniae 216
Pathogenesis and Clinical Diseases 216
CLiNICAL NOTE: EMERGENCE OF PENICILLIN-RESISTANT
STREPTOCOCCUS PNEUMONIAE: SOUTHERN ONTARIO,
CaNADA, 1993-1994 217




