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Howard T. Ricketts was born in Ohio in 1871. He stud-
ied medicine in Chicago, and then specialized in
pathology, the study of the nature of disease and its
causes. In 1902, he was appointed to the faculty of the

University of Chicago, where his research interests turned to an
often fatal and little understood disease characterized by a dramatic
rash, Rocky Mountain spotted fever. The disease could be trans-
mitted to laboratory animals by injecting them with blood from
an infected person, and Ricketts noticed that people and labora-
tory animals with the disease had tiny bacilli in their blood. Ricketts
was sure that these tiny bacteria were the cause of the disease, but
he was never able to cultivate them on laboratory media. Based on
observations of victims with the disease, Ricketts and others sus-
pected that Rocky Mountain spotted fever was contracted from tick
bites, and Ricketts went on to prove that certain species of ticks
could transmit the disease from one animal to another. The infected
ticks remained healthy but capable of transmitting the disease for
long periods of time, and oftentimes the offspring of infected ticks
were also infected. Ricketts was able to explain this by showing that
the eggs of infected ticks often contained large numbers of the tiny
bacilli, an example of transovarial, meaning via the eggs, passage
of an infectious agent. Frustrated by his inability to cultivate the
bacilli for further studies, Ricketts declined to give them a scientific
name and went off to Mexico to study a very similar disease, louse-
borne typhus (Rocky Mountain spotted fever is also known as tick-
borne typhus). Unfortunately, Ricketts contracted the disease and
died at the age of 39. Five years later a European scientist,
Stanislaus Prowazek, studying the same disease in Serbia and
Turkey, met the same fate at almost the same age. The martyrdom
of the two young scientists struggling to understand infectious dis-
eases is memorialized in the name of the louse-borne agent,
Rickettsia prowazekii. Both the genus and species names of the
Rocky Mountain spotted fever agent, Rickettsia rickettsii, recog-
nize Howard Ricketts. We now know that these bacteria are oblig-
ate intracellular parasites, which explains why they could not be
cultivated on ordinary laboratory media. Antibiotics, which could
have saved these men, had not yet been discovered.

ÑA Glimpse of History

A MAJOR PART OF THE BODY’S CONTACT WITH THE
outside world occurs at the surface of the skin. As long as skin
is intact, this tough, flexible outer covering is remarkably resis-
tant to infection. Because of its exposed state, however, it is fre-

quently subject to cuts, punctures, burns, chemical injury,
hypersensitivity reactions, and insect or tick bites. These skin
injuries provide a way for pathogens to enter and infect the skin
and underlying tissues. Skin infections also occur when
microorganisms or viruses are carried to the skin by the blood-
stream after entering the body from another site, such as the
respiratory or gastrointestinal systems.
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the body. ■ cytokines, p. 379 ■ cell-mediated immunity, p. 395 ■ skin-associated
lymphoid tissue, p. 397

The epidermis, the surface layer of the skin (figure 22.1),
is composed of layers of squamous epithelial cells and ranges from
0.007 to 0.12 mm thick. The outer portion is composed of scaly
material made up of flat cells containing keratin, a durable pro-
tein also found in hair and nails. The cells on the skin surface
are dead and, along with any resident organisms, continually peel
off, replaced by cells from deeper in the epidermis. These cells,
in turn, become flattened and die as keratin is formed within
them. This process results in a complete regeneration of the skin
about once a month. Dandruff represents excessive shedding
of skin cells, but mostly the shedding process is unnoticed and
represents one of the skin’s defenses against infection.

The epidermis is supported by the dermis, a second,
deeper layer of skin cells through which many tiny nerves, blood

vessels, and lymphatic vessels penetrate. The dermis adheres in
a very irregular fashion to the fat and other cells that make up the
subcutaneous tissue (see figure 22.1).

Fine tubules of sweat glands and hair follicles traverse
the dermis and epidermis (see figure 22.1). Since sweat is a salty
solution, high concentrations of salt occur as it evaporates.
Evaporation of sweat and regulation of the amount of blood flow
through the skin’s blood vessels are critically important in con-
trolling body temperature. Sebaceous glands produce an oily
secretion called sebum that feeds into the sides of the hair folli-
cles. This secretion flows up through the follicles and spreads out
over the skin surface, keeping the hair and skin soft, pliable, and
water-repellent. The hair follicles provide passage for certain salt-
tolerant bacteria to penetrate the skin and reach deeper tissues.

The secretions of the sweat and sebaceous glands are essen-
tial to the normal microbial population of the skin because they
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Figure 22.1 Microscopic Anatomy 
of the Skin Notice that the sebaceous unit,
composed of the hair follicle and the attached
sebaceous gland, almost reaches the
subcutaneous tissue.
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supply water, amino acids, and lipids, which serve as nutrients for
microbial growth. The normal pH of skin ranges from 4.0 to
6.8. Breakdown of the lipids by the microbial residents of nor-
mal skin results in fatty-acid by-products that inhibit the growth
of many potential disease-producers. In fact, the normal skin sur-
face is an unfriendly habitat for most potential pathogens, being
too dry, salty, unstable because of shedding, acidic, and toxic for
their survival.

M I C R O C H E C K  2 2 . 1

The skin is a large, complex organ that covers the
external surface of the body. Properties of the skin
cause it to resist colonization by most microbial
pathogens, pose a physical barrier to infection, provide
sensory input from the environment, and assist the
body’s regulation of temperature and fluid balance.

■ Give three routes by which microorganisms invade 
the skin.

■ Give four characteristics of skin that help it resist infection.
■ Would a person living in the tropics or in the desert

have larger numbers of bacteria living on the surface 
of their skin?

22.2 Normal Flora of the Skin
The skin represents a distinct ecological habitat, analogous to a
cool desert, compared to the warm, moist tropical conditions
that exist in other body systems. Large numbers of microorgan-
isms live on and in the various components of the normal skin.
For example, depending on the body location and amount of skin
moisture, the number of bacteria on the skin surface may range
from only about 1,000 organisms per square centimeter on the
back to more than 10 million in the groin and armpit, where
moisture is more plentiful. The numbers actually increase after a
hot shower because of increased flow from the skin glands where
many reside. Most of the microbial skin inhabitants can be cate-
gorized in three groups: diphtheroids, staphylococci, and yeasts
(table 22.1, and see figure 22.1). Although generally harmless,
skin organisms are opportunistic pathogens, meaning that they
can only cause disease in people with impaired body defenses.

AIDS patients and others with impaired immunity are especially
vulnerable. ■ normal flora, pp. 375, 461

Diphtheroids
Diphtheroids are a group of bacteria named for their resem-
blance to the diphtheria bacillus, Corynebacterium diphtheriae.
Their distinctive characteristics are Gram-positive staining, vari-
ation in shape, and low virulence. Unlike C. diphtheriae,they do
not produce exotoxin. Diphtheroids are responsible for body
odor, caused by their breakdown of substances in sweat, which
is odorless when it is first secreted. A diphtheroid found on the
skin in large numbers is Propionibacterium acnes,which is pre-
sent on virtually all humans. Surprisingly, most strains of P. acnes
are anaerobic, although some strains are aerotolerant. This bac-
terium grows primarily within the hair follicles, where conditions
are anaerobic. Growth of P. acnesis enhanced by the oily secre-
tion of the sebaceous glands, and the organisms are usually pre-
sent in large numbers only in areas of the skin where these glands
are especially well developed—on the face, upper chest, and
back. These are also the areas of the skin where acne most com-
monly develops, and the frequent association of P. acneswith
acne inspired its name, even though most people who carry the
organisms do not have acne. ■ aerotolerance, p. 89

Acne in its most common form begins at puberty in asso-
ciation with a rise in sex hormones, enlargement of the sebaceous
glands, and enhanced secretion of sebum. The hair follicle epithe-
lium thickens and sloughs off in cohesive clumps, causing increas-
ing obstruction to the flow of sebum to the skin surface.
Continued sebum production by the gland can force a plug of
material to the surface, where it is visible as a blackhead. With com-
plete obstruction the follicle becomes distended with sebum,
which causes the epidermis to bulge outward, producing a whitish
lesion called a whitehead. The P. acnesthat normally reside in the
gland multiply to enormous numbers in the trapped sebum.
Lipases of the bacteria degrade the sebum, releasing fatty acids and
glycerol, a growth requirement of the organisms. The metabolic
products of the bacteria cause an inflammatory response, attract-
ing leukocytes (white blood cells) whose enzymes damage the wall
of the distended follicle. The inflammatory process can cause the
follicle to rupture, releasing the follicle contents into the sur-
rounding tissue. The result is an abscess, a collection of white
blood cells, bacteria, and cellular debris, which eventually heals and
leaves a scar. Squeezing acne lesions is ill-advised, because it pro-
motes rupture of the inflamed follicles and therefore more acne
scars. Usually acne can be controlled until it goes away by itself, by
using medications such as antibiotics and benzoyl peroxide that
inhibit the growth of P. acnes,or by those such as azelaic acid
(Azelex) and isotretinoin (Accutane) that act primarily to reverse
the hair follicle abnormalities. The latter medication is reserved for
the most serious cases of acne because it has potentially serious side
effects. ■ inflammation, p. 385 ■ leukocytes, p. 376

Staphylococci
The second group of microorganisms universally present on the
normal skin is composed of members of the genus Staphylococcus.
They are salt-tolerant organisms and grow well on the salty skin
surface. As with the diphtheroids, most of these bacteria have 
little virulence, although they certainly can cause serious disease

Table 22.1 Principal Members of the Normal Skin Flora

Name Characteristics

Diphtheroids Variably shaped non-motile, Gram-positive rods of the
Corynebacterium and Propionibacterium genera

Staphylococci Gram-positive cocci arranged in packets or clusters;
coagulase negative; facultatively anaerobic

Fungi Small yeasts of the genus Malassezia that require oily
substances for growth



if host defenses are impaired. Generally, staphylococci are the
most common of the skin bacteria able to grow aerobically. The
principal species is Staphylococcus epidermidis.■ staphylococci, p. 290

Important functions of the skin’s staphylococci are to
prevent colonization by pathogens and to maintain a balance
among the microbial inhabitants of the skin ecosystem. These
Gram-positive cocci compete for nutrients with other potential
skin colonizers, and they also produce antimicrobial substances
highly active against P. acnesand other Gram-positive bacteria.

Fungi
Tiny lipophilic, meaning oil-requiring, yeasts almost universally
inhabit the normal human skin from late childhood onward. Their
shape varies with different strains, being round, oval, or sometimes
short, rods. These yeasts can be cultivated on laboratory media
containing fatty substances such as olive oil. They belong to the
genus Malassezia,formerly Pityrosporum,and are generally harm-
less. In some people, however, they cause skin conditions such
as a scaly face rash, dandruff, or tinea versicolor (figure 22.2).
The latter is a common skin disease that causes a patchy scaliness
and increased pigment in light-skinned persons, or a decrease in
pigment in dark-skinned people. Scrapings of the affected skin
show large numbers of Malassezia furfurboth in its yeast form and

as short filaments called pseudohyphae.
Unknown factors, probably relating to
the host, are important in these diseases
since most people carry Malasseziasp.
on their skin without any disease. AIDS
patients often have a severe rash with
pus-filled pimples caused by Malassezia
yeasts, and the organisms may even
infect internal organs in patients receiv-
ing fat-containing intravenous feedings.
■ yeasts, p. 309

M I C R O C H E C K  2 2 . 2

The normal skin flora are
important because they help
protect against colonization by
pathogens. Occasionally, they
cause disease when body
defenses are impaired. They are
responsible for body odor, and
probably contribute to acne.

■ Name and describe the three
groups of organisms generally
present on normal skin.

■ Under what circumstances is
Malassezia furfurmost likely
to be pathogenic?

■ Would frequent showering
tend to increase or decrease
the numbers of Staphylococcus
on the surface of the skin?
Why?

22.3 Bacterial Skin Diseases
Only a few species of bacteria commonly invade the intact skin
directly, which is not surprising in view of the anatomical and
physiological features discussed earlier. Hair follicle infections
exemplify direct invasion.

Hair Follicle Infections
Infections originating in hair follicles commonly clear up with-
out treatment. In some instances, however, they progress into
severe or even life-threatening disease.

Symptoms
Folliculitis, furuncles, and carbuncles represent different out-
comes of hair follicle infections. In folliculitis, a small red bump,
or pimple, develops at the site of the involved hair follicle. Often,
the hair can be pulled from its follicle, accompanied by a small
amount of pus, and then the infection goes away without further
treatment. If, however, the infection extends from the follicle
to adjacent tissues, causing localized redness, swelling, severe ten-
derness, and pain, the lesion is called a furuncle or boil. Pus may
drain from the boil along with a plug of inflammatory cells and
dead tissue. A carbuncle is a large area of redness, swelling, and

(a) (b)

(c)

Figure 22.2 Tinea Versicolor
Appearance in (a) a fair-skinned individual and
(b) a dark-skinned individual. (c) Microscopic
appearance of skin scraping showing Malassezia
furfur yeast and filamentous forms.
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pain punctuated by several sites of draining pus. Carbuncles usu-
ally develop in areas of the body where the skin is thick, such
as the back of the neck. Fever is often present, along with other
signs of a serious infection.

Causative Agent
Most furuncles and carbuncles, as well as many cases of folli-
culitis, are caused by Staphylococcus aureus,a staphylococcus that
produces coagulase and is therefore called “coagulase-positive.”
It is much more virulent than the staphylococci normally found
on the skin. The name derives from staphyle,“a bunch of grapes,”
referring to the arrangement of the bacteria as seen on stained
smears, and aureus,“golden,” referring to the color of the S.
aureus colonies. This bacterium is an extremely important
pathogen and is mentioned frequently throughout this text as
the cause of a number of medical conditions (table 22.2).
■ coagulase, p. 694

Pathogenesis
Infection begins when virulent staphylococci attach to the cells
of a hair follicle, multiply, and spread downward to involve the
follicle and sebaceous glands. The infection induces an inflam-
matory response with swelling and redness, followed by attrac-

Table 22.2 Some Diseases Often Caused 
by Staphylococcus aureus

Disease Page for 
More Information

Carbuncles p. 536

Endocarditis p. 718

Folliculitis p. 536

Food poisoning p. 812

Furuncles p. 536

Impetigo p. 540

Osteomyelitis (bone infection) p. 538

Scalded skin syndrome p. 538

Toxic shock syndrome p. 641

Wound infections p. 693

Epidermis
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Subcutaneous 
tissue

Hair
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infects 
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Figure 22.3 Pathogenesis of a Boil (Furuncle)
Staphylococcus aureus infects a hair follicle through its opening on
the skin surface.The infection produces a plug of necrotic material, a
small abscess in the dermis, and, finally, a larger abscess in the
subcutaneous tissue.

tion and accumulation of polymorphonuclear leukocytes. If the
infection continues, the follicle becomes a plug of inflammatory
cells and necrotic tissue overlying a small abscess (figure 22.3).
The infectious process spreads deeper, reaching the subcutaneous
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tissue where a large abscess forms. This subcutaneous abscess is
responsible for the painful localized swelling that constitutes the
boil. Without effective treatment, pressure within the abscess
increases, causing it to expand to other hair follicles, causing a
carbuncle. If organisms enter the bloodstream, the infection can
spread to other parts of the body, such as the heart, bones, or
brain. ■ abscess, p. 692

The properties of S. aureusthat contribute to its virulence
are shown in table 22.3. Virtually all strains possess an unusual
cell wall component called protein A. This protein, some of
which is released from the cell, prevents the antibody from attach-
ing to Fc receptors on phagocytes. Thus, a major effect of pro-
tein A is to interfere with phagocytosis. Many strains of S. aureus
growing in body tissues synthesize a polysaccharide capsule that
also inhibits phagocytosis. The S. aureusgenes responsible for
capsule formation are activated following invasion of tissue.
Besides producing these cellular components, S. aureusproduces
numerous extracellular products that might contribute to viru-
lence. These products include leukocidins, which kill white
blood cells; hyaluronidase, which degrades hyaluronic acid, a
component of host tissue that helps hold the cells together; pro-
teases, which degrade various host proteins including collagen,
the white fibrous protein found in skin, tendons, and connec-
tive tissue; and lipases, which degrade lipids. Lipases may assist
colonization of the oily hair follicles by strains of S. aureusthat
cause follicle infections. ■ protein A, p. 470 ■ Fc receptors, p. 470

Epidemiology
Staphylococcus aureusinhabits the nostrils of virtually everyone at
one time or another, each nostril containing as many as 108 bac-

teria. About 20% of healthy adults have continually positive nasal
cultures for a year or more, while over 60% will be colonized at
some time during a given year. The organisms are mainly dis-
seminated to other parts of the body and to the environment
by the hands. Although the nostrils seem to be the preferred
habitat of S. aureus,moist areas of skin are also frequently col-
onized. People with boils and other staphylococcal infections
shed large numbers of S. aureusand should not work with food,
or near patients with surgical wounds or chronic illnesses.
Staphylococci survive well in the environment, which favors their
transmission from one host to another. Since S. aureusis so com-
monplace and there are many different strains in the popula-
tion, epidemics of staphylococcal disease can generally be traced
to their sources only by precise identification of the epidemic
strain. Techniques for characterizing strains of S. aureusinclude
the pattern of susceptibility to multiple antibiotics, bacteriophage
typing, and plasmid identification. All of these techniques, how-
ever, have their limitations. A more reliable method is to com-
pare the electrophoretic patterns of the DNA fragments
produced by treatment with a restriction enzyme.■ bacteriophage typ-
ing, p. 257 ■ restriction enzymes, pp. 219, 231

Prevention and Treatment
Prevention of staphylococcal skin disease is very difficult. Attempts
are made to eliminate the carrier state by applying an antistaphy-
lococcal cream to the nostrils, and using soaps containing an anti-
staphylococcal agent such as hexachlorophene to bathe the skin.
Effective treatment of boils and carbuncles often requires that the
pus be surgically drained from the lesion and an antistaphylococcal
medicine be given. Antibiotic treatment is complicated by the 
fact that about 90% of S. aureusstrains produce the penicillin-
destroying enzyme penicillinase, a b-lactamase, and so penicillin
cannot routinely be used in treatment. Some strains are resis-
tant to multiple antibiotics including b-lactamase-resistant peni-
cillins, cephalosporins, and vancomycin.
■ cephalosporins, p. 515

Scalded Skin Syndrome
Staphylococcal scalded skin syndrome, SSSS, is a potentially fatal
toxin-mediated disease that occurs mainly in infants but can also
occur in children and adults.

Symptoms
As the name suggests, the skin appears to be scalded (figure
22.4). SSSS begins as a generalized redness of the skin affect-
ing 20% to 100% of the body. Other symptoms, such as
malaise—a vague feeling of discomfort and uneasiness—irri-
tability, and fever are also present. The nose, mouth, and geni-
talia may be painful for one or more days before the typical
features of the disease become apparent. Within 48 hours after
the redness appears, the skin becomes wrinkled, and large blis-
ters filled with clear fluid develop. The skin is tender to the touch
and looks like sandpaper.

Causative Agent
Staphylococcal scalded skin syndrome is caused by toxins called
exfoliatins produced by certain strains of Staphylococcus aureus.

Table 22.3 Virulence Factors of Staphylococcus aureus

Product Effect

Capsule Inhibits phagocytosis

Coagulase May impede progress of leukocytes into infected area
by producing clots in the surrounding capillaries

Exfoliatin Separates layers of epidermis, causing scalded skin
syndrome 

Hyaluronidase Breaks down hyaluronic acid component of tissue,
thereby promoting extension of infection

Leukocidin Kills white blood cells by producing holes in their
cytoplasmic membrane

Lipase Breaks down fats by hydrolyzing the bond between
glycerol and fatty acids

Proteases Degrade collagen and other tissue proteins

Protein A Binds to Fc portion of antibody, inhibiting phagocytosis
(blocks attachment to Fc receptors on white blood
cells)

Toxic shock Causes rash, diarrhea, and shock 
syndrome toxin
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These toxins destroy material that binds together the layers of
skin. At least two kinds of exfoliatins exist: one is coded by a plas-
mid gene, and the other is chromosomal. ■ plasmids, pp. 66, 209

Pathogenesis
Exfoliatin, released by S. aureusat the site of infection, is
absorbed and carried by the bloodstream to large areas of the
skin. In the skin, it causes a split in the cellular layer of the epi-
dermis just below the dead keratinized outer layer. Staphylococcus
aureusis usually not present in the blister fluid. Because the outer
layers of skin are lost as in a severe burn, there is marked loss
of body fluid and danger of secondary infection with Gram-
negative bacteria such as Pseudomonassp., or with fungi such
as Candida albicans.Secondary infection means invasion by a
new organism of tissues damaged by an earlier infection.
Mortality can range up to 40%, depending on how promptly
the disease is diagnosed and treated, and the patient’s age and
general health. ■ Candida albicans, p. 311

Epidemiology
About 5% of S. aureusstrains produce exfoliatins. The disease 
can appear in any age group but occurs most frequently in new-
born infants, the elderly, and immunocompromised adults.
Transmission is generally person-to-person. Staphylococcal
scalded skin syndrome usually appears in isolated cases, although
small epidemics in nurseries sometimes occur.

Prevention and Treatment
There are no preventive measures except to place patients sus-
pected of having SSSS in protective isolation. These measures

help to limit spread of the pathogen to others and help prevent
secondary infection of the isolated patient. Initial therapy
includes a bactericidal antistaphylococcal antibiotic such as methi-
cillin, a penicillinase-resistant derivative of penicillin. All dead skin
and other tissue are removed to help prevent secondary infection.

Table 22.4 describes the main features of this disease.

Streptococcal Impetigo
A skin infection characterized by pus production is called pyo-
derma. Pyodermas can result from infection of an insect bite,
burn, scrape, or other wound. Sometimes, the injury is so slight
that it is not apparent. Impetigo is the most common type of
pyoderma (figure 22.5).

Symptoms
Impetigo is a superficial skin infection, involving patches of 
epidermis just beneath the dead, scaly outer layer. Thin-walled

Figure 22.4 Staphylococcal Scalded Skin Syndrome (SSSS) A toxin
called exfoliatin, produced by certain strains of Staphylococcus aureus, causes the outer
layer of skin to separate.

Table 22.4 Staphylococcal Scalded Skin Syndrome

Symptoms Tender red rash with sandpaper texture, malaise,
irritability, fever, large blisters, peeling of skin

Incubation period Variable, usually days

Causative agent Strains of Staphylococcus aureus that produce 
exfoliatin toxin

Pathogenesis Exfoliatin toxin is produced by staphylococci at an
infection site, usually of the skin, and carried by the
bloodstream to the epidermis, where it causes a split
in a cellular layer; loss of body fluid and secondary
infections contribute to mortality

Epidemiology Person-to-person transmission; seen mainly in 
newborns, but can occur at any age 

Prevention and  Isolation of the victim to protect from environmental 
treatment potential pathogens; penicillinase-resistant penicillins;

removal of dead tissue

Figure 22.5 Impetigo This type of pyoderma is often caused by Streptococcus
pyogenes and may result in glomerulonephritis.
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blisters first develop, then break, and are replaced by yellowish
crusts that form from the drying of plasma that weeps through
the skin. Usually, little fever or pain develop, but lymph nodes
near the involved areas often enlarge, indicating that bacterial
products have entered the lymphatic system and an immune
response is occurring.

Causative Agent
Although Staphylococcus aureusoften causes impetigo, many
cases, even epidemics, are due to Streptococcus pyogenes.These
Gram-positive, chain-forming cocci are b-hemolytic (figure
22.6) and are frequently referred to as b-hemolytic group A
streptococci because their cell walls contain a polysaccharide
called group A carbohydrate. A more detailed description of 
S. pyogenesis found in chapters 23 and 27. ■ hemolysis, p. 94 
■ Streptococcus pyogenes, p. 565

Table 22.5 compares Staphylococcus aureusand Streptococcus
pyogenes.

Pathogenesis
Many different strains of Streptococcus pyogenesexist, some of
which can colonize the skin. Infection is probably established
by scratches or other minor injuries that introduce the bacteria
into the deeper layer of epidermis. In impetigo, even though

the infection is limited to the epidermis, streptococcal products
are absorbed into the circulation.

As with Staphylococcus aureus,a number of extracellular
products may contribute to the virulence of Streptococcus pyo-
genes.These products include enzymes such as proteases that
degrade protein, nucleases that degrade nucleic acids, and
hyaluronidase, which degrades the hyaluronic acid component
of host tissues. As with staphylococci, it is probable that such
enzymes contribute to streptococcal pathogenicity. None of
them appear to be essential, however, since antibody against
them fails to protect experimental animals. On the other hand,
the surface components of S. pyogenes,notably a hyaluronic acid
capsule and a cell wall component known as the M protein, are
very important in enabling this organism to cause disease because
they interfere with phagocytosis. ■ M protein, p. 470

Acute glomerulonephritis is a serious complication of S.
pyogenespyoderma. This condition may appear abruptly during
convalescence from untreated S. pyogenesinfections, with fever,
fluid retention, high blood pressure, and blood and protein in
the urine. Acute glomerulonephritis is caused by inflammation
of structures within the kidneys, the glomeruli (singular:
glomerulus), small tufts of tiny blood vessels, and the nephrons,
responsible for the formation and composition of urine (figure
22.7). Only a few of the many S. pyogenesstrains cause the con-
dition. Streptococci are absent from the urine and diseased 
kidney tissues. Indeed, the bacteria have generally been elimi-
nated from the infection site in the skin by the immune response
by the time symptoms of glomerulonephritis appear. Damage
to the kidney is caused by immune complexes that are deposited
in the glomeruli and provoke an inflammatory reaction. Both
streptococcal skin and throat infections can sometimes cause
acute glomerulonephritis, but rheumatic fever, a serious com-
plication of strep throat, is not generally a complication of strep-
tococcal pyoderma. ■ immune complexes, p. 448 ■ rheumatic fever, p. 567

Epidemiology
Impetigo is most prevalent among poor children of the tropics
or elsewhere during the hot, humid season. Children two to six
years are mainly afflicted. Person-to-person contact spreads the
disease, as do flies and other insects, and fomites—inanimate
objects such as toys or towels. Impetigo patients often become
throat and nasal carriers of S. pyogenes.

Table 22.5 Streptococcus pyogenes vs. Staphylococcus aureus 

Streptococcus pyogenes Staphylococcus aureus

Characteristics Gram-positive cocci in chains; b-hemolytic colonies; Gram-positive cocci in clusters; cream-colored colonies; 
cell wall contains group A polysaccharide and M protein cell wall contains protein A

Extracellular Products Hemolysins: streptolysins O and S; streptokinase, Hemolysins, leukocidin, hyaluronidase, nuclease, protease,
DNase, hyaluronidase, and others penicillinase, and others

Disease Potential Causes impetigo, strep throat, wound infections, scarlet Causes boils, scalded skin syndrome, wound infections,
fever, puerperal fever, toxic shock, and flesh-eating abscesses, bone infections, impetigo, food poisoning, and 
fasciitis. Complications: glomerulonephritis, rheumatic fever, toxic shock syndrome
and chorea 

2 µm

Figure 22.6 Streptococcus pyogenes Growing on Blood Agar The
colonies are small and surrounded by a wide zone of b-hemolysis.
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Prevention and Treatment
General cleanliness and avoiding people with impetigo help pre-
vent the disease. Prompt cleansing of wounds and application
of antiseptic probably also decrease the chance of infection. So
far, S. pyogenesstrains remain susceptible to penicillin. In patients
allergic to penicillin, erythromycin can be substituted.

Table 22.6 summarizes the main features of impetigo.

Rocky Mountain Spotted Fever
Rocky Mountain spotted fever was first recognized in the Rocky
Mountain area of the United States—thus its name. The dis-
ease is representative of a group of serious rickettsial diseases that
occur worldwide and are transmitted by certain species of ticks,
mites, or lice.

Symptoms
Rocky Mountain spotted fever generally begins suddenly with
a headache, pains in the muscles and joints, and fever. Within a
few days, a rash consisting of faint pink spots appears on the
palms, wrists, ankles, and soles. This rash spreads up the arms and
legs to the rest of the body and becomes raised and hemor-
rhagic (figure 22.8), meaning that it is due to blood leaking

from damaged blood vessels. Bleeding may occur at various other
sites, such as the mouth and nose. Involvement of the heart, kid-
neys, and other body tissues can result in shock and death unless
treatment is given promptly.

Immune
complex

Swollen ankles
(fluid retention)

Puffiness around the eyes
(fluid retention)

Bladder

Kidney

Symptoms and Signs

  Fluid retention

  Fever

  High blood pressure

  Blood and protein in urine

Glomerulus

Nephron

Antibody
Complement

Streptococcus
pyogenes antigen

GlomerulusFigure 22.7 Pathogenesis of Post-Streptococcal Acute
Glomerulonephritis Immune complexes are deposited in the kidney glomeruli,
inciting an inflammatory response.

Table 22.6 Impetigo

Symptoms Blisters that break and “weep” plasma and pus;
formation of golden-colored crusts; lymph node
enlargement

Incubation period 2 to 5 days

Causative organisms Streptococcus pyogenes, Staphylococcus aureus 

Pathogenesis Initiated by organisms entering the skin through
minor breaks; certain strains of S. pyogenes are
prone to cause impetigo; some S. aureus strains that
make exfoliatin produce large blisters called bullae.
Glomerulonephritis is a potential complication

Epidemiology Spread by direct contact with carriers or patients
with impetigo, insects, and fomites

Prevention and Cleanliness; care of skin injuries. Oral penicillin if 
treatment cause is known to be S. pyogenes; otherwise,

an anti-staphylococcal antibiotic orally or topically
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Figure 22.8 Rash Caused by Rocky Mountain Spotted Fever
Characteristically, the rash begins on the arms and legs, spreads centrally, and as 
shown in this photo, becomes hemorrhagic.

Causative Agent
Rocky Mountain spotted fever is caused by Rickettsia rickettsii
(figure 22.9), an obligate intracellular bacterium. The organisms
are tiny, Gram-negative, non-motile coccobacilli. Rickettsia rick-
ettsii is difficult to see well in Gram-stained smears but can be seen
using special stains such as Giemsa. Rickettsia rickettsiican some-
times be identified early in an infection by demonstrating the
organisms in biopsies—bits of tissue removed surgically—of skin
lesions. Also, their DNA can be magnified by the polymerase
chain reaction (PCR) and identified with a probe. ■ PCR, pp. 229, 239

Pathogenesis
Rocky Mountain spotted fever is acquired from the bite of a tick
infected with R. rickettsii. The bite is usually painless and unnoticed;
the tick remains attached for hours while it feeds on capillary blood.
Rickettsias are not immediately released into tick saliva from the
tick’s salivary glands. Therefore, the infection is not usually trans-
mitted until the tick has fed for 4 to 10 hours. When the organ-
isms are released into capillary blood with the tick saliva, they are
taken up preferentially by the cells lining the small blood vessels.
Following attachment to host cells, R. rickettsii is taken into the
cells by endocytosis. Inside the cell, the bacteria leave their phago-
some and multiply in both the cytoplasm and nucleus without being
enclosed in vacuoles. Early in the infection the bacteria enter and
then lyse fingerlike host cell cytoplasmic projections. Eventually, the
cell membrane is so damaged by this process, the cell takes in water,
lyses, and releases the remaining rickettsias. These seed the blood-
stream, infecting even more cells. Infection can also extend into the
walls of the small blood vessels, causing an inflammatory reaction,
clotting of the blood vessels, and small areas of necrosis, or death
of tissue. This process is readily apparent in the skin as a hemor-
rhagic rash but, more ominously, occurs throughout the body,

resulting in damage to vital organs such as the kidneys and heart.
Potentially even more serious is the release of endotoxin into the
bloodstream from the rickettsial cell walls, causing shock and gen-
eralized bleeding because of disseminated intravascular coagu-
lation. ■ endotoxin, pp. 59, 475 ■ disseminated intravascular coagulation, p. 720

Epidemiology
Rocky Mountain spotted fever is an example of a zoonosis, a dis-
ease that exists primarily in animals other than humans. It occurs
in a spotty distribution across the contiguous United States and
extends into Canada, Mexico, and a few countries of South
America. The involved areas change over time, but despite the
name of the disease, in the United States the highest incidence has
generally been in the south Atlantic and south-central states (fig-
ure 22.10). Rocky Mountain spotted fever is maintained in nature
in various species of ticks and mammals. Generally, little or no ill-
ness develops in these natural hosts, but humans, being an acci-
dental host, often develop severe disease. Several species of ticks
transmit the disease to humans. The main vector in the western
United States is the wood tick, Dermacentor andersoni(figure
22.11), while in the East it is the dog tick, Dermacentor variabilis.
Once infected, ticks remain infected for life, transmitting R. rick-
ettsii from one generation to the next through their eggs. Ticks are
most active from April to September, and it is during this time
period that most cases of Rocky Mountain spotted fever occur.

Prevention and Treatment
No vaccine against Rocky Mountain spotted fever is currently
available to the public, although promising genetically engi-
neered vaccines are under development. The disease can be pre-
vented if people take the following precautions: (1) avoid
tick-infested areas when possible; (2) use protective clothing; 
(3) use tick repellents such as dimethyltoluamide; (4) carefully
inspect their bodies, especially the scalp, armpits, and groin, for
ticks several times daily; and (5) remove attached ticks carefully

10 µm

Rodent 
cell nucleus 

Rickettsias

Rodent cell

Figure 22.9 Rickettsia rickettsii Growing Within a Rodent Cell



Lyme Disease
In the mid-1970s, studies of a group of cases in
Lyme, Connecticut, led to the recognition of
Lyme disease as a distinct entity. It was not until
1982 that the cause was first identified, in ticks
from New York State, by Dr. Willy Burgdorfer at
the Rocky Mountain Laboratories, National
Institute of Allergy and Infectious Diseases, in
Hamilton, Montana. We now know that Lyme
disease was present in many areas of the world
long before its identification at Lyme. The ecol-

ogy of the disease is complex and still incompletely understood,
but we are beginning to get some answers as to why the disease
has increased and extended its range.

Symptoms
Symptoms of Lyme disease can be divided roughly into three
stages, although individual patients may lack symptoms in one or
more of the three.

■ The first stage typically begins a few days to several weeks
after a bite by an infected tick. It is characterized by a
skin rash called erythema migrans (figure 22.12) and
enlargement of nearby lymph nodes. The rash begins as a
red spot or bump at the site of the tick bite and slowly
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Figure 22.10 Total Reported Cases of Rocky
Mountain Spotted Fever by State and Region,
1994–1998

5 mm

Figure 22.11 Dermacentor andersoni, the Wood Tick The wood tick is the
principal vector of Rocky Mountain spotted fever in the western United States.

Table 22.7 Rocky Mountain Spotted Fever

Symptoms Headache, pains in muscles and joints, and fever,
followed by a hemorrhagic rash that begins on
the extremities

Incubation period 4 to 8 days

Causative organism Rickettsia rickettsii, an obligate intracellular 
bacterium

Pathogenesis Organisms multiply at site of tick bite; the 
bloodstream is invaded and endothelial cells 
of blood vessels are infected; vascular lesions 
and endotoxin account for pathologic changes

Epidemiology A zoonosis transmitted by bite of infected tick,
usually Dermacentor sp.

Prevention and Avoidance of tick-infested areas, use of tick 
treatment repellent, removal of ticks within 4 hours 

of exposure.Treatment: tetracycline or 
chloramphenicol

to avoid crushing them and thereby contaminating the bite
wound with their infected tissue fluids. Gentle traction with blunt
tweezers applied at the mouthparts is the safest method of
removal. Touching the tick with a hot object, gasoline, or
whiskey is ineffectual. After removal of the tick, the site of the
bite should be treated with an antiseptic.

The antibiotics tetracycline and chloramphenicol are highly
effective in treating Rocky Mountain spotted fever if given early in
the disease, before irreversible damage to vital organs has occurred.
Without treatment, the overall mortality from the disease is about
20%, but it can be considerably higher in elderly patients. With
early diagnosis and treatment, the mortality rate is less than 5%.

The main features of Rocky Mountain spotted fever are
summarized in table 22.7.

22.3 Bacterial Skin Diseases
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enlarges to a median diameter of 15 cm (about 6 inches).
The advancing edge is bright red, while the redness of
the central portion fades as the lesion enlarges. About
half of these cases develop smaller satellite lesions that
behave similarly. The characteristic rash is the hallmark of
Lyme disease but is present in only two-thirds of the
cases. Most of the other symptoms that occur during this
stage are influenza-like—malaise, chills, fever, headache,
stiff neck, joint and muscle pains, and backache.

■ Symptoms of the second stage generally begin 2 to 8
weeks after the appearance of erythema migrans and
involve the heart and the nervous system. Electrical
conduction within the heart is impaired, leading 
to dizzy spells or fainting, and a temporary pacemaker
is sometimes required to maintain a normal heartbeat.
Involvement of the nervous system can cause one 
or more of the following symptoms: paralysis of 
the face, severe headache, pain when moving 
the eyes, difficulty concentrating, emotional instability,
fatigue, and impairment of the nerves of the 
legs or arms.

■ The symptoms of the third stage are characterized by
arthritis, manifest as joint pain, swelling, and tenderness,
usually of a large joint such as the knee. These symptoms
develop in 60% of untreated cases, beginning on the
average 6 months after the skin rash, and slowly disappear
over subsequent years. Chronic nervous system
impairments such as localized pain, paralysis, and
depression can occur.

Causative Agent
Lyme disease is caused by Borrelia burgdorferi,a large microaerophilic
spirochete (figure 22.13), 11 to 25 mm in length, with a num-
ber of axial filaments wrapped around its body and enclosed in

the outer sheath of the cell wall. Surprisingly, the Borrelia
genome is linear and present in multiple copies, completely
unlike E. coli and most other prokaryotes, which have a sin-
gle copy of a circular chromosome. The organism also con-
tains plasmid-like elements, both circular and linear, peculiar
in that they contain genes usually found on bacterial chro-
mosomes. These findings may lead to an understanding of
how B. burgdorferi can infect such widely differing species
as mice, lizards, and ticks. ■ spirochetes, p. 289 ■ microaerophilic con-
ditions, p. 94

Pathogenesis
The spirochetes are introduced into the skin by an infected tick,
multiply, and migrate outward in a radial fashion. The cell walls
of the organisms cause an inflammatory reaction in the skin, which
produces the expanding rash. The host’s immune response is ini-
tially suppressed, allowing continued multiplication of the spiro-
chete. The organisms then enter the bloodstream and become
disseminated to all parts of the body but generally do not cross the
placenta of pregnant women. Wide dissemination of the organisms
accounts for the influenza-like symptoms of the first stage. After
the first few weeks, an intense immune response occurs, and there-
after, it becomes very difficult to recover B. burgdorferifrom blood
or body tissues. The immune response against the bacterial anti-
gens is probably responsible for the symptoms of the second stage.
The third stage of Lyme disease is characterized by arthritis, and
the affected joints have high concentrations of highly reactive
immune cells and immune complexes. The joint and chronic ner-
vous system symptoms of the third stage probably result from
immune responses against persisting bacterial antigens, but evi-
dence suggests a role for autoimmunity in some cases.

Epidemiology
Like Rocky Mountain spotted fever, Lyme disease is a zoono-
sis, and humans are accidental hosts. The disease is widespread

Figure 22.12 Erythema Migrans, the Characteristic Rash of Lyme
Disease The rash usually has a targetlike or bull’s-eye appearance. It generally causes
little or no discomfort. While highly suggestive of Lyme disease, many victims of the
disease fail to develop the rash.

10 µm

Figure 22.13 Scanning Electron Micrograph of Borrelia burgdorferi,
the Cause of Lyme Disease



Prevention and Treatment
General preventive measures for Lyme disease are the same as
those for Rocky Mountain spotted fever. A recombinant vac-
cine produced in E. coli is no longer marketed. Persons are
advised to use every other means to avoid infection. Several
antibiotics are effective in patients with early disease. In late 
disease, the response to treatment is less satisfactory, presum-
ably because the spirochetes are not actively multiplying and
antibacterial medications are usually ineffective against non-
growing bacteria. Nevertheless, prolonged treatment with
intravenous ampicillin or ceftriaxone has been curative in 
many cases.
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2 mm

Figure 22.15 The Black-Legged Tick, Ixodes scapularis, Adult and
Nymph This tick is the most important vector of Lyme disease in the eastern and
north-central United States.

in the United States (figure 22.14), and its incidence depends
on complex factors that place humans and infected ticks in close
proximity. Several species of ticks have been implicated as vec-
tors, but the most important in the eastern United States is the
black-legged tick, Ixodes scapularis(figure 22.15). In some
areas of the East Coast, 80% of these ticks are infected with
Borrelia burgdorferi.Because of their small size (1–2 mm before
feeding; 3–5 mm when fully engorged with blood), these ticks
often feed and drop off their host without being detected, so
that two-thirds of Lyme disease patients are unable to recall a
tick bite. The ticks mature during a 2-year cycle (figure 22.16).
A six-legged larval form emerges from the egg. After growing,
it molts, shedding its outer covering to become an eight-legged
form called a nymph. After another molt as the tick grows in
size, the nymph becomes the sexually mature adult form. The
nymph avidly seeks blood meals and is therefore mainly respon-
sible for transmitting Lyme disease. The preferred host of I.
scapularisis the white-footed mouse, which acquires Borrelia
burgdorferi from an infected tick and develops a sustained bac-
teremia (meaning the bacteria circulate in the mouse’s blood-
stream for long periods of time). The mouse thus becomes a
source of infection for other ticks. Passage of the spirochete from
adult tick to its offspring via its eggs rarely occurs. Infected ticks
and mice constitute the main reservoir of B. burgdorferi, but
deer, while not a significant reservoir, are important because they
are the preferred host of the adult ticks and the site where mat-
ing occurs. Moreover, deer can quickly spread the disease over
a wide area. Tick nymphs are the most active from May to
September, corresponding to the peak occurrence of Lyme dis-
ease cases. Adult ticks sometimes bite humans late in the sea-
son and transmit the disease. Infectious ticks can be present in
well-mowed lawns as well as in wooded areas. Expanding human
populations continually intrude into the zoonotic life cycle.
■ reservoirs, p. 486

Figure 22.14 Average Number of Reported Cases
of Lyme Disease per Year 1990–1999
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Table 22.8 summarizes some features of
Lyme disease.

M I C R O C H E C K  2 2 . 3

Extensive skin damage can result from a
toxin absorbed into the circulation from a
localized infection. An immunological
reaction to circulating microbial products
can damage the kidneys. Changes in the
skin in an infectious disease commonly
reflect similar changes in other body
tissues. Zoonoses involving ticks and small
mammals pose a widespread danger to
humans. Complex ecological factors can
govern the incidence of infectious diseases.

■ List four extracellular products of
Staphylococcus aureusthat contribute to
its virulence.

■ Describe the characteristic rash of Lyme
disease.

■ The existence of extensive scalded skin
syndrome does not indicate that 
Staphylococcusis growing in all the
affected areas. Why?

22.4 Skin Diseases
Caused by Viruses

Several childhood diseases are characterized by
distinctive skin rashes, exanthems, caused by
viruses carried to the skin by the blood from
sites of infection in the upper respiratory tract.
This group of diseases is usually diagnosed by
inspection of the rash and other clinical findings.
When the disease is not typical, however, tests
can be performed to identify specific antibody
against the virus, and the virus can often be cul-
tivated from skin lesions, upper respiratory
secretions, or other material. Viruses, like obli-
gate intracellular bacteria, can only reproduce in
living cells, most conveniently in cultures of cells
originally derived from human or other tissues
and maintained in the laboratory.

Chickenpox (Varicella)
Chickenpox is the common name for varicella,
the most common of the viral rashes of child-
hood. The causative virus is a member of the
herpesvirus family and, like others in that
group, produces a latent infection that can
reactivate long after recovery from the initial
illness. ■ latent infections, p. 463

Winter

Summer

Female drops from host 
and lays uninfected eggs.

Infected 
nymphs molt,
becoming adults.

Infected nymphs 
feed, transmitting
Borrelia burgdorferi.

Infected larvae
molt, becoming 
nymphs.

Infected larvae
become dormant.Larvae feed on 

infected animal 
host and acquire
Borrelia burgdorferi,
the spirochete 
that causes 
Lyme disease.

Uninfected 
larvae hatch.

Fall

Summer

Spring

F
irs

t y
ea

r

Eggs

Spring

Fall
Adults feed on animal
(deer) host and mate.

Female dormant; 
male dies.

Winter

S
ec

on
d 

ye
ar

Figure 22.16 Life Cycle of the Black-Legged Tick, Ixodes scapularis, the Principal Vector
of Borrelia burgdorferi, Cause of Lyme Disease Note that the life cycle covers 2 years, during which 
the tick obtains three blood meals.The males die soon after mating, the females after depositing their 
eggs in the following spring.Variations in the life cycle occur, probably dependent on climate and food
availability.
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Symptoms
Most cases of chickenpox are mild, sometimes unnoticed, and
recovery is usually uncomplicated. The typical case has a rash that
is diagnostic. It begins as small, red spots called macules, little
bumps called papules, and small blisters called vesicles, sur-
rounded by a narrow zone of redness. The lesions can erupt any-
where on the body, although usually they first appear on the back
of the head, then the face, mouth, main body, and arms and legs,
ranging from only a few lesions to many hundreds. The lesions
appear at different times, and within a day or so they go through
a characteristic evolution from macule to papule to vesicle to pus-
tule, a pus-filled blister. After the pustules break, leaking virus-
laden fluid, a crust forms, and then healing takes place. At any

Table 22.8 Lyme Disease

3

4

1

2

4

Symptoms Stage l: Enlarging, red rash at the site
of the bite; fever, malaise, headache,
general achiness, enlargement of
lymph nodes near bite, joint pains.
Stage 2: Acute involvement of heart 
and nervous system. Stage 3: Chronic
arthritis and impairment of the
nervous system.

Incubation period Approximately 1 week 

Causative agent Borrelia burgdorferi, a spirochete

Pathogenesis Spirochetes injected into the skin by 
an infected tick multiply and spread
radially; the spirochetes enter the
bloodstream and are carried throughout
the body; the immune reaction to bac-
terial antigen causes tissue damage.

Epidemiology Spread by the bite of ticks, Ixodes sp.,
usually found in association with 
animals such as white-footed mice 
and white-tailed deer living in 
wooded areas.

Prevention and Protective clothing; tick repellents.
treatment Early treatment with doxycycline and

others; prolonged antibiotic therapy 
in chronic cases.

Bite of tick infected with Borrelia burgdorferi 
introduces the bacteria into the skin.

B. burgdorferi reproduce and spread radially in 
the skin, causing an expanding red rash which tends 
to clear centrally.

The bacteria enter the bloodstream, cause fever,
acute injury to the heart and nervous system.

Chronic symptoms develop, such as arthritis and
paralysis due to persisting bacteria and the 
immune response to them.

No person-to-person transmission.5

4

3

2

1

time during the rash, lesions are at various stages of evolution
(figure 22.17). The lesions are pruritic, meaning itchy, and
scratching may lead to serious, even fatal, secondary infection
by Streptococcus pyogenesor Staphylococcus aureus.

Symptoms of varicella tend to be more severe in older chil-
dren and adults. In about 20% of adults, pneumonia develops,
causing rapid breathing, cough, shortness of breath, and a dusky
skin color. The pneumonia subsides with the rash, but respira-
tory symptoms often persist for weeks. Varicella is also a major
threat to newborn babies if the mother develops the disease
within 5 days before delivery to 2 days afterward. Mortality in
these babies has been as high as 30%. Also, congenital vari-
cella syndrome develops in a fraction of a percent of babies


