956 the pathogenesis of invasive infections such as endocarditis and septic
arthritis by facilitating the adherence of S. aureus to surfaces with
exposed fibrinogen or collagen.
Although CoNS are classically known for their ability to elaborate
biofilms and to colonize prosthetic devices, S. aureus also possesses the
genes responsible for biofilm formation, such as the intercellular adhesion (ica) locus. Binding to these devices occurs in a stepwise fashion,
involving staphylococcal adherence to serum constituents that have
coated the device surface and subsequent biofilm elaboration. S. aureus
is thus a frequent cause of biomedical-device infections.

PART 8

Invasion After colonization, staphylococci replicate at the initial
site of infection, elaborating enzymes that include serine proteases,
hyaluronidases, thermonucleases, and lipases. These enzymes facilitate
bacterial survival and local spread across tissue surfaces, although their
precise role in infections is not well defined. The lipases may facilitate
survival in lipid-rich areas such as the hair follicles, where S. aureus
infections are often initiated. The S. aureus toxin Panton-Valentine
leukocidin is cytolytic to PMNs, macrophages, and monocytes. Strains
elaborating this toxin have been epidemiologically linked with cutaneous and more serious infections caused by strains of CA-MRSA.
MSCRAMMs also appear to play an important role in the ability of
S. aureus to spread and cause disease at other tissue sites.
Constitutional findings may result from either localized or systemic
infections. The staphylococcal cell wall—consisting of alternating
N-acetyl muramic acid and N-acetyl glucosamine units in combination with an additional cell wall component, lipoteichoic acid—can
initiate an inflammatory response that includes the sepsis syndrome.
Staphylococcal α toxin, which causes pore formation in various
eukaryotic cells, can also initiate an inflammatory response with findings suggestive of sepsis.

Infectious Diseases

Evasion of host defense mechanisms Staphylococci have a multitude of
immune evasion strategies that are critical to their success as invasive
pathogens. They possess an antiphagocytic polysaccharide microcapsule. Most human S. aureus infections are due to capsular types 5 and 8.
The zwitterionic (both negatively and positively charged) S. aureus capsule plays a critical role in the induction of abscess formation. Protein A,
an MSCRAMM unique to S. aureus, acts as an Fc receptor, binding the
Fc portion of IgG subclasses 1, 2, and 4 and preventing opsonophagocytosis by PMNs. Both chemotaxis inhibitory protein of staphylococci
(CHIPS, a secreted protein) and extracellular adherence protein (EAP,
a surface protein) interfere with PMN migration to sites of infection.
An additional potential mechanism of S. aureus evasion is its capacity for intracellular survival. Both professional and nonprofessional
phagocytes internalize staphylococci. Internalization by these cells may
provide a sanctuary that protects bacteria against the host’s defenses.
The intracellular environment favors the phenotypic expression of
S. aureus small-colony variants. Small-colony variants are found in
patients receiving antimicrobial therapy (e.g., with aminoglycosides)
and in those with cystic fibrosis or osteomyelitis. These variants,
whether intra- or extracellular, may facilitate prolonged staphylococcal
survival in different tissue sites and enhance the likelihood of recurrences. Finally, S. aureus can survive within PMNs and may use these
cells to spread and to seed other tissue sites.
Pathogenesis of community-acquired MRSA infections A number of
virulence determinants have been identified as contributing to the
pathogenesis of CA-MRSA infections. There is a strong epidemiologic
association linking the presence of the gene for the Panton-Valentine
leukocidin with skin and soft tissue infections as well as with necrotizing postinfluenza pneumonia. Other determinants that play a role
in the pathogenesis of these infections include the arginine catabolic
mobile element (ACME), a cluster of unique genes that may facilitate
evasion of host defense mechanisms; phenol-soluble modulins, a family of cytolytic peptides; and α toxin.
Host Response to S. aureus Infection The primary host response to S.
aureus infection is the recruitment of PMNs. These cells are attracted
to infection sites by bacterial components such as formylated peptides
or peptidoglycan as well as by the cytokines tumor necrosis factor
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(TNF) and interleukins (ILs) 1 and 6, which are released by activated
macrophages and endothelial cells.
Although most individuals have antibodies to staphylococci, it is
not clear that antibody levels are qualitatively or quantitatively sufficient to protect against infection. Although anticapsular and antiMSCRAMM antibodies facilitate opsonization in vitro and have been
protective against infection in several animal models, they have not
yet successfully prevented staphylococcal infections in clinical trials.
Pathogenesis of Toxin-Mediated Disease S. aureus produces three types
of toxin: cytotoxins, pyrogenic toxin superantigens, and exfoliative
toxins. Both epidemiologic data and studies in animals suggest that
antitoxin antibodies are protective against illness in TSS, staphylococcal food poisoning, and staphylococcal scalded-skin syndrome (SSSS).
Illness develops after toxin synthesis and absorption and the subsequent toxin-initiated host response.
Enterotoxin and toxic shock syndrome toxin 1 (TSST-1) The pyrogenic
toxin superantigens are a family of small-molecular-size, structurally
similar proteins that are responsible for two diseases: TSS and food
poisoning. TSS results from the ability of enterotoxins and TSST-1 to
function as T cell mitogens. In the normal process of antigen presentation, the antigen is first processed within the cell, and peptides are then
presented in the major histocompatibility complex (MHC) class II
groove, initiating a measured T cell response. In contrast, enterotoxins
bind directly to the invariant region of MHC—outside the MHC class
II groove. The enterotoxins can then bind T cell receptors via the vβ
chain; this binding results in a dramatic overexpansion of T cell clones
(up to 20% of the total T cell population). The consequence of this T
cell expansion is a “cytokine storm,” with the release of inflammatory
mediators that include interferon γ, IL-1, IL-6, TNF-α, and TNF-β.
The resulting multisystem disease produces a constellation of findings
that mimic those in endotoxin shock; however, the pathogenic mechanisms differ. The release of endotoxin from the gastrointestinal tract
may synergistically enhance the toxin’s effects.
A different region of the enterotoxin molecule is responsible for the
symptoms of food poisoning. The enterotoxins are heat stable and can
survive conditions that kill the bacteria. Illness results from the ingestion
of preformed toxin. As a result, the incubation period is short (1–6 h).
The toxin stimulates the vagus nerve and the vomiting center of the
brain. It also appears to stimulate intestinal peristaltic activity.
Exfoliative toxins and SSSS  The exfoliative toxins are responsible for
SSSS. The toxins that produce disease in humans are of two serotypes: ETA and ETB. These toxins are serine proteases, which cleave
desmosomal cadherins in the superficial layer of the skin, triggering
exfoliation. The result is a split in the epidermis at the granular level,
which is responsible for the superficial desquamation of the skin that
typifies this illness.
DIAGNOSIS
Staphylococcal infections are readily diagnosed by Gram’s stain (Fig.
172-1) and microscopic examination of abscess contents or of infected
tissue. Routine culture of infected material usually yields positive
results, and blood cultures are sometimes positive even when infections are localized to extravascular sites. S. aureus is rarely a blood
culture contaminant. Polymerase chain reaction (PCR)–based assays
have been applied to the rapid diagnosis of S. aureus infection and are
increasingly used in clinical microbiology laboratories. A number of
point-of-care tests are now available to screen patients for colonization
with MRSA. Determining whether patients with documented S. aureus
bacteremia also have infective endocarditis or a metastatic focus of
infection remains a diagnostic challenge. Uniformly positive blood
cultures suggest an endovascular infection such as endocarditis (see
“Bacteremia, Sepsis, and Infective Endocarditis,” below).
CLINICAL SYNDROMES
(Table 172-1)
Skin and Soft Tissue Infections S. aureus causes a variety of cutaneous
infections, many of which can also be caused by group A streptococci
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