992 type C β toxoid vaccine in local areas. Two doses given 3–4 months
apart are preventive.

PART 8
Infectious Diseases

CLOSTRIDIAL BACTEREMIA
Clostridium species are important causes of bloodstream infections.
Molecular epidemiologic studies of anaerobic bacteremia have identified C. perfringens and C. tertium as the two most frequently isolated
species; these organisms cause up to 79% and 5%, respectively, of
clostridial bacteremias. Occasionally, C. perfringens bacteremia occurs
in the absence of an identifiable infection at another site. When associated with myonecrosis, bacteremia has a grave prognosis.
C. septicum is also commonly associated with bacteremia. This species is isolated only rarely from the feces of healthy individuals but may
be found in the normal appendix. More than 50% of patients whose
blood cultures are positive for this organism have some gastrointestinal anomaly (e.g., diverticular disease) or underlying malignancy (e.g.,
carcinoma of the colon). In addition, a clinically important association
of C. septicum bacteremia with neutropenia of any origin—and, more
specifically, with neutropenic enterocolitis involving the terminal
ileum or cecum—has been observed. Patients with diabetes mellitus,
severe atherosclerotic cardiovascular disease, or anaerobic myonecrosis (gas gangrene) also may develop C. septicum bacteremia. C. septicum has been recovered from the bloodstream of cirrhotic patients, as
have C. perfringens, C. bifermentans, and other clostridia. Infections of
the bloodstream by C. sordellii and C. perfringens have been associated
with TSS.
Bloodstream infection by C. tertium, either alone or in combination with C. septicum or C. perfringens, can be found in patients with
serious underlying disease such as malignancy or acute pancreatitis,
with or without neutropenic enterocolitis; the frequency has not been
systematically studied. C. tertium may present special problems in
terms of both identification and treatment. This organism may stain
gram-negative; is aerotolerant; and is resistant to metronidazole,
clindamycin, and cephalosporins.
Other clostridia from the C. clostridioforme group (including C.
clostridioforme, C. hathewayi, and C. bolteae) can cause bacteremia.
The clinical importance of recognizing clostridial bacteremia—
especially that due to C. septicum—and starting appropriate treatment
immediately (Table 179-1) cannot be overemphasized. Patients with
this condition usually are gravely ill, and infection may metastasize
to distant anatomic sites, resulting in spontaneous myonecrosis (see
next section). Alternative methods to identify bacteremia-causing
clostridial species, such as PCR or other rapid diagnostic tests, are not
currently available. Anaerobic blood cultures and Gram’s stain interpretation remain the best diagnostic tests at this point.
CLOSTRIDIAL SKIN AND SOFT-TISSUE INFECTIONS
Histotoxic clostridial species such as C. perfringens, C. histolyticum,
C. septicum, C. novyi, and C. sordellii cause aggressive necrotizing
infections of the skin and soft tissues. These infections are attributable
in part to the elaboration of bacterial proteases, phospholipases, and
cytotoxins. Necrotizing clostridial soft-tissue infections are rapidly
progressive and are characterized by marked tissue destruction, gas
in the tissues, and shock; they frequently end in death. Severe pain,
crepitus, brawny induration with rapid progression to skin sloughing,
violaceous bullae, and marked tachycardia are characteristics found in
the majority of patients.
Clostridial Myonecrosis (Gas Gangrene) • Traumatic gas gangrene C. perfringens myonecrosis (gas gangrene) is one of the most fulminant
gram-positive bacterial infections of humans. Even with appropriate
antibiotic therapy and management in an intensive care unit, tissue
destruction can progress rapidly. Gas gangrene is accompanied by
bacteremia, hypotension, and multiorgan failure and is invariably fatal
if untreated. Gas gangrene is a true emergency and requires immediate
surgical debridement.
The development of gas gangrene requires an anaerobic environment and contamination of a wound with spores or vegetative
organisms. Devitalized tissue, foreign bodies, and ischemia reduce
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locally available oxygen levels and favor outgrowth of vegetative cells
and spores. Thus conditions predisposing to traumatic gas gangrene
include crush-type injury, laceration of large or medium-sized arteries, and open fractures of long bones that are contaminated with soil
or bits of clothing containing the bacterial spores. Gas gangrene of the
abdominal wall and flanks follows penetrating injuries such as knife
or gunshot wounds that are sufficient to compromise intestinal integrity, with resultant leakage of the bowel contents into the soft tissues.
Proximity to fecal sources of bacteria is a risk factor for cases following
hip surgery, adrenaline injections into the buttocks, or amputation of
the leg for ischemic vascular disease. In the last decade, cutaneous gas
gangrene caused by C. perfringens, C. novyi, and C. sordellii has been
described in the United States and northern Europe among persons
injecting black-tar heroin subcutaneously.
The incubation period for traumatic gas gangrene can be as short as
6 h and is usually <4 days. The infection is characterized by the sudden
onset of excruciating pain at the affected site and the rapid development of a foul-smelling wound containing a thin serosanguineous
discharge and gas bubbles. Brawny edema and induration develop and
give way to cutaneous blisters containing bluish to maroon-colored
fluid. Such tissue later may become liquefied and slough. The margin
between healthy and necrotic tissue often advances several inches per
hour despite appropriate antibiotic therapy, and radical amputation
remains the single best life-saving intervention. Shock and organ
failure frequently accompany gas gangrene; when patients become
bacteremic, the mortality rate exceeds 50%.
Diagnosis of traumatic gas gangrene is not difficult because the
infection always begins at the site of significant trauma, is associated
with gas in the tissue, and is rapidly progressive. Gram’s staining of
drainage or tissue biopsy is usually definitive, demonstrating large
gram-positive (or gram-variable) rods, an absence of inflammatory
cells, and widespread soft-tissue necrosis.
Spontaneous (nontraumatic) gas gangrene Spontaneous gas gangrene
generally occurs via hematogenous seeding of normal muscle with
histotoxic clostridia—principally C. perfringens, C. septicum, and C.
novyi and occasionally C. tertium—from a gastrointestinal tract portal of entry (as in colonic malignancy, inflammatory bowel disease,
diverticulitis, necrotizing enterocolitis, cecitis, or distal ileitis or after
gastrointestinal surgery). These gastrointestinal pathologies permit
bacterial access to the bloodstream; consequently, aerotolerant C. septicum can proliferate in normal tissues. Patients surviving bacteremia
or spontaneous gangrene due to C. septicum should undergo aggressive diagnostic studies to rule out gastrointestinal pathology.
Additional predisposing host factors include leukemia, lympho
proliferative disorders, cancer chemotherapy, radiation therapy, and
AIDS. Cyclic, congenital, or acquired neutropenia also is strongly
associated with an increased incidence of spontaneous gas gangrene
due to C. septicum; in such cases, necrotizing enterocolitis, cecitis, or
distal ileitis is common, particularly among children.
The first symptom of spontaneous gas gangrene may be confusion
followed by the abrupt onset of excruciating pain in the absence of
trauma. These findings, along with fever, should heighten suspicion
of spontaneous gas gangrene. However, because of the lack of an
obvious portal of entry, the correct diagnosis is frequently delayed or
missed. The infection is characterized by rapid progression of tissue
destruction with demonstrable gas in the tissue (Fig. 179-2). Swelling
increases, and bullae filled with clear, cloudy, hemorrhagic, or purplish
fluid appear. The surrounding skin has a purple hue, which may reflect
vascular compromise resulting from the diffusion of bacterial toxins
into surrounding tissues. Invasion of healthy tissue rapidly ensues,
with quick progression to shock and multiple-organ failure. Mortality
rates in this setting range from 67 to 100% among adults; among children, the mortality rate is 59%, with the majority of deaths occurring
within 24 h of onset.
Pathogenesis of gas gangrene In traumatic gas gangrene, organisms
are introduced into devitalized tissue. It is important to recognize that
for C. perfringens and C. novyi, trauma must be sufficient to interrupt the blood supply and thereby to establish an optimal anaerobic
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