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Gas Gangrene and Other Clostridial
Infections
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KEY CLINICAL POINTS
1 Gas gangrene is a true surgical emergency; mortality exceeds 50% if the patient is bacteremic.

2 Traumatic gas gangrene requires an anaerobic environment (devitalized tissue, ischemia) and spore
contamination.

w

Spontaneous gas gangrene results from hematogenous seeding from Gl lesions (e.g., malignancy,
IBD, diverticulitis).

4 C. perfringens a toxin is the primary virulence factor causing tissue destruction and vascular
occlusion.

(0, ]

C. tertium is resistant to penicillin, cephalosporins, and clindamycin; treat with Vancomycin or
Metronidazole.

Clindamycin is essential in treatment as it inhibits toxin production.
Presence of gas in tissues is pathognomonic for clostridial infection.

6
7
8 Spontaneous cases often present with bacteremia before cutaneous manifestations appear.
9

C. sordellii may cause TSS-like symptoms but lacks the classic staphylococcal rash.

10 Hyperbaric oxygen is an adjunctive therapy, not a primary treatment.

1. DEFINITION & OVERVIEW

The genus Clostridium encompasses >60 species that may be commensals of the gut microflora or
cause infections through proteinaceous exotoxins.

Definition (Harrison's 22e): <i>Clostridia produce more protein toxins than any other bacterial genus,
and more than 25 clostridial toxins lethal to mice have been identified.</i>

* Key Pathogenic Species:
— C. tetani & C. botulinum: Cause specific clinical disease via a single potent toxin.
— C. perfringens & C. septicum: Cause necrotizing infections through multiple toxins (proteases,
phospholipases, cytotoxins).
¢ Clinical Syndromes:
— Food poisoning
— Tetanus
- Necrotizing enteritis/colitis
— Bacteremia
— Myonecrosis (Gas Gangrene)

— Toxic shock syndrome (TSS)
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2. EPIDEMIOLOGY & TRANSMISSION

« Environmental Presence: Clostridia are widespread in nature, forming endospores in soil, feces,
sewage, and marine sediments.

» Geographic & Clinical Trends:
- C. perfringens incidence is higher in agricultural regions than in arid areas.
— In developing nations, food poisoning, necrotizing enterocolitis, and gas gangrene are common
due to limited healthcare access.

« Transmission & Risk Factors:

— Wound Contamination: 30-80% of open traumatic wounds are contaminated with clostridial
species.

— Requirement for Infection: Presence of clostridia does not guarantee infection without devitalized
tissue or ischemia.

— High-Risk Scenarios: Gas gangrene follows traumatic injuries (knife/gunshot wounds), surgery, or
gastrointestinal carcinoma. Severe infections occur in injection drug users and during
childbirth/abortion.

¢ Polymicrobial Context:

— Clostridia are often found in polymicrobial infections with anaerobes and facultative organisms (e.g.,
head/neck, sinusitis, otitis, intraabdominal infections).

— Common isolates in intraabdominal cases: C. perfringens, C. ramosum, and C. bifermentans.

— Empirical treatment for mixed infections: ampicillin/sulbactam + clindamycin or metronidazole.

3. ETIOLOGY & PATHOPHYSIOLOGY

* Microbiology:
— Morphology: Pleomorphic, gram-positive rods (may appear gram-variable in later stages).
— Oxygen Tolerance: Most are obligately anaerobic; C. septicum and C. tertium tolerate oxygen but do
not sporulate in air.
* Food Poisoning Pathogenesis:
— Requirement: Ingestion of 1018 viable cells leads to spore germination in the small intestine.
— Mechanism: Enterotoxin forms pores in host cell membranes, causing diarrhea (mild in most; severe
in immunocompromised).
* Necrotizing Enteritis/Colitis:
— Pathogens: Caused by a-toxin and B-toxin producing C. perfringens type C strains.
— Key Factor: B-toxin (plasmid-encoded) is primarily responsible for pathogenesis.
— Epidemiology: Historically endemic in Papua New Guinea (known as pigbel); now seen in
malnourished adults and neonates.
¢ Clostridial Bacteremia:
— Common species: C. perfringens and C. tertium are most frequently isolated.
— C. septicum: Associated with gastrointestinal anomalies, malignancy, or neutropenia.

— Resistance Note: C. tertium is resistant to penicillin, cephalosporins, and clindamycin; treat with
Vancomycin or Metronidazole.
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4. CLINICAL FEATURES

« Traumatic Gas Gangrene:
— Incubation: 6 h to <4 days.

— Presentation: Sudden excruciating pain, foul-smelling wound with serosanguineous discharge and
gas bubbles.

— Progression: Brawny edema progressing to blisters with maroon fluid; rapid tissue sloughing.

— Severity: Rapid margin advancement (several inches/hour) despite antibiotics; mortality >50% if
bacteremic.

 Spontaneous (Nontraumatic) Gas Gangrene:
— Source: Hematogenous seeding from Gl tract (colonic malignancy, IBD, diverticulitis).
— Presentation: First symptom is often confusion followed by abrupt excruciating pain without trauma.
— Progression: Rapid progression with gas in tissues, violaceous bullae, and tachycardia.
— Mortality: 67-100% in adults; 59% in children (most deaths within 24 h).
« C. sordellii Infections:
— Context: Associated with childbirth/abortion; may cause TSS.

— Other cases: Endophthalmitis and endocarditis reported in injection drug users.

4.1 Traumatic Gas Gangrene
« Sudden excruciating pain at affected site
¢ Foul-smelling wound with gas bubbles
* Brawny edema progressing to cutaneous blisters with maroon fluid
« Rapid tissue sloughing and margin advancement (several inches/hour)

* Mortality >50% if bacteremic

4.2 Spontaneous (Nontraumatic) Gas Gangrene
» Hematogenous seeding from Gl tract
« Initial confusion followed by excruciating pain
« Rapid gas formation, violaceous bullae, and tachycardia
« High mortality: 67-100% in adults; 59% in children

4.3 C. sordellii Infections
* Associated with childbirth/abortion; may cause TSS

« Endophthalmitis and endocarditis in injection drug users

5. DIFFERENTIAL DIAGNOSIS

* Key Distinctions:

— Gas Gangrene vs. Necrotizing Fasciitis: Presence of gas in tissues is pathognomonic for clostridial
infection.

— Spontaneous vs. Traumatic: Absence of trauma and presence of bacteremia in spontaneous cases.

— C. sordellii vs. Staphylococcal TSS: C. sordellii may mimic TSS but lacks the classic rash.
5.1 Distinguishing Features
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* Gas in tissues is pathognomonic for clostridial infection
« Spontaneous cases lack trauma and present with bacteremia

» C. sordellii mimics TSS but lacks the characteristic rash

6. INVESTIGATIONS & DIAGNOSIS

* Diagnostic Criteria:
— Clinical signs: excruciating pain, gas in tissues (crepitus), and violaceous bullae.
— Gram stain: Large gram-positive rods (or variable); absence of inflammatory cells.
- Imaging: CT/MRI to assess fascial plane spread.

— Blood cultures: Essential for spontaneous cases; bacteremia often precedes cutaneous
manifestations.

* Laboratory Findings:
— Elevated lactate, metabolic acidosis, and leukocytosis.

— Coagulopathy in severe cases due to toxin effects.

6.1 Diagnostic Criteria & Imaging
« Clinical signs: excruciating pain, gas in tissues, violaceous bullae
« Gram stain: large gram-positive rods; absence of inflammatory cells
» CT/MRI: assess fascial plane spread

* Blood cultures: essential for spontaneous cases

6.2 Laboratory Findings
* Elevated lactate, metabolic acidosis, leukocytosis

 Coagulopathy in severe cases due to toxin effects

7. MANAGEMENT & TREATMENT

1. Antibiotic Therapy:
« Standard: Penicillin G + Clindamycin (Clindamycin is critical to inhibit toxin production).
« C. tertium specific: Vancomycin or Metronidazole.

* Polymicrobial infections: Ampicillin/sulbactam + clindamycin or metronidazole.
Table 159-1 Summary:

— Wound contamination: Treatment based on clinical signs and symptoms, not solely on bacteriology.
— Polymicrobial (e.g., abdominal wall, gynecologic):
— Option A: Ampicillin (2 g IV g4h) + Clindamycin (600-900 mg IV q6-8h) + Ciprofloxacin (400 mg IV
q6-8h)

— Option B: Vancomycin (1 g IV gq12h) + Metronidazole (500 mg IV gq6h) + Ciprofloxacin (400 mg IV
q6-8h)

— Clostridial sepsis:
— Option A: Penicillin (3-4 mU IV g4-6h) + Clindamycin (600-900 mg IV q6-8h)

— Option B: Clindamycin alone OR Metronidazole (500 mg IV g6h) OR Vancomycin (1 g IV q12h)
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— Option C: Cefoxitin (2 g IV g6h) + Clindamycin (600-900 mg IV q6-8h)

2. Surgical Management:
« Immediate surgical debridement of devitalized tissue until healthy muscle/skin is reached.
« Delay closure of traumatic wounds for 5-6 days until infection-free.

+ Radical amputation may be required in severe cases.

3. Adjunctive Therapies:
 Hyperbaric oxygen: Controversial; used as an adjunct after surgery and antibiotics.

« Vaccination: a-toxin vaccine is protective in animal models but not tested in humans.

7.1 Antibiotic Therapy
« Penicillin G + Clindamycin (inhibits toxin production)
 Vancomycin or Metronidazole for C. tertium
« Polymicrobial: Amp/Sulbactam + Clindamycin or Metronidazole
« Table 159-1 Specific Regimens:
— Wound contamination: Clinical signs based

— Polymicrobial: Amp (2g) + Clind (600-900mg) + Cipro (400mg) OR Van (1g) + Met (500mg) + Cipro
(400mg)

— Clostridial sepsis: Pen (3-4 mU) + Clind (600-900mg) OR Clind alone OR Met or Van OR Cefox (2g) +
Clind

7.2 Surgical Management
 Immediate surgical debridement of devitalized tissue
* Delay wound closure for 5-6 days until infection-free

* Radical amputation in severe cases

7.3 Adjunctive Therapies
« Hyperbaric oxygen (adjunctive after surgery/antibiotics)

— a-toxin vaccine (not tested in humans)

8. PROGNOSIS & COMPLICATIONS

 Mortality Rates:

— Traumatic gas gangrene: >50% if bacteremic.

— Spontaneous gas gangrene: 67-100% in adults; 59% in children (most deaths within 24 h).
* Long-term Outcomes:

— Survivors may require reconstructive surgery and extensive wound care.

— Potential neurologic sequelae from toxin exposure.

8.1 Mortality Rates
» Traumatic: >50% if bacteremic
 Spontaneous: 67-100% (adults), 59% (children)

8.2 Long-term Outcomes

» Reconstruction and wound care
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 Neurologic sequelae

9. SPECIAL CONSIDERATIONS

« Injection Drug Users: C. histolyticum infections (cellulitis, abscesses, endocarditis).

* Pregnancy & Abortion: C. sordellii associated with these events; potential for TSS.

* Diabetes & Malnutrition: Crepitant cellulitis in diabetics; necrotizing enterocolitis in malnourished

patients.
 Malignancy & Neutropenia: C. septicum bacteremia linked to malignancy and neutropenic

enterocolitis.

9.1 Injection Drug Users

C. histolyticum (cellulitis, abscesses, endocarditis)

9.2 Pregnancy & Abortion

C. sordellii associated with these events; potential for TSS

9.3 Diabetes & Malnutrition

Crepitant cellulitis (diabetics); necrotizing enterocolitis (malnourished)

9.4 Malignancy & Neutropenia

C. septicum bacteremia linked to malignancy and neutropenic enterocolitis

10. KEY PEARLS & CLINICAL TRAPS

« Surgical Emergency: Gas gangrene requires immediate debridement; delay increases mortality.
« Pathognomonic Sign: Presence of gas in tissues confirms clostridial infection.

* Toxin Inhibition: Clindamycin is essential because it inhibits toxin production, not just bacterial
growth.

« C. tertium Resistance: Remember C. tertium is resistant to penicillin, cephalosporins, and
clindamycin; use Vancomycin or Metronidazole.

« Spontaneous Presentation: In spontaneous cases, bacteremia often precedes cutaneous signs.

* Crepitant Cellulitis: May progress to fulminant systemic disease despite localized appearance.

REFERENCE TABLES

TABLE 159-1
Treatment of Clostridial Infections CONDITION Wound contamination Polymicrobial anaerobic
infections involving...
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CONDITION ANTIBIOTIC PENICILLIN ALLERGY ADJUNCTIVE
TREATMENT TREATMENT/NOTE
Wound contamination None — Treatment should be

Clostridial sepsis
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Ampicillin (2 g IV g4h)
plus

Clindamycin (600-900
mg IV q6-8h)

plus

Ciprofloxacin (400 mg IV

q6-8h)

Penicillin (3-4 mU IV
g4-6h)

plus

Clindamycin (600-900
mg IV q6-8h)

Penicillin G (4 mU IV
g4-6h)

plus

Clindamycin (600-900
mg IV q6-8h)

Vancomycin (1 g IV
q12h)

plus

Metronidazole (500 mg
IV g6h)

plus

Ciprofloxacin (400 mg IV

q6-8h)

Clindamycin alone

or

Metronidazole (as
above)

or

Vancomycin (as above)

Cefoxitin (2 g IV g6h)
plus

Clindamycin (600-900
mg IV q6-8h)
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based on clinical signs
and symptoms as
listed below and not
solely on bacteriologic
findings.

Transient bacteremia
without signs of
systemic toxicity may
be clinically
insignificant.



