Anaerobic Bacteria – Clostridia 
Bacteria that live in air require catalase and superoxide dismutase to make oxygen less toxic.

Protein can contribute –SH groups that reduce the environment enough for anaerobes to live.  
Also, nearby aerobes can soak up oxygen in the microenvironment.  

For this reason, anaerobes are generally only part of mixed infections, often in the center of 
abscesses (aerobes are on the outside of the abscess).  In the blood or solid organs they 
will clot blood, invade the clot, digest it, and travel in clot fragments to fresh capillary beds.
Clostridium perfringes causes gas gangrene.  It is an oxygen tolerant anaerobe, and will grow if 
protein acts as a reducing agent.  Its toxin kills muscle cells.
Anaerobic infections require surgical drainage, debridement, and washing to remove bacteria.  
Then treat with ampicillin, gentamicin, and clindamycin.
Anaerobic infections are common in otitis media, chronic sinusitis, dental infections, infections 
of head/neck fascial spaces, lung/liver/brain abscesses, vaginal infections, and infections 
of diabetic feet.
Anaerobes are normal flora of mucus membranes and will get into bloodstream after 
toothbrushing, defecation, sex, and childbirth.  Therefore, positive blood cultures for 
anaerobes do not necessarily signal disease at all.
Clostridium tetani – Tetanus 
Gram+ sporulating anaerobic rods found widely in the environment.  They are β-hemolytic.
The disease is a toxemia caused by spores in the wound.  It is a classic A-B toxin, where the 
toxic A chain is encoded in a plasmid.  B chain binds motor end plates and the A chain is 
internalized by endocytosis.  It travels retrograde to the neuron cell body.  A protease 
cleaves synaptobrevin II, preventing glycine and GABA signals.  ACh can still be 
released.  So muscles go into tetanus.
Big danger is from autonomic spasms causing paroxysmal hypertension and arrythmias.
The synapses are permanently destroyed, but new ones can bud and grow over a weeks or 
months.  Recovery can be complete.

Clostridium botulinum – Botulism 
Gram+ sporulating anaerobic rods that grow in food.  Secretes toxin into food.  Also, spores in food can survive boiling.  It likes protein, and grows especially well in sausage and gefilte fish.
Six serotypes of C. botulinum, but only types A and B cause disease.  The toxin is very similar to 
tetanus toxin, but A chain is encoded in the chromosome.  The toxin is absorbed like 
tetanus toxin but then cleaves one of three synaptic proteins in the neuromuscular 
junction.  Causes failure to release ACh, so the result is flaccid paralysis.
Like tetanus, synapses are permanently destroyed but new nerve terminals can sprout and 
patients will eventually recover.  Unlike tetanus, there is no autonomic disturbance.
There is no vaccine for botulism but there is an antitoxin.  Penicillin and metronidazole too.
Clostridium perfringes – Gas Gangrene 
Gram+ rods.  Part of the normal flora.
Can kill a person in 24 hours.  It occurs in soil, rotting vegetation, and feces.  Infections can arise 
endogenously (after falls or surgery) or exogenously (gun shots, open wounds).
Dominant feature is severe pain, edema, and bronzing of the skin.  Gas bubbles are present.

Encodes phospholipase C, the only hemolysin that’s not pore-forming.  This kills muscle 
cells and lyses RBC and PMN.
Since C. perfringes is part of normal flora, it will often turn up in more mild mixed infections.  
Can cause severe colon inflammation and two types of food poisoning:

1.  Acute nausea and diarrhea.  Very common source of food poisoning in the U.S.


2.  Toxic enteritis which causes small bowel necrosis after eating infected pork.  Really 


only seen in New Guinea.

Therapy includes debridement, then penicillin and clindamycin

Clostridium difficile – Pseudomembranous Colitis
C. difficile is not part of the normal flora.  It can cause pseudo-membranous colitis after an 
antibiotic (usually clindamycin) disturbs colonic flora.  Must be acquired from someone 
else.  It is endemic in hospitals and nursing homes.
C. difficile makes two toxins, both with the same A chain.  One toxin kills colon cells, the other 
endothelial cells.  Both kill by disordering the cytoskeleton.

Treatment is metronidazole.

Bacteroides and Prevotella
Bacteroides fragilis is the most common cause of infection.  Prevotella are normal oral flora.

Both are Gram- aero-tolerant anaerobes.  Both have capsules.
Capsule causes abscesses.  Prevotella cause abscesses above the belt, Bacteroides below the belt.

Infections require antibiotics and won’t improve on their own.
Bacteroides and Prevotella are almost always penicillin resistant, so you must use metronidazole 
or clindamycin, plus surgical drainage of abscess.

