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Anaerobes are, on average, 100 times more prevalent among the body’s normal flora than other bacterial species are.  Therefore it is not surprising that they are responsible for infections involving many systems of the body.  The vast majority of anaerobic infections are of endogenous origin.  Eighty percent are polymicrobial with attendant facultative anaerobes and aerobes (1).  Anaerobes tend to produce infections at sites in, or around mucous membranes or where the integrity of a natural barrier has been compromised.  Compromised blood flow, as found in tumors that have out grown their blood supply and in traumatized tissue, can predispose to anaerobic infection.  The following areas commonly involve anaerobic infections:  integument  (bite wounds, puncture wounds, migrating foreign bodies, draining tracts);  respiratory tract  (pyothorax, aspiration pneumonia, lung abscess, chronic sinusitis);  reproductive tract  (pyometra, endometritis, perivaginal abscess);  musculoskeletal system  (osteomyelitis, myonecrosis/gas gangrene);  oropharynx (acute necrotizing ulcerative gingivitis, retrobulbar and oropharyngeal abscesses);  esophagus  (periesophageal abscess, esophagitis);  peritoneal space  (peritonitis secondary to intestinal perforation or surgical contamination).  Infections of the liver (hepatic abscesses, cholangiocystitis), nervous system (brain abscess, subdural empyema) and cardiovascular system (endocarditis) are occasionally reported (2).  Interestingly, fifty five percent of dogs undergoing dental procedures developed anaerobic bacteremia, regardless of severity of dental disease (3).  One study revealed anaerobic bacteremia in 31% of critically ill animals (4).  Anaerobes are rarely involved in meningitis, septic arthritis (unless due to a bite wound) or urinary tract infections.

Typical clinical features of anaerobic infections include fetid odor, tissue necrosis, gas production, sulfur granule production (Actinomyces spp), and a lack of response to antimicrobial therapy (especially aminoglycocides, fluoroquinolones and trimethoprim/sulfas).  If a putrid odor is present an anaerobe is most likely involved, if an odor is not present it does not rule out an anaerobe (2).  Gas production is most typical of Clostridia spp and Bacteroides spp but other bacteria, including Staphylococcal and Escherichia coli organisms can also produce gas (6, 7).  Thus gas production is not pathognomonic for anaerobic infections.  Anaerobes produce a wide variety of enzymes (e.g., collagenase, neuraminidase, heparinase, deoxyribonuclease, leukocidin and lecithinase) enabling them to dissect through tissue planes and cause tissue necrosis (2, 5).  Sites of anaerobic infection may have a serosanguinous discharge, rather than a thick purulent quality.  This paucity of white blood cells is due to their destruction by leukocidin and lecithinase, as well as reduced chemotaxis, which is impaired in conditions optimal for anaerobic proliferation (2).  

Cytological features that may suggest an anaerobic infection include the presence of mostly degenerated cells, or a relative lack of cellularity, including WBCs as noted above.  Additionally, the finding of a polymicrobial infection should alert one to a high likelihood of anaerobic involvement (1).  Knowing the gram stain features of the various pathogens may help select appropriate antibiotic therapy.  The most clinically relevant bacteria can be categorized as follows: gram-positive cocci (Peptostreptococcus spp, Peptococcus spp, [8]); gram-positive, non-spore-forming rods (Clostridium perfringens, Actinomyces spp, Proprionibacterium spp, [6, 8]); gram-positive, spore-forming rods (most Clostridia spp, [6]); gram-negative rods (Bacteroides spp, Porphyromonas spp, Prevotella spp, Fusobacterium spp, [7]).  Clostridium perfringens, a large rectangular bacillus, was listed as “non-spore-forming” because it usually produces spores only under select culture conditions and they are not routinely seen in gram stains (6).  Other Clostridia spp are spore forming but are very pleomorphic, from short curved or straight rods, to filamentous rods (6).  The anaerobic gram negative rods are variable as well.  Bacteroides spp are pale and patchy staining rods, somewhat variable in length, that frequently form chains.  Many of the gram-negative anaerobic bacilli (pigmented bacilli - usually isolated from the oral cavity) previously categorized as Bacteroides spp have been reclassified as either saccharolytic Prevotella spp or asaccharolytic Porphyromonas spp  (7).  These gram-negative anaerobes are coccobacilli, (short fat rods).  Fusobacterium nucleatum forms long, thin, needle-like rods, whereas Fusobacterium necrophorum is pleomorphic with deformed filamentous rods containing swollen areas (7).  Actinomyces spp form branching filamentous rods (8).  Direct examination features are worth knowing given the expense of culturing, the delay in getting results and the frequently erroneous, negative cultures results.   Considering the fastidious nature of anaerobes, false-negative cultures can result from the use of an inappropriate media, overgrowth by other bacteria, or prolonged transport times.  A recent study found a 40% loss of anaerobe viability after 6 hours of storage in an anaerobe appropriate swab transport system;  there was less than 1% viability after 24 hours of storage (9). 

When culturing for anaerobes, it is best to submit large sample volumes (2ml pus/1-2cm of tissue).  This will help retain the anaerobic environment within the central part of the sample (10).  Samples should be kept moist and as anaerobic as possible. If only small samples can be obtained, and transport swabs must be used, systems capable of supporting anaerobic viability should be used (e.g., Venturi Transystem, COPAN; Port-A-Cul Systems and Culturette Plus, Becton Dickinson).  Clostridia spp are relatively oxygen tolerant and may be over represented in culture results when the infection is actually polymicrobial.  Actinomyces may take a week or more to grow and can be missed if ample time for growth is not allowed.  If the clinical index of suspicion for anaerobes is high and cytologic/gram stain features can be determined, a culture may not be worth the expense.  Anaerobic cultures of urine and CSF are very low yield because anaerobes seldom affect those systems.  If complete surgical debridement is not possible or deep tissue infections exist, a culture is advisable to be sure the most effective and economically feasible therapy is used, since the antibiotic course may need to be several weeks duration.  

Treatment of anaerobic infections usually involves significant surgical debridement of devitalized tissues and/or drainage of purulent fluid.  Antibiotic therapy often requires high end dosages and prolonged courses to overcome the underlying problems that helped establish the infection initially, such as inadequate tissue perfusion and immunocompromise (5).  The antibiotics usually used to treat anaerobic infections are: penicillins, cephalosporins, clindamycin, chloramphenicol and metronidazole (2, 11).  Penicillins are the drug of choice for Clostridia spp infections and anaerobic cocci.  They usually have good activity for Fusobacterium spp and Actinomyces spp (5).  A significant shortfall of the penicillin group is the relatively high rate of resistance among Bacteroides spp, caused by the production of â-lactamase enzymes.  In canines and felines, Bacteroides spp (probably the most significant anaerobic pathogen in terms of incidence and pathogenicity) were found to be resistant to ampicillin 29% of the time (1).  Cephalosporins are, in some cases, good selections for anaerobes.  First generation cephalosporins have been reported to have good activity against anaerobic cocci, Clostridium spp and Actinomyces spp; they are poorly effective against â-lactamase producing Bacteroides spp (5).  Cefoxitin and cefotetan, second generation cephalosporins, have good activity against most of the anaerobes including Bacteroides spp; their efficacy is less consistent against Fusobacterium spp and Clostridia spp; they are a good selection for mixed infections (5, 11).  Third generation cephalosporins (moxalactam, cefotaxime) are expensive but are excellent monotherapy for mixed infections and are effective against Bacteroides spp, they are not reliable against Clostridium spp.  Some cephalopsporins are associated with marked endotoxin release especially ceftazidime and cefotaxime, a significant detriment when compared to cefoxitin or cefotetan which are similarly effective without undue endotoxin release (11).  Chloramphenicol (CHPC) has the most consistent, broad spectrum, anaerobic activity.  However its down side is the potential for bone marrow toxicity (5).  In felines, the capacity to form glucuronide conjugates, required for biotransformation of CHPC, is limited and the potential for toxicity is higher.  Chloramphenicol can be used in cats, at reduced dosages (5).  Chloramphenicol is relatively inexpensive and has excellent tissue distribution including the prostate gland and CNS.  One study found combination therapy with CHPC and amoxicillin-clauvulanic acid to be effective against all anaerobic isolates obtained from clinical samples in a case series (1).  Monotherapy with metronidazole was found the next most widely effective protocol against anaerobes.  Metronidazole has excellent tissue penetration, including the CNS, prostate, and abscesses.  Neurotoxicity has been found at higher dosages.  When given at 30 mg/kg/day divided into 2 or more dosages, vestibular/cerebellar toxicity is rare (5).  Metronidazole shows very good activity against Bacteroides spp (11).  Metronidazole is not good as monotherapy for mixed infections due to its lack of efficacy against aerobes.  Anaerobic cocci and Actinomyces spp are some what resistant to metronidazole (5).  Clindamycin has excellent tissue penetration and is capable of penetrating abscess walls.  Penetration of the CNS by clindamycin is relatively inadequate for the treatment of anaerobes (5).  Although effective against most anaerobes, about 20% of Clostridium spp isolated are resistant to clindamycin (1).  Fluoroquinolones have not historically been effective against anaerobes, but some of the newer fluoroquinalones (clinafloxacin) have shown good activity against anaerobes, especially Bacteroides spp (12).  Carbapenams, including imipenam, are a group of â-lactamase antibiotics with extended coverage of gram-positive aerobes and enterobacteriaceae, including pseudomonas spp.  Imipenam has good anaerobic coverage and parallels clindamycin and metronidazole (5, 11).  Although tetracyclines and macrolides have some anaerobic activity they are too inconsistent to rely upon (5).  Antibiotic groups not effective against anaerobes include aminoglycocides, trimethoprim-sulfas, most currently available fluoroquinalones, and polymyxin antibiotics (5).
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