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ANTIMICROBIAL THERAPY OF ANAEROBIC INFECTIONS

S. M. Finecorp, M. D.
From the Medical Service, Wadsworth Hospital Center,
Veterans Administration and Department of Medicine,
UCLA Medical Center, Los Angeles, California, U.S.A.

(Presented as a Special Conference II at the 21 st General Meeting of
the Japan Society of Chemotherapy held on July 22, 1973 in Sapporo.)

There are a number of good drugs available for
the treatment of anaerobic infections. However,
individual groups or strains of anaerobes may be
resistant to the various agents so that care is
necessary in prescribing therapy. Plate and tube
dilution susceptibility tests are reliable for predict-
ing response. Much progress has been made to-
wards standardizing the disc diffusion test. Other
factors such as toxicity and pharmacologic properties
of the drug, allergy in the patient, available dosage
forms, bactericidal activity and the renal and hepatic
functional status of the patient, help determine
choice of therapy.

Table 1 presents an overall view of the drugs
which are potentially useful in the management of
anaerobic infections together with their activity
against various species or categories of anaerobic
bacteria. Table 2 compares these drugs in terms
of toxicity, pharmacologic properties, available
dosage forms, bactericidal activity and other factors.

Penicillin G is active against most anaerobes other

than Bacteroides fragilis; however, certain strains
of anaerobic cocci and other anaerobes (viz. Clos-
tridium ramosum) require as much as 8.0 units/ml
for inhibition. Ampicillin and cephaloridine are
usually comparable to penicillin G but other peni-
cillins and cephalosporins are often less active.
Certain agents such as carbenicillin and cefazolin
may be valuable because high blood levels are
achieved safely. In vitro observations in our labora-
tory indicate that all anaerobes with the exception
of 5% of strains of Bacteroides fragilis should fall
within the therapeutic range carbenicillin. How-
ever, it is important to note that clinical data is not
yet available with this compound. Other drugs in
these groups such as cefoxitin may prove to be
useful becuse of resistance to beta lactamases.
Tetracycline, formerly the drug of choice for
treatment of anaerobic infections in the United
States, is no longer valuable because many anaerobes
of all types are now resistant to this compound.
Tow-thirds of Bacteroides fragilis isolates in our

Table 1. Susceptibility of anaerobes to antimicrobial agents

Microaerophilic
and Bacteroides  Fuso- Other Eubacterium
anaerobic  Bacteroides melanino- bacterium Fusobacterium and Clostridium Other
cocci fragilis genicus varium species Actinomyces perfringens Clostridia
Penicillin G HH + HHE H HH HHt 2 =
Lincomycin H +to H HH t 1 thto + to t +
Clindamycin H+ i i #* H iy b n
Metronidazole t H H i H i 14
Chloramphenicol # # # it H it 1 b
Tetracycline t +to 1+ H 1+ tto i t 1 +H
Erythromycin tHto 1H + +H + + thto it -+ H— e
Vancomycin tHto H + + + + 74 H# 2i#°
+HF Drug of choice + Moderate activity
tH Good activity + Poor or inconsistent activity

a A few strains are resistant

b Rare strains resistant

¢ Based on former studies (resistance may have developed subsequently)
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Table 2. Comparison of antimicrobial drugs active vs. anaerobic bacteria

ﬁ?gfo}eigAb)fior Toxicity CSF ' Erfmi:;; atin %::Lge gfsr:;: eral Bactericidal

fections?. Penetration | flora | D17 | Salabler | 20V
Penicillin Yes Low Good Minimal Yes Yes Very good
Lincomycin No Low Poor Major Yes Yes Little
Clindamycin Yes Low Poor Mg?::ate- Yes Yes Moderate
Metronidazole No Low ? Good ? Minimal Yes No Excellent
Chloramphenicol Yes High Excellent Minimal Yes Yes None
Tetracycline Yes Low Good Minimal Yes Yes None
Erythromycin No Low Mod. Good %;’g;zl{e Yes Yes None
Vancomycin No High Poor ? Minimal No Yes Very goodb

a Parenteral form generally preferable for anaerobic infections
(to facilitate higher dosage and higher blood levels)

b Not studied with anaerobes

hospital and in many other institutions in the United
States are currently resistant to tetracycline. Two
new tetracyclinederivatives, doxycycline and mino-
cycline are much more active against anaerobic
bacteria than is tetracycline. For example, all 63
strains of Clostridium perfringens studied in our
laboratory were inhibited by 1.6 ug/ml or less of
doxycycline whereas in the case of tetracycline, 4
of these strains requiried 6.2 ug/ml and 1 required
25 pg/ml for inhibition. All but 2 of 63 of strains
of Bacteroides fragilis studied in our laboratory were
inhibited by 6.2 ug/ml whereas only 29 of 63 strains
were inhibited by this concentration of tetracycline.
While doxycycline and minocycline represent a
distinct improvement over tetracycline, it is clear
from the in vitro data that some anaerobic strains
will still be resistant to these new agents. Data on
clinical effectiveness is not available as yet.

The in vitro activity of erythromycin and linco-
mycin against anaerobes varies considerably with
the test method utilized. @When tested by the
technique of INGHAM, et al., they appeared con-
siderably more active than is indicated by results
obtained in our laboratory as noted in Table 1.
Clinical correlation studies are needed to determine
which of these techniques is most appropriate for
predicting clinical response. Neither drug is pre-
sently approved by the Food and Drug Administra-
tion in the United States for treatment of anaerobic
infections. In our hands lincomycin is comparable

to penicillin G in vitro except for less activity
against clostridia and against Fusobacterium varium.
Erythromycin is active primarily against Gram-
positive nonsporeforming anaerobes when tested by
our procedures.

The most important new development in the
therapy of anaerobic infections is the introduction
of clindamycin (7-chlorolincomycin). This drug
has broad activity against anaerobes although Fuso-
bacterium varium, Crostridium ramosum and strains
of several other species of clostridia, other than
C. perfringens not uncommonly resistant.
Toxicity is minimal and tolerance is good. Clinda-
mycin has less impact on the normal human fecal

are

flora than does lincomycin which eliminates the
Nevertheless, the impact
All Gram-negative
anaerobic bacilli and anaerobic cocci, as well as

entire anaerobic flora.
of clindamycin is significant.

lactobacilli were eliminated from 5 subjects studied
in our laboratory. There was a significant reduction
in Bifidobacterium and in Clostridium perfringens,
though this was not observed in all subjects. Counts
of Eubacterium and of clostridia other than C.
perfringens tended to be unaffected by clindamycin
therapy. There was significant ingrowth of mem-
bers of the Klebsiella-Enterobacter-Serratia group.
At the present time, there is no human pharma-
cologic data available to indicate that clindamycin
would penetrate the central nervous system well.
There is now considerable clinical experience with
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clindamycin in the management of anaerobic infec-
tions and the reports have all been very favorable
(BARTLETT, SUTTER and FINEGOLD; FASS et al.;
HALDANE and VAN ROOYEN; and TRACY et al.).

Chloramphenicol is the most active drug against
anaerobes of all types, with only rare strains
resistant. It is of established clinical effectiveness
in anaerobic infection in all sites in the body,
including the central nervous system. However,
because of the serious and unpredictable bone mar-
row toxicity which may, on occasion, be encountered
with it, this drug should be reserved for very ill
patients with inadequate bacteriologic data or for
the treatment of infection with organisms resistant
to less toxic drugs. Thiamphenicol, a drug which
is closely related to chloramphenicol, has been
studied extensively in Japan and in Europe and
appears to offer considerable promise. It is not
conjugated significantly in the liver and is excreted
via the kidneys, mostly in the free form. While
the reversible bone marrow depression which may
be seen with chloramphenicol, as a pharmacologic
property of the drug, is also seen with thiam-
phenicol, the idiosyncratic irreversible bone marrow
depression which is the most dreaded complication
of chloramphenicol therapy has not been described
to date with thiamphenicol despite extensive use.
Thiamphenicol has not been used clinically in the
United States.

Metronidazole, a drug which has been in common
use for many years, has been found to be very
active against anaerobic bacteria im vitro and in
experimental animal infections (UENO, et al.). This
drug is unique in that it is active only against
Among the anaerobic bacteria,
only certain of the cocci (particularly those that
are microaerophilic) are resistant to this compound.
It is the only compound which we have found which
is consistently bactericidal against Bacteroides
fragilis. At present, the drug is only available
for oral use but a parenteral form is anticipated
shortly. Early clinical experience (TALLY, SUTTER
and FINEGOLD) is very encouraging. This drug is
not approved by the U.S. Food and Drug Admini-
stration at this time.

anaerobic organisms.

The drug is well tolerated.
Preliminary studies in our laboratory indicate that
the effect of metronidazole on the normal human
fecal flora is minimal.

Vancomycin has good activity against many Gram-
positive anaerobes but, again here, more informa-
tion is needed on the validity of in vitro tests with

this drug. Rifampin is very active against anaerobes
in vilro with several notable exceptions—Fusobac-
terium, F. mortiferum, C. ramosum and perhaps
other Clostridia and certain strains of Eubacterium.
However, as with facultative bacteria, populations
of anaerobes not uncommonly contain resistant
mutants and it is therefore not likely that rifampin
would be suitable as a single agent for treatment
of anaerobic infection. There is no clinical experi-

ence with this agent in anaerobic infections.
Nitrofurantoin is active in vitro but would be useful
primarily for urinary tract infections. There is no
clinical experience with this compound.

Certain anaerobic bacteria are of special interest
because of their resistance to antimicrobial agents.
Bacteroides fragilis is more commonly recovered
from anaerobic infections than any other anaerobe
and is the most resistant to antimicrobials of all
anaerobes. Only clindamycin, chloramphenicol and
metronidazole are consistently active against it.
B. fragilis is a predominant member of the normal
blowel flora and is frequently found in the female
genital tract as well and, as would be anticipated,
is commonly found in infections related to these
areas. It has been said that infections above the
diaphragm usually may be effectively treated with
penicillin. This clinical dictum is not always help-
ful in the individual case. Indeed, B. fragilis is
found in 20~25% of anaerobic pleuropulmonary
infections. It is also seen in central nervous system
infections, particularly brain abscess and in chronic
otitis media and sinusitis.

Clostridium ramosum is the second most resistant
anaerobe next to B. fragilis. Although all strains
are susceptible to penicillin G, it may require as
much as 6.2 units/ml to inhibit the more resistant
strains. About 15% of strains of C. ramosum are
highly resistant to clindamycin; lincomycin is con-
Many strains are resistant

All strains

siderably less active.
to tetracycline and to erythromycin.
studied in our laboratory are susceptible to achie-
vable levels of chloramphenicol, vancomycin and
metronidazole, although one strain required 25 ug/ml
of metronidazole for inhibition. This organism
has been isolated from infections at various sites
throughout the body. It has undoubtedly been
overlooked or mis-classified (as a non-sporeformer)
frequently.

Fusobacterium varium is also relatively resistant
compared to other anaerobes. Occasional strains

are resistant to penicillin. Over one-third of strains
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tested in our laboratory required 12.5 #g/ml or more
of clindamycin for inhibition (over 10% require
50 ug/ml or more). This organism is slightly more
resistant to lincomycin. Chloramphenicol and metro-
nidazole are very active against F. varium although
relatively few strains have been tested. F. varium
is encountered less frequently than the two above-
mentioned resistant anaerobes but may cause serious
infection in essentially any part of the body. It is
encountered most often in infections arising from
the bowel.

Summary

Although several anaerobic organisms have shown
rather striking resistance to certain antimicrobial
agents, there are a number of very effective drugs
available for the management of anaerobic infections
and the application of appropriate im vitro suscep-
tibility tests should permit successful management
of most anaerobic infections. The various factors
governing the choice of antimicrobial drugs in

different situations have been discussed.
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