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We examined the in vitro activity of linezolid against Clostridium difficile, including isolates with reduced
susceptibility to metronidazole or vancomycin. The MIC at which 50% of the isolates were inhibited (MIC50)
and MIC90 were 0.5 and 2 �g/ml, respectively (range, 0.03 to 4 �g/ml). MICs were always < 4 �g/ml, and thus,
all isolates were considered susceptible.

Clostridium difficile is a major cause of infectious diarrhea
and pseudomembranous colitis in hospitalized patients (2, 11,
14), and it may also be an important cause of community-
acquired diarrhea (13, 21).

Metronidazole and vancomycin are the drugs of choice for
the treatment of C. difficile-associated diarrhea (CDAD), but
new therapeutic options are urgently needed for several rea-
sons, including high recurrence rates (1). Furthermore, vanco-
mycin is quite expensive and ecologically undesirable (22). In
recent years, the emergence of strains for which MICs of either
metronidazole (12, 25; T. Peláez, L. Alcalá, L. Martı́nez-
Sánchez, P. Muñoz, J. M. Garcı́a-Lechuz, M. Rodrı́guez-
Créixems, and E. Bouza, Abstr. 38th Intersci. Conf. Antimi-
crob. Agents Chemother., abstr. E-173, 1998; T. Peláez, R.
Sánchez, R. Blázquez, P. Catalán, P. Muñoz, and E. Bouza,
Abstr. 34th Intersci. Conf. Antimicrob. Agents Chemother.,
abstr. E34, 1994) or vancomycin (7) are high has been reported
by us and by other groups.

Linezolid, is the first of a new class of antibacterial drugs, the
oxazolidinones (9), and has inhibitory activity against a broad
range of gram-positive aerobic cocci, including methicillin-re-
sistant Staphylococcus aureus, glycopeptide-intermediate S. au-
reus, vancomycin-resistant enterococci, and penicillin-resistant
Streptococcus pneumoniae (18). The drug also shows activity
against certain anaerobes, but information on activity against
C. difficile is very scarce (8, 18).

Our study examines the in vitro activity of linezolid against
C. difficile, with a special interest in those strains which are
resistant to metronidazole or which have reduced susceptibility
to vancomycin, in order to assess the potential utility of this
new agent in the treatment of CDAD.

We tested a total of 115 nonduplicate clinical isolates of
toxigenic C. difficile selected from those obtained over a 9-year
period (1993–2001) in our laboratory. C. difficile isolates were
identified by standard procedures (16). The demonstration of
toxin production was carried out, either directly from fecal
samples or on isolated strains (5, 23), by the observation of the
specific cytopathic effect on MRC-5 cells, as previously de-
scribed (16, 20). The strain selection included 6 isolates which

were resistant to metronidazole (1 inhibited at an MIC of 32
�g/ml and 5 for which MICs were �64 �g/ml) and 12 isolates
with decreased susceptibility to vancomycin (7 for which the
MIC was 4 �g/ml and 5 for which the MIC was 16 �g/ml).

The active substance of linezolid was kindly provided by
Pharmacia & Upjohn, Inc. (Kalamazoo, Mich.). The antimi-
crobial agent was prepared and stored following the manufac-
turer’s instructions. Antimicrobial susceptibility testing was
performed by the agar dilution method, on Brucella agar (Ox-
oid; Hampshire, United Kingdom), according to guidelines of
the National Committee for Clinical Laboratory Standards
(17). Reference strains, Bacteroides fragilis ATCC 25285 and
Bacteroides thetaiotaomicron ATCC 29741, were always in-
cluded as controls to monitor antimicrobial susceptibility test-
ing. A collection strain of C. difficile (ATCC 9689) was always
included to assess reproducibility of the assay results. The
susceptibility breakpoint for linezolid was considered to be �4
�g/ml (3, 19).

The linezolid MICs at which 50 and 90% of the 115 assayed
C. difficile isolates were inhibited were 0.5 and 2 �g/ml, respec-
tively. The MIC range was 0.03 to 4 �g/ml. Linezolid MICs
corresponding to C. difficile isolates resistant to metronidazole
or with a decreased susceptibility to vancomycin were not dif-
ferent from those for the susceptible isolates (Table 1). MICs
for all assayed isolates were �4 �g/ml, and thus, all isolates
were considered susceptible to linezolid.

In vitro susceptibility tests with C. difficile are not performed
routinely in microbiology laboratories, since the first-line
drugs, metronidazole and vancomycin, have been considered
universally active against the microorganism (10). At present,
there are reports of a reduction in susceptibility to metronida-
zole and vancomycin (7, 12, 25; T. Peláez et al., 38th ICAAC;
T. Peláez et al., 34th ICAAC). Our group has registered more
than 6% resistance to metronidazole (MICs of �16 �g/ml),
and more than 3% of our C. difficile isolates have shown re-
duced susceptibility to vancomycin (MICs, 8 to 16 �g/ml) (T.
Peláez et al., submitted for publication).

Although the National Committee for Clinical Laboratory
Standards has not yet expressly proposed a susceptibility
breakpoint for linezolid, most authors consider susceptible all
isolates inhibited at MICs equal to or less than 4 �g/ml (3, 4,
6). The European Committee on Antimicrobial Susceptibility
Testing of the European Society of Clinical Microbiology and
Infectious Diseases has also recently recommended this break-
point (19).
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It is also worth discussing that MIC breakpoints are usually
set for systemic infections and that they are based upon levels
of antimicrobial agent in blood. In our work, levels in the colon
seem to be much more interesting than levels in the circula-
tion. For metronidazole and vancomycin, levels in the colon
might be high enough even to kill resistant strains (MICs of
200 to 2,000 �g/ml for vancomycin). In the case of linezolid,
although the drug is efficiently absorbed in the gastrointestinal
tract, the amount of active substance recovered in feces can
range from 5.3 to 16.9% of the administered doses (400 to 600
mg twice daily) (24).

This study (to our knowledge, the largest series of C. difficile
isolates that has been tested for linezolid to date) showed
universal in vitro activity of linezolid against C. difficile isolates
which are susceptible and not susceptible to conventional
drugs.

We are well aware that in vitro activity does not necessarily
mean in vivo activity and that this is particularly true for
CDAD (15). We also know that treatment with linezolid has a
high cost and that not much information is available about
possible disruption of enteric flora. Nevertheless, in our opin-
ion, these are promising data, and we believe they can lead to
further studies on the efficacy of linezolid in cases of CDAD in
both animals and humans.
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TABLE 1. MIC of linezolid for the assayed C. difficile isolates

Isolate group (na)

MICb

Range 50% 90% Geometric
mean

Total (115) 0.03–4 0.5 2 0.550
Susceptible to MTZ and VAN (97) 0.03–4 0.5 2 0.567
Resistant to MTZ (6) 0.03–1 0.5 1 0.394
Not susceptible to VAN (12) 0.03–2 0.5 2 0.540

a n, no. of isolates.
b MIC range, MICs at which 50 and 90% of isolates are inhibited, and geo-

metric mean are given in micrograms per milliliter.
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