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The characteristics of an antibiotic that favor its ability to select for resistant bacteria are not
completely understood. Otherwise, by the common use of broad-spectrum cephalosporins, resist-
ant strains of several gram-negative species, especially Enterobacter cloacae, have been more
frequently isolated. During our studies on β-lactam resistance in E. cloacae, we observed that
the addition of an inhibitor (clindamycin) to a potent inducer (cefoxitin) leads to an enhanced
selection of resistant mutants. This could explain the emergence of β-lactam resistant strains
during antibiotic therapy.
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INTRODUCTION

The development of resistance of gram-negative
bacteria to β-lactam antibiotics during therapy
has been well described (Beckwith et al., 1980;
Black et al., 1985; Blahova et al., 1996; Livermore
et al., 1996; Palmer, 1995; Sanders et al., 1983).
Some species such as Enterobacter cloacae and
Pseudomonas aeruginosa, in which this occurred
produce inducible, chromosomally encoded
Class I β-lactamases (Pfaller et al., 1997; Seeberg
et al., 1983; Vu et al., 1985). The resistant vari-
ants usually are stably derepressed mutants that
hyper-produce the β-lactamase.
Some authors suggest that antibiotics with poor
inducer activity are the preferred agents for infec-
tions with organisms possessing inducible β-lac-
tamases (Cavalieri et al., 1991; Sanders, 1984;
Weber et al., 1990; Weinbren et al., 1986).
However, others have suggested that since
induction causes only a transient increase in β-
lactamase production, the antibiotic is not
responsible for clinically relevant resistance

(Culmann et al., 1985; Watanabe et al., 1992).
Rather, the principal determinant of resistance
in clinical isolates may be the ability of an antibi-
otic to permit growth of pre-existing stably dere-
pressed mutants (Cavalieri et al., 1991;
Livermore, 1986; Weber et al., 1990) while inhibit-
ing the more susceptible parent organisms. In
theory, a β-lactam antibiotic that is a good induc-
er will foster its own destruction, thus limiting
its ability to select resistant mutants.
In this paper we analyzed the efficacy of cefox-
itin, a potent inducer (Sanders et al., 1979), to
select for stably derepressed mutants, both in the
presence and absence of clindamycin, a known
inhibitor of the induction of the chromosomal
β-lactamase of E. cloacae (Sanders et al., 1983). 

MATERIALS AND METHODS

Bacteria
Enterobacter cloacae 3003 is a clinical isolate. E.
cloacae 3003R, its cefotaxime-resistant mutant,


