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The activity of nitrofurantoin was tested against 300 isolates of Enterococcus faecium, Enterococcus faecalis,
and Enterococcus gallinarum. No isolates tested were resistant to nitrofurantoin (MIC, >128 mg/ml), including
vancomycin-resistant E. faecium isolates with vanA- and vanB-positive genotypes and vancomycin-resistant E.
gallinarum isolates. We conclude that nitrofurantoin may provide effective treatment of urinary tract infections
caused by vancomycin-resistant enterococci.

Enterococci are constitutive members of the intestinal
flora of humans and animals but may also colonize the upper
respiratory tracts, biliary tracts, and vaginas of otherwise
healthy persons. The isolation of clinical isolates of entero-
cocci generally denotes colonization rather than infection;
however, enterococci may also cause infection, most com-
monly, urinary tract infection, but also cholecystitis, cholan-
gitis, peritonitis, septicemia, endocarditis, meningitis, and
simple wound infections (5). Although more than a dozen
species of Enterococcus have been identified, two species,
Enterococcus faecalis and Enterococcus faecium, account for
approximately 85 to 90% and 5 to 10% of human entero-
coccal infections, respectively. The emergence of vancomy-
cin resistance, most commonly in E. faecium, has introduced
additional challenges to therapy, as these isolates are fre-
quently resistant to additional antibiotics as well. The pur-
pose of the current study was to assess the activities of
nitrofurantoin and comparative antibiotics against isolates
of E. faecium, E. faecalis, and Enterococcus gallinarum in-
cluding vancomycin-resistant isolates.

The E. faecium, E. faecalis, and E. gallinarum stool iso-
lates tested in this study were taken from previous and
ongoing Canadian surveillance studies of vancomycin-resis-
tant enterococci (VRE) (8, 17). In total, 100 vancomycin-
susceptible E. faecium isolates, 100 vancomycin-susceptible
E. faecalis isolates, 50 vancomycin-resistant E. faecium iso-
lates, 25 vancomycin-susceptible E. gallinarum isolates, and
25 vancomycin-resistant E. gallinarum isolates were tested.
Each stool isolate was from a different patient (8, 17) and
had been identified to the species level by a conventional
algorithm (4) supplemented with methyl-a-D-glycopyrano-
side testing (16). The identities of all discrepant organisms
were determined by 16S rRNA gene sequencing (16). The
genotypes of vancomycin-resistant isolates were determined

by a previously described multiplex PCR protocol for vanA,
vanB, vanC1 and vanC2-vanC3 (3).

Antibiotics for susceptibility testing were obtained from
their various manufacturers as standard powders. Prior to an-
tibiotic susceptibility testing all isolates were subcultured twice
onto blood agar. MICs were determined by the standard broth
microdilution method of NCCLS (M7-A4) with Mueller-Hin-
ton broth (11) and were interpreted by using the breakpoints
suggested by NCCLS (12).

None of the 300 isolates of enterococci tested were resistant
to nitrofurantoin (MICs, $128 mg/ml) including vancomycin-
resistant isolates of E. faecium with the vanA or vanB genotype
and vancomycin-resistant E. gallinarum isolates with vanC ge-
notypes (Table 1). Isolates of E. faecium positive for vanA and
vanB demonstrated uniform phenotypic resistance to ampicil-
lin, streptomycin, and ciprofloxacin, while they retained their
susceptibility to quinupristin-dalfopristin. The percent suscep-
tibilities for isolates of vancomycin-susceptible E. faecium, E.
faecalis, and E. gallinarum are presented in Table 1. Rates of
resistance to ampicillin, gentamicin, streptomycin, and cipro-
floxacin were lower among vancomycin-susceptible enterococci
than among vancomycin-resistant isolates. Quinupristin-dalfo-
pristin demonstrated less potent activity against E. faecalis than
against E. faecium and E. gallinarum, which is consistent
with previously published data (8). The distributions of
MICs of nitrofurantoin for all isolates of enterococci tested
are presented in Table 2. Nitrofurantoin was less active
against E. faecium than against E. faecalis and E. gallinarum.
All isolates of E. faecalis and E. gallinarum were susceptible
to nitrofurantoin, while 92 and 8% of E. faecium isolates
were nitrofurantoin susceptible and nitrofurantoin interme-
diate, respectively.

The prevalence of VRE has been increasing in the United
States in the past 10 years (5, 10). Approximately 70% of all
vancomycin-resistant isolates of E. faecium and E. faecalis in
the United States exhibit the vanA phenotype, which is char-
acterized by resistance to vancomycin and teicoplanin and
which is frequently associated with a multidrug resistance phe-
notype (5, 10). However, these isolates are frequently suscep-
tible to quinupristin-dalfopristin (6, 7). Of the remaining 30%

* Corresponding author. Mailing address: Department of Clinical
Microbiology, Health Sciences Centre, MS673, 820 Sherbrook St.,
Winnipeg, Manitoba R3A 1R9, Canada. Phone: (204) 787-4902. Fax:
(204) 787-4699. E-mail: ggzhanel@pcs.mb.ca.

324



of vancomycin-resistant isolates, most exhibit a vanB pheno-
type, which is characterized by resistance to vancomycin and
susceptibility to teicoplanin (5, 10). Vancomycin-resistant en-
terococci not only colonize the gastrointestinal tract but also
have been associated with various infections including bacte-
remias, surgical site infections, peritonitis, pelvic abscesses,
skin and soft tissue infections, and urinary tract infections
including chronic prostatitis (1, 9, 13, 15, 17). Recently, seven
cases of urinary tract infection caused by VRE were charac-
terized (9). The urinary tract infections in five of the seven
patients resolved in the absence of therapy or by removal of the
Foley catheter or nephrostomy tube. The remaining two pa-
tients received nitrofurantoin, the infection resolved clinically,
and negative urine cultures were documented (9). More re-
cently, Taylor and coworkers (15) reported on a case of chronic
prostatitis caused by VRE in which the organism was resistant
to vancomycin, ampicillin, ciprofloxacin, and doxycycline. This
organism retained susceptibility to rifampin (MIC, #1 mg/ml),
chloramphenicol (MIC, #4 mg/ml), and nitrofurantoin (MIC,
#32 mg/ml). The patient was treated with oral rifampin (600
mg/day for 6 weeks) and nitrofurantoin (200 mg four times
daily for 2 weeks, followed by 100 mg four times daily for 4
weeks). The patient improved clinically, and all subsequent
urine cultures were negative (15). As it is known that nitro-
furantoin penetrates the prostate poorly, its exact role in the
cure of this patient’s infection is unclear (2). As well, clinicians
should be reminded that because nitrofurantoin is retained in
the blood of uremic patients, it should not be used in patients

with moderate to severe renal impairment (creatinine clear-
ance, #50 ml/min) (14).

Our study has demonstrated that nitrofurantoin is active
against E. faecium and E. faecalis. More importantly, nitro-
furantoin retained its activity against vanA- and vanB-positive
isolates. Our in vitro data are consistent with the very limited
clinical studies that suggest that nitrofurantoin may be effective
in the treatment of VRE infections associated with the urinary
tract.
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