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Antimicrobial Susceptibility of
Vancomycin-Resistant Enterococcus faecium:
Potential Utility of Fosfomycin
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The increasing prevalence of vancomycin-resistant enterococcal (VRE) infections has necessitated a search for drugs that are
effective in treating these infections, and a need to determine whether currently available antimicrobials are effective. 75
consecutive clinical isolates of vancomycin-resistant Enterococcus faecium (VRE faecium) (40 blood and 35 urine isolates)
isolated over 1 y at the Cleveland Clinic Foundation were tested for susceptibility to linezolid, quinupristin–dalfopristin,
fosfomycin and nitrofurantoin using the Etest®. The minimum inhibitory concentrations were read independently by 3
observers and compared, and a final reading was obtained by predetermined criteria. The proportion of isolates susceptible to
linezolid, quinupristin–dalfopristin, fosfomycin and nitrofurantoin was 100%, 98.7%, 98.7% and 78.7%, respectively. No
single isolate was resistant to more than 1 of the 4 drugs tested. Etest presented significant unexpected difficulties in testing
for VRE faecium susceptibility to nitrofurantoin. Fosfomycin may be a useful alternative to linezolid and quinupristin–dalfo-
pristin in the treatment of VRE infections in certain clinical situations, e.g. uncomplicated urinary tract infections. In addition,
the use of fosfomycin could limit the use of newer agents, thus reducing the chance of development of further resistance in
the enterococci.
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INTRODUCTION

Therapeutic options for the treatment of vancomycin-resis-
tant enterococcal (VRE) infections are limited. Enterococci
can cause various types of infections, including urinary
tract infections (UTI), intra-abdominal infections, line-re-
lated infections, cellulitis, bacteremia and endocarditis (1).
Ampicillin and vancomycin, with or without aminogly-
cosides, are the drugs of choice for the treatment of infec-
tions caused by enterococci (1). Quinupristin–dalfopristin
and linezolid represent newer agents that possess good
activity against VRE; however, their cost can be a limiting
factor. In the case of the former, the lack of an oral
preparation is also a practical disadvantage. Furthermore,
the use of alternative agents for VRE and other enterococci
may help to minimize the prescribing of these newer agents
and, thus, development of resistance against these. Most
enterococcal isolates remain susceptible to nitrofurantoin
(2), but there are limited susceptibility data on vancomycin-
resistant strains. Fosfomycin also has good in vitro activity
against enterococci (2), and there has been a report of a
patient with VRE prostatitis successfully treated with fos-
fomycin (3). Nevertheless, susceptibility data on van-
comycin-resistant strains are limited, and comparative
studies with other antimicrobial agents have not been re-
ported. This study compared the in vitro activity of fos-
fomycin and nitrofurantoin with that of linezolid and
quinupristin–dalfopristin against vancomycin-resistant En-
terococcus faecium (VRE faecium).

MATERIALS AND METHODS

75 consecutive clinical isolates of VRE faecium (40 blood and 35
urine isolates) from 75 patients were obtained. These had been
isolated over a period of 1 y between 18 January 1999 and 17
January 2000 at the Cleveland Clinic Foundation. All of the
vancomycin-resistant enterococcal isolates were E. faecium. They
were speciated using the Vitek® GPI card (bioMerieux, Hazel-
wood, MO, USA) and vancomycin minimum inhibitory concentra-
tions (MIC) were determined using the Vitek GPS-101 card
(bioMerieux, Hazelwood, MO). Pulsed-field gel electrophoresis of
the blood isolates of VRE faecium had previously shown no
evidence of clonality (data not shown). Genetic analyses to deter-
mine the type of vancomycin resistance were not done.

The isolates were tested for susceptibility to linezolid, quin-
upristin–dalfopristin, fosfomycin and nitrofurantoin, using the
Etest® (Biodisk, Solna, Sweden). The microorganisms were cul-
tured on blood–agar plates and incubated for 18 h. A 0.5 McFar-
land suspension of the microorganism in 0.85% saline was
inoculated into Mueller–Hinton agar. Etest strips were placed on
the culture plates and the MIC read after 20 h, as instructed by the
manufacturer. The Etest strips for fosfomycin contained glucose-6-
phosphate and did not require supplementation of the compound
in the culture medium. Staphylococcus aureus strain ATCC 29213
and Enterococcus faecalis ATCC strain 29212 were used as the
quality-control organisms.

Since there is a potential for subjective differences in the reading
of the MIC values, the MIC values were read independently by 3
observers. The independent readings were compared and a final
reading was determined in the following manner: if 2 or 3 observ-
ers had identical MIC readings, that reading was taken as the final
MIC. If all 3 readings differed, the median MIC reading was taken
as the final MIC. The readings were tabulated and the MIC50 and
MIC90 values determined. The breakpoint criteria to determine
susceptibility were based on the National Committee for Clinical
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Laboratory Standards (NCCLS) guidelines (4) whenever possible.
The NCCLS does not provide breakpoint criteria for determining
susceptibility of E. faecium to fosfomycin; instead, the breakpoint
criteria for E. faecalis were used, which the NCCLS does provide.
The NCCLS also did not provide breakpoint criteria for determin-
ing susceptibility of enterococci to linezolid at the time of the
study; the breakpoint criteria recommended by the manufacturer
of linezolid were used, and subsequent NCCLS guidelines recom-
mended these same breakpoints for interpretations (5).

RESULTS

Table I shows the susceptibility of 75 VRE faecium isolates
to fosfomycin, nitrofurantoin, linezolid and quinupristin–
dalfopristin. All isolates were susceptible to linezolid. Fos-
fomycin and quinupristin–dalfopristin had good in vitro
activity against VRE faecium, approaching 100%. Of the 75
isolates, 1 isolate each was resistant to quinupristin–dalfo-
pristin, fosfomycin and nitrofurantoin. An additional 20%
had intermediate susceptibilities to nitrofurantoin. Table II
gives an estimate of the interobserver variability noted in
reading the MIC values. With quinupristin–dalfopristin
and fosfomycin, there was good correlation between the
readings obtained by different observers, with at least 2 of
the 3 observer readings giving an identical MIC approxi-
mately 99% of the time. There was less interobserver con-
cordance with linezolid, but all isolates were found to be
susceptible by all observers. Remarkable difficulty was
encountered in reading the nitrofurantoin test strips, with
any 2 observers agreeing on the MIC only 71% of the time.
When individual observer MIC readings for nitrofurantoin
were compared, a wide range of MIC values was noted,
and 1 specific observer had a higher reading than the others
60% of the time. Although the latter did not contribute to

the interobserver variability, the wide range of MIC read-
ings made it abundantly clear that reading the nitrofuran-
toin test strips was a significant problem.

DISCUSSION

Fosfomycin was as effective as quinupristin–dalfopristin
and linezolid, and more effective than nitrofurantoin in the
inhibition of VRE faecium in vitro. The present fosfomycin
susceptibility results are consistent with the findings of
other studies. Perri et al. found that only 1 of 52 VRE
faecium isolates were resistant to fosfomycin (6). Aller-
berger and Klare (7) found an MIC90 of 64 �g/ml for
fosfomycin against different species of VRE (including E.
faecium), and this was interpreted as being in the intermedi-
ately susceptible range based on breakpoint criteria by
Andrews et al. (8). There are no NCCLS breakpoint crite-
ria for determining the susceptibility of E. faecium to
fosfomycin, but for E. faecalis, MIC values that are �64
�g/ml are interpreted as indicating susceptibility (4). In the
present study, the MIC90 for fosfomycin against VRE
faecium was 48 �g/ml, and 98.7% of the isolates had a
MIC�64 �g/ml and would have been classified as suscepti-
ble using the NCCLS breakpoints for E. faecalis.

Linezolid and quinupristin–dalfopristin have been shown
to have clinical efficacy in the treatment of VRE infections
(9, 10). Although the current investigation did not find
much resistance to quinupristin–dalfopristin, the SENTRY
Antimicrobial Surveillance program found that only 83% of
the VRE isolates in the USA were susceptible (11). Resis-
tance to linezolid was not observed in this study, but such
resistance has been described recently (12). These findings
demonstrate the potential for increased resistance to these

Table I. Susceptibility of the 75 isolates of �ancomycin-resistant Enterococcus faecium to 4 drugs

Intermediate ResistantSusceptible
MIC50 (�g/ml) MIC90 (�g/ml)n (%)Drugs tested n (%) n (%)

0 (0.0)75 (100)Linezolida 1.51.00 (0.0)
0 (0.0) 0.50 0.751 (1.3)74 (98.7)Quinupristin–dalfopristinb

Fosfomycinc 74 (98.7) 0 (0.0) 1 (1.3) 32 48
Nitrofurantoinb 59 (78.7) 15 (2.0) 1 (1.3) 24 48

a Breakpoints used: �2.0 �g/ml, susceptible; 4.0 �g/ml, intermediately susceptible; �8.0 �g/ml, resistant.
b NCCLS breakpoint criteria used (4).
c Breakpoints used: �64.0 �g/ml, susceptible; 128.0 �g/ml, intermediately susceptible; �256.0 �g/ml, resistant.
MIC50: the MIC at which 50% of the strains were susceptible; MIC90: the MIC at which 90% of the strains were susceptible.

Table II. Concordance of the minimum inhibitory concentration readings between the 3 obser�ers for 75 isolates of �ancomycin-resistant
Enterococcus faecium

All discordantDrugs tested �1 identical reading3 identical readings 2 identical readings

11 (14.7)47 (62.7)17 (22.7) 64 (85.3)Linezolid
Quinupristin–dalfopristin 31 (41.3) 1 (1.3) 74 (98.7)43 (57.3)

30 (40.0)44 (58.7)Fosfomycin 74 (98.7)1 (1.3)
53 (70.7)21 (28.0)44 (58.7)Nitrofurantoin 9 (12.0)

Data are n (%).
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crucial drugs, and warrant their judicious use. Avoiding
their use in situations where an alternative drug could be
used would be a prudent approach to delay the develop-
ment of resistance to their action.

A great deal of difficulty was encountered in reading the
Etest strips for nitrofurantoin, owing to the lack of a
clearly demarcated zone of inhibition. It is not clear why
this phenomenon was observed. It is also not a known
problem with the drug nitrofurantoin when tested against
other organisms. Further experience will clarify whether
this observation was a chance finding or is actually true.
The difficulty encountered in reading the strips for nitro-
furantoin raises questions about the validity of the Etest
method as a measure of VRE susceptibility to that drug.
With an acknowledgement of these limitations, it was
found that 79% of the VRE faecium isolates were suscepti-
ble to nitrofurantoin, which is comparable to the 81%
susceptibility of all enterococcal isolates in the USA in the
SENTRY antimicrobial survey program (11). Susceptibility
testing of these same isolates by the Vitek GPS-101 card
revealed that only 64% were susceptible to nitrofurantoin
(MIC�32 �g/ml; data not shown). It was concluded that
nitrofurantoin was significantly less effective in vitro
against VRE faecium than the other 3 drugs, and the Etest
was not reliable for testing VRE faecium susceptibility to
nitrofurantoin.

In summary, linezolid, quinupristin–dalfopristin and fos-
fomycin all had good in vitro activity against 75 isolates of
VRE faecium. Fosfomycin is far less expensive than quin-
upristin–dalfopristin and linezolid (13), and can be admin-
istered orally. It has been used successfully to treat a
patient with vancomycin-resistant enterococcal prostatitis
(3). It is to be noted, however, that most of the data on the
use of fosfomycin involves the treatment of uncomplicated
UTI with single-dose therapy (14). Nevertheless, it may be
a useful alternative to linezolid and quinupristin–dalfo-
pristin for the treatment of VRE faecium UTI in some
situations, thereby limiting the use of the other 2 drugs and
the risk of emergence of resistance in the enterococci.
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