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Introduction

Over the past decade we have observed the emergence
and escalation of antimicrobial resistance in the clinically
important Gram-positive cocci, including enterococci and
staphylococci.1,2 For many years, enterococci have been
recognized as being resistant to many commonly used
antimicrobial agents. However, the increasing incidence
of vancomycin-resistant enterococci is causing great 
concern among clinicians and microbiologists. In the
USA, the National Nosocomial Infections Surveillance
System reported a 20-fold increase in the percentage of
nosocomial enterococci that were resistant to vancomycin
between 1 January 1989 and 31 March 1993.3 Recent

reports describing large outbreaks of vancomycin-
resistant enterococci continue to appear.4–6

Similarly, staphylococci remain one of the major noso-
comial pathogens. In the USA, the overall incidence of
methicillin resistance in Staphylococcus aureus is approxi-
mately 18%, and it is much higher, 70–80%, among the
coagulase-negative staphylococci.2 A survey of S. aureus
isolates from ten western European countries indicated
that 12.8% were methicillin-resistant.7

Quinupristin/dalfopristin is a semisynthetic antibiotic
consisting of two water-soluble, naturally occurring com-
ponents: quinupristin is a derivative of pristinamycin IA

and dalfopristin is a derivative of pristinamycin IIA. Quin-
upristin/dalfopristin binds irreversibly to bacterial ribo-
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somes, thereby inhibiting protein synthesis.8 This 30:70
preparation demonstrates synergic activity in vitro against
a wide range of Gram-positive organisms including methi-
cillin-susceptible and methicillin-resistant S. aureus and
enterococci.9–13 Collins et al.11 and Freeman et al.14 have
also reported bacteriostatic activity against glycopeptide-
resistant enterococci.

In this study, we evaluated the in-vitro activity of
quinupristin/dalfopristin alone and in various combina-
tions to identify the most potent regimen against mul-
tidrug-resistant strains of enterococci and staphylococci.

Materials and methods

Bacterial strains

Clinical isolates of Enterococcus faecium (strain 7242) and
Enterococcus faecalis (strain 6375) were obtained from
the blood of patients at William Beaumont Hospital, a
tertiary teaching hospital in Royal Oak, MI, USA. Both
strains had the VanA phenotype, i.e. high-level resistance
to vancomycin (MIC 64 mg/L) and teicoplanin (MIC 
16 mg/L). A reference strain of a methicillin-susceptible
S. aureus (ATCC 25923) and a clinical isolate of a methi-
cillin-resistant S. aureus (MRSA 67) were also tested.

Antimicrobial agents

Quinupristin/dalfopristin susceptibility-grade powder
(batch 1030) and ofloxacin susceptibility-grade powder
(lot KN-777) were supplied by Rhône-Poulenc Rorer,
Collegeville, PA, USA and R. W. Johnson Pharmaceuti-
cal Research Institute, Raritan, NJ, USA, respectively. 
Susceptibility-grade powders of vancomycin (lot
112H075025) and gentamicin (lot 121171) were purchased
from Sigma Chemical Company, St Louis, MO, USA.
Each agent was dissolved in sterile distilled water, and
aliquots of 1 mL were stored at 80°C until use.

MIC/MBC and FIC index determinations

MICs and MBCs of quinupristin/dalfopristin, vancomycin,
ofloxacin and gentamicin were determined by the
microdilution method with an inoculum of 5 105 cfu/mL
following National Committee for Clinical Laboratory
Standards guidelines.15 After preliminary tests, some
stock solution concentrations were adjusted to accommo-
date the more susceptible and more resistant strains.
Studies of synergic activities of combinations of quinu-
pristin/dalfopristin and/or vancomycin with gentamicin or
ofloxacin at an inoculum of 5 105 cfu/mL were per-
formed by the chequerboard dilution technique16 to
obtain a fractional inhibitory concentration (FIC) index.
The concentrations of antibiotics used in the FIC index
determinations were based on the MIC results. Using the
MIC as the midpoint concentration in the chequerboard

dilution set up, a minimum of three dilutions below and
above the MIC were tested to determine the concentra-
tions needed to observe synergy and antagonism. Synergy
was defined as an FIC index of 0.5, antagonism as an
FIC index of 4.0, and indifference as an FIC index
between these values.

Time–kill curves

The bactericidal activities of antimicrobial agents over
time were characterized by time–kill experiments. Each
agent was tested alone and in various combinations.
Overnight cultures diluted to give an inoculum of 107

cfu/mL, were chosen to represent a bacterial load of a 
serious infection. A higher inoculum of between 108 and
109 was chosen for staphylococci, allowing brief bacterial
growth before reaching stationary phase, similar to that
obtained with a lower inoculum enterococci. Clinically
achievable serum concentrations of quinupristin/
dalfopristin, vancomycin, ofloxacin and gentamicin (6, 30,
5 and 5 mg/L, respectively)17 in Mueller–Hinton broth
(SMHB; Difco Laboratories) supplemented with calcium
and magnesium (25 and 12.5 mg/L, respectively) were
used. All experiments were performed, in duplicate, over
24 h. Samples (100 L) were removed at 0, 2, 4, 6 and 24
h, and after each dilution with cold 0.9% sodium chloride,
20 L was plated on tryptic soy agar (TSA; Difco) in 
triplicate. The plates were then incubated at 37°C for 
24 h, and the colonies were counted thereafter. Antibiotic
carryover experiments were conducted to identify the
drug concentrations that might affect the colony counts.
Samples (100 L) were placed in 10 mL 0.9% sodium
chloride, and filtered through 0.45 m pore-size Millipore
filters. Filters were then placed on TSA plates, and 
the plates were incubated for 24 h. The reliable limit of
detection in our laboratory was 100 cfu/mL.18,19

Time–kill curves over 24 h were plotted graphically as
l o g1 0 cfu/mL against time to observe the changes in log1 0

cfu/mL over 24 h. The time required to achieve a 99.9%
reduction in bacterial population for each antimicrobial
agent alone and in various combinations was determined
by linear regression. Synergy was defined as a reduction 
in cfu by the combination at the end of 24 h of at least 
2 logs greater than that produced by the more active single
d r u g .

Results

Susceptibility testing in vitro

MIC and MBC results are summarized in Table I. The
enterococcal strains were highly resistant to several
antibiotics, including vancomycin. Overall, E. faecalis
6375 appeared to be more resistant than E. faecium 7242.
The staphylococcal strains were highly susceptible to all
of the antimicrobial agents tested.
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Synergy studies

The FIC indices of the combinations of quinupristin/dal-
fopristin plus vancomycin, ofloxacin or gentamicin, and
vancomycin plus ofloxacin or gentamicin for E. faecium
7242 and E. faecalis 6375 are shown in Table II. Although
the combinations of quinupristin/dalfopristin with either
vancomycin or gentamicin were synergic against E. 
faecium 7242, all the combinations demonstrated in-
difference against E. faecalis 6375. FIC indices for the
combinations against S. aureus ATCC 25923 and MRSA
67 again indicated indifference.

Time–kill curves

Time–kill curves of monotherapy and combination regi-
mens against enterococci are depicted in Figure 1. The
starting inoculum was approximately 107 cfu/mL for the
experiment using enterococci. There was regrowth of E.
faecium 7242 with all of the monotherapy regimens
except quinupristin/dalfopristin (Figure 1a). This was
expected since the MBCs of vancomycin, ofloxacin and
gentamicin were much higher than the antibiotic concen-
trations applied in the experiments. Regimens of quinu-
pristin/dalfopristin combined with either vancomycin or
gentamicin demonstrated additive effects, achieving a
99.9% killing in 21.2 h and 19.6 h, respectively (Figure
1b). The addition of ofloxacin to quinupristin/dalfopristin
was slightly antagonistic. Against E. faecalis 6375, the
more resistant strain of the two, regrowth occurred with
monotherapy and all of the combination regimens (Figure
1c and d).

Gentamicin was the most effective monotherapy
against S. aureus ATCC 25923, achieving a 99.9% killing
in 7.3 h (Figure 2a). Although the rate of bactericidal
activity of ofloxacin was greater than those of quinu-
pristin/dalfopristin and vancomycin, the final bacterial
counts were comparable at the end of 24 h. Regimens
consisting of quinupristin/dalfopristin plus vancomycin
and vancomycin plus gentamicin were the most effective
combination regimens (Figure 2b). However, the time to
achieve a 99.9% killing was much faster with vancomycin
plus gentamicin than the quinupristin/dalfopristin plus
vancomycin regimen (6.3 h versus 12.1 h). Activities of
quinupristin/dalfopristin and vancomycin against MRSA
67 in vitro were very similar to those against S. aureus
ATCC 25923 (Figure 2c). When these agents were com-
bined, they were the most effective and the only regimen
to achieve a 99.9% killing activity in 11.9 h (Figure 
2d). There was regrowth of MRSA 67 with gentamicin
alone and in combination with vancomycin, unlike the
activities seen against S. aureus ATCC 25923.

Discussion

In recent years, Gram-positive cocci have emerged as
important pathogens in nosocomial infections. Currently,
the therapeutic options for infections caused by resistant
Gram-positive cocci are limited. In enterococci, resistance
to vancomycin is due to the expression of an inducible
vancomycin-resistance gene. The plasmid on which this
gene is carried could possibly be transferred to other
Gram-positive organisms including staphylococci. Noble
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Table I. MIC/MBC of four antimicrobial agents against Gram-positive cocci

MIC/MBC (mg/L)
quinupristin/ vancomycin ofloxacin gentamicin

Strain dalfopristin

E. faecium 7242 0.19/0.78 312.50/ 1250 3.9/15.6 9.77/9.77
E. faecalis 6375 12.5/ 50 78.10/ 1250 31.2/ 31.2 1250/ 1250
Methicillin-susceptible 0.19/0.78 3.13/6.25 0.24/0.49 0.06/0.24

S. aureus ATCC 25923
Methicillin-resistant S. aureus 67 0.19/0.39 0.78/0.78 0.24/0.98 0.12/0.24

Table II. FIC indices of various combinations against Gram-positive cocci

E. faecium E. faecalis S. aureus S. aureus
Combinations 7242 6375 ATCC 25923 MRSA 67

Quinupristin/dalfopristin vancomycin 0.5 1.5 1.9 2.5
Quinupristin/dalfopristin ofloxacin 1.6 1.6 2.0 2.0
Quinopristin/dalfopristin gentamicin 0.5 1.5 2.0 2.0
Vancomycin ofloxacin 1.0 1.5 1.3 1.6
Vancomycin gentamicin 2.5 1.5 2.0 1.3
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et al.20–22 have reported the experimental transfer of the
resistant gene from enterococci to S. aureus, resulting in a
vancomycin-resistant S. aureus. Although clinical strains
of vancomycin-resistant S. aureus have not yet been
reported, this could occur in the future. To date, 37 iso-
lates of staphylococci with elevated MICs of vancomycin
have been reported.23 This is of concern since no effective
alternative agents are commercially available at present.

Quinupristin/dalfopristin is active against both
glycopeptide-susceptible and glycopeptide-resistant ente-
rococci as well as MRSA.11,13,14,24 Unfortunately, the
agent achieves only limited bactericidal activity against
enterococci.25 This may limit its usefulness in the treat-
ment of serious infections such as enterococcal endocardi-

tis. However, the results of a compassionate-use pro-
gramme indicate that quinupristin/dalfopristin may be
effective against these organisms in the clinical setting.26,27

We analysed the activity of various antimicrobial agents
combined with quinupristin/dalfopristin to identify the
most effective regimen. The isolates had MICs of quinu-
pristin/dalfopristin of 1 mg/L, except for E. faecalis
6375. As observed in previous studies, quinupristin/dalfo-
pristin possessed greater activity against E. faecium than
against E. faecalis.9,11,24 At a concentration of 6 mg/L, a
concentration readily achievable in humans following a
7.5 mg/kg dose,17 quinupristin/dalfopristin killed almost
99.9% of E. faecium by the end of 24 h. However, there
was regrowth of E. faecalis at sub-MIC concentration of
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Figure 1. Killing curves of quinupristin/dalfopristin (QD) alone and in combination against E. faecium 7242 (a, b) and E. faecalis
6375 (c, d). , control; , QD; , vancomycin; , ofloxacin; , gentamicin; , QD plus vancomycin; , QD plus ofloxacin; , QD
plus gentamicin; , vancomycin plus ofloxacin; , vancomycin plus gentamicin.
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the drug after the initial killing of the susceptible sub-
population.

Notably, three out of the four isolates tested had raised
MBCs, a minimum of eight-fold higher than the MICs.
Some investigators have reported that raised MBCs may
affect the post-antibiotic effect.28 Boswell et al.29 com-
pared the killing activity of quinupristin/dalfopristin at a
concentration of 2 mg/L against S. aureus with or without
a raised MBC. Initially, the killing activities against
strains with raised MBCs and a normal MBC were very
similar (1.4 log10 cfu/mL and 1.6 log10 cfu/ml, respectively
at 4 h). However, the reduction in viability at 24 h was 
significantly higher for S. aureus with the normal MBC.

This may explain the slower rate of killing observed with
quinupristin/dalfopristin than with gentamicin against S.
aureus ATCC 25923 in our experiment.

Overall, the regimen consisting of quinupristin/
dalfopristin plus vancomycin was the most potent and
reliable combination against both S. aureus ATCC 25923
and MRSA 67. This may be due to the differences in the
sites and the mechanisms of action. However, the rate of
killing by quinupristin/dalfopristin during the initial
period was not influenced significantly by the addition of
either vancomycin or gentamicin. Regrowth of MRSA 67
was observed with the combination of vancomycin and
gentamicin. The pattern of killing kinetics of this combi-
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Figure 2. Killing curves of quinupristin/dalfopristin (QD) alone and in combination against methicillin-susceptible S. aureus,
ATCC 25923 (a, b) and methicillin-resistant S. aureus, MRSA 67 (c, d). , control; , QD; , vancomycin; , ofloxacin; , genta-
micin; , QD plus vancomycin; , QD plus ofloxacin; , QD plus gentamicin; , vancomycin plus ofloxacin; , vancomycin plus
gentamicin.
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nation appears to follow that of gentamicin for both S.
aureus ATCC 25923 and MRSA 67. This observation
needs to be verified with further studies on different 
isolates.

Many investigators have analysed the killing activities
of various combinations against vancomycin-resistant
enterococci including quinupristin/dalfopristin, vanco-
mycin, teicoplanin, aminoglycosides, daptomycin, novobio-
cin, fluoroquinolones, rifampicin and fusidic acid.24, 30–33

When Nicolau et al.33 examined the efficacy of van-
comycin and teicoplanin, alone and in combination with
streptomycin, using an in-vivo model of experimental
endocarditis caused by VanB-type E. faecalis, both com-
binations significantly reduced the bacterial density. How-
ever, a teicoplanin and aminoglycoside combination was
not so successful in experimental endocarditis caused by a
highly glycopeptide-resistant E. faecium.30 A high-dose
regimen of teicoplanin (40 mg/kg every 12 h) and genta-
micin (6 mg/kg every 12 h) marginally reduced the bac-
terial load in the vegetation. A high-dose daptomycin
regimen (12 mg/kg every 8 h) combined with gentamicin
was the most effective regimen in reducing the vegetative
bacterial concentration as well as sterilizing the vegeta-
tion. However, the investigators did not recommend
either regimen for the treatment of endocarditis because
of concerns regarding their tolerance in humans. Novo-
biocin, alone or in combination with a fluoroquinolone,
appears to be very potent against vancomycin-resistant E.
faecium.31 However, the toxicity of novobiocin has
reduced its clinical use.

Since quinupristin/dalfopristin demonstrates inhibitory
activity against vancomycin-resistant enterococci, some
investigators have evaluated its activity in combination
with other agents. Pasculle et al.32 reported antagonism
with the combination of quinupristin/dalfopristin and
ciprofloxacin against VanA-type E. faecium. We replaced
ciprofloxacin with ofloxacin in our study and the combina-
tion resulted in indifference. In time–kill studies, Johnson
et al.24 observed no synergic activity against several strains
of vancomycin-resistant E. faecium between quinu-
pristin/dalfopristin (at the MIC, i.e. 0.78 mg/L) and gen-
tamicin (3 mg/L). Whereas they reported indifference for
these combinations, we have observed an additive effect.
However, we used higher concentrations of both quinu-
pristin/dalfopristin (6 mg/L) and gentamicin (5 mg/L).

Quinupristin/dalfopristin generally possesses bacterio-
static, but usually not bactericidal activity against entero-
coccal strains (especially against E. faecalis). Therefore, it
is optimal to combine this agent with another to achieve
bactericidal activity. In our study, combinations of quinu-
pristin/dalfopristin with vancomycin or gentamicin
appeared to be bactericidal against vancomycin-resistant
E. faecium . However, further studies of various two- and
perhaps three-drug combinations are needed to find the
most effective combination against both vancomycin-
resistant E. faecium and E. faecalis.

References

1. Schaberg, D. R., Culver, D. H. & Gaynes, R. P. (1991). Major
trends in the microbial etiology of nosocomial infection. American
Journal of Medicine 91, Suppl. 3B, 72–5S.

2. Thornsberry, C. (1996). Emerging resistance in clinically impor-
tant Gram-positive cocci. Western Journal of Medicine 164, 28–32.

3. Centers for Disease Control. (1993). Nosocomial enterococci
resistant to vancomycin—United States, 1983–1993. Mortality and
Morbidity Weekly Report 42, 597–9.

4. Centers for Disease Control. (1995). Statewide surveillance for
antibiotic-resistant bacteria—New Jersey, 1992–1994. Mortality
and Morbidity Weekly Report 44, 504–6.

5. Edmond, M. B., Ober, J. F., Weinbaum, D. L., Pfaller, M. A.,
Hwang, T., Sanford, M. D. et al. (1995). Vancomycin-resistant
Enterococcus faecium bacteremia: risk factors for infection. Clin -
ical Infectious Diseases 20, 1126–33.

6. Morris, J. G., Shay, D. K., Hebden, J. N., McCarter, R. J., Per-
due, B. E., Jarvis, W. et al. (1995). Enterococci resistant to multiple
antimicrobial agents, including vancomycin. Annals of Internal
Medicine 123, 250–9.

7. Voss, A. & Doebbeling, B. N. (1995). The worldwide prevalence
of methicillin-resistant Staphylococcus aureus. International Jour -
nal of Antimicrobial Agents, 5, 101–6.

8. Aumercier, M. S., Bouhallab, S., Capmau, M. & LeGoffic, F.
(1992). RP 59500: a proposed mechanism for its bactericidal activ-
ity. Journal of Antimicrobial Chemotherapy 30, Suppl. A, 9–14.

9. Fass, R. J. (1991). In vitro activity of RP 59500, a semisynthetic
injectable pristinamycin, against staphylococci, streptococci, and
enterococci. Antimicrobial Agents and Chemotherapy 3 5, 553–9.

10. Archer, G. D., Auger, P., Doern, G. V., Ferraro, M. J., Fuchs, P.
C., Jorgensen, J. H. et al. (1993). RP 59500, a new streptogramin
highly active against recent isolates of North American staphylo-
cocci. Diagnostic Microbiology and Infectious Diseases 1 6, 223–6.

11. Collins, L. A., Malanoski, G. J., Eliopoulos, G. M., Wenner-
sten, C. B., Ferraro, M. J. & Moellering, R. C. (1993). In vitro activ-
ity of RP 59500, an injectable streptogramin antibiotic, against
vancomycin-resistant Gram-positive organisms. Antimicrobial
Agents and Chemotherapy 37, 598–601.

12. Bouanchaud, D. H. (1992). Synergic activity and fractional
inhibitory concentration (FIC) index of components or RP 59500, 
a new semisynthetic streptogramin. Journal of Antimicrobial
Chemotherapy 30, Suppl. A, 95–9.

13. Kang, S. L. & Rybak, M. J. (1995). Pharmacodynamics of RP
59500 alone and in combination with vancomycin against Staph -
ylococcus aureus in an in vitro-infected fibrin clot mode. Antimicro -
bial Agents and Chemotherapy 39, 1505–11.

14. Freeman, C., Robinson, A., Cooper, B., Mazens-Sullivan, M.,
Quintiliani, R. & Nightingale, C. (1995). In vitro antimicrobial sus-
ceptibility of glycopeptide-resistant enterococci. Diagnostic Micro -
biology and Infectious Diseases 21, 47–50.

15. National Committee for Clinical Laboratory Standards. (1990).
Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria
that Grow Aerobically—Second Edition: Approved Standard M7-
A2. NCCLS, Villanova, PA.

16. Krogstad, D. J. & Moellering, R. C. (1986). Antimicrobial com-
binations. In Antibiotics in Laboratory Medicine (Lorian, V., Ed.),
pp. 537–95. Williams & Wilkins, Baltimore, MD.

38



Quinupristin/dalfopristin against Gram-positive cocci

17. Etienne, S. D., Montay, G., Le Liboux, A., Frydman, A. &
Garaud, J. J. (1992). A phase I, double-blind placebo-controlled
study of the tolerance and pharmacokinetic behaviour of RP 59500.
Journal of Antimicrobial Chemotherapy 30, Suppl. A, 123–31.

18. McGrath, B. J., Kang, S. L., Kaatz, G. W. & Rybak, M. J.
(1994). Teicoplanin, vancomycin, and gentamicin bactericidal
activity alone and in combination against Staphylococcus aureus in
an in vitro pharmacodynamic model of infective endocarditis.
Antimicrobial Agents and Chemotherapy 38, 2034–40.

19. Palmer, S. M. & Rybak, M. J. (1996). Pharmacodynamics of
once- or twice-daily levofloxacin versus vancomycin, with or with-
out rifampicin, against Staphylococcus aureus in an in vitro model
with infected platelet-fibrin clots. Antimicrobial Agents and
Chemotherapy 40, 701–5.

20. Engel, H. W., Soedirman, N., Rost, J. A., van Leeuwen, W. J.
& van Embden, J. D. (1980). Transferability of macrolide, linco-
mycin, and streptogramin resistance between group A, B and D
streptococci, Streptococcus pneumoniae, and Staphylococcus
aureus. Journal of Bacteriology, 142, 407–13.

21. Leclercq, R., Derlot, E., Weber, M., Duval, J. &. Courvalin, P.
(1989). Transferable vancomycin and teicoplanin resistance in
Enterococcus faecium. Antimicrobial Agents and Chemotherapy
33, 10–15.

22. Noble, W. C., Virani, Z. & Cree, R. G. (1992). Co-transfer of
vancomycin and other resistance genes from Enterococcus 
faecalis NCTC 12202 to Staphylococcus aureus. FEMS Micro -
biology Letters 93, 195–8.

23. Archer, G. L. & Climo, M. W. (1996). Treatment of 
vancomycin-resistant staphylococcal infections. Annals of 
Pharmacotherapy 30, 288–90.

24. Johnson, C. C., Slavoski, L., Schwartz, M., May, P., Pitsakis,
P. G., Shur, A. L. et al. (1995). In vitro activity of RP 59500 (quinu-
pristin/dalfopristin) against antibiotic-resistant strains of Strepto -
coccus pneumoniae and enterococci. Diagnostic Microbiology and
Infectious Disease 21, 169–73.

25. Caron, F., Gold, H. S., Wennersten, C. B., Moellering, R. C. &
Eliopoulos, G. C. (1996). Role of growth phase and of erythromycin
susceptibility on the bactericidal effect of RP 59500 against VREF. In
Program and Abstracts of the Third International Conference on the
Macrolides, Azalides and Streptogramins, Lisbon.

26. Furlong, W. B. (1994). Therapy for enterococci with Van
A/Van B resistance patterns using RP 59500 (quinupristin/dalfo-

pristin). In Program and Abstracts of the Thirty-Fourth Interscience
Conference on Antimicrobial Agents and Chemotherapy Orlando,
1994. Abstract M66, p.261. American Society for Microbiology,
Washington, DC.

27. Linden, P., Pasculle, W., Kramer, D. & Dotterweich, L. (1996).
Effect of quinupristin/dalfopristin on the outcome of vancomycin-
resistant E. faecium bacteraemia: comparison with a control
cohort. In Program and Abstracts of the Third International Confer -
ence on the Macrolides, Azalides and Streptogramins, Lisbon.
Abstract 6.22.

28. Boswell, F. J., Andrews, J. M. & Wise, R. (1994). The post-
antibiotic effect of RP 59500 on Staphylococcus aureus including
strains with a raised MBC. Journal of Antimicrobial Chemotherapy
33, 1219–22.

29. Boswell, F. J., Sunderland, J., Andrews, J. M. & Wise, R.
(1995). Time kill kinetics of RP 59500 (quinupristin/dalfopristin) on
Staphylococcus aureus with and without a raised MBC evaluated
using two methods. In Program and Abstracts of the Thirty-Fifth
Interscience Conference on Antimicrobial Agents and Chemo -
therapy, San Francisco, CA, 1995. Abstract E123, p. 107. Ameri-
can Society for Microbiology, Washington, DC.

30. Caron, F., Kitzis, M., Gutmann, L., Cremieux, A., Maziere, B.,
Vallois, J. et al. (1992). Daptomycin or teicoplanin in combination
with gentamicin for treatment of experimental endocarditis due to a
highly glycopeptide-resistant isolate of Enterococcus faecium.
Antimicrobial Agents and Chemotherapy 36, 2611–6.

31. French, P., Venuti, E. & Fraimow, H. S. (1993). In vitro activity
of novobiocin against multiresistant strains of Enterococcus 
faecium. Antimicrobial Agents and Chemotherapy 37, 2736–9.

32. Pasculle, A. W., Linden, P. K., Wagener, W., McKnight, J. L. &
Papafrangas, E. A. (1993). Susceptibility of vancomycin-resistant
Enterococcus faecium (VREF) to alternative antimicrobial agents
singly and in combination. In Program and Abstracts of the Thirty-
Third Interscience Conference on Antimicrobial Agents and
Chemotherapy, New Orleans, LA, 1993. Abstract 1060, p.313.
American Society for Microbiology, Washington, DC.

33. Nicolau, D. P., Marangos, M. N., Nightingale, C. H., Patel, K.
B., Cooper, B. W., Quintiliani, R. et al. (1996). Efficacy of van-
comycin and teicoplanin alone and in combination with strepto-
mycin in experimental, low-level vancomycin-resistant, vanB-type
Enterococcus faecalis endocarditis. Antimicrobial Agents and
Chemotherapy 40, 55–60.

39


