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Abstract

The prevalence of antibiotic-resistant bacteria in Taiwan is due to the heavy use of antimicrobial agents in both animal
husbandry and clinical practice over the past decades. Minimum inhibitory concentrations (MICs) of linezolid were established
for 371 clinical isolates of staphylococci, pneumococci, enterococci and group A streptococci from Taiwan. All isolates tested
including those resistant to �-lactams, erythromycin, vancomycin and quinupristin–dalfopristin were uniformly susceptible to
linezolid, with MICs ranging from 0.125 to 2 mg/l. Our data support the observation that there is no cross-resistance between
linezolid and other classes of antimicrobial substances. © 2001 Elsevier Science B.V. and International Society of Chemotherapy.
All rights reserved.
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1. Introduction

Linezolid, an oxazolidinone [1], kills bacteria through
blocking formation of the initiation complex at the
ribosome to inhibit bacterial protein synthesis [2]. Line-
zolid was developed for the treatment of infections
caused by �-lactam- and glycopeptide-resistant Gram-
positive bacteria [3–6]. As quinupristin–dalfopristin is
not a consistently effective agent against these bacteria
[7], linezolid now serves as a last resort treatment [8,9].
In this study, we investigated the in vitro activity of
linezolid against 371 non-duplicate clinical Gram-

positive bacterial isolates from Taiwan, a country with
one of the highest prevalence of antibiotic-resistant
bacteria due to the heavy use of antimicrobial agents in
both animal husbandry and clinical practice in past
decades [10–14].

2. Materials and methods

2.1. Bacterial isolates

The strains tested were derived from various clinical
specimens at the National Taiwan University Hospital
(Taipei, Taiwan) in 1998 and 1999. They included 53
strains of methicillin-resistant Staphylococcus aureus
(MRSA), 67 methicillin-susceptible S. aureus (MSSA),
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60 methicillin-resistant Staphylococcus epidermidis
(MRSE), 60 methicillin-susceptible S. epidermidis
(MSSE), 60 Enterococcus faecalis, 54 Streptococcus
pneumoniae and 17 Streptococcus pyogenes. The isolates
were selected randomly and only one isolate was chosen
from a patient. Bacterial species identification was
based on standard clinical microbiological methods. We
did not include Enterococcus faecium in this study
because E. faecalis is the predominant Enterococcus
species isolated in Taiwan.

2.2. Antimicrobial agents

The following antimicrobial agents were obtained
from their manufacturers for use in this investigation,
linezolid (Pharmacia Upjohn, Kalamazoo, MI, USA),
penicillin G and oxacillin (Bristol-Myers Squibb, Syra-
cuse, NY, USA), erythromycin (Abbott, North
Chicago, IL, USA), vancomycin (Eli Lilly, Indiana-
polis, IN, USA) and quinupristin/dalfopristin (Rhône-
Poulenc Rorer, Vitrysur-Seine, France).

Table 1
In vitro activity of linezolid and other antimicrobial agents against Gram-positive bacteria

Susceptibility (%)bOrganism (number tested) MIC (mg/l)aAntimicrobial agent

Range 50% 90%

S. aureus
0.5–2 1 2Oxacillin-resistant (53) –Linezolid

032328–64Penicillin G
�128128 04 to �128Oxacillin

1 to �128 �128 �128 0Erythromycin
Vancomycin 1–2 1 2 100
Quinupristin–dalfopristin 0.25–1 0.5 1 100

–22Oxacillin-susceptible (67) 0.5–2Linezolid
1.5410.25–8Penicillin G

0.50.25 1000.125–1Oxacillin
Erythromycin 0.125 to �128 0.25 �128 65.7
Vancomycin 0.5–1 1 2 100

0.25–1 1Quinupristin–dalfopristin 1000.5

S. epidermidis
–2Oxacillin-resistant (60) Linezolid 20.5–2
01640.5–32Penicillin G

4 to �128 16 �128 0Oxacillin
0.5 to �128 �128 �128 8.3Erythromycin

0.5–2Vancomycin 2 2 100
0.25–2Quinupristin–dalfopristin 0.25 1 100

–21Oxacillin-susceptible (60) 0.25–2Linezolid
Penicillin G 0.125–8 0.5 2 10
Oxacillin 0.06–2 0.5 1 100
Erythromycin �0.03 to �128 0.25 �128 50

10021Vancomycin 0.5–2
100Quinupristin–dalfopristin 0.125–1 0.25 0.5

LinezolidS. pneumoniae (54) –0.125–0.5 0.250.125
2 35.20.25Penicillin G �0.03–4

�0.03 to �128 32Erythromycin �128 14.8
0.125–1 0.25Vancomycin 0.5 100

88.9210.25–4Quinupristin–dalfopristin
0.125–2S. pyogenes (17) 1Linezolid 2 –

Penicillin G �0.03–0.25 �0.03 �0.03 100
76.5�1280.06�0.03 to �128Erythromycin

Vancomycin 0.125–0.25 0.25 0.25 100
Quinupristin–dalfopristin �0.03–0.5 0.125 0.25 100
Linezolid 0.25–2E. faecalis (60) 2 2 –
Penicillin G 0.5–16 2 2 96.7
Erythromycin �1280.25 to �128 21.7�128
Vancomycin 0.5 to �128 1 4 91.7

21–32Quinupristin–dalfopristin 3.38

a Fifty and 90%, MICs at which 50 and 90% of the isolates are inhibited.
b Breakpoints for reading as susceptible were, penicillin G, �0.12, �0.06 mg/l for pneumococci, �8 mg/l for enterococci; oxacillin, �2 mg/l;

erythromycin, �0.5, �0.25 mg/l for streptococci and pneumococci; vancomycin, �4 mg/l; �1 mg/l for streptococci and pneumococci,
quinupristin/dalfopristin, �1 mg/l.
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2.3. Susceptibility test

The minimum inhibitory concentrations (MICs) for
all bacteria tested except S. pneumoniae were deter-
mined by using the agar dilution method, as described
by the National Committee for Clinical Laboratory
Standards [15]. A Steers’ replicator was used to apply
104 CFUs on to Mueller–Hinton agar containing serial
2-fold dilutions of each antimicrobial agent (from 128
to 0.03 mg/l). For testing the susceptibility of staphylo-
cocci to oxacillin, 2% NaCl was added to the medium.
The agar plates were incubated at 35 °C for 18 h before
reading. For S. pyogenes, 5% sheep blood was added
and the plates were incubated at 35 °C for 24 h. The
broth microdilution method was used for S. pneumo-
niae, as described by the NCCLS [15]. S. aureus Amer-
ican Type Culture Collection (ATCC) 29213, E. faecalis
ATCC 29212 or S. pneumoniae ATCC 49619 were used
as internal controls. The breakpoints used for determin-
ing susceptibility were those defined by the NCCLS
[15].

3. Results

The MICs of tested Gram-positive bacteria to line-
zolid and other antibiotics are summarized in Table 1.
All strains tested in this study were susceptible to
linezolid, including strains resistant to �-lactams, ery-
thromycin, vancomycin or quinupristin–dalfopristin.

All 240 strains of staphylococci were susceptible to
vancomycin. The MICs of linezolid was 0.5–2 mg/l for
MRSA, 0.5–2 mg/l for MSSA, 0.5–2 mg/l for MRSE,
and 0.25–2 mg/l for MSSE. Of the 54 tested S. pneu-
moniae strains, 35 (64.8%) were not susceptible to peni-
cillin, including 16 (29.6%) penicillin-resistant strains
(MICs 2 mg/l). The MICs of linezolid were 0.125–0.5
mg/l for S. pneumoniae. Five (8%) of the 60 E. faecalis
strains tested were resistant to vancomycin, two (3%)
were resistant to penicillin G, but 54 (90%) were resis-
tant to quinupristin–dalfopristin. The MICs of line-
zolid for E. faecalis were 0.25–2 mg/l. All 17 S.
pyogenes strains tested were susceptible to penicillin G,
but four (23.5%) were resistant to erythromycin. For S.
pyogenes, the MICs of linezolid were 0.125–2 mg/l.

4. Discussion

There are still no standard MICs interpretive criteria
for linezolid. Jones and Biedenbach suggested that 4
mg/l should be the breakpoint of susceptibility [16].
Using this provisional breakpoint (susceptible, �4 mg/
l), all clinical Gram-positive pathogenic bacteria tested
were uniformly susceptible to linezolid, including
strains resistant to �-lactams, erythromycin, van-
comycin or quinupristin–dalfopristin.

Taiwan has a very high prevalence of antibiotic-resis-
tant bacteria [10–14]. In a 1998–1999 multicentre
surveillance study, 76 and 94% S. pneumoniae isolates
were found to be resistant to penicillin and macrolides,
respectively [14]. Of the staphylococcal isolates, 62% S.
aureus and 63.2% coagulase-negative staphylococci
were resistant to oxacillin [12]. Although less than 10%
of the enterococci isolates were vancomycin-resistant,
around 77% were resistant to gentamicin [12].

We found no cross-resistance between linezolid and
other classes of antimicrobial substances, despite the
heavy use of a wide variety of antimicrobial substance
in Taiwan.
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