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Among the 219 vancomycin-resistant Enterococcus faecium isolates collected in 20 Taiwanese hospitals from 2006 to 2010, all
were susceptible to linezolid and daptomycin, and 98.6% were susceptible to tigecycline. There was a shift toward higher tigecy-
cline MIC values (MIC90s) from 2006-2007 (0.06 �g/ml) to 2008 –2010 (0.12 �g/ml). The MIC90s of daptomycin and linezolid
remained stationary. Although pulsotypes among the isolates from the 20 hospitals varied, intrahospital spreading of several
clones was identified in 13 hospitals.

Enterococcus species were first isolated from a patient with en-
docarditis in the early 1900s (16) and have been recognized as

an important cause of nosocomial urinary tract infection and bac-
teremia since the mid-1970s (4, 23). Penicillin, ampicillin, and
aminoglycosides are the first-line drugs of choice for the treatment
ofenterococcalinfection.Glycopeptideshavebeeneffectiveantibio-
tics for the treatment of infections due to beta-lactam-resistant
enterococci since the 1980s (7). However, the rate of isolation of
vancomycin-resistant enterococcus (VRE) strains is on the rise in
North America (17), Europe (2), and Asia (4). In Taiwan, a na-
tionwide surveillance study of antimicrobial resistance in patients
admitted to intensive care units clearly demonstrated a significant
rise in VRE among regional hospitals and medical centers during
the period 2003 to 2009 (5). Specifically, at the National Taiwan
University Hospital, rates of VRE among all enterococcus species
causing health care-associated infection significantly increased,
from 1.7% (0.007 per 100 inpatient-days) in 2000 to 25.1% (0.188
per 100 inpatient-days) in 2009 (14). Clonal dissemination and
the presence of multiple clones of VRE have also been reported in
hospitals in Taiwan (8, 9). Tigecycline, daptomycin, and linezolid

are now the drugs of choice for the treatment of infections due to
VRE. However, the in vitro susceptibilities of VRE species to these
agents have been shown to vary with time and between countries.
Herein, we report the trends in in vitro susceptibility of vancomy-
cin-resistant E. faecium to tigecycline, daptomycin, and linezolid
in Taiwan during the period 2006 to 2010.

Clinical isolates of VRE were collected as part of the Tigecycline
In Vitro Surveillance in Taiwan (TIST) study, a nationwide, mul-
ticenter prospective surveillance study conducted in 20 medical
centers and regional hospitals throughout Taiwan during the pe-
riod January 2006 to December 2010 (5). Duplicate isolates from
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the same patients were excluded (one isolate per patient). Conse-
cutive VRE isolates during a 3-month period per year from each
participating hospital were collected, with a maximal number of
isolates of 10 per hospital per year. These VRE isolates were iden-
tified, and vancomycin resistance was determined by the disk dif-
fusion method at each hospital and reconfirmed by the central
laboratory at the National Taiwan University Hospital (NTUH).
MICs of three antimicrobial agents, namely, tigecycline, dapto-
mycin, and linezolid, were determined using the broth microdi-
lution method according to the guidelines of the Clinical and Lab-
oratory Standards Institute (CLSI) (6). Susceptibility testing for
the three agents was performed at the same central laboratory at
NTUH using same type of media, Mueller-Hinton broth (BBL
Microbiology Systems, Cockeysville, MD), and the same protocol
every year. Susceptibilities to the three agents were classified based
on U.S. Food and Drug Administration (FDA), the European
Committee on Antimicrobial Susceptibility Testing (EUCAST-
2012; www.eucast.org), and CLSI 2012 breakpoints (6).

In order to understand the genetic relatedness of vancomycin-
resistant E. faecium isolates, particularly those with daptomycin
MICs of 4 �g/ml, pulsed-field gel electrophoresis (PFGE) profiles

of SmaI-digested genomic DNAs of these isolates were deter-
mined as previously described (9).

A total of 219 clinical isolates of vancomycin-resistant E. fae-
cium were collected from 20 hospitals during the 5-year study
period (Table 1). Numbers of clinical isolates obtained from 2006
to 2010 were 13 in 2006, 15 in 2007, 41 in 2008, 78 in 2009, and 72

TABLE 1 Pulsotypes of 219 isolates of vancomycin-resistant E. faecium
from 20 hospitals in Taiwan from 2006 to 2010

Hospital
designation

No. of
isolates

No. of
pulsotypes
identified

No. of pulsotypes with
�2 isolates at
hospital/no. of isolates
within each of these
pulsotypes

H01 10 7 3/2, 2, 2
H02 31 16 4/5, 5, 3, 2
H03 12 11 2/2, 2
H04 5 4 1/2
H05 4 3 1/2
H06 30 17 6/4, 3, 3, 2, 2, 2
H07 9 8 1/2
H08 0 0 0
H09 0 0 0
H10 10 8 3/2, 2, 2
H11 10 0
H12 18 14 3/2, 2, 2
H13 11 7 2/3, 2
H14 13 12 0
H15 11 9 1/2
H16 1 1 1/2
H17 10 7 0
H18 13 12 2/3, 2
H19 11 11 0
H20 10 8 0

TABLE 2 Distribution of MICs of tigecycline, daptomycin, and linezolid for 219 vancomycin-resistant E. faecium isolates collected from 20 hospitals
in Taiwan between 2006 and 2010

Agent

No. (cumulative %) of isolates with indicated MIC (�g/ml) MIC (�g/ml)

�0.03 0.06 0.12 0.25 0.5 1 2 4 8 �16 50% 90%

Tigecycline 116 (53) 65 (83) 28 (95) 7 (99) 2 (99) 1 (100) 0 (100) 0 (100) 0 (100) 0 (100) �0.03 0.12
Daptomycin 0 (0) 0 (0) 2 (0.9) 2 (2) 11 (7) 32 (21) 158 (94) 14 (100) 0 (100) 0 (100) 2 2
Linezolid 0 (0) 0 (0) 0 (0) 1 (0.5) 14 (7) 108 (56) 96 (100) 0 (100) 0 (100) 0 (100) 1 2

FIG 1 Distribution of MICs of vancomycin-resistant E. faecium to tigecycline
(A), daptomycin (B), or linezolid (C) from 2006 to 2010.
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in 2010 (5). Susceptibility of vancomycin-resistant E. faecium to
tigecycline was 98.6% according to U.S. FDA and EUCAST-2012
breakpoints (22). The three VRE isolates that were less susceptible
to tigecycline had tigecycline MICs of 0.5, 0.5, and 1 �g/ml. All
isolates were susceptible to daptomycin and linezolid according to
CLSI-2012 and EUCAST-2012 criteria (6). The MICs of daptomy-
cin were 2 �g/ml, and the MICs of linezolid were 1 to 2 �g/ml for
the three tigecycline-nonsusceptible isolates.

The distributions of MIC values of the three agents against the
vancomycin-resistant E. faecium strains are shown in Table 2.
MIC50 and MIC90 values of tigecycline, daptomycin, and linezolid
against the clinical isolates were �0.03 �g/ml and 0.12 �g/ml
(range, �0.03 to 1 �g/ml), 2 �g/ml and 2 �g/ml (range, 0.12 to 4
�g/ml), and 1 �g/ml and 2 �g/ml (range, 0.25 to 2 �g/ml), respec-
tively. There was a shift toward higher tigecycline MIC values from
2006-2007 (MIC90 of 0.06 �g/ml) to 2008-2010 (MIC90 of 0.12
�g/ml) (Fig. 1A). The MIC values of daptomycin and linezolid
against the isolates remained stationary during the study period
(Fig. 1B and C).

A total of 14 vancomycin-resistant E. faecium isolates were sus-
ceptible to daptomycin, with MICs of 4 �g/ml (Table 3). Those

isolates were also susceptible to tigecycline and linezolid. All of the
isolates were susceptible to tigecycline at a concentration of 0.06
�g/ml, and 9 of the 14 clinical isolates were susceptible to linezolid
at a concentration of 2 �g/ml.

Even though the pulsotypes of the isolates varied among the 20
hospitals, 13 hospitals in Taiwan showed evidence of intrahospital
spreading of VRE isolates with the same pulsotypes (Table 3).
Thirteen pulsotypes were found among the 14 isolates of vanco-
mycin-resistant E. faecium with daptomycin MICs of 4 �g/ml,
indicating the absence of interhospital spreading of these strains
among Taiwanese hospitals (Fig. 2).

Although the incidence of infection due to VRE has risen in
recent years in many countries (1, 15), the incidence of VRE in
Taiwan remains relatively low (3 to 7%) (15), especially compared
to the incidence of hospital-acquired VRE infection in the United
States (28%).VRE species are recovered from colonized rather
than infected patients in many institutions (24), but VRE infec-
tion is associated with higher recurrence and mortality (21). In
addition, the treatment regimens for VRE infections are limited to
tigecycline, daptomycin, and linezolid. However, only a few re-
ports regarding the antimicrobial susceptibility of VRE isolates to
these antibiotics in certain hospitals in Taiwan have been pub-
lished (10, 11), and no nationwide surveillance studies of suscep-
tibility of VRE species to the above-mentioned antimicrobial
agents have been conducted.

In this study, we found that all clinical isolates of VRE were
susceptible to daptomycin and linezolid and that almost all VRE
isolates (98.6%) were susceptible to tigecycline. Studies conducted
in Europe and the United States demonstrated similar findings (3,
18–20). Daptomycin-nonsusceptible enterococci may be an
emerging clinical problem in other countries (12), but they were
not identified in our study. In this study, the reason the VRE
isolates with daptomycin MICs of 4 �g/ml were selected for mo-
lecular typing to elucidate the possible clonal spreads was because
there are concerns about achieving adequate concentrations of
daptomycin using standard doses (�6 mg/kg of body weight)
when the MICs of the isolates approach the upper end (4 �g/ml)
of the susceptible range (13). Higher doses of daptomycin may be
needed to treat infections caused by VRE isolates with higher
MICs (3 to 4 �g/ml), although there was no significant difference

TABLE 3 Designations and MICs of 14 isolates of vancomycin-resistant
E. faecium with daptomycin MICs of 4 �g/ml

Yr of
isolation Hospital

Designation
of isolate

MIC (�g/ml)

PulsotypeLinezolid Tigecycline

2010 H01 A 1 0.06 I
2009 H03 B1 1 0.03 II
2009 H03 B2 2 0.03 III
2008 H06 C1 2 0.06 IV
2008 H06 C2 0.5 0.06 V
2009 H06 C3 2 0.03 VI
2010 H06 C4 2 �0.03 VII
2010 H10 D 2 0.06 VIII
2008 H12 E 1 0.03 IX
2007 H15 F1 2 0.06 X
2009 H15 F2 2 0.03 XI
2009 H15 F3 1 0.03 XI
2010 H15 F4 2 0.03 XII
2009 H20 G 2 0.03 XIII

FIG 2 Pulsed-field gel electrophoresis profiles and dendrogram of 14 isolates of vancomycin-resistant E. faecium with daptomycin MICs of 4 �g/ml.
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in time to microbiological cure between MIC subgroups of �2
�g/ml versus �2 and � 4�g/ml for VRE isolates causing bactere-
mia (13). We found that there was no marked increase in the trend
of resistance to daptomycin and linezolid; however, we did find
that there was an increase in resistance to tigecycline during the
study period relative to the trend in resistance rates reported pre-
viously in Taiwan (10, 11).

In conclusion, tigecycline, daptomycin, and linezolid remain
active against VRE isolates. Nonetheless, the emerging resistance
of VRE to these agents should be monitored. Interhospital spread
of VRE among Taiwanese hospitals were not evident; however,
intrahospital dissemination of several VRE clones was found in
several hospitals.
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