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Since the approval of linezolid in 2000, sporadic reports of resistance have been given and a greater
understanding of the underlying mechanisms of resistance has been gained. However, since these develop-
ments, an updated status of the in vitro activity of linezolid against gram-positive organisms from the United
States has not been reported. The LEADER 2004 surveillance initiative was undertaken to obtain current and
representative data on the activity of linezolid against key species, including isolates with significant resistance
phenotypes. Organisms were isolated during 2004 and included 2,872 Staphylococcus aureus, 496 coagulase-
negative staphylococcus (CNS), 428 Enterococcus faecalis, 196 Enterococcus faecium, and 422 Streptococcus
pneumoniae isolates. All S. aureus isolates (54.2% oxacillin resistant) were susceptible to linezolid (MIC,, = 2
rg/ml); MIC distributions were consistent, regardless of oxacillin or multidrug resistance status. For CNS, one
nonsusceptible isolate was encountered (Staphylococcus epidermidis; MIC = 32 pg/ml), but overall, the MIC,,
(1 pg/ml) was lower than that obtained with S. aureus. For E. faecalis and E. faecium, 99.5% and 96.4% of
isolates, respectively, were linezolid susceptible. Both species had an MIC,,, of 2 pg/ml, and MIC distributions
did not vary with the vancomycin susceptibility status of the populations analyzed. Linezolid nonsusceptibility
was not encountered among the S. pneumoniae isolates. These findings indicate that linezolid nonsusceptibility
has remained rare among staphylococci and uncommon and sporadic among enterococci. Nonetheless, careful
and ongoing monitoring of the in vitro effectiveness of linezolid will be needed so that any changes to the

current status may be detected as soon as possible.

Linezolid is the first in the class oxazolidinone that was
approved for clinical use in 2000 for the treatment of nosoco-
mial and community-acquired pneumonia, uncomplicated and
complicated skin and skin structure infections, and infections
caused by vancomycin-resistant Enterococcus faecium (11, 18,
29). The unique mode of action of linezolid involves binding of
the agent to the ribosomal 50S subunit in domain V of the 23S
rRNA. As a result, the 50S subunit is prevented from interact-
ing with the 30S subunit for the formation of the 70S initiation
complex. The unique inhibition of protein synthesis initiation
by linezolid confers potent antibacterial properties. This mech-
anism of action is refractory to cross-resistance from the pres-
ence of resistance mechanisms that impact other agents that
target ribosome-mediated protein synthesis (e.g., macrolides,
lincosamides, streptogramins, and chloramphenicol) (7, 11, 18).

At the time of approval, linezolid demonstrated potent in
vitro activity against several gram-positive organisms, including
staphylococci, enterococci, and streptococci, even those that
were resistant to one or more other classes of antimicrobial
agents (1, 8, 11, 20, 29). Subsequent to the approval and use of
linezolid over the past 4 years (more than 1 million patients
treated [data on file at Pfizer Inc., New York, N.Y.]), there
have been sporadic reports of resistance among staphylococci
and enterococci, and our understanding of the underlying re-
sistance mechanisms has advanced (15). Despite these reports
and advancements, there has not been an extensive, updated
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analysis of the activity of linezolid against key target organisms
in the United States.

LEADER 2004 was a national surveillance initiative specif-
ically designed to analyze linezolid activity in the context of the
activities of other gram-positive agents on a broad and repre-
sentative basis with regard to geographic balance, patient pro-
file, bacterial species, and resistance phenotypes. An important
aspect in the analysis of the in vitro activity of linezolid took
into consideration what is currently known about resistance
development. Briefly, both staphylococci and enterococci have
multiple copies of the gene that encodes domain V of the 23S
rRNA, the location of the target for linezolid. In both organ-
ism groups, a gene dosage effect has been described whereby
linezolid MICs increase with the number of gene copies that
have mutations (13, 15, 16, 25). Due to this effect, this linezolid
surveillance analysis involved not only monitoring strains for
absolute nonsusceptible phenotypes (i.e., MIC of =8 pg/ml for
staphylococci, MIC of =4 pg/ml for enterococci and strepto-
cocci) (2) but also monitoring MIC distributions for upward
shifts that could indicate an increasing number of strains hous-
ing mutations in the domain V gene copies prior to absolute
resistance development.

MATERIALS AND METHODS

LEADER 2004 involved the prospective collection of gram-positive clinical
isolates from 50 hospital laboratories distributed across 33 states and Washing-
ton, D.C. Participating institutions were selected to ensure that a representative
geographic distribution of strains from all nine U.S. Bureau of Census regions
was attained. Diversity with regard to the types of participating institutions was
also achieved as community hospitals (n = 21), teaching and university medical
centers (n = 24), reference laboratories (n = 3), a children’s hospital, and a
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TABLE 1. Antimicrobial profiles among key organism groups
Organism MIC (pg/ml) No. (%) of isolates®
. Agent

(total no. of isolates) Range Mode 50% 90% S I R

S. aureus (2,872) Oxacillin =0.06->2 >2 >2 >2 1,316 (45.8) b 1,556 (54.2)
Erythromycin =0.12->8 >8 >8 >8 885 (30.8) 66 (2.3) 1,921 (66.9)
Clindamycin =0.5->4 =05 =0.5 >4 1,986 (69.2) 35(1.2) 851 (29.6)
Levofloxacin =0.03->8 0.12 0.25 >8 1,596 (55.6) 279 (9.7) 997 (34.7)
Quinupristin-dalfopristin =0.06-8 0.25 0.25 1 2,868 (99.9) 2(<0.1) 2(<0.1)
Rifampin =0.002—>4 0.008 0.008 0.015  2,818(98.1) 10 (0.3) 44 (1.5)
Trimethoprim-sulfamethoxazole =0.25->4 =0.25 =0.25 =0.25 2,790 (97.1) — 82(2.9)
Vancomycin 0.5-4 1 1 1 2,872 (100) 0(0) 0(0)
Linezolid 0.25-4 2 2 2 2,872 (100) — —

CNS (496) Oxacillin =0.06->2 >2 >2 >2 114 (23.0) — 382 (717.0)
Erythromycin =0.12->8 >8 >8 >8 140 (28.2) 8 (1.6) 348 (70.2)
Clindamycin =0.5->4 =0.5 =0.5 >4 291 (58.7) 12(24) 193 (38.9)
Levofloxacin 0.06->8 >8 4 >8 204 (41.1) 54 (10.9) 238 (48.0)
Quinupristin-dalfopristin =0.06-2 0.25 0.25 0.5 492 (99.2) 4(0.8) 0(0.0)
Rifampin =0.002—>4 0.008 0.008 0.015 475 (95.8) 3(0.6) 18 (3.6)
Trimethoprim-sulfamethoxazole =0.25->4 =0.25 0.5 >4 296 (59.7) — 200 (40.3)
Vancomycin =0.25-8 2 2 2 495 (99.8) 1(0.2) 0(0)
Linezolid 0.12-32 1 1 1 495 (99.8)° — —

E. faecalis (428) Ampicillin 0.12-8 1 1 2 428 (100) 0(0) 0(0)
Teicoplanin 0.06->128 0.25 0.25 0.25 401 (93.7) 1(0.2) 26 (6.1)
Vancomycin 0.5->128 1 2 8 385 (90.0) 2(05) 41 (9.6)
Linezolid 0.25-64 2 2 2 426 (99.5) 1(0.2) 1(0.2)

E. faecium (196) Ampicillin 0.12->128  >128 128 >128 20 (10.2) 0(0) 176 (89.8)
Teicoplanin 0.12->128 32 32 128 65(33.2) 6(3.1) 125 (63.8)
Vancomycin =0.25->128  >128 >128 >128 53(27.0) 1(0.5) 142 (72.4)
Quinupristin-dalfopristin 0.25-16 1 1 2 170 (86.7) 11 (5.6) 15 (7.7)
Linezolid 0.25-32 2 2 2 189 (96.4) 3(1.5) 4(2.0)

S. pneumoniae (422)  Penicillin =0.06->2 =0.06 =0.06 2 282 (66.8) 78 (18.5) 62 (14.7)
Amoxicillin-clavulanate =0.015-8 0.03 0.03 2 399 (94.5) 2(0.5) 21(5.0)
Cefuroxime-axetil =0.03->4 =0.03 0.06 4 343 (81.3) 11 (2.6) 68 (16.1)
Ceftriaxone =0.015->4 =0.015 0.03 1 412 (97.6) 7(1.7) 3(0.7)
Erythromycin =0.015->1 0.06 0.06 >1 302 (71.6) 6 (1.4) 114 (27.0)
Clindamycin =0.25->1 =025 =0.25 >1 371 (87.9) 3(0.7) 48 (11.4)
Levofloxacin 0.5->8 1 1 1 415 (98.3) 0(0) 7(1.7)
Trimethoprim-sulfamethoxazole =0.06->2 0.12 0.25 >2 307 (72.7) 39(9.2) 76 (18.0)
Vancomycin 0.12-0.5 0.5 0.5 0.5 422 (100) — —
Linezolid 0.25-1 1 1 1 422 (100) — —

“ S, susceptible; I, intermediate; R, resistant. Susceptibilities were determined according to standards established by the Clinical and Laboratory Standards Institute

(M100-S15) (2).
b, CLSI interpretative criteria not available.
¢ One isolate was linezolid nonsusceptible (MIC, >4 pg/ml).

Veterans Administration hospital were enrolled in the network. From each
institution, single patient isolates were requested along with certain demographic
(patient age, gender, location) and clinical (source of specimen) information;
however, this attendant information was not mandatory for a strain to be in-
cluded in the study.

All isolates were transported to a central laboratory (Focus Bio-Inova, Hern-
don, Virginia), where they were subcultured onto 5% sheep blood agar twice
prior to inoculum preparation for antimicrobial susceptibility testing. Antimicro-
bial susceptibility testing was performed using broth microdilution (TREK Di-
agnostics, Cleveland, Ohio) in accordance with CLSI guidelines for staphylococci,
enterococci, and Streptococcus pneumoniae (21). After appropriate incubation du-
ration, MICs were read and categorical interpretations of susceptible, interme-
diate, or resistant were applied using the 2005 CLSI criteria (2). Throughout the
study, S. pneumoniae strain ATCC 49619, Staphylococcus aureus strain ATCC
29213, and Enterococcus faecalis strain ATCC 29212 were used as the quality
control strains.

For multidrug resistance analysis, staphylococci resistant to three or more
agents, including oxacillin, erythromycin, clindamycin, chloramphenicol,
tetracycline, trimethoprim-sulfamethoxazole, quinupristin-dalfopristin, ri-
fampin, levofloxacin, vancomycin, and linezolid were classified as multidrug
resistant (MDR).

S. pneumoniae multidrug resistance was defined as resistance to three or more
agents among penicillin, cefuroxime, amoxicillin-clavulanate, ceftriaxone, eryth-

romycin, clindamycin, trimethoprim-sulfamethoxazole, levofloxacin, vancomycin,
and linezolid.

In addition, linezolid MIC distributions were analyzed according to key resis-
tance phenotypes among staphylococci, enterococci, and S. pneumoniae to detect
any potential increases in MICs that may be associated with different resistant
populations.

RESULTS

A geographic, demographic, and clinical diversity of strains
was obtained for analysis. In total, 2,105 isolates were from
inpatients, 1,373 isolates were from outpatients, and 612 iso-
lates were from intensive-care unit (ICU) patients, and for 324
isolates, the patient location was not provided. The clinical
sources from which isolates were obtained included skin and
skin structure specimens (1,602 isolates), blood (1,597 iso-
lates), and respiratory tract specimens (888 isolates), and for
some isolates, the specimen source was not provided (327
isolates). Three hundred fifty-three isolates were from pediat-
ric patients aged less than 18 years, 2,321 isolates were from
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FIG. 1. Vancomycin and linezolid MIC distribution according to different S. aureus phenotype populations (top, MSSA; middle, MRSA;
bottom, MDRSA). Vertical dashed lines indicate the current CLSI breakpoints. S, susceptible; NS, nonsusceptible (2).

adult patients aged 18 to 64 years, and 1,302 isolates were from
elderly patients aged greater than 64 years; for 438 isolates,
patient age was not available.

Antimicrobial profiles obtained with each of the organism
groups are shown in Table 1. For S. aureus, more than half
(54.2%)) of the isolates were resistant to oxacillin and the MIC,,,
(>2 ng/ml) was greater than the CLSI susceptible breakpoint (2).
Along with oxacillin resistance, resistance to erythromycin, clin-
damycin, and the fluoroquinolones (i.e., levofloxacin) was also
common, ranging from 29.6% for clindamycin to 66.9% for eryth-
romycin. Resistance to rifampin and trimethoprim-sulfamethox-
azole was <3%, and nonsusceptibility to quinupristin-dalfopristin
was rare (<0.2% of isolates). Nonsusceptibility to either vanco-

mycin or linezolid was not encountered among any of the 2,872
S. aureus isolates tested.

Antimicrobial patterns among the coagulase-negative staph-
ylococci (CNS) were similar to those found with S. aureus, with
some key exceptions (Table 1). Resistance rates to oxacillin
(77.0%), erythromycin (70.2%), clindamycin (38.9%), and
levofloxacin (48.0%) were substantially higher than those ob-
tained with S. aureus. Trimethoprim-sulfamethoxazole resis-
tance was 40.3%, compared to 2.9% resistance among S. au-
reus, and nonsusceptibility to vancomycin (one strain) and
linezolid (one strain) was encountered. The vancomycin-inter-
mediate strain (MIC = 8 pg/ml) was an isolate of Staphylo-
coccus haemolyticus obtained from a blood culture taken when
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FIG. 2. Vancomycin and linezolid MIC distribution according to different CNS phenotype populations (top, methicillin-susceptible CNS;
middle, methicillin-resistant CNS; bottom, MDR-CNS). Solid bars, vancomycin; hatched bars, linezolid. Vertical dashed lines indicate the current

CLSI breakpoints. S, susceptible; NS, nonsusceptible (2).

the 36-year-old male patient was seen as an outpatient. This
isolate was susceptible to linezolid (MIC = 1 ug/ml). The
linezolid-nonsusceptible strain (MIC = 32 pg/ml) was Staph-
ylococcus epidermidis isolated from a blood culture of an 82-
year-old male ICU patient. Further detailed clinical and ther-
apeutic histories were not available for either of these strains.
Overall, the MIC,, for linezolid (1 pg/ml) among CNS re-
mained two doubling dilutions below the current CLSI break-
point of =4 pg/ml, and the vancomycin MIC,, of 2 pwg/ml was
one doubling dilution below its susceptibility breakpoint of
=4 ug/ml (2).

Ampicillin resistance was not encountered among the
E. faecalis strains, but 10% were vancomycin nonsusceptible
(2 intermediate strains and 41 resistant strains) and the van-
comycin MIC,, (8 pg/ml) was in the CLSI intermediate range

(8 to 16 pg/ml) (2). The E. faecalis MIC,,, for linezolid was 2
pg/ml, and 99.5% of isolates were susceptible (Table 1). In
contrast to the ampicillin and vancomycin patterns seen with
E. faecalis, resistance to both agents among E. faecium was
high, 89.8% and 72.4%, respectively, and the MIC,s for both
agents were >128 pg/ml. Nonsusceptibility to quinupristin-
dalfopristin was common, as 5.6% of isolates were intermedi-
ate, 7.7% were resistant, and the MIC,, (2 pg/ml) was in the
CLSI intermediate range (2). The E. faecium linezolid MIC,,,
of 2 pg/ml was the same as that obtained for E. faecalis, and
96.4% of E. faecium isolates were susceptible to linezolid.
Resistance to penicillin, erythromycin, cefuroxime, clinda-
mycin, and trimethoprim-sulfamethoxazole was commonly en-
countered among the S. pneumoniae isolates and ranged from
11.4% for clindamycin to 27.0% for erythromycin (Table 1).
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FIG. 3. Vancomycin and linezolid MIC distribution patterns for E. faecalis (top) and E. faecium (bottom). Solid bars, vancomycin; hatched bars,
linezolid. Vertical dashed lines indicate the current CLSI breakpoints. S, susceptible; I, intermediate; R, resistant (2).

The agents with the highest susceptibility rates included ceftri-
axone (97.6%), levofloxacin (98.3%), vancomycin (100%), and
linezolid (100%).

MIC distributions for vancomycin and linezolid according to
the S. aureus phenotype populations of methicillin (oxacillin)-
susceptible (MSSA), methicillin-resistant (MRSA), and MDR
(MDRSA) S. aureus isolates are shown in Fig. 1. For MSSA,
MRSA, and MDRSA, linezolid MIC distributions were nearly
identical and ranged from 0.5 to 4 pg/ml; one MSSA isolate
had an MIC of 0.25 pg/ml. The modal linezolid MIC was
2 ng/ml for all three populations. Relative to each other, none
of the three populations demonstrated any upward MIC drift
toward the 4-pg/ml susceptible breakpoint. Similarly, the van-
comycin MIC distributions did not demonstrate any substantial
shift upward across the three populations. However, the per-
centage of isolates with vancomycin MICs of 2 pg/ml was
higher among MDRSA isolates than among the other S. aureus
groups (i.e., MSSA, MRSA) (Fig. 1).

Similar MIC distribution outcomes were noted for the
CNS populations (Fig. 2). The linezolid and vancomycin
MICs were consistent with the same MIC modes and similar

MIC ranges across the methicillin-susceptible (MS-CNS),
methicillin-resistant (MR-CNS), and MDR (MDR-CNS)
CNS phenotypes. The only exceptions were the single van-
comycin-intermediate MDR-CNS isolate and the single lin-
ezolid-resistant MDR-CNS isolate that occurred outside the
usual MIC range. The CNS linezolid MIC distributions did
differ from those of S. aureus in that the mode was 1 pg/ml
rather than 2 pg/ml. Also, the linezolid mode for CNS was
1 dilution lower than the vancomycin mode, as opposed to it
being 1 dilution higher than the vancomycin mode as seen
with S. aureus (Fig. 1).

The prevalence of vancomycin nonsusceptibility among both
E. faecalis and E. faecium strains resulted in wide vancomycin
MIC distributions (Fig. 3), and the extremely high prevalence
of vancomycin resistance among E. faecium strains resulted in
a mode of >128 ug/ml. Although linezolid-nonsusceptible
strains were sporadically encountered with both species (9 of
624 isolates), the MIC distributions remained stable and con-
sistent for both species and showed no evidence of drifting
upward with the prevalence of vancomycin resistance. For both
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TABLE 2. Profiles of linezolid-nonsusceptible enterococcal strains
MIC (pg/ml) (interpretative category”) of:
Species Hospital Pa'ti(?nt Gender Age (1) Specimen - — -
type location SOUrC®  TYinezolid Vancomycin Teicoplanin  Ampicillin Qdullrflupr_l‘stt.l n C};llg;?:;l
alfopristin ~ p
Enterocqccus University Unknown Unknown Unknown Unknown 4(I) 2(S) 0.25 (S) 2(S) 8(R) 16 (I)
En];l;fsg(?jcus University Inpatient  Male 53 Blood 64 (R) 1(S) 0.25 (S) 1(S) 16 (R) >32(R)
Enf;gfggggcus University Unknown Unknown Unknown Unknown 4D >128 (R) 128 (R) >128 (R) 1(S) 16 ()
En];‘elfg;’zrc"cus Community ICU Male 78 Wound 4(I) 1(S) 0.5(S) 4(S) 4 (R) 8(S)
En];l;fsggzlcus Community Unknown Unknown Unknown Wound 4(I) >128 (R) 32(R) 128 (R) 1(S) 16 (I)
Enf;gfgl;rcncus University ICU Female 68 Wound 8(R) >128 (R) 128 (R) 64 (R) 1(S) 16 (I)
En];‘elfglglzrc"cus University Inpatient ~ Male 30 Blood 16 (R) >128 (R) 8(S) >128 (R) 1(S) 32(R)
En];l;fsggzlcus University ICU Female 43 Blood 16 (R) >128 (R) 32 (R) >128 (R) 1(S) 32 (R)
Enggfgl;r:cus University Inpatient ~ Female 42 Wound 32 (R) >128 (R) 32(R) >128 (R) 1(S) 32 (R)
aecium

“ S, susceptible; I, intermediate; R, resistant. Susceptibilities were determined according to standards established by the Clinical and Laboratory Standards Institute

(M100-S15) (2).

E. faecalis and E. faecium, the modal linezolid MIC of 2 pg/ml
is at the CLSI susceptible breakpoint of 2 pg/ml (2).

Of the 624 enterococcal isolates tested, 9 (1.4%) were non-
susceptible to linezolid. The patient and strain profiles of the
nonsusceptible isolates are shown in Table 2. Linezolid MICs
ranged from 4 to 64 pg/ml; four isolates had MICs at the
intermediate breakpoint (4 pg/ml), one had an MIC on the
resistant breakpoint of 8 wg/ml, and the remaining four isolates
had MICs of =16 pg/ml. The two strains with linezolid MICs
of 16 pg/ml were E. faecium blood isolates from the same
institution, one from a male inpatient and the other from a
female ICU patient.

For penicillin-susceptible, penicillin-nonsusceptible, and MDR
S. pneumoniae isolates, linezolid and levofloxacin shared the
same modal MIC of 1 wg/ml (Fig. 4), which also was the MIC,,,
for both agents (Table 1). While levofloxacin-resistant strains
were sporadically encountered, neither the levofloxacin nor the
linezolid MIC distributions exhibited any upward drift, regard-
less of the populations examined. However, levofloxacin-resis-
tant strains were more common among the MDR population
than among the penicillin-nonsusceptible and penicillin-sus-
ceptible populations. Overall, the modal MIC and MIC,, of
linezolid were 1 pg/ml, which was one doubling dilution below
the CLSI susceptible breakpoint of =2 pg/ml for S. pneu-
moniae (2).

DISCUSSION

To achieve a current and robust representative sample of
gram-positive isolates for analyzing current linezolid activity,
the LEADER 2004 surveillance initiative collected organisms
from diverse geographic and demographic environments as
well as from across a variety of clinical specimens. The high
resistance rates for important antimicrobial classes found in
this study among S. aureus, coagulase-negative staphylococci,
E. faecium, E. faecalis, and S. pneumoniae were consistent with
the rates reported in other surveillance initiatives (3, 9, 22, 26).
Certain key patterns are worth highlighting. Less than half

(45.8%) of the S. aureus isolates were oxacillin susceptible, and
this low susceptibility pattern was shared with other key agents,
such as clindamycin and the fluoroquinolones (levofloxacin).
Among enterococci, ampicillin and vancomycin resistance
rates continued to be most highly associated with E. faecium, at
>89 and 72%, respectively; however, vancomycin nonsuscep-
tibility (10%) among E. faecalis was notably higher than the 2
to 3% previously reported (26). Resistance was also prominent
among S. pneumoniae isolates as low susceptibility rates
(<90%) were noted for several agents, including penicillin,
cefuroxime, macrolides (erythromycin), clindamycin, and tri-
methoprim-sulfamethoxazole. These antimicrobial profiles
demonstrated that the problem of resistance continues to be
pervasive across several antimicrobial classes for nearly all
commonly encountered key gram-positive species. In addition,
these patterns substantiated that the analysis of current lin-
ezolid activity was based on its activity within a strong repre-
sentation of challenging resistance phenotypes as well as on
geographic and demographic diversity.

Based on what is currently known about the potential for lin-
ezolid resistance development, monitoring activity through anal-
ysis of surveillance data was done from two perspectives. The
direct perspective involved analysis of rates of “absolute” resis-
tance whereby strains have achieved linezolid MICs beyond cur-
rent CLSI susceptible breakpoints (2). The second perspective
involved the monitoring of MIC distributions for changes or up-
ward shifts. The need for this second perspective is based on the
gene dosage effect that has been described for both staphylococci
and enterococci. By this effect, an MIC for an isolate increases
relative to the number of domain V 23S rRNA genes that contain
mutations (13, 14, 15, 16, 24, 25). Careful monitoring of MIC
distributions for subtle upward shifts could provide important and
early indications that the number of mutations is on the rise
among target bacterial populations before changes in “absolute”
resistance rates are detected. However, a caveat that must be
considered in this approach is that resistant strains may be able to
revert to full susceptibility (17).
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There have been sporadic reports of absolute linezolid re-
sistance (i.e., nonsusceptibility; MICs of >4 pg/ml) among
S. aureus strains, usually associated with long-term courses of
linezolid therapy in severely debilitated patients with unremov-
able infected devices (15, 16, 27, 28). However, based on data
from strains collected in studies from 1998 to 2000 that did not
find nonsusceptible strains and data from this study in which
none of the 2,872 S. aureus isolates had an MIC above 4 pg/ml,
the linezolid-nonsusceptible phenotype must be considered ex-
tremely rare among S. aureus strains (1, 8, 20). In these earlier
surveillance studies, the MIC,, of linezolid was 4 wg/ml, while
the current data demonstrated an MIC,, of 2 pg/ml. The
reasons for this difference are uncertain but at the very least
strongly indicated that linezolid MICs have remained stable
even under the selective pressure of more than 1 million pa-

tients being treated since its launch (data on file at Pfizer Inc.,
New York, N.Y.). Data in Fig. 1 provide further perspective on
the MIC stability of linezolid. Regardless of the resistant pop-
ulations examined, linezolid MIC distributions remained
nearly identical, with no indication of any upward shift that
could be indicative of a mounting mutation burden. With vanco-
mycin as a comparator, it is also interesting to note the absence
of any substantial upward MIC shift for this agent that might
indicate an increasing frequency of S. aureus vancomycin-het-
eroresistant or vancomycin-intermediate strains (10).
Linezolid nonsusceptibility has rarely been encountered
among CNS in previous surveillance studies (1, 8, 19, 20), while
in the current study, 1 isolate out of 496 (0.2%) had a nonsus-
ceptible phenotype (MIC = 32 pg/ml). The fact that this phe-
notype is a rare finding was supported by the MIC analysis.



VoL. 49, 2005

The linezolid MIC,, of 1 pg/ml was one doubling dilution
lower than that for S. aureus and one doubling dilution lower
than that reported in earlier surveillance initiatives (1, 20).
Also, the MIC distribution of linezolid among CNS did not
vary with resistance to other agents (Fig. 2). Furthermore, in
contrast to S. aureus, the linezolid MIC distributions for CNS
trended lower than did those for vancomycin. The one vanco-
mycin-intermediate CNS strain encountered (S. haemolyticus;
MIC = 8 pg/ml) was susceptible to linezolid. Overall, no up-
ward trend in vancomycin MICs was observed for CNS.

While obvious differences continue to be noted between
E. faecalis and E. faecium with regard to ampicillin and vanco-
mycin resistance rates, the levels of linezolid activity have re-
mained comparable and high for these two species. Linezolid
susceptibility rates were above 95% for both. While this level
of susceptibility is high, it did represent a decrease in suscep-
tibility from that observed in an early surveillance study that
examined strains of enterococci collected between 1998 and
2000 in which no resistance was reported (20). In this current
study, intermediate and resistant strains were more common
among E. faecium than among E. faecalis. Sporadic previous
reports of linezolid resistance among enterococci have also
involved E. faecium more commonly than E. faecalis, though
resistance has been reported for both species (5, 6, 15, 19, 23).
However, there is no clear evidence to suggest that E. faecium
has certain underlying genetic or physiological characteristics
that would predispose this species over E. faecalis to oxazolidi-
none resistance. Although molecular typing was not done to
determine the potential clonality of the two strains from the
same institution, this was a possibility, as the nosocomial
spread of linezolid- and vancomycin-resistant E. faecium has
been previously described (6).

In any case, the results demonstrated that linezolid nonsus-
ceptibility remains a sporadic and uncommon occurrence
among enterococci. Furthermore, the MIC distributions ap-
peared stable for both species. Finally, there was no detectable
upward MIC shift for either species, which suggested that
E. faecium does not appear to have an increased mutation
burden relative to E. faecalis (Fig. 3).

Of practical importance, with regard to the linezolid MIC
distributions for enterococci, was that the MIC,, is at the
current CLSI susceptible breakpoint of =2 pg/ml (2). There-
fore, any artifacts generated as a result of technical interpre-
tations, susceptibility testing materials, or testing systems that
falsely increase the MIC reading by 1 dilution would result in
what Livermore has termed “artifactual resistance,” or false
nonsusceptibility (11). That this can and does occur has been
reported previously (11, 12; D. F. Sahm, D. C. Draghi, R. S.
Blosser, P. A. Hogan, and D. J. Sheehan, Abstr. 105th Gen.
Meet. Am. Soc. Microbiol., abstr. C-320, 2005). Careful review
of any laboratory result indicates that linezolid nonsusceptibil-
ity should be carefully scrutinized, especially given that such a
phenotype was uncommon.

Linezolid resistance among S. pneumoniae strains has been
rarely reported and was not encountered among the 422 iso-
lates tested in this surveillance study (1, 4, 8, 15, 20). The
MIC,, of 1 pwg/ml was the same as that obtained with isolates
tested from 1998 to 2000, and there was no upward shift in
MIC distributions, regardless of the populations analyzed (20).

Prior to this current report, an intensive analysis of the in
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vitro activity of linezolid against key gram-positive pathogens,
including those expressing problematic resistance phenotypes
for other antimicrobial classes, had not been examined in over
4 years. Since that time, sporadic cases of resistant staphylo-
cocci and enterococci have been reported, as have more basic
insights into the molecular mechanisms associated with lin-
ezolid resistance development. Analysis of the data generated
through the LEADER 2004 initiative has demonstrated that
staphylococcal nonsusceptibility remains rare and that entero-
coccal resistance is both uncommon and sporadic. Nonethe-
less, careful and ongoing monitoring of the in vitro effective-
ness of linezolid is needed so that any changes contrary to
these projections may be detected as soon as possible. To this
end, the MIC profiles established through LEADER 2004 will
serve as a useful benchmark to detect any MIC shifts that may
occur longitudinally as clinical experience with linezolid con-
tinues to grow.
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