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A B S T R A C T

BACKGROUND: New and novel resistances in gram-positive (G+) species have
escalated, necessitating more reliable therapies, such as the oxazolidinones.  However,
their continued use may compromise spectrum, and this possibility requires monitoring.  

METHODS: The activity of linezolid (LZD) against common G+ pathogens was compared
to that of penicillins, vancomycin (VANCO), quinupristin/dalfopristin (Q/D), and 5 other
drugs by NCCLS disk diffusion (DD) method.  106 USA centers (31 states) tested recent
clinical isolates of S. aureus, CoNS, E. faecium, E. faecalis, S. pneumoniae, and other
streptococci (3,100 strains; 97% compliance).  Testing used the standardized method and
concurrent QC qualified sites.  Strains with LZD zones ≤20 mm were to be referred to the
national monitor.  

RESULTS: LZD susceptibility (zone, ≥21 mm) was reported for 100% and 99.4% of
staphylococci and streptococci, respectively.  Susceptibility (zone, ≥23 mm) of enterococci
to LZD was 96.0% with 3 isolates (0.4%) reported as resistant (zones, ≤20 mm;
unconfirmed).  Among a total of 9 isolates (0.3%) overall reported to have zone diameters
at 20 mm, 6 were not available for further testing, 2 were contaminated with G- bacilli,
and one was determined to be LZD-susceptible.  There were no differences in LZD
susceptibility in the VANCO- or oxacillin- or penicillin-resistant subsets of strains, and LZD
spectrum was routinely greater than that of VANCO and Q/D.  

CONCLUSIONS: The observed susceptibility pattern of G+ species for United States
medical centers indicates an excellent and nearly complete LZD activity against the key
pathogens.  Essentially all strains observed locally as LZD-resistant were not confirmed,
and such strains as they appear should always be confirmed by reference laboratories.

BACTERIAL STRAINS
A total of 3,100 strains were tested with acceptable accompanying quality control results and
distributed as follows: 
• Staphylococcus aureus – 1,290 strains (623 oxacillin-resistant)
• Coagulase-negative staphylococci (CoNS) – 488 strains (351 oxacillin-resistant)
• Enterococcus faecalis – 332 strains (33 vancomycin-resistant)
• Enterococcus faecium – 169 strains (130 vancomycin-resistant)
• Other enterococci not identified to species level – 371 strains
• Streptococcus pneumoniae – 225 strains
• Other streptococci – 240 strains

All organisms were isolated from positive blood cultures and wound, abdominal cavity, respiratory
tract, and urinary tract infections.  Strains with linezolid zones ≤20 mm (possible resistance) were to
be repeated by each participant.  Isolates with reproducibly small zones were forwarded to the
microbiology monitor for confirmation.  Three strains were referred, all determined to be susceptible
to linezolid (one organism) or to be contaminated by a gram-negative bacillus (two organisms).  Six
strains with linezolid zone diameters of ≤20 mm were not available for retesting (Table 1).  Only
one laboratory’s results (30 strains) were omitted from the tabulations because of unacceptable
quality assurance results.

R E S U L T S  A N D  D I S C U S S I O N

• All staphylococci tested exhibited linezolid zone diameters ≥21 mm (susceptible).  Vancomycin
was also active with only 9 S. aureus strains (0.7% overall) having zone diameter measurements
in the non-susceptible range (zones 11-14 mm) (Table 1). 

• Rates of oxacillin resistance for the surveillance organism collection were 48.3% and 71.9% for
S. aureus and CoNS, respectively.  Levofloxacin was markedly less active compared with
oxacillin-resistant strains (12.0% and 47.5% susceptible, respectively).  Both quinupristin/dalfopristin
and nitrofurantoin had very wide spectrums of activity, each covering ≥98.1% of isolates.

• Linezolid was active against all pneumococci; however, 3 other Streptococcus strains had zone
diameters of 19 mm or 20 mm (breakpoint zone for susceptible at ≥21 mm).  These strains
unavailable for retesting had penicillin zones of 30 to 35 mm (highly susceptible) and were
additionally susceptible to macrolides, clindamycin, nitrofurantoin, and older cephalosporins.

• Macrolide resistance among the S. pneumoniae isolates was 28.8% compared with 17.6% for
clindamycin. 

• Levofloxacin resistance in S. pneumoniae increased to 1.4%, a modest increase compared with
the 1999 results.  Fluoroquinolone resistance (3.4%) was greater among the “other streptococci.” 

• Generally, quinupristin/dalfopristin was active against nearly all streptococci. 
• Vancomycin non-susceptible strains (1.7%), as defined by currently published NCCLS criteria,

were not uncommon when testing non-pneumococcal streptococci.  Three of the 4 strains in this
latter category had vancomycin zones at 16 mm, which is 1 mm below the breakpoint.

• Using the interpretive criteria found in the linezolid product package insert, 93.1% to 98.1% of
various enterococcal groups were susceptible (Table 1).  Only 3 strains (0.3% overall) were
discovered with zone diameters at 20 mm.  A total of 163 vancomycin-resistant E. faecalis or 
E. faecium were tested against linezolid, with only one strain determined to be resistant by the
disk diffusion method.  All other non-susceptible isolates (1.9% to 5.7%) had zone diameters of
21 or 22 mm, which would have been categorized as susceptible if the strain was
Staphylococcus or Streptococcus species.

• Figure 1 illustrates the population distribution of zone diameters around the 30-µg linezolid disk
(3,100 results) in 2 mm groupings.  

• Table 2 presents the detailed occurrence rates of linezolid zone diameters found adjacent to the
recommended susceptible breakpoints for the four organism groups.  Organisms with linezolid
zones ≤20 mm were quite rare and included 0.4% of enterococci, 0.6% of streptococci, and no
staphylococci. 

• The recommendation for clinical laboratories using linezolid disk diffusion tests against gram-
positive cocci is as follows:
1) If a zone of ≤20 mm is noted, repeat the test to confirm the result and purity of isolate.
2) Once confirmed, forward the strain to a reference or public health laboratory for further

investigation.
3) Notify the physician/hospital of a possible linezolid non-susceptible isolate. 

TABLE 1. Spectrums of activity for linezolid and selected comparison agents tested by the
Kirby-Bauer disk diffusion method against 3,100 gram-positive isolates from 31 states
(106 medical centers)

% By Susceptibility Categorya

Organism (no. tested) Antimicrobial Agent Susceptible Intermediate Resistant

S. aureus
oxacillin-susceptible (667) Linezolid 100.0 —b —b

Erythromycin 62.6 5.4 32.0
Clindamycin 91.4 2.3 6.3
Quinupristin/dalfopristinc 99.7 0.2 0.2
Levofloxacin 87.2 0.8 12.0
Nitrofurantoin 99.3 0.7 0.0
Vancomycin 99.6 —b —b

oxacillin-resistant (623) Linezolid 100.0 —b —b

Erythromycin 4.5 0.8 94.7
Clindamycin 26.4 1.8 71.8
Quinupristin/dalfopristinc 98.8 0.2 1.0
Levofloxacin 12.0 2.3 85.7
Nitrofurantoin 98.1 1.1 0.8
Vancomycin 99.0 —b —b

Coagulase-negative staphylococci
oxacillin-susceptible (137) Linezolid 100.0 —b —b

Erythromycin 52.6 1.5 46.0
Clindamycin 86.8 2.2 11.0
Quinupristin/dalfopristinc 99.3 0.0 0.7
Levofloxacin 82.5 3.6 13.9
Nitrofurantoin 100.0 0.0 0.0
Vancomycin 100.0 —b —b

oxacillin-resistant (351) Linezolid 100.0 —b —b

Erythromycin 20.0 1.4 78.6
Clindamycin 54.0 2.0 44.0
Quinupristin/dalfopristinc 99.1 0.0 0.9
Levofloxacin 47.5 9.0 43.5
Nitrofurantoin 99.7 0.0 0.3
Vancomycin 99.4 —b —b

Streptococci 
S. pneumoniae (225) Linezolid 100.0 —b —b

Penicillin 78.7d — —
Erythromycin 70.2 5.8 24.0
Clindamycin 82.4 11.8 5.9
Quinupristin/dalfopristinc 83.1 16.9 0.0
Levofloxacin 98.6 0.5 0.9
Vancomycin 100.0 —b —b

Other species (240) Linezolid 98.8e —b —b

Penicillin 92.8d — —
Erythromycin 66.1 20.1 13.8
Clindamycin 75.4 16.7 7.9
Quinupristin/dalfopristinc 92.5 4.6 2.9
Levofloxacin 96.6 2.1 1.3
Vancomycin 98.3 —b —b

E. faecalis
vancomycin-susceptible (299) Linezolid 94.0 5.7 0.3f

Ampicillin 99.0 —b 1.0
Erythromycin 11.5 29.6 58.9
Quinupristin/dalfopristinc 3.7 3.7 92.6
Levofloxacin 55.0 3.1 41.9
Nitrofurantoin 98.7 1.0 0.3

vancomycin-resistant (33) Linezolid 97.0 3.0 0.0
Ampicillin 87.9 —b 12.1
Erythromycin 0.0 15.2 84.8
Quinupristin/dalfopristinc 15.2 0.0 84.8
Levofloxacin 6.1 3.0 90.9
Nitrofurantoin 97.0 3.0 0.0

E. faecium
vancomycin-susceptible (39) Linezolid 94.9 5.1 0.0

Ampicillin 33.3 —b 66.7
Erythromycin 13.2 18.4 68.4
Quinupristin/dalfopristinc 69.2 17.9 12.9
Levofloxacin 31.6 7.9 60.5
Nitrofurantoin 35.9 15.4 48.7

I N T R O D U C T I O N

The emergence of widespread resistance in commonly encountered gram-positive cocci has
initiated the search for novel antimicrobial agents.  The oxazolidinones, a group of compounds
with a unique mechanism of protein synthesis inhibition, are one of the most promising new
classes.  Early agents in this antimicrobial class, such as DuP105 and DuP721, exhibited
significant potency against oxacillin-resistant staphylococci, multidrug-resistant Streptococcus
pneumoniae, and various enterococcal species.  Continued structural modifications produced a
series of oxazolidinones with expanded activity and improved patient safety profiles.

As new compounds are introduced into clinical practice, benchmark multilaboratory investigations
are necessary to establish levels of existing susceptibility, as well as to longitudinally monitor
emerging resistance and their mechanisms.  Unlike quinupristin/dalfopristin and everninomicin,
linezolid (formerly U-100766) has undergone extensive evaluation to establish its spectrum of
activity in various geographic regions.  This report summarizes in vitro standardized susceptibility
studies of linezolid compared with other antimicrobials for the treatment of gram-positive infections.
More than 100 medical centers in the United States participated, each utilizing the disk diffusion
method recommended by the National Committee for Clinical Laboratory Standards (NCCLS).

M A T E R I A L S  A N D  M E T H O D S

OBJECTIVE AND STUDY DESIGN
The objective of this investigation was to establish, via a US surveillance program, the in vitro
activity of linezolid using the standardized disk diffusion test method.  A total of 106 US
laboratories were recruited from 31 states.  The following antimicrobials tested in groups
designated by genus identification included: linezolid; cefazolin; penicillin, oxacillin, or ampicillin;
levofloxacin; erythromycin; clindamycin; vancomycin; quinupristin/dalfopristin; and nitrofurantoin.

SUSCEPTIBILITY TESTING METHODS
The disk diffusion test, also known as the Kirby-Bauer method, is commonly employed in clinical
microbiology laboratories and has been adapted for use in determining the susceptibility of
linezolid.  Quality control guidelines were established by Worth et al early in the preclinical series
of microbiology investigations.  All participants used the NCCLS disk diffusion method to measure
all zone diameters, which were then forwarded on worksheets to the analysis monitor. Concurrent
quality control was required using S. aureus ATCC 25923.  A total of 9 antimicrobials for each
clinical strain were available for testing and analysis.  Susceptibility category criteria was found in
the linezolid product package insert.

% By Susceptibility Categorya

Organism (no. tested) Antimicrobial Agent Susceptible Intermediate Resistant

E. faecium
vancomycin-resistant (130) Linezolid 93.1 5.4 1.5f

Ampicillin 2.4 —b 97.6
Erythromycin 0.0 4.7 95.3
Quinupristin/dalfopristinc 90.3 4.0 5.7
Levofloxacin 0.8 0.0 99.2
Nitrofurantoin 40.8 17.7 41.5

Other enterococci (356) Linezolid 98.1 1.9 0.0
Ampicillin 81.7 —b 18.3
Erythromycin 13.0 26.6 60.4
Quinupristin/dalfopristinc 19.6 5.7 74.7
Levofloxacin 50.6 1.6 47.8
Vancomycin 82.2 3.5 14.3
Nitrofurantoin 88.7 4.8 6.5

aSusceptibility criteria were those provided by the NCCLS or the linezolid product package insert (2000): for staphylococci
and streptococci, susceptible only at ≥21 mm (MIC ≤4 and ≤2 µg/mL, respectively); and for enterococci, susceptible at
≥23 mm and resistant at ≤20 mm.

b— No criteria for this category were found in the NCCLS recommendations or product package insert.
c Quinupristin/dalfopristin tested in a 30/70 ratio.
d Penicillin susceptibility defined by an inhibitory zone diameter of ≥24 mm as used for non-pneumococcal streptococci.

Resistance rates among S. pneumoniae could be underestimated by these centers.
eThree unconfirmed strains of Streptococcus spp. were reported as having zone diameters of 19 mm (1 strain) or 
20 mm (2 strains).

fLinezolid-resistant strains by disk diffusion test were not referred to or confirmed by the monitor and included E. faecalis
(1 strain) and Enterococcus spp., NOS (2 strains) with zone diameters of 20 mm.
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A C K N O W L E D G M E N T S

KB-ZAPS Study Group Centers*:  Medical Center East (Birmingham, AL); Eliza Coffee Memorial Hospital (Florence, AL); Scottsdale
Memorial Hospital (Scottsdale, AZ); Fresno Community Hospital (Fresno, CA); Glendale Memorial Hospital (Glendale, CA); Pettis
Memorial VA Medical Center (Loma Linda, CA); Loma Linda Medical Center (Loma Linda, CA); King/Drew Medical Center (Los Angeles,
CA); UCLA Medical Center (Los Angeles, CA); Queen of the Valley Hospital (Napa, CA); San Francisco General Hospital (San Francisco,
CA); Olive View-UCLA Medical Center (Sylman, CA); Little Company of Mary Hospital (Torrance, CA); University of Colorado Health
Center (Denver, CO); Bridgeport Hospital (Bridgeport, CT); Christiana Care Health System (Wilmington, DE); Boca Raton Community
Hospital (Boca Raton, FL); Integrated Regional Laboratory (Fort Lauderdale, FL); Holy Cross Hospital (Fort Lauderdale, FL); Florida Medical
Center (Fort Lauderdale, FL); Broward General Medical Center (Fort Lauderdale, FL); Shands Hospital (Gainesville, FL); Memorial Hospital
(Hollywood, FL); Jackson Memorial Hospital (Miami, FL); Mt. Sinai Medical Center (Miami, FL); Grady Memorial Hospital (Atlanta, GA);
The Medical Center (Columbus, GA); St. Francis Hospital (Columbus, GA); St. Luke’s Medical Center (Sioux City, IA); Kootenai Medical
Center (Coeure D’Alene, ID); Eastern Idaho Regional Medical Center (Idaho Falls, ID); Michael Reese Hospital (Chicago, IL); Christ
Hospital and Medical Center (Oak Lawn, IL); Swedish-American Hospital (Rockford, IL); St. Anthony Medical Center (Rockford, IL);
Bloomington Hospital (Bloomington, IN); Parkview Memorial Hospital/Ft. Wayne Regional Laboratory (Fort Wayne, IN); St. Mary
Medical Center (Hobart, IN); VA Medical Center-Roudbush (Indianapolis, IN); Floyd Memorial Hospital (New Albany, IN); Johns Hopkins
Hospital (Baltimore, MD); Southern Maryland Hospital (Clinton, MD); University of Michigan Hospitals ( Ann Arbor, MI); Henry Ford
Hospital (Detroit, MI); Hurley Medical Center (Flint, MI); Memorial Health Care Center (Owosso, MI); Saint Mary’s Hospital (Saginaw,
MI); Munson Medical Center (Traverse City, MI); VA Medical Center (Kansas City, MO); St. Luke’s Hospital (Kansas City, MO); VA
Medical Center-Durham (Durham, NC); New Hanover Regional Medical Center (Wilmington, NC); University of Nebraska Medical
Center (Omaha, NE); Hunterdon Medical Center (Flemington, NJ); Hackensack Medical Center (Hackensack, NJ); Jersey Shore Medical
Center (Neptune, NJ); Warren Hospital (Phillipsburg, NJ); Shore Memorial Hospital (Somers Point, NJ); Overlook Hospital (Summit, NJ);
Sunrise Hospital (Las Vegas, NV); Washoe Medical Center (Reno, NV); Auburn Memorial Hospital (Auburn, NY); Our Lady of Lourdes
Memorial Hospital (Binghampton, NY), Montefiore Hospital and Medical Center (Bronx, NY); Maimonides Medical Center (Brooklyn,
NY); The Brooklyn Hospital Center (Brooklyn, NY); Kaleida Health Gates (Buffalo, NY); Nassau County Medical Center (East Meadow,
NY); United Health Services-Wilson Memorial Regional Medical Center (Johnson City, NY); Laboratory Alliance of Central New York
(Liverpool, NY); New York-Presbyterian Hospital (New York, NY); United Hospital Medical Center (Port Chester, NY); Strong Memorial-
University of Rochester (Rochester, NY); VA Medical Center-Syracuse (Syracuse, NY); Shriners Hospital for Children (Cincinnati, OH);
Children’s Hospital Medical Center (Cincinnati, OH); VA Medical Center Dayton (Dayton, OH); CompuNet Clinical Laboratories
(Moraine, OH); St. Joseph’s Medical Center of North Oklahoma (Ponca City, OK); Tulsa Regional Medical Center (Tulsa, OK); Oregon
Medical Laboratories (Eugene, OR); Harrisburg Hospital (Harrisburg, PA); UPMC Passavaat Hospital (Pittsburgh, PA); Magee Women’s
Hospital (Pittsburgh, PA); UPMC St. Margaret Hospital (Pittsburgh, PA); The Western Pennsylvania Hospital (Pittsburgh, PA); St. Clair
Hospital (Pittsburgh, PA); The Reading Hospital and Medical Center (West Reading, PA); Sioux Valley Hospital (Sioux Falls, SD);
Memorial Hospital Chattanooga (Chattanooga, TN); Thomason Hospital (El Paso, TX); Metropolitan Methodist Hospital (San Antonio, TX);
Baptist Medical Center (San Antonio, TX); Temple VA Hospital (Temple, TX); East Texas Medical Center (Tyler, TX); University of Utah
Medical Center (Salt Lake City, UT); Inova Alexandria Hospital (Alexandria, VA); Inova Fairfax Hospital (Falls Church, VA); Overlake
Hospital (Bellevue, WA); Deaconess Medical Center-Spokane (Spokane, WA); Madigan Army Medical Center (Tacoma, WA);
Charleston Area Medical Center (Charleston, WV); St. Francis Hospital (Charleston, WV); Davis Memorial Hospital (Elkins, WV); St.
Mary’s Hospital (Huntington, WV); and Thomas Memorial Hospital (South Charleston, WV).

TABLE 2. Resistant or intermediate breakpoint details of linezolid zone diameters listed
by genus or species groups

% At Each Zone Diameter (mm)

Organism group (no. tested) 19 20 21 22 ≥23

Enterococci (857) — 0.4 0.5 3.1 96.0a

S. aureus (1,290) — — 0.2a 0.8 99.0
Coagulase-negative staphylococci (488) — — —a 0.4 99.6
Streptococci (465) 0.2 0.4 1.7a 2.2 95.5

aSusceptible zone diameter selected by the US Food and Drug Administration (Linezolid product package
insert, 2000). No resistant or intermediate category has been recommended for staphylococci or streptococci.
The resistant interpretive zone for enterococci was ≤20 mm.

Zone Diameters (mm)

17 19 21 23 25 27 29 31 33 35 37   39

O
cc

u
rr

en
ce

0

100

200

300

400

500

600

700

800

>

FIGURE 1. Distribution of zone diameters around a 30-µg linezolid disk for 
3,100 gram-positive isolates

C O N C L U S I O N S

• Clearly, linezolid possesses the most complete antimicrobial spectrum (by disk diffusion
tests) against all species of staphylococci, streptococci, and enterococci when directly
compared with the clinically available streptogramin or vancomycin (Table 1). 

• The zone diameters surrounding the 30-µg linezolid disks in this surveillance trial
illustrated the extremely rare occurrence of isolates (0.0% to 0.6% by genus group) with
potentially elevated linezolid MIC values (≥8 µg/mL).  Such strains should be
studied further in reference laboratories.

• Linezolid was proven in this comprehensive sample of more than 3,000 strains (>100
US medical centers) to have near complete coverage of contemporary gram-positive
cocci.  All strains with participant-measured zone diameters ≤20 mm that were available
for retesting failed to be confirmed.  The remaining linezolid-non-susceptible strains had
zones clustered near the breakpoint zone (19 or 20 mm), were not monitor confirmed,
and were unlikely to have a reproducible linezolid MIC ≥8 µg/mL.

PNU0122 poster  9/14/01  9:25 AM  Page 1


