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Abstract

� Linezolid is an oxazolidinone antibacterial agent that
acts by inhibiting the initiation of bacterial protein
synthesis. Cross-resistance between linezolid and
other inhibitors of protein synthesis has not been
demonstrated.

� Linezolid has a wide spectrum of activity against
Gram-positive organisms including methicillin-re-
sistant staphylococci, penicillin-resistant pneumo-
cocci and vancomycin-resistant Enterococcus
faecalis and E. faecium. Anerobes such as Clostrid-
ium spp., Peptostreptococcus spp. and Prevotella
spp. are also susceptible to linezolid.

� Linezolid is bacteriostatic against most susceptible
organisms but displays bactericidal activity against
some strains of pneumococci, Bacteroides fragilis
and C. perfringens.

� In clinical trials involving hospitalised patients with
skin/soft tissue infections (predominantly S. aureus),
intravenous/oral linezolid (up to 1250mg mg/day)
produced clinical success in >83% of individuals. In
patients with community-acquired pneumonia, suc-
cess rates were >94%.

� Preliminary clinical data also indicate that twice
daily intravenous/oral linezolid 600mg is as effective
as intravenous vancomycin 1g in the treatment of
patients with hospital-acquired pneumonia and in
those with infections caused by methicillin-resistant
staphylococci. Moreover, linezolid 600mg twice
daily produced >85% clinical/microbiological cure
in vancomycin-resistant enterococcal infections.

� Linezolid is generally well tolerated and gastrointes-
tinal disturbances are the most commonly occurring
adverse events. No clinical evidence of adverse re-
actions as a result of monoamine oxidase inhibition
has been reported.
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Features and properties of linezolid
(U-100766, PNU-100766)

Indications

Complicated and uncomplicated skin and soft tissue infections,
community- and hospital-acquired pneumonia, drug-resistant
Gram-positive infections

Mechanism of action

Oxazolidinone antibacterial
agent

Inhibitor of the initiation of
bacterial protein synthesis

Dosage and administration

Usual dosage in clinical trials 600mg

Frequency Twice daily

Administration Intravenous/oral

Pharmacokinetic profile (625mg oral dose)

Peak/trough plasma
concentration

18/≥4 mg/L

Time to peak plasma
concentration

1 to 2h

Bioavailability 103%

Renal clearance 50 mL/min

Total clearance 120 mL/min

Elimination half-life 4.5 to 5.5h

Adverse events

Most frequent Gastrointestinal disturbances



Linezolid is a member of the oxazolidinone
class of synthetic antibacterial agents that inhibit
bacterial protein synthesis through a unique mech-
anism. In contrast to other inhibitors of protein syn-
thesis, the oxazolidinones act early in translation
by preventing the formation of a functional initia-
tion complex.[1] Consequently, linezolid is not ex-
pected to show cross-resistance with existing anti-
bacterial agents. The proposed mechanism of
action of linezolid is indicated in figure 1.

1. Antibacterial Activity

Mechanism of Action

Effects on Protein Synthesis
• In a membrane-permeable strain of Escherichia
coli, linezolid 30 µmol/L inhibited protein synthe-
sis by 90%. Linezolid effectively inhibited cell-
free transcription-coupled translation in E. coli,
with a concentration producing half maximal inhi-
bition (IC50) of 1.8 µmol/L. Following uncoupling
of the transcription-translation reaction, linezolid
also demonstrated effective inhibition of transla-
tion alone.[4]

• Radioligand binding studies in isolated bacterial
ribosomes demonstrated that the oxazolidinone
eperezolid binds specifically to the 50S ribosomal
subunit, and linezolid (1 to 1000 µmol/L) compet-
itively inhibits [14C]eperezolid ribosomal binding
in a concentration-dependent manner.[3] Although
chloramphenicol and lincomycin also competed
for the ribosomal binding site, functional studies
indicated that the oxazolidinones act via a distinct
mechanism. In contrast to the marked actions of
chloramphenicol and lincomycin on elongation

(peptidyl transferase activity) and termination of
translation, linezolid and eperezolid had little ef-
fect on these processes.[3,4]

• Linezolid inhibited the formation of ribosomal
initiation complexes involving 30S and 70S ribo-
somes isolated from E. coli (IC50 110 and 130
µmol/L, respectively) and 70S ribosomes from
Staphylococcus aureus (116 µmol/L). In contrast,
other steps in the initiation process were not af-
fected by linezolid. At concentrations of up to 200
µmol/L, linezolid did not inhibit the binding of
messenger RNA or N-formylmethionyl-transfer
RNA (tRNAfMet) to isolated 30S ribosomal sub-
units, nor did it prevent the formation of the initi-
ation factor(IF)-tRNAfMet binary complex. The
investigators postulated that binding of oxazo-
lidinones to the 50S subunit distorts the tRNAfMet

binding site which overlaps both ribosomal sub-
units, preventing initiation complex formation (fig.
1).[2]

Effects on Virulence Factors
• In vitro experiments indicated that linezolid in-
hibits the expression of S. aureus [minimum inhib-
itory concentration (MIC) 1.5 mg/L] and Strepto-
coccus pyogenes (MIC 0.5 mg/L) virulence factors.
Production of α-haemolysin, δ-haemolysin and co-
agulase by S. aureus was considerably reduced in
the presence of linezolid at concentrations of 12.5
to 50% of MIC. Additionally, linezolid (25 to 50%
of MIC) attenuated streptolysin O and DNAase
production by S. pyogenes.[5]

In Vitro Activity

Tentative breakpoint criteria for linezolid (sup-
ported by preliminary pharmacokinetic data[6,7])
are MICs of ≤4 mg/L for susceptibility and ≥16
mg/L for resistance.[8]

Gram-Positive Bacteria
• Linezolid showed good activity against S. au-
reus (no isolates had MICs >2 mg/L) which was
generally equivalent to that of vancomycin. S.
epidermidis and S. haemolyticus had similar sus-
ceptibilities to linezolid and vancomycin (all MICs
1 to 2 mg/L).[9] MICs of linezolid were not affected
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by resistance to penicillin, methicillin or cipro-
floxacin in S. aureus, or methicillin in coagulase-
negative staphylococci (fig. 2).[9,10]

• In particular, linezolid was highly effective
against penicillin-sensitive, -intermediate and -re-
sistant Streptococcus pneumoniae, the concentra-
tion required to inhibit 90% of strains (MIC90) be-
ing 1 mg/L (MIC range ≤0.016 to 4 mg/L).[11,14] In
comparison, MIC90 values for vancomycin were
0.25 to 0.5 mg/L. Additionally, linezolid remained
active against strains of pneumococci resistant to
ceftriaxone,[14] erythromycin, clindamycin and tet-
racycline.[15]

• Linezolid demonstrated activity against all en-
terococcal isolates tested, regardless of vancomy-
cin resistance pattern. Against vancomycin-sus-
ceptible strains of Enterococcus faecalis and E.
faecium, linezolid and vancomycin had similar ef-
fects (MIC 1 to 2 mg/L and 0.25 to 8 mg/L, respec-

tively). Importantly, linezolid also had good activity
against vancomycin-resistant strains of entero-
cocci.[13,16] For class A and class B glycopeptide-
resistant (VanA and VanB) strains of E. faecium
(having MIC90s of 512 and ≥128 mg/L for vanco-
mycin and ampicillin, respectively), the MIC90 of
linezolid was in the range 2 to 4 mg/L. Linezolid had
an MIC90 or 4 mg/L against vancomycin-resistant
E. faecalis, compared with a value of 2 mg/L for
ampicillin.[13]

• Activity of linezolid was also demonstrated
against 8 taxa of Nocardia, including the multi-
drug-resistant strains N. farcinica and N. trans-
valensis. With the exception of N. farcinica and N.
otitidiscavarium which had MIC50s of 4 mg/L, all
other Nocardia taxa had MIC50s of 2 mg/L. MIC90s
were in the range 2 to 8 mg/L for all species
tested.[17]

mRNA
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Initiation
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30S and
mRNA

50S

−
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Fig. 1. Schematic representation of the proposed mechanism of action of linezolid. The oxazolidinones appear to prevent an early step in

bacterial protein synthesis by preventing formation of the tRNAfMet-mRNA-70S or -30S initiation complex. Collective data suggest that the

ribosomal interaction of oxazolidinones is partitioned between the 2 subunits. Oxazolidinone binding to the 50S subunit distorts the binding

site for tRNAfMet, inhibiting ternary initiation complex formation and thus preventing initiation of translation.[2,3] 30S = 30S ribosomal subunit;

50S = 50S ribosomal subunit; 70S = 70S ribosomal complex; mRNA = messenger RNA; tRNAfMet = N-formylmethionine-transfer RNA

complex.
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• Linezolid has potent activity (MIC90 ≤2 mg/L)
against other Gram-positive organisms, including
S. pyogenes, Bacillus spp., Corynebacterium spp.,
Listeria monocytogenes, Mycobacterium tubercu-
losis and Rhodococcus spp.[12,18]

Gram-Negative Bacteria

• Linezolid lacked significant effects against most
Gram-negative pathogens but had in vitro activity
against Moraxella catarrhalis (MIC90 4 mg/L),
Haemophilus influenzae (MIC50 4 mg/L),[12]

Legionella spp. (MIC90 4 mg/L),[19] Neisseria
gonorrhoeae (MIC90 16 mg/L),[20] and Bordatella
pertussis (MIC90 4 mg/L).[21] Additionally, lin-
ezolid exhibited MICs of 2 and 4 mg/L against Fla-
vobacterium meningosepticum and Pasteurella
multocida, respectively.[22,23] Pseudomonas aeru-

ginosa and enterobacteriaceae, including E. coli,
Klebsiella pneumoniae, and Proteus penni, were
not susceptible to linezolid.[12,20]

Anaerobes
• Linezolid demonstrated similar activity to van-
comycin (MIC 1 to 2 mg/L for both agents) against
Clostridium difficile and C. perfringens (fig. 3).
Additionally, linezolid had good activity against
Gram-negative anaerobes including Bacteroides
spp. (MIC 4 mg/L), Fusobacterium nucleatum
(MIC 0.5 mg/L) and Prevotella spp. (MIC 1 to 2
mg/L).[12,23,24]

Bactericidal Activity

• Intime-killassays, linezoliddemonstratedconsistent
bacteriostatic effects against S. aureus, coagulase-
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Fig. 2. In vitro activity of linezolid against Gram-positive organisms. Data compiled from Von Eiff & Peters,[9] Spangler et al.,[11] Zurenko et

al.[12] and Eliopoulos et al.[13] for staphylococci, pneumococci, S. pyogenes and enterococci, respectively. MIC50 and MIC90 = minimum

inhibitory concentration required to inhibit 50% and 90% of strains; MR = methicillin-resistant; MS = methicillin-susceptible; PI = penicillin-

intermediate; P/MS = penicillin/methicillin-susceptible; PR = penicillin-resistant; PS = penicillin-susceptible; VanA = class A glycopeptide-re-

sistant strain; VanB = class B glycopeptide-resistant strain; VR = vancomycin-resistant; VS = vancomycin-susceptible.
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negative staphylococci and enterococci.[12,25-27]

Significant concentration-dependent bactericidal
activity against staphylococcal and enterococcal
strains was not demonstrated at concentrations of
2 to 16 × MIC.[20]

• Linezolid was bactericidal against 3 of 5 strepto-
coccal strains tested, and reduced bacterial counts
of the remaining strains by 2.5 to 2.9 log10 colony
forming units (cfu)/ml. Bactericidal activity was
also demonstrated against B. fragilis and C. per-
fringens.[12]

• Serum samples drawn from 10 volunteers recei-
ving multiple doses of oral linezolid 400 or 625mg
inhibited test strains of S. aureus, E. faecalis and
S. pneumoniae. 6 hours after the final administra-
tion, samples from 5 of 6 volunteers receiving lin-
ezolid 625mg were bactericidal for S. pneu-
moniae.[28]

Postantibiotic Effects

• At 4 × MIC, linezolid showed in vitro post-
antibiotic effects (PAE) of 0.6, 1.1 and 1.4 hours,
respectively, for methicillin-resistant S. aureus,
methicillin-susceptible S. epidermidis and vanco-
mycin-resistant E. faecium.[29] In a mouse thigh
infection model, linezolid at dosages of 20 and 80
mg/kg produced PAEs of 3.6 and 3.8 hours for pen-
icillin-sensitive pneumococci, and 3.9 and 3.7
hours for methicillin-sensitive S. aureus.[30]

In Vivo Activity

Staphylococci

• In a mouse intraperitoneal model of systemic
infection, linezolid was more active than vancomy-
cin against methicillin-susceptible S. aureus [50%
effective dose (ED50) 2.9 vs 13.2 mg/kg/day, and
displayed comparable activity against methicillin-
resistant strains (2.8 to 15 vs 2 to 7 mg/kg/day).
Against methicillin-susceptible S. epidermidis,
linezolid was slightly less active than vancomycin
(ED50 4.7 vs 1.8 mg/kg/day).[31] Linezolid was not
active in a rat model of methicillin-susceptible S.
aureus experimental osteomyelitis.[32]

• The activity of linezolid 40 mg/kg was com-
pared with that of vancomycin 60 mg/kg and rifam-
picin 10 mg/kg in a rat model of experimental
(methicillin-resistant S. aureus) endocarditis (n =
6 to 7 in each group). After 5 days’ treatment (twice
daily intramuscular injections), bacterial vegeta-
tion counts (6.6 log10 cfu/g at the start of therapy)
fell by 2.9 and 3.6 log10 cfu/g for linezolid and
rifampicin, respectively. Bacterial counts remain-
ed unchanged or increased by 4.1 log10 cfu/g in the
vancomycin and control groups, respectively.[33]

• However, in a study of experimental endocardi-
tis in rabbits (methicillin-susceptible S. aureus),
both oral linezolid 50 mg/kg 3 times daily and in-
travenous vancomycin 25 mg/kg twice daily sig-
nificantly reduced vegetation counts from control
values (2.8, 2.7 and 8.4 log10 cfu/g for linezolid,
vancomycin and control, respectively).[34]
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Fig. 3. In vitro activity of linezolid against anaerobes.[23,24] MIC50

and MIC90 = minimum inhibitory concentration required to inhibit

50% and 90% of strains.
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Streptococci

• Linezolid was at least as effective as
clindamycin against S. pyogenes systemic infec-
tions (ED50 5 vs 8.6 mg/kg/day) and as effective as
amoxicillin against S. pneumoniae (2.5 vs 3.4
mg/kg/day). Additionally, linezolid demonstrated
consistent activity (ED50 2.7 to 3.8 mg/kg/day)
against 3 strains of pneumococci resistant to clin-
damycin and penicillin/cephalosporin.[31]

• In a rabbit experimental model of S. pneu-
moniae meningitis, intravenous linezolid (18%
central nervous system penetration) reduced both
penicillin-sensitive and -resistant CSF bacterial
counts (–0.25 and –0.41 log10 cfu/ml • h, respec-
tively). However, linezolid (2 × 20 mg/kg infu-
sions) was less active (p < 0.05) than ceftriaxone
125 mg/kg against infection caused by a penicillin-
susceptible strain.[35]

• Oral twice daily linezolid 25 mg/kg for 5 days
was effective in producing sterile middle ear fluid
cultures and eradicating amoxicillin- and erythro-
mycin-resistant S. pneumoniae from the nasophar-
ynx in a chinchilla model of otitis media. The con-
centration of linezolid in middle ear fluid was 81%
of that reached in serum.[36]

• Linezolid reduced morbidity associated with se-
vere group A streptococcal myonecrosis in experi-
mental animals. After infection with 108 cfu/ml
(causing 100% mortality within 115 hours in un-
treated animals), 12-day survival rates were 80%
in animals treated with 20 to 40 mg/kg twice daily.
In comparison, the 9-day mortality rate was 100%
in animals treated with penicillin G 98 mg/kg.[37]

Enterococci

• In a neutropenic mouse model, linezolid was cu-
rative against vancomycin-resistant E. faecium
(ED50 24 mg/kg/day) and also demonstrated activ-
ity against aminoglycoside-resistant E. faecalis
(ED50 10 mg/kg/day vs 0.5 mg/kg/day for vanco-
mycin). Moreover, linezolid had similar efficacy to
vancomycin in curing E. faecalis soft tissue infec-
tions (ED50 11.0 vs 16.3 mg/kg/day).[31]

Mycobacteria
• Oral linezolid 25, 50 and 100 mg/kg (n = 8 for
each group) reduced organ bacterial counts in a
murine model of Mycobacterium tuberculosis in-
fection. After 4 weeks of 5 days’ treatment per
week, starting 1 week postinfection, bacterial
counts were significantly reduced (p < 0.05) in the
spleen (5.85, 5.34 and 8.06 log10 cfu/organ in 25
and 100 mg/kg and control groups, respectively)
and lung (6.64, 5.52 and 8.17 log10 cfu/organ).
However, 4 deaths occurred in the lower dose
group. When treatment was started 1 day postinfec-
tion, all doses of linezolid reduced (p < 0.01) organ
bacterial counts. However, the activity of the high-
est dose of linezolid was less than half that of iso-
niazid 25 mg/kg (p < 0.01).[38]

Polymicrobic and Gram-Negative Infections
• Polymicrobic (gentamicin-resistant S. aureus
and gentamicin-susceptible E. coli) soft tissue in-
fections were effectively cured by treatment with
linezolid-aztreonam and vancomycin-aztreonam
combinations (ED50 5.6 vs 3.7 mg/kg/day). How-
ever, linezolid alone was ineffective against the
Gram-negative pathogens E. coli, Klebsiella pneu-
moniae and Moraxella catarrhalis in a mouse sys-
temic infection model.[31]

• In a chinchilla model of otitis media, experi-
mental infection and nasopharyngeal colonisation
with nontypeable H. influenzae was not eradicated
by linezolid, despite achieving middle ear fluid
concentrations above the MIC (8 mg/L).[36]

Resistance

• In Gram-positive bacteria, in vitro resistance to
linezolid was not easily induced. When exposed to
a drug concentration of twice the MIC, no resistant
mutants were found in 12 strains of methicillin-
susceptible and -resistant S. aureus and S. epiderm-
idis (spontaneous mutation frequency <1 × 10–9 for
each organism).[39] In another study in S. aureus,
development of spontaneous resistance did not oc-
cur at 2, 4 or 8 times the MIC of linezolid, yielding
a spontaneous mutation frequency of <8 × 10–11.
Additionally, serial passage of staphylococci and
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enterococci produced no evidence of rapid devel-
opment of resistance.[12]

• Cross-resistance between linezolid and other in-
hibitors of protein synthesis targeting the 50S ribo-
somal subunit did not develop in staphylococcal,
enterococcal and streptococcal strains containing
genes conferring resistance to chloramphenicol,
fusidic acid, lincosamides, macrolides, strepto-
gramins and tetracyclines.[40]

2. Pharmacokinetic Profile

Absorption and Distribution

• Linezolid is rapidly and completely absorbed
after oral administration, reaching peak plasma
concentrations (Cmax) within 1 to 2 hours (tmax),
and having a mean absolute bioavailability of
103%.[6,41] Cmax was 23% lower (p = 0.0014) in the
presence of food, although the area under the
plasma concentration-time curve (AUC), tmax and
bioavailability were unchanged.[41] Linezolid has
a steady-state volume of distribution (Vss) of 50L
and is 31% bound to plasma proteins.[42]

• At steady state, Cmax values were 12 and 18
mg/L, respectively, after 14.5 days’ twice daily oral
administration of linezolid 375 and 625mg in 24
volunteers. Minimum plasma concentrations (Cmin)
were ≥4 mg/L (i.e. above the MIC90 for susceptible
pathogens) for both doses.[6] After twice daily in-
travenous administration (n = 17), linezolid 500
and 625mg for 7.5 days produced steady-state Cmin

values of 3.51 and 3.84 mg/L, respectively. Plasma
concentrations remained above 4 mg/L for 9 to 10
hours of the 12-hour dose interval.[7]

• In rats treated with a single oral dose of
[14C]linezolid 25 mg/kg, brain levels of radioactiv-
ity were 14 to 23% of plasma levels 0.3 to 4 hours
postdose. Mineral bone concentrations were simi-
larly low. With the exception of the eye and testis
(≈40%) most other tissues contained concentra-
tions of radioactivity that were ≥70% and ≥60% of
plasma concentrations at 20 minutes and 4 hours,
respectively (data on file, Pharmacia & Upjohn).

• After 5 days’ treatment with linezolid 40 mg/kg
twice daily in a rat model of endocarditis, mean
trough vegetation concentrations of linezolid were
2.2 µg/g. Simultaneous serum concentrations were
similar, suggesting no accumulation of linezolid in
vegetations. In contrast, trough concentrations of
vancomycin (administered at 60 mg/kg twice
daily) in vegetations were 7-fold higher than those
in serum. After a single dose of linezolid, both se-
rum and vegetation concentrations remained above
the MIC for 7 to 8 hours postdose.[33]

Metabolism and Elimination

• Metabolism studies indicated that linezolid
undergoes slow nonenzymatic oxidation, mediated
by reactive oxygen species in vivo,[43] resulting in
the formation of carboxylic acid metabolites with
low antibacterial potency (MIC against S. aureus
of >16 mg/L).[44] Unchanged drug accounted for
90% of the circulating dose of linezolid, and the
metabolite with the highest circulating concentra-
tion accounted for <6%. Involvement of the cyto-
chrome P450 (CYP) system in the metabolism of
linezolid has not been demonstrated, and linezolid
neither induces nor inhibits rat and human CYP
isoforms.[43]

• After a single 500mg oral dose in healthy vol-
unteers, urinary and faecal recoveries were 80 to
85% and 7 to 12% over 7 days, respectively, of the
administered dose. At steady state, 30% of the dose
was excreted intact in the urine.[44]

• Total (CL) and renal clearances (CLR) of line-
zolid were 120 and 50 mL/min, respectively, after
oral or intravenous administration. The elimina-
tion half-life (t1⁄2z) was 4.5 to 5.5 hours under single
dose and steady-state conditions.[6,7]

Influence of Age, Gender and Disease 
on Pharmacokinetics

• The pharmacokinetic properties of a single oral
dose of linezolid 600mg were not influenced by
age after administration in young (mean 30 years,
n = 15) and elderly (mean 70 years, n = 14) volun-
teers. CL was lower in female than in male volun-
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teers in both age groups, although t1⁄2z values were
similar. Consequently, dose adjustments in adults
are not warranted on the grounds of age or gen-
der.[45]

• In children and adolescents, the pharmacoki-
netic properties of intravenous linezolid 1.5 mg/kg
did not differ among age groups (12 months to 2
years, 3 to 6, 7 to 12, and 13 to 18 years). Although
CL was somewhat higher in paediatric than in adult
patients receiving similar doses on a mg/kg basis
(125mg = 1.7 mg/kg for a typical 70kg adult), Vss

values were similar. Additionally, t1⁄2z (3 to 3.7
hours) was shorter in paediatric than in adult pa-
tients.[46]

• In 24 individuals with varying degrees of renal
function [creatinine clearance (CLCR) 10 to 39
ml/min, 40 to 79 ml/min and >80 ml/min], CL of
linezolid 600mg was not altered as a function of
CLCR. However, an 80% increase in CLR was ob-
served in patients receiving dialysis (8.8 vs 5.8
ml/min in patients with normal renal function).
Thus dosage adjustment is unnecessary in individ-
uals with mild to moderately impaired renal func-
tion, although supplemental or postdialysis doses
may be necessary for those on haemodialysis.[47]

• The disposition of linezolid did not appear to be
affected by mild to moderate hepatic impairment.
Pharmacokinetic parameters were not significantly
altered in 7 patients with liver disease compared
with 8 matched controls receiving a single oral
dose of 600mg. Hence, dosage adjustment is not
necessary in patients with mild to moderate liver
disease.[48] The pharmacokinetics of linezolid have
not been investigated in patients with severe he-
patic impairment.

Drug Interactions

• No clinically significant pharmacokinetic inter-
actions were noted during coadministration of
linezolid 375mg and aztreonam 1g as a single in-
travenous infusion in 12 volunteers. Concentra-
tions of linezolid remained ≥4 mg/L for approxi-
mately 5 hours postinfusion. Consequently, dosage
adjustment is not required when addition of aztre-

onam to the treatment regimen is indicated for Gram-
negative coverage.[49]

3. Therapeutic Profile

Oral and intravenous linezolid have been eval-
uated in open-label studies of the treatment of com-
munity-acquired pneumonia (including one study
in paediatric patients) and skin/soft tissue infec-
tions. A further 7 studies (6 versus comparator
drugs, 1 dose-ranging) involving >2900 patients
aged >18 years have investigated the clinical effi-
cacy of linezolid in pneumonia and skin/soft tissue
infections and against strains of methicillin-resis-
tant S. aureus and vancomycin-resistant E. faecium
(patients aged ≥13 years were included in the latter
study). Studies were presented in abstract or pre-
liminary form, and in some instances the infecting
organism was not specified. In general, clinical
success rates were based on combined cure and im-
provement.

Open-Label Studies

• Hospitalised patients (n = 273) with skin/soft
tissue infections (predominantly caused by S. au-
reus, although S. epidermidis, S. pyogenes and en-
terococci were also isolated) participated in an
open-label study of intravenous/oral linezolid. Pa-
tients received either low (250mg three times daily
or 375mg twice daily1) or high dose linezolid
(375mg three times daily or 625mg twice daily) for
at least 3 days before switching to oral treatment
until the end of therapy (mean total duration 10
days). At long term follow-up (15 to 28 days after
termination of therapy) clinical success rates were
83.3 and 87.7% for the low and high dose groups,
respectively. Similarly, 90 and 82.5% achieved
treatment success in terms of microbiological out-
come.[50]

• The efficacy of linezolid in hospitalised patients
with community-acquired pneumonia was evalu-

1 Both low and high dosage regimens were switched from
three times daily to twice daily, maintaining the same total
daily dosage, after interim pharmacokinetic data became
available.
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ated using a similar dosage and treatment protocol.
A total of 44 patients received low dose linezolid,
while 76 were treated with the high dose regimen.
Pneumonia was predominantly due to S. pneu-
moniae (68%), although isolates also included S.
aureus, Haemophilus spp. and group B strepto-
cocci. At follow-up (15 to 28 days after the end of
treatment) 93.2% and 94.4% of patients in the low
dose group achieved clinical and microbiological
success, respectively. In the high dose group, suc-
cess rates were 94.4% and 97.4%.[51]

• 64 paediatric patients (aged 12 months to 6
years) with community-acquired pneumonia (causal
organism unspecified) were treated with twice
daily intravenous/oral linezolid at a dosage of 10
mg/kg for 7 to 14 days. Clinical cure was achieved
in 95.3% of patients.[52]

Comparative Studies

• Linezolid 400 and 600mg twice daily produced
clinical success rates of ≥89% in patients with
complicated and uncomplicated skin/soft tissue in-
fections, and in outpatients and hospitalised pa-
tients with community-acquired pneumonia (fig.
4).[52] The efficacy of linezolid did not differ from
that of standard treatments. However, linezolid
was significantly (p = 0.022) more effective than
the comparator treatment in a subset of hospi-
talised patients with community-acquired pneu-
monia and associated bacteraemia (93.3 vs 69.9%,
respectively).[52]

• Preliminary publication of results from 2 stud-
ies indicated comparable efficacy of twice daily
intravenous linezolid 600mg and vancomycin 1g
in methicillin-resistant staphylococcal infections
(including pneumonia, bacteraemia and urinary or
skin/soft tissue infections with S. aureus and coag-
ulase negative stapylococci) and hospital-acquired
pneumonia (fig. 5). Step-down to oral treatment
occurred in some patients in with methicillin-resis-
tant staphylococcal infections.[52,53]

• Intravenous linezolid at twice daily dosages of
200 or 600mg effected clinical cure in 73.7% and
88.6% of patients (fig. 5) with vancomycin-resis-
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lowed by oral, administration of linezolid (LIN) in 4 studies. The

duration of treatment was 7 to 14 days in patients with uncompli-

cated SST (n = 611) and 10 to 21 days in those with complicated

SST (n = 591). Outpatients (n = 407) and hospitalised patients (n

= 526) with CAP received 10 to 14 and 7 to 21 days’ treatment,

respectively. For each type of infection, patients were randomised

to receive LIN or the appropriate standard treatment. Data from

clinically evaluable patients are presented.[52] bid = twice daily;

CAP = community-acquired pneumonia; CEP = cefpodoxime;

CET = ceftriaxone; CLA = clarithromycin; DIC = dicloxacillin; OXA
= oxacillin; qid = 4 times daily.
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tant enterococcal infections (positive cultures of
urine, wound, abscess, respiratory secretions, or
peritoneal or pleural fluid). The higher dosage was
significantly (p = 0.015) more effective in produc-
ing microbiological cure (85.7 vs 58.6%).[52,53]

Compassionate Use

In the US, linezolid is available for compassion-
ate use in patients (aged >28 days) with significant
infection caused by a cultured Gram-positive or-
ganism not able to be treated otherwise (i.e. due to
resistance or poor tolerability of other therapies).
Patients received twice daily intravenous or oral
dosages of linezolid 600mg, or 10 mg/kg/day in
paediatric patients.
• As of October 1999, this programme had en-
rolled 596 patients with various infections, pre-
dominantly bacteraemia, and also including intra-
abdominal abscesses and peritonitis, skin/soft
tissue infections, osteomyelitis, and lower and up-
per respiratory tract infections. Overall, most in-
fections (65.7%) were caused by vancomycin-re-
sistant E. faecium; other causal organisms included
methicillin-resistant S. aureus and S. epidermidis
(17.4% and 2.3%, respectively) and vancomycin-
resistant E. faecalis (3.7%). In bacteraemic patients
(42.6% of those enrolled), 81.4% of infections
were due to vancomycin-resistant E. faecium.[54,55]

• In patients for whom data are available, 75.3%
and 74.5% achieved clinical and microbiological
cure, respectively, at short term follow-up (7 to 10
days or 1 month after drug discontinuation).[54] In
bacteraemic patients (42.1% in intensive care
units, 54.4% on a general ward, 3.5% outpatients),
treatment with linezolid produced 82.5% and
85.9% clinical and microbiological cure rates, re-
spectively. Organisms were eradicated from the
bloodstream by day 2 to 2.5 in 50% of patients, and
by day 5 to 5.5 in 75%.[55]

• To date, 65 patients with neutropenia (87.7%
with vancomycin-resistant E. faecium infections)
have been treated in the compassionate use pro-
gramme. Clinical and microbiological cure was
achieved in 69.6 and 83.3% of patients, respec-
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tively. The mean time to eradication in patients
with microbiological cure was 3.3 days.[56]

• Development of resistance to linezolid has been
reported in 2 patients during the compassionate use
protocol. Patients received 4 or 6 weeks’ treatment
for E. faecium infection of complicated clinical
course, were bacteraemic, and had long-standing
indwelling devices that could not be removed. Ini-
tial MICs were 2 mg/L in both patients and final
isolate MICs were 16 and 32 mg/L. With the ex-
ceptions of nitrofurantoin (6 of 6 isolates in patient
1 had intermediate susceptibility, 3 of 6 had inter-
mediate susceptibility in patient 2) and chloram-
phenicol (3 of 6 susceptible in patient 1; 2 of 6
susceptible in patient 2), the isolates were resistant
to every agent (n = 32) tested.[57]

4. Tolerability

• Linezolid was well tolerated after oral or intra-
venous administration of daily dosages up to
1250mg.[6,7,42] In volunteers, the most common ad-
verse events were those involving the gastrointes-
tinal tract. With the exception of tongue discolor-
ation, these events had a similar incidence among
linezolid- and placebo-treated individuals.[7]

• Tolerability data are available for >500 patients
(with Gram-positive skin/soft tissue infections or
who required hospitalisation for presumed pneu-
mococcal pneumonia) who received daily dosages
of intravenous/oral linezolid 750 or 1250mg for 5
to 14 days in open-label multicentre studies. Drug-
related adverse events occurred in 32.7% of patients,
were generally of mild to moderate intensity, re-
solved during continuous linezolid treatment, and
were not dose-related. The most commonly occur-
ring drug-related adverse events were nausea
(5.4%), diarrhoea (5.2%), tongue discolouration
(2.5%), oral monilia (2.3%), taste perversion
(2.3%) and headache (2.3%). Adverse events ne-
cessitated study discontinuation in 3% of patients.
Serious drug-related adverse events (one episode
each of elevated liver enzymes, atrial fibrillation,
worsening renal failure and pancreatitis) occurred
in <1% of patients.[58]

• In the linezolid compassionate use protocol (re-
sults at September 1999), the overall adverse event
rate was 36.3%. Events considered at least possibly
related to drug treatment resulted in discontinua-
tion of therapy in 11.4% of patients. The most com-
monly occurring of these events were thrombo-
cytopenia (2.6%), dermatological reactions (2.5%),
reduced haemoglobin/haematocrit (0.8%), leuco-
penia (0.8%) and allergy (0.3%). Serious adverse
events considered to be possibly or probably re-
lated to linezolid treatment occurred in 5.6% of
patients. At the end of therapy, linezolid was well
tolerated by 77.8% of patients and a further 12.6%
experienced some problems but continued with
treatment.[54]

• In vitro studies have indicated that linezolid is a
weak, competitive inhibitor of human monoamine
oxidase (MAO).[59] However, no clinical evidence
of adverse events due to MAO inhibition has been
reported during linezolid treatment.[54,55,58]

5. Linezolid: Current Status

Linezolid is an oxazolidinone antibacterial
agent that inhibits the initiation of translation and
has activity against many Gram-positive organ-
isms. Linezolid has shown efficacy in the treatment
of skin/soft tissue infections, pneumonia and
bacteraemia. In particular, linezolid is effective
against infections caused by methicillin-resistant
S. aureus, penicillin-resistant S. pneumoniae and
vancomycin-resistant E. faecium.
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