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The oxazolidinones prepared by organic synthesis are 
new class of antibacterial agents. These agents have 

been introduced since 1980. Linezolid is the first member 
of the oxazolidinones. It inhibits  bacterial ribozomal 
protein synthesis by preventing the formation of the 
translation initiation complex. Linezolid binds to rRNA, 
specifically to domain V of the 23S rRNA of the 50S 
ribosomal subunit, which is encoded by genes (rDNA) 
present in multiple copies in clinically relevant species. 
Selection for linezolid-resistant mutants of various species 
is difficult, as of resistance would likely require mutations 
in multiple copies of 23S rDNA.1-4 Nosocomial infections 
with resistant Gram-positive pathogens have shown a 
steady worldwide increase over the last decade. Recently 
these isolates with reduced susceptibility to glycopeptides 
have also been reported. Since current options for the 
treatment of Gram-positive infections are limited, the 
development of novel antimicrobial classes such as the 
oxazolidinones are urgently needed.5 Linezolid has 
potent activity against multidrug-resistant Gram-positive 
pathogens such as vancomycin-resistant Enterococcus 
faecalis (E. faecalis) (VRE) and Enterococcus faecium,
penicillin-resistant Streptococcus pneumoniae, methicillin-
resistant Staphylococcus aureus (S. aureus) (MRSA), 
and methicillin-resistant Staphylococcus epidermidis (S.
epidermidis) (MRSE). Linezolid displays nonbactericidal, 
time-dependant activity in vitro against staphylococci.1-

4 The post-antibiotic effect (PAE) is the suppression or 
slowing down of bacterial growth after a short exposure to 
an antimicrobial agent, which is then eliminated from the 
culture. Determination of the PAE is very important for all 
new antimicrobial agents such as linezolid as it is a factor 
that influences the optimal antimicrobial dosing intervals. 
To exhibit the PAE of an antibiotic, prolongs the interval 
between the dosages. Finally, compliance of the patient 
increases, cost of treatment and drug toxicity decreases.6-10

Therefore, in this study, we aimed to investigate the PAE 
of linezolid against methicillin-resistant and -susceptible 
staphylococci, vancomycin-resistant and -susceptible 
enterococci.

Methods. Clinical strains of S. aureus, S. epidermidis 
and E. faecalis were isolated from hospitalized patients at 
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ABSTRACT

Objectives: To investigate the post-antibiotic effect 
(PAE) of linezolid against methicillin-resistant and  
-susceptible staphylococci, vancomycin-resistant 
and  -susceptible enterococci. 

Methods: Clinical strains of Staphylococcus 
aureus (S. aureus), Staphylococcus epidermidis (S. 
epidermidis) and Enterococcus faecalis  (E. faecalis) 
were isolated from hospitalized patients at Ege 
University Medical Faculty Hospital between 
June and September 2005. This study was made 
between September and December 2005.  The 
PAE of linezolid was determined at the minimum 
inhibitory concentration (MIC) and 4 times the 
MIC concentrations for 60 minutes in Mueller-
Hinton Broth (MHB). The duration of the PAE 
was obtained by following the recovery of bacterial 
growth in antibiotic free MHB measured colony 
forming units on Mueller-Hinton agar. 

Results: All the straines were susceptible to linezolid.  
The PAE was greater at 4 times the MIC (0.5 - 2.4 
hours) that at the MIC (0 - 1.7 hours) for linezolid 
against all organisms tested.  The PAE for linezolid 
was slightly higher against E. faecalis strains than 
other organisms.

Conclusion: In this study, it was demonstrated 
that linezolid had a moderate in vitro PAE against 
S. aureus, S. epidermidis and E.faecalis strains.
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Ege University Medical Faculty Hospital, Izmir, Turkey 
between June and September 2005. This study was 
made between September and December 2005. The 
test organisms included one MRSA, one methicillin-
susceptible S. aureus (MSSA), one vancomycin-
intermediate S. aureus (VISA), the vancomycin-
intermediate S. aureus strain Mu50, the heterogeneous-
vancomycin-intermediate S. aureus strain Mu3, one 
MRSE, one methicillin-susceptible S. epidermidis
(MSSE), one VRE, one vancomycin-susceptible E.
faecalis (VSE) and also the reference strains S. aureus
ATCC 25923, S. aureus ATCC 29213, and E. faecalis
ATCC 29212. Linezolid was provided by Pfizer. 
Linezolid MICs were determined by microdilution 
method using Mueller-Hinton broth (MHB) (Merck) 

according to criteria of the National Committee for 
Clinical Laboratory Standards (NCCLS).11 Prior to 
testing, antimicrobial dilutions were dispensed into the 
trays. The organisms were subcultured onto blood agar 
plates and incubated overnight. Suspensions in saline 
with a turbidity equivalent to that of a 0.5 McFarland 
standard were prepared, diluted and inoculated into 96-
well microtiter plate. The final inoculum density was 
5x105 CFU/mL. The plates were incubated for 16-20 
hours and the MICs were read. 

The presence of PAE was determined for linezolid 
for representatives of each group of organisms by the 
method described by Craig and Gudmundsson.6 A 106

CFU/mL of logarithmic phase organisms were exposed 
linezolid at the MIC and at 4 times the MIC for 1 

Table 1 - Strains distribution according to clinical departments and minimum inhibitory concentrations (MICs) of linezolid. 

Strains Samples Clinic Linezolid MIC 
(μg/mL)

Staphylococcus aureus (S. aureus)

Methicillin-resistant S. aureus Blood Anesthesiology and  reanimatology 1
Methicillin-susceptible S. aureus Wound swab Dermatology 1
Vancomycin-intermediate S. aureus Blood Internal medicine 1
Vancomycin-intermediate S. aureus strain    0.5
The heterogeneous Vancomycin-intermediate S. aureus 1

Staphylococcus epidermidis  (S. epidermidis)

Methicillin-resistant S. epidermidis Blood Neurology 1
Methicillin-susceptible S. epidermidis Blood Neurology 1

Enterococcus faecalis  (E. faecalis)

Vancomycin-resistant E. faecalis Rectal swab Internal medicine 1
Vancomycin-susceptible E. faecalis Blood Anesthesiology and  reanimatology 1

Table 2 - Post-antibiotic effect parameters after one hour exposure of bacterial strains to linezolid in vitro.

    Strains Post-antibiotic effect (hour)
1 x 

minimum inhibitory concentration
4 x 

minimum inhibitory concentration
Staphylococcus aureus (S. aureus)

Methicillin-resistant S. aureus 0.7 1.3
Methicillin-susceptible S. aureus 0 0.5
Vancomycin-intermediate S. aureus 0.1 0.5
Vancomycin-intermediate S. aureus strain 0.2 0.7
The heterogeneous Vancomycin-intermediate S. aureus 0.8 1
American type culture collections (ATCC 25923) 1.7 2.3
American type culture collections (ATCC 29213) 1 1.2

Staphylococcus epidermidis  (S. epidermidis)

Methicillin-resistant S. epidermidis 1 2
Methicillin-susceptible S. epidermidis 0.3 1.7

Enterococcus faecalis  (E. faecalis)

Vancomycin-resistant E. faecalis 1.1 2.4
Vancomycin-susceptible E. faecalis 1.1 1.3

   American type culture collections (ATCC 29212) 1.4 1.8
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hour at 37°C with shaking in benmari. One test tube 
of each organism was also used as a growth control. 
After 1 hour, the drug was removed by centrifuging the 
solution for 5 minutes at 10000 g. After decanting the 
supernatant, bacteria were resuspended in fresh pre-
warmed sterile MHB using volumes equivalent to the 
original culture volumes and this washing procedure 
was performed twice. These new cultures were then 
incubated at 37°C. Samples were removed for viable 
counting before washing, immediately after washing 
and at hourly intervals thereafter. Samples were serially 
diluted with ice-cold saline and plated onto Mueller-
Hinton agar (MHA) to determine the PAE. Colonies 
were counted after incubation at 37°C for 24-48 hours. 

All the tests were performed in duplicate.  The duration 
of the PAE was calculated by the equation PAE = T 
– C, where T is the time required for the count of 
CFU in the culture exposed to antibiotic to increase 1 
log10 above the count observed immediately after drug 
removal, and C is the time required for the count of 
CFU in the control culture to increase 1 log10 above 
the count observed immediately after completion of the 
same procedure used the test culture for drug removal. 

Results. Strains distribution according to clinical 
departments and linezolid MICs are shown in Table 1.
Linezolid MICs of all organisms were 0.5-1 μg/mL. All 
of the strains were susceptible to linezolid. The PAEs 
after 1 hour exposure to linezolid are presented in the
Table 2 and Figures 1 to 3. The PAE range was 0-1.7 
hours at the MIC and 0.5-2.4 hours at 4 times the MIC 
for linezolid against all organisms tested. After 1 hour 
exposure to linezolid, at 1xMIC, the in vitro PAEs were 
0-1.7 hour for S. aureus, 0.3-1 hour for S. epidermidis,
and 1.1-1.4 hour for E. faecalis. At 4xMIC, the PAEs 
of S. aureus, S. epidermidis, and E. faecalis were 0.5-2.3 
h, 1.7-2 h, and 1.3-2.4 h respectively. The PAEs of E.
faecalis were slightly longer than the staphylococci. The 
minimum PAEs were detected with MSSA.

Discussion. The linezolid is a member of 
oxazolidinone which is a unique class of synthetic 
antimicrobials. It has activity against a wide variety of 
resistant microorganisms such as MRSA, MRSE, and 
VRE. Other unique features of linezolid include its novel 
mechanism of action, for which it does not display cross-
resistant activity with other classes of antimicrobials, 
and the fact that the spontaneous rate of mutation to 
resistance for it is very low. Also, it was shown that 

Figure 1 - Growth curves by viable count of methicillin susceptible Staph--
ylococcus aureus culture after one hou exposure to linezolid.

Figure 3 - Growth curves by viable count of Mu50 culture after  one 
hour exposure to linezolid.

Figure 2 - Growth curves by viable count of vancomycin-resistant 
Enterococcus faecalis culture after one hour exposure to 
linezolid. 
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linezolid had PAE in some studies. If an antibiotic has 
a PAE, it can be administered in an extended dosing 
intervals and in this way, cost and toxicity of the drug 
will be reduced.10, 12   In this study, we demonstrated that 
linezolid possess moderate PAE. The PAE was greater 
at 4 times the MIC (0.5-2.4 hour) than at the MIC 
(0-1.7 hour) for linezolid against all organisms tested. 
Among staphylococci, S. aureus ATCC 25923 had long 
PAE while MSSA had very short. The PAE for linezolid 
was slightly longer against E. faecalis strains than other 
organisms.  In a study of Rybak et al,12 PAE of linezolid 
was investigated with MRSA, MRSE, vancomycin-
resistant E. faecalis and vancomycin-resistant E. faecium
isolates. They found that the PAE of linezolid was longer 
at 4xMIC (0.2-1.4 hours) than at 1xMIC (0.1-0.8 hour) 
for all organisms tested. They stated that the PAE for E.
faecalis was considerably lower than the E. faecium and 
staphylococci isolates. They also indicated that the PAE 
for linezolid was relatively short.  In another study, the 
PAE range of linezolid was determined as 1.2 to 2.2 hour 
for staphylococci, and 1.4 to 2.1 hours for enterococci.10  
In the studies discussed above the determined linezolid 
PAE values were similar to the results of this study. 
The only difference is longer PAE that was found in 
E. faecalis strains. In an experimental study on mice, 
PAE of linezolid was determined as 3.6 - 3.8 hours on 
MSSA strains. They stated that linezolid produced only 
minimal PAE. Scientists working on this subject found 
the duration of PAE of linezolid at least 2 hours longer 
than the in vitro results.13  There  are  limited human 
data on the pharmacokinetics of linezolid. It has 6 hour 
of serum half-life. Since in vivo PAEs are usually longer 
than those observed in vitro, linezolid can be given at 
intervals of 8 to 12 hours or longer.10, 12

In conclusion, we demonstrated that linezolid had a 
moderate in vitro PAE against S. aureus, S. epidermidis 
and E. faecalis. Methicillin resistance in S. aureus and S.
epidermidis and vancomycin resistance in E. faecalis had 
no effect upon the in vitro MIC value of linezolid and 
on the duration of the PAE. The results of this study 
support that linezolid, newly introduced in our country,   
an be used twice daily in humans.
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