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The emerging resistance to antibiotics and the poor pipeline of new antibacterials is creating a major 
health issue worldwide. Combinations of two antibiotics or antibiotics with adjuvant are emerging as a 
promising therapeutic approach. Staphylococcus aureus represents a major threat to a broad range of 
healthcare and community associated infections. It is imperative to develop novel antimicrobial 
strategies to enrich the currently shrinking therapeutic options against Staphylococcus aureus. In this 
study, we had assessed the in vitro activities of linezolid alone and in combination with vancomycin or 
teicoplanin against 54 methicillin-resistant Staphylococcus aureus (MRSA) strains using agar dilution 
method in conjunction with scanning electron microscopy. MIC50 of linezolid is 2µg/ml while those of 
vancomycin and teichoplanin are 8µg/ml and 16µg/ml respectively. The percentage of resistant isolates 
to linezolid, vancomycin and teicoplanin was 5%, 9.2% and 14.8% respectively. So this study reveals the 
superiority of linezolid as a single agent over vancomycin and teicoplanin against MRSA isolates. The 
combination of linezolid/vancomycin  showed better results than linezolid/teicoplanin among all 
concentrations. Linezolid/vancomycin and linezolid/teicoplanin acted synergistically against 78% and 
50% of the MRSA isolates respectively. There was an increase in the percentage of  inhibition of the 
tested strains due to linezolid/glycopeptide combination compared to each drug alone. There was 
visible cell destruction using scanning electron microscope with either vancomycin or teicoplanin 
combination with linezolid compared to using a single antibiotic. Synergyism may be promising for 
more effective chemotherapy, particularly against MRSA strains. However, testing of the combinations 
in animal models or in actual clinical situations is warranted. 
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INTRODUCTION 
 
The prevalence of bacterial pathogens resistant to the 
available antibiotics has increased over the past 
decades. The large number of infections caused by 
Gram-positive bacteria that are resistant to many 
commonly used antibiotics constitutes a major challenge 
for clinicians and microbiologists. Staphylococcus aureus 
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 (S. aureus) remains a major nosocomial pathogen in 
human infections and the recent appearance of MRSA 
strains with reduced susceptibility to glycopeptides has 
emphasized the need for new therapeutic options for 
clinical practice (Sakoulas and Moellering, 2008). 

The first MRSA strain was reported in 1961. Since 
then, both the prevalence and resistance profile of MRSA 
strains have increased dramatically to the point that most 
strains are now multi-resistant and represent a major 
problem for health care providers (Palazzo et al., 2005). 

Currently, the glycopeptide group of antimicrobials 
represents important therapeutic agents for the treatment  
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of serious MRSA sepsis. However, the acquisition of 
glycopeptide resistance by MRSA has been widely 
anticipated ever since the emergence of vancomycin-
resistant strains (Venubabu et al., 2011). Such infections 
require a bactericidal therapy, which is usually obtained 
with a synergistic combination of a cell wall active agent 
(such as vancomycin), plus an oxazolidinone (Amod et 
al., 2005).(4) 

Vancomycin and teicoplanin are glycopeptides 
antibiotics used to treat MRSA infections. Teicoplanin is a 
structural congener of vancomycin that has a similar 
activity spectrum but a longer half life (Rybak et al., 
1991). Glycopeptides act by binding to the terminal 
alanyl-d-alanine of nascent peptidoglycan chains and 
thus interfering with bacterial cell wall biosynthesis and 
resulting in cell death (Miles and Amyes, 2007). 

Recent studies demonstrate increased clinical failure 
of vancomycin therapy in MRSA infections in which the 
isolates have increased MICs but are still susceptible 
(Sakoulas et al., 2004; Moise et al., 2007; Moise et al., 
2008). vancomycin was <10% successful in the treatment 
of bacteremia caused by MRSA, with vancomycin MICs 
of 1–2 µg/mL, compared with 56% successful when the 
vancomycin MIC was <0.5 µg/mL (Sakoulas et al., 
2004).This association of decreased in vitro killing with 
decreased clinical efficacy of vancomycin in the treatment 
of MRSA bacteremia has been confirmed (Moise et al., 
2007). Moreover, Many clinicians believe that the efficacy 
of vancomycin against MRSA is inferior to that of anti-
staphylococcal beta-lactam antibiotics against MSSA 
(Falagas et al., 2008, Siegman et al., 2005). Furthermore, 
the oral absorption of vancomycin and teicoplanin is very 
low so they must be administered intravenously to control 
systemic infections, which is not the preferred route of 
administration for many patients (Andre et al., 2010). 

Oxazolidinones are a novel class of synthetic 
antimicrobials with potent activity on Gram-positive 
pathogens such as enterococci (including vancomycin-
resistant enterococci (VRE)), streptococcus pneumoniae, 
coagulase-negative staphylococci and S. aureus, 
including MRSA. Linezolid, the first drug issued from this 
class, is active against Gram-positive bacteria and 
displays bacteriostatic, time-dependent activity in vitro on 
staphylococci (Moellering, 2003). Linezolid is ribosome-
targeted compound. It inhibits bacterial protein synthesis 
through a mechanism of action different from that of other 
antimicrobial agents. This drug binds to a site on the 
bacterial 23S ribosomal RNA of the 50S subunit and 
prevents the formation of a functional 70S initiation 
complex. Linezolid is active upstream from other 
ribosome-targeted antibiotics at a very early stage in the 
bacterial translation process (Livemore, 2003). This 
mechanism of action is specific to this class, and no 
cross-resistance with other antimicrobial agents has been 
observed.  Linezolid  has  been  approved  by  US  and 
European agencies and is indicated for the treatment of 

 
 
 
 
infections caused by Gram-positive pathogens in adult 
patients. Since linezolid became available in 2000, 
clinical isolates of VRE and MRSA resistant to linezolid 
have been reported from treated patients (Meka and 
Gold, 2004, Wilson et al., 2003). In clinical settings, 
linezolid may be combined with other antimicrobial 
agents in order to increase the bactericidal activity of 
therapy, prevent the emergence of drug-resistant 
subpopulations and provide a complementary 
antibacterial spectrum (Cedric et al., 2003). 

Antimicrobial combination therapy may be used to 
provide broad-spectrum coverage, prevent the 
emergence of resistant mutants and obtain a synergy 
between both antimicrobial agents. Because bactericidal 
activity is considered important in the treatment of severe 
infections, the use of linezolid as monotherapy appears to 
be problematic and the use of combinations is 
recommended (Tsiodras et al., 2001). 

Although few reports have discussed the in vitro 
activity of combinations including linezolid (Grif et al., 
2001, Allen et al., 2002), some investigators have 
reported synergistic bacteriostatic and bactericidal effects 
of different oxazolidinones combined with glycopeptides 
against MRSA strains including glycopeptide-
intermediate S. aureus (GISA) isolates (Sweeney and 
Zurenko, 2003; Levita et al., 2006; Victor lorian, 2005). 
On the other hand, some investigators have reported 
mainly antagonistic activity of linezolid combined with 
different antimicrobials tested against MRSA (Shveta et 
al., 2009). 

Further studies are needed to assess the activity of 
combinations including linezolid against resistant Gram-
positive bacteria. The present work investigated the in 
vitro activity of linezolid alone and in combination with 
vancomycin or teicoplanin in order to determine the most 
active therapy against MRSA strains. In addition, 
scanning electron microscopy was performed to compare 
bacterial morphological alterations owing to the different 
combinations. 
 
 
MATERIALS AND METHODS 
 
Bacterial strains and culture conditions  
 
Fifty four MRSA isolates were collected from October 
2010 to June 2011 from various clinical specimens 
including pus, urine, wound swabs, catheters, blood, 
sputum and CSF from patients of different inpatient and 
outpatient departments of different hospitals. The 
identification of isolates was done according to standard 
methods described by the Clinical Laboratory Standards 
Institute (CLSI, 2011). All staphylococcal isolates were 
inoculated onto mannitol salt agar (Oxoid) and plates 
were incubated at 37°C for 24–48h. Mannitol 
fermentation  was  observed  and  recorded.  The identifi- 



 

 

 
 
 
 
cation was confirmed by biochemical tests and coagulase 
test.        
 
 
Confirmation of MRSA strains 
 
This was carried out according to CLSI guidelines using 
BBL™ Oxacillin agar screen test (Müller Hinton Agar with 
6 µg/mL Oxacillin and 4 % NaCl) whereby all S. aureus 
isolates were spot inoculated from a 0.5 McFarland 
standard suspension. The plates were incubated at 37°C 
for 24h. If any growth (more than one colony) was 
detected, the isolate was considered oxacillin or 
methicillin resistant (CLSI, 2011, Derek et al., 2005). 
 
 
Antimicrobial agents 
 
Laboratory powders were supplied as follows: linezolid 
(Pharmacia Upjohn, Kalamazoo, MI, USA), vancomycin 
(Lilly, Saint Cloud, France), and teicoplanin (Aventis, 
Paris, France). Stock solutions of each antibiotic were 
freshly prepared at the beginning of each week and kept 
at 4°C. 
 
 
Determination of MIC 
 
MICs of linezolid, vancomycin and teicoplanin was 
performed in cation-adjusted Mueller–Hinton broth (MHB) 
by means of microdilution broth method (microwell 
method) (CLSI, 2011). 
 
 
Evaluation of synergy 
 
MICs of each antibiotic alone or in combination were 
determined by agar dilution technique in accordance to 
CLSI standards (CLSI, 2011)Inoculum of 106 cfu/ml was 
used. The initial concentrations were 16 µg/ml for 
linezolid, vancomycin and teicoplanin. The inoculated 
plates were incubated at 37 °C for 24h. The plates were 
visually inspected for any visible growth. The least 
antimicrobial concentration showing no growth was 
considered as the MIC of this antimicrobial. All MICs 
were performed in duplicate and the average was 
recorded.   

The fractional inhibitory concentration (FIC) was 
calculated as follows: FIC of drug A (FIC) = MIC of drug A 
in combination/MIC of drug A alone, FIC of drug B (FIC) = 
MIC of drug B in combination/MIC of drug B alone, FIC of 
drug C (FIC) = MIC of drug C in combination/MIC of drug 
C alone. FIC Index (FICi), was calculated as the sum of 
each FIC, was interpreted as follows: FICi ≤ 0.5, 
synergism; FICi >0.5 < 1, partial synergism; FICi=1; 
additive; FICi >1 ≤ 4, indifferent reaction and FICi > 4.0, 
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antagonism (Lorenzo et al., 2007). 
 
 
Scanning electron microscopy 
 
Bacteria (overnight bacterial culture diluted to obtain 
107cfu/ml) were cultured for 24h in MHB containing either 
of the three antibiotics alone (2X MIC) or linezolid in 
combination with vancomycin or teicoplanin (2X MIC). 
Primary fixation of samples was done by buffered 
Glutaraldehyde 2.5 % over night in refrigerator, washed 
by phosphate buffer (pH = 7.2) and centrifuged (3000 g, 
15 min, 4 °C). Secondary fixation was done by buffered 
Osmium Tetroxide 1 % for one hour, then dehydration by 
series concentration of ethanol, embedding by resin 
mixture from SPI (SPI-Pon™ - Araldite® Epoxy 
Embedding Kit). The bacterial pellets were mounted on 
membrane filters (Anodisc; Whatman International Ltd, 
Maidstone, UK). Before examination under a scanning 
electron microscope (SEM) (JEOL, JSM-6060 LV), 
specimens were coated with 100 Å of a gold–palladium 
mix in an ion sputter (JEOL JFC 1100) (Stadtlander, 
2006). 

 
 
Spectrophotometric analysis 
 
Spectrophotometric analysis of the antibacterial under 
test was done to test if there is any chemical interaction 
between linezolid and either of the glycopeptides tested. 
The spectrophotometric measures were performed using 
a model 320UV–Vis Perkin–Elmer double beam, double 
grating monochromator spectrophotometer. Samples of 
the drugs tested (16 µg/ml) were compared with samples 
of linezolid/teicoplanin or linezolid/vancomycin (16 µg/ml) 
and the peaks were analysed at a range of 200-400 nm. 
 
 
RESULTS 
 
The minimal concentrations at which 50 % (MIC50) and 
90 % (MIC90) of the isolates were inhibited, MIC ranges of 
the three antibiotics and percentages of resistant isolates 
are shown in Table 1. The MIC ranges of the 54 isolates 
of MRSA were 2-16 µg/ml, 8-512 µg/ml and 4-512 µg/ml 
for linezolid, vancomycin and teicoplanin respectively. 
The MIC50 of linezolid was 2 µg/ml less than its 
breakpoint (> 4 µg/ml). MIC50 of vancomycin and 
teichoplanin were 8 µg/ml and 16 µg/ml respectively, less 
than their resistant breakpoints (≥ 16 µg/ml and ≥ 32 
µg/ml respectively), and more than sensitive breakpoints 
(≤ 2 µg/ml and ≤ 8 µg/ml respectively) (Intermediate 
resistance). The percentage of resistant isolates against 
linezolid, vancomycin and teicoplanin was 5.5 %, 9.2 % 
and 14.8 % respectively. MIC90 of all tested antibiotics 
were  more  than  their break points (Rybak, 2009, CLSI,  
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Table 1. Biostatic activity and percentage of resistance to different antibiotics against 54 MRSA 
isolates 

 

 

Antibiotic 

 

MIC (µg/ml) 

c
 Species-related 

breakpoints
 No. of resistant 

isolates (%) 
a 
MIC50 

b 
MIC90 MIC range R S 

Linezolid 2 16 2-16 > 4 ≤ 4 3 (5.5) 
Vancomycin 8 16 8-512 ≥ 16 ≤ 2 5 (9.2) 
Teicoplanin 16 32 4-512 ≥ 32 ≤ 8 8 (14.8) 

 
a The minimal concentration at which 50% of the isolates was inhibited  
b The minimal concentration at which 90% of the isolates was inhibited  
 c CLSI, 2007  

 
 

Table 2. Fractional inhibitory concentration (FIC) indices of linezolid/glycopeptide combinations against 
MRSA isolates 

 

 
Combined antibiotics 
tested 

FIC  indices 

Synergestic 
reaction 

(FIC ≤ 0.5) 

(%) 

Partial 
synergism 

(FIC > 0.5, < 1) 

(%) 

Additive 
reaction 

(FIC = 1) 

(%) 

Indifferent 
reaction 

(FIC >1, ≤ 4) 

(%) 

Antagonnistic 
reaction 

(FIC > 4) 

(%) 

Linezolid/Vancomycin 
 

0.0625 -0.5 
(78%) 

0.5625 
(6%) 

___ 
(0.00%) 

___ 
(0.00%) 

4.06-8.25 
(16%) 

Linezolid/Teicoplanin 
 

0.0625-0.5 
(50%) 

0.531-0.562 
(11%) 

1.0 
(6%) 

1.5-3 
(11%) 

8.5-9 
(22%) 

 

 
 
2007). Linezolid was the most active compared to the 
other tested antibiotics; all the isolates were inhibited by 
MIC value ≥ 16 µg/ml. No differences were observed 
between assays performed on different days. 

 Table 2 shows fractional inhibitory concentration (FIC) 
indices of linezolid/glycopeptides combinations against 
MRSA isolates, which were determined by agar dilution 
assay. None of the combinations tested showed total 
synergy. The majority of linezolid/vancomycin 
combination was synergistic (78 %). 
Linezolid/vancomycin showed partial synergy against 6 % 
of the isolates (3/54) and were antagonistic against 16 % 
of the isolates (9/54). On the other hand, 
linezolid/teicoplanin combination showed synergy effect 
against 50 % of the isolates tested (27/54), partial 
synergy as well as indifferent action against 11 % of the 
isolates (6/54) for each, additive effect against 6 % of the 
isolates (3/54) and antagonistic action against 22 % of 
the isolates (12/54). 

Figures 1 and 2 show the results of 
linezolid/vancomycin and linezolid/teicoplanin 
combinations at different concentrations of each antibiotic 

respectively. The concentration of the tested antimicrobial 
agents were subinhibitory. Linezolid/vancomycin 
combination results are better than linezolid/teicoplanin 
combination among all concentrations tested. There was 
absolutly no sensitive bacteria when linezolid was used 
alone in a concentration range 0.25 – 1 µg/ml against all 
the isolates tested While 50 % of MRSA strains were 
inhibited at 2 µg/ml linezolid (Figure 1and 2). Moreover, 
neither vancomycin nor teicoplanin showed any inhibitory 
effect when used as a single agent at a concentration 
range of (0.25-4µg/ml). Only 5.6% inhibition occurred 
when  teicoplanin was used solely in a concentration of  8 
µg/ml (Figure  2). 

When low concentration (0.25 µg/ml ) of vancomycin 
was added to 2 µg/ml of linezolid, there was a potent 
synergestic effect that inhibited more than 75 % of MRSA 
growth.Increasing the concentration of vancomycin did 
not increase the sensitivity of the strains tested. On the 
other hand, the use of  high concentration of vancomycin 
(2-4 µg/ml) in combination with low concentration of 
linezolid (0.25 µg/ml) did not reach the same potent 
synergistic effect since it only increased the percentage  
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Figure 1. Percentage of inhibitory effect of linezolid/vancomycin combination at different 
subinhibitory concentrations of each antibiotic 

 
 

 
 

Figure 2. Percentage of inhibitory effect of linezolid/teicoplanin combination at different 
subinhibitory concentrations of each antibiotic. 

 
 
of sensitive strains  by 15% compared to using linezolid 
alone.  Teicoplanin/linezolid combination did not show the 
same synergistic effect compared to  
linezolid/vancomycin combination (Figure 2). About 55 % 
of the isolates were inhibited  by adding  0.25 µg/ml 
teicoplanin to 2 µg/ml linezolid. By combining less 

concentration of linezolid (0.25-1µg/ml) to high 
concentration of teicoplanin (2-4 µg/ml), considerable 
inhibition of  45 % was observed compared to using each 
drug alone at this same concentrations (0% inhibition) 
(Figure 2).  
     MRSA strains with  linezolid  alone  or  combined  with 
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  (Figure 3a)                                       (Figure 3b)                                  (Figure 3c) 
 

 
 (Figure 3d)                                       (Figure 3e)                                     (Figure 3f)  

 
Figure 3. Scanning electron micrographs of MRSA strains. (3a) Untreated MRSA, (3b) 
Linezolid alone, (3c) Teicoplanin alone, (3d) Vancomycin alone, (3e) Linezolid/teicoplanin 
combination, (3f) Linezolid/vancomycin combination. 

 
 
 
 vancomycin or teicoplanin were photographed by 
electron microscopy to compare morphological 
alterations (Figure 3). For each combination, the most 
representative photograph was chosen even if 
morphologically normal organisms were also observed. 
The scanning electron microscope appearance of 
untreated MRSA is shown in figure 3a. The bacteria were 
roughly spherical and smooth. Linezolid alone (2X MIC) 
exhibited moderate alterations on all strains studied. No 
cell destruction was observed, but only abnormal forms 
were visible (Figure 3b). However, teicoplanin (2X MIC) 
had an effect on the morphological structure of the cell, 
probably because of alteration of the cell wall and 
inhibition of cell division (Figure 3c). Vancomycin (2X 
MIC) had a profound effect on the morphological 
structure of bacteria and bacterial lysis was observed for 
most of the cells (Figure 3d). The combination of 
linezolid/teicoplanin agents showed abnormal forms with 
separation of the central septum and bacterial lysis was 
also observed (Figure 3e). Similar effect but more 
aggressive was observed in the combination of 
linezolid/vancomycin agents where bacterial cells were 
completely independent though joined (Figure 3f). 

The spectrophotometric analysis of linezolid, 
vancomycin and teicoplanin and their combination 
revealed that linezolid had two  λmax at 250 and 210nm, 
while vancomycin and teicoplanin  had  one  λmax at 
210nm and 200nm respectively. The combination of 

linezolid and vancomycin or teicoplanin  showed no 
disappearance of any of the peaks.  Moreover, there was 
almost no change in the absorbance of the peaks 
appeared due to the combination. This clearly indicates 
that there is no chemical interaction between any of the 
drugs tested (Figure 4). 
 
 
DISCUSSION 
 
In the face of mounting antimicrobial resistance, the need 
to evaluate new therapeutic options against MRSA exist 
(Brian and Michael, 2006).  Combination therapy, with the 
goal to enhance the antibacterial activity of known and 
effective antibiotics, cannot only enhance the activity of 
known antibiotics but also can possibly support the 
clinical development of agents previously found to be 
very effective but too toxic for the host. Another 
advantage is that this approach might lead to shorter 
and/or lower dosing regimens, which has the potential to 
reduce the rate of acquirement of resistance in 
pathogens (Owens and Ambrose, 2005). 

In the present study, we examined the potential 
effectiveness of two antimicrobial combinations against 
54 MRSA isolates which display heterogeneous 
resistance to vancomycin and teicoplanin by performing 
agar dilution assay. Linezolid, a new drug with potent 
activity on Gram-positive pathogens such as MRSA, was  
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Figure 4. Spectrophotometric analysis of linezolid, vancomycin and teicoplanin and their 
combination 

 
 
 
highly effective with almost 95%  susceptibility in our 
study and was also reported in 2005 from Poland 
(Matynia et al., 2005) and in 2007 from Japan (Kohno et 
al., 2007) to be fully susceptible. 

Our results revealed the superiority of linezolid as 
single agent than vancomycin and teicoplanin against 
MRSA isolates which agrees with Fatima et al findings 
who found that among a total of 50 MRSA isolates  
vancomycin showed comparatively higher MICS than 
linezolid (Fatima et al., 2011).  Almost 9% and 15% of the 
isolates tested were resistant to vancomycin and 
teicoplanin respectively and their MIC was in the range of  
32-512 µg/ml and 16-512 µg/ml respectively. These 
values are different  than  Venubabu et al who stated that 
out of 285 MRSA strains obtained from  ICUs of tertiary 
care hospitals in Hyderabad, India, 7 (2.5%) were 
considered resistant to vancomycin and their MIC was in 
the range of 16-64 mg/l (Venubabu et al., 2011). 

The breakpoint of Linezolid is higher than its MIC50 

revealing that linezolid is more active than other 
antibiotics tested. This high activity of linezolid against 
MRSA is mentioned with reports from Rybak et al (Rybak 
et al., 1999),  Fines and Leclercq (Fines and Leclercq , 
2000) and Samra et al, (Samra et al., 2005) who 
demonstrated that linezolid has an excellent in vitro 
activity against MRSA. 

The combination study emphasizes the synergistic 
effect between linezolid and glycopeptides. It revealed 
that, the majority of linezolid/vancomycin combination is 
more synergestic (78%) than linezolid/teicoplanin 
combination (50%). This has proven the advantages of 

combination therapy, which includes broadening of 
spectrum of activity and synergistic killing of infecting 
pathogen (Sweeney and Zurenko, 2003). This synergy 
between glycopepetides, which are cell-wall active 
agents and the oxazolidinones, which acts intracellularly, 
probably results from enhancement of cellular uptake of 
the oxazolidinone after disruption of the cell wall by the 
glycopeptides (Jones et al., 2003).  The synergy achieved 
was related to concentrations of the glycopeptides and 
linezolid and this is an important factor for in vitro 
efficacy. Our results are in agreement with Sweeney and 
Zurenko, who found that different combinations of 
linezolid with 6 drugs (amoxicillin, erythromycin, 
imipenem, sparfloxacin, teicoplanin, and tetracycline) 

were synergistic (Sweeney and Zurenko, 2003). While 
Levita et al, proved that in a subgroup of  patients (n=15) 
who received vancomycin in combination with linezolid, 
daptomycin, and/or rifampin for infections caused by 
high-MIC strains, the end-of-treatment response 
appeared more favorable when compared with 
vancomycin alone regardless of whether the target trough 
was achieved (Levita et al., 2006). Another agreement 
with our results, Victor Lorian, stated that the combination 
of linezolid with vancomycin resulted in improved killing of 
MRSA from 0.37 to 2.28 log cfu/ml greater compared with 
the most active single agents (Victor Lorian, 2005). The 
underlying hypothesis is that, treatments that inhibit 
multiple targets (on the same pathway or not) might delay 
and decrease the pathogen’s ability to accumulate 
simultaneous mutations that affect the multiple targets 
(Taylor, 2002).  On  the  other  hand,  Shveta et al.  found  
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that, no synergistic activity was seen when the linezolid 
and vancomycin were combined in vitro. Conversely, 
antagonistic activity occurred in three of five strains when 
linezolid was added to vancomycin (Shveta et al.,  2009). 

Also similar results are revealed by Cédric et al (Cédric et 
al., 2003). 

 Many researchers compared the effect of linezolid to  
teicoplanin  but there was no published data showing the 
effect of linezolid/teicoplanin combination. Our results 
showed the  efficacy of their combination in vitro even in 
subclinical or subinhibitory concentrations of both drugs. 
Although linezolid/vancomycin combination showed more 
potent killing effect  than linezolid/teicoplanin combination 
but still  the latter combination is  more effective than 
using each drug alone. 

In clinical practice, antagonism is the most 
disadvantageous interaction possible with an 
antimicrobial combination. However, in vivo antagonism 
has rarely been documented in the literatureas compared 
with the large number of reports of in vitro antagonism 

(Wilson et al., 2003). Our study revealed that 
linezolid/vancomycin antagonstic effect was against 16% 
of the isolates while linezolid/teicoplanin antagonistic 
action was against 22% of the isolates. 

Many researchers hypothesize that this antagonism 
may be due to a reduced ability on 

the part of vancomycin to bind to cells exposed to 
linezolid,which is bacteriostatic and decreases protein 
synthesis (Cédric et al., 2003). Others declared that the 
bactericidal activity of vancomycin could be partially 
inhibited by linezolid in a concentration-dependent 
manner since vancomycin is a cell wall synthesis 
inhibitor, which means that bacteria must be in the growth 
phase to be subject to its bactericidal activity. On the 
other hand, linezolid is a bacteriostatic agent, and its 
action on the ribosome inhibits bacterial growth (Shveta 
et al.,  2009). However, since the concentration of 
linezolid used in our research is subinhibitory it lacked the 
ability to inhibit bacterial growth and still showed 
significant synergy when combined with both vancomycin 
ot teicoplanin. Again there was no published data 
obtained in the case of linezolid and teicoplanin but it 
follows the same mechanism of action as vancomycin 
(Rybak et al., 1991). 

 The difference in morphological alteration was 
observed in electron microscopy when bacteria were 
treated by vancomycin or teichoplanin alone or in 
combination with linezolid. Thus, electron microscopy 
observations seemed to be well correlated with the 
results observed in this study. So Linezolid used in 
combination with vancomycin or teicoplanin was more 
effective than linezolid used as monotherapy. 

 We have shown that glycopeptides are synergistic in 
vitro against MRSA combined with linezolid. Synergyism 
may be promising for more effective chemotherapy, 
particularly  against  MRSA.  However,  testing  of  the  

 
 
 
 
combinations in animal models or in actual clinical 
situations is warranted. These results do not account for 
tissue penetration and metabolism which alter the in vivo 
activity of these agents when used in combination. There 
needs to be more data both in vivo and in vitro to 
demonstrate the interaction between these two agents. 
 

 
REFERENCES 
 
Allen GP, Cha R,  Rybak MJ (2002).In vitro activities of quinupristin–

dalfopristin and cefepime, alone and in combination with various 
antimicrobials, against multidrug-resistant staphylococci and 
enterococci in an in vitro pharmacodynamic model. Antimicrobial 
Agent. Chemother; 46: 2606–12. 

Amod F, Moodley I, Peer AKC, Sunderland J, Layering A, Wootton M, 
Nadvi S, Vawda F (2005). Ventriculitis due to a hetero strain of 
vancomycin intermediate Staphylococcus aureus (hVISA): successful 
treatment with linezolid in combination with intraventricular 
vancornycin. J.Infection: 50; 252 - 257 

Andre CK, Madhu HM, Elizabeth DH, Felipe KN, Junfeng S, Mark ER 
(2010). Linezolid versus vancomycin or teicoplanin for nosocomial 
pneumonia: A systematic review and meta-analysis. Crit Care Med  
Vol. 38, No. 9 

Brian TT, Michael JR (2006).E-test synergy testing of clinical isolates of 
Staphylococcus aureus demonstrating heterogeneous resistance to 
vancomycin Diagnostic Microbiol. and Infectious Disease: 54, 73–77. 

Brown FJD, Edwards ID, Hawkeys MP, Morrison D, Ridgway LG, 
Towner JK, Wren WDM (2005).Guidelines for the laboratory 
diagnosis and susceptibility testing of MRSA. J.Antimicrob. 
Chemother; 56: 1000–1018. 

Cédric J, Jocelyne C, Virginie LM, Anne-Françoise M, Pierre-Yves D, 
Denis B, Gilles P (2003). In vitro activity of linezolid alone and in 
combination with gentamicin, vancomycin or rifampicin against 
methicillin-resistant Staphylococcus aureus by time–kill curve 
methods. J. Antimicrobial Chemotherapy; 51: 57–864. 

Clinical and Laboratory Standards Institute (CLSI)(2007). Antimicrobial 
susceptibility testing standards M100-S17. 27 (1). 

Clinical and Laboratory Standards Institute (CLSI)(2011); Methods for 
dilution antimicrobial susceptibility tests for bacteria that grow 
aerobically; approved standard, Eighth Ed. M07-A8. 2009 

Falagas ME, Siempos II, Vardakas KZ (2008). Linezolid versus 
glycopeptide or beta-lactam for treatment of gram-positive bacterial 
infections: Meta-analysis of randomised controlled trials. Lancet 
Infect Dis; 8:53– 66 

Fatima K, Javaid U, Ali K, Afreenish H, Maria O (2011). Comparison of 
in vitro efficacy of linezolid and vancomycinby determining their 
minimum inhibitory concentrations againstmethicillin resistant 
Staphylococcus aureus (MRSA) JPMA 61:356. 

Fines M, Leclercq R (2000). Activity of linezolid against gram positive 
cocci possessing genes conferring resistance to protein synthesis 
inhibitors. J Antimicrob Chemother; 45:797-802.      

Grif K, Manfred MP, Pfaller K, Miglioli PA, Allerberger F (2001).In vitro 
activity of fosfomycin in combination with various antistaphylococcal 
substances. J. Antimicrob. Chemotherapy; 48: 209–17. 

Jones RN, Anderegg TR, Deshpande LM (2003). A new oxazolidinone: 
bactericidal activity and synergy studies combined with gentamicin or 
vancomycin against staphylococci and streptococcal strains. 
Diagnostic Microbiol. and Infections Disease; 43, 87–90. 

Kohno S, Yamaguchi K, Aikawa N, Sumiyama Y, Odagiri S, Aoki N, Niki 
Y, 

Watanabes S, Furue M, Ito T, Croos-Dabrera R, Tack KJ (2007). 
Linezolid versus vancomycin for the treatment of infections caused by 
methicillin resistant Staphylococcus aureus in Japan. J. Antimicrob. 
Chemother; 60: 1361–1369 

Levita KH, Donald IH, Ryan Q, Kimberly AS Annie WB  (2006). High-
Dose Vancomycin Therapy for Methicillin-Resistant Staphylococcus 
aureus Infections. Efficacy and Toxicity. Arch Intern Med. ; 166: 
2138-2144. 



 

 

 
 
 
 
Livermore DM (2003). Linezolid in vitro: mechanism and antibacterial 

spectrum. J. Antimicrob. Chemother. 51(Suppl. 2):ii9–ii16. 
Lorenzo D, Elena DV, Lucia N,  Maria RG (2007). In vitro evaluation of 

antibiotics' combinations for empirical therapy of suspected methicillin 
resistant Staphylococcus aureus severe respiratory infections BMC 
Infectious Diseases, 7:111 

Matynia B, Młodzinska E , Hryniewicz W (2005).Antimicrobial 
susceptibility patterns of S.aureus in Poland obtained by the National 
Quality Assurance Programme.  Clin Microbiol Infect; 11: 379-385. 

Meka VG,  Gold HS (2004). Antimicrobial resistance to linezolid. Clin. 
Infect. Dis. 39:1010–1015. 

Miles RS, Amyes SG (2007) Laboratory control of antimicrobial therapy 
In: Collee JG, Fraser AG, Marmion BP and Simmons A (eds). Mackie 
and McCartney Practical Med. Microbiol. Churchill 
Livingstone.London. P.151-178 

Moellering RC Jr. (2003). Linezolid: the first oxazolidinone antimicrob. 
Ann. Intern. Med. 138:135–142. 

Moise PA, Sakoulas G, Forrest A, Schenag JJ (2007). Vancomycin in 
vitro bactericidal activity and its relationship to efficacy in clearance of 
methicillin-resistant Staphylococcus aureus bacteremia. Antimicrob. 
Agents Chemother;57:2582-6. 

Moise PA, Smyth DS, El-Fawal N, Robinson DA, Holden PN, Forrest A, 
Sakoulas G (2008). Microbiological effects of prior vancomycin use in 
patients with methicillin-resistant Staphylococcus aureus 
bacteraemia. J. Antimicrob. Chemother; 61:85-90. 

Owens RC, Ambrose PG (2005).Antimicrobial safety: focus on 
fluoroquinolones. Clin. Infect. Dis.; 41 (Suppl. 2), S144–S157 

Palazzo IC, Araujo ML, Darini A (2005). First report of vancomycin 
resistant staphylococci isolated from healthy carriers in Brazil. JCM 
;179:185. 

Rybak MJ, Lerner SA, Levine DP, Albrecht LM, McNeil PL, Thompson 
GA, K enny MT, Yuh L (1991).Teicoplanin pharmacokinetics in 
intravenous drug abusers being treated for bacterial endocarditis. 
Antimicrob. Agents Chemother; 35 (4): 696–700. 

 Rybak MJ, Cappelletty DM, Moldovan T, Aeschlimann JR, Kaatz GW 
(1998). Comparative in vitro activities and postantibiotic effects of the 
oxazolidinone compounds eperezolid (PNU-100592) and linezolid 
(PNU-100766) versus vancomycin against S.aureus, coagulase-
negative staphylococci, Enterococcus faecalis, and Enterococcus 
faecium. Antimicrob. Agent.Chemother.; 42: 721–4. 

Rybak MJ, Hershberger E, Moldovan T and Grucz RG (1999). In vitro 
activities of daptomycin, vancomycin, linezolid, and quinupristin- 
dalfopristin against staphylococci and Enterococci, Staphylococcus 
aureus infection in a renal allograft recipient treated successfully with 

Melake and Zakaria  135 
 
 
 
    a novel new antimicrob. agents (linezolid): new treatment options for 

infectious due to resistant organisms. Clin Infect Dis; 29:1341-2. 
Rybak MJ (2009). Failures of Therapy: Has MRSA Won the Game? 

Volume XII Issue 3 October 2009. Infectious diseases. 
Sakoulas G, Moise-Broder PA, Schentag J, Forrest A, Moellering RC Jr, 

Eliopoulos GM (2004). Relationship of MIC and bactericidal activity to 
efficacy of vancomycin for treatment of methicillin-resistant 
Staphylococcus aureus bacteremia. J Clin Microbiol;42:2398-402. 

Sakoulas G, Moellering RC Jr (2008). Increasing antibiotic resistance 
among methicillin-resistant Staphylococcus aureus strains. Clin Infect 
Dis; 46 Suppl 5: 360-367. 

Samra Z, Ofer O, Shmuely H (2005). Susceptibility of methicillin-
resistant Staphylococcus aureus to vancomycin, teicoplanin, 
linezolid, pristinamycin and other antibiotics. Isr.  Med Assoc J. Mar; 
7(3):148-50. 

Shveta RS, Alfred EB III, David CY, Kimberly AC (2009).In Vitro 24-
Hour Time-Kill Studies of Vancomycin and Linezolid in Combination 
versus Methicillin-Resistant Staphylococcus aureus. Antimicrob. 
agents and chemotherapy, 53: 4495–4497. 

Siegman-Igra Y, Reich P, Orni-Wasserlauf R, Schwartz D, Giladi M 
(2005). "The role of vancomycin in the persistence or recurrence of S. 
aureus bacteraemia". Scand J Infect Dis; 8; 572–8.  

Stadtlander CTKH (2006).Scanning 28,212 . 
Sweeney MT, Zurenko GE (2003).In Vitro Activities of Linezolid 

Combined with Other Antimicrobial Agents against Staphylococci, 
Enterococci, Pneumococci, and Selected Gram-Negative Organisms. 
Antimicrob. Agents and Chemotherapy, , p. 1902-1906, Vol. 47, No. 
6. 

Taylor PW (2002).New ways to treat bacterial infections. Drug Discov. 
Today; 7: 1086–1091 

Tsiodras S, Gold HS, Sakoulas G, Eliopoulos GM, Wennersten C, 
Venkataraman L, Moellering RC, Ferraro MJ (2001). Linezolid 
resistance in a clinical isolate of S.aureus.  Lancet; 358:207-208 

Venubabu T, Channappa TS,  Subhaschandra MG (2011). Vancomycin 
resistance among methicillin resistant Staphylococcus aureus 
isolates from intensive care units of tertiary care hospitals in 
Hyderabad. Indian J. Med. Res. 134, pp 704-708 

Victor lorian (2005). Antibiotics in laboratory medicine by, M.D. editor 
fifth ed.  by Lippincott Williams and Wilkins USA. 

Wilson P, AndrewsJA, Charlesworth R, Walesby R, Singer M,  Farrell 
DJ,  Robbins M (2003). Linezolid resistance in clinical isolates of 
Staphylococcus aureus. J. Antimicrob. Chemother. 51:186–188 

 
 


