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ABSTRACT 

Severe (life-threatening) meticillin-resistant Staphylococcus aureus (MRSA) infection 

continues to be treated with vancomycin despite accumulating evidence of poor 

outcome, increasing resistance and unachievable 

pharmacokinetic/pharmacodynamic (PK/PD) targets. The minimum inhibitory 

concentration (MIC) susceptibility breakpoint for vancomycin was recently reduced to 

2 mg/L. Whilst the great majority of clinical isolates are thus still classified as 

susceptible, the available clinical evidence argues for a method-dependent 

breakpoint of 0.5 mg/L (broth dilution) or 1.0 mg/L (Etest), which would classify many 

strains as resistant, or at best intermediate. However, automated susceptibility 

testing systems are not currently capable of performing accurately at this low level, 

and such low breakpoints are unsatisfactory because the poor reproducibility of tests 

(plus or minus one doubling dilution) results in a critical non-reproducibility around 

the modal MIC of 1 mg/L described in most published data. Therefore, vancomycin 

should be used with caution in severe (life-threatening) staphylococcal disease and 

the MIC should always be reported by method. Daptomycin is generally preferred for 

bacteraemia/endocarditis and linezolid for pneumonia. Better outcome data for 

vancomycin, based on achievable PK/PD targets and using robust MIC tests, are 

urgently required. 
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1. Introduction 

The reported prevalence rates of meticillin-resistant Staphylococcus aureus (MRSA) 

have decreased or stabilised over recent years in many European countries. 

However, MRSA proportions still exceed 10% in 24 participating countries within the 

European Antimicrobial Resistance Surveillance System (EARSS) and exceed 25% 

in 11 countries [1]. Moreover, accumulating data indicate that MRSA infections are 

associated with a worse prognosis than meticillin-susceptible S. aureus (MSSA) 

infections [2–5]. Severe healthcare-associated MRSA infections, namely 

bacteraemia, hospital-acquired pneumonia (HAP) and ventilator-associated 

pneumonia (VAP), are associated with a particularly high risk of mortality and 

complications. Optimal therapy for these infections remains a therapeutic challenge. 

 

This review is based on the proceedings of an expert panel meeting jointly 

sponsored by the European Society of Clinical Microbiology and Infectious Diseases 

(ESCMID) and the International Society of Chemotherapy (ISC) that took place in 

Rome, Italy, on the 6–7 March 2010. This paper adds to and updates a previous 

MRSA Consensus Conference statement sponsored by ESCMID [6]. In particular, 

key questions addressed by the present paper are: 

 

 is vancomycin still appropriate first-line therapy for severe, life-threatening 

MRSA infections? 

 are the current clinical breakpoints for vancomycin appropriate and, if not, 

where should they be set? 

 what roles do daptomycin and linezolid have in this setting? and 
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 what are the key areas for future research? 

 

2. Vancomycin 

Vancomycin has long been regarded as the standard option for initial treatment for 

severe MRSA infections. More recently, some note of caution has started to be 

expressed, in particular when sepsis is severe/life-threatening 

[bacteraemia/endocarditis, VAP or the organism has a raised minimum inhibitory 

concentration (MIC)]. Recent reviews recommend vancomycin for sepsis that is not 

life-threatening and for infections caused by organisms for which the vancomycin 

MIC is ≤1 mg/L or is unknown [6]. However, use of the MIC test to direct therapy is 

variable. A recent survey of UK microbiologists regarding the management of S. 

aureus bacteraemia found that only one-third routinely monitor MICs [7]. Empirically, 

vancomycin is presently recommended for initial treatment of suspected severe S. 

aureus infections in healthcare settings with an increased incidence of MRSA or 

when other risk factors for MRSA infections are present [6]. 

 

Vancomycin has a number of well recognised limitations that have prompted its role 

to be questioned [8,9]. Vancomycin shows poor cidality and clinical efficacy against 

serious MSSA infections. Hence, empirical use of vancomycin for a severe S. aureus 

infection that proves to be caused by MSSA leaves patients at risk of a poor 

outcome. Vancomycin has a narrow therapeutic index and is nephrotoxic at high 

doses, necessitating therapeutic drug monitoring. The agent also shows within-

patient pharmacokinetic variability and poor penetration into lung epithelial fluid. 

There is some evidence from retrospective subgroup analyses that vancomycin is 
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suboptimal for the treatment of MRSA pneumonia [10,11]. There is also evidence of 

a gradual decrease in vancomycin susceptibility among MRSA isolates, i.e. an MIC 

‘creep’. 

 

2.1. Minimum inhibitory concentration creep 

Vancomycin resistance remains rare. Overall, 11 vancomycin-intermediate S. aureus 

(VISA) and 2 vancomycin-resistant S. aureus (VRSA) were reported to the EARSS 

database in 2008 [1]. However, some surveillance studies have reported increases 

in vancomycin MICs within the defined limits of susceptibility. Single-centre 

longitudinal studies in the USA found that the modal MIC, assessed by broth 

microdilution (BMD) or Etest, rose from 0.5 mg/L or 0.75 mg/L to 1 mg/L between 

2000 and 2005 [12,13]. Similarly, modal MICs (by BMD) of 0.75–1 mg/L were 

reported by surveillance studies of MRSA isolates collected from hospitals in the 

USA and UK between 1999 and 2006 [14–17]. 

 

Heterogeneous VISA (hVISA) strains have a small subpopulation of cells, typically 

105–106 colony-forming units, able to grow at a vancomycin concentration of 4 mg/L. 

A laborious technique designated population analysis profile (PAP) is required for 

confirmation. A correlation between increased vancomycin MICs and the emergence 

of hVISA has been reported, since up to 50% of MRSA isolates with vancomycin 

MICs of 2 mg/L were found to be hVISA by the PAP method [18]. However, hVISA 

isolates may have vancomycin MICs within the susceptible range (0.5–1 mg/L). The 

hVISA phenotype is a precursor of full-blown VISA. 
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In a recent international study of patients with MRSA endocarditis, more than one-

quarter of the isolates exhibited the hVISA phenotype [19]. The prevalence of hVISA 

varied significantly with non-clinical factors such as geography. Moreover, hVISA-

infected patients had more infective endocarditis (IE) complications, including 

persistent bacteraemia and congestive heart failure, than patients with vancomycin-

susceptible S. aureus IE [19]. This association has been previously reported [20–22]. 

One readily available strain characteristic that may identify bacteria at higher risk for 

hVISA is the presence of a vancomycin MIC of 2.0 mg/L. Although only ca. 10% of 

the cohort had a vancomycin MIC of 2.0 mg/L by Etest, >80% of these isolates 

exhibited the hVISA phenotype by PAP testing [19]. 

 

However, not all surveillance studies have shown MIC creep over time [14,23,24] 

and it is possible that the phenomenon could be overestimated by a positive 

publication bias. There is also geographic heterogeneity, and local increases in MICs 

may be due to specific clones [24], a factor deserving further research. The poor 

correlation between BMD and Etest complicates the interpretation of surveillance 

data. Whilst BMD is a reference method, Etest is widely preferred for routine clinical 

use. According to data from the USA, the Etest typically gives an MIC one dilution 

higher than BMD [16,17]. Automated testing systems are also widely used but do not 

accurately detect MICs < 2 mg/L [25]. 

 

Another potential drawback with vancomycin is its effect on subsequent therapy. 

MRSA bloodstream isolates from patients recently treated with vancomycin may 

show reduced susceptibility and increased tolerance to vancomycin in vitro [26]. 

There are some concerns (based on limited evidence) that prior vancomycin 
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exposure in patients who developed glycopeptide-intermediate S. aureus (GISA) or 

heterogeneous GISA may also reduce daptomycin susceptibility [27]. 

 

2.2. Minimum inhibitory concentration breakpoints 

Current MIC breakpoints define vancomycin susceptibility as ≤2 mg/L [28,29]. The 

efficacy of vancomycin is best predicted by the ratio of the area under the 24-h 

vancomycin concentration–time versus MIC (AUC/MIC) [30]. A value of >400 

appears to best predict a good outcome both in a neutropenic mouse model and in 

patients with staphylococcal pneumonia. An increase in the MIC can be expected to 

reduce the likelihood of attaining the pharmacodynamic target and threaten the 

efficacy of treatment. Accumulating studies have reported treatment failure when 

vancomycin was used to treat serious MRSA infections (usually bloodstream 

infections) with an MIC within the susceptible range, i.e. >0.5 mg/L or 1 mg/L but ≤2 

mg/L [30–35]. The method used appears to determine the breakpoint, with the 

reference methods of broth dilution giving a breakpoint of 0.5 mg/L and the Etest a 

breakpoint of 1.0 mg/L. 

 

In a prospective cohort study of 414 cases of MRSA bacteraemia, multivariate 

analysis found that mortality was significantly higher when vancomycin was used 

empirically for treatment of infections by strains with a vancomycin Etest MIC of 2 

mg/L compared with lower MICs [35]. In another prospective cohort study of 95 

patients, those with MRSA infections (mostly bacteraemia and respiratory and 

wound infections) with vancomycin Etest MICs ≥ 2 mg/L had significantly lower 
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response rates than those with MICs < 2 mg/L, despite the achievement of target 

vancomycin trough concentrations (>15 mg/L) [32]. 

 

In a retrospective analysis of 30 patients, Sakoulas et al. [31] found that vancomycin 

was successful in the treatment of 55.6% of bacteraemia cases where the 

vancomycin MIC (by agar dilution) was ≤0.5 mg/L and only 9.5% effective when the 

MIC was 1–2 mg/L. However, the majority of patients were recruited from studies of 

patients with bacteraemia refractory to conventional vancomycin therapy. In another 

retrospective multivariate analysis (n = 34 patients), vancomycin was ca. 15 times 

more likely to fail to eradicate bacteraemia MRSA with a BMD MIC of 2 mg/L 

compared with those with an MIC ≤ 1 mg/L (P < 0.005) [33]. Lodise et al. [34] found 

that patients with vancomycin Etest MICs of >1.5 mg/L had a 2.4-fold increase in 

failure compared with infections with MICs of <1.0 mg/L (36.4% vs. 15.4%, 

respectively; P = 0.049). 

 

It has been suggested that the Clinical and Laboratory Standards Institute (CLSI) 

BMD testing method used in some studies may be poor at detecting 

heteroresistance in S. aureus, perhaps owing to a low inoculum [36]. Therefore, 

limited data support the use of a clinical vancomycin breakpoint of 0.5 mg/L for broth 

microdilution (1.0 mg/L for Etest) for the minority of patients with severe MRSA 

infections. However, there was no clear consensus among the current ESCMID/ISC 

expert panel on this matter and more data are needed. Surveillance data suggest 

that a reduction in the breakpoint would render many MRSA strains as vancomycin 

non-susceptible [16,17]. Some data suggest that the higher MICs provided by Etest 

better predict treatment outcome [36], although further research is required. 
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2.3. Vancomycin dosing 

Some studies reporting suboptimal effectiveness of vancomycin used dosage 

regimens that were likely to be inadequate, e.g. where target trough concentrations 

were 8–15 mg/L. Pharmacokinetic/pharmacodynamic (PK/PD) data suggest that a 

total AUC/MIC of >400 is significantly associated with clinical and bacteriological 

response in MRSA pneumonia [30]. It is recommended that vancomycin is dosed to 

achieve trough serum concentrations of 15–20 mg/L [6,37]. These levels are 

considered sufficient to achieve an AUC/MIC of ≥400 in most patients if the MIC is 

≤1 mg/L [37]. However, Monte Carlo simulation analysis suggests that even with a 

trough level of ≥15 mg/L, there is only a 60% likelihood that the clinical PK/PD target 

will be achieved against MRSA with a vancomycin MIC of 1.0 mg/L (100% for MIC of 

0.5 mg/L and 0% for MIC of 2 mg/L) [9]. Moreover, a retrospective cohort study of 

patients with MRSA HAP (confirmed by bronchoalveolar lavage cultures) found 

disappointing evidence of benefit for trough vancomycin concentrations of ≥15 mg/L 

compared with <15 mg/L, or for increased vancomycin AUC values [38], although 

MICs were not measured. Higher trough concentrations (e.g. ≥20 mg/L) are 

associated with an increased risk of nephrotoxicity [39]. Therefore, the ESCMID/ISC 

expert panel continues to recommend that vancomycin should be dosed to achieve a 

trough level of 15–20 mg/L. 

 

Continuous vancomycin infusion is used instead of intermittent injection in some 

centres. However, the expert panel considered that there are insufficient data upon 

which to base recommendations regarding this practice. A loading dose of 
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vancomycin is used when the drug is administered by continuous infusion, whereas 

this is not usually used for intermittent dosing because of the risk of nephrotoxicity 

with higher vancomycin doses [39,40]. However, the lack of a loading dose at the 

initiation of continuous infusion delays the attainment of therapeutic concentrations 

for up to 48 h. 

 

In conclusion, vancomycin has important deficiencies and has remained a first-line 

recommended agent for MRSA infection only because newer agents have not clearly 

delivered the anticipated advantages, and perhaps because of inertia among 

physicians. Evidence for an increase in the modal vancomycin MIC, together with 

PK/PD and clinical data, suggest that comparative studies that established the 

efficacy of vancomycin [41,42] may be outdated. Most surveyed members of the 

Infectious Diseases Society of America (IDSA) rejected the proposal that 

vancomycin was obsolete, whereas the majority of an expert panel accepted this 

proposal, albeit in many cases with reservations [43]. New comparative studies of 

vancomycin are required to reassess its efficacy under present conditions and 

relative to current treatment options. Further PK/PD studies are also required to 

determine how vancomycin therapy can be optimised in various infection types. 

Ongoing surveillance is essential to monitor glycopeptide susceptibility patterns. In 

the meantime, available data support a clinical breakpoint of 0.5 mg/L (BMD) or 1.0 

mg/L (Etest), which of course means that many more isolates both of MSSA and 

MRSA would be classified as resistant or, at best, intermediate. 

 

Specific recommendations regarding the current use of vancomycin are summarised 

at the end of this article (Table 1). 
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3. Teicoplanin 

According to a recent systematic review of randomised trials involving 2332 patients 

with various types of infections, teicoplanin was not inferior to vancomycin in terms of 

all-cause mortality rate [44]. However, this analysis involved few patients with 

serious infections and underscored the paucity of data regarding the relative efficacy 

of the two glycopeptides in patients with MRSA infections. Data were available on 

only 73 patients with MRSA infections from five trials, yielding a relative risk of all-

cause mortality of 0.67 (95% confidence interval 0.26–1.72) for vancomycin versus 

teicoplanin. Some studies have documented an increase in teicoplanin MICs, in 

common with vancomycin MICs, in MRSA [45]. 

 

Teicoplanin has a prolonged half-life [46] and should always be initiated using a 

loading dose. However, even with a loading dose, 2–3 days are required to reach a 

therapeutic plasma level of 20 mg/L, making it less suitable for treating acute severe 

infection and more appropriate for long-term therapy (e.g. bone infection). 

Teicoplanin has the benefit of a lower propensity for nephrotoxicity than vancomycin 

[44], although this is dose-related. Therapeutic drug monitoring has a role for 

teicoplanin and appropriate facilities are less commonly available. Teicoplanin is 

≥90% bound to plasma proteins [46,47]. However, it is not clear whether the 

bactericidal action of glycopeptides is related to the total concentration rather than 

the free concentration [47]. This uncertainty highlights the need for further research 

into the pharmacokinetics/pharmacodynamics of glycopeptides. 
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In conclusion, teicoplanin has a limited role for severe MRSA infections, namely 

when there is particular concern over nephrotoxicity. 

 

4. Linezolid 

Linezolid, the first available oxazolidinone antibacterial, has the advantages of a 

novel (albeit bacteriostatic) mechanism of action and 100% oral bioavailability. It 

rapidly achieves therapeutic plasma concentrations, has relatively low protein 

binding, is well distributed and has good activity against invasive MRSA [14,48]. 

Linezolid is associated with a lower risk of nephrotoxicity than vancomycin [49] but it 

can cause myelosuppression [50]. The standard twice-daily dose of linezolid may 

achieve suboptimal concentrations in some patients [51]. Use of thrice-daily dosing 

in complicated skin and skin-structure infections (cSSSIs) has been proposed, but 

limited data are available. Data from a small study in critically ill septic patients 

suggest that continuous infusion may provide superior PK/PD exposure over twice-

daily infusion of the same daily dose [52]. 

 

Recent meta-analyses of randomised trials have found linezolid to be similarly 

effective as comparators in Gram-positive pneumonia [49,50]. Retrospective 

subgroup analysis of data from two double-blind, randomised trials suggest that 

linezolid gave significantly higher cure and survival rates than vancomycin in 

subgroups of patients with MRSA HAP (n = 161) [10] and VAP (n = 91) [11]. Results 

from a small prospective randomised study in Japan suggest that linezolid is as 

effective as vancomycin in patients with MRSA pneumonia (total n = 54) [53]. The 

manufacturer of linezolid has completed a study of linezolid versus vancomycin in 
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patients with VAP (http://www.clinicaltrials.gov reference NCT00572559), whilst 

another study comparing these agents in patients with MRSA HAP is ongoing 

(NCT00084266). 

 

There has been controversy over whether linezolid is suitable for S. aureus 

bacteraemia. Recent meta-analyses of randomised trials have found linezolid to be 

more effective [50] or similarly effective [49] as comparators in Gram-positive 

bacteraemia. However, an open-label study of linezolid versus vancomycin plus 

dicloxacillin (or oxacillin) in patients with intravascular catheter-related infection was 

prematurely terminated because of a higher mortality rate in the linezolid group [54]. 

This difference was due to higher mortality in linezolid recipients with Gram-negative 

infections, with both Gram-positive and Gram-negative infections, or with no 

infection. There was no difference between the mortality rates in patients with Gram-

positive infections alone. These result led to warnings against the use of linezolid for 

catheter-related bloodstream infections or catheter-site infections [54]. 

 

Although linezolid has maintained potent activity against Gram-positive pathogens 

[14,55], at least one single-centre study has reported an increase in the modal MIC 

over time among MRSA [13]. Overt resistance to linezolid can occur via mutations in 

domain V of the 23S rRNA gene of the 50S ribosomal subunit [56,57]. Of particular 

concern is a report of plasmid-mediated resistance in one isolate of MRSA and one 

of Staphylococcus epidermidis [55,58]. In fact, an outbreak of linezolid- and 

meticillin-resistant S. aureus, mediated by the cfr gene, has been reported in an 

Intensive Care Unit in Spain, associated with nosocomial transmission and extensive 

usage of linezolid [59]. Reduction of linezolid usage and infection control measures 

http://www.clinicaltrials.gov/


Page 15 of 39

Acc
ep

te
d 

M
an

us
cr

ip
t

14/05/2010 

15 

 

were associated with the termination of the outbreak [59]. Another outbreak of 

potentially transmissible linezolid resistance has been reported in Japan [60]. This 

mobile resistance element may also confer resistance to the novel topical 

pleuromutilins, e.g. retapamulin. 

 

In conclusion, linezolid is a convenient option for use in suspected MRSA VAP and 

the results of current further studies are awaited. Specific recommendations 

regarding the use of linezolid with treatment approaches are summarised at the end 

of this article (Table 1). 

 

5. Daptomycin 

Daptomycin is a parenteral lipopeptide agent with a novel mechanism of action and 

potent activity against invasive MRSA [14]. Based on limited data, daptomycin is 

approved in Europe for right-side endocarditis and S. aureus bacteraemia. It is not 

effective in (or approved for) pneumonia therapy owing to its inactivation by lung 

surfactant. 

 

In a prospective randomised trial, daptomycin was non-inferior to standard therapy 

(low-dose gentamicin plus either an antistaphylococcal penicillin or vancomycin) for 

S. aureus bacteraemia with or without right-sided IE [42]. In the subset of 88 patients 

with MRSA infections, daptomycin was at least as effective as gentamicin plus 

vancomycin [61]. Success rates for daptomycin versus vancomycin/gentamicin were 

45% vs. 27% in complicated bacteraemia, 60% vs. 45% in uncomplicated 

bacteraemia and 50% vs. 50% in right-sided MRSA endocarditis. 
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Evidence suggests that MICs for daptomycin correlate with vancomycin MICs tested 

at the initiation of vancomycin therapy in patients with MRSA bacteraemia and during 

therapy [62]. Thus, a switch to daptomycin should be made as early as possible 

once an elevated vancomycin MIC is confirmed, and should also be based on the 

daptomycin MIC. Daptomycin resistance, associated with changes in the structure 

and function of the bacterial cell membrane, has been reported and has resulted in 

treatment failure in patients with S. aureus infection [63–65]. The approved dose of 

daptomycin (6 mg/kg for endocarditis and bacteraemia) has been associated with 

the emergence of resistance [42]. As a result, the use of higher doses (10 mg/kg) 

has been proposed. Limited data suggest that this dose is not associated with 

increased toxicity [66,67]. However, this usage is off-label and further research is 

required to establish its safety and effect in preventing the emergence of resistance. 

One approach may be to start daptomycin at the higher dose and to reduce it if 

toxicity is suspected or if clinical improvement occurs, taking advantage of the 

concentration-dependent cidal action when the inoculum is highest. 

 

Daptomycin was associated with a significantly reduced risk of decreased renal 

function than standard therapy with gentamicin-based therapy in the treatment of S. 

aureus bacteraemia and endocarditis [42]. Daptomycin has been used thrice-weekly 

in patients undergoing haemodialysis [68,69]. 

 

In conclusion, daptomycin has an important role both in empirical and MIC-directed 

treatment of MRSA bacteraemia and endocarditis. Specific recommendations are 

made at the end of this article (Table 1). 
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6. Tigecycline 

Tigecycline is a novel parenteral glycylcycline antibacterial with activity against 

MRSA [70]. The panel were not aware of significant data published on the efficacy of 

tigecycline in the treatment of MRSA bacteraemia, VAP, HAP or endocarditis. 

Therefore, no recommendations could be provided and this agent is considered to 

have only a secondary ‘rescue’ role in this setting. 

 

7. Quinupristin/dalfopristin 

The panel were not aware of any significant new data published since the previous 

consensus report [6] and this agent is not recommended for use in severe MRSA 

infection, except as ‘rescue’ therapy. 

 

8. Older agents 

Data from a randomised study published in 1992 suggest that 

trimethoprim/sulfamethoxazole (co-trimoxazole) is inferior to vancomycin [41]. In 

principal, an increase in vancomycin MICs could change this situation. Data are 

awaited from an ongoing randomised, open-label study comparing co-trimoxazole 

and vancomycin in invasive MRSA infections in Israel (NCT00427076). In the 

meantime, the current panel was reluctant to recommend the use of co-trimoxazole 

alone in patients with severe MRSA infections. 
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There is no evidence to support a role for tetracyclines in severe MRSA infections 

[6]. Chloramphenicol has a role only as a last resort owing to its myelotoxicity and 

lack of recent clinical data [6]. Preliminary data suggest that fosfomycin may have a 

potential future role in combination with carbapenems in endocarditis [71], but further 

data are required. Rifampicin is not recommended alone or in combination for 

treatment of serious staphylococcal infection; there is evidence of delayed clearance 

of bacteraemia and increased hepatotoxicity. Its role is in combination therapy for 

medical treatment of infected prosthetics. 

 

9. Developmental agents 

Telavancin, a bactericidal lipoglycopeptide, is now approved in the USA for cSSSI 

and approval is expected in the European Union. In phase III trials, telavancin was 

as clinically and bacteriologically efficacious as vancomycin in the subset of patients 

with MRSA cSSSI (n = 579) [72]. Data from a completed randomised, double-blind 

trial of telavancin versus vancomycin in the treatment of uncomplicated S. aureus 

bacteraemia (NCT00062647) and two phase III studies in HAP (NCT00124020 and 

NCT00107952) are awaited. 

 

In 2008, the manufacturer of dalbavancin (a lipoglycopeptide) withdrew their US and 

European applications for the indication of cSSSI [73]. The US Food and Drug 

Administration (FDA) has requested further data following the application for 

oritavancin (a semisynthetic glycopeptide) for a cSSSI indication. The European 

Medicines Agency (EMEA) also indicated that existing data were likely to be 
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insufficient to warrant the approval of oritavancin and in September 2009 the 

manufacturer withdrew its European application [74]. 

 

The FDA and EMEA have both denied a cSSSI indication for ceftobiprole, a novel 

cephalosporin, based on concerns about the conduct of studies and the need for 

further data [75,76]. Ceftobiprole was shown to be non-inferior to ceftazidime + 

linezolid in patients with HAP. However, ceftobiprole was less effective in the subset 

of patients with VAP, and non-inferiority versus the combination regimen could not 

be established [77]. Ceftaroline, a novel parenteral, semisynthetic cephalosporin, 

has high affinity for penicillin-binding protein PBP20 (PBP2a) and shows broad-

spectrum bactericidal activity that includes Gram-positive organisms as well as 

common Gram-negative pathogens. Ceftaroline is administered intravenously as a 

prodrug (ceftaroline fosamil) that is rapidly converted in plasma into the active drug. 

It has potent activity against community-associated MRSA isolates and showed 

bactericidal activity against VISA, VRSA, hVISA and daptomycin-non-susceptible S. 

aureus isolates [78]. Animal studies support ceftaroline as a promising therapeutic 

option for the treatment of severe MRSA infections, including osteomyelitis and 

endocarditis [79,80]. Ceftaroline has been evaluated for cSSSI in two identical phase 

III clinical trials. Globally, it achieved high clinical cure rates similar to those obtained 

with vancomycin + aztreonam, including in patients infected with MRSA (93.4% vs. 

94.3%, respectively). Ceftaroline was well tolerated, with a safety profile consistent 

with the cephalosporin class [81]. 

 

The development of iclaprim (a selective diaminopyrimidine dihydrofolate inhibitor) 

has been suspended after an application for the cSSSI indication was withdrawn 
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from the EMEA [82]. New fluoroquinolones are in development for potential use in 

MRSA. However, there are concerns that these may have compromised MRSA 

activity. Data are awaited regarding the development of new oxazolidinone agents. 

 

10. General strategy and summary of recommendations 

10.1. Assessment and testing 

The ESCMID/ISC panel continues to endorse the principles of therapy outlined in the 

previous consensus paper [6]. Identification of patients at high risk of hospital-

acquired MRSA infection and the early and accurate diagnosis of infections are vital. 

Developments in these areas are discussed in the companion papers to this article 

[83,84]. Empirical therapy for suspected severe MRSA infections should be based 

primarily on the local prevalence and resistance profile of MRSA and on the risk 

factors and clinical characteristics present in individual patients. These include: the 

source and severity of infection; presence of co-morbid conditions; use of concurrent 

interventions (e.g. indwelling devices or haemodialysis); and use and response to 

previous antibiotic therapy. Patients with recurrent MRSA infection, or with a history 

of extended vancomycin exposure, should be considered at high risk of infection with 

MRSA for which vancomycin MIC values are elevated. Appropriate and aggressive 

empirical therapy is required for these patients. In the presence of an indwelling 

device or foreign body, it is crucial to consider the need for removal of potentially 

infected foreign bodies or for surgical debridement and drainage of necrotic areas or 

purulent collections. Rapid measures should be taken to culture the microorganism 

and to determine its antimicrobial susceptibility. Designations of sensitive/resistant 
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based on defined microbiological breakpoints are of limited usefulness for 

prescribers, and clinical laboratories must report MIC values. The (approximate two-

fold) discrepancy between vancomycin MICs determined by BMD and Etest may 

have important clinical implications and this discrepancy should be taken into 

account when interpreting susceptibility data. The existing evidence suggests that 

clinical breakpoints for vancomycin should be lowered, but there was no consensus 

among the panel on whether the new breakpoint should be 0.5 mg/L or 1.0 mg/L and 

whether this should be accepted as method-dependent. 

 

10.2. MRSA bacteraemia and endocarditis 

Vancomycin is the standard empirical therapy for MRSA bacteraemia and 

endocarditis, particularly for non-life threatening infection and infections caused by 

MRSA with a vancomycin MIC (by Etest) ≤1 mg/L (Table 1). Vancomycin should be 

dosed to achieve a trough plasma concentration of 15–20 mg/L. Teicoplanin may be 

the preferred glycopeptide for use when there is a particular concern over 

nephrotoxicity. Empirical therapy in very sick patients with severe suspected MRSA 

infection needs to cover MSSA as well as MRSA. The panel believes that 

vancomycin does not provide sufficient MSSA cover in this setting and hence it 

should be combined with a semisynthetic penicillin when used for empirical therapy. 

However, further studies on the optimal therapy are required. The combination of 

vancomycin plus a semisynthetic penicillin may be preferred when endocarditis is 

suspected, but more research needs to be done on the interaction between these 

two classes. The panel does not recommend the routine use of combination therapy 

with vancomycin plus an aminoglycoside owing to the risk of nephrotoxicity [85]. 
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The panel recommends switching to daptomycin if there is a poor response to 

vancomycin, complicated bacteraemia, relapse or breakthrough MRSA bacteraemia, 

or if the vancomycin MIC of the causative pathogen is reported at >1 mg/L (Etest) or 

>0.5 mg/L (BMD). Where an elevated vancomycin is reported, the daptomycin MIC 

should also be checked. Daptomycin should be considered for first-line, initial 

therapy in patients with life-threatening infection, renal impairment, previous 

glycopeptide use and when the vancomycin MIC is known to be >1 mg/L or is 

suspected to be >1 mg/L based on local surveillance data using Etest. Consideration 

should be given to dosing daptomycin at 10 mg/kg in this setting, although this dose 

is not approved. The evidence base for linezolid in bacteraemia remains weak and 

there have been warnings regarding its use for catheter-related bloodstream 

infections, for which it is not approved. 

 

Treatment durations of 10–14 days are generally recommended for bacteraemia [6]. 

Treatment for 4–6 weeks is required in endocarditis and complicated bacteraemia. 

Additional studies are needed to determine the optimum duration of therapy for 

severe MRSA infections, including bacteraemia. Results from an ongoing study in 

the UK are awaited. 

 

10.3. MRSA hospital-acquired pneumonia and ventilator-associated pneumonia 

The panel supports the widespread current practice whereby linezolid is used first-

line as empirical therapy for suspected MRSA VAP and HAP (e.g. in patients who 

tested positive for MRSA on admission). The results of current further studies are 
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awaited. In particular, linezolid may be preferred over vancomycin where there are 

concerns about nephrotoxicity and when the infecting MRSA has a vancomycin MIC 

>1 mg/L by Etest. Linezolid may also be preferred because of convenience. Further 

high-quality randomised controlled trials of linezolid in MRSA infections are needed. 

In fact in a recent presentation at this year’s IDSA Annual Meeting, the first report of 

a phase IV, randomised, double-blind, multicentre trial comparing linezolid with 

vancomycin in nosocomial pneumonia due to proven MRSA, linezolid was 

statistically superior at end of therapy and end of study, both in intent-to-treat and 

modified intent-to-treat for both clinical and microbiological outcomes [86]. 

 

Durations of 10–14 days are generally recommended for HAP and VAP. Linezolid 

should also offer sufficient cover for pneumonia caused by MRSA positive for the 

Panton–Valentine leukocidin cytotoxin. However, recommendations are limited by a 

lack of experience and data. 
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Table 1 

Treatment guidelines for severe meticillin-resistant Staphylococcus aureus (MRSA) 

infections a,b 

MRSA 

infection 

First-line therapy Second-line/alternative therapy 

Bacteraemia 

/endocarditis 

EMPIRICAL THERAPY 

Vancomycin: standard option for 

initial treatment, in particular 

when: 

 sepsis is not life-

threatening c 

 MIC ≤1 mg/L or unknown 

Add semisynthetic penicillin to 

cover MSSA in severe sepsis 

Change to daptomycin d if:  

 slow response 

 complicated 

bacteraemia, relapse or 

breakthrough MRSA 

bacteraemia 

 MIC > 1.0 mg/L 

Check daptomycin MIC if 

patient has had previous 

glycopeptide exposure 

 Daptomycin preferred for first-line 

initial therapy when: 

 sepsis is life-threatening 

 renal impairment 

 glycopeptide MIC > 1.0 

mg/L 

 previous optimally 

conducted glycopeptide 

therapy (check 

daptomycin MIC) 
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VAP/HAP Linezolid preferred to 

vancomycin, especially when: 

 recent vancomycin 

exposure 

 vancomycin MIC > 1 mg/L 

or elevated MIC 

considered likely 

 in renal failure 

Vancomycin 

MIC, minimum inhibitory concentration; MSSA, meticillin-susceptible S. aureus; VAP, 

ventilator-associated pneumonia; HAP, hospital-acquired pneumonia. 

a This table is intended to provide general guidance only. Therapy for suspected 

severe MRSA infections should be based primarily on the local prevalence and 

resistance profile of MRSA and on the risk factors and clinical characteristics present 

in individual patients. Please refer to specific prescribing information for each 

antibacterial. 

b MIC measured by Etest. 

c Catheter-related sepsis, patient stable, no evidence of complications. 

d Daptomycin dose should be 10 mg/kg. 


