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Staphylococcus aureus is one of the “ESKAPE pathogens’,
considered to require urgent development of new thera-
pies, in spite of some decline in the incidence of methi-
cillin-resistant S. aureus (MRSA) infections. Vancomy-
cin, a glycopeptide with an excellent spectrum of activity
against Gram-positive pathogens through inhibition of
cell wall synthesis, has been the mainstay of treatment
for MRSA. However, MRSA infections are associated
with increased morbidity and mortality, when compared
with methicillin-sensitive S. aureus (MSSA), and several
weaknesses have been identified related to vancomycin
use, namely slower bacterial killing than oxacillin, poor
penetration in the lungs and central nervous system, and
frequent underdosage in critically ill patients as a result
of increased volume of distribution and renal hyperfiltra-
tion [1].

Four main strategies may be used to circumvent the
problems related with vancomycin use.

One is the use of individualized dosing of vancomycin
to reach the PK/PD target of AUC/MIC > 400 that seems
to improve clinical outcome [1], both in pneumonia
and bacteremia. According to the 2009 Infectious Dis-
eases Society of America (IDSA) vancomycin therapeu-
tic guidelines [2], a loading dose of 25-30 mg/kg actual
body weight should be used, followed by 15-20 mg/
kg q8-12 h. Vancomycin serum levels and vancomycin
MRSA MIC by Etest must be measured routinely. Trough
levels between 15 and 20 pug/mL are recommended [2],
but the probability of target attainment is unlikely in high
vancomycin MIC infections, and MIC values above 1 pg/

failure per se but may rather be a marker of specific
pathogen virulence characteristic, as a similar associa-
tion between high vancomycin MIC and outcomes was
reported in MSSA infections treated with flucloxacillin
[4], it seems wise to aim at higher vancomycin levels in
the case of MRSA MIC > 1 pg/mL. However, these higher
doses are associated with increased incidence of nephro-
toxicity. Continuous infusion has been associated with
lower rates of nephrotoxicity (nephrotoxicity threshold
around 28 pg/mL), higher steady state concentration,
faster achievement of target concentrations, less vari-
ability in serum concentrations, and simpler AUC assess-
ment, compared with intermittent dosing [5]; however,
there is no evidence of higher effectiveness of the con-
tinuous regimen [6].

Another proposed strategy is the use of more recently
developed antibiotics with activity against MRSA. Glob-
ally, no drug has shown superiority to vancomycin in the
treatment of MRSA infections with the possible excep-
tion of linezolid in hospital-acquired pneumonia (HAP). A
multicenter randomized controlled trial (RCT) comparing
vancomycin to linezolid in the treatment of MRSA HAP
[7] showed that both clinical and microbiological cure
rates were significantly higher in the linezolid arm com-
pared with vancomycin, but 60-day mortality was similar
in both arms. A recent meta-analysis included data from
the above trial and observed similar efficacies for linezolid
and vancomycin, including in microbiologically proven
MRSA pneumonia [8]. The lipopeptide daptomycin, which
is inactivated by pulmonary surfactant, is currently the

mL significantly predict treatment failure and mortality
[3]. Although these outcomes may not reflect antibiotic
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only antibiotic to have shown noninferiority to vanco-
mycin in the treatment of MRSA bacteremia and even a
possible superiority in infections caused by MRSA with
high vancomycin MIC [9]. Dosages of 8-10 mg/kg/day
should be used for complicated bacteremia and, preferably,
in combination with other agents [10], both to improve
outcomes and to decrease the emergence of resistance,
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Table 1 Dose, PK/PD dose adaptations, and drug interactions of the main anti-MRSA drugs in the critically ill patient

Vancomycin  25-30 mg/kg IV loading dose, followed by
15-20 mg/kg g8-12 h IV

Linezolid 600 mg q12 h IV or PO

Daptomycin ~ 8-10 mg/kg q24 h IV for bacteremia and
6-8 mg/kg 24 h IV for SSTI

Tigecycline 100 mg IV loading dose, followed by 50 mg
ql2h v

Ceftaroline  600mgqi2h IV

Dosing adjustments are needed; trough
serum concentrations monitoring recom-
mended aiming at 15-20 ug/mL; use of
alternative drugs may be preferable

If CVWHF: 30 mg/kg loading dose and
20 mg/kg g8-12 h

No dose adaptation in renal failure; in
CVVHF: 600 mg g8 h IV

If Cr Cl < 30 mL/min, same dose g48 h
In CVVHF: 8-10 mg/kg q24 h IV for bactere-
mia and 6-8 mg/kg g24 h IV for SSTI

No dose adaptation in renal failure

In CVVHF: 150 mg loading dose, followed by

100 mg q12

If Cr C131-50 mL/min: 400 mg q12 h; if Cr
Cl'15-30 mL/min: 300 mg g12 h; if Cr
Cl<15mL/min:200mg g12h

“Slow" bactericidal activity; AUC/MIC drug;
difficult penetration into lung and CNS;
40 mg/kg/day by continuous infusion
after loading dose, with monitoring
of serum concentrations aiming at
20-25 pg/mL is probably preferable for
treatment of MRSA with vancomycin MIC
>1 (less nephrotoxicity and easier dose
management)

Bacteriostatic; 100 % bioavailable oral
formulation; low serum concentrations;
good penetration into lung and SST; AUC/
MIC and T > MIC drug; higher cure rates
but similar mortality to vancomycin in
HAP/VAP; continuous infusion may be
preferable in the obese patient

Bactericidal; concentration-dependent
antibiotic; good serum concentrations;
inactivated by fJulmonary surfactant (not
for pneumonia); possibly superior to van-
comycin in bacteremia caused by MRSA
with high vancomycin MIC

Bacteriostatic; AUC/MIC drug; high protein
binding; in difficult-to-treat infections and
in pneumonia, 100 mg q12 h IV after a
loading dose of 150 mg should be used
owing to low serum and lung concentra-
tions with traditional dosing

Bactericidal; time-dependent drug; high
concentrations in lung and SST

Increases serum concentration of vecu-
ronium; addition of aminoglycoside or
rifampin did not prove to be synergistic;
evidence of synergy between beta-lactams
and vancomycin; maybe, vancomycin + flu-
cloxacillin for difficult-to-treat infections

Increases serum concentration of SSRI; addi-
tion of aminoglycoside or rifampin did not
prove to be synergistic

Addition of aminoglycoside or rifampin did
not prove to be synergistic; evidence of
synergy between beta-lactams and vanco-
mycin; maybe, vancomycin + flucloxacillin
for difficult-to-treat infections; combina-
tion may improve outcome and decrease
emergence of resistance

Increases serum concentration of warfarin;
use as monotherapy should be avoided

AUC area under the curve, CNS central nervous system, Cr C/ creatinine clearance, CVVHF continuous venovenous hemofiltration, HAP hospital-acquired pneumonia, MIC minimal inhibitory concentration, SSR/ selective
serotonin reuptake inhibitors, SST skin and soft tissue, SSTI skin and soft tissue infection, VAP ventilator-associated pneumonia










































































which has been described mainly associated with prior
exposure to vancomycin and retained prosthetic devices.
The development of ceftaroline and ceftobiprole, cephalo-
sporins with in vitro activity against MRSA owing to their
affinity for the penicillin-binding protein PBP2a, offers
great promise in the treatment of MRSA, as [B-lactams
are associated with improved clinical outcomes when
compared with glycopeptides for the treatment of MSSA
infections [11]. These agents should be restricted to the
treatment of MRSA infections, as it is likely that usage will
be associated with increased rates of resistance that have
already been observed. Tigecycline, a glycylcycline highly
active against MRSA in vitro, cannot be recommended
as first-line therapy in serious MRSA infections, as there
is insufficient data available and reports exist of higher
mortality and lower cure probably due to PK/PD consid-
erations including high protein biding, inadequate AUC/
MIC with standard dosing, low serum concentrations, and
poor penetration into some tissues [12]. However, it may
be useful, in combination regimens, namely for skin and
soft tissue or intra-abdominal infections [13]. Oritavancin,
dalbavancin, and telavancin are semisynthetic lipopoly-
peptide analogues of vancomycin. All three show activity
against MRSA and vancomycin-intermediate S. aureus
(VISA) and oritavancin also against vancomycin-resistant
S. aureus (VRSA). The long half-lives and complex PK of
the first two make them unsuitable for critically ill patients
unless other options do not exist [12].

Thirdly, combination therapy may be used. Combina-
tions of two primary active agents (such as vancomycin
plus linezolid) or the addition of gentamicin or rifampin
to either vancomycin or daptomycin did not prove to be
synergistic [6]. Rifampin, owing to its activity in biofilms,
may retain a role as a secondary agent in prosthetic valve
endocarditis and bone/joint infections with or without
infected implants, but should only be started after clear-
ance of bacteremia. Gentamicin’s role is restricted to
native valve endocarditis or as an adjunctive agent to dap-
tomycin in bacteremia non-responsive to vancomycin.
Cotrimoxazole may represent a potent alternative to all
existing anti-staphylococcal agents provided that in vitro
activity is demonstrated [6]. Although MRSA is inher-
ently resistant to nearly all B-lactam antibiotics, this class
of drugs has consistently shown evidence of synergy with
either vancomycin or daptomycin in multiple in vitro
studies and in a small number of observational studies.
The mechanism may include B-lactam-induced poten-
tiation of host defense peptide activity against S. aureus,
B-lactam-induced alteration of MRSA cell wall which
allows for improved vancomycin binding, or a “see-saw”
effect whereby reduced vancomycin susceptibility results
in reduced transcription of mecA and increased sus-
ceptibility to B-lactams [14]. In a retrospective cohort

monocentric study of patients with MRSA bacteremia,
those who received vancomycin plus one -lactam were
more likely to experience microbiological eradication
of MRSA than patients who received vancomycin alone
[14]. More recently, in a pilot multicenter RCT for MRSA
bacteremia [15], patients received vancomycin 1.5 g IV
twice daily and were randomly assigned to flucloxacillin
2 g IV 6 hourly for 7 days or no additional therapy. The
combination therapy group showed shorter duration of
MRSA bacteremia and there was no difference in 28- and
90-day mortality, metastatic infection, nephrotoxicity, or
hepatotoxicity (Table 1).

Lastly, both active and passive immunotherapy against
S. aureus are undergoing intense research efforts. Unfor-
tunately, almost all attempts to provide active immuniza-
tion against S. aureus failed and experts wonder if such an
approach may result in clinical implications. Nonspecific
passive immunotherapy has been reported to be useful in
the control of the effect of S. aureus exotoxin such as Pan-
ton-Valentine leukocidin which may be responsible for
very severe forms of infections. Experts currently recom-
mend the combination of high dose nonspecific human
immunoglobulins with an antibiotic able to downregulate
its production such as clindamycin, rifampin, or linezolid
[16]. Biotechnologies resulted in the production of highly
specific human monoclonal antibodies. Those targeted
at S. aureus toxin A, with efficacy against both MSSA
and MRSA, seem very promising and their use, either as
prophylaxis (MEDI4893: NCT02296320) [17] or adjunc-
tive treatment (AR-301: NCTO01589185) of S. aureus
infections, is currently under investigation in multicenter
phase II clinical studies.

In conclusion, in the critically ill patient, individualized
dosing of vancomycin, aiming at an AUC/MIC > 400,
and therefore with monitoring of serum levels and infor-
mation about the Etest vancomycin MIC, is the correct
strategy for vancomycin use. In MRSA HAP/VAP and
in MRSA bacteremia, linezolid and daptomycin may be
preferable, respectively, especially in high MIC MRSA
and, in the case of daptomycin, using high dose and com-
bination therapy. In difficult-to-treat MRSA bacteremia
cases, combination of vancomycin or daptomycin with
an anti-staphylococcal -lactam may improve results in
terms of microbiological eradication.
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