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Introduction
The detection of Staphylococcus aureus bactermia in
any patient represents a serious development. The
mortality rate associated with S. aureus native valve
endocarditis can exceed 20% (1-3). Even in non-fatal
cases, the morbidity resulting from local or systemic
complications of the infection, such as perivalvular
abscess or stroke, is significant (4). Additional adverse
effects and complications may arise from the required
antimicrobial and surgical treatments. S. aureus
bacteremia, even without evident endocarditis, can
lead to serious suppurative complications (5). The
latter events may have devastating clinical
consequences, particularly in individuals with
indwelling bioprosthetic material. As the proportion
of S. aureus bacteremias caused by methicillin-
resistant strains increases over time, clinicians will be
further challenged to deliver appropriate therapy from
a more selective list of options.

Anti-staphylococcal penicillins
No other antimicrobial agent has proven superior to
intravenously administered anti-staphylococcal
penicillins (e.g., nafcillin, oxacillin) for use in the
treatment of most patients with bacteremia or
endocarditis due to methicillin-susceptible isolates of
S. aureus (MSSA). In a prospective observational
study of patients with MSSA bacteremia who were
followed for at least six months, Chang et al. (4)
found that none of the patients treated with nafcillin
experienced persistent ( >7 days) bacteremia or
relapsed after therapy. This was in contrast to patients
treated with vancomycin, of whom 19% had
prolonged bacteremia or relapsed after treatment.  

Several important points emerged from a prospective
treatment study of MSSA endocarditis presented by
Korzeniowski and Sande almost 25 years ago (3).
Patients enrolled in this study were randomized to
treatment with nafcillin alone for six weeks or to
nafcillin for six weeks combined with gentamicin for

the first two weeks of therapy. As might be expected,
individuals using parenteral drugs (total, 48 patients)
presented substantially more often with right-sided
endocarditis, while those who were not using
injection drugs (total, 30 patients) primarily had left-
sided disease. Of the former group, those receiving
gentamicin defervesced sooner (median, three days
versus seven days), but there was no difference in
days to clearance of bacteremia (median, three days)
and only two of the 48 were known to have died or
relapsed. In contrast, for the non-injection drug users,
cure rates were lower than those obtained in the
drug-user population, but within this group were
comparable whether or not gentamicin was added
(73% for nafcillin alone versus 68% for the
combination). The duration of blood culture positivity
was shorter in the gentamicin-treatment arm (mean,
2.8 days versus 4.1 days, a statistically significant
difference), but this small advantage came at a cost of
significant nephrotoxicity, which was seen in more
than one-third of those receiving gentamicin, but in
none of those treated with nafcillin alone.  

Vancomycin
As mentioned above, vancomycin treatment of MSSA
bacteremia was more likely than therapy with nafcillin
to result in prolonged duration of positive blood
cultures or relapse (4). In their retrospective review
of  S. aureus endocarditis, Gentry et al. (2) found that
patients with MSSA infections treated with nafcillin
had significantly shorter duration of bacteremia than
those treated with vancomycin (mean, 5.2 versus 9.5
days) and experienced fewer complications of
endocarditis. However, because patients were not
randomly allocated to these treatment groups, it was
apparent that those treated with vancomycin had on
average twice as many chronic medical conditions—
including chronic renal insufficiency—as those treated
with nafcillin, and were only half as likely to have
been users of intravenous drugs. It could be expected
that both of these factors might have skewed the
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results in favor of nafcillin. The mortality rates
observed in this study, 22% for those treated with
nafcillin and 28% for those receiving vancomycin,
were not statistically different. 

Nafcillin treatment of S. aureus bacteremia and
endocarditis was examined in a VA cooperative study
(6). One result of that study, in which nafcillin two
grams intravenously every four hours was the only
antimicrobial therapy given, was that patients infected
with organisms tolerant to the drug (i.e., inhibited but
not well killed by the drug, with nafcillin minimal
bactericidal concentration ≥ 32 times the minimal
inhibitory concentration) experienced a longer time to
defervescence than those with organisms killed more
rapidly. However, tolerance to the bactericidal effects
of the drug did not influence the ultimate treatment
outcome. This result is consistent with observations
comparing vancomycin and nafcillin treatment.
Because vancomycin tends to kill staphylococci more
slowly than do anti-staphylococcal penicillins, relative
tolerance to killing by vancomycin may also explain
the reports noted above of slower clinical response of
S. aureus (MSSA) bacteremia or endocarditis treated
with vancomycin compared with nafcillin, an
observation that does not always result in worse
outcomes.

When vancomycin has been studied in the treatment of
endocarditis due to methicillin-resistant strains of S.
aureus (MRSA), the duration of fever and of positive
blood cultures has generally been longer than seen
when MSSA endocarditis is treated with an anti-
staphylococcal penicillin. Levine et al. (7) randomized
patients with MRSA endocarditis, the vast majority of
whom had right-sided disease, to treatment with
vancomycin alone or with rifampin. The median
duration of positive blood cultures for patients in the
vancomycin treatment arm was seven days. The
addition of rifampin did not improve these results,
with a median duration of positive cultures of nine
days in that arm.  For comparison, in the prospective
study of Korzeniowski and Sande (3), intravenous drug
users with predominantly right-sided MSSA endocarditis
remained culture positive for an average of only 3.4
days after nafcillin therapy. In part, the duration of
bacteremia in patients with MRSA endocarditis appears

to depend upon
a number of
characteristics
of the infecting
organism (8).
What has
emerged is a
general sense
that treatment
of serious MRSA
infections with
vancomycin is
associated with
slower response
and is often less
successful than
treatment of
MSSA infections
with anti-
staphylococcal
penicillins (9).
At the present

time, it appears that a number of factors may account
for the sometimes disappointing results seen when
bacteremic S. aureus infections are treated with
vancomycin, which include: characteristics specific to
the infecting organisms; host factors in patients at risk
for infection with MRSA versus MSSA; and any
differences that might exist in the bactericidal
properties of the antimicrobials themselves.   

Trimethoprim-sulfamethoxazole
A randomized, prospective clinical trial compared
trimethoprim-sulfamethoxazole (TMP-SMX) with
vancomycin for treatment of serious staphylococcal
infections in intravenous drug users (10). In that
study, TMP-SMX was given at a dosage of 320 mg
TMP plus 1600 mg SMX twice daily, while vancomycin
was administered at one gram twice daily, with
adjustments for renal function and serum levels.
Approximately two-thirds of patients were bacteremic.
The study showed that although serum bactericidal
titers with TMP-SMX therapy exceeded those obtained
with vancomycin, higher cure rates were obtained
with vancomycin. Bacteremia cleared approximately
two days earlier with vancomycin therapy (mean, 4.3
days versus 6.7 days), although this difference was
not statistically significant. The inferiority of TMP-SMX
was limited to patients with MSSA infections,
however, because all patients with MRSA infections
were cured with this drug.

Quinupristin-dalfopristin
Quinupristin-dalfopristin, which became available in
the US in 1999 (Table 1), is active in vitro against
both MRSA and MSSA, and the combination is
bactericidal against some isolates (11,12). In the US,
the drug is not approved for treatment of MRSA
infections. There are very limited published data on
the use of this agent for treatment of MRSA
bacteremias. In the summary of treatment courses in
patients who failed or were intolerant of prior
therapy, reported by Drew et al. (13), clinical success
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Table 1

Antimicrobial agents approved since 1999
with activity in vitro against

Staphylococcus aureus

Antimicrobial Mechanism of action Primary activity*

Quinupristin- Protein synthesis inhibition Bacteriostatic, or 

dalfopristin bactericidal if 

organism is 

susceptible to 

both components

Linezolid Protein synthesis inhibition Bacteriostatic

Daptomycin Membrane depolarization Bactericidal

Tigecycline Protein synthesis inhibition Bacteriostatic

*The designation of bacteriostatic and bactericidal is somewhat

arbitrary, and often reflects rate of killing in addition to extent of killing

of a bacterial population.
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rates with this agent were described in 13 of 22 “all
treated” cases of MRSA endocarditis, catheter-related
infection, and bacteremia of unknown source; but
only three of these cases were clinically and
microbiologically evaluable, with the only success in
a catheter-related infection. A few cases have been
reported in which the addition of quinupristin-
dalfopristin to failing courses of vancomycin has
resulted in control of MRSA bacteremia (14,15). The
use of quinupristin-dalfopristin requires deep venous
access, carries the risk of drug-drug interactions, and
is associated with a high rate of adverse effects,
especially the myalgia-arthralgia syndrome (16).

Linezolid
With rare exceptions, linezolid demonstrates
predictable in vitro antimicrobial activity against
clinical isolates of S. aureus, including both MSSA
and MRSA. Although the drug is bacteriostatic
against S. aureus in vitro (12), in compassionate use
experience, linezolid was used successfully to treat
three of four cases of S. aureus endocarditis and 18
of 21 bacteremias (17). Case reports describe
successful use of linezolid to treat MRSA
bacteremias due to isolates demonstrating reduced
susceptibility (18) or heteroresistance (19) to
vancomycin. Linezolid was used successfully to treat
four of eight patients with endocarditis due to MRSA
with reduced susceptibility to vancomycin (MICs 2-4
µg/mL and a population analysis profile consistent
with heteroresistance) (20). In two of the four cured
patients, linezolid was used alone for 40 or 49 days,
and in the other two patients linezolid was given for
38 or 42 days, followed by 8-11 days of therapy
with fusidic acid plus rifampin.

Linezolid given orally is almost completely absorbed,
and thus offers the possibility for oral therapy of
serious infections. However, treatment lasting two
weeks or more requires monitoring for
myelosuppressive effects of linezolid, and long
courses have been associated with the development
of peripheral or optic neuropathy or both (21, 22).
Lactic acidosis has been described very rarely in
patients treated with this drug (23). Resistance to
linezolid has been reported among clinical isolates of
S. aureus. One case report documents the emergence
of linezolid resistance in an isolate recovered from a
patient after many months of suppressive therapy for
an intractable endovascular infection (24). 

Daptomycin
The cyclic lipopeptide antibiotic, daptomycin, was
approved in the US in 2003 for treatment of
complicated skin and skin structure infections,
including those due to MRSA and MSSA. The daily
dose used in studies leading to that indication was 
4 mg/kg for patients with normal renal function (25).
Daptomycin acts uniquely among currently available
antimicrobials. In a calcium-dependent process, the
lipid tail of daptomycin inserts into the bacterial
cytoplasmic membrane. It is believed that,
subsequently, oligomerization of drug units and
channel formation leads to membrane depolarization,
leakage of intracellular ions, and eventually cell death
(26). Daptomycin is broadly active in vitro against
gram-positive organisms and demonstrates
substantially greater bactericidal activity than
vancomycin against staphylococci (12, 26).

A randomized clinical trial compared daptomycin at 
6 mg/kg once daily with either an anti-staphylococcal
penicillin or vancomycin, pre-specified by the
investigator, for treatment of S. aureus bacteremia or
right-sided endocarditis. Gentamicin was added in the
comparator arms for the first three to five days. The
results of this trial showed that daptomycin was not
inferior to standard therapy for both MSSA and MRSA
infections (27). This resulted in the approval in 2006 by
the US FDA of daptomycin for treatment of S. aureus
(MSSA or MRSA) bacteremia and right-sided endocarditis. 

The daptomycin package insert advises clinicians to
monitor patients for muscle pain or weakness, and to
check creatine kinase (CK) levels weekly during
therapy, or more frequently for patients with renal
insufficiency, because muscle weakness associated
with elevated CK were noted in a small proportion of
treated patients. These changes are expected to be
reversible upon discontinuation of the drug. Two case
reports suggest the possibility that muscle injury can
on rare occasions rise to levels associated with
myoglobinuria (28, 29). Mild, reversible symptoms
related to the peripheral nervous system have
occasionally been noted. 

A few isolates of MRSA with reduced susceptibility to
daptomycin after exposure to the drug have been
reported (30, 31).  This increase in MICs of
daptomycin was seen in about one-third of the S.
aureus isolates recovered from patients who failed to
respond to treatment with the lipopeptide in the S.
aureus bacteremia/endocarditis trial (27).      

Tigecycline
In 2005, tigecycline was approved in the US for
treatment of intra-abdominal infections, including
those due to MSSA, and complicated skin and skin
structure infections, including those due to MSSA or
MRSA. This drug of the glycylcycline class is an
inhibitor of bacterial protein synthesis. In vitro,
tigecycline demonstrates potent inhibitory activity
against MSSA and MRSA isolates (32). At the present
time, the drug does not have a defined role in the
treatment of S. aureus bloodstream infections.

Investigational Antimicrobial Agents
Three other antibiotics with in vitro anti-
staphylococcal activity in advanced phases of clinical
investigation will be discussed. These are the
glycopeptides, dalbavancin and telavancin, and the
cephalosporin, ceftobiprole (Table 2). 

Dalbavancin is a glycopeptide with an antibacterial
spectrum similar to that of vancomycin, but with
substantially greater potency: e.g., MIC90s against both
MSSA and MRSA of 0.06 µg/ml for dalbavancin versus
1-2 µg/ml for vancomycin (33). Another important
difference between the two drugs is the very long
elimination half-life of dalbavancin, approximately
nine days. Taking advantage of the prolonged serum
concentrations that are achieved after an intravenous
dose, successful studies in complicated skin and skin
structure infections have been carried out using only
two doses of the drug, administered one week apart
(34, 35). At present, the only published data on the
use of dalbavancin versus vancomycin for treatment
of bacteremia is the report of a small, randomized,
open-label study in catheter-related bloodstream
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infections (including both S. aureus and coagulase-
negative staphylococci) in which promising results
were presented (36).  

Telavancin is a lipoglycopeptide that is also somewhat
more potent than vancomycin (MIC90 for MSSA and
MRSA of 0.5 µg/ml, versus 1-2 µg/ml) (37). However,
in contrast to vancomycin, telavancin appears not
only to inhibit peptidoglycan synthesis, but also to
disrupt the bacterial cell membrane (38). A study in
our own laboratory found telavancin to have greater
bactericidal activity than vancomycin against S.
aureus isolates that were selected for relative
resistance to killing by vancomycin (39). Initial

clinical studies have documented the effectiveness of
this agent in the treatment of complicated skin and
skin structure infections (40, 41). At present, there are
no published studies that examine the role of
telavancin in bloodstream infections. 

A number of ß-lactam antibiotics have been
developed, which have the property of enhanced
binding to penicillin-binding protein 2' that is the
product of the mecA gene in MRSA. As a result, such
agents defy the dictum that MRSA must be considered
resistant to all ß-lactams, irrespective of apparent in
vitro activity. One such agent in advanced stages of
development is ceftobiprole. MIC90s of this agent
against MSSA and MRSA were 0.5 and 2 µg/ml, which
contrasts with MIC90s of ceftriaxone, which were four
and >32 µg/ml (42). In a rabbit model of MRSA
endocarditis, ceftobiprole demonstrated activity
comparable to that of vancomycin, and the ß-lactam
proved superior to vancomycin for treatment of
experimental endocarditis due to a vancomycin-
intermediate MRSA isolate (43). As yet, there are no
published studies examining the effectiveness of
ceftobiprole in S. aureus bacteremia in patients.
Because of the success of anti-staphylococcal
penicillins in the treatment of infections due to MSSA,
results of such studies would be of great interest.

Conclusions
For MSSA bacteremia or endocarditis, anti-
staphylococcal penicillins remain the agents of
choice. For MRSA bacteremia, no agent has yet
proven superior to vancomycin. Linezolid has been
used successfully for some cases of MRSA bacteremia,
but the agent is primarily bacteriostatic and does not
have an indication for bloodstream infections.
Daptomycin has recently earned approval for
treatment of S. aureus bacteremia and right-sided
endocarditis due to MRSA and MSSA. A number of
investigational agents have interesting properties and
may eventually prove useful for treatment of serious
infections due to MRSA, including bacteremia.
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Table 2

In vitro activity of vancomycin and 
investigational agents against methicillin–

susceptible and –resistant strains of
Staphylococcus aureus.

MIC90 (µg/mL) against*

Antimicrobial MSSA MRSA Reference

Vancomycin 1-2 1-2 33, 37, 42

Dalbavancin 0.06 0.06 33

Telavancin 0.5 0.5 37

Ceftibiprole 0.5 2 42

*MIC is the lowest drug concentration that inhibited 90% of isolates

in the collections studied. For each of the investigational agents,

vancomycin was also tested and included in the results shown.
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1) Native valve S. aureus endocarditis proves fatal in 
approximately what proportion of patients:
a) ≥ 80%
b) 60%
c) 20%
d) ≤ 5%

Answer: __________

2) Which of the following statements about MSSA native 
valve endocarditis is true:
a) No agent has proven to be more effective than an anti-

staphylococcal penicillin for therapy of this condition.
b) The addition of a 2-week course of an aminoglycoside

to nafcillin therapy enhances survival and is devoid of
serious toxicity.

c) When a patient becomes clinically stable, it is 
appropriate to switch to oral oxacillin to minimize the
risk of venous irritation.

d) Rifampin is an essential component of successful 
treatment.

Answer: __________

3) MRSA infections are accurately characterized by which 
of the following statements:
a) MRSA bacteremia treated with vancomycin tends to 

resolve more slowly than MSSA bacteremia treated 
with an anti-staphylococcal penicillin.

b) The addition of rifampin to vancomycin when treating
MRSA native valve endocarditis predictably hastens 
clearance of blood cultures.

c) Quinupristin-dalfopristin is usually active in vitro 
against MRSA, but is not approved for treatment of 
MRSA bacteremia.

d) Trimethoprim-sulfamethoxazole is active in vitro, but 
has never been studied clinically for treatment of 
serious MRSA infections.

Answer: __________

4) Which of the following is true about antimicrobials used to 
treat infections caused by MRSA or MSSA:
a) Daptomycin is FDA approved for treating bacteremia 

and right-sided endocarditis due to these organisms.
b) Linezolid resistance is rare among clinical isolates of 

Staphylococcus aureus.
c) Tigecycline inhibits growth of MRSA in vitro.
d) Periodic measurements of plasma drug concentrations 

are not required when using daptomycin or linezolid for 
indicated infections.

e) all of the above

Answer: __________

5) True statement(s) concerning investigational antimicrobial 
agents include the following:
a) Dalbavancin is unique among ß-lactams because of its 

long elimination half-life.
b) Telavancin is a lipoglycopeptide that has more than one

mechanism of antibacterial action.
c) Ceftobiprole is highly active against MSSA in vitro, but 

like all other ß-lactams must be considered inactive 
against MRSA. 

d) Published studies support the superiority of anti-MRSA 
ß-lactams over vancomycin for the treatment of MRSA 
bacteremia.

Answer: __________
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