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For more than 4 decades, vancomycin has been the antibiotic of choice for methicillin-resistant Staphylococcus
aureus (MRSA) infections. Recently, infections due to isolates with high but susceptible vancomycin minimum
inhibitory concentrations have been associated with additional treatment failures and patient mortality. These
poorer outcomes may in part be explained by the inability of attaining appropriate vancomycin levels in these
patients. However, assumptions that these poor outcomes are solely due to failure to achieve optimal serum
levels of vancomycin are premature. The availability of effective alternatives further erodes the position of van-
comycin as first-line therapy. The emergence of resistance and cost considerations, however, favor a more mea-
sured approach when using alternative antimicrobials. Collectively, the current available data suggest that the
optimal therapy for MRSA infections remains unclear. In the absence of further data, the Infectious Diseases
Society of America guidelines remain relevant and inform clinicians of best practice for treating patients with
MRSA infections.
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For more than 4 decades, vancomycin has been the
antibiotic of choice for infections caused by methicil-
lin-resistant Staphylococcus aureus (MRSA). Despite
substantial vancomycin usage during this period, the
first vancomycin-intermediate S. aureus (VISA) isolate
was only recently described in 1996 [1]. Shortly thereaf-
ter, the first heteroresistant VISA (hVISA) and vanco-
mycin-resistant S. aureus (VRSA) isolates emerged
[2, 3]. Subsequently, increased reports of vancomycin
failure and poorer outcomes with these infections
started to appear in the literature.

In 2006, partly because of concerns of reduced vanco-
mycin efficacy, the Clinical Laboratory and Standards
Institute reduced the vancomycin-susceptible minimum
inhibitory concentration (MIC) breakpoint for S. aureus
from 4 μg/mL to 2 μg/mL [4]. However, since then, mul-
tiple experts have debated whether these breakpoints
should be lowered further with increased reports of anti-
biotic failures in vancomycin-susceptible isolates [5–7].

It was in this context that the Infectious Diseases
Society of America (IDSA) published its MRSA treat-
ment guidelines in 2011. Following review of the data
at the time, the guidelines recommended vancomycin
as first-line therapy for severe MRSA infections and
thus effectively endorsed the current breakpoints [8]. In
addition, experts in the field advocated more aggressive
vancomycin dosing, recommending a target ratio of the
area under the serum drug concentration curve to MIC
(AUC/MIC) ≥400 [9].

In light of increased reports of vancomycin failures,
the purpose of this review is to critically evaluate the
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evidence for and against substituting vancomycin as first-line
therapy for invasive MRSA infections.

THE CASE FORVANCOMYCIN SUBSTITUTION

Failure With Susceptible High-Vancomycin-MIC Isolates
At the time of writing, no fewer than 50 studies, summarized in
a meta-analysis [10], have examined the impact of high vanco-
mycin MIC (≥1.5 mg/L) on outcomes of patients with MRSA
infections. Although conclusions of the meta-analysis were
limited by shortcomings of the original studies, including pre-
dominantly retrospective design, varying definitions of treat-
ment failure, and differing MIC testing methodologies, most
studies showed an association with high-MIC vancomycin-
susceptible S. aureus (VSSA) infections and poorer outcomes.
Vancomycin treatment failure (usually defined as persistent
bacteremia) occurred more frequently in patients with high-
MIC VSSA infections, independent of MIC methodology or
site of infection. In contrast, the increased all-cause 30-day
mortality associated with high-MIC VSSA infections (Figure 1)
was predominantly driven by bloodstream isolates with an
MIC of 2 μg/mL (determined by Etest), as no mortality diffe-
rence was detected between infections caused by isolates with
an MIC of 1 μg/mL and 1.5 μg/mL. Subsequent to this meta-
analysis, several other groups have examined this association
with conflicting results [11–16]. Collectively, current data
suggest an association between poorer patient outcomes and
infection with high-vancomycin-MIC VSSA. These findings

suggest that substituting newer agents for vancomycin in the
treatment of such infections could potentially result in better
patient outcomes. As described below, however, the biological
basis of the association between high-vancomycin-MIC S.
aureus infections and worse patient outcome is simply not
understood.

Failure With hVISA Infections
A direct relationship exists between the likelihood of detecting
the hVISA phenotype and increasing vancomycin MIC, as
most heteroresistant subpopulations are identified in VSSA iso-
lates with an MIC of 2 μg/mL [17]. Detection of hVISA
remains problematic. The gold standard, population analysis
profiling, is labor intensive and costly. Testing is generally
batched, resulting in long turn-around times that prevent its
use in real-time patient management [18]. Alternative testing
methods are suboptimal, especially when applied to unselected
(nonpersistently bacteremic) MRSA isolates (Table 1) [18]. The
clinical significance of hVISA is also unresolved. For example,
although hVISA infections have been clearly associated with
high-inoculum infections, persistent bacteremia, metastatic
complications, and vancomycin treatment failure [19], most
studies to date have not found an association between hVISA
MRSA infections and higher mortality in these patients [19].

MIC “Creep”
In any given S. aureus population, the central vancomycin MIC
tendency can change over time with increases termed MIC

Figure 1. Forest plot of all-cause 30-day mortality for Staphylococcus aureus infections stratified by high (≥1.5 mg/L) and low (<1.5 mg/L) vancomycin
minimum inhibitory concentrations. Figure adapted from van Hal et al [10] with permission (Oxford University Press). Readers are encouraged to consult
the meta-analysis for specific details of the original reviewed studies. Abbreviations: CI, confidence interval; M-H, Mantel-Haenszel; MIC, minimum inhibi-
tory concentration.
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“creep.” This phenomenon may result from multiple factors, in-
cluding clonal replacement and antibiotic exposure. Although its
clinical significance is not established, one possible consequence
of MIC “creep” would be increased rates of treatment failures and
mortality in vancomycin-treated patients with high-MIC infec-
tions (see previous sections). Evidence for the widespread exis-
tence of MIC “creep” is conflicting (Table 2). Most positive

association studies have arisen from single institutions. In con-
trast, large multicenter studies have generally not identified such
trends [20, 21]. One possible explanation for these conflicting
results relates to the MIC methodology employed. Multicenter
analyses have generally used broth microdilution, which may fail
to detect small changes in vancomycin MIC values, whereas
single center studies have typically used Etest assays.

Table 1. Summary of Testing Methodologies for Vancomycin Minimum Inhibitory Concentration and Heteroresistant Vancomycin-
Intermediate Staphylococcus aureus Detection

Method Characteristics of Various Testing Methodologies

Vancomycin MIC testing

Broth microdilution Considered the reference standard
MIC is the lowest antibiotic concentration that completely inhibits visible bacterial growth at 24 h in microtiter
plates

Antibiotic concentrations increase by 2-fold dilutions by convention

Labor intensive, requires batching, generally not used for diagnostic purposes
Gradient diffusion (eg, Etest) Easy to perform, greater precision, measures actual MIC

Correlation with BMDmoderate with MIC results approximately 1–2 dilutions higher than BMD

Storage affects MIC: an inverse relationship between duration of storage and MIC obtained exists
Automated broth
microdilution (eg, Vitek2,
Phoenix)

Detection of MIC by microdilution using an automated system

Bacterial inoculum and incubation conditions differ between instruments and against gold standard BMD

Correlation with BMDmoderate with MIC results generally 1 dilution lower than BMD

Registration is based on overall agreement (ie, ±1 dilution)
Agar disk diffusion No longer considered appropriate to discriminate susceptible from nonsusceptible strains as large molecules

such as vancomycin diffuse too slowly in the agar

hVISA testing
Population analysis profiling Considered the gold standard as initial test or as confirmation

Labor intensive, time consuming (3–5 d) and costly

hVISA screening assays
BMD vancomycin MIC Direct relationship between increasing MIC and presence of hVISA

Overall poor sensitivity (hVISA can occur in VSSA isolates with an MIC as low as 0.5 mg/L) but good
specificity in selecting isolates which require confirmation

Similar issues as when used for vancomycin MIC testing
Screening agars Variable sensitivity and specificity dependent on agar, bacterial inoculum, glycopeptide (vancomycin or

teicoplanin), and antibiotic concentration used

Variability in performance of in-house screening plates compared to commercial agar plates
Easy to perform: growth of ≥2 colonies after 24–48 h indicative of possible hVISA

Macromethod Etest Increased sensitivity and specificity compared to screening agars

Positive results based onMIC values obtained for teicoplanin and/or vancomycin following 48 h incubation
Higher inoculum used than standard testing

Easy to perform and accurate

Delay in results and expensive when used as screening test
Etest glycopeptide
resistance detection

Increased sensitivity and specificity compared to screening agars

Positive result is based on MIC values obtained for teicoplanin and/or vancomycin following 24–48 h
incubation

Uses standard bacterial inoculum

Improvement on Etest as method uses double-ended Etest (less expensive), allows for an initial read at 24 h

Abbreviations: BMD, broth microdilution; hVISA, heteroresistant vancomycin-intermediate Staphylococcus aureus; MIC, minimum inhibitory concentration; VSSA,
vancomycin-susceptible Staphylococcus aureus.
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Potential Pitfalls in Vancomycin Target Attainment
Vancomycin exhibits time-dependent killing [22]. The optimal
pharmacodynamic parameter associated with vancomycin effi-
cacy based on animal neutropenic models is thought to be the
AUC/MIC ratio. The first study to clinically address this

question found that achieving an AUC/MIC ≥350 (MIC deter-
mined by broth microdilution) was associated with a 7-fold
higher odds of clinical success in patients treated with vanco-
mycin for S. aureus pneumonia. Time to bacterial eradication
was significantly shorter (median 10 days) when the AUC/MIC

Table 2. Summary of Studies Examining Vancomycin Minimum Inhibitory Concentration “Creep”

Study [Reference] Study Features MIC “Creep” Comments

Wang et al, 2006 [58] Single US center, 6003 isolates
from 2000 to 2004

Yes—proportion of isolates
with BMD >1 μg/mL

Proportion increased from
20% to 70%

No typing performed
Robert et al, 2006 [59] Single French center, 1445

isolates from 1983 to 2001
Yes—Etest geometric mean 1.54-fold increase in mean

MIC

No typing performed
Jones et al, 2006 [20] Multicenter worldwide study

(SENTRY data), 35 485 isolates
from 1998 to 2003

No—proportion of isolates
with BMD >2 μg/mL

No typing performed

Steinkraus et al, 2007
[60]

Single US center, 662 isolates
from 2001 to 2005

Yes—Etest geometric mean 1.5-fold increase in mean
MIC

No typing performed

Alos et al, 2008 [61] Single Spanish center, 3141
isolates from 2002 to 2006

No—proportion of isolates
with BMD >2 μg/mL

No typing performed

Holmes et al, 2008 [62] Single US center, 240 isolates
from 1999 to 2006

No—BMDMIC90 No typing performed

Rybak et al, 2008 [63] Single US center, 1499 isolates
from 1986 to 2007

Yes—proportion of isolates
with BMD >1 μg/mL

Proportion increased from
81% to 93%

No typing performed
Sader et al, 2009 [64] Multicenter US study, 1800

isolates from 2002 to 2006
No—BMDmodal MIC 3 sites showed low-level

geometric mean creep

No typing performed

Musta et al, 2009 [17] Single-center US study, 489
isolates from 1996 to 2006

No—proportion of isolates
with Etest >1, 1.5, or
2 μg/mL

No typing performed

Ho et al, 2010 [65] Multicenter Hong Kong study, 247
isolates from 1997 to 2008

Yes—proportion of isolates
with Etest >1 μg/mL

Proportion increased from
11% to 38%

Typing suggestive of clonal
MIC “creep”

Adam et al, 2010 [66] Multicenter Canadian study, 6397
isolates from 1995 to 2006

No—BMDmodal or proportion
of isolates >2 μg/mL

No typing performed

Pitz et al, 2011 [67] Single-center US study, 167
isolates from 2000 to 2008

No—proportion of isolates
with Etest >1 μg/mL

No typing performed

Gasch et al, 2011 [50] Single-center Spanish study, 524
isolates from 1990 to 2008

No—decline in geometric
mean MIC by Etest

Typing confirmed clonal
replacement with ST125
and ST228

van Hal et al, 2011 [25] Single-center Australian study,
417 isolates from 1997 to 2008

No—creep dependent on MIC
methodology and
measurement used for
analysis

Typing performed

Edwards et al, 2012 [49] Multicenter Scottish study, 208
isolates from 2006 to 2010

No—significant effect on MIC
of storage most pronounced
for Etest

Typing performed

Yeh et al, 2012 [15] Single-center Taiwanese study,
140 isolates during 2001, 2005,
& 2009

Yes—Etest geometric mean No typing performed

Abbreviations: BMD, broth microdilution; MIC, minimum inhibitory concentration.
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achieved was ≥400 [23]. Based in part on these results, an
AUC/MIC ratio ≥400 was identified as the optimal target for
clinical effectiveness, and more aggressive vancomycin dosing,
aiming for trough concentrations of 15–20 mg/L, was recom-
mended in practice guidelines to achieve this target [9]. This
aggressive vancomycin dosing strategy would achieve target
concentrations in the majority of complicated infections due to
MRSA with lower vancomycin MIC values, but may be un-
achievable in other clinical settings. Using Monte Carlo simula-
tions, Patel et al [24] demonstrated that the likelihood of
achieving target AUC/MIC values was inversely related to cre-
atinine clearance and vancomycin MIC across all dosing sched-
ules. For example, when administering 1500 mg twice daily,
target attainment occurred 97% of the time for MRSA infec-
tions with low vancomycin MIC (≤0.5 mg/L), but declined to
38% for infections with a vancomycin MIC of 2 mg/L [24].
Similarly, target attainment decreased with increasing renal
function. As a result, vancomycin target attainment is least
likely to be obtained in the very patient populations (eg, criti-
cally ill subjects with supranormal clearance) in which appro-
priate drug exposure is essential.

Impact of MIC Methodology on Achieving AUC/MIC
The vancomycin MIC represents the denominator of the
AUC/MIC target attainment equation and is influenced by the

choice of MIC methodology (Table 1). For example, Etest gen-
erally yields MIC results that are between 1 and 2 dilutions
higher than broth microdilution, whereas some automated
assays generate values that are between 1 and 2 dilutions lower
than broth microdilution (Figure 2) [25]. The net effect is
that the likelihood of AUC/MIC target attainment is influ-
enced by MIC methodology [26]. Although appropriate ad-
justments could be made to MIC values to reflect broth
microdilution values, these adjustments remain unpredictable
and uncertain. Furthermore, controversy remains about which
MIC methodology is the most relevant measure; available data
suggest that the Etest may be, as its results best correlate with
outcome [10, 27].

Vancomycin-Associated Toxicity
Dosing vancomycin to achieve a trough of 15–20 mg/L is asso-
ciated with an increased risk for nephrotoxicity [24, 28, 29]. Un-
certainty remains, however, as to whether vancomycin actually
causes this nephrotoxicity or simply reflects the fact that pa-
tients with MRSA infections are also at risk for acquired renal
dysfunction. This is especially true in critically ill patients, as
they have multiple other risk factors for renal insufficiency. Even
after correcting for these confounders, however, vancomycin
troughs >15 mg/L remain an independent predictor of nephro-
toxicity [30].

Figure 2. Performance of Etest and Vitek2 compared to broth microdilution for vancomycin minimum inhibitory concentration (MIC). Data adapted from
van Hal et al [25] with permission (Oxford University Press). Test results are interpreted compared to broth microdilution as the gold standard. Of note,
although the correlation between MIC results differs significantly between methodologies, both these assays perform adequately with respect to regulato-
ry agencies as the overall agreement is >95% (ie, an accepted variance of ±1 dilution). Abbreviation: MIC, minimum inhibitory concentration.
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Alternative Antibiotics
The role of alternative MRSA antimicrobials was reviewed in the
IDSA treatment guidelines [8]. Most alternative anti-MRSA
drugs are licensed for pneumonia and soft tissue infections. One
exception is daptomycin, which is approved by the US Food and
Drug Administration (FDA) for S. aureus bacteremia and right-
sided endocarditis. Although the registrational study was not
designed to answer a superiority endpoint, it performed as well
as standard therapy even in methicillin-susceptible Staphylococ-
cus aureus (MSSA) bacteremic infections [31]. In contrast, van-
comycin has never been able to show equivalence to β-lactam
therapy in the treatment of MSSA. On the contrary, vancomycin
is considered inferior to β-lactams in MSSA [32, 33]. Further-
more, in a recent retrospective case-control study, an overall
survival benefit was observed with daptomycin salvage com-
pared to vancomycin continuation when treating high-MIC
VSSA isolates [34]. Importantly, this study was limited by a sig-
nificant selection/indication bias, as 98% of daptomycin patients
were switched from an initial vancomycin regimen. Thus, these
conclusions require confirmation.

Since publication of the IDSA guidelines, additional data have
emerged to challenge the continuing preeminence of vancomy-
cin. First, in a recent prospective double-blind multicenter trial
(Zephyr), linezolid was found to be superior to vancomycin for
the treatment of MRSA nosocomial pneumonia with respect
to the clinical and microbiological responses at the end of
therapy [35]. Toxicity, including hematological adverse events,
was similar between the 2 treatment groups. Despite the multiple
concerns raised following the study publication regarding study
design, diagnosis, subjective endpoints, suboptimal vancomycin
dosing, and lack of a mortality benefit [36, 37], the Zephyr study
succeeded in demonstrating higher clinical success rates in pa-
tients with MRSA pneumonia who received linezolid as com-
pared to vancomycin. For this reason, the study represents a
landmark clinical trial in the area of MRSA infections. Neverthe-
less, controversy still remains with respect to the optimal empiric
therapy for pneumonia and how best to apply these results in de-
finitive MRSA pneumonia treatment decisions.

Ceftaroline received FDA registration for acute bacterial skin
and soft tissue infection and community-acquired pneumonia
and thus currently would not be considered as a first line-
treatment option for other severe MRSA infections. However,
several small case series suggest that it may have utility in these
clinical settings [38, 39]. For example, ceftaroline was an effec-
tive salvage therapy in 6 patients with endocarditis and/or
persistent MRSA bacteremia. All 6 patients failed vancomycin
and/or daptomycin but rapidly cleared their bloodstream
following ceftaroline substitution [38]. This promising obser-
vation should be verified with appropriately designed clinical
studies before ceftaroline can be recommended for widespread
use in such off-label settings. Collectively, these data and the

availability of effective alternative agents further erode the posi-
tion of vancomycin as the first-line agent in MRSA treatment.

THE CASE AGAINST VANCOMYCIN
SUBSTITUTION

Do We Understand the Natural History of S. aureus Bacteremia?
In S. aureus, persistent bacteremia is often used as a surrogate
for antibiotic failure. However, when daily blood cultures are
performed, the median time to clearance of MRSA bacteremia
is 7–9 days [31,40].For example, in the daptomycin-complicated
S. aureus bacteremia trial, the duration of MRSA bacteremia for
vancomycin-treated and daptomycin-treated patients was
similar (9 vs 8 days). Thus, persistent bacteremia may some-
times not represent antibiotic failure at all, but rather reflect the
natural course of MRSA bacteremia. Alternatively, persistent
bacteremia often reflects a residual source of infection (eg, line-
related infections vs infective endocarditis) and lack of source
control. It is these factors that are likely to have the largest
impact on patient outcomes [41]. A recent study supports this
assertion, as the source of MRSA bacteremia and not vancomy-
cin MIC determined antimicrobial failures [42]. Thus in set-
tings where the source is effectively addressed (eg, line
removal), vancomycin may remain an effective therapy irre-
spective of the isolate’s vancomycin MIC [8].

High Vancomycin MIC: Altered Virulence and Not Antibiotic
Failure
Conventionally, the medical community has assumed a causal
relationship between high susceptible vancomycin MIC values
(>1 µg/mL) and an increased mortality risk. Based on this rea-
soning, substituting vancomycin with alternative agents in the
treatment of these high vancomycin MICs should lead to better
patient outcomes. However, recent data challenge this interpre-
tation. In the clinic, infections caused by high vancomycin
MIC S. aureus strains are less likely to be associated with shock
and proinflammatory responses, suggesting pathogen alter-
ations [43]. However, the most convincing evidence to date that
outcomes with high-MIC VSSA infections are not due to anti-
biotic failure per se was demonstrated in a multicenter observa-
tional cohort study of 532 S. aureus bacteremic patients [44].
As previously observed, the authors found that vancomycin
MIC was associated with mortality in vancomycin-treated
MSSA and MRSA infections. However, the same association
was also present among patients who never received vancomy-
cin, as increased mortality was also detected in high-vancomy-
cin-MIC MSSA episodes treated exclusively with flucloxacillin.
These data imply that pathogenic factors rather than antibiotic
choice in S. aureus (and especially MRSA) bacteremia is the
primary determinant of patient outcome.
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Further Evidence of Altered Pathogen Virulence in hVISA
Infections
Heteroresistant VISA infections have not been associated with
increased overall 30-day all-cause mortality despite the majori-
ty of isolates having a high vancomycin MIC [19]. On the con-
trary, one study has reported a reduced mortality with hVISA
compared to VSSA ST239 MRSA bacteremia [45]. Further evi-
dence of attenuated virulence with hVISA is seen in animal in-
fection models [46], where hVISA isolates were significantly
less likely to kill infected hosts than isogenic VSSA strains [47].
Similarly, altered pathogen virulence is implied in a clinical
cohort study, as hVISA was significantly more likely to be a col-
onizer and cause fewer infections than VSSA [48].

Vancomycin MIC “Creep”
Recent data revisit the concept of MIC “creep.” A number of
external factors including analysis method [25] , storage dura-
tion of isolates prior to testing, and the MIC testing method
employed [49], all impact on finding evidence for MIC
“creep.” In addition, bacterial genotyping data are generally
absent from MIC “creep” studies (Table 2), limiting study gen-
eralizability. This is highlighted by a recent publication that
documented MIC “de-creep” secondary to clonal replacement
of the predominant multiresistant hospital MRSA clone with
community MRSA clones [50]. These data suggest that pub-
lished MIC trends do not support substitution of vancomycin
as first-line therapy in MRSA infections.

Vancomycin Target Attainment
To date, 6 retrospective clinical studies have examined potential
association between optimized vancomycin AUC/MIC ratios

and patient outcomes in MRSA infections, with divergent con-
clusions and targets (Table 3). For this reason, arguments for
vancomycin substitution based on the clinical importance of
vancomycin AUC/MIC ratio ≥400 attainment seem premature,
as the evidence supporting this target ratio is still primarily hy-
pothesis-generating. By contrast, there is significant evidence to
suggest that the higher vancomycin doses needed to achieve
the recommended therapeutic ratio may carry a higher risk of
nephrotoxicity. These circumstances create the clinical “equi-
poise” needed to conduct a definitive clinical trial to test the
risks and benefits of optimized vancomycin dosing versus more
conventional dosing strategies for invasive MRSA. If the treat-
ment effect of optimized vancomycin AUC/MIC dosing on
MRSA-infected patients is indeed as large as the retrospective
studies to date suggest, only modest sample sizes will be re-
quired. By contrast, if no difference in clinical outcome
between optimized vancomycin dosing and standard vancomy-
cin dosing is shown in MRSA-infected patients, this finding
would also improve clinical care by providing evidence to dis-
continue the potentially nephrotoxic dosing practices required
for optimized AUC/MIC dosing strategies.

Alternative Antibiotics
Resistance
Resistance in MRSA to currently available vancomycin-
alternative antibiotics is of great concern. Unlike vancomycin,
where resistance emerged only after 40 years of widespread use,
resistance to both daptomycin and linezolid occurred soon
after introduction [51]. A link between linezolid usage and re-
sistance has been observed in outbreak settings with linezolid

Table 3. Summary of Studies Comparing Area Under the Curve to Minimum Inhibitory Concentration Ratio to Clinical Outcomes in
Patients With Staphylococcus aureus Infection

Study [Reference] Study Characteristics MICMethod Outcome/Comments

Moise-Broder et al [23] Retrospective study of MRSA/MSSA
hospital-acquired pneumonia (n = 50)

BMD AUC/MIC ≥350 associated with clinical success
(OR, 7.2; 95% CI, 1.9–27)

Jeffres et al [68] Retrospective study of MRSA healthcare-
associated pneumonia

Inferreda None of the AUC strata (<200; 201–300; 301–400;
>400) were associated with better outcomes

Kullar et al [69] Retrospective study of MRSA bacteremia
(n = 320)

Etest AUC/MIC <421 was associated with increased
failures (composite endpoint of 30-d mortality,
persistent bacteremia, and ongoing symptoms)

Brown et al [70] Retrospective study of complicated
MRSA bacteremia and IE (n = 50)

Etest AUC/MIC <211 was associated with attributable
mortality (OR, 10.4; 95% CI, 3.9–16.8)

Neuner et al [71] Retrospective study of MRSA bacteremia
(n = 222)

Etest AUC/MIC did not correlate with the presence of
persistent bacteremia

Holmes et al [26] Retrospective cohort study of patients
with MRSA bacteremia

BMD AUC/MIC> 373 was associated with reduced
mortality (OR, 0.44; 95% CI, .2–.99)

Abbreviations: AUC/MIC, area under the serum drug concentration curve to minimum inhibitory concentration ratio; BMD, broth microdilution; CI, confidence
interval; IE, infective endocarditis; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; OR, odds ratio.
a Vancomycin MIC was inferred from the results obtained by disk diffusion, which is no longer considered an accepted susceptibility method (see Table 2).
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restriction required in addition to other measure to terminate
the outbreak [52]. Of greater concern is the appearance of a
novel linezolid resistance (LRSA) mechanism carried on a
mobile genetic element, which in turn is able to disseminate
rapidly between multiple clonal lineages [53]. For example, in
the well-publicized outbreak of cfr-constitutive LRSA in
Madrid, 6 isolates from 4 genetic lineages were described in a
single intensive care unit over 2 months [52].

The primary concern when using daptomycin is the develop-
ment of treatment-emergent resistance. This concern is highest
when daptomycin used as salvage therapy following vancomycin
failure or when treating hVISA/VISA [31, 54, 55]. For example,
one report from St John’s Hospital in Detroit reported emer-
gence of daptomycin-resistant S. aureus isolates in 60% of dap-
tomycin-treated patients for persistent S. aureus bacteremia
refractory to vancomycin [56]. Other studies, however, have
reported far more encouraging experience with treatment-
emergent resistance. For example, a recent retrospective case-
control study of daptomycin salvage therapy for vancomycin
failure reported no emergence of resistance [34].

Thus the overall impact of vancomycin substitution could be
a growing burden of resistance, which in turn would reduce the
utility of alternative agents. We believe that the focused use of
these agents would extend the lifespan of both these important
agents and vancomycin.

Cost
In healthcare systems under increasing fiscal constraints, antimi-
crobial acquisition costs form part of the argument against sub-
stituting vancomycin as primary therapy. This argument is
substantially reduced if patient outcomes are improved by alter-
native therapy or if overall patient costs decline secondary to
reduced lengths of stay. Recent data suggest that this may be the
case [57]. However, the observed differences between the histori-
cal vancomycin treatment arm and more recent daptomycin-
treated episodesmaysimply reflect improvedpatientmanagement.
Until these data are confirmed, cost remains an important con-
sideration and thus vancomycin remains an attractive option.

Conclusions and the Current Role of the IDSA Guidelines
Collectively, the balance of the data summarized above sup-
ports the position that vancomycin remain the standard of care
for most infections caused by MRSA. However, the optimal
dosing targets for vancomycin remain elusive. Thus, pending
more definitive data, we believe that the IDSA guidelines
remain the preferred approach when selecting an antibiotic for
MRSA treatment [8]. This includes continued vancomycin use,
albeit cautiously, in many MRSA infections with vancomycin
MIC of ≤2 µg/mL. We agree with the IDSA treatment guide-
lines to base the decision to switch from vancomycin to an al-
ternative antibiotic on the clinical circumstances and treatment

response of the particular patient in question rather than upon
a specific MIC breakpoint, as long as the vancomycin MIC of
the organism does not exceed 2 µg/mL.

In conclusion, it remains unclear whether reported treatment
failures with vancomycin are secondary to problems with defi-
nitions of failure, pathogen alterations, source of infection, or
antibiotic failure per se. Before we relegate vancomycin to
second-line status, we need to carefully consider how best to
extend the utility of this inexpensive antibiotic that has been
the mainstay of anti-MRSA treatment for almost half a century.
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