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Bloodstream infections due to vancomycin-resistant enterococci (VRE-BSI) result in substantial patient mortality and cost. Dap-
tomycin and linezolid are commonly prescribed for VRE-BSI, but there are no clinical trials to determine optimal antibiotic se-
lection. We conducted a systematic review for investigations that compared daptomycin and linezolid for VRE-BSI. We searched
Medline from 1966 through 2012 for comparisons of linezolid and daptomycin for VRE-BSI. We included searches of EMBASE,
clinicaltrials.gov, and national meetings. Data were extracted using a standardized instrument. Pooled odds ratios (OR) and 95%
confidence intervals (95% CI) were calculated using a fixed-effects model. Our search yielded 4,243 publications, of which 482
contained data on VRE treatment. Most studies (452/482) did not present data on BSI or did not provide information on lin-
ezolid or daptomycin. Among the remaining 30 studies, 9 offered comparative data between the two agents. None were random-
ized clinical trials. There was no difference in microbiologic (n ! 5 studies, 517 patients; OR, 1.0; 95% CI, 0.4 to 1.7; P ! 0.95)
and clinical (n ! 3 studies, 357 patients; OR, 1.2; 95% CI, 0.7 to 2.0; P ! 0.7) cures between the two antibiotics. There was a trend
toward increased survival with linezolid compared to daptomycin treatment (n ! 9 studies, 1,074 patients; OR, 1.3; 95% CI, 1.1
to 1.8; I2 ! 0 [where I2 is a measure of inconsistency]), but this did not reach statistical significance (P ! 0.054). There are limited
data to inform clinicians on optimal antibiotic selection for VRE-BSI. Available studies are limited by small sample size, lack of
patient-level data, and inconsistent outcome definitions. Additional research, including randomized clinical trials, is needed
before conclusions can be drawn about treatment options for VRE therapy.

Bloodstream infections due to vancomycin-resistant entero-
coccal species (VRE-BSI) are a rapidly growing problem in

hospitals, with life-threatening consequences for patients (1–5).
Despite infection prevention and control efforts, U.S. hospitaliza-
tions associated with VRE doubled between 2000 and 2006 and
appear to be further increasing (1–6). National surveys of U.S.
intensive care units (ICUs) indicate that VRE represented !1% of
enterococcal isolates in 1990, but more recent data suggest that
they now exceed 30% (1–4).

VRE-BSI primarily affect the most vulnerable patient popula-
tions, including postsurgical and trauma patients, complex inter-
nal medicine patients, and those who have undergone organ
transplantation, especially liver transplantation (7–12). VRE-BSI
are associated with significant mortality in cohorts of hematopoi-
etic stem cell transplant recipients, liver transplant patients, on-
cology patients, and other inpatient populations (11–19). Impor-
tantly, effective antibiotic therapy and shorter duration of
bacteremia are associated with lower mortality in patients with
VRE-BSI (11, 19–22).

Newer antimicrobial agents with activity against VRE (dap-
tomycin, linezolid, quinupristin-dalfopristin, and tigecycline)
provide much-needed therapeutic options for VRE-BSI, but
there are limited data to inform clinicians as to which among
these drugs are most effective for VRE-BSI. Two phase III clin-
ical trials for VRE-BSI were started but were subsequently
aborted due to enrollment difficulties (23, 24). To our knowl-
edge, there are no further plans to initiate phase II or phase III
clinical trials for VRE-BSI.

Among currently available agents with activity against VRE,

daptomycin and linezolid have been used most frequently for
VRE-BSI treatment (22, 25–30). Daptomycin is a cyclic lipopep-
tide with a broad spectrum of activity against Gram-positive or-
ganisms, including VRE (31, 32). Higher doses of daptomycin
(!8 mg/kg) are thought to improve clinical outcomes from VRE-
BSI (33, 34). Linezolid is an oxazolidinone that inhibits bacterial
protein synthesis by inhibiting ribosomal complex formation. Its
spectrum of activity against Gram-positive organisms includes
most isolates of VRE (35). However, marrow toxicity and periph-
eral neuropathy from prolonged linezolid use are considered im-
portant limitations, particularly in bone marrow transplant pa-
tients with VRE-BSI (26, 36). One observational investigation
suggested that linezolid was associated with a survival advantage
for VRE-BSI (37); however, there have been no attempts to sys-
tematically review the literature on VRE-BSI outcomes focusing
on antimicrobial therapy. We therefore conducted a systematic
review and meta-analysis to quantify differences in clinical out-
comes from VRE-BSI treated with daptomycin or linezolid.
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MATERIALS AND METHODS
Search strategy and study selection. We performed a literature search of
Medline from 1966 to December 2012 and of EMBASE from 1980 to
December 2012 to find published manuscripts evaluating linezolid and
daptomycin for treatment of VRE-BSI in patients. We limited studies to
those in English and using human subjects and searched for the following
terms: “vancomycin-resistant,” “enterococcus,” “faecalis,” “faecium,” and
“VRE.” In addition, we examined the references of all identified articles to
look for additional relevant articles. We reviewed the abstracts from the
annual meetings of the Infectious Disease Society of America (IDSA), the
Interscience Conference on Antimicrobial Agents and Chemotherapy
(ICAAC), and the European Congress of Clinical Microbiology and In-
fectious Diseases (ECCMID) from 1986 to 2012.

Abstracts from each reference from our electronic search were inde-
pendently reviewed for relevance by two physician investigators (D. W.
Whang and J. A. McKinnell). Studies were selected for full review if they
reported primary data from patients with VRE-BSI treated with either
linezolid or daptomycin. Studies that did not separate data on outcomes
between vancomycin-sensitive and vancomycin-resistant enterococcal
infections were excluded. Studies that reported only on treatment experi-
ence with a single agent, providing no comparative data, were not in-
cluded. In the final analysis, only retrospective cohort investigations com-
paring patients treated with linezolid against those treated with
daptomycin were included. There were no exclusions for different types of
patients. The intervention of interest was antibiotic selection. The com-
parison groups were linezolid- and daptomycin-treated patients. The out-
come of interest was mortality, as defined by the study investigators. The
MOOSE criteria were used to evaluate study quality (38).

Data extraction, data analysis, and statistical methods. Each manu-
script underwent independent, blinded, double-data extraction by two
reviewers (D. W. Whang and N. M. Partain) using a standardized instru-
ment. Discrepancies in data extraction underwent arbitration by a third
reviewer (J. A. McKinnell), and consensus was obtained by oral discus-
sion. Data collected from each study included year of study, number of
patients, definition of infection, dose of daptomycin and linezolid used,
microbiologic cure, clinical cure, and mortality. Infections, mortality, mi-
crobiologic cure rates, and clinical cure rates were defined according to
descriptions provided by each study.

Additional data were collected about the patient cohorts when pres-
ent, including gender, ethnicity, age, ICU versus ward-level care, comor-
bid conditions, source of bacteremia, vasopressor use, malignancy, organ
or stem cell transplant, immunosuppression, concomitant bacteremia,
and infectious disease consultation. All-cause mortality, microbiologic
cure rates, and clinical cure rates were the primary outcome measures
used in this meta-analysis.

Odds ratios (OR) for mortality were calculated for each study. Mantel-
Haenszel statistical methods were used to calculate the pooled odds ratios,
95% confidence intervals (CI), and the associated P values of each risk
factor using a fixed-effects model. We analyzed heterogeneity in publica-
tion using the I2 measure of inconsistency. We utilized a DerSimonian and
Laird random-effects model to generate confidence intervals. Studies
were not additionally weighted by study quality. We present a forest plot
of data from each individual study (39, 40).

RESULTS
Our search yielded 4,243 publications, of which 482 contained
data on treatment of VRE (Fig. 1). The majority of investigations
(n " 452) did not have data on BSI as a site of infection. Among
the 30 studies containing data on outcomes of VRE-BSI treated
with linezolid or daptomycin, nine investigations provided com-
parative data on linezolid and daptomycin and were included in
the final analysis (22, 26–30, 37, 41, 42). Eight of the studies were
based in the United States, and one study was based in Taiwan.

The nine investigations that were included in our final analysis

reported on 1,074 patients treated for VRE-BSI. The investiga-
tions included in our analysis differed in their cohorts and how
they defined VRE-BSI (Table 1). Three investigations required at
least two positive cultures for VRE to define a case of VRE-BSI (28,
30). The remaining investigations required only one positive
bloodstream culture, with two studies additionally using criteria
of the Centers for Disease Control and Prevention for BSI (26, 27).
Studies also differed in their definition of mortality. Three inves-
tigations used 30-day all-cause mortality, one investigation re-
ported 14-day mortality, two investigations used inpatient all-
cause mortality, two investigations used all-cause mortality at end
of therapy, and one manuscript used all-cause mortality 7 days
after end of therapy. Linezolid was uniformly given at a dose of 600
mg every 12 h; daptomycin was usually given at 6 mg/kg, but doses
ranged from 3.4 mg/kg to 10.4 mg/kg (Table 1).

Comparisons of microbiologic cure, clinical cure, and mortal-
ity between daptomycin and linezolid are reported in Table 2. Our
meta-analysis suggests that linezolid therapy is associated with
increased survival for patients with VRE-BSI (n " 9 studies, 1,074
patients; OR, 1.3; 95% CI, 1.0 to 1.8; I2 " 0), but this did not reach
statistical significance (P " 0.053) (Fig. 2). Only one study dem-
onstrated a statistically significant association between daptomy-
cin and mortality (37). Outcomes were similar between linezolid
and daptomycin treatments for microbiologic cure (n " 5 studies,
517 patients; OR, 1.0; 95% CI, 0.4 to 1.7; P " 0.95) and clinical
cure (n " 3 studies, 357 patients; OR, 1.2; 95% CI, 0.5 to 2.1; P "
0.68; I2 " 0) (Table 3).

DISCUSSION
VRE-BSI is a potentially life-threatening complication for hospi-
talized patients, particularly the immunocompromised. Effective
antibiotic therapy has been shown to reduce mortality from VRE-
BSI (13). However, the high attributable mortality associated with
VRE-BSI in cohorts of hematopoietic stem cell transplant recipi-
ents, liver transplant patients, oncology patients, and inpatient
populations (11–19) warrants an examination of the literature to
examine which therapies may be associated with improved clinical
outcomes in these vulnerable populations.

Our systematic review provides an important assessment of

FIG 1 Flow chart representing the study selection process and reasons for
exclusion.
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available literature on selection of linezolid versus daptomycin for
the treatment of VRE-BSI. Although we did not identify data from
clinical trials of VRE-BSI, we found a trend toward an association
between linezolid therapy and patient survival in the available
literature. The association between linezolid and lower patient
mortality than with daptomycin treatment reached statistical sig-
nificance in one analysis by Dubrovskaya et al., which examined
80 patients in an academic medical center in New York (37).

Despite the objective results from our meta-analysis showing

an association between linezolid and survival, we strongly caution
that our findings should not be considered conclusive. There were
relatively few investigations included in our analysis, and all were
retrospective cohort analyses. Differences in definitions of mor-
tality may further have introduced bias. Moreover, there was evi-
dence of treatment selection bias in these investigations. Four in-
vestigations demonstrated a bias toward using daptomycin in
patients with hematologic abnormalities (22, 26, 29, 30). As a
result, some of the observed mortality difference between treat-
ments may be a product of the confounding by indication where
“sicker” patients were given daptomycin. One method to account

TABLE 2 Results from each investigations comparing linezolid and daptomycin in terms of microbiologic cure, clinical cure and mortality

Reference
Cohort/definition of
VRE-BSI Antibioticf

Clinical cure Microbiologic cure Mortality

No. of cured
patients/no.
of treated
patients (%) OR (95% CI)

No. of cured
patients/no.
of treated
patients (%) OR (95% CI)

No. of deaths/no.
of treated
patients (%) OR (95% CI)

Bio (30) 2 Positive culturesa D 22/37 (65) 1.7 (0.7–4.0) 32/37 (87) 0.8 (0.2–2.8) 12/37 (32) 0.8 (0.3–1.9)
L (#3 days) 22/47 (50) 42/47 (90) 18/47 (38)

Crank (28) 2 Positive culturesb,c D NAg NA NA NA 31/67 (46) 2.1 (0.9–5.0)
L NA NA 10/34 (29)

Dubrovskaya (37) 1 Positive culture D NA NA 39/40 (98) 1.0 (0.1–16.6) 13/40 (33) 3.4 (1.1–10.6)
L NA 39/40 (97) 5/40 (13)

Furuya (41) 1 Positive culture D NA NA 14/14 (100) NC 5/14 (36) 0.7 (0.2–2.4)
L NA 35/40 (88) 18/40 (45)

Kraft (22) 1 Positive cultured D 33/43 (77) 1.1 (0.3–3.2) NA NA 10/43 (23) 0.9 (0.3–2.9)
L (#2 days) 22/29 (76) NA 7/29 (24)

Lu (42) 2 Positive culturese D NA NA NA NA 11/29 (38) 1.2 (0.5–2.9)h

L NA NA 22/64 (34)
Mave (27) 1 Positive culture; CDC

criteria for BSI
D NA NA 27/30 (90) 1.2 (0.3–4.9) 8/30 (27) 1.4 (0.5–3.8)
L NA 60/68 (88) 14/68 (21)

McKinnell (26) 1 Positive culture; CDC
criteria for BSI

D NA NA 61/86 (71) 0.5 (0.3–1.0) 25/61 (29) 3.3 (1.6–6.8)
L NA 86/104 (83) 18/104 (18)

Twilla (29) 1 Positive culture D 47/63 (75) 1.0 (0.5–2.1) 59/63 (94) 0.9 (0.3–3.1) 15/63 (24) 14. (0.7–2.9)
L (#5 days) 102/138 (74) 130/138 (94) 25/138 (18)

a Two blood cultures.
b Two blood cultures or one blood culture with a second culture from another site.
c Polymicrobial infections excluded.
d Hematology/bone marrow transplant.
e Febrile patient.
f D, daptomycin; L, linezolid.
g NA, not available. The information was not stated in the article.
h For daptomycin, 28-day mortality was 17/29 (59%); for linezolid it was 33/64 (52%).

FIG 2 Meta-analysis comparing mortality in patients treated with linezolid
versus daptomycin treatment for VRE-BSI. The forest plot shows results for
overall mortality in patients treated with linezolid versus daptomycin. No
weighting criteria were applied to the calculations. The overall trend is for
improved survival with linezolid versus daptomycin (OR, 1.3), but this is not
statistically significant (P " 0.053). Dapto, daptomycin; LZD, linezolid.

TABLE 3 Results of meta-analysis of studies comparing linezolid with
daptomycin for the treatment of VRE-BSI

Outcomea
No. of
studies

No. of
patients ORb 95% CI P value

Mortality 9 1,074 1.3 0.996–1.8 0.053
Inpatient 4 333 1.7 1.1–2.8 0.08
30-Day 3 271 1.3 0.9–2.3 0.20

Microbiologic cure 5 517 1.0 0.4–1.7 0.95
Clinical cure 3 357 1.2 0.5–2.1 0.68
a Outcomes of linezolid versus daptomycin treatment were as defined by the
investigation.
b Odds ratios greater than 1 favor linezolid treatment, and odds ratios less than 1 favor
daptomycin treatment. For the paper by Lu et al. (42), the 14-day mortality numbers
were used for the calculation of the mortality odds ratio. Analysis using the 28-day
mortality was not significantly different.
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for differences between treatment groups would be to conduct a
patient-level quantitative analysis of all studies to assess the im-
pact of host, organism, and treatment-related factors on mortality
and clinical cure. This method of analysis has proven successful in
investigations of other infectious syndromes, but patient-level
data were not available from the investigations included in this
review (43).

Though our data trended toward an association between lin-
ezolid therapy and survival, we did not observe an association
between linezolid and microbiologic cure (P " 0.95). In nearly all
investigations, microbiologic cure was defined relatively late in the
course of disease, typically 7 to 14 days after VRE-BSI was diag-
nosed. In contrast to traditional measures of microbiologic cure,
duration of bacteremia and probability of repeat positive blood
culture while on therapy may be more sensitive measures of anti-
biotic activity and are thought to be an important predictor of
mortality. Diazgranados and Jernigan presented a robust analysis
showing a dose-response relationship between bacteremia dura-
tion and mortality using a Cox proportional hazards models (11).
Bhavnani and colleagues reported that positive follow-up cultures
were associated with mortality (odds ratio, 10.1; 95% CI, 2.2 to
46.7) (21). Similarly, Kraft et al. reported that bacteremia that
persisted over multiple days was associated with significantly
higher mortality (22). Among the studies included in our review,
one investigation found a higher likelihood of repeat cultures pos-
itive for VRE while on daptomycin (P " 0.01) and higher recur-
rence of VRE while patients were on daptomycin (P " 0.03) (29).
Alternatively, Crank et al. and Kraft et al. found no difference in
duration of bacteremia between linezolid and daptomycin treat-
ments (22, 28).

An important consideration of this literature review is that the
majority of studies described daptomycin dosing at 6 mg/kg, with
relatively few patients receiving higher doses of daptomycin (!8
mg/kg). Higher doses of daptomycin are thought to improve clin-
ical outcomes from VRE-BSI compared to traditional doses (33,
34). Among studies included in our final analysis, there is evidence
from one investigation that lower doses of daptomycin were asso-
ciated with recurrently positive cultures (29). There has been lim-
ited in vitro data, and emerging clinical data suggest that combi-
nation therapy for VRE-BSI with an effective antibiotic and a
$-lactam may be more effective that effective antibiotics alone
(44, 45). None of the investigations in our study adjusted for
$-lactam adjunctive therapy for VRE.

In summary, our results suggest that there may be a mortality
difference between daptomycin and linezolid for the treatment of
VRE-BSI. However, the literature on VRE-BSI is quite limited.
There were no clinical trials in our review of the literature. The
available manuscripts include small-cohort analyses, affected by
traditional limitations of retrospective studies. There were also
significant differences in study design, and importantly daptomy-
cin may have been underdosed. With the failure of two VRE-BSI
clinical trials to enroll an adequate number of subjects, the low
likelihood of having a gold-standard, prospective randomized
clinical trial of VRE-BSI in the near future is concerning. Until
such a trial is performed, we strongly believe that further retro-
spective analyses of VRE-BSI that control for important clinical
predictors and utilize sensitive outcomes such as duration of bac-
teremia, likelihood of repeat positive cultures while on therapy,
time to clinical cure, and traditional endpoints such as mortality

will be critical to understanding the role of antibiotic choice for
this increasingly common and potentially deadly infection (46).
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Limited therapeutic options exist for the treatment of vancomycin-resistant Enterococcus (VRE) bacteremia; the most commonly
used are daptomycin and linezolid. We attempted a systematic review and meta-analysis of the comparative efficacy of those two
agents. Studies comparing daptomycin to linezolid treatment for VRE bacteremia, published until August 2012, were identified
from the MEDLINE, EMBASE, CENTRAL, ISI Web of Science, and SCOPUS databases. All comparative studies on patients older
than 18 years of age that provided mortality data were considered eligible for this systematic review and meta-analysis. !he pri-
mary outcome of the meta-analysis was 30-day all-cause mortality. Ten retrospective studies including 967 patients were identi-
fied. Patients treated with daptomycin had significantly higher 30-day all-cause mortality (odds ratio [OR], 1.61; 95% confidence
interval [CI], 1.08 to 2.40) and infection-related mortality (OR, 3.61; 95% CI, 1.42 to 9.20) rates than patients treated with lin-
ezolid. When data from all 10 studies were combined, overall mortality was also significantly increased among patients treated
with daptomycin (OR, 1.41; 95% CI, 1.06 to 1.89). These findings were confirmed when odds ratios adjusted for potential con-
founders were pooled. Relapse rates among patients treated with daptomycin were also higher (OR, 2.51; 95% CI, 0.94 to 6.72),
although this difference did not reach statistical significance. Adverse event rates were not significantly different between the two
groups. Notwithstanding the absence of randomized prospective data, available evidence suggests that mortality rates may be
higher with daptomycin than with linezolid among patients treated for VRE bacteremia.

Enterococci are the third most common cause of health care-
associated bloodstream infections (BSIs) (1). Vancomycin is

the first-line treatment of BSIs caused by ampicillin-resistant en-
terococci; however vancomycin-resistant enterococci (VRE)
nowadays account for approximately one-third of the enterococ-
cal health care-associated infections in the United States (2) and
for more than 20% of such infections in some European countries
(3). Mortality rates in patients with VRE BSIs range between 20
and 46% (4–6). Patients with BSI due to VRE are 2.5 times more
likely to die than patients with BSI due to vancomycin-susceptible
strains (7).

Treatment of VRE BSIs is particularly challenging. Strains
causing such infections are usually resistant to ampicillin (8), and
therapeutic options include linezolid, daptomycin, quinupristin-
dalfopristin, tigecycline, teicoplanin, and telavancin (for which
limited clinical data are available). Teicoplanin is not available in
the United States and can only be used for some VRE infections
(i.e., strains with the VanB [vancomycin-resistant, teicoplanin-
susceptible] phenotype and the rare species Enterococcus gallina-
rum and E. casseliflavus). Tigecycline does not achieve high serum
concentrations and has not been approved for treatment of bac-
teremias (9). Use of quinupristin-dalfopristin (effective only
against E. faecium) is limited by the need of central venous access
for administration, frequent side effects, and drug interactions
(10).

Clinical experience and data for the treatment of VRE BSIs are
available mainly for linezolid and daptomycin. Linezolid has been
approved by the U.S. Food and Drug Administration (FDA) for
the treatment of vancomycin-resistant E. faecium infections, in-
cluding those with concurrent bacteremia. Although daptomycin
is not FDA approved for the treatment of VRE bacteremia, its
rapid bactericidal activity (11, 12) offers an off-label alternative

(13, 14). According to the relevant clinical practice guidelines of
the Infectious Diseases Society of America, linezolid or daptomy-
cin is recommended for the treatment of catheter-related BSIs
caused by ampicillin- and vancomycin-resistant enterococci (15).
Limited data exist on the comparative efficacy of daptomycin ver-
sus linezolid for enterococcal bacteremias (5, 6). Herein we sum-
marize the available evidence and provide estimates of the clinical
effectiveness of linezolid versus daptomycin for the treatment of
VRE bacteremia by using meta-analytic methodology.

MATERIALS AND METHODS
Search strategy. A computerized literature search in the MEDLINE,
EMBASE, CENTRAL, ISI Web of Science, and SCOPUS electronic data-
bases covering the period until 31 August 2012 was performed indepen-
dently by two individuals. The strategy employed for this study is pre-
sented in detail in the supplemental material.

Selection of studies. In order for the studies to be eligible for this
systematic review, the following inclusion criteria were established prior
to literature search: (i) studies should compare the outcomes of treatment
between daptomycin and linezolid for VRE bacteremia in two groups of
patients, (ii) patients should be older than 18 years, and (iii) the study
should provide data on patient mortality outcomes.
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All studies identified to address the research question were initially
considered for the present systematic review, regardless of the direction of
study (retrospective or prospective) and the sample size. Case reports and
case series of patients treated with either one of the two agents were not
included.

Studies identified. The electronic search resulted in the retrieval of
2,365 publications (see Fig. S1 in the supplemental material). Their titles
were screened to exclude irrelevant studies, resulting in 46 potentially
eligible studies. A search of meeting abstracts resulted in the retrieval of
eight additional studies. Of the total of 54 studies, 39 were excluded after
examination of their abstracts (8 retrospective, noncomparative studies,
26 reviews and opinion papers, and 5 irrelevant studies), while 4 further
studies published in meeting proceedings were excluded because they
provided data already included in the identified published full texts (over-
lapping publications) (16–19). Eventually, 11 studies were considered for
further evaluation. One study was excluded at this stage because dapto-
mycin was not included in the comparator agents (20).

The full reference lists of the studies whose full text was examined were
hand searched, which did not result in the identification of any additional
studies, nor did a search of the clinical trial registries. Eventually, 10 stud-
ies comparing the efficacy of daptomycin and linezolid for the treatment
of VRE bacteremia were included in this systematic review and meta-
analysis (5, 6, 21–28).

Data extraction. The methodology that was followed for extracting
the data is described in the supplemental material.

Outcomes. The primary outcome examined in the meta-analysis was
mortality, expressed as 30-day all-cause mortality (defined as death from
any reason within 30 days from the first culture positive for VRE).
!nfection-related mortality (defined as death attributed to VRE bactere-
mia) and in-hospital mortality (defined as death from any reason during
hospital stay) were also evaluated. Since mortality endpoints were differ-
ent across studies, a composite outcome— defined as overall mortality—
was also calculated by including any relevant comparison on mortality
rates between daptomycin and linezolid, irrespective of the definition
used (i.e., all-cause, infection-related, in-hospital, 30-day, etc.). When
some data on the outcomes of interest were not provided in the full-text
papers or abstracts, the authors were contacted for further information.

Secondary outcome measures included (i) clinical cure (defined as a
resolution of signs and/or symptoms of infection after treatment for VRE
was discontinued), (ii) microbiological cure (with the last blood culture
drawn after initiation of VRE treatment being negative), (iii) recurrence
of VRE bacteremia (with a posttreatment blood culture positive for VRE
following at least one negative blood culture), and (iv) adverse events
(defined as the development of an adverse event proven or suspected to be
related to the agent used for VRE treatment or to the route of administra-
tion).

Quantitative data synthesis. Information on quantitative data syn-
thesis is presented in detail in the supplemental material.

RESULTS
Systematic review. The 10 studies identified as fulfilling the inclu-
sion criteria for the systematic review included 967 patients in
total. The characteristics of those studies are listed in Tables S2 to
S4 in the supplemental material.

All studies were published between 2005 and 2012 and were of
a retrospective cohort nature. Two were multicenter studies (22,
28), seven reported the experience of single centers, and in one
case this information was not provided (27). The primary out-
come measure was microbiological cure in two studies (21, 28),
30-day all-cause mortality in one study (5), and clinical and mi-
crobiological cure in one study (6), while in five studies the pri-
mary outcome among those examined was not stated.

The sample sizes of the included studies ranged from 31 to 201
patients (median, 82 patients). With two exceptions (26, 27), the

studies included mixed populations, with various percentages of
immunocompromised and nonimmunocompromised patients
(see Table S2 in the supplemental material).

Definitions of VRE BSIs differed slightly across studies. The
Centers for Disease Control and Prevention (CDC) definition for
enterococcal bacteremia was used in four studies (5, 21, 26, 28).
Two or more positive blood cultures or one positive blood culture
with an identifiable source in a clinical scenario consistent with
bacteremia defined VRE bacteremia in one study (22). The pres-
ence of one or more blood cultures positive for VRE (without
further clarifications) was used in three studies (6, 23, 25). In the
remaining two studies, an explicit definition of VRE BSI was not
provided (24, 27).

Statistically significant differences in potential confounders
between groups of patients treated with daptomycin or linezolid
are listed in Table S3 in the supplemental material. Adjustments
for potential confounders were performed by the authors in six
studies, using multivariable logistic regression analysis (5, 21–23,
25, 28).

The median daily daptomycin dose was 6 mg/kg of body
weight in six studies (6, 21–23, 27, 28), 5.5 mg/kg in one study
(26), and not reported in three studies (5, 24, 25). The median
duration of treatment ranged from 13 to 15 days in the daptomy-
cin group and from 11 to 15 days in the linezolid group (21–23,
28). Combination with aminoglycosides was reported in two
studies (22, 28). Patients simultaneously treated with more than
one anti-VRE agent were excluded in two studies (6, 21) (see Table
S4 in the supplemental material).

Prior vancomycin use was reported in two studies (22, 28) and
was significantly different across groups in one of them (22). Four
studies reported inclusion of patients with endocarditis (6, 21, 22,
28). Outcomes of these patients were reported separately from
those for nonendocarditis bacteremia in one study only (28). Pa-
tients were switched from linezolid to daptomycin during treat-
ment of bacteremia in two studies (due to failure, intolerance, or
clinical preference [22] or to resistance or intolerance [25]), and
one patient was switched from daptomycin to linezolid due to
adverse events (26). Linezolid susceptibility was tested in three
studies (6, 21, 26), and daptomycin susceptibility was tested in two
studies (6, 21).

Meta-analysis. (i) Thirty-day all-cause mortality. All-cause
mortality at 30 days (our prespecified primary endpoint) was sig-
nificantly increased in patients treated with daptomycin com-
pared to those treated with linezolid (odds ratio [OR], 1.61; 95%
confidence interval [CI], 1.08 to 2.40; fixed-effects model; heter-
ogeneity P " 0.42) (Fig. 1a). No publication bias was detected
(Egger’s test P " 0.84). Four studies offered data for this outcome
(5, 6, 23, 26).

In two studies, odds ratios were adjusted for potential con-
founders in multivariate logistic regression models (5, 23). When
these were combined, a statistically significant increase in mortal-
ity rate was still present for patients of the daptomycin group
compared to those in the linezolid group (adjusted OR, 2.56; 95%
CI, 1.29 to 5.08; fixed-effects model; heterogeneity P " 0.36)
(Fig. 1b).

(ii) Infection-related mortality. Infection-related mortality
was significantly higher in patients who received daptomycin than
in those who received linezolid (OR, 3.61; 95% CI, 1.42 to 9.20;
fixed-effects model; heterogeneity P " 0.49) (Fig. 2a). Adjusted
odds ratios for infection-related mortality were not available.
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(iii) In-hospital mortality. The in-hospital mortality rate was
significantly higher with daptomycin than with linezolid (OR,
1.83; 95% CI, 1.05 to 3.20; fixed-effects model; heterogeneity P !
0.69) (Fig. 2b). Two studies estimated adjusted odds ratios for
in-hospital mortality after controlling for potential confounders
in multivariate logistic regression models (22, 28). When these
data were combined, a higher mortality with daptomycin was ob-
served; however, the difference did not reach statistical signifi-
cance (OR, 1.65; 95% CI, 0.56 to 4.90; fixed-effects model; heter-
ogeneity P ! 0.95).

In the study by Crank et al., 21 patients were switched to dap-
tomycin after linezolid failure, intolerance, or other reason as de-
termined by the treating physicians (22). The odds ratio for mor-
tality in this case was calculated after excluding these 21 patients,
while the adjusted odds ratios provided by the authors of the study
were statistically controlled for prior linezolid use.

(iv) Overall mortality. The overall mortality rate, as defined
for the purposes of this meta-analysis, was significantly increased
in patients treated with daptomycin compared to those treated
with linezolid for VRE bacteremia (OR, 1.41; 95% CI, 1.06 to 1.89;

fixed-effects model; heterogeneity P ! 0.50). No publication bias
was detected (Egger’s test P ! 0.58) (Fig. 3a).

In the study by Furuya et al., a significant proportion of pa-
tients were switched to daptomycin following linezolid failure or
intolerance (25). Since this could have potentially resulted in bias,
we performed a sensitivity analysis excluding this study, which did
not substantially alter the findings (OR, 1.48; 95% CI, 1.09 to 2.00;
fixed-effects model; heterogeneity P ! 0.54).

Five studies provided adjusted odds ratios after controlling for
potential confounders (5, 21–23, 28). When these data were
pooled, overall mortality was still significantly increased in the
daptomycin group compared to the linezolid group (OR, 1.99;
95% CI, 1.19 to 3.32; fixed-effects model; heterogeneity P ! 0.71)
(Fig. 3b).

(v) Clinical cure. A significant difference in clinical cure rate
was not detected in patients treated with daptomycin compared to
those treated with linezolid (OR, 1.04; 95% CI, 0.63 to 1.72; fixed-
effects model; heterogeneity P ! 0.12). Three studies provided
data for this outcome (6, 21, 24).

(vi) Microbiological cure. Microbiological cure rates did not

FIG 1 Forest plots (using Mantel-Haenszel [M-H] analysis) of unadjusted (a) and adjusted (b) odds ratios for 30-day all-cause mortality among patients treated
with linezolid or daptomycin for VRE bacteremia. CI, confidence interval; SE, standard error; IV, Inverse variance.

FIG 2 Forest plots (using Mantel-Haenszel [M-H] analysis) of odds ratios for infection-related mortality (a) and in-hospital mortality (b) among patients
treated with linezolid or daptomycin for VRE bacteremia.
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differ significantly between the two groups (OR, 0.75; 95% CI,
0.41 to 1.39; fixed-effects model; heterogeneity P ! 0.76) (Fig. 4a).
Six studies offered data on this outcome (6, 21, 23, 24, 27, 28).

(vii) Recurrence of VRE bacteremia. There was a trend toward
higher relapse rates among patients treated with daptomycin than
among those treated with linezolid, with the difference marginally
failing to reach statistical significance (OR, 2.51; 95% CI, 0.94 to
6.72; fixed-effects model; heterogeneity P ! 0.42) (Fig. 4b). Data
for this outcome were provided by four studies (6, 21, 27, 28).

(viii) Adverse events. Notwithstanding the study of Kraft et al.,
which reported a significant difference in increased liver function
tests among patients treated with daptomycin (26), no significant

differences in adverse event rates between the two groups were
detected when data from individual studies were combined (see
Table S5 in the supplemental material).

DISCUSSION
The present systematic review and meta-analysis summarizes the
available data regarding the efficacy of linezolid versus daptomy-
cin for the treatment of VRE bacteremia. To the best of our knowl-
edge, this is the first study that attempts to critically appraise the
existing evidence on this controversial issue. Based on the meta-
analysis results, 30-day all-cause mortality was significantly higher
among patients with VRE bacteremia who were treated with dap-

FIG 3 Forest plots (using Mantel-Haenszel [M-H] analysis) of unadjusted (a) and adjusted (b) odds ratios for overall mortality among patients treated with
linezolid or daptomycin for VRE bacteremia.

FIG 4 Forest plots (using Mantel-Haenszel [M-H] analysis) of odds ratios for microbiological cure (a) and bacteremia recurrence (b) in patients treated with
daptomycin or linezolid for VRE bacteremia.
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tomycin than among those treated with linezolid. Notably, the
in-hospital mortality and infection-related mortality rates were
also increased in the daptomycin group compared to the linezolid
group. These findings were not materially altered in the sensitivity
analyses (performed by pooling the adjusted odds ratios for mor-
tality that were provided by the authors of individual studies).
Administration of both drugs was relatively safe in high-risk pa-
tient cohorts, and the frequency of adverse events did not seem to
differ between the two treatment options.

An important strength of meta-analysis is its inherent ability to
increase the statistical power of individual studies. Notably, most
of the studies included in this analysis showed a trend toward
increased mortality rates among patients treated with daptomy-
cin. With the exception, however, of one study (23), the difference
from linezolid did not reach statistical significance. When the re-
sults of individual studies were combined, a significant increase in
all mortality outcomes in the daptomycin group surfaced, coupled
with negligible (I2 ! 0%) heterogeneity across studies. We ac-
knowledge, however, that despite the absence of statistical heter-
ogeneity, significant clinical heterogeneity was present across the
studies analyzed (i.e., in terms of patients included, other antibi-
otics used, doses, etc. [summarized in Tables S2 to S4 in the sup-
plemental material]). For this reason, the results of the studies
were also combined with the use of a random-effects model, and
the pooled estimates for all mortality outcomes remained unal-
tered (data not shown). Hence, the results obtained in this meta-
analysis are stable and thus seem to accurately reflect the underly-
ing effect present in the available comparative studies.

In order to further increase the statistical power of this meta-
analysis, the composite outcome of overall mortality rate was cal-
culated. This outcome combined data on mortality from individ-
ual studies, whether this was expressed as 30-day all-cause
mortality (n ! 4) (5, 6, 23, 26), in-hospital mortality (n ! 2) (22,
28), infection-related mortality (n ! 1) (24), mortality at the end
of therapy (n ! 1) (25), mortality 7 days after the end of therapy
(n ! 1) (21), or overall mortality (n ! 1) (27). The pooled overall
mortality rate confirmed the findings of primary analysis.

Certain limitations apply for the interpretation of our results.
All available studies were retrospective and observational. The
possibility of significant confounders therefore exists (e.g., selec-
tion bias, with patients with worse prognoses being treated with
daptomycin, patients able to swallow being treated with linezolid,
etc.). A proportion of patients treated with either agent were later
changed to the other (usually due to failure), had previously re-
ceived another antibiotic (typically vancomycin), or had addi-
tional organisms recovered in blood cultures. Characteristics such
as the presence of endocarditis (6, 21, 22, 28), source of any sec-
ondary bacteremias (21, 22) (including the rare possibility of en-
terococcal pneumonias, where daptomycin would not be indi-
cated), treating physicians and ID consultations (5), daptomycin
dosing (6, 21–23, 26–28), and combination therapies (22, 28)
were not available for all patients. Although such biases cannot be
eliminated outside the context of a randomized prospective trial,
we note that results from adjustment that took into account
known confounders (listed in Table S3 in the supplemental mate-
rial) were all in agreement with those of the primary analysis. We
also note that pooling such patients (i.e., patients with and with-
out endocarditis, with and without additional therapies, etc.) in
itself risks introducing bias. Even so, consistent results in favor of
linezolid were obtained when authors of individual studies ad-

justed for known confounders (5, 21–23, 28). Notably, similar
characteristics between the two patient groups were recorded in
most studies; in fact, factors associated with unfavorable progno-
sis were overrepresented among the linezolid patient group in
some studies (i.e., patients who were older [5, 6, 28], in the inten-
sive care unit [ICU] [21], or had higher APACHE scores [28]). On
the other hand, whether daptomycin or linezolid is advantageous
in specific patient populations (e.g., hemodialysis, transplant re-
cipients, etc.) could not be evaluated in the present study due to
the limited number of data available.

A potential explanation for the observed inferior outcomes for
patients treated for VRE bacteremia with a bactericidal agent
(daptomycin) compared to those treated with a bacteriostatic (li-
nezolid) should perhaps be sought in the context of recent reports
on daptomycin failures during treatment of enterococcal infec-
tions and emergence of resistance, especially among VRE strains
(29–31). In regards to this, we note the higher (although margin-
ally failing statistical significance tests) relapse rates of VRE bac-
teremia following daptomycin treatment than following linezolid
treatment in our analysis (Fig. 4b). In contrast with mortality and
tendency toward relapses, clinical and microbiological cure rates
did not differ between the two agents. Given that neither mortality
cause nor clinical/microbiological cure data were available for all
studies, a definite conclusion on any relationship between those
outcomes cannot be drawn with certainty.

Optimal daptomycin dosing for treatment of severe infections
remains a challenge, as higher doses have been proposed (30, 32)
and recently supported by in vitro data on VRE (33). Inferences
regarding the optimal dose of daptomycin for treating VRE bac-
teremia could not be made from this review, since six of seven
studies used a median dose of 6 mg/kg (6, 21–23, 27, 28), while one
study used a median dose of 5.5 mg/kg (26). It is possible that
some of the suboptimal outcomes were associated with daptomy-
cin underdosing (i.e., "6 mg/kg). Whether even higher, off-label
daptomycin doses would increase efficacy in the treatment of VRE
bacteremia, without increasing toxicity, also remains to be ex-
plored. Similarly, the effect of proposed strategies of combination
treatment with daptomycin and ampicillin (31) or rifampin (34)
could not be assessed adequately from these data.

Based on the evidence summarized herein, daptomycin may be
associated with worse outcomes in patients treated for VRE bac-
teremia than linezolid. Given, however, the methodologic limita-
tions of the existing studies, a properly designed randomized con-
trolled multicenter trial to evaluate therapeutic options for VRE
bacteremia is required, although this would be a challenging task.
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