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Background: Enterococcus species are major nosocomial patho-
gens and are exhibiting vancomycin resistance with increasing
frequency. Previous studies have not resolved whether vancomy-
cin resistance is an independent risk factor for death in patients
with invasive disease due to Enterococcus species or whether
antibiotic therapy alters the outcome of enterococcal bacteremia.

Objective: To determine whether vancomycin resistance is an
independent predictor of death in patients with enterococcal bac-
teremia and whether appropriate antimicrobial therapy influences
outcome.

Design: Prospective observational study.

Setting: Four academic medical centers and a community hospital.

Patients: All patients with enterococcal bacteremia.

Measurements: Demographic characteristics; underlying dis-
ease; Acute Physiology and Chronic Health Evaluation (APACHE)
II scores; antibiotic therapy, immunosuppression, and procedures
before onset; and antibiotic therapy during the ensuing 6 weeks.
The major end point was 14-day survival.

Results: Of 398 episodes, 60% were caused by E. faecalis and
37% were caused by E. faecium. Thirty-seven percent of isolates
exhibited resistance or intermediate susceptibility to vancomycin.

Twenty-two percent of E. faecium isolates showed reduced sus-
ceptibility to quinupristin–dalfopristin. Previous vancomycin use
(odds ratio [OR], 5.82 [95% CI, 3.20 to 10.58]; P < 0.001), pre-
vious corticosteroid use (OR, 2.43 [CI, 1.22 to 4.86]; P 5 0.01),
and total APACHE II score (OR, 1.06 per unit change [CI, 1.02 to
1.10 per unit change]; P 5 0.003) were associated with vancomy-
cin-resistant enterococcal bacteremia. The mortality rate was 19%
at 14 days. Hematologic malignancy (OR, 3.83 [CI, 1.56 to 9.39];
P 5 0.003), vancomycin resistance (OR, 2.10 [CI, 1.14 to 3.88];
P 5 0.02), and APACHE II score (OR, 1.10 per unit change [CI,
1.05 to 1.14 per unit change]; P < 0.001) were associated with
14-day mortality. Among patients with monomicrobial enterococ-
cal bacteremia, receipt of effective antimicrobial therapy within 48
hours independently predicted survival (OR for death, 0.21 [CI,
0.06 to 0.80]; P 5 0.02).

Conclusions: Vancomycin resistance is an independent predic-
tor of death from enterococcal bacteremia. Early, effective anti-
microbial therapy is associated with a significant improvement in
survival.
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Enterococcus species have become increasingly promi-
nent as etiologic agents of nosocomial bacteremia

(1–9). Enterococcal bacteremia has a mortality rate of
42% to 73% (10, 11) and is common among debilitated
patients and those with severe underlying illnesses (5, 6,
12–17). Enterococci have low-level resistance to penicil-
lins, aminoglycosides, and clindamycin and are intrinsi-
cally resistant to cephalosporins. Enterococci may ac-
quire resistance to additional antibiotics, including
b-lactams, aminoglycosides, and glycopeptides (18). Re-
sistance to multiple antibiotics, in particular vancomy-
cin coupled with high-level ampicillin and aminoglyco-
side, has been reported with increasing frequency (19).
At present, more than 20% of enterococci isolated from
intensive care units exhibit vancomycin resistance. The
addition of vancomycin resistance to high-level ampicil-
lin and aminoglycoside resistance limits available thera-
peutic options (20).

To investigate the clinical implications of antibiotic
resistance in enterococci, we instituted a prospective,
multicenter observational study of outcome in patients
with enterococcal bacteremia. We sought to determine
1) factors associated with infection with vancomycin-
resistant enterococci (VRE), 2) factors predictive of
death in patients with enterococcal bacteremia, 3) the
effect of vancomycin resistance on mortality rates, and
4) the effect of antibiotic therapy on outcome.

METHODS

All patients with enterococcal bacteremia were hos-
pitalized at the University of Pittsburgh Medical Center
and the Veterans Affairs (VA) Medical Center (Pitts-
burgh, Pennsylvania), Detroit Medical Center and John
D. Dingell VA Medical Center (Detroit, Michigan),
Rush-Presbyterian-St. Luke’s Medical Center (Chicago,
Illinois), New England Medical Center (Boston, Massa-
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chusetts), and William Beaumont Hospital (Royal Oak,
Michigan). Clinical data were obtained from review of
medical records. The institutional review boards of four
participating institutions approved the study. At the
fifth institution, the study was considered exempt from
review because it involved confidential use of existing
records and bacterial isolates.

Microbiology
Blood for culture was obtained by venipuncture or

through central venous catheters. Enterococcal species
were determined by using either VITEK (bioMerieux
Vitek, Inc., Hazelwood, Missouri) or MicroScan (Micro-
Scan, Inc., West Sacramento, California) systems ac-
cording to the manufacturer’s recommendations. Iden-
tification of species other than E. faecalis and E. faecium
was confirmed as reported elsewhere (21). One of the
authors standardized antimicrobial susceptibilities by us-
ing Etest strips (AB BIODISK North America, Inc.,
Piscataway, New Jersey). Enterococcus faecium isolates
showing resistance or intermediate susceptibility to
quinupristin–dalfopristin were tested by broth microdi-
lution and disk diffusion to confirm reduced susceptibility.

If the isolate was unavailable, antimicrobial suscep-
tibilities reported by the submitting microbiology labo-
ratories were used. Minimum inhibitory concentration
(MIC) breakpoints from the Ninth National Commit-
tee for Clinical Laboratory Standards (NCCLS) were
used (22). Because imipenem MIC values for entero-
cocci are not defined, NCCLS breakpoints for Entero-
bacteriaceae were used (22). Quality control was moni-
tored by using E. faecalis American Type Culture
Collection (ATCC) 29212. Nine enterococcal isolates
displayed intermediate susceptibility to vancomycin
(MIC, 8 to 16 mg/mL) but were considered resistant for
the purposes of analysis.

Vancomycin resistance genotypes of selected clinical
isolates were determined by using polymerase chain re-
action (PCR) amplification with primers specific for in-
tragenic sequences of the vanA and vanB genes (23, 24).
Control strains included vancomycin-susceptible E. fae-
calis ATCC 29212, E. faecium BM4147 (vanA) (25),
and E. faecalis V583 (vanB) (26).

For determination of aminoglycoside resistance
genes, genomic DNA for PCR amplification was pre-
pared with the InstaGene Matrix kit (BioRad Laborato-
ries, Hercules, California) and PCR performed as re-

ported elsewhere (27). Aminoglycoside resistance genes
detected included aac(69)-Ie-aph(20)-Ia (28), aph(20)-Ic
(29), aph(20)-Id (30), and aph(20)-Ib (31).

Definitions
Clinically significant bacteremia was defined as iso-

lation of enterococci in two or more separately obtained
blood cultures or from a single blood culture and from a
concomitant site of infection in a clinical scenario com-
patible with bacteremic infection (6). Endocarditis was
defined by using the Duke criteria (32). Polymicrobial
bacteremia was defined as isolation from blood culture
of one or more additional species of bacteria concomi-
tantly with enterococci (same blood culture or another
blood culture within 24 hours of the initial blood cul-
ture yielding enterococci). A single concomitant isola-
tion of another bacterial species was sufficient, except for
isolation of coagulase-negative staphylococci, diphthe-
roids, a-hemolytic streptococci, and Bacillus species that
required isolation from two blood cultures.

Length of hospitalization was defined as the time in
days from hospital admission to development of clini-
cally significant enterococcal bacteremia. Enterococcal
bacteremia occurring 60 days or more from a previous
episode in patients already enrolled was counted as a
separate episode. The end point was survival at 14 days
from the first positive blood culture. Patients discharged
from the hospital before 14 days were considered survi-
vors. Medical records were reviewed at entry, at 2 weeks,
at 4 weeks, and at 6 weeks (or at time of discharge or
death if earlier than 6 weeks). We collected information
on patient demographic characteristics, underlying dis-
ease, Acute Physiology and Chronic Health Evaluation
(APACHE) II scores at bacteremia onset, antibiotic use,
use of glucocorticosteroids and other immunosuppres-
sive drugs, and receipt of invasive devices and proce-
dures in the 2 weeks before bacteremia onset. Antibiotic
therapy during the 6 weeks after the onset of bacteremia
was recorded. Beyond 6 weeks, patients were followed
for evidence of relapse of bacteremia and for survival to
discharge or death.

Immunosuppressive drugs included cyclosporine,
cyclophosphamide, azathioprine, tacrolimus, methotrex-
ate, and cytotoxic chemotherapy. Appropriate antibiotic
therapy was defined as treatment with at least one anti-
biotic that had in vitro activity (as defined by Etest)
against the enterococcal isolate, initiated within 48
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hours of the initial positive enterococcal blood culture
and continuing for at least 72 hours. Antibiotics consid-
ered potentially active included penicillin, ampicillin,
ureidopenicillin, vancomycin, quinupristin–dalfopristin,
chloramphenicol, doxycycline, and rifampin.

Statistical Analysis
For categorical variables, proportions were com-

pared by using the Fisher exact test. Continuous vari-
ables were analyzed with the Mann–Whitney rank-sum
test. Multivariate analysis was done by using logistic re-
gression. Variables with a two-tailed P value of 0.05
were included in stepwise logistic regression models for
vancomycin resistance and 14-day mortality. The initial
bacteremic episode for each patient (n 5 398) was used
for the evaluation of risk factors for bacteremia caused
by VRE. Patients who were alive 14 days after the onset
of enterococcal bacteremia (n 5 321) were evaluated for
factors associated with microbiological failure. Statistical
analysis of the data was performed by using the Prophet
system (MarketMiner, Inc., Charlottesville, Virginia)
and Epistat (Epistat Services, Richardson, Texas).

RESULTS

Enterococcal Bacteremia
We studied hospitalized patients 16 years of age or

older with clinically significant hospital- or community-
acquired enterococcal bacteremia. From February 1995
through March 1997, 391 consecutive patients from five
participating institutions were entered into the study.

An additional 9 patients from Pittsburgh were entered
into the study over a 6-month period (October 1998
through March 1999) to increase the total number of
patients to 400. These patients were consecutive and
unselected. Two patients younger than 16 years of age
were excluded, leaving 398 patients for evaluation.

Eighty-nine patients were from the University of
Pittsburgh Medical Center and the VA Medical Center,
97 were from Rush-Presbyterian-St. Luke’s Medical
Center, 95 were from the Detroit Medical Center and
John D. Dingell VA Medical Center, 61 were from New
England Medical Center, and 56 were from the William
Beaumont Hospital.

Blood cultures yielded 398 enterococcal isolates. Of
these, 60% (239 of 398) were E. faecalis and 37% (148
of 398) were E. faecium. Three percent (10 of 398) of
the isolates belonged to the less common enterococcal
species, which include E. avium, E. casseliflavus, E. du-
rans, E. gallinarum, and E. raffinosus. The species of one
isolate could not be identified. Seventeen recurrences
were seen at 60 or more days after the initial bacteremia.
Of these, 14 were caused by the same enterococcal spe-
cies as the initial episode. In 12 of these 14 episodes, the
pair of isolates had the same susceptibilities to vanco-
mycin.

Overall, 35% of the 398 enterococcal isolates were
resistant to vancomycin (MIC $ 32 mg/mL), 63% were
susceptible to vancomycin (MIC # 4 mg/mL), and 2%
displayed intermediate susceptibility (MIC, 8 to 16 mg/
mL). Table 1 shows the susceptibility patterns of the
two major Enterococcus species. Eight percent of the E.
faecalis isolates were resistant to vancomycin, 91% were
susceptible, and 1% displayed intermediate susceptibil-
ity. In contrast, 80% of the E. faecium isolates were
resistant to vancomycin, 18% were susceptible, and 2%
displayed intermediate susceptibility. Of the 11 isolates
of other species, none were resistant to vancomycin,
73% (8 of 11) were susceptible to vancomycin, and
27% (3 of 11) displayed intermediate susceptibility to
vancomycin.

Three percent of E. faecalis isolates were resistant to
ampicillin, and 37% were resistant to high-level genta-
micin. Among isolates of E. faecium, 87% were resistant
to ampicillin, 60% were resistant to high-level gentami-
cin, and 22% showed reduced susceptibility to quinu-
pristin–dalfopristin. Fourteen percent (18 isolates)
showed intermediate susceptibility (MIC, 2 mg/mL) and

Table 1. Proportion of Enterococcal Isolates Susceptible
to Individual Antimicrobial Agents

Antimicrobial Agent Enterococcus
faecalis

Enterococcus
faecium

% (n/n)

Vancomycin* 91 (218/239) 18 (26/148)
Ampicillin 97 (231/239) 13 (20/148)
High-level gentamicin† 63 (151/239) 40 (59/148)
Quinupristin–dalfopristin‡ – 78 (103/132)
Chloramphenicol 49 (112/229) 75 (106/141)
Doxycycline 36 (82/229) 50 (79/138)

* Of the 118 vancomycin-resistant isolates assayed, 68% (80 of 118) were vanA,
31% (37 of 118) were vanB, and 1 exhibited both genotypes.
† 168 isolates contained the bifunctional aminoglycoside resistance gene aac(6 9)-
Ie-aph(2 0)-Ia (1 isolate had a gentamicin minimum inhibitory concentration
[MIC] of 256 mg/mL), 2 contained the aph(2 0)-Ic gene (gentamicin MIC, 384
mg/mL), 3 contained the aph(2 0)-Id gene, and 5 contained the aph(2 0)-Ib gene.
Among the remaining isolates, gentamicin MICs were #48 mg/mL.
‡ E. faecium isolates.
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8% (11 isolates) were resistant (MIC $ 4 mg/mL) to
quinupristin–dalfopristin. Twenty-four of the 29 iso-
lates with reduced susceptibility to quinupristin–dalfo-
pristin were subsequently tested by microbroth dilution
and disk diffusion; in each case, the Etest results were
confirmed. Enterococcus faecium isolates with diminished
quinupristin–dalfopristin susceptibility occurred at all
five centers. Isolates of E. faecalis are almost always re-
sistant to quinupristin–dalfopristin and were therefore
not tested in our study.

Polymicrobial bacteremia was demonstrated in 45%

of all patients (179 of 398), 38% (56 of 147) of patients
with VRE bacteremia, and 49% (123 of 251) of patients
with vancomycin-susceptible enterococcal bacteremia
(P 5 0.03). Fifty percent of patients with E. faecalis bac-
teremia (120 of 239) had polymicrobial bacteremia
compared with 36% (54 of 148) of patients with E.
faecium bacteremia (P 5 0.007).

Patient Characteristics
Sixty percent of the patients (237 of 398) were men.

The mean age (6SD) was 57.9 6 15.4 years among

Table 2. Demographic Features and Characteristics of Patients with Enterococcal Bacteremia*

Variable Patients with Vancomycin-
Resistant Bacteremia
(n 5 147)†

Patients with Vancomycin-
Susceptible Bacteremia
(n 5 251)

P Value Odds Ratio
(95% CI)

Demographic characteristics
Men, % 59 60 NS 0.98 (0.63–1.51)
Mean age 6 SD, y 57.9 6 15.4 61.1 6 17.7 0.03

Comorbid illness, %
Solid cancer 20 27 NS 0.98 (0.41–1.15)
Hematologic malignancy 20 5 ,0.001 4.96 (2.32–10.7)
Solid organ transplant 23 8 ,0.001 4.10 (2.22–7.56)
Bone marrow transplant 4 2 NS 1.76 (0.56–5.55)
Diabetes mellitus 32 24 NS 1.50 (0.95–2.37)
Cirrhosis 21 8 ,0.001 3.31 (1.79–6.10)
Chronic obstructive pulmonary disease 18 23 NS 0.73 (0.45–1.24)
Atherosclerotic heart disease 29 28 NS 1.02 (0.65–1.61)
Valvular heart disease 7 8 NS 0.99 (0.46–2.18)
Kidney disease 42 29 0.006 1.85 (1.20–2.83)
Kidney disease requiring dialysis 27 16 0.006 2.00 (1.23–3.29)
HIV infection 3 5 NS 0.57 (0.18–1.79)
Ethanol abuse 18 16 NS 1.20 (0.70–2.06)
Intravenous drug use 4 6 NS 0.67 (0.26–1.58)
Neurologic disease 35 37 NS 0.94 (0.61–1.44)
Pressure ulcer 20 12 0.035 1.91 (1.08–3.38)

Immunosuppressive therapy, %
Corticosteroids 50 18 ,0.001 4.73 (2.98–7.48)
Other agents‡ 39 12 ,0.001 4.88 (2.94–8.08)

Invasive devices or procedures within 2 weeks of bacteremia, %
Vascular catheter 92 80 0.002 2.76 (1.42–5.38)
Urinary catheter 67 56 0.04 1.61 (1.05–2.46)
Mechanical ventilation 48 33 0.003 1.96 (1.29–2.98)
Bronchoscopy 8 4 NS 1.95 (0.83–4.53)
Endoscopy 14 14 NS 1.01 (0.56–1.80)
Cystoscopy 1 3 NS 0.49 (0.10–2.37)
Abdominal drain 27 18 0.056 1.62 (0.99–2.64)
Gastric tube 49 40 0.059 1.50 (0.99–2.27)
Abdominal or biliary surgery 24 18 NS 1.51 (0.92–2.47)

Other
Previous antibiotic use, % 89 62 ,0.001 5.0 (2.80–8.91)
Intensive care unit, % 52 34 ,0.001 2.01 (1.36–3.12)
Previous hospitalization, % 49 34 0.004 1.88 (1.24–2.87)
Median length of hospitalization, d 17 3 ,0.001
Median APACHE II score 20.5 16 ,0.001

* APACHE 5 Acute Physiology and Chronic Health Evaluation; NS 5 not significant.
† Includes isolates displaying intermediate susceptibility to vancomycin.
‡ Includes tacrolimus, cyclosporine, azathioprine, methotrexate, cytotoxic chemotherapeutic agents.
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patients with VRE bacteremia and 61.1 6 17.7 years
among patients with vancomycin-susceptible enterococ-
cal bacteremia (P 5 0.03). Ages ranged from 17 to 98
years (median, 61 years). In addition, patients with VRE
bacteremia were significantly more likely to be immu-
nosuppressed because of receipt of glucocorticosteroids
or other medications, which included tacrolimus (for-
merly FK-506), cyclosporine, and azathioprine (Table 2).
Patients with VRE bacteremia were more likely to have
underlying comorbid illnesses, to have had invasive pro-
cedures in the previous 2 weeks, and to have been ad-
mitted to intensive care units. The median length of
hospitalization for patients with VRE bacteremia was 17
days at the time of onset of initial enterococcal bactere-
mia, compared with 3 days for patients with vancomy-
cin-susceptible disease (P , 0.001). Patients with VRE
bacteremia had a median APACHE II score of 20.5,
compared with a median score of 16 for patients with
vancomycin-susceptible disease (P , 0.001). Patients
with VRE bacteremia were significantly more likely to

have received antibiotics within 14 days of onset of ini-
tial enterococcal bacteremia (Table 3).

By multivariate analysis, bacteremia with a VRE iso-
late was significantly associated with previous receipt of
vancomycin within 14 days of bacteremia (OR, 5.82
[95% CI, 3.20 to 10.58]; P , 0.001), previous receipt
of glucocorticosteroids within 14 days of bacteremia
(OR, 2.43 [CI, 1.22 to 4.86]; P 5 0.01), and severity of
illness as assessed by total APACHE II score (OR, 1.06
per unit change [CI, 1.02 to 1.10 per unit change];
P 5 0.003).

Primary Site of Infection
Vascular catheters were the most common site of

infection among patients with VRE bacteremia and the
second most common site of infection among patients
with vancomycin-susceptible enterococcal bacteremia,
although the difference was not statistically significant.
Twenty percent of patients with VRE bacteremia (29 of

Table 3. Antibiotic Treatment within 14 Days before Onset of the Initial Episode of Enterococcal Bacteremia

Antibiotic Patients with Vancomycin-
Resistant Bacteremia (n 5 147), %*

Patients with Vancomycin-
Susceptible Bacteremia (n 5 251), %

P Value Odds Ratio (95% CI)

Penicillins 38 24 0.003 1.96 (1.23–3.12)
Vancomycin 63 16 ,0.001 9.08 (5.42–15.07)
Aminoglycosides 39 17 ,0.001 3.06 (1.87–5.02)
Cephalosporins 29 18 0.012 1.89 (1.14–3.18)
Imipenem 18 6 ,0.001 3.38 (1.65–6.99)
Quinolones 35 18 ,0.001 2.43 (1.48–3.99)
Metronidazole 27 10 ,0.001 3.37 (1.98–6.08)
Chloramphenicol 5 0 ,0.001 Not calculable
Quinupristin–dalfopristin 1 0.4 Not significant 0.16 (0.03–1.27)

* Includes isolates displaying intermediate susceptibility to vancomycin.

Table 4. Factors Associated with 14-Day Mortality in Patients with Enterococcal Bacteremia*

Variable Patients Who Survived Patients Who Died P Value Odds Ratio (95% CI)

Previous hospitalization, % (n/n) 34 (109/321) 60 (46/77) ,0.001 2.93 (1.76–4.88)
Intensive care unit, % (n/n) 36 (114/321) 62 (48/77) ,0.001 2.96 (1.77–4.96)
Hematologic malignancy, % (n/n) 8 (25/321) 21 (16/77) 0.003 3.10 (1.56–6.16)
Immunosuppressive therapy, % (n/n) 20 (64/321) 32 (25/77) 0.021 1.97 (1.13–3.42)
Vascular catheter, % (n/n) 82 (264/321) 94 (72/77) 0.014 3.11 (1.20–8.05)
Urinary catheter, % (n/n) 55 (178/321) 79 (61/77) ,0.001 3.06 (1.69–5.54)
Mechanical ventilation, % (n/n) 32 (104/321) 64 (49/77) ,0.001 3.65 (2.17–6.14)
Gastric tube, % (n/n) 39 (125/321) 61 (47/77) ,0.001 2.49 (1.49–4.15)
Previous vancomycin, % (n/n) 28 (91/321) 55 (42/77) ,0.001 3.03 (1.82–5.05)
Vancomycin resistance, % (n/n) 31 (98/321) 64 (49/77) ,0.001 4.04 (2.40–6.81)
Median length of hospitalization, d 6 18 ,0.001
Median APACHE II score 16 23 ,0.001

* APACHE 5 Acute Physiology and Chronic Health Evaluation.
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147) had infection at an abdominal site other than the
biliary tract, compared with 4% (10 of 251) of patients
with vancomycin-susceptible enterococcal bacteremia
(P , 0.001). Patients with VRE bacteremia were as
likely to have definitive evidence of infective endocardi-
tis (3% [4 of 147]) as were patients with vancomycin-
susceptible enterococcal bacteremia (3% [8 of 251]).
Patients with endocarditis were more likely to have pros-
thetic heart valves (17% [2 of 12] vs. 1.3% [5 of 386];
P 5 0.016) and were less likely to have indwelling in-
travascular lines (25% [3 of 12] vs. 52% [202 of 386];
P 5 0.062) than were the remaining patients. No sig-
nificant differences were seen with regard to skin,
wound, or pulmonary sites of infection between patients
with VRE bacteremia and vancomycin-susceptible en-
terococcal bacteremia. The source of bacteremia was un-
known in 74 cases (22 in the group with VRE infection
and 52 in the group with vancomycin-susceptible en-
terococcal infection).

Outcome
The overall mortality rate was 19% (77 of 398) at

14 days; the 117 patients discharged alive by day 14
were considered survivors. Factors significantly associ-
ated with 14-day mortality by univariate analysis are
shown in Table 4. By multivariate analysis, the signifi-
cant independent risk factors of 14-day mortality were
underlying hematologic malignancy (OR, 3.83 [CI,
1.56 to 9.39]; P 5 0.003), vancomycin-resistant isolates
(OR, 2.10 [CI, 1.14 to 3.88]; P 5 0.02), and severity of

illness as assessed by APACHE II score (OR, 1.10 per
unit change [CI, 1.05 to 1.14 per unit change]; P ,
0.001). The mortality rate in patients with endocarditis
(17% [2 of 12]) was similar to that of all patients; how-
ever, 6 patients (2 with VRE infection) died before dis-
charge. Bacteriologic failure, defined as enterococcal
bacteremia recurring 5 to 60 days after the initial epi-
sode, occurred in 16 patients. Seventy-five percent of the
isolates (12 of 16) were vancomycin resistant, and 25%
(4 of 16) were vancomycin susceptible (P 5 0.001).

Clinical Outcome: Effect of Appropriate Therapy
To specifically examine the effects of treatment of

enterococcal bacteremia, we performed a separate analy-
sis that excluded patients with polymicrobial bacteremia.
Monomicrobial enterococcal bacteremia was identified
in 219 patients. Of these, 11 died or were discharged
within 48 hours of bacteremia onset, leaving 208 pa-
tients for evaluation. The 14-day mortality rate was
16%. Factors significantly associated with 14-day mor-
tality in this subgroup of patients are presented in Table 5.
Of the patients surviving 14 days, 55% (96 of 174)
received appropriate antimicrobial therapy. In contrast,
among those patients who died, only 18% (6 of 34)
received appropriate therapy (P , 0.001). By multivar-
iate analysis, APACHE II score was independently asso-
ciated with mortality (OR, 1.10 per unit change [CI,
1.03 to 1.17]; P 5 0.003). Receipt of appropriate anti-
biotic therapy had a protective effect (OR, 0.21 [CI,
0.06 to 0.80]; P 5 0.02).

Table 5. Factors Associated with 14-Day Mortality in Patients Alive 48 Hours after Onset of Monomicrobial
Enterococcal Bacteremia

Variable Patients Who Survived Patients Who Died P Value Odds Ratio (95% CI)

Previous hospitalization, % (n/n) 34 (59/174) 65 (22/34) 0.001 3.57 (1.56–8.30)
Intensive care unit, % (n/n) 30 (53/174) 71 (24/34) ,0.001 5.48 (2.30–13.29)
Hematologic malignancy, % (n/n) 10 (18/174) 26 (9/34) 0.02 3.12 (1.15–8.39)
Cirrhosis, % (n/n) 13 (23/174) 29 (10/34) 0.04 2.74 (1.06–6.97)
Vascular catheter, % (n/n) 80 (139/174) 94 (32/34) 0.05 4.03 (0.88–16.00)
Urinary catheter, % (n/n) 49 (84/174) 79 (27/34) 0.001 4.13 (1.61–11.06)
Mechanical ventilation, % (n/n) 30 (52/174) 68 (23/34) ,0.001 4.91 (2.09–11.65)
Gastric tube, % (n/n) 32 (56/174) 62 (21/34) 0.002 3.40 (1.49–7.82)
Previous vancomycin, % (n/n) 30 (52/174) 62 (21/34) 0.001 3.79 (1.66–8.73)
Previous imipenem, % (n/n) 7 (12/174) 26 (9/34) 0.002 4.86 (1.68–14.03)
Vancomycin resistance, % (n/n) 32 (56/174) 76 (26/34) ,0.001 6.84 (2.74–17.66)
High-level gentamicin resistance, % (n/n) 46 (80/174) 68 (23/34) 0.02 2.46 (1.06–5.76)
Appropriate antibiotic therapy, % (n/n) 55 (96/174) 18 (6/34) ,0.001 0.174 (0.06–0.47)
Median length of hospitalization, d 6 13 0.002
Median APACHE II score 16 22 ,0.001

* APACHE 5 Acute Physiology and Chronic Health Evaluation.
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DISCUSSION

In our prospective, multicenter observational study,
enterococcal bacteremia with a vancomycin-resistant
strain was an independent predictor of death. Appropri-
ate antibiotic therapy initiated within 48 hours was a
significant independent predictor of survival. Thus, our
results are compatible with the hypotheses that vanco-
mycin resistance is an independent contributor to death
in patients with enterococcal bacteremia and that timely
administration of an active antimicrobial agent improves
survival.

Previous studies have failed to demonstrate that
vancomycin resistance in enterococci is an independent
predictor of outcome (14, 16, 33, 34). One study
showed that vancomycin resistance was an independent
predictor of death in liver transplant recipients, but
these results might not be applicable to a heterogeneous
patient population such as ours (35). The benefit of
appropriate antibiotic therapy for enterococcal bactere-
mia has been widely disputed in the literature. Several
investigators have shown that therapy for enterococcal
bacteremia with bacteriostatic antibiotics either alone or
in combination results in lower mortality rates than
treatment with inappropriate drugs (5, 9, 36). Others,
however, have not demonstrated any advantage (2, 4, 7,
8, 12, 37, 38).

These previous studies were retrospective, did not
uniformly adjust for severity of illness, and did not al-
ways differentiate between clinically significant bactere-
mia and transient bacteremia or blood culture contam-
ination. To our knowledge, our study is the largest
prospective study of enterococcal bacteremia reported to
date. It is multi-institutional and reflects a broad spec-
trum of patients. Major hypotheses and clinical end
points were defined a priori. We used a predetermined,
uniform end point of survival at 14 days. This method
of determining outcome eliminates potential bias in as-
signment of cause of death, which is particularly prob-
lematic in patients with many comorbid conditions.
Our method of determining outcome has been validated
in previous prospective studies of bacteremia (39–41).
Furthermore, our definition of significant bacteremia
ensured that the patients studied had true infection
rather than transient bacteremia or blood culture con-
tamination (6, 36, 42).

At present, the optimal therapy for VRE bacteremia

is uncertain (34, 43–45). The streptogramin quinupris-
tin–dalfopristin is a promising agent (45). Twenty-one
of the patients included in our study received quinu-
pristin–dalfopristin for treatment of VRE bacteremia.
During the period of the study, however, this combina-
tion was available only through investigational use pro-
tocols. As a consequence, it was administered relatively
late in the course, a mean of 6.2 days after the onset of
bacteremia. Thus, its efficacy could not be assessed ac-
cording to our definition of appropriate antimicrobial
therapy. It is notable that 22% of E. faecium isolates in
our study were resistant or displayed intermediate sus-
ceptibility to quinupristin–dalfopristin on initial testing,
indicating that resistance to this agent may be a signifi-
cant limiting factor in treatment of VRE bacteremia.
Emergence of increased resistance to quinupristin–
dalfopristin during therapy has been observed (35, 46).

Most VRE isolates are susceptible to linezolid (47),
a recently approved agent. To date, the reported clinical
experience with linezolid in the treatment of enterococ-
cal bacteremia is limited, but it may prove to be useful
in cases of quinupristin–dalfopristin resistance or fail-
ure. Other potentially useful agents, such as daptomy-
cin, are available only through clinical protocols or com-
passionate use programs.

Our results have important implications for clinical
practice. Bacteremia with VRE predicts a poor outcome.
However, we note that the occurrence of VRE infection
may be reduced by 1) reducing inappropriate vancomy-
cin use to limit the selection of glycopeptide-resistant
strains and 2) following appropriate infection control
practices to prevent VRE dissemination (48).

Because delayed or inappropriate therapy is associ-
ated with death in enterococcal bacteremia, early ther-
apy with one of the newer agents, such as quinupristin–
dalfopristin or linezolid, may improve survival in
patients with VRE bacteremia. We have identified clin-
ical factors associated with an increased risk for VRE
infection, including previous receipt of vancomycin,
previous receipt of glucocorticoids, and relatively high
acute severity of illness (median APACHE II score,
20.5). Patients at high risk for VRE infection may ben-
efit by inclusion of an agent active against VRE in the
antimicrobial regimen as soon as gram-positive cocci
morphologically compatible with enterococci are identi-
fied in blood culture. The regimen should then be mod-
ified as soon as identification and susceptibility testing
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are completed. This would permit agents active against
VRE to be administered 24 to 48 hours earlier than with
the alternate strategy of waiting until culture and sus-
ceptibility results are finalized. Whether this strategy will
in fact reduce death due to VRE bacteremia should be
the subject of future controlled trials.

In conclusion, we found that vancomycin resistance
is an independent predictor of death in patients with
enterococcal bacteremia. Timely administration of an
antimicrobial agent active in vitro against the infecting
strain is associated with survival. Therefore, control of
spread of VRE and availability of effective therapeutic
agents may decrease death from enterococcal bacteremia.

From Veterans Affairs Medical Center–University of Pittsburgh Medical
Center, Pittsburgh, Pennsylvania; Rush Medical College, Rush-Presbyte-
rian-St. Luke’s Medical Center, Chicago, Illinois; Wayne State Univer-
sity School of Medicine and John D. Dingell Veterans Affairs Medical
Center, Detroit, and William Beaumont Hospital, Royal Oak, Michi-
gan; and New England Medical Center and Tufts University School of
Medicine, Boston, Massachusetts.

Acknowledgment: The authors thank Victor L. Yu, MD, for review of
the manuscript.

Requests for Single Reprints: Robert R. Muder, MD, Infectious Dis-
ease Section, Veterans Affairs Pittsburgh Healthcare System, University
Drive C, Pittsburgh, PA 15240.

Current Author Addresses: Dr. Vergis: Division of Infectious Diseases,
University of Pittsburgh, Suite 3A, Falk Medical Building, 3601 Fifth
Avenue, Pittsburgh, PA 15213.
Dr. Hayden and Ms. Schmitt: Section of Infectious Diseases, Rush Med-
ical College, Rush-Presbyterian-St. Luke’s Medical Center, 1653 West
Congress Parkway, Chicago, IL 60612.
Dr. Chow: Division of Infectious Diseases, Wayne State University
School of Medicine, 3990 John R, Detroit, MI 48201.
Dr. Snydman: Division of Infectious Diseases, New England Medical
Center, 720 Washington Street, Box 238, Boston, MA 02111.
Dr. Zervos: William Beaumont Hospital, 3601 West 13 Mile Road,
Royal Oak, MI 48073.
Dr. Linden: Department of Anesthesiology and Critical Care Medicine,
University of Pittsburgh, 614 Scaife Hall, Pittsburgh, PA 15261.
Ms. Wagener and Dr. Muder: Infectious Disease Section, Veterans Af-
fairs Pittsburgh Healthcare System, University Drive C, Pittsburgh, PA
15240.

Author Contributions: Conception and design: M.K. Hayden, J.W.
Chow, D.R. Snydman, M.J. Zervos, P.K. Linden, R.R. Muder.
Analysis and interpretation of the data: E.N. Vergis, M.K. Hayden, J.W.
Chow, D.R. Snydman, M.J. Zervos, M.M. Wagener, R.R. Muder.
Drafting of the article: E.N. Vergis, D.R. Snydman.
Critical revision of the article for important intellectual content: E.N.

Vergis, M.K. Hayden, J.W. Chow, D.R. Snydman, M.J. Zervos, R.R.
Muder.
Final approval of the article: E.N. Vergis, M.K. Hayden, J.W. Chow,
D.R. Snydman, M.J. Zervos, P.K. Linden, M.M. Wagener, R.R. Muder.
Provision of study materials or patients: E.N. Vergis, M.K. Hayden, J.W.
Chow, D.R. Snydman, M.J. Zervos, P.K. Linden, B.A. Schmitt.
Statistical expertise: M.M. Wagener.
Administrative, technical, or logistic support: M.J. Zervos, P.K. Linden,
B.A. Schmitt, R.R. Muder.
Collection and assembly of data: E.N. Vergis, J.W. Chow, D.R. Snydman,
M.J. Zervos, M.M. Wagener, B.A. Schmitt.

References
1. Shlaes DM, Levy J, Wolinsky E. Enterococcal bacteremia without endo-
carditis. Arch Intern Med. 1981;141:578-81. [PMID: 6784687]

2. Garrison RN, Fry DE, Berberich S, Polk HC Jr. Enterococcal bacteremia:
clinical implications and determinants of death. Ann Surg. 1982;196:43-7.
[PMID: 6807223]

3. Dougherty SH, Flohr AB, Simmons RL. ‘Breakthrough’ enterococcal septi-
cemia in surgical patients. 19 cases and a review of the literature. Arch Surg.
1983;118:232-8. [PMID: 6401423]

4. Barrall DT, Kenney PR, Slotman GJ, Burchard KW. Enterococcal bactere-
mia in surgical patients. Arch Surg. 1985;120:57-63. [PMID: 3966874]

5. Rimailho A, Lampl E, Riou B, Richard C, Rottman E, Auzepy P. Entero-
coccal bacteremia in a medical intensive care unit. Crit Care Med. 1988;16:
126-9. [PMID: 3125003]

6. Maki DG, Agger WA. Enterococcal bacteremia: clinical features, the risk of
endocarditis, and management. Medicine (Baltimore). 1988;67:248-69. [PMID:
3134590]

7. Gullberg RM, Homann SR, Phair JP. Enterococcal bacteremia: analysis of 75
episodes. Rev Infect Dis. 1989;11:74-85. [PMID: 2916096]

8. Huycke MM, Spiegel CA, Gilmore MS. Bacteremia caused by hemolytic,
high-level gentamicin-resistant Enterococcus faecalis. Antimicrob Agents Chemo-
ther. 1991;35:1626-34. [PMID: 1929336]

9. Graninger W, Ragette R. Nosocomial bacteremia due to Enterococcus faecalis
without endocarditis. Clin Infect Dis. 1992;15:49-57. [PMID: 1617073]

10. Edmond MB, Ober JF, Weinbaum DL, Pfaller MA, Hwang T, Sanford
MD, et al. Vancomycin-resistant Enterococcus faecium bacteremia: risk factors for
infection. Clin Infect Dis. 1995;20:1126-33. [PMID: 7619987]

11. Hoffmann SA, Moellering RC Jr. The enterococcus: “putting the bug in our
ears.” Ann Intern Med. 1987;106:757-61. [PMID: 3105376]

12. Gray J, Marsh PJ, Stewart D, Pedler SJ. Enterococcal bacteraemia: a
prospective study of 125 episodes. J Hosp Infect. 1994;27:179-86. [PMID: 7963458]

13. Noskin GA, Peterson LR, Warren JR. Enterococcus faecium and Enterococcus
faecalis bacteremia: acquisition and outcome. Clin Infect Dis. 1995;20:296-301.
[PMID: 7742433]

14. Shay DK, Maloney SA, Montecalvo M, Banerjee S, Wormser GP, Arduino
MJ, et al. Epidemiology and mortality risk of vancomycin-resistant enterococcal
bloodstream infections. J Infect Dis. 1995;172:993-1000. [PMID: 7561221]

15. Tornieporth NG, Roberts RB, John J, Hafner A, Riley LW. Risk factors
associated with vancomycin-resistant Enterococcus faecium infection or coloniza-
tion in 145 matched case patients and control patients. Clin Infect Dis. 1996;23:
767-72. [PMID: 8909842]

16. Lucas GM, Lechtzin N, Puryear DW, Yau LL, Flexner CW, Moore RD.
Vancomycin-resistant and vancomycin-susceptible enterococcal bacteremia:

ArticleEnterococcal Vancomycin Resistance and Mortality Rates

www.annals.org 2 October 2001 Annals of Internal Medicine Volume 135 • Number 7 491



comparison of clinical features and outcomes. Clin Infect Dis. 1998;26:1127-33.
[PMID: 9597241]

17. Stosor V, Peterson LR, Postelnick M, Noskin GA. Enterococcus faecium
bacteremia: does vancomycin resistance make a difference? Arch Intern Med.
1998;158:522-7. [PMID: 9508230]

18. Leclercq R, Courvalin P. Resistance to glycopeptides in enterococci. Clin
Infect Dis. 1997;24:545-6. [PMID: 9145724]

19. Spera RV Jr, Farber BF. Multiply-resistant Enterococcus faecium. The noso-
comial pathogen of the 1990s. JAMA. 1992;268:2563-4. [PMID: 1308665]

20. Cohen ML. Epidemiology of drug resistance: implications for a post-antimi-
crobial era. Science. 1992;257:1050-5. [PMID: 1509255]

21. Facklam RR, Collins MD. Identification of Enterococcus species isolated from
human infections by a conventional test scheme. J Clin Microbiol. 1989;27:
731-4. [PMID: 2656745]

22. Performance Standards for Antimicrobial Susceptibility Testing. Ninth Infor-
mational Supplement. National Committee for Clinical Laboratory Standards.
Wayne, PA: National Committee for Clinical Laboratory Standards; 1999.

23. Dutka-Malen S, Evers S, Courvalin P. Detection of glycopeptide resistance
genotypes and identification to the species level of clinically relevant enterococci
by PCR. J Clin Microbiol. 1995;33:24-7. [PMID: 7699051]

24. Free L, Sahm DF. Detection of enterococcal vancomycin resistance by mul-
tiplex PCR. In: Persing DH, ed. PCR Protocols for Emerging Infectious Dis-
eases. A Supplement to Diagnostic Molecular Microbiology: Principles and
Applications. Washington: American Society of Microbiology Pr; 1996:150-5.
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