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A prospective, multicenter study was carried out over a period of 10 months. All patients with clinically
significant bacteremia caused by Enterococcus spp. were included. The epidemiological, microbiological, clin-
ical, and prognostic features and the relationship of these features to the presence of high-level resistance to
gentamicin (HLRG) were studied. Ninety-three patients with enterococcal bacteremia were included, and 31 of
these cases were caused by HLRG (33%). The multivariate analysis selected chronic renal failure, intensive
care unit stay, previous use of antimicrobial agents, and Enterococcus faecalis species as the independent risk
factors that influenced the development of HLRG. The strains with HLRG showed lower levels of susceptibility
to penicillin and ciprofloxacin. Clinical features (except for chronic renal failure) were similar in both groups
of patients. HLRG did not influence the prognosis for patients with enterococcal bacteremia in terms of either
the crude mortality rate (29% for patients with bacteremia caused by enterococci with HLRG and 28% for
patients not infected with strains with HLRG) or the hospital stay after the acquisition of enterococcal
bacteremia. Hemodynamic compromise, inappropriate antimicrobial therapy, and mechanical ventilation were
revealed in the multivariate analysis to be the independent risk factors for mortality. Prolonged hospitalization
was associated with the nosocomial acquisition of bacteremia and polymicrobial infections.

Nosocomial infections caused by Enterococcus spp. are
growing in importance. In Spain, nosocomial infections pro-
duced by these organisms constitute 9.4% of all infections, and
nosocomial enterococcal infections are fourth in frequency
after those caused by Escherichia coli, Pseudomonas aerugi-
nosa, and Staphylococcus aureus (31). The frequency of noso-
comial enterococcal bacteremia rose from 4.6% in 1990 to
7.1% in 1994, and 70.4% of the cases of bacteremia were
caused by Enterococcus faecalis (31). According to data from
the National Nosocomial Infections System of the Centers for
Disease Control and Prevention, in the United States Entero-
coccus spp. are responsible for 12% of all nosocomial infec-
tions and 8% of all bacteremias acquired nosocomially (30).

Enterococcus spp. have a great capacity for acquiring resis-
tance to antimicrobial agents. The resistance to penicillins or
vancomycin and high-level resistance to aminoglycosides are
the most important. For most enterococcal infections, the use
of a penicillin (or a glycopeptide agent if the organism is

resistant to penicillin or the patient is allergic to penicillin has
been shown to be sufficient treatment (19). In patients with
severe infections, in which it is necessary to obtain bactericidal
activity at the site of the infection, the use of a combination of
an antimicrobial agent with activity against the bacterial cell
wall (penicillin or glycopeptide) and an aminoglycoside is rec-
ommended (18, 19). When the strain causing the infection
presents high-level resistance to the aminoglycosides, use of
the latter combination is no longer possible. Therefore, the
study of the characteristics of infections caused by enterococcal
strains with this phenotype is of interest, because the manage-
ment of or the prognosis for patients infected with such strains
may need to be modified. The objective of the present study
was to compare the epidemiological, microbiological, clinical,
and prognostic characteristics of bacteremias caused by En-
terococcus spp. with and without high-level resistance to gen-
tamicin (HLRG).

MATERIALS AND METHODS

Design of the study. A prospective, multicenter study was carried out. Thirteen
community and university hospitals in Andalusia, Spain, participated in the study
from June 1993 to March 1994. All patients whose blood was found to be positive
for Enterococcus spp. on culture were included. Those patients whose positive
blood cultures were not considered to be of clinical significance were excluded.
A clinical follow-up until the discharge or the death of the patient was carried out
for each patient. The following information was collected for each patient:
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epidemiological data (personal data, age, sex, hospitalization ward, means of
acquisition, risk factors for the acquisition of bacteremia, underlying chronic
diseases, and the severity of disease), microbiological data (monomicrobial or
polymicrobial etiology, isolation of an enterococcal species, and susceptibility of
the infecting organism to penicillin, ampicillin, imipenem, ciprofloxacin, vanco-
mycin, teicoplanin, gentamicin, and streptomycin), clinical features (source of
the bacteremia, severity of illness, and antimicrobial treatment used), and prog-
nostic features (hospital stay after acquiring the enterococcal bacteremia and
crude mortality).

The predisposing factors assessed to determine the means of acquisition of
bacteremia were the use of an intravascular catheter, urinary catheter, nasogas-
tric tube, mechanical ventilation, and parenteral nutrition. These are possible
predisposing factors for the development of the bacteremia when they are
present at the onset of the bacteremia or in the 72 h before its onset. This period
of assessment of the presence of predisposing factors was expanded to 14 days for
the previous use of antimicrobial agents and surgical treatment.

Definitions. The isolation and identification of Enterococcus spp. were carried
out by customary methods (5). Study of the susceptibilities of the organisms to
different antimicrobial agents and the detection of HLRG and high-level resis-
tance to streptomycin were performed according to the criteria of the National
Committee for Clinical Laboratory Standards (21).

The acquisition and the source of the bacteremia were established by previ-
ously defined criteria (7). Clinically significant bacteremia was defined as the
isolation of one or more pathogens from one or more cultures of blood (in a
period of 48 h) from the same patient in whom clinical evidence of infection
existed (28). Data for only the first episode of bacteremia was included in the
analysis.

A patient was considered to have diabetes mellitus when concentration of
glucose in plasma higher than 140 mg/dl was noted on more than one occasion
on an empty stomach. Chronic renal failure was defined as having a creatinine
level in plasma of more than 2 mg/dl and data suggesting that it was a chronic
disturbance (i.e., confirmation of its previous existence, normocytic normochro-
mic anemia, renal atrophy, and renal osteodystrophy). A patient was considered
to have cirrhosis when that patient had a defined diagnosis (i.e., with diagnostic
liver biopsy) or a probable diagnosis (i.e., with clinical and analytical data sug-
gesting chronic liver disease, hepatocellular dysfunction, and portal hyperten-
sion). Neutropenia was defined as a polymorphonuclear leukocyte count of less
than 1,000/ml. The severities of the underlying chronic diseases were classified
according to the criteria of McCabe and Jackson (16). The severity of illness was
classified according to the definitions recommended by the consensus conference
of the American College of Chest Physicians and the Society of Critical Care
Medicine (1) (sepsis, severe sepsis, and septic shock). In the present work, the
state of sepsis (patients not severely ill) was contrasted with severe sepsis or
septic shock (severely ill patients). This, in practice, differentiated those patients
without hemodynamic compromise and those with hypoperfusion, dysfunction of
organs, or hypotension induced by sepsis (with or without a response to adequate
fluid resuscitation).

The antimicrobial treatment was considered appropriate when the patients
received for at least 48 h intravenous doses of one of the antimicrobial agents
active in vitro against the isolate(s) from the blood culture, including penicillins,
ureidopenicillins, carbapenems, glycopeptides, and quinolones as monotherapy
or associated with aminoglycosides for Enterococcus spp. In the remaining cir-
cumstances the antimicrobial therapy was considered inappropriate.

The hospital stay after acquiring the enterococcal bacteremia was defined as
the time from the date of the first positive blood culture until discharge (de-
ceased patients were excluded).

Statistical analysis. The level of resistance to gentamicin (the presence versus
the absence of high-level resistance) was chosen as a dependent variable, and its
possible association with the epidemiological, microbiological, clinical, and prog-
nostic variables described previously was analyzed. In a first analysis, we studied
the influence of the predisposing factors on the appearance of strains with
HLRG (epidemiological and microbiological variables) for all strains collected.
A univariate analysis was carried out by the chi-square test for qualitative vari-
ables (or two-tailed Fisher’s exact test when some expected values were less than
5) and the Mann-Whitney U test for quantitative variables. Those variables for
which an association with the appearance of HLRG was obtained were intro-
duced in a multivariate analysis through a forward stepwise multiple logistic
regression model, by means of the Wald test, for the determination of those
variables that were presented as independent associations (11).

With respect to the susceptibility to the antimicrobial agents, the rates of
resistance and the distribution of the MICs of each antimicrobial agent for the
strains with and without HLRG were analyzed. The chi-square test (or two-tailed
Fisher’s exact test if it was proper) and the Mann-Whitney U test were used,
respectively.

Next, the clinical characteristics of the bacteremias in both groups of patients
(those with and those without infections caused by strains with HLRG) were
analyzed by the chi-square test. Mono- or polymicrobial infection was considered
by a stratified analysis. Crude relative risks and relative risks adjusted by the
Mantel-Haenszel method were used to detect an interaction or confounding
(11).

Finally, the influence of the presence of HLRG on the prognosis for the
patients (crude mortality rate and hospital stay after acquiring the enterococcal

bacteremia) was studied. Patients with endocarditis were excluded from this
study. Given the need for the use of an aminoglycoside associated with a b-lac-
tam or glycopeptide agent in patients with endocarditis, the prognosis could not
be the same in those patients with bacteremia caused by strains with HLRG as
in those with bacteremia caused by strains without HLRG (2, 6, 20).

For the analysis of mortality, mono- or polymicrobial infection was also con-
sidered here, and a stratified analysis was performed in the same way as de-
scribed above for clinical characteristics. A posterior multivariate analysis was
carried out through a logistic regression model in a manner similar to that
described above.

With respect to the hospital stay after acquiring the enterococcal bacteremia,
in a preliminary study we performed a multiple linear regression analysis whose
covariates were those factors with statistical significance in a previous univariate
study. In this way, a model with scarce validity (adjusted R2 5 0.209) was
obtained. For this reason, a cluster analysis was carried out. Two different groups
were identified both for the hospital stay and for the remaining factors intro-
duced in the model. With this breakpoint facilitated by that analysis, the hospital
stay after acquiring the enterococcal bacteremia was converted to a dichotomous
qualitative variable that was used as a dependent variable in a subsequent logistic
regression model. In this way, the breakpoint for the conversion of this variable
to a qualitative variable was not arbitrary. Again, the covariates were those
factors with statistical significance in the univariate analysis.

The significance level used in the statistical calculations was 5%. SPSS/PC
(version 5.01) software was used for all these calculations.

RESULTS

Risk factors associated with HLRG. A total of 93 patients
with bacteremia caused by Enterococcus spp. were included in
the study; 31 of them were infected with strains with HLRG
(33%) and 62 were infected with strains without HLRG (67%).
Twenty-one patients were from community hospitals and 72
patients were from university hospitals, with no differences
with respect to the rate of HLRG among patients from the two
types of hospitals (P 5 0.29).

The ages (58.3 6 13.3 versus 56.4 6 18.7 years; P . 0.05),
and genders (19 of 31 males [61%] versus 42 of 62 [68%]; P .
0.05) were similar in both groups of patients with bacteremia.
The frequency of enterococcal bacteremia caused by entero-
cocci with HLRG was higher in intensive care units (ICUs) (21
of 35; 60%) than in medical wards (8 of 51; 16%) and surgical
wards (2 of 7 [29%]; P , 0.001).

Previous use of antimicrobial agents was highly associated
with the appearance of HLRG. Each group of patients who
received antimicrobial agents was compared with the group of
patients who had not previously received antimicrobial agents.
The antimicrobial agents related to the appearance of entero-
coccal strains with HLRG were glycopeptides (relative risk
[RR] 5 7.4; 95% confidence interval [CI] 5 3.3 to 16.7),
quinolones (RR 5 5.9, 95% CI 5 2.4 to 15), imipenem (RR 5
4; 95% CI 5 1.7 to 11.6), and cephalosporins (RR 5 3.1, 95%
CI 5 1.3 to 7.6). The factors predisposing patients to the
acquisition of bacteremia related to the presence of HLRG are
listed in Table 1.

Among the underlying chronic diseases, only chronic renal
failure was associated with HLRG. We did not find a relation-
ship between HLRG and the severity of the underlying dis-
eases (Table 2).

A relationship between the source of the bacteremia and
HLRG was not demonstrated (Table 2). The cases of endo-
carditis in five patients were caused by enterococcal strains
without HLRG and were community acquired.

There were no differences between the groups with respect
to hemodynamic compromise (13 of 31 [42%] versus 18 of 62
[29%]; P 5 0.21). The frequency of polymicrobial bacteremias
was 42% in the group infected with strains with HLRG and
34% in the group infected with strains without HLRG (P 5
0.45). There were no differences between the two groups with
respect to hemodynamic compromise when the infections were
stratified by mono- or polymicrobial infections. Four of 18
patients with monomicrobial bacteremia caused by strains with
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HLRG and 9 of 41 with monomicrobial bacteremia caused by
strains without HLRG developed hemodynamic compromise
(22% for both groups; P 5 1). In the group with polymicrobial
cases of bacteremia, 9 of 13 patients with bacteremia caused by
strains with HLRG (69%) versus 9 of 21 patients with bacte-
remia caused by strains without HLRG developed hemody-
namic compromise (42%; P 5 0.14). Six patients with entero-
coccal bacteremia caused by strains with HLRG (19%) and 11
patients with bacteremia caused by strains without HLRG
(18%) received inappropriate antimicrobial therapy (P 5
0.87).

E. faecalis was the species that showed HLRG more fre-
quently (97% of all strains with HLRG). No Enterococcus
faecium strain and only one Enterococcus durans strain (3%)
showed HLRG. Strains without HLRG included 47 strains of
E. faecalis (76%), 1 strain of E. durans (2%), and 14 strains of
E. faecium (23%) (P 5 0.003).

Ninety-six percent of the enterococcal strains with HLRG
were also highly resistant to streptomycin. Four percent of E.
faecalis strains with HLRG and none of the strains without
HLRG were resistant to ampicillin (P . 0.05). Only 36% of the
E. faecium strains were resistant to ampicillin. Only one E.
faecalis strain was resistant to ampicillin and presented high-
level resistance to both aminoglycosides. We have not detected
any isolate resistant to vancomycin. The rates of resistance to
ciprofloxacin were higher among the strains with HLRG (35.8
versus 30.6%; P , 0.001). Furthermore, the highest MICs of
ciprofloxacin and penicillin were detected for the strains with
HLRG (P , 0.001) (Fig. 1).

The following independent risk factors were associated with
the presence of HLRG: E. faecalis species, chronic renal fail-
ure, previous ICU admission, and previous use of antimicrobial
agents (Table 3).

Influence of HLRG on prognosis. Eighty-eight patients with-
out endocarditis were included in the crude mortality analysis.
HLRG did not influence the outcome (9 of 31 patients with
bacteremia caused by strains with HLRG [29%] versus 16 of 57
patients with bacteremia caused by strains without HLRG
[28%]). An analysis of the probable influence of the poly or
monomicrobial infection on mortality is presented in Table 4.
It seems that different groups of factors are related to death in
the groups of patients with mono- and polymicrobial infec-
tions, and previous ICU admission could not actually be re-
lated to death. Infection with a strain with HLRG was not a
risk factor for death. The independent factors that were asso-
ciated with excess of crude mortality were hemodynamic com-
promise, inappropriate antimicrobial therapy, and mechanical
ventilation (Table 5).

Finally, the 63 patients without endocarditis who did not die
were included in the analysis of the hospital stay after acquir-
ing the enterococcal bacteremia. Patients with bacteremia
caused by enterococci with HLRG had longer hospital stays
(an average of 10 days longer). Other variables that were
associated with longer hospital stays are presented in Table 6.

In the multivariate analysis described in the Materials and
Methods section, two groups of patients were determined
through an analysis of clusters. The first group had a short
hospital stay after acquiring the enterococcal bacteremia (av-
erage stay, 10.3 days; range, 2 to 17 days), and the second one
had an extended hospital stay (average stay, 33.5 days; range,

TABLE 1. Risk factors related to the acquisition of bacteremias
caused by enterococcal strains with HLRG

Risk factor

No. (%) of patients
infected with the
following types

of strains:
RR

(95% CI)

With
HLRG

Without
HLRG

Nosocomial acquisition 27 (87.1)a 38 (61.3)b 2.9 (1.1–7.6)c

ICU admission 20 (64.5)d 15 (24.2)e 3 (1.8–5)f

Mechanical ventilation
in ICU

13 (65) 8 (53.3) 1.2 (0.7–2.3)

Intravascular catheter 27 (87.1) 34 (64.5) 2.7 (1.02–6.8)

Urinary catheter 22 (71) 24 (38.7) 2.5 (1.3–4.8)

Nasogastric tube 14 (45.2) 15 (24.2) 1.8 (1.04–3.2)

Surgery 11 (35.5) 15 (24.2) 1.4 (0.8–2.5)

Parenteral nutrition 8 (25.8) 10 (16.1) 1.5 (0.8–2.7)

Previous use of anti-
microbial agents

26 (83.9) 30 (48.4) 3.4 (1.5–8.1)

a Previous stay, 23 6 6 days.
b Previous stay, 12 6 16 days.
c P 5 0.14.
d ICU stay, 13.2 6 9.4 days.
e ICU stay, 8.1 6 9.7 days.
f P 5 0.09. TABLE 2. Diseases, underlying conditions, and

sources of bacteremia

Characteristic

No. (%) of patients
infected with the
following types

of strains:
RR

(95% CI)

With
HLRG

Without
HLRG

Underlying disease
Diabetes mellitus 6 (19.4) 13 (21) 0.9 (0.5–2)
Chronic renal failure 12 (38.7) 6 (9.7) 2.6 (1.6–4.4)
Cirrhosis of the liver 4 (12.9) 5 (8) 1.4 (0.6–3)
Malignancies 6 (19.4) 18 (29) 0.7 (0.3–1.5)
AIDS 0 4 (6.5) NSa

McCabe classification
Nonfatal underlying

disease
17 (55) 29 (47) 1.2 (0.7–2.2)

Ultimately fatal underlying
disease

14 (45) 26 (42) 1 (0.6–1.9)

Rapidly fatal underlying
disease

0 7 (11) NS

Other conditions
Neutropenia 1 (3.2) 8 (12.9) 0.3 (0.1–2)
Valvular heart disease 1 (3.2) 4 (6.5) 0.6 (0.1–3.5)
Transplantation 2 (6.4) 6 (9.7) 0.7 (0.2–2.5)

Source
Urinary 5 (16.1) 13 (20.9) 0.8 (0.4–1.8)
Intravascular catheter 6 (19.4) 7 (11.2) 1.5 (0.8–2.9)
Abdominal 5 (16.1) 17 (27.3) 0.6 (0.3–1.4)
Soft tissues 4 (12.9) 2 (3.1) 2.2 (1.1–4.1)
Respiratory 2 (6.5) 5 (7.9) 0.9 (0.3–2.8)
Endocardium 0 5 (7.9) NS
Genital 0 1 (1.5) NS
Unknown 9 (29) 13 (20.9) 1.3 (0.7–2.4)

a NS, not statistically significant (two-tailed Fisher exact test; P . 0.05).
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20 to 54 days). Three patients with very extended hospital stays
were also identified. Since these three patients could distort
the analysis of the factors that could influence the stays of the
remaining patients, data for these three patients were elimi-
nated from the subsequent analysis. With this conversion of
the hospital stay after the acquisition of the enterococcal bac-
teremia, a logistic regression analysis was carried out. In that
analysis the dependent variable was the hospital stay after the
acquisition of the enterococcal bacteremia (short versus ex-
tended), and the covariates were those that appeared in Table
6. By this analysis HLRG was not selected as an independent
risk factor (Table 7).

DISCUSSION

The frequency of bacteremia caused by enterococci with
HLRG is variable (7 to 63%), according to different investiga-
tors, and is related to the sources of specimens, the species
considered, and the hospital (3, 8, 17, 23, 25, 34). Furthermore,
the prevalence has been increasing in the last 15 years, as has
been demonstrated in some long-term epidemiological fol-
low-up studies (29, 34). In our series, one-third of the patients
with enterococcal bacteremia were infected with strains with
HLRG. This figure is similar to that found by other investiga-
tors in Spain in past years (4, 12, 15, 27, 33).

We have not found differences among patients with entero-
coccal bacteremias caused by strains with and without HLRG
with respect to age, sex, or severity of the chronic underlying
diseases. Disparity exists on this point in the literature, and
while, as in our series, investigators have not found differences
(23, 29), other investigators have isolated greater numbers of
enterococcal strains with HLRG from those patients with more
severe underlying diseases (34).

Chronic renal failure has been the only underlying disease or
condition associated in the series with a greater frequency of
bacteremias caused by strains with HLRG. This relationship
has been described previously in relation to vancomycin-resis-
tant strains (9, 32, 36).

Patients with bacteremia caused by strains with HLRG were
grouped in the ICUs, while those in whom this characteristic
was not found were more frequently grouped in medical wards.
The results of other studies are disparate on this point, accord-
ing to the different characteristics of the patients included in
the study and the participating hospitals (3, 29). This makes a
comparison between those studies and our series impossible.

Multiple studies support a relationship between the nosoco-
mial acquisition and the development of enterococcal bacte-
remia caused by strains with HLRG (54 to 94% of all entero-
coccal bacteremias) (3, 8, 9, 23, 34, 35, 37). This relationship
was also found in the present series and was independent of

the duration of the previous hospital stay. However, according
to the results of the multivariate analysis, it does not seem to be
a risk factor by itself. It could be an expression of the fact that
in this environment several factors present at the same time
facilitate the appearance of strains with this characteristic
(HLRG).

Those patients who had previously received antimicrobial
agents had a five times greater risk of acquiring an enterococ-
cal bacteremia caused by a strain with HLRG. Glycopeptides,
quinolones, imipenem, and cephalosporins have been the an-
timicrobial agents related to the appearance of HLRG. This
antecedent has been considered to be a risk factor or not to be
a risk factor in different studies (3, 9, 23, 37). In a recent
case-control study and by means of a multivariate analysis, the
previous use of antimicrobial agents (and, more concretely,
cephalosporins and aminoglycosides) was an independent risk
factor for the acquisition of infections caused by b-lactamase-
producing, gentamicin-resistant E. faecalis strains (35).

Although one might think that previous ICU admission and
previous administration of antimicrobial agents might be di-
rectly related, the multivariate analysis discards this possibility.
Regarding previous ICU admission, the relationship found in
our series did not depend on the previous duration of the stay
in these units or the need for mechanical ventilation. Factors
such as the presence of an intravascular catheter, urinary cath-
eter, and nasogastric tube are not independent risk factors, and
they may have been related to the grouping of the patients with
enterococcal bacteremias caused by strains with HLRG in the
ICUs.

Although we have not found any study in the literature that
supports this fact, several investigators have demonstrated that
ICUs have been the starting points of different epidemic out-
breaks of infections caused by enterococcal strains with HLRG
(alone or in association with resistance to other antimicrobial
agents) (9, 33, 35).

FIG. 1. Penicillin and ciprofloxacin MICs for strains with and without HLRG.

TABLE 3. Multivariate analysis of predisposing risk factors for
acquiring bacteramia caused by enterococcal

strains with HLRGa

Variable B SE OR 95% CI P

Chronic renal failure 2.628 0.757 13.85 3.13–61.17 ,0.001
Previous ICU admission 2.083 0.654 8.03 2.22–28.94 0.001
E. faecalis species 3.225 1.300 25.17 1.96–321.97 0.013
Previous use of anti-

microbial agents
1.593 0.701 4.91 1.24–19.46 0.023

Constant 21.394 0.660 0.034

a x2 5 45.151; degree of freedom 5 4; P , 0.0001; goodness of fit 5 86.2%.
Correlation matrix did not demonstrate colinearity among variables. B, regres-
sion coefficients; SE, standard error; OR, odds ratio.
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Previous studies found that surgery was a risk factor for the
acquisition of enterococcal bacteremias caused by strains with
HLRG (35). We have not found a relationship between HLRG
and a stay on surgical hospitalization wards or previous sur-
gery. Again, local differences could explain this fact.

Although there was a higher proportion of severely ill pa-
tients among the patients with enterococcal bacteremias
caused by strains with HLRG, this was not significant, and no
other clinical feature differentiated the groups of patients.
Other studies have identified an APACHE II index score of
more than 6 points as a factor predicting infection with entero-
coccal strains with HLRG (35).

The frequencies of the sources of bacteremia in both groups
were somewhat different, but they did not reach significance
(bacteremias caused by strains with HLRG were more fre-
quently of an unknown origin or were the result of the pres-
ence of an intravascular catheter). As in previous studies, we
also found that endocarditis had a monomicrobial etiology and
that the patients had community-acquired infections (13, 14, 25).

Contrary to other investigators who found a higher fre-
quency of strains with HLRG among patients with polymicro-
bial bacteremia (34), we, among others, have not found such an
association (3). The species most associated with HLRG was
E. faecalis, and the total absence of E. faecium strains with
HLRG is worth noting. There is a large range of HLRG ac-
cording to the different enterococcal species (4 to 63% for E.
faecalis and 2 to 24% for E. faecium) (3, 8, 17, 23, 33, 34), and
the predominant species also differs. In some studies it is E.
faecalis species (8, 33, 34), and in other studies it is E. faecium
species (17). This special characteristic of our series makes E.
faecalis species the most important independent risk factor for
the development of HLRG. This is a very important epidemi-
ological datum in our environment, although it may not be
applicable to other geographical areas.

Most strains with HLRG have also been highly resistant to
streptomycin. This is an interesting feature that is scarcely

reported in Spain (4, 15) (rates from 7 to 59%, generally [27,
33]) but that is frequently found worldwide (41 to 82%) (3, 8,
17, 23, 26). It calls our attention to the possibility of a lack of
alternative treatment for severe enterococcal infections in our
environment. It is also important to emphasize that we have
only found one strain resistant at the same time to ampicillin
and to both aminoglycosides and that we have not found van-
comycin-resistant strains. Enterococcal strains with HLRG
were also less susceptible to penicillin and ciprofloxacin. This
lower degree of susceptibility of enterococcal strains with
HLRG to quinolones has been described previously (4, 22).

The crude mortality rate for the patients with enterococcal
bacteremia without endocarditis has not been influenced by
the susceptibility to gentamicin and is intermediate in compar-
ison with that reported in the literature (from 18 to 61%) (24).
This absence of an influence continued even after analyzing
only the monomicrobial bacteremias (Table 4). This fact has
also been recently reported by Patterson et al. (25), who found
that only two factors were independent predictors of the out-
comes for patients with enterococcal infection: resistance to

TABLE 4. Univariate analysis of crude mortality (stratified by poly- or monomicrobial infections)

Factor Crude RR
(95% CI)

RR (95% CI)
MHRRa

(95% CI)Monomicrobial RR (95% CI) Polymicrobial RR (95% CI)

Intensive medicine areas 2.8 (1.4–5.7) 5.7 (1.7–19.3) 1.3 (0.6–2.7) 2.2 (1.2–4)
Nasogastric tube 2.2 (1.2–4.2) 4 (1.3–12.2) 1.2 (0.6–2.5) 1.9 (1–3.4)
Mechanical ventilation 4 (2.2–7.5) 10.5 (3.3–33.7) 1.8 (0.9–3.6) 3.2 (1.9–5.7)
Previous ICU admission 2.3 (1.2–4.5) 5.2 (1.5–17.8) 1 (0.5–2) 1.8 (1–3.3)
Parenteral nutrition 2.6 (1.4–4.8) 5.9 (2.2–15.8) 1.2 (0.5–2.5) 2.1 (1.2–3.6)
Respiratory source 2.9 (1.6–5.3) 1.9 (0.4–10.6) 2.6 (1.7–4.2) 2.5 (1.4–4.2)
Hemodynamic compromise 9.7 (3.6–25.6) 8.4 (2.5–27.5) 10.3 (1.5–69.5) 9.3 (3–28.4)
Inappropriate antimicrobial therapy 3 (1.7–5.2) 2.7 (1.1–7.2) 2.6 (1.4–4.9) 2.7 (1.6–4.6)
HLRG 1 (0.5–2) 0.9 (0.3–3) 1 (0.5–2.2) 1 (0.5–1.9)
Polymicrobial infection 2.5 (1.3–4.9)

a
MHRR, Mantel-Hanzel RR adjusted by polymicrobial infection.

TABLE 5. Multivariate analysis of mortality risk factorsa

Variable B SE OR 95% CI P

Hemodynamic compromise 3.19 0.82 24.50 4.9–121.2 ,0.001
Inappropriate treatment 3.09 0.93 21.90 3.6–136 0.001
Mechanical ventilation 1.91 0.73 6.70 1.6–28.2 0.009
Constant 0.37 0.42 0.380

a x2 5 50.91; degree of freedom 5 3; P , 0.0001; goodness of fit 5 86%.
Correlation matrix did not demonstrate colinearity among variables. B, regres-
sion coefficients; SE, standard error; OR, odds ratio. Interactions between
polymicrobial infections and each factor were taken into account.

TABLE 6. Variables associated with extended hospital stay
after the acquisition of enterococcal bacteremia

Variable

Hospital stay (days)

PCondition
present

Condition
absent

Nosocomial acquisition 28.9 6 22.3 10.8 6 6 0.0001

Risk factors
Intravascular catheter 28.4 6 22.3 11.3 6 6.7 0.00098
Nasogastric tube 36.8 6 30 20.1 6 15.1 0.013
ICU stay 36.6 6 29.2 18.6 6 12.6 0.01
Parenteral nutrition 36.1 6 17.4 22.6 6 21 0.03
Previous use of anti-

microbial agents
30.9 6 23.7 15.9 6 13.09 0.0013

Source of bacteremia
Urinary 12 6 7 27.8 6 22.3 0.003
Unknown 33.8 6 29.2 21.1 6 16.6 0.03

Diabetes mellitus 30.5 6 16.3 22.4 6 22 0.02

Hemodynamic compromise 35 6 18.5 22.5 6 20.9 0.024

Polymicrobial etiology 34.1 6 28.6 20.4 6 15.8 0.01

HLRG 31.1 6 26.6 20.6 6 16.5 0.047
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ampicillin and the APACHE II index score. Factors which
were determinants of the outcomes for patients in our series
were hemodynamic compromise, inappropriate antimicrobial
therapy, and the need for mechanical ventilation during the
ICU stay. So, monotherapy with an active antimicrobial agent
(penicillin or a glycopeptide) is probably sufficient for the
treatment of enterococcal bacteremias without endocarditis.

The management of patients with enterococcal bacteremia
without endocarditis has been discussed over the past 15 years
in relationship to the clinical significance of such isolations.
The mortality among these patients could be more related to
the underlying conditions than to the enterococcal bacteremia
(20). However, subsequent studies have outlined the need for
an appropriate antimicrobial treatment for these patients to
achieve a lower mortality rate (10, 13, 24, 25). The present
study stresses this need and indicates that appropriate antimi-
crobial treatment is a very important factor in the patient’s
outcome. Patterson et al. (25) reported a mortality rate of 71%
for patients who did not receive appropriate antimicrobial
treatment, compared to a mortality rate of 53% for patients
who did, although this difference did not reach statistical sig-
nificance.

A polymicrobial etiology and the nosocomial acquisition of
enterococcal bacteremia have been the independent risk fac-
tors for a long hospital stay after the acquisition of enterococ-
cal bacteremia.
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TABLE 7. Multivariate analysis of factors which determine
hospital stay after the acquisition of enterococcal bacteremiaa

Variable B SE OR 95% CI P

Polymicrobial etiology 2.273 0.839 9.71 1.87–50.31 0.006
Nosocomial acquisition 2.768 0.968 15.93 2.38–106.21 0.004
Constant 20.391 0.455 0.389

a x2 5 21.26; degree of freedom 5 2; P , 0.0001; goodness of fit 5 71.67%.
Correlation matrix did not demonstrate colinearity among variables. B, regres-
sion coefficients; SE, standard error; OR, odds ratio.
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