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Abstract 

Background: Prior studies have identified that vancomycin resistant enterococcus (VRE) bacteremia that persists for 
four days or more is an independent predictor of mortality. Despite this, there is no published data to identify those 
patients at highest risk of developing persistent VRE bacteremia.

Methods: This was a single center, retrospective, case-control study of adult patients with a VRE bloodstream infec-
tion (BSI). Case patients were those with persistent bacteremia (≥ 4 days despite VRE-directed therapy) and control 
patients were those with non-persistent bacteremia. Logistic regression was used to assess risk factors associated 
with persistent VRE BSIs. Secondary outcomes included in-hospital mortality, recurrent bacteremia, and breakthrough 
bacteremia.

Results: During the study period, 24/108 (22%) patients had persistently positive blood cultures. Risk factors for 
persistent bacteremia included severe neutropenia (OR 2.13), 4 out of 4 positive index blood cultures (OR 11.29) and 
lack of source control (OR 11.88). In an unadjusted analysis, no statistically significant differences in in-hospital mortal-
ity (58% versus 40%; p = 0.121), recurrent bacteremia (17% versus 6%; p = 0.090), or breakthrough bacteremia (13% 
versus 7%; p = 0.402) were observed between groups.

Conclusion: Patients with severe neutropenia, 4 out of 4 positive index blood culture bottles, and lack of source 
control were more likely to develop persistent VRE bacteremia despite directed antibiotic treatment.
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Background
Enterococcal bloodstream infections (BSIs) are associ-
ated with significant mortality, with some estimates as 
high as 50% [1–6]. Vancomycin resistance has also been 
identified as an independent predictor of all-cause and 

infection-related mortality in patients with enterococcal 
BSIs [3, 4]. Although no consensus definition of “persis-
tent” vancomycin resistant enterococcus (VRE) bacte-
remia exists, multiple studies have demonstrated that 
BSIs that take four days or more to clear are indepen-
dently associated with mortality [7–11]. A recently pub-
lished prospective observational study similarly reported 
that failure of VRE bacteremia to clear within 4 days of 
the index culture was the strongest predictor of poor 
outcomes [8]. While several studies have attempted to 
define persistent Staphylococcus aureus bacteremia and 
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associated risk factors, similar studies are not available 
for VRE [12].

In addition to the lack of data to identify those at high-
est risk of developing persistent VRE bacteremia, optimal 
management remains controversial [13–16]. Enterococci 
express intrinsic and acquired resistance mechanisms 
that significantly limit the number of treatment options 
available. Clinical uncertainty is further exacerbated 
when VRE bacteremia persists despite directed ther-
apy. Recognizing these challenges, both the Centers for 
Disease Control and Prevention and the World Health 
Organization have designated VRE as a high-priority 
multi-drug resistant organism that poses a threat to pub-
lic health.

Given the association with increased mortality in 
patients with persistent VRE BSIs and the limited num-
ber of treatment options available, further insight into 
risk factors associated with persistence is warranted. We 
aimed to identify risk factors associated with persistent 
VRE BSIs, including those related to patient manage-
ment, such as antimicrobial selection and source control.

Methods
Study design and population
We conducted a single center, retrospective, case-control 
study. Adult patients (≥ 18 years old) admitted to Stan-
ford Hospital (Stanford, California, USA) between 2016 
and 2020 with ≥ 1 blood culture positive for vancomy-
cin resistant Enterococcus spp. were screened for inclu-
sion. Case patients included those who had an episode of 
persistent bacteremia, defined as bacteremia for ≥ 4 days 
despite VRE-directed therapy. Control patients had non-
persistent bacteremia, defined as documented clearance 
of blood cultures within 4 days of active treatment initia-
tion. Patients were excluded if they had incomplete data 
records, did not have repeat blood cultures drawn after 
the initial index culture, did not receive VRE-directed 
therapy, or expired within 4 days of treatment initiation. 
This study was reviewed and deemed to be non-human 
subjects research by the Stanford University School of 
Medicine Panel on Human Subjects in Medical Research.

Data collection
Patient data was extracted from the medical record by a 
single trained reviewer, using a structured data collection 
form within REDCap (Research Electronic Data Cap-
ture, Stanford University) [17, 18]. Patient demographics, 
including comorbidities, presence or absence of a central 
line or prosthetic device at the time of index blood cul-
ture, infection site, antimicrobial management and out-
comes were collected. The Charlson comorbidity index 
(CCI) was used to provide a composite score of comorbid 
conditions. The severity of bacteremia at the time of the 

initial positive VRE blood culture was assessed using the 
Pitt bacteremia score, with most significant values within 
48 h of index culture.

Definitions
Duration of bacteremia was defined as the number of 
days between the first positive and last positive blood 
culture. Recurrent VRE BSI was defined as a new positive 
blood culture result for VRE following at least 14 days 
of negative blood cultures after receiving active ther-
apy. Breakthrough VRE BSI was defined as initial clear-
ance of bacteremia followed by a subsequent positive 
blood culture within 14 days of the initial index culture. 
Severe neutropenia was defined as an absolute neutrophil 
count < 500 cells/mm3. Source of VRE bacteremia and 
necessity for source control was determined via review 
of treating physicians’ notes and the available clinical 
and diagnostic data, including vital signs, laboratory and 
microbiology parameters, and imaging. Patients with 
identified sources of infection were further evaluated to 
determine if a source control intervention was required. 
Source was considered uncontrolled if an intervention 
was necessary and not performed.

Microbiologic data
Standard blood culture collection policy was to obtain 
two sets of blood cultures: one bottle of aerobic and one 
bottle of anaerobic culture medium in set one, and two 
bottles of aerobic culture medium in set two. The first 
positive blood isolate from each patient was used for 
microbiologic and molecular assessments. Screening for 
vancomycin resistance was performed by polymerase 
chain reaction detection of the vanA gene. Antimicrobial 
susceptibilities were subsequently determined using an 
automated system (MicroScan WalkAway Plus System 
(Beckman Coulter, Brea, CA)) and interpreted accord-
ing to Clinical and Laboratory Standards Institute (CLSI) 
guidance at the time of the index blood culture. Dapto-
mycin minimum inhibitory concentrations (MICs) of 
≥ 4 mg/L were confirmed via E test.

Outcomes
The primary outcome was risk factors associated with 
persistent VRE BSI. Secondary outcomes included in-
hospital mortality and rates of breakthrough and recur-
rent bacteremia.

Statistical analysis
Clinical characteristics were compared using inde-
pendent t tests for continuous data and chi square tests 
for discrete data. A logistic regression model was con-
structed to evaluate the association between specific fac-
tors for persistent bacteremia. Risk factors chosen for 
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inclusion in the multivariable logistic regression model 
were determined by plausibility of clinical significance as 
perceived by the researchers. Risk factors included in the 
regression model were age, gender, CCI, cirrhosis, his-
tory of malignancy (hematologic and solid tumor), solid 
organ transplant history, severe neutropenia, Pitt bacte-
remia score, ICU stay at index culture, 4 out of 4 positive 
blood cultures, lack of source control, and receipt of an 
oxazolidinone within the initial 72 h of treatment. Results 
were presented as odds ratios (OR) with corresponding 
95% confidence intervals (CI). Model fit was assessed 
using the Hosmer-Lemeshow goodness-of-fit test, which 
evaluated the null hypothesis that the observed event 
rates were no different from the expected event rates 
[19]. Subgroup analyses were performed among patients 
who received daptomycin within the initial 72 h of treat-
ment and source control interventions. Statistical signifi-
cance was set at a two-sided alpha < 0.05. All statistical 
analyses were performed using Stata SE version 15 (Stata 
Corp., College Station, TX).

Results
Study population
During the study period, 138 patients had a blood culture 
positive for VRE. A total of 30 patients were excluded. 
The most common reason for exclusion was death within 
four days of VRE index culture (Fig.  1). Of the patients 
that met inclusion criteria (n = 108), 24 (22.2%) had per-
sistent and 84 (77.8%) had non-persistent VRE bacte-
remia. The median (IQR) duration of bacteremia was 7 
(6–11) days versus 1 (1–2) day in the persistent and non-
persistent group, respectively.

Primary outcome
No significant difference in baseline demographics were 
identified except for a higher number of patients on 
intermittent hemodialysis in the persistent group (33.3% 
versus 14.3%; p = 0.034; Table 1). All patients in the per-
sistent group and 96% (81/84) in the non-persistent 

group had blood cultures positive with Enterococcus fae-
cium. More patients in the persistent group had 4 out 
of 4 blood culture bottles positive (54.2% versus 21.4%; 
p = 0.002), and more patients in the non-persistent 
group had 1 out of 4 bottles positive (31.0% versus 8.3%; 
p = 0.026; Table 1).

The only significant risk factor for persistence pertain-
ing to management identified in the bivariate analysis was 
an uncontrolled source of infection. The most common 
source of infection in both groups was intra-abdominal, 
accounting for 50% (12/24) and 52.4% (44/84) of patients 
in the persistent and non-persistent groups, respectively. 
Other identified sources of infection included central 
line-related (4.2% [1/24] in the persistent group and 9.5% 
[8/84] in the non-persistent group), undifferentiated 
(20.8% [5/24] in the persistent group and 26.2% [22/84] 
in the non-persistent group), and other (25% [6/24] in the 
persistent group and 11.9% [10/84] in the non-persistent 
group). Of those in the persistent group, 67% (16/24) of 
patients required a source control intervention versus 
39% (33/84) of patients in the non-persistent VRE BSI 
group. In the subgroup analysis of those patients, 56% 
(9/16) underwent a source control intervention in the 
persistent group versus 91% (30/33) in the non-persistent 
group. Additionally, the median (IQR) time to source 
control intervention was 9 (2.5–17.5) days in the persis-
tent group and 3 (1–4) days in the non-persistent group 
(p = 0.0127; Additional file  1: Table  S1). No differences 
were observed between patients initially treated with 
daptomycin, oxazolidinones, or tetracyclines. Addition-
ally, in the subgroup analysis of patients treated with dap-
tomycin (n = 62), no differences were observed based on 
daptomycin MIC or the initial daptomycin weight-based 
dose utilized (Additional file 1: Table S2).

In the logistic regression analysis (Fig. 2), patients with 
severe neutropenia at initial index culture had a 12.12 
higher odds of having persistent bacteremia compared 
to patients without severe neutropenia (95% CI 1.47, 
100.26) while controlling for the other covariates. Four 

138 patients screened for inclusion

Persistent bacteremia group (n=24)

Non-persistent bacteremia group 
(n=84) 

Expired within 4 days (n=15) 
Not treated with VRE-directed therapy (n=11)

No repeat blood cultures (n=3)
Incomplete data record (n=1) 

Fig. 1 Study population
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Table 1 Characteristics of patients with persistent and non-persistent VRE Bacteremia

Characteristic Persistent Bacteremia
(N = 24)

Non-persistent Bacteremia 
(N = 84)

P value

Age (yr), median (IQR) 53 (22.5) 60 (21) 0.0467

Male 14 (58.3%) 54 (64.3%) 0.594

Prior antibiotic exposure

 Vancomycin (IV) 10 (41.7%) 35 (41.7%) 1

 Vancomycin (PO) 0 (0.0%) 2 (2.4%) 0.445

 Cephalosporins 11 (45.8%) 32 (38.1%) 0.495

 Carbapenems 5 (20.8%) 22 (26.2%) 0.593

 Fluoroquinolones 15 (62.5%) 48 (57.1%) 0.639

 Metronidazole 6 (25.0%) 19 (22.6%) 0.807

Prior VRE infection 1 (4.2%) 8 (9.5%) 0.402

Underlying condition

 Solid tumor 2 (8.3%) 15 (17.9%) 0.259

 Hematologic malignancy 5 (20.8%) 17 (20.2%) 0.949

 History of BMT 0 (0.0%) 6 (7.1%) 0.178

 History of SOT 10 (41.7%) 27 (32.1%) 0.386

 Renal failure 9 (37.5%) 31 (36.9%) 0.958

 Liver cirrhosis 8 (33.3%) 18 (21.4%) 0.229

 Diabetes mellitus 6 (25.0%) 32 (38.1%) 0.236

Recent GI surgery 5 (20.8%) 22 (26.2%) 0.593

Grade 3–4 mucositis 0 (0.0%) 6 (7.1%) 0.178

Severe neutropenia 2 (8.3%) 6 (7.1%) 0.844

ECMO 2 (8.3%) 17 (20.2%) 0.177

CRRT 8 (33.3%) 28 (33.3%) 1

Intermittent hemodialysis 8 (33.3%) 12 (14.3%) 0.034

Charlson Comorbidity Index, median (IQR) 5 (4–7) 5 (3–7) 0.704

Pitt bacteremia score, median (IQR) 2.5 (1–8) 2 (0–6) 0.213

ICU stay during admission 14 (58.3%) 51 (60.7%) 0.834

ICU stay at index culture 11 (45.8%) 39 (46.4%) 0.959

Source of infection

 Intra-abdominal 12 (50.0%) 44 (52.4%) 0.386

 Undifferentiated 5 (20.8%) 22 (26.2%)

 Central line 1 (4.2%) 8 (9.5%)

 Other (skin, urinary, pleural fluid, device-related) 6 (25.0%) 10 (11.9%)

Central line present at index culture 16 (66.7%) 57 (67.9%) 0.912

Central line removed 12 /16 (75%) 41 / 57 (71.9%) 0.808

E. faecalis spp. BSI 0 (0.0%) 3 (3.6%) 0.348

E. faecium spp. BSI 24 (100.0%) 81 (96.4%) 0.445

Polymicrobial bacteremia 3 (12.5%) 16 (10.1%) 0.458

Concurrent candidemia 1 (4.2%) 6 (7.1%) 0.601

1 of 4 positive index blood culture bottles 2 (8.3%) 26 (31.0%) 0.026

4 of 4 positive index blood culture bottles 13 (54.2%) 18 (21.4%) 0.002

Treatment (initial 72 h)

 Daptomycin 15 (62.5%) 47 (56.0%) 0.567

 Linezolid 13 (54.2%) 42 (50.0%) 0.719

 Tedizolid 3 (12.5%) 10 (11.9%) 0.937

 Tigecycline 0 (0.0%) 1 (1.2%) 0.591

 Omadacycline 0 (0.0%) 1 (1.2%) 0.591

ID consult 22 (91.7%) 82 (97.6%) 0.173
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out of 4 positive index blood culture bottles were associ-
ated with an 11.29 higher odds of having persistent bac-
teremia (95% CI 2.42, 52.68). Lack of source control was 
associated with an 11.88 higher odds of having persis-
tent bacteremia compared to those who obtained source 
control or had an infection that did not require a source 
control intervention (95% CI 2.48, 56.91). The Hosmer-
Lemeshow goodness-of-fit test p-value was 0.13, indi-
cating that in our model the observed event rates did 
not deviate from the expected event rates, thus the the 
regression model fit the data well.

Secondary outcomes
Table 2 summarizes the results of the unadjusted second-
ary outcome analysis. In-hospital mortality was observed 
in 58% versus 40% of patients in the persistent and non-
persistent groups (p = 0.121). There were no statistically 

significant differences in recurrent bacteremia (17% ver-
sus 6%; p = 0.090) or breakthrough bacteremia (13% ver-
sus 7%; p = 0.402) between groups.

Discussion
Prior studies that have identified risk factors for persis-
tent BSIs have almost exclusively focused on Staphylo-
coccus aureus. However, persistent bacteremia due to 
VRE is also often encountered in clinical practice. In our 
cohort, 22% of patients experienced persistent bactere-
mia for four days or more despite VRE-directed therapy, 
an incidence almost identical to that reported in a recent 
prospective multicenter study [10]. While other publica-
tions have shown that persistent VRE bacteremia is an 
independent predictor of mortality, none have sought 
to elucidate risk factors for persistence [7–11]. As such, 
our findings fill a much-needed gap in identifying those 
at high risk of persistent VRE BSI who may benefit from 
more aggressive management strategies.

Delayed source control has been well-described as 
a risk factor for persistent Staphylococcus aureus bac-
teremia [12]. Our findings indicated similar results for 
VRE, as patients in the persistent group were more likely 
to have an infection source that required a source con-
trol intervention, and the corresponding median time 
to intervention was also longer. This coincides with the 
breakdown of primary infection source between groups. 
The non-persistent group had a higher incidence of 
unknown infection sources. In the absence of an obvious 
source, many of these were presumably secondary to gas-
trointestinal translocation, where source control inter-
ventions may not be indicated.

Severe neutropenia was not a statistically significant 
risk factor in the unadjusted analysis, but it was sig-
nificant in the adjusted analysis when controlling for 
confounders. To our knowledge, neutropenia has not 
been previously described as a risk factor for persistent 
Staphylococcus aureus bacteremia. However, it has been 
identified as a strong risk factor for VRE colonization and 
infection [1, 4]. Additionally, in a retrospective cohort 
analysis, Bhavnani et al. similarly found that patients with 
multiple positive blood cultures for E. faecalis or E. fae-
cium had higher proportions of hematologic malignant 
neoplasms or neutropenia [20]. Our findings expand 
upon these results and support the assertion that neutro-
penia should be considered an important risk factor for 
persistent VRE bacteremia.

To our knowledge, 4 out of 4 positive index blood cul-
tures has never been identified as a risk factor for persis-
tent bacteremia. We collected number of positive blood 
culture bottles as a surrogate for overall bacterial burden. 
While acknowledging this is not a perfect marker, it can 
be easily applied in real-world clinical practice. In our 

Fig. 2 Log odds of regression parameters

Table 2 Clinical outcomes of patients with persistent and non-
persistent VRE Bacteremia

Outcome Persistent 
Bacteremia
(N = 24)

Non-persistent 
Bacteremia 
(N = 84)

P value

In-hospital mortality 14 (58%) 34 (40%) 0.121

Recurrent bacteremia 4 (17%) 5 (6%) 0.090

Breakthrough bacteremia 3 (13%) 6 (7%) 0.402
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study, 31.0% of patients in the non-persistent VRE BSI 
group had a single positive blood culture versus just 8.3% 
in the persistent group. Some clinicians may assert that a 
single positive blood culture for VRE may be more con-
sistent with contamination rather than infection. Sexton 
et  al. previously suggested that the National Healthcare 
Safety Network (NHSN) definition of primary Enterococ-
cal BSI should require at least 2 positive blood cultures 
for this reason [21, 22]. While the significance of a single 
positive blood culture with Enterococcus may warrant 
additional study, our results do indicate that 4 out of 4 
positive index blood cultures is associated with a higher 
risk of persistent VRE bacteremia.

Another interesting finding was the lack of therapy 
implications on persistent VRE bacteremia. Within the 
subgroup of patients that received linezolid or tedizolid 
for management within the first 72 h, there was no differ-
ence in persistent bacteremia, suggesting that initial treat-
ment with a “bacteriostatic” antimicrobial is not a risk 
factor for persistence. Studies comparing treatment with 
linezolid to daptomycin for VRE bacteremia have yielded 
conflicting results, so these findings were not unexpected 
[13–15]. In contrast, one management recommendation 
well-supported by existing literature, prompting a CLSI 
breakpoint revision in 2019, is that daptomycin doses of 
≥ 8 mg/kg/day are required for optimal treatment of VRE 
(particularly when the MIC is 3–4  mg/L) [13].  Surpris-
ingly, in our subgroup analysis of patients treated with 
daptomycin, there was not a significant difference in ini-
tial dosages or daptomycin MIC between the persistent 
and non-persistent groups. This may be explained by low 
numbers of patients in the daptomycin subgroup analysis 
(particularly in the persistent VRE BSI group).

We observed a numerically higher incidence of mortal-
ity, recurrent bacteremia, and breakthrough bacteremia in 
the persistent VRE group, but this did not meet statistical 
significance. That said, the 2009 Infectious Disease Soci-
ety of America guideline for intravascular catheter-related 
infections state that Enterococcal bacteremia persisting > 4 
days is associated with mortality. [9]. Additionally, multi-
ple prior studies have found that persistent Enterococcal 
BSI is an independent predictor of poor outcome. This was 
most recently confirmed in the study by Contreras et al., 
in which microbiologic failure (at ≥ 4 days from index cul-
ture) had a HR of 5.03 for in-hospital mortality [7–11]. 
The lack of a statistically significant difference in mortality 
between groups observed in our study may be due to Type 
II error owing to limitations of our sample size.

This study has several limitations. First, this was a retro-
spective single-center study with a relatively small sample 
size and therefore may not be generalizable to all patient 
populations. Only a limited number of variables could be 
included in the multivariable analysis to avoid over-fitting. 

Because of this, only variables considered to have the high-
est plausibility of clinical significance were included. Sec-
ond, 25% of VRE BSI cases had an unknown source, as it 
was difficult in some cases to determine retrospectively. 
This is a common limitation given the frequency of VRE 
BSI cases secondary to gastrointestinal translocation, and 
other retrospective Enterococcal BSI studies have reported 
a similar incidence of ~ 10–36% of patients with VRE BSI 
secondary to unknown source [5, 8]. Third, blood culture 
practices were heterogeneous throughout the study period. 
Repeat blood cultures were not always drawn at the same 
intervals, which could affect the duration of bacteremia 
reported. Additionally, some patients only had one set of 
blood cultures drawn, and not all institutions may utilize 
our same blood culture collection approach, in which one 
set may constitute two aerobic bottles or one anaerobic and 
one aerobic bottle. Fourth, while we evaluated the number 
of positive blood culture bottles, we did not capture the 
time from specimen collection to blood culture positivity, 
which has been associated with severity of infection. Future 
studies should consider evaluating time to positivity as a 
marker for persistent VRE bacteremia. Finally, “persistent” 
VRE BSI has not been formally defined, and the definition 
used in this study may be controversial amongst practi-
tioners. This, however, would not be unique to VRE, as the 
definition of persistent Staphylococcus aureus BSI has been 
heavily debated and studied extensively, and still remains 
variable in the literature ranging anywhere from 2 to 7 days 
[23]. Nonetheless, the definition used in our study was sup-
ported by the mortality impact of ≥ 4 days of persistent 
VRE BSI noted in existing studies.

Conclusion
Our results indicated that 22% of patients with VRE 
BSI, particularly those with severe neutropenia, 4 out 
of 4 positive index blood culture bottles, and an uncon-
trolled source had persistent bacteremia despite 4 days 
of appropriate antibiotic treatment. We noted a numeri-
cally higher incidence of mortality, recurrent bacteremia, 
and breakthrough bacteremia in the persistent VRE BSI 
group. Larger prospective studies should be conducted 
to confirm the mortality impact and explore manage-
ment strategies for persistent VRE BSI. While awaiting 
further data, clinicians may consider aggressive VRE BSI 
management, such as early source control interventions, 
for neutropenic patients or those with 4 out of 4 positive 
index blood culture bottles who are at risk for persistent 
VRE bacteremia.
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