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Abstract

This study aimed to evaluate the clinical outcomes of vancomycin-resistant enterococcal 

bloodstream infections (VRE BSI) caused by Enterococcus gallinarum or Enterococcus 
casseliflavus. Variables associated with treatment failure were determined and treatment options 

were compared. This was a national retrospective study of hospitalised Veterans Affairs patients 

with non-faecium, non-faecalis VRE BSI. The primary outcome was treatment failure, defined as a 

composite of: (i) 30-day all-cause mortality; (ii) microbiological failure; and (iii) 30-day VRE BSI 

recurrence. Stepwise Poisson regression was conducted to determine variables associated with 

treatment failure. In total, 48 patients were included, with 29 cases (60.4%) caused by E. 
gallinarum and 19 cases (39.6%) caused by E. casseliflavus. Among these cases, 20 (41.7%) were 

treated with an anti-VRE agent (linezolid or daptomycin) and 28 (58.3%) were treated with an 

anti-enterococcal β-lactam. Overall, 30-day mortality was 10.4% (5/48) and composite treatment 

failure was 39.6% (19/48). In multivariate analysis, treatment with an anti-enterococcal β-lactam 

was associated with increased treatment failure in comparison with anti-VRE therapy (adjusted 

risk ratio = 1.73, 95% confidence interval 1.06–4.97; P = 0.031). Overall, treatment with linezolid 

or daptomycin for vancomycin-resistant E. gallinarum or E. casseliflavus BSI resulted in improved 

clinical outcomes in comparison with anti-enterococcal β-lactam treatment.
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1. Introduction

Vancomycin-resistant enterococci (VRE) are becoming an increasingly important cause of 

invasive infection in the USA [1,2]. The most common type of enterococcal vancomycin 

resistance is high-level resistance associated with acquisition of the vanA and vanB genes, 

typically observed in Enterococcus faecium and Enterococcus faecalis isolates [3]. These 

isolates comprise the majority of VRE bloodstream infection (BSI) isolates and are 

associated with significant mortality [4]. Conversely, the vanC genotype is associated with 

constitutive low-level vancomycin resistance and is intrinsic to Enterococcus gallinarum and 

Enterococcus casseliflavus [5]. Whilst these strains exhibit resistance to vancomycin, 

ampicillin susceptibility is typically retained [5]. Treatments options also include linezolid, 

which is bacteriostatic against E. gallinarum and E. casseliflavus, as well as daptomycin, 

which exhibits bactericidal activity against vanC-type enterococci [6].

Non-faecium, non-faecalis VRE are implicated in only 1–2% of VRE BSI cases [7,8]. 

However, the prevalence of these infections is likely underestimated due to limitations in 

detection and identification [9]. Motility and pigmentation tests may help differentiate 

between Enterococcus spp., although these methods are not always reliable [9,10]. 

Molecular identification methods such as multiplex PCR have been developed to better 

identify Enterococcus spp., but these assays are complex and are not available in the 

majority of clinical microbiology laboratories [10].

The clinical significance of non-faecium, non-faecalis VRE BSI is unclear. Although these 

infections remain relatively rare, they have been associated with severe invasive disease 

[5,7,11]. Little is known about the clinical epidemiology of non-faecium, non-faecalis VRE 

BSI. In a recent study, only immunocompromised status was a significant predictor of 

mortality in patients with these infections [11]. Still less is known about the optimal 

treatment of non-faecium, non-faecalis VRE BSI. To our knowledge, there are no 

comparative data investigating available treatment options for such infections.

Therefore, the objectives of this study were to describe the clinical outcomes of 

vancomycin-resistant E. gallinarum and E. casseliflavus BSIs, to determine variables 

associated with treatment failure and to compare clinical outcomes between treatment 

strategies.

2. Materials and methods

2.1. Population

This was a national retrospective cohort study of hospitalised patients admitted to any 

Veterans Affairs Medical Center (VAMC) between 1 January 2010 and 1 January 2013. All 

adult patients with at least one blood culture positive for E. gallinarum or E. casseliflavus 
with a susceptibility profile consistent with the vanC genotype [vancomycin minimum 
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inhibitory concentration (MIC) of 4–32 μg/mL plus ampicillin susceptibility] were eligible 

for inclusion. Because corresponding clinical isolates were not available for additional in 

vitro analysis or genotyping, the susceptibility profile was used as an indicator of the vanC 
genotype. Patients treated with an anti-VRE agent (daptomycin or linezolid) or an 

intravenous anti-enterococcal β-lactam (ampicillin, ampicillin/sulbactam, imipenem/

cilastatin, ticarcillin/clavulanic acid or piperacillin/tazobactam) for <72 h or those treated 

with sequential therapy were excluded. In recurrent VRE BSI, only the first case 

encountered in the study period was analysed. This study was approved by the Kansas City 

VAMC Institutional Review Board (Kansas City, KA), and a waiver of informed consent 

was obtained.

2.2. Data sources

National clinical databases comprised of inpatient, outpatient and administrative data were 

queried to identify patients meeting the study criteria. Data extracted from these databases 

included patient demographics, facility information, laboratory and microbiology data, vital 

signs, antimicrobial treatment data, co-morbidities and admission records. In addition, 

retrospective review of the electronic medical record was conducted to determine the source 

of infection as documented by a treating physician and categorised according to site (line, 

genitourinary, abdominal/biliary). If no source was discernible from review of the electronic 

medical record, the source was designated as undocumented. Bacterial identification and 

susceptibility to antimicrobial agents were determined during routine clinical care.

2.3. Outcomes

The primary outcome was treatment failure, defined as the occurrence of any of the 

following: (i) 30-day all-cause mortality; (ii) microbiological failure (lack of microbiological 

clearance among those with at least one follow-up blood culture during the antimicrobial 

treatment period); and (iii) recurrence of VRE BSI within 30 days of therapy completion. 

Secondary outcomes were hospital mortality and time to microbiological cure. 

Microbiological cure was defined as microbiological clearance among those with at least 

one follow-up blood culture. Hospital mortality was defined as death while hospitalised for 

non-faecium, non-faecalis VRE BSI.

2.4. Statistical analysis

Baseline categorical variables were compared by χ2 or two-tailed Fisher’s exact test and 

continuous variables were compared by Mann–Whitney U-test. Treatment for non-faecium, 

non-faecalis VRE BSI was categorised as either: (i) anti-VRE therapy (linezolid or 

daptomycin); or (ii) anti-enterococcal β-lactam therapy. Variables that were associated with 

treatment classification or composite treatment failure (P < 0.2) were entered into a forward 

stepwise Poisson regression model with robust variance estimates. In contrast to logistic 

regression, Poisson regression provides an accurate estimation of risk when the study 

outcome is common (>10%). A time-to-event analysis was conducted for microbiological 

cure using the Kaplan–Meier method, with differences in outcome distributions for 

treatment groups compared using the log-rank test. Forward stepwise Cox regression 

analysis was also performed. For time-dependent analyses, cases that did not experience 

microbiological cure were right-censored at the end of treatment. All statistical analyses 
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were performed using SAS v.9.3 (SAS Institute Inc., Cary, NC) with statistical significance 

designated as a two-tailed P-value of <0.05.

3. Results

A total of 86 cases of non-faecium, non-faecalis VRE BSI met the inclusion criteria during 

the study period. Of those cases, patients were excluded due to treatment <72 h (n = 28) or 

recurrent infection (n = 10). Thus, 48 patients were included in the final analysis, with 29 

cases (60.4%) caused by E. gallinarum and 19 cases (39.6%) caused by E. casseliflavus. Of 

these cases, 20 (41.7%) were treated with an anti-VRE agent and 28 (58.3%) were treated 

with an anti-enterococcal β-lactam. Among patients treated with an anti-VRE agent, 8 

(40.0%) were treated with linezolid and 12 (60.0%) were treated with daptomycin. All 

patients treated with linezolid were given 600 mg doses twice daily. The median daptomycin 

dose was 6.12 mg/kg (interquartile range 5.40–6.54 mg/kg). No patients were treated with 

daptomycin doses >8 mg/kg. Anti-enterococcal β-lactam agents utilised included ampicillin 

(n = 6), ampicillin/sulbactam (n = 3), imipenem/cilastatin (n = 1), ticarcillin/clavulanic acid 

(n = 1) and piperacillin/tazobactam (n = 17). No patients received synergistic 

aminoglycoside therapy.

Individuals in this study were treated at 23 distinct VAMCs across 20 US states. All 

corresponding isolates were susceptible to ampicillin, linezolid and daptomycin. In this 

cohort, treatment failure occurred in 19 (39.6%) of 48 cases. Mortality within 30 days was 

relatively rare, occurring in only 5 cases (10.4%). A comparison of factors associated with 

treatment failure is included in Table 1. As can be seen, anti-enterococcal β-lactam 

treatment, polymicrobial bacteraemia and abdominal/biliary source of infection were 

significantly associated with treatment failure in univariate analysis. Conversely, 

undocumented source of infection was associated with successful treatment.

Baseline characteristics were also compared by treatment classification (Table 2). In 

unadjusted analysis, patients treated with an anti-VRE agent were significantly more likely 

to have a line source of infection, whilst patients treated with an anti-enterococcal β-lactam 

were more likely to have an abdominal/biliary source of infection. There was a trend toward 

more intensive care unit admissions among patients treated with an anti-VRE agent, and 

more co-morbid diabetes mellitus (uncomplicated) in patients treated with an anti-

enterococcal β-lactam.

A comparison of clinical outcomes by treatment classification is included in Table 3 

(reference group, β-lactam treatment). As shown, the increased composite treatment failure 

associated with anti-enterococcal β-lactam treatment was driven primarily by differences in 

microbiological failure and 30-day recurrence. No differences in 30-day all-cause or hospital 

mortality were observed between treatment groups. Variables that were selected in the final 

parsimonious Poisson regression model for treatment failure included anti-enterococcal β-

lactam treatment, abdominal/biliary source of infection and polymicrobial bacteraemia. The 

relationship between increased failure among those treated with an anti-enterococcal β-

lactam persisted in this model (Supplementary Table S1) [adjusted risk ratio = 1.73, 95% 

confidence interval (CI) 1.06–4.97; P = 0.031]. In comparison with anti-enterococcal β-
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lactam treatment, treatment with linezolid or daptomycin also resulted in significantly 

reduced time to microbiological cure (log-rank P = 0.048). This association persisted in 

stepwise Cox regression after adjusting for polymicrobial bacteraemia (adjusted hazard ratio 

= 2.27, 95% CI 1.03–4.98; P = 0.041).

4. Discussion

The present study aimed to describe clinical outcomes among patients with vancomycin-

resistant E. gallinarum or E. casseliflavus BSIs, to determine variables associated with these 

outcomes and to compare treatment options. To our knowledge, this is the first nationwide 

study from the USA investigating non-faecium, non-faecalis VRE BSI and the first to 

provide data comparing treatments. Consistent with previous research, mortality associated 

with non-faecium, non-faecalis enterococcal BSI was relatively low [8,11]. Although the 

present study included only cases of enterococcal BSI caused by species intrinsically 

resistant to vancomycin, the mortality rate observed was not profoundly different from 

studies including vancomycin-susceptible cases of non-faecium, non-faecalis enterococcal 

BSI [12]. Overall, 30-day mortality in non-faecium, non-faecalis VRE BSI appears to be 

much less than proportions reported in studies of VRE BSI caused by E. faecium or E. 
faecalis [12,13]. Treatment failure also appears to occur less frequently, suggesting lower 

virulence relative to E. faecium and E. faecalis strains [12]. However, additional host–

pathogen interactions and patient-specific factors should be considered, as the overall co-

morbidity burden and severity of illness were lower in this cohort than in previous studies of 

VRE BSI caused by E. faecium and E. faecalis [13].

Consistent with previous studies, abdominal/biliary source of infection was frequent [5,12]. 

Although abdominal/biliary source was associated with increased treatment failure, it was 

not associated with greater time to microbiological cure in Cox regression. Anti-

enterococcal β-lactam treatment and polymicrobial bacteraemia were consistently associated 

with poorer outcomes in multivariate analyses. The increased treatment failure observed in 

patients treated with an anti-enterococcal β-lactam was partially driven by differences in 

microbiological cure rates. Not only did microbiological clearance occur more frequently 

among patients treated with an anti-VRE agent, it also occurred sooner in the course of 

therapy. Treatment with an anti-VRE agent also resulted in less 30-day recurrence of VRE 

BSI. The reason for these differences in clinical outcomes is uncertain. Anti-enterococcal β-

lactam monotherapy and linezolid are bacteriostatic against Enterococcus spp., whilst 

daptomycin is typically bactericidal. Bactericidal activity can be achieved with β-lactams 

through the use of low-dose aminoglycoside therapy synergy; however, this strategy was not 

utilised for any patients in the present study. It has previously been hypothesised that 

bactericidal activity may result in improved outcomes in VRE BSI, but this has not yet been 

demonstrated in clinical studies. Among patients treated with an anti-VRE agent, treatment 

failure did not differ significantly between daptomycin- and linezolid-treated subjects 

[23.1% (3/13) vs. 14.3% (1/7)]. Therefore, the improved clinical outcomes observed cannot 

be attributed to bactericidal activity alone.

Another possible explanation for the observed treatment difference is that in vitro ampicillin 

activity was not wholly predictive of activity to other anti-enterococcal β-lactams. Clinically, 
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ampicillin susceptibility is commonly used as a surrogate marker for susceptibility to other 

anti-enterococcal β-lactams [14]. Indeed, this was the case for the present investigation, as 

only 9 (32.1%) of 28 patients treated with an anti-enterococcal β-lactam were given an 

ampicillin-containing antibiotic. Newer evidence suggests that ampicillin activity may not be 

predictive of carbapenem or piperacillin/tazobactam activity in certain strains of E. faecalis 
[14]. To our knowledge, there are no such data with vanC-type enterococci; however, we 

believe this warrants future investigation.

This study has a number of noteworthy limitations. The difference in composite treatment 

failure observed was largely driven by differences in microbiological cure rate, which is 

dependent on the frequency of follow-up blood cultures. This practice may vary between 

practitioners and cannot be adequately controlled in a retrospective observational study. In 

addition, multiple antimicrobial agents were grouped into treatment classification groups. 

Owing to the limited number of patients in this study, we were unable to compare individual 

antimicrobial agents within these classifications. Therefore, we are unable to determine a 

treatment of choice for non-faecium, non-faecalis VRE BSI based on the results of this study 

alone, and further research in this area is warranted. Standard 6 mg/kg doses of daptomycin 

were used in all cases treated with this agent. There is increasing evidence to support the use 

of high-dose daptomycin in the treatment of E. faecium and E. faecalis VRE BSI, but there 

are limited data investigating the use of these doses against non-faecium, non-faecalis VRE 

isolates [15]. Owing to the retrospective nature of this study, corresponding blood isolates 

were not available for van genotyping or assessment of overall MIC distribution. Lastly, 

owing to the limited number of patients in this study, we were left underpowered to evaluate 

differences in some secondary outcomes, including hospital mortality.

Whilst increased use of daptomycin or linezolid for the treatment of non-faecium, non-

faecalis VRE BSI may provide selective pressure for resistance to these agents among other 

VRE species and Gram-positive pathogens, we do not anticipate this would have a large 

public health impact owing to the relative rarity of these infections. Because 

aminoglycosides were not utilised for β-lactam synergy in this study, we cannot exclude the 

possibility that clinical outcomes may be comparable between such a strategy and anti-VRE 

therapy without increasing the overall use of daptomycin and linezolid in clinical practice.

4.1. Conclusions

In summary, 30-day all-cause mortality was 10.4% and composite treatment failure was 

39.6% among cases of vancomycin-resistant E. gallinarum and E. casseliflavus BSI in a 

national observational study. In multivariate analysis, treatment with an anti-enterococcal β-

lactam agent rather than anti-VRE therapy with linezolid or daptomycin was associated with 

increased treatment failure. Treatment with an anti-enterococcal β-lactam agent was also 

associated with increased microbiological failure and recurrent infection. Other factors 

associated with treatment failure in multivariate analysis were abdominal/biliary source of 

infection and polymicrobial bacteraemia. Overall, treatment with linezolid or daptomycin 

for non-faecium, non-faecalis VRE BSI appeared to result in improved clinical outcomes; 

however, no difference in mortality was observed. These results should be further replicated 
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in a prospective investigation; however, this is likely not feasible given the low overall 

incidence of these infections.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors sincerely thank Mary Oehlert for assistance in study co-ordination, and Allen Faler for assistance in 
database management.

Funding: This work was supported by the National Institutes of Health [TL1 TR000120-03 to NSB]. This material 
is the result of work supported with resources and the use of facilities at the Dwight D. Eisenhower Veterans Affairs 
Medical Center (Leavenworth, KS). The contents of this report do not represent the views of the US Department of 
Veterans Affairs or the US Government.

References

1. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP, Edmond MB. Nosocomial 
bloodstream infections in US hospitals: analysis of 24,179 cases from a prospective nationwide 
surveillance study. Clin Infect Dis. 2004; 39:309–17. [PubMed: 15306996] 

2. Ramsey AM, Zilberberg MD. Secular trends of hospitalization with vancomycin-resistant 
Enterococcus infection in the United States, 2000–2006. Infect Control Hosp Epidemiol. 2009; 
30:184–6. [PubMed: 19125679] 

3. Watanabe S, Kobayashi N, Quinones D, Hayakawa S, Nagashima S, Uehara N, et al. Genetic 
diversity of the low-level vancomycin resistance gene vanC-2/vanC-3 and identification of a novel 
vanC subtype (vanC-4) in Enterococcus casseliflavus. Microb Drug Resist. 2009; 15:1–9. [PubMed: 
19216682] 

4. Lodise TP, McKinnon PS, Tam VH, Rybak MJ. Clinical outcomes for patients with bacteremia 
caused by vancomycin-resistant Enterococcus in a level 1 trauma center. Clin Infect Dis. 2002; 
34:922–9. [PubMed: 11880957] 

5. Koganemaru H, Hitomi S. Bacteremia caused by VanC-type enterococci in a university hospital in 
Japan: a 6-year survey. J Infect Chemother. 2008; 14:413–7. [PubMed: 19089554] 

6. Jorgensen JH, Crawford SA, Kelly CC, Patterson JE. In vitro activity of daptomycin against 
vancomycin-resistant enterococci of various Van types and comparison of susceptibility testing 
methods. Antimicrob Agents Chemother. 2003; 47:3760–3. [PubMed: 14638478] 

7. Reid KC, Cockerill IF, Patel R. Clinical and epidemiological features of Enterococcus casseliflavus/
flavescens and Enterococcus gallinarum bacteremia: a report of 20 cases. Clin Infect Dis. 2001; 
32:1540–6. [PubMed: 11340524] 

8. Pappas G, Liberopoulos E, Tsianos E, Elisaf M. Enterococcus casseliflavus bacteremia. Case report 
and literature review. J Infect. 2004; 48:206–8. [PubMed: 14720498] 

9. Vincent S, Knight RG, Green M, Sahm DF, Shlaes DM. Vancomycin susceptibility and 
identification of motile enterococci. J Clin Microbiol. 1991; 29:2335–7. [PubMed: 1939593] 

10. Cartwright CP, Stock F, Fahle GA, Gill VJ. Comparison of pigment production and motility tests 
with PCR for reliable identification of intrinsically vancomycin-resistant enterococci. J Clin 
Microbiol. 1995; 33:1931–3. [PubMed: 7665675] 

11. Tan CK, Lai CC, Wang JY, Lin SH, Liao CH, Huang YT, et al. Bacteremia caused by non-faecalis 
and non-faecium Enterococcus species at a medical center in Taiwan, 2000 to 2008. J Infect. 2010; 
61:34–43. [PubMed: 20433865] 

12. Choi SH, Lee SO, Kim TH, Chung JW, Choo EJ, Kwak YG, et al. Clinical features and outcomes 
of bacteremia caused by Enterococcus casseliflavus and Enterococcus gallinarum: analysis of 56 
cases. Clin Infect Dis. 2004; 38:53–61. [PubMed: 14679448] 

Britt and Potter Page 7

J Glob Antimicrob Resist. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13. Britt NS, Potter EM, Patel N, Steed ME. Comparison of the effectiveness and safety of linezolid 
and daptomycin in vancomycin-resistant enterococcal bloodstream infection: a national cohort 
study of Veterans Affairs patients. Clin Infect Dis. 2015; 61:871–8. [PubMed: 26063715] 

14. Conceição N, de Oliveira Cda C, da Silva LE, de Souza LR, de Oliveira AG. Ampicillin 
susceptibility can predict in vitro susceptibility of penicillin-resistant, ampicillin-susceptible 
Enterococcus faecalis isolates to amoxicillin but not to imipenem and piperacillin. J Clin 
Microbiol. 2012; 50:3729–31. [PubMed: 22895041] 

15. Hall AD, Steed ME, Arias CA, Murray BE, Rybak MJ. Evaluation of standard- and high-dose 
daptomycin versus linezolid against vancomycin-resistant Enterococcus isolates in an in vitro 
pharmacokinetic/pharmacodynamic model with simulated endocardial vegetations. Antimicrob 
Agents Chemother. 2012; 56:3174–80. [PubMed: 22470111] 

Britt and Potter Page 8

J Glob Antimicrob Resist. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• 30-day mortality was 10.4% among vanC-type vancomycin-resistant 

enterococcal bloodstream infections (VRE BSIs).

• Composite treatment failure was 39.6% among vanC-type VRE BSIs.

• Treatment with anti-VRE agents lowered treatment failure in vanC-type VRE 

BSIs.
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Table 1

Patient characteristics by treatment outcome for non-faecium, non-faecalis vancomycin-resistant enterococcal 

bloodstream infections (VRE BSIs)

Characteristic Treatment success (n = 29)a Treatment failure (n = 19)a P-valueb

Age (years) [median (IQR)] 65 (57–78) 70 (59–78) 0.506

Male sex 29 (100) 18 (94.7) 0.396

β-Lactam treatment 13 (44.8) 15 (78.9) 0.019

Enterococcus gallinarum BSI 18 (62.1) 11 (57.9) 0.772

Enterococcus casseliflavus BSI 11 (37.9) 8 (42.1) 0.772

Polymicrobial bacteraemiac 3 (10.3) 7 (36.8) 0.036

Infection source

 Line 12 (41.4) 7 (36.8) 0.753

 Genitourinary 2 (6.9) 1 (5.3) 1.000

 Abdominal/biliary 3 (10.3) 11 (57.9) 0.001

 Undocumented 12 (41.4) 0 (0.0) 0.001

Facility complexity leveld

 1a 22 (75.9) 16 (84.2) 0.486

 1b 3 (10.3) 0 (0.0) 0.267

 1c 3 (10.3) 2 (10.5) 1.000

 2 1 (3.4) 1 (5.3) 1.000

ICU admission 13 (44.8) 8 (42.1) 0.853

Charlson co-morbidity index [median (IQR)] 4 (3–5) 3 (3–4) 0.940

 Past myocardial infarction 0 (0.0) 1 (5.3) 1.000

 Congestive heart failure 1 (3.4) 0 (0.0) 1.000

 Peripheral vascular disease 1 (3.4) 0 (0.0) 1.000

 Cerebrovascular disease 1 (3.4) 1 (5.3) 1.000

 Dementia 2 (6.9) 1 (5.3) 1.000

 Mild liver disease 0 (0.0) 2 (10.5) 0.152

 Diabetes, uncomplicated 4 (13.8) 1 (5.3) 0.635

 Diabetes, with end-organ damage 1 (3.4) 0 (0.0) 1.000

 Hemiplegia 1 (3.4) 0 (0.0) 1.000

 Moderate or severe renal disease 2 (6.9) 0 (0.0) 0.512

 Any malignancy 2 (6.9) 0 (0.0) 0.512

 Peptic ulcer disease 4 (13.8) 2 (10.5) 1.000

Neutropenia 6 (20.7) 3 (15.8) 1.000

APACHE II score [median (IQR)] 6 (3–9) 5 (3–6) 0.525

IQR, interquartile range; ICU, intensive care unit; APACHE, Acute Physiology and Chronic Health Evaluation.

a
Data are n (%) unless otherwise stated.

b
Categorical variables were compared by χ2 or Fisher’s exact test, and continuous variables were compared by Mann–Whitney U-test.

c
±72 h of index VRE blood culture.
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d
Facility complexity designation at the time of index non-faecium, non-faecalis VRE blood culture. Facility complexity levels are determined based 

on patient population, complexity of clinical services and education/research, with level 1a designated as the most complex.
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Table 2

Patient characteristics by treatment classification for non-faecium, non-faecalis vancomycin-resistant 

enterococcal bloodstream infections (VRE BSIs)

Characteristic β-Lactam treatment (n = 28)a Anti-VRE treatment (n = 20)a P-valueb

Age (years) [median (IQR)] 67 (59–77) 65 (57–78) 0.818

Male sex 27 (96.4) 20 (100) 1.000

Enterococcus gallinarum BSI 16 (57.1) 13 (65.0) 0.583

Enterococcus casseliflavus BSI 12 (42.9) 7 (35.0) 0.583

Polymicrobial bacteraemiac 5 (17.9) 5 (25.0) 0.721

Infection source

 Line 6 (21.4) 13 (65.0) 0.003

 Genitourinary 3 (10.7) 0 (0.0) 0.255

 Abdominal/biliary 13 (46.4) 1 (5.0) 0.003

 Undocumented 6 (21.4) 6 (30.0) 0.520

Facility complexity leveld

 1a 23 (82.1) 15 (75.0) 0.721

 1b 2 (7.1) 1 (5.0) 1.000

 1c 3 (10.7) 2 (10.0) 1.000

 2 0 (0.0) 2 (10.0) 0.168

ICU admission 9 (32.1) 12 (60.0) 0.055

Charlson co-morbidity index [median (IQR)] 4 (3–5) 4 (3–5) 0.708

 Past myocardial infarction 1 (3.6) 0 (0.0) 1.000

 Congestive heart failure 1 (3.6) 0 (0.0) 1.000

 Peripheral vascular disease 0 (0.0) 1 (5.0) 0.417

 Cerebrovascular disease 1 (3.6) 1 (5.0) 1.000

 Dementia 1 (3.6) 2 (10.0) 0.563

 Mild liver disease 2 (7.1) 0 (0.0) 0.504

 Diabetes, uncomplicated 5 (17.9) 0 (0.0) 0.046

 Diabetes, with end-organ damage 1 (3.6) 0 (0.0) 1.000

 Hemiplegia 1 (3.6) 0 (0.0) 1.000

 Moderate or severe renal disease 1 (3.6) 1 (5.0) 1.000

 Any malignancy 2 (7.1) 0 (0.0) 0.504

 Peptic ulcer disease 2 (7.1) 4 (20.0) 0.218

Neutropenia 3 (10.7) 6 (30.0) 0.137

APACHE II score [median (IQR)] 6 (3–7) 6 (3–6) 0.757

IQR, interquartile range; ICU, intensive care unit; APACHE, Acute Physiology and Chronic Health Evaluation.

a
Data are n (%) unless otherwise stated.

b
Categorical variables were compared by χ2 or Fisher’s exact test, and continuous variables were compared by Mann–Whitney U-test.

c
±72 h of index VRE blood culture.

d
Facility complexity designation at the time of index non-faecium, non-faecalis VRE blood culture. Facility complexity levels are determined based 

on patient population, complexity of clinical services and education/research, with level 1a designated as the most complex.
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Table 3

Clinical outcomes by treatment classification for non-faecium, non-faecalis vancomycin-resistant enterococcal 

bloodstream infections (VRE BSIs)

Outcome RR (95% CI) P-value

Treatment failure 2.62 (1.03–6.65) 0.019

 30-day all-cause mortality 1.51 (0.50–4.54) 0.380

 Microbiological failure a 1.76 (1.18–2.62) 0.030

 30-day VRE BSI recurrence 1.95 (1.45–2.63) 0.032

Hospital mortality 1.20 (0.57–2.51) 0.600

RR, risk ratio; CI, confidence interval.

Reference group: β-lactam treatment.

a
Percentages among those with at least one follow-up blood culture drawn during treatment period.
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