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  Abstract
  BACKGROUNDPrior data suggest that vancomycin-resistant Enterococcus (VRE) bacteremia is associated with worse outcomes than vancomycin-sensitive Enterococcus (VSE) bacteremia. However, many studies evaluating such outcomes were conducted prior to the availability of effective VRE therapies.

OBJECTIVETo systematically review VRE and VSE bacteremia outcomes among hospital patients in the era of effective VRE therapy.

METHODSElectronic databases and grey literature published between January 1997 and December 2014 were searched to identify all primary research studies comparing outcomes of VRE and VSE bacteremias among hospital patients, following the availability of effective VRE therapies. The primary outcome was all-cause, in-hospital mortality, while total hospital length of stay (LOS) was a secondary outcome. All meta-analyses were conducted in Review Manager 5.3 using random-effects, inverse variance modeling.

RESULTSAmong all the studies reviewed, 12 cohort studies and 1 case control study met inclusion criteria. Similar study designs were combined in meta-analyses for mortality and LOS. VRE bacteremia was associated with increased mortality compared with VSE bacteremia among cohort studies (odds ratio [OR], 1.80; 95% confidence interval [CI], 1.38–2.35; I2=0%; n=11); the case-control study estimate was similar, but not significant (OR, 1.93; 95% CI, 0.97–3.82). LOS was greater for VRE bacteremia patients than for VSE bacteremia patients (mean difference, 5.01 days; 95% CI, 0.58–9.44]; I2=0%; n=5).

CONCLUSIONSDespite the availability of effective VRE therapy, VRE bacteremia remains associated with an increased risk of in-hospital mortality and LOS when compared to VSE bacteremia.
Infect. Control Hosp. Epidemiol. 2015;37(1):26–35
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Enterococcus spp. are typically commensal organisms, common in the human gastrointestinal tract,Reference Cetinkaya, Falk and Mayhall
1

,
Reference Murray
2
 but in some circumstances can cause serious infections including bacteremia, particularly among hospitalized patients with underlying comorbid conditions.Reference Cetinkaya, Falk and Mayhall
1

,
Reference Murray
2
 Since its discovery in 1988, vancomycin-resistant enterococci (VRE) have emerged as important nosocomial pathogens and are occurring with increasing frequency due to widespread use of antibiotics, prolonged hospitalizations, and increased intensive care unit (ICU) admissions, especially among patients with malignant health conditions.Reference Cetinkaya, Falk and Mayhall
1

–
Reference Ramsey and Zilberberg
3
 In Canada, the incidence of VRE infections has risen to 0.5 infections per 1,000 admissions, a 6-fold increase in recent years.Reference Gravel, Archibald, Pelude, Mulvey and Golding
4
 Similarly in the United States, hospitalizations with VRE infection reached 0.6 per 1,000 admissions by 2006.Reference Ramsey and Zilberberg
3



 Whether outcomes associated with VRE bacteremia are worse than those associated with vancomycin-sensitive enterococci (VSE) bacteremia remains unclear. Two prior systematic reviews have compared outcomes of VRE bacteremia VSE bacteremia; both found VRE bacteremia to be associated with an increased risk of mortality when compared to VSE bacteremia (relative risk [RR], 2.38; 95% confidence interval [CI], 2.13–2.66;Reference Salgado and Farr
5
 odds ratio [OR], 2.52; 95% CI, 1.87–3.39Reference DiazGranados and Jernigan
6
). However, both of these systematic reviews included studies conducted prior to the availability of effective VRE therapies.Reference Salgado and Farr
5

,
Reference DiazGranados and Jernigan
6
 Since late 1999, a number of antibiotic drugs have been licensed as treatment for VRE bacteremia by the US Food and Drug Administration (FDA), Health Canada, and other national approval agencies.Reference Cetinkaya, Falk and Mayhall
1

,
Reference Murray
2

,
Reference Erlandson, Sun, Iwen and Rupp
7
 Quinupristin-dalfopristin was approved in 1999, followed by linezolid in 2000.Reference Erlandson, Sun, Iwen and Rupp
7
 In 2003, daptomycin was formally licensed for complicated skin and soft tissue VRE infections, but it is frequently used as an off-label therapy for VRE bacteremia.Reference Balli, Venetis and Miyakis
8



 Thus, understanding whether VRE bacteremia-associated outcomes are different from those of VSE bacteremia, since the emergence of effective VRE therapy, is critically important to help inform future VRE infection control recommendations. To this end, we performed a systematic review and meta-analysis of studies comparing outcomes of patients with either VRE or VSE bacteremia, when patients with VRE bacteremia were treated with effective VRE therapy.


 Methods

 All methods including literature searches, study selection, data collection, and quantitative analysis processes were developed a priori and were reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and the Cochrane Handbook for Systematic Reviews of Intervention.Reference Moher, Liberati, Tetzlaff and Altman
9

,

10




 Search Methodology and Data Sources

 The Public Health Ontario (PHO) Library Services department assisted with the development and implementation of search strategies for electronic databases, as well as with the retrieval of full-text articles. Medline, Embase, CINAHL, ProQuest dissertations and theses, and the Cochrane Central Register of Controlled Trials (CENTRAL) databases were searched from January 1997 to December 2014. A sample search strategy is provided in Supplemental Table 1. Websites of infection control authorities and proceedings from infection control conferences held within the most recent 5 years (ie, January 1, 2010, to January 1, 2015) were searched as outlined in Supplemental Table 2. Conference proceedings prior to 2010 were not considered because we assumed that valuable data contained within such abstracts had become available in peer-reviewed literature. Additionally, the reference lists of all relevant publications were hand searched to identify additional citations.




 Study Inclusion Criteria

 The study inclusion criteria for the review were randomized controlled trials (RCTs), cohort studies, case-control studies, and cross-sectional studies, sampling adult (≥18 years of age) and/or pediatric (<18 years of age) hospital patients, diagnosed with VRE bacteremia and treated with effective VRE therapy, alongside VSE bacteremia patient comparators, and reporting on various mortality and morbidity outcomes. The primary outcome of interest was all-cause in-hospital mortality. Secondary outcomes were bacteremia-attributable mortality, total hospital length of stay (LOS), total intensive care unit (ICU) LOS, post-VRE/VSE bacteremia diagnosis hospital LOS, and post-VRE/VSE bacteremia diagnosis ICU LOS. Effective VRE therapies were defined as quinupristin-dalfopristin, linezolid, daptomycin, tigecycline, teicoplanin, and telavancin for treating any part of the illness.Reference Cetinkaya, Falk and Mayhall
1

,
Reference Murray
2

,
Reference Erlandson, Sun, Iwen and Rupp
7

,
Reference Balli, Venetis and Miyakis
8
 Penicillin, ampicillin, amikacin, streptomycin, chloramphenicol, doxycycline, rifampin, imipenem-cilastatin, and nitrofurantoin were not considered effective VRE treatments.Reference Linden
11



 To capture standard, off-label, and compassionate study use of effective VRE treatment(s), literature published after January 1997 was considered. Studies analyzing data collected between January 1997 and January 2000 were excluded if the antibiotics used for the treatment of VRE bacteremia patients were not reported or could not be obtained by contacting study authors. Studies conducted after January 2000 were assumed to have administered effective VRE treatment(s) and were included in the review.

 Narrative reviews, case series, case reports, and commentaries were excluded. Only the most recent peer-reviewed publication was included when multiple reports using the same study data existed. We limited our review to English language articles.Reference Moher, Pham, Lawson and Klassen
12






 Study Selection and Data Extraction

 Titles and abstracts of articles captured by literature searches were independently screened in duplicate by two reviewers (CP and CM). Articles flagged for full-text review by either reviewer were included in the full-text review, and the full-text review process was duplicated and independently completed by the same reviewers. Inter-rater reliability following full-text review was calculated using Cohens Kappa statistic and any disagreements on study inclusion were resolved via arbitration by a third reviewer (JJ).




 Quality Assessment

 Data extraction and quality assessment for included studies were performed in duplicate (by CP and CM). An electronic data extraction template was developed, pilot tested, and refined prior to the initiation of data extraction. The extracted data elements included study design, sample size, study period, study setting, study population, patient type, study location, Enterococcus spp., VRE/VSE bacteremia definition, VRE therapy administered, and number of VRE and VSE bacteremia patients with the above stated outcome(s) of interest along with associated effect estimates and confidence intervals. Whenever required information was not reported, attempts were made to contact the first and/or corresponding authors to obtain missing information; after 2 attempts, authors were considered unresponsive. Data requests were limited to missing information on administered VRE treatment type(s), primary outcomes, and any secondary outcomes reported within the primary study.

 Study quality was assessed using the Newcastle-Ottawa Scale (NOS) scale or Cochrane risk of bias tool. The NOS was used to establish quality of evidence within non-randomized cohort or case control studies, via a 9-star system.Reference Wells, Shea and O’Connell
13
 A study awarded a greater number of stars is considered to be of higher methodological study quality.Reference Wells, Shea and O’Connell
13
 Although we did not anticipate finding any RCTs, the Cochrane risk of bias tool was assigned to assess RCT study quality in the event an RCT meeting inclusion criteria was discovered.
10






 Data Analysis

 Outcome effect measures for each study were calculated using numbers of patients with VRE and VSE bacteremia with the outcome(s) of interest. We pooled studies of the same study design via inverse variance method and random effects modeling in Review Manager 5.3; summary effect measures are reported as odds ratios (OR) and 95% confidence intervals (CI) for mortality, and mean difference and standard deviation (SD) are reported for continuous LOS outcomes. When the median and interquartile ranges (IQR) were reported, the median was assumed to reflect the mean,Reference Hozo, Djulbegovic and Hozo
14
 and IQR was assumed to be 1.35 SD.
10
 Statistical heterogeneity was assessed using the I2 statistic, and VRE and VSE bacteremia outcomes were further explored via planned subgroup analyses of the following patient populations: (1) adult versus pediatric patients, (2) immunocompromised versus varied immune status patients, ICU versus non-ICU admissions, (3) multicenter versus single study site, and low versus moderate-to-high study quality for included cohort studies.
10
 Publication bias was examined via the visual interpretation of funnel plot symmetry and limited to the mortality outcomes.
10






 Role of the Funding Source

 The design, conduct, and reporting for this systematic review and meta-analysis was funded by the Ontario Agency for Health Protection and Promotion (Public Health Ontario).






 Results


 Literature Search

 The literature searches identified 4,878 citations; among these, 155 citations were chosen for full-text review, and 20 studies were determined to meet our inclusion criteria (Figure 1). Of these, 1 study did not indicate a study period and 5 studies reported study periods between January 1997 and January 2000 and required confirmation of VRE therapies within each study. Corresponding authors were contacted, but administered VRE therapy information could not be obtained and all 7 studies were excluded from the review. Excluded study details are provided in Supplemental Table 3. Therefore, 13 studies were included in the systematic review.

[image: ]




Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flowchart of the literature search and study selection.







 Description of Studies

 The study characteristics of all included studies are outlined in Table 1. All were observational and retrospective studies, 12 of which were conducted between January 2000 and December 2011, following the formal regulatory approval of the first effective VRE therapy.Reference Bar, Wisplinghoff, Wenzel, Bearman and Edmond
15

–
Reference Yoo, Lee and Choi
26
 The study by da Silva et alReference da Silva, Muniz, Estofolete, Furtado and Rubio
27
 reported a study period between September 1998 and December 2008. However, these authors confirmed that all patients with VRE bacteremia were diagnosed after January 2000. Billington et alReference Billington, Phang and Gregson
16
 sampled all residents within a Canadian health zone who developed enterococcal bloodstream infections. We contacted these authors to obtain mortality and LOS information for study participants. In addition, 8 studies exclusively sampled adult patients within tertiary care hospital settings,Reference Bar, Wisplinghoff, Wenzel, Bearman and Edmond
15

,
Reference Butler, Olsen and Merz
17

–
Reference Cho, Lee and Choi
19

,
Reference Marschall, Piccirillo, Fraser, Doherty and Warren
21

,
Reference Mikulska, Del Bono and Raiola
22

,
Reference Peel, Cheng, Spelman, Huysmans and Spelman
24

,
Reference Yoo, Lee and Choi
26
 and 4 of these studies were limited to immunocompromised patient populationsReference Cho, Lee and Choi
19

,
Reference Mikulska, Del Bono and Raiola
22

,
Reference Vydra, Shanley and George
25

,
Reference Yoo, Lee and Choi
26
 such as hematopoietic stem cell transplant patients or chemotherapy recipients.


Table 1 Characteristics of Studies Included in Systematic Review and Meta-Analysis
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NOTE. LOS, length of stay; HSCT, hematopoietic stem cell transplantation; CHEMO, chemotherapy; dap Tx, daptomycin treatment; CVC, central venous catheter; SCT, stem cell transplantation.





a
 Months not reported.





b
 Assumed to be mixed, unconfirmed due to demographics being reported as ≤30 years of age.





c
 Data obtained by contacting study authors.





d
 A total of 8 VRE patients received VRE therapies and were included in the review.









 All included studies defined patients with at least 1 VRE- or VSE-positive blood culture to be cases of bacteremia.Reference Bar, Wisplinghoff, Wenzel, Bearman and Edmond
15

–
Reference da Silva, Muniz, Estofolete, Furtado and Rubio
27
 Both E. faecalis and E. faecium were captured in 12 study samples,Reference Bar, Wisplinghoff, Wenzel, Bearman and Edmond
15

–
Reference Vydra, Shanley and George
25

,
Reference da Silva, Muniz, Estofolete, Furtado and Rubio
27
 but the study by Yoo et alReference Yoo, Lee and Choi
26
 only included E. faecium infections. Outcome data for 2,575 bacteremias, specifically 1,863 VSE and 712 VRE bacteremia cases, were identified in our literature review.




 Outcomes

 Of the reviewed studies, 12 studies were cohort studies and 1 was a case control study. When in-hospital mortality from the cohort studies were combined using unadjusted analysis, VRE bacteremia was associated with an increased risk of in-hospital death when compared to VSE bacteremia with no heterogeneity (OR, 1.80; 95% CI, 1.40–2.32; I2=0%; n=12) (Figure 2). The single case-control study did not report a statistically significant increase in risk of VRE bacteremia death when compared with VSE bacteremia in an unadjusted analysis (OR 1.93; 95% CI, 0.97–3.82)Reference Peel, Cheng, Spelman, Huysmans and Spelman
24
; adjusted analyses were not reported.

[image: ]




Figure 2 VRE and VSE bacteremia unadjusted in-hospital mortality risk by study design. Results of included studies for VRE and VSE bacteremia unadjusted in-hospital mortality risk stratified by study design. Abbreviations: 95% CI, 95% confidence interval; SE, standard error; IV, random, inverse-variance, random-effects method.




 Of the 12 cohort studies, 5 reported adjusted analyses for in-hospital mortality risk,Reference Bar, Wisplinghoff, Wenzel, Bearman and Edmond
15

,
Reference Billington, Phang and Gregson
16

,
Reference Cheah, Spelman and Liew
18

,
Reference Cho, Lee and Choi
19

,
Reference Marschall, Piccirillo, Fraser, Doherty and Warren
21
 and 2 studies found VRE bacteremia to be associated with adjusted mortality.Reference Cheah, Spelman and Liew
18

,
Reference Cho, Lee and Choi
19
 Cheah et alReference Cheah, Spelman and Liew
18
 adjusted for prior ICU admission, comorbidities measured by the Charlson Comorbidity Index, Enterococcus sp., additional non-enterococcal infections, time to effective therapy, and VRE bacteremia (OR, 1.21; 95% CI, 0.53–2.79]) via logistic regression analysis. Cho et alReference Cho, Lee and Choi
19
 adjusted for severity of illness using Simplified Acute Physiology Index, length of hospitalization, and vancomycin resistance (hazard ratio [HR], 0.75; 95% CI, 0.24–2.36) via Cox proportional hazards modeling. VRE bacteremia was not included in the final models of the remaining 3 studies reporting adjusted mortality.Reference Bar, Wisplinghoff, Wenzel, Bearman and Edmond
15

,
Reference Billington, Phang and Gregson
16

,
Reference Marschall, Piccirillo, Fraser, Doherty and Warren
21



 The study by Cho et al was the only study to report on VRE/VSE bacteremia-attributable mortality, which was defined as death within 7 days of bacteremia when no other cause could be identified. There was no significant difference in attributable mortality risk between VRE and VSE bacteremia patients in the unadjusted analysis (6 of 24 patients with VRE bacteremia vs 15 of 67 patients with VSE bacteremia; OR, 1.15; 95% CI, 0.39–3.43).Reference Cho, Lee and Choi
19



 Total hospital LOS data were reported within 6 studies. Data reported by Butler et alReference Butler, Olsen and Merz
17
 and Cheah et al,Reference Cheah, Spelman and Liew
18
 and data obtained by contacting authors of Billington et al,Reference Billington, Phang and Gregson
16
 da Silva et al,Reference da Silva, Muniz, Estofolete, Furtado and Rubio
27
 and Haas et alReference Haas, Zaoutis, Prasad, Li and Coffin
20
 were pooled; VRE bacteremia was associated with a longer LOS than VSE bacteremia (mean difference, 5.01; 95% CI, 0.58–9.44; I2=0%; n=5) (Figure 3). Data from Cho et al were excluded because they defined LOS as the number of days from hospital admission to the development of clinically significant bacteremia, which is different from the LOS definition used in our review. Data from Yoo et alReference Yoo, Lee and Choi
26
 were excluded because their LOS estimates combined patients treated with effective and noneffective VRE therapy.

[image: ]




Figure 3 VRE and VSE bacteremia total hospital LOS mean difference. Results of studies reporting on VRE and VSE bacteremia total hospital LOS. Abbreviations: LOS, length of stay; 95% CI, 95% confidence interval; SE, standard error; IV, random, inverse-variance, random-effects method.




 Post-bacteremia LOS data reported by Cheah et al and Haas et al were also pooled via a meta-analysis. There was no significant difference in LOS following a VRE bacteremia compared with VSE bacteremia (mean difference, 0.53 [95% CI –8.98, 10.04]; I2=26%; n=2) (Figure 4). Yoo et al also reported on post-bacteremia LOS, but data were omitted because estimates combined patients treated with both effective and noneffective VRE therapy.
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Figure 4 VRE and VSE post-bacteremia total hospital LOS mean difference. Results of studies reporting on VRE and VSE post-bacteremia hospital LOS. Abbreviations: LOS, length of stay; 95% CI, 95% confidence interval; SE, standard error; IV, random, inverse-variance, random-effects method.







 Subgroup Analyses

 No significant interactions were detected between any of the subgroups we had planned to analyze for in-hospital mortality including age (pediatric patients [OR, 1.62; 95% CI, 1.18–2.22] vs adult [OR, 1.93; 95% CI, 0.89–4.18]; interaction P=.68), immune status (immunocompromised patients [OR, 1.24; 95% CI, 0.65–2.35] vs varied immune status [OR, 1.93; 95% CI, 1.47–2.54]; interaction P=.21), study site (single center studies [OR, 1.85; 95% CI, 1.37–2.50] vs multicenter studies [OR, 1.70; 95% CI, 1.12–2.58]; interaction P=.75) and study quality (low-quality studies [OR, 0.36; 95% CI, 0.04–3.11] vs moderate- to high-quality studies [OR, 1.84; 95% CI, 1.43–2.37]; interaction P=.14) (Figure 5). The planned subgroup analysis for ICU stay was not performed due to unavailable data.
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Figure 5 Subgroup analysis of VRE and VSE bacteremia un-adjusted in-hospital mortality risk by age, immune status, study site(s), and study quality, for each included cohort study reporting these data. Abbreviations: 95% CI, 95% confidence interval; SE, standard error; IV, random, inverse-variance, random-effects method.




 Age was not found to significantly influence total hospital LOS by subgroup analysis (pediatric patients [OR −13.00; 95% CI, −39.90–13.90] vs adult [OR, 6.12; 95% CI, 0.82–11.42]; interaction P=.17) (Figure 6). The remaining LOS subgroup analyses could not be performed due to a lack of studies in each companion subgroup. No significant interaction was detected in the subgroup analysis of post-bacteremia LOS by age (pediatric patients [OR, −9.0; 95% CI, −28.13–10.13] vs adult [OR, 3.0; 95% CI −3.37–9.37]; interaction P=.24) (Figure 4).
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Figure 6 Subgroup analysis of VRE and VSE bacteremia hospital LOS by age, for each included cohort study reporting these data. Abbreviations: LOS, length of stay; 95% CI, 95% confidence interval; SE, standard error; IV, random, inverse-variance, random-effects method.







 Study Quality

 Study quality ratings based on NOS criteria are presented in Table 2. Of the 13 studies reviewed, 12 were of moderate to high study quality, with the most frequent number of stars awarded per study being 6 or 7. Among all studies, patients with VRE and VSE bacteremia were selected from the same hospital population, and bacteremia diagnosis was confirmed by patient chart reviews or microbiology reports.


Table 2 Assessment of Study Quality, Based on the Newcastle-Ottawa Scale (NOS) Star System




[image: ]







a
 Illness severity and comorbid conditions were selected as the most important factors when assessing comparability.












 Publication Bias

 The asymmetrical funnel plot indicates that the review’s in-hospital mortality estimates may be subject to publication bias (Figure 7).
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Figure 7 Asymmetrical funnel plot of VRE and VSE bacteremia in-hospital mortality effect estimates of all included studies.









 Discussion

 In this systematic review and meta-analysis, we found that since the advent of effective VRE therapy, there remains an increased risk of in-hospital mortality associated with VRE bacteremia compared with VSE bacteremia. The mortality summary estimate demonstrated lack of heterogeneity across studies and no significant influence on the point estimate by age, immune status, study site(s), or study quality. VRE bacteremia was also associated with increased total hospital LOS and post-bacteremia LOS with no heterogeneity. The post-bacteremia LOS estimate was not statistically significant, which may have been due to lack of statistical power influenced by the small number of studies reporting on post bacteremia LOS outcomes.

 Our finding, that there is an increased risk of mortality and LOS associated with VRE bacteremia when compared to VSE bacteremia, is consistent with 2 previous systematic reviews.Reference Salgado and Farr
5

,
Reference DiazGranados and Jernigan
6
 In the systematic review by Salgado et al,Reference Salgado and Farr
5
 the authors speculated that the increased morbidity and mortality could be because patients with VRE bacteremia were more likely to receive ineffective therapy.Reference Salgado and Farr
5

,
Reference DiazGranados and Jernigan
6
 However, our findings suggest that a lack of effective therapy is not the explanation. It should be noted that our systematic review was unable to capture time to effective therapy. Thus, it is possible that patients with VSE bacteremia received effective therapy sooner than patients with VRE bacteremia because VRE may be less likely to be covered by empiric therapy, and effective therapy may only have been administered following a VRE-positive microbiological culture result.Reference DiazGranados and Jernigan
6

,
Reference Bar, Wisplinghoff, Wenzel, Bearman and Edmond
15

,
Reference Cheah, Spelman and Liew
18

,
Reference Cho, Lee and Choi
19



 An alternative explanation for the observed increase in mortality risk and LOS could be differences in illness severity or comorbidities between patients with VRE and VSE bacteremia, particularly because patients with VRE bacteremia may have more comorbidities.Reference Cheah, Spelman and Liew
18

,
Reference Peel, Cheng, Spelman, Huysmans and Spelman
24

,
Reference Cheah, Peel and Howden
28
 Due to limited reporting of adjusted mortality and morbidity risks among included studies, we were unable to calculate adjusted summary estimates in this systematic review. Thus, the effect of confounding factors on our unadjusted mortality and LOS summary estimates remains unclear. We hypothesize that not adjusting for potential confounders (ie, comorbid conditions and severity of illness) may lead to overestimates of our associations of interest because patients colonized with VRE tend to have more comorbid conditions and more severe illness than patients not colonized with VRE.Reference Cheah, Spelman and Liew
18



 However, the earlier systematic review by DiazGranados et al,Reference DiazGranados and Jernigan
6
 which only considered studies controlling for underlying severity of illness, found VRE bacteremia adjusted mortality risk to be greater in comparison to VSE bacteremia.

 The worse outcomes associated with VRE bacteremia compared to VSE bacteremia may also be linked to differences in the causative species as there may have been proportionately more patients with E. faecium than E. faecalis in the VRE bacteremia group when compared to the VSE bacteremia group.Reference Cetinkaya, Falk and Mayhall
1

,
Reference Murray
2



 Our results should be interpreted recognizing the systematic review’s limitations. First, studies included within each meta-analysis were non-randomized observational studies, and accordingly, our results reflect association and not causation. Second, as discussed above, only a small number of studies adjusted for potential confounders, and thus confounding may have influenced the investigated associations. Third, our results may be limited by the exclusive review of English language reports published after January 1997, but it is unlikely such language restrictions biased our findings.Reference Moher, Pham, Lawson and Klassen
12
 Fourth, the majority of studies sampled immunocompromised hospital patient populations, which limited our ability to generalize our findings to all healthcare settings. Last, our funnel plot suggests that there may be publication bias. However, the 2 studies that contributed to this asymmetry had high standard error and odds ratios close to 1. Thus, if the asymmetry in the funnel plot is due to publication bias, it would bias the results towards the null hypothesis.

 We conclude that using the best available evidence, VRE bacteremia remains associated with increased risk of morbidity and mortality when compared with VSE bacteremia in the era of effective VRE therapy. Future research is needed to determine whether these results are related to unadjusted differences in the patient populations, differences in treatment effectiveness, or differences in proportions of patients with E. faecalis and E. faecium comprising the VRE and VSE bacteremias.
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 Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flowchart of the literature search and study selection.
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 Table 1 Characteristics of Studies Included in Systematic Review and Meta-Analysis
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 Figure 2 VRE and VSE bacteremia unadjusted in-hospital mortality risk by study design. Results of included studies for VRE and VSE bacteremia unadjusted in-hospital mortality risk stratified by study design. Abbreviations: 95% CI, 95% confidence interval; SE, standard error; IV, random, inverse-variance, random-effects method.
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 Figure 3 VRE and VSE bacteremia total hospital LOS mean difference. Results of studies reporting on VRE and VSE bacteremia total hospital LOS. Abbreviations: LOS, length of stay; 95% CI, 95% confidence interval; SE, standard error; IV, random, inverse-variance, random-effects method.

 

 


View in content
 [image: Figure 4]

 Figure 4 VRE and VSE post-bacteremia total hospital LOS mean difference. Results of studies reporting on VRE and VSE post-bacteremia hospital LOS. Abbreviations: LOS, length of stay; 95% CI, 95% confidence interval; SE, standard error; IV, random, inverse-variance, random-effects method.
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 Figure 5 Subgroup analysis of VRE and VSE bacteremia un-adjusted in-hospital mortality risk by age, immune status, study site(s), and study quality, for each included cohort study reporting these data. Abbreviations: 95% CI, 95% confidence interval; SE, standard error; IV, random, inverse-variance, random-effects method.

 

 


View in content
 [image: Figure 6]

 Figure 6 Subgroup analysis of VRE and VSE bacteremia hospital LOS by age, for each included cohort study reporting these data. Abbreviations: LOS, length of stay; 95% CI, 95% confidence interval; SE, standard error; IV, random, inverse-variance, random-effects method.
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 Table 2 Assessment of Study Quality, Based on the Newcastle-Ottawa Scale (NOS) Star System
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 Figure 7 Asymmetrical funnel plot of VRE and VSE bacteremia in-hospital mortality effect estimates of all included studies.

 

 

 [image: Supplementary material: File] 
     



 Prematunge supplementary material
 Tables S1-S3


 [image: Download Prematunge supplementary material(File)] 
     
         
         
             
             
        
    



 
 
  

  
 
File
30.3 KB





        



 
 [image: alt] 
 
 



 You have 
Access
 [image: alt] 
 




Open access

 	135
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
135




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Zasowski, Evan J.
Claeys, Kimberly C.
Lagnf, Abdalhamid M.
Davis, Susan L.
and
Rybak, Michael J.
2016.
Time Is of the Essence: The Impact of Delayed Antibiotic Therapy on Patient Outcomes in Hospital-Onset Enterococcal Bloodstream Infections.
Clinical Infectious Diseases,
Vol. 62,
Issue. 10,
p.
1242.


	CrossRef
	Google Scholar






Gouliouris, Theodore
Blane, Beth
Brodrick, Hayley J.
Raven, Kathy E.
Ambridge, Kirsty E.
Kidney, Angela D.
Hadjirin, Nazreen F.
Török, M. Estée
Limmathurotsakul, Direk
and
Peacock, Sharon J.
2016.
Comparison of two chromogenic media for the detection of vancomycin-resistant enterococcal carriage by nursing home residents.
Diagnostic Microbiology and Infectious Disease,
Vol. 85,
Issue. 4,
p.
409.


	CrossRef
	Google Scholar






Emaneini, M.
Hosseinkhani, F.
Jabalameli, F.
Nasiri, M. J.
Dadashi, M.
Pouriran, R.
and
Beigverdi, R.
2016.
Prevalence of vancomycin-resistant Enterococcus in Iran: a systematic review and meta-analysis.
European Journal of Clinical Microbiology & Infectious Diseases,
Vol. 35,
Issue. 9,
p.
1387.


	CrossRef
	Google Scholar






Higgins, Paul G.
Koehler, Daniela
Chan, Jacqueline Z. M.
Cornely, Oliver A.
Fätkenheuer, Gerd
Gillis, Meyke
Pallen, Mark J.
Tien, Johanna
Seifert, Harald
Vehreschild, Maria J. G. T.
and
Millard, Andrew D.
2016.
Draft Genome Sequences of Nine Clinical Isolates of Vancomycin-Resistant Enterococci.
Genome Announcements,
Vol. 4,
Issue. 4,


	CrossRef
	Google Scholar






Isenman, Heather
and
Fisher, Dale
2016.
Advances in prevention and treatment of vancomycin-resistant Enterococcus infection.
Current Opinion in Infectious Diseases,
Vol. 29,
Issue. 6,
p.
577.


	CrossRef
	Google Scholar






Kohinke, Rose M.
and
Pakyz, Amy L.
2017.
Treatment of Vancomycin-Resistant Enterococci: Focus on Daptomycin.
Current Infectious Disease Reports,
Vol. 19,
Issue. 10,


	CrossRef
	Google Scholar






Both, Anna
Franke, Gefion C.
Mirwald, Nadine
Lütgehetmann, Marc
Christner, Martin
Klupp, Eva-Maria
Belmar Campos, Cristina
Büttner, Henning
Aepfelbacher, Martin
and
Rohde, Holger
2017.
Two-tier approach combining molecular and culture-based techniques for optimized detection of vancomycin-resistant enterococci.
Diagnostic Microbiology and Infectious Disease,
Vol. 89,
Issue. 4,
p.
253.


	CrossRef
	Google Scholar






Arshadi, Maniya
Douraghi, Masoumeh
Shokoohizadeh, Leili
Moosavian, Seyed Mojtaba
and
Pourmand, Mohammad Reza
2017.
High prevalence of diverse vancomycin resistance Enterococcus faecium isolates in clinical and environmental sources in ICU wards in southwest of Iran.
Microbial Pathogenesis,
Vol. 111,
Issue. ,
p.
212.


	CrossRef
	Google Scholar






Britt, Nicholas S.
Potter, Emily M.
Patel, Nimish
and
Steed, Molly E.
2017.
Effect of Continuous and Sequential Therapy among Veterans Receiving Daptomycin or Linezolid for Vancomycin-Resistant Enterococcus faecium Bacteremia.
Antimicrobial Agents and Chemotherapy,
Vol. 61,
Issue. 5,


	CrossRef
	Google Scholar






Datta, Rupak
and
Juthani-Mehta, Manisha
2017.
Burden and Management of Multidrug-Resistant Organisms in Palliative Care.
Palliative Care: Research and Treatment,
Vol. 10,
Issue. ,
p.
117822421774923.


	CrossRef
	Google Scholar






Dettenkofer, Markus
Frank, Uwe
Fussen, René
and
Lemmen, Sebastian
2017.
Praktische Krankenhaushygiene und Umweltschutz.
p.
1.


	CrossRef
	Google Scholar






Ulrich, Nikos
Vonberg, Ralf-Peter
and
Gastmeier, Petra
2017.
Outbreaks caused by vancomycin-resistant Enterococcus faecium in hematology and oncology departments: A systematic review.
Heliyon,
Vol. 3,
Issue. 12,
p.
e00473.


	CrossRef
	Google Scholar






Johnstone, Jennie
Policarpio, Michelle E.
Lam, Freda
Adomako, Kwaku
Prematunge, Chatura
Nadolny, Emily
Li, Ye
Brown, Kevin
Kerr, Elaine
and
Garber, Gary
2017.
Rates of blood cultures positive for vancomycin-resistant Enterococcus in Ontario: a quasi-experimental study.
CMAJ Open,
Vol. 5,
Issue. 2,
p.
E273.


	CrossRef
	Google Scholar






Chiang, Hsiu-Yin
Perencevich, Eli N.
Nair, Rajeshwari
Nelson, Richard E.
Samore, Matthew
Khader, Karim
Chorazy, Margaret L.
Herwaldt, Loreen A.
Blevins, Amy
Ward, Melissa A.
and
Schweizer, Marin L.
2017.
Incidence and Outcomes Associated With Infections Caused by Vancomycin-Resistant Enterococci in the United States: Systematic Literature Review and Meta-Analysis.
Infection Control & Hospital Epidemiology,
Vol. 38,
Issue. 2,
p.
203.


	CrossRef
	Google Scholar






Cheng, Mengjun
Liang, Jiaming
Zhang, Yufeng
Hu, Liyuan
Gong, Pengjuan
Cai, Ruopeng
Zhang, Lei
Zhang, Hao
Ge, Jinli
Ji, Yalu
Guo, Zhimin
Feng, Xin
Sun, Changjiang
Yang, Yongjun
Lei, Liancheng
Han, Wenyu
and
Gu, Jingmin
2017.
The Bacteriophage EF-P29 Efficiently Protects against Lethal Vancomycin-Resistant Enterococcus faecalis and Alleviates Gut Microbiota Imbalance in a Murine Bacteremia Model.
Frontiers in Microbiology,
Vol. 8,
Issue. ,


	CrossRef
	Google Scholar






Huttner, Benedikt
and
Harbarth, Stephan
2017.
Oxford Textbook of Geriatric Medicine.
p.
659.


	CrossRef
	Google Scholar






Flokas, Myrto Eleni
Karageorgos, Spyridon A.
Detsis, Marios
Alevizakos, Michail
and
Mylonakis, Eleftherios
2017.
Vancomycin-resistant enterococci colonisation, risk factors and risk for infection among hospitalised paediatric patients: a systematic review and meta-analysis.
International Journal of Antimicrobial Agents,
Vol. 49,
Issue. 5,
p.
565.


	CrossRef
	Google Scholar






Raven, Kathy E.
Gouliouris, Theodore
Parkhill, Julian
Peacock, Sharon J.
and
Carroll, Karen C.
2018.
Genome-Based Analysis of Enterococcus faecium Bacteremia Associated with Recurrent and Mixed-Strain Infection.
Journal of Clinical Microbiology,
Vol. 56,
Issue. 3,


	CrossRef
	Google Scholar






Bressan, Raffaela
Knezevich, Anna
Monticelli, Jacopo
Campanile, Floriana
Busetti, Marina
Santagati, Maria
Dolzani, Lucilla
Milan, Annalisa
Bongiorno, Dafne
Di Santolo, Manuela
Tonin, Enrico A.
Stefani, Stefania
Luzzati, Roberto
and
Lagatolla, Cristina
2018.
Spread of Vancomycin-ResistantEnterococcus faeciumIsolates Despite Validated Infection Control Measures in an Italian Hospital: Antibiotic Resistance and Genotypic Characterization of the Endemic Strain.
Microbial Drug Resistance,
Vol. 24,
Issue. 8,
p.
1148.


	CrossRef
	Google Scholar






Lee, Andie S.
White, Elizabeth
Monahan, Leigh G.
Jensen, Slade O.
Chan, Raymond
and
van Hal, Sebastiaan J.
2018.
Defining the Role of the Environment in the Emergence and Persistence of vanA Vancomycin-Resistant Enterococcus (VRE) in an Intensive Care Unit: A Molecular Epidemiological Study.
Infection Control & Hospital Epidemiology,
Vol. 39,
Issue. 6,
p.
668.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








VRE and VSE Bacteremia Outcomes in the Era of Effective VRE Therapy: A Systematic Review and Meta-analysis








	Volume 37, Issue 1
	
Chatura Prematunge (a1), Colin MacDougall (a1), Jennie Johnstone (a1) (a2) (a3), Kwaku Adomako (a1), Freda Lam (a1), Jennifer Robertson (a1) and Gary Garber (a1) (a3) (a4) (a5)

	DOI: https://doi.org/10.1017/ice.2015.228





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





VRE and VSE Bacteremia Outcomes in the Era of Effective VRE Therapy: A Systematic Review and Meta-analysis








	Volume 37, Issue 1
	
Chatura Prematunge (a1), Colin MacDougall (a1), Jennie Johnstone (a1) (a2) (a3), Kwaku Adomako (a1), Freda Lam (a1), Jennifer Robertson (a1) and Gary Garber (a1) (a3) (a4) (a5)

	DOI: https://doi.org/10.1017/ice.2015.228





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





VRE and VSE Bacteremia Outcomes in the Era of Effective VRE Therapy: A Systematic Review and Meta-analysis








	Volume 37, Issue 1
	
Chatura Prematunge (a1), Colin MacDougall (a1), Jennie Johnstone (a1) (a2) (a3), Kwaku Adomako (a1), Freda Lam (a1), Jennifer Robertson (a1) and Gary Garber (a1) (a3) (a4) (a5)

	DOI: https://doi.org/10.1017/ice.2015.228





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















