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Abstract

Objective
Enterococcus species are the third most common organisms causing central line-associated bloodstream
infections (CLABSIs). The management of enterococcal CLABSI, including the need for and timing of
catheter removal, is not well de�ned. We therefore conducted this study to determine the optimal
management of enterococcal CLABSI in cancer patients.

Methods
We reviewed data for 542 patients diagnosed with Enterococcus bacteremia between September 2011 to
December 2018. After excluding patients without an indwelling central venous catheter, we classi�ed the
remaining 397 patients into 3 groups: Group 1 consisted of patients with CLABSI with mucosal barrier
injury (MBI), Group 2 included patients with either CRBSI or CLABSI without MBI, and Group 3 consisted
of patients who did not meet the CDC criteria for CLABSI. The impact of early (< 3 days after bacteremia
onset and late (3–7 days) catheter removal was compared. The composite primary outcome included
absence of microbiologic recurrence, 90-day infection-related mortality, and 90-day infection-related
complications.

Results
Among patients in Group 2, those whose catheters were removed within 3 days of bacteremia onset was
associated a better overall outcome than those whose catheters were removed later between days 3 to 7
(success rate 88% vs 63%). However, those who had catheters retained beyond 7 days had a similar
successful outcome than those who had early catheter removal. Early CVC removal in in non-CLABSI
cases (group-3) was not associated with higher success rates.

Conclusion
If removal of central venous catheters is clinically indicated in patients with enterococcal CLABSI earlier
removal in less than 3 days may be associated with better outcomes.

Background
Although Enterococcus species are the third most common cause of central line–associated bloodstream
infections (CLABSIs), the optimal management of these infections remains unclear (1). The incidence of
Enterococcus bacteremia is increasing in the oncologic patient population, where it is emerging as an
important nosocomial infection (2). Enterococcus species have a high a�nity to form bio�lms, which
contributes to their virulence, antibiotic resistance, and ability to attach to medical devices and cause
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device-related infections including CLABSI (3). The best strategy for catheter management in patients
with enterococcal CLABSI is yet to be fully determined; the current guidelines recommend removal of
long-term catheters when possible, with the option to use antibiotic lock therapy if the catheter must be
retained (4). However, studies evaluating the impact of catheter removal have been sparse and limited by
small sample sizes and usually the lack of a comparator group, particularly in the oncologic patient
population. Thus, our primary objective was to evaluate the management of Enterococcus species
bloodstream infections (BSIs) and their outcomes in cancer patients by comparing patients with CLABSI
to those with non-CLABSI infections.

Methods
Study design and case de�nitions 

This was a retrospective cohort study. Using our infection control team’s database, we identi�ed 872
episodes of enterococcal bacteremia (positive blood cultures for Enterococcus species) at MD Anderson
Cancer Center between September 2011 and December 2018. We included adult cancer patients with a
�rst episode of enterococcal bacteremia diagnosed in the presence of a central venous catheter (CVC)
that had been in place for at least 48 hours prior to the onset of bacteremia. We excluded 330 patients
with polymicrobial bacteremia, with no indwelling CVC at the onset of index bacteremia, or with a CVC
placed less than 48 hours before onset. We classi�ed the patients with bacteremia into CLABSI or non-
CLABSI groups according to the Centers for Disease Control’s de�nition of CLABSI (5). We further divided
the CLABSI group into a CLABSI with mucosal barrier injury (MBI) subgroup and a CLABSI non-MBI
subgroup. MBI was de�ned as the presence of either of the following criteria: 1) neutropenia with an
absolute neutrophil count of < 500 cells/mm3 on 2 separate days within 3 days of bacteremia diagnosis;
2) in a patient who received a hematopoietic stem cell transplant (HSCT) within 1 year of the positive
blood culture, the presence of either grade III or IV gastrointestinal graft-versus-host disease or severe
diarrhea of ≥ 1 L in a 24-hour period within the 7 days prior to the positive blood culture (5). 

In addition, we identi�ed the cases that met the criteria for catheter-related bloodstream infections
(CRBSI) according to the Infectious Diseases Society of America (IDSA) Clinical Practice Guidelines for
the Diagnosis and Management of Intravascular Catheter-Related Infection (4).  We analyzed 3 groups of
patients: group 1 (G1) included patients whose bacteremia met the de�nition of CLABSI with MBI
(considered as possible CLABSI); G2 included patients who had either CRBSI or CLABSI without MBI
(considered as de�nite CRBSI); and G3 included patients with non-CLABSI who had a CVC in place but
likely had bacteremia from another source.   

Data extraction and study outcomes:  The protocol was approved by our Institutional Review Board and a
waiver of informed consent were obtained prior to the conduct of the study.

Patient data were extracted from our institution’s electronic medical records system (Epic). We collected
data on patient demographics, underlying malignancy, neutropenic status, and risk factors for infection.
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Microbiological data collected included date and source of positive blood cultures, bacterial species,
phenotypic susceptibility pattern, and status of colonization with vancomycin-resistant enterococci
(VRE). We recorded all the antibacterial agents that were used to treat the bacteremia starting from the
date of positive blood culture and for the subsequent 2-week period. CVC management (removal or
retention) was evaluated at 2 time intervals: early (within 72 hours bacteremia onset and late (at 3 to 7
days). CVCs that were removed after 7 days were considered to have been retained. The three-day cut off
was chosen to mimic the clinical scenario where some time is elapsed between blood collection and
organism identi�cation. Patients were followed for 3 months after the onset of the index bacteremia, until
lost to follow-up, or until death, whichever occurred �rst.  

Clinical and microbiological outcomes were determined as follows. Clinical resolution was de�ned as
defervescence within 72 hours. Microbiologic eradication was de�ned as resolution of the bacteremia
within 96 hours. Recurrence of the bacteremia during the follow-up period was identi�ed by positive blood
cultures with isolates that shared a similar phenotypic antimicrobial susceptibility pattern to that of the
baseline isolate. Infection-related complications included the occurrence of deep-seated infection, such
as infective endocarditis, thrombophlebitis, or osteomyelitis, during follow-up. We collected all-cause
mortality and infection-related mortality data. Death was attributed to enterococcal bacteremia based on
the clinical impression of the treating physicians and available clinical data. A successful overall
outcome was a composite of: absence of infection-related complications, absence of infection-related
mortality, and absence of microbiological recurrence within 90 days. Patients who died within 7 days of
onset of index bacteremia and patients who received antibiotic catheter lock therapy were excluded from
the outcome analyses. 

Statistical analysis (pending)

We used the χ2 test or Fisher exact test to compare categorical variables, as appropriate. To compare
continuous variables, we used the Kruskal-Wallis test for 3-group comparisons and Wilcoxon rank sum
test for 2-group comparisons. If a signi�cant result (P < .05) was detected for a test that compared 3
groups, then pairwise comparisons were performed, with α levels adjusted using Holm’s sequential
Bonferroni adjustment to control the type I error. A multivariate logistic regression model was used to
identify factors that were independently associated with mortality. All tests were 2-sided, with a
signi�cance level of 0.05, except pairwise comparisons with the α adjustment. The statistical analyses
were performed using SAS software version 9.3 (SAS Institute, Cary, NC).

Results
The �nal analysis included 397 patients, with 132 patients in G1 (CLABSI with MBI), 101 patients in G2
(CLABSI without MBI and CRBSI), and 164 in G3 (non-CLABSI) (Table 1). Patients in G1 (98%) were more
likely than those in G2 (79%) and G3 (71%) to have hematologic malignancies (both P values < .0001).
The rate of neutropenia was signi�cantly higher in G1 (96%) than in G3 (52%) and G2 (15%) (all P values 
< .0001). Signi�cantly more patients in G2 (45%) and G1 (37%) were HSCT recipients than in G3 (23%)
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(G1 vs G3: P = .007; G2 vs G3: P < .001). There were no statistically signi�cant differences in the number
of admissions to the intensive care unit (ICU) among the 3 groups. In terms of microbiological
characteristics, signi�cantly more patients had E. faecalis isolates in G2 (62%) than in G3 (46%) (G2 vs
G3: P = .01) or G1 (31%) (G1 vs G3: P = .01; G1 vs G2: P < .0001), whereas E. faecium isolates were
identi�ed in signi�cantly more G1 patients (64%) than in G2 (37%, P < .0001) or G3 (48%, P = .004)
patients. Patients in G1 also had a signi�cantly higher rate of bacteremia caused by VRE than did
patients in G3 (43% vs 29%, P = .016). Rates of VRE colonization were similar among the 3 groups.

Fifty-�ve percent of CVCs were removed in G2 patients, compared to 48% in G1 and 36% in G3; the
difference between G2 and G3 was signi�cant (P < .001). Similarly, early CVC removal (within 72 hours of
bacteremia onset) was more common in G2 than in G3 (33% vs 20%, P < .01). There were no statistically
signi�cant differences among the 3 groups in all-cause mortality or infection-related mortality within 90
days of index bacteremia onset or in microbiologic recurrence within 90 days of microbiologic resolution
(Table 1).

In group 1, early CVC removal in less than three days was associated with a better overall outcome
compared to late removal between 3–7 days (78% vs 67%), but with a similar outcome than catheter
retention. In group 2, there was a trend for a better overall outcome for early CVC removal in less than
three days compared to late removal between 3–7 days (63% vs 88%) but again with a similar outcome
for catheter retention. Early CVC removal was not associated with a higher success rate in group-3. (Table
− 2).

Compared to patients with E. faecalis bacteremia, patients with E. faecium bacteremia had signi�cantly
higher rates of infection-related mortality (16% vs 2%; P < .0001) and all-cause mortality (57% vs 34%; P 
< .0001). Similarly, compared to those with non-VRE bacteremia, patients with VRE bacteremia had
signi�cantly higher all-cause mortality (53% vs 40%; P = .018) and infection-related mortality (17% vs 6%;
P = .0004) rates and a signi�cantly lower rate of microbiological eradication at 96 hours (59% vs 73%; P 
= .008). However, multivariate logistic regression analysis determined that higher mortality was
independently associated with the isolation of E. faecium (odds ratio [OR], 2.38; 95% CI, 1.54 to 3.68; P 
< .0001) and ICU admission (OR, 3.66; 95% CI, 2.11 to 6.34; P < .0001). After adjusting for these factors,
VRE infection was no longer associated with mortality (P = .53).

Discussion
To our knowledge, this is the largest study of enterococcal CLABSI in cancer patients and the �rst to have
fully de�ned comparator groups. The predominance of E. faecalis isolates in G2 (patients with
documented CRBSI and CLABSI without MBI) could be attributable to the superior capability of E. faecalis
to form bio�lms (6). From the data at hand it is di�cult to make a de�nitive determination of the value of
early catheter removal, however early catheter removal in less than 3 days was consistently associated
with a better overall outcome than late catheter removal between 3–7 days in the CLABSI cases
represented by group-1 and group-2, but not in group-3. Surprisingly, CVC retention was associated with a



Page 6/10

high success rate in all three groups. Catheters could have been retained in more clinically stable cases
which could explain the high success rate with catheter retention. Unfortunately, the rationale behind the
decision to remove or retain the catheter was not available. Potential bene�t of removal of CVC in the
context of enterococcal CLABSI can be inferred from available literature, albeit with limited data and
small sample sizes.

Sandoe et al. (7) evaluated treatment outcomes in 61 cases of enterococcal CRBSI. Cure was achieved in
40 of 48 (83%) episodes managed with CVC removal but only 5 of 13 (38%) episodes in which the CVC
was retained (and patients received combined antimicrobial therapy including an active cell wall-acting
agent and an aminoglycoside). The study did not address the timing of catheter removal. Despite the
study’s small sample size, the authors concluded that catheter removal resulted in higher cure rates and
that combination therapy is needed if the CVC is to be retained (7).

Reigadas et al. (8) retrospectively examined 75 episodes (in 73 patients) of enterococcal CRBSI, focusing
on patient characteristics and risk factors. They concluded that the high mortality rate observed in
patients with enterococcal CRBSI required a better therapeutic approach (8).

In a retrospective review, Marschall et al. (9) compared outcomes of patients with retained CVCs to those
who underwent CVC removal in a cohort of 111 patients with enterococcal CLABSI. They found that in-
hospital crude mortality, 30-day mortality, and 90-day mortality were all associated with catheter
retention, although they did not specify the time interval in which the catheters were removed. In addition,
that study lacked a comparator group (9).

Enterococcus species are generally considered to be of low virulence, so the previously reported
association of enterococcal infections with higher mortality and a poor prognosis could be due to the
association of these infections with malignancy and [“other”?] chronic comorbid conditions (16, 17). In
our current study, harboring an isolate displaying vancomycin resistance was associated with higher
infection-related and all-cause mortality, attributed by multivariate analysis to isolation of E. faecium and
hospitalization in a critical-care setting. The poor outcomes of VRE BSIs were reported in a retrospective
review of 7128 adult and pediatric patients who had received their �rst HSCT. Multivariable models
showed that VRE-BSI was associated with higher non-relapse mortality and lower overall survival (18). In
our present study, most VRE isolates were found in G1 (CLABSI with MBI), which also happened to have a
higher VRE colonization rate (Table 1). The majority of our VRE isolates speciated into E. faecium (90%).
While the emergence of E. faecium as a pathogen with poorer outcomes than E. faecalis has been well
reported in the literature (19), in our cohort, the poor outcomes may have been associated with its
resistance to vancomycin.

Our study was limited by its retrospective nature, particularly in that the indications for CVC management
were not consistently documented. The decision to remove the CVC was also based on the decision of
the treating physician, with no clear pattern or time frame and often without a documented rationale and
irrespective of clinical status at point of removal Another limitation is that some patients had missing
data for some variable and were therefore excluded in the �nal analysis. This reduced the number of
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cases and impacted the statistical signi�cance of our data. We also depended on phenotypic
susceptibility pattern to identify recurrent isolates, use of more accurate methods was not possible given
the retrospective nature of the study (physical samples no longer available).

Conclusion
If CVC removal is clinically mandated in cases of enterococcal CLABSI, early removal in less than 3 days
may be associated with better outcomes. Early CVC removal in non-CLABSI cases was not associated
with better outcomes. Further prospective data are needed to determine the best therapeutic approach.

Declarations
Acknowledgments

Editorial support was provided by Amy Ninetto in Editing Services, Research Medical Library, The
University of Texas MD Anderson Cancer Center

Author Contributions:

H.A. Designed the study, data collection, interpretation of the data and writing of the manuscript 

A.M.C Designed the study, interpretation of data, and revised the manuscript 

M.K. Performed data collection and revising the manuscript

J.F. Performed data collection and revising the manuscript

Y.J. Analyzed and interpreted the data

R.D. Performed data collection and revising the manuscript

S.A. Performed data collection and revising the manuscript

R.H. Designed the study, interpretation of data, and revised the manuscript

I.I.R Designed the study, interpretation of data, and revised the manuscript

Funding: 

None 

Con�icts of Interest:  

None

Availability of data and materials



Page 8/10

The data that support the �ndings of this study are not publicly available. Participants signed a waiver of
informed consent that does not prohibit sharing of data.  De-identi�ed data could be made available
upon reasonable request and with permission of the MD Anderson Institutional Review Board. Please
contact Anne-Marie Chaftari, M.D. (achaftari@mdanderson.org) or Ying Jiang (yijiang@mdanderson.org)
for de-identi�ed data requests. 

Ethical Approval:  

This study was approved by the MD Anderson Cancer Center Institutional Review Board.   Waiver of
informed consent was obtained and waived by the MD Anderson Cancer Center Institutional Review
Board. All experiment methods were carried out in accordance with relevant guidelines and regulations.  

Consent for publication:  

Not applicable.

Competing interests:  

The authors declare that they have no competing interests

References
1. See I, Freifeld AG, Magill SS. Causative Organisms and Associated Antimicrobial Resistance in

Healthcare-Associated, Central Line-Associated Bloodstream Infections From Oncology Settings,
2009–2012. Clin Infect Dis. 2016;62(10):1203–9.

2. Conde-Estevez D, Grau S, Albanell J, Terradas R, Salvado M, Knobel H. Clinical characteristics and
outcomes of patients with vancomycin-susceptible Enterococcus faecalis and Enterococcus faecium
bacteraemia in cancer patients. Eur J Clin Microbiol Infect Dis. 2011;30(1):103–8.

3. Donelli G, Guaglianone E. Emerging role of Enterococcus spp in catheter-related infections: bio�lm
formation and novel mechanisms of antibiotic resistance. J Vasc Access. 2004;5(1):3–9.

4. Mermel LA, Allon M, Bouza E, Craven DE, Flynn P, O'Grady NP, et al. Clinical practice guidelines for the
diagnosis and management of intravascular catheter-related infection: 2009 Update by the
Infectious Diseases Society of America. Clin Infect Dis. 2009;49(1):1–45.

5. Central Line–Associated Bloodstream Infection (CLABSI) Event. National Healthcare Safety Network
website. [updated January 2014. Available from:
http://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf.

�. Ch'ng JH, Chong KKL, Lam LN, Wong JJ, Kline KA. Bio�lm-associated infection by enterococci. Nat
Rev Microbiol. 2019;17(2):82–94.

7. Sandoe JA, Witherden IR, Au-Yeung HK, Kite P, Kerr KG, Wilcox MH. Enterococcal intravascular
catheter-related bloodstream infection: management and outcome of 61 consecutive cases. J
Antimicrob Chemother. 2002;50(4):577–82.

mailto:achaftari@mdanderson.org
mailto:yijiang@mdanderson.org


Page 9/10

�. Reigadas E, Rodriguez-Creixems M, Guembe M, Sanchez-Carrillo C, Martin-Rabadan P, Bouza E.
Catheter-related bloodstream infection caused by Enterococcus spp. Clin Microbiol Infect.
2013;19(5):457–61.

9. Marschall J, Piccirillo ML, Fraser VJ, Doherty JA, Warren DK. Catheter removal versus retention in the
management of catheter-associated enterococcal bloodstream infections. Can J Infect Dis Med
Microbiol. 2013;24(3):e83-7.

10. Pericas JM, Cervera C, del Rio A, Moreno A, Garcia de la Maria C, Almela M, et al. Changes in the
treatment of Enterococcus faecalis infective endocarditis in Spain in the last 15 years: from
ampicillin plus gentamicin to ampicillin plus ceftriaxone. Clin Microbiol Infect. 2014;20(12):O1075-
83.

11. Gavalda J, Len O, Miro JM, Munoz P, Montejo M, Alarcon A, et al. Brief communication: treatment of
Enterococcus faecalis endocarditis with ampicillin plus ceftriaxone. Ann Intern Med.
2007;146(8):574–9.

12. Yim J, Smith JR, Rybak MJ. Role of Combination Antimicrobial Therapy for Vancomycin-Resistant
Enterococcus faecium Infections: Review of the Current Evidence. Pharmacotherapy.
2017;37(5):579–92.

13. Beganovic M, Luther MK, Rice LB, Arias CA, Rybak MJ, LaPlante KL. A Review of Combination
Antimicrobial Therapy for Enterococcus faecalis Bloodstream Infections and Infective Endocarditis.
Clin Infect Dis. 2018;67(2):303–9.

14. Smith JR, Barber KE, Raut A, Rybak MJ. beta-Lactams enhance daptomycin activity against
vancomycin-resistant Enterococcus faecalis and Enterococcus faecium in in vitro
pharmacokinetic/pharmacodynamic models. Antimicrob Agents Chemother. 2015;59(5):2842–8.

15. Benamu E, Deresinski S. Vancomycin-resistant enterococcus infection in the hematopoietic stem cell
transplant recipient: an overview of epidemiology, management, and prevention. F1000Res. 2018;7:3.

1�. Cabiltes I, Coghill S, Bowe SJ, Athan E. Enterococcal bacteraemia 'silent but deadly': a population-
based cohort study. Intern Med J. 2020;50(4):434–40.

17. Murray BE. The life and times of the Enterococcus. Clin Microbiol Rev. 1990;3(1):46–65.

1�. Papanicolaou GA, Ustun C, Young JH, Chen M, Kim S, Woo Ahn K, et al. Bloodstream Infection Due to
Vancomycin-resistant Enterococcus Is Associated With Increased Mortality After Hematopoietic Cell
Transplantation for Acute Leukemia and Myelodysplastic Syndrome: A Multicenter, Retrospective
Cohort Study. Clin Infect Dis. 2019;69(10):1771–9.

19. McBride SJ, Upton A, Roberts SA. Clinical characteristics and outcomes of patients with vancomycin-
susceptible Enterococcus faecalis and Enterococcus faecium bacteraemia–a �ve-year retrospective
review. Eur J Clin Microbiol Infect Dis. 2010;29(1):107–14.

Tables
Due to technical limitations, the tables are only available as a download in the supplemental �les section.



Page 10/10

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Table1ThreegroupcomparisonAMCAug312020.xlsx

Table2Cathetermanagementforeachgroup.xlsx

https://assets.researchsquare.com/files/rs-151984/v1/58a9f8c8f472cf9485bee913.xlsx
https://assets.researchsquare.com/files/rs-151984/v1/a5d371b008031b99a0d21c65.xlsx

