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Summary

Objectives—We sought to determine the association between previous daptomycin exposure and 

daptomycin non-susceptible Enterococcus faecium (DNSEf) bloodstream infections (BSI) in adult 

leukemia patients.

Methods—We retrospectively identified adult (≥ 18 years old) leukemia patients with 

Enterococcus spp. bacteremia at The University of Texas MD Anderson Cancer Center (MDACC) 

from 6/1/2013 to 7/22/2015. Antimicrobial susceptibility and previous antibiotic exposure within 

the 90 days prior to bacteremia were collected. Classification and Regression Tree (CART) 
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analysis was used to identify the most significant breakpoint between daptomycin exposure and 

DNSEf.

Results—Any amount of daptomycin received within the 90 days preceding BSI was 

significantly associated with isolation of DNSEf compared to daptomycin susceptible E. faecium 
(DSEf) (88% vs. 44%, respectively, p<0.01). CART analysis identified receiving ≥ 13 days of 

daptomycin in the preceding 90 days as most significantly correlated with DNSEf (60% vs. 11%, 

relative risk [RR] 5.31, 95% Confidence interval [CI] 2.36–11.96, p < 0.01).

Conclusions—Prior daptomycin exposure for ≥ 13 days within 90 days preceding BSI was 

significantly associated with isolation of DNSEf BSI in adult leukemia patients at our institution. 

Antimicrobial stewardship initiatives aimed at minimizing daptomycin exposure in high-risk 

patients may be of significant benefit in limiting the emergence of DNSEf.
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Introduction

Bloodstream infections (BSI) caused by enterococci present a major challenge for clinicians 

due to a marked increase in resistance to the agents of choice (1). Enterococci are increasing 

in prevalence as a nosocomial pathogen, particularly in immunocompromised patients such 

as those with hematologic malignancies, and are associated with increased mortality, 

hospital length of stay, and cost (2, 3).

Daptomycin is a lipopeptide antibiotic with bactericidal activity that is frequently used off-

label for infections caused by vancomycin-resistant enterococci (VRE) (1). Although overall 

susceptibility to daptomycin in enterococci remains high, the clinical breakpoint has been 

recently questioned and the increasing prevalence of resistance in select populations 

threatens its clinical utility (1, 3, 4). The emergence of daptomycin non-susceptible 

Enterococcus (DNSE) while on therapy is well-described, however the clinical pattern of de 
novo DNSE has yet to be elucidated (3, 5). It is reasonable to assume that previous 

daptomycin exposure (i.e., antimicrobial selection pressure) increases risk for the 

development of DNSE BSI, however to date there has been conflicting reports of this 

phenomena (6, 7). Additionally, it is unknown whether the total extent of previous 

daptomycin exposure correlates with increased risk for DNSE BSI.

The purpose of this study was to identify clinical factors predictive of daptomycin non-

susceptibility among leukemia patients with enterococcal BSI. We specifically sought to test 

the hypothesis that the risk of de novo daptomycin non-susceptibility increased with 

increasing total prior daptomycin exposure.

Patients and methods

Study Design

This was a retrospective, observational cohort study of adult (≥ 18 years old) leukemia 

patients with a blood culture positive for Enterococcus spp. at The University of Texas MD 
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Anderson Cancer Center (MDACC) from 6/1/2013 to 7/22/2015. Patients were identified 

using records maintained by the microbiology department. The only exclusion criteria was 

lack of daptomycin susceptibility testing. Clinical information was collected from the 

electronic health record, including antimicrobial susceptibility data. Previous antibiotic 

exposure was assessed using pharmacy records capturing all inpatient and outpatient doses 

of antibiotics administered at MDACC during the pre-specified time period. Records were 

manually reviewed to ensure that any written prescriptions or medications administered 

through home-health agencies were also recorded. Patients with more than one episode of 

Enterococcus spp. BSI were included only once.

Microbiologic testing

Species identification with Vitek 2 (bioMérieux, Marcy-L'Étoile, France) and susceptibility 

testing were performed in the MDACC clinical microbiology laboratory. The daptomycin 

minimum inhibitory concentration (MIC) was determined via Etest (bioMérieux) with 

daptomycin non-susceptibility defined as an MIC of >4 mg/L, in accordance with current 

Clinical Laboratory and Standards Institute (CLSI) definitions (http://clsi.org/m100/). We 

chose Etest since compelling evidence suggests that Etest more accurately identifies DNSE 

compared to broth microdilution (4, 8). The linezolid MIC was determined via Etest, while 

ampicillin and vancomycin MICs were determined via automated broth microdilution (Vitek 

2). Resistance for these agents was assessed according to CLSI breakpoints.

Endpoints

The primary aim of this study was to assess the association between previous daptomycin 

exposure and the emergence of primary DNSE isolates (i.e., DNSE BSI in a patient with no 

previous Enterococcus spp. BSI). The main variable of interest was total days of previous 

daptomycin treatment in the 90 days prior to the onset of BSI. We also analyzed any 

daptomycin exposure, as a dichotomous variable, within 14, 30, and 90 days prior to 

recovery of the isolate. These specific time points were chosen as potentially clinically 

relevant time periods for bedside decision-making in addition to facilitating comparisons 

with other antimicrobial resistance literature. Secondary variables included other antibiotic 

use within 90 days, presence of neutropenia (ANC < 500 cells/mm3), and length of 

hospitalization prior to isolate recovery. This study was approved by the MDACC 

institutional review board with a waiver of informed consent.

Statistical Analyses

Data were managed using REDCap (Vanderbilt University, Nashville, TN) electronic data 

capture tools hosted at MDACC (9). Differences in categorical variables were assessed with 

the χ2 test while the Wilcoxon rank-sum test was used for continuous variables after 

confirming that all followed non-normal distributions. Classification and Regression Tree 

(CART) analysis was utilized to identify the duration of daptomycin exposure most 

significantly correlated with DNSE. The relative risk for isolation of DNSE in patients with 

daptomycin exposures above and below the CART-derived breakpoint was calculated using 

the Mantel-Haenszel method. The area under the receiver operator characteristic (ROC) 

curve was used to confirm the categorization ability of the CART-derived breakpoint (10). 
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Stata version 14.1 (StataCorp LP, College Station, TX) and SAS JMP Pro v11 (SAS 

Systems, Cary, NC) were used for statistical analysis.

Results

Demographics

Over the 25-month study period, 272 patients with Enterococcus spp. BSI were identified 

and 139 leukemia patients (95 E. faecium, 44 E. faecalis) met the pre-specified inclusion 

criteria. Primary daptomycin non-susceptibility was found to occur exclusively in E. faecium 
isolates, therefore, the subsequent analysis was focused on patients with E. faecium 
bacteremia. After excluding 17 patients without daptomycin susceptibility data, 77 patients 

with primary E. faecium BSIs were included.

Demographic characteristics were similar between patients with daptomycin susceptible E. 
faecium (DSEf) compared to daptomycin non-susceptible E. faecium (DNSEf), including a 

median age of 53 years (interquartile range [IQR] 36-64) vs. 48 years (IQR 40-62, p=0.80) 

and leukemia type, with a majority of patients in both groups having acute myeloid 

leukemia; 61% vs. 69%, p=0.73). The majority of patients in both groups were profoundly 

neutropenic at the onset of BSI (80% vs. 94%, p=0.20). Four of 16 patients (25%) with 

primary DNSEf had isolation of E. faecium from other sources within 90 days prior to 

bloodstream isolate collection. Sources of isolation included urine (3 patients) and both 

urine and skin or soft tissue (1 patient). Each of these 4 patients had a stool screen positive 

for VRE during the same time period. Demographic and clinical characteristics stratified by 

daptomycin susceptibility are shown in Table 1.

Microbiologic characteristics

Among the 77 E. faecium isolates, 16 (21%) were daptomycin non-susceptible, 75 (97%) 

were ampicillin resistant, 53 (69%) were vancomycin resistant, and 13 (17%) were linezolid 

resistant. Three (4%) isolates were resistant to ampicillin, linezolid, and vancomycin and 

non-susceptible to daptomycin. The MIC50 / MIC90 for daptomycin and linezolid were 3/8 

mg/L and 2/32 mg/L, respectively.

Daptomycin exposure

Overall, 53% of patients had received at least one dose of daptomycin in the 90 days 

preceding BSI onset. Any daptomycin exposure within the 90 days preceding BSI onset was 

significantly associated with isolation of DNSEf compared to DSEf (88% vs. 44%, 

respectively, p<0.01). No other antibiotic exposure correlated significantly with DNSEf 
(Table 1). CART analysis identified the receipt of ≥ 13 days of daptomycin in the preceding 

90 days as being most significantly correlated with DNSE (60% vs. 11%, relative risk [RR] 

5.31, 95% Confidence interval [CI] 2.36–11.96, p < 0.01). The area under the ROC curve 

(AUC ROC) for the CART-derived breakpoint was 0.79 (95% CI 0.67 – 0.92) (Figure 1). 

This breakpoint correctly classified 83% of patients at a sensitivity of 56% and specificity of 

92%.
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Discussion

Due to broad activity against common multidrug-resistant gram-positive organisms, such as 

VRE and methicillin-resistant Staphylococcus aureus, daptomycin is frequently used as a 

front line agent for proven or suspected infections due to these organisms. As delayed 

appropriate therapy for VRE BSI is associated with increased morbidity and mortality and 

daptomycin non-susceptibility in enterococci is increasingly reported, understanding the key 

risk factors for the development of DNSEf BSI in high-risk patients is critical (3, 11). Here, 

we show that previous daptomycin exposure is highly correlated with isolation of DNSEf in 

high-risk leukemia patients with enterococcal BSI.

The two most likely paths of infection with DNSE are prolonged daptomycin exposure 

selecting for DNSE in a patient already colonized with Enterococcus spp. and de novo 
acquisition of DNSE in a susceptible host. Previous data are consistent with both pathways 

being clinically relevant (6, 7, 12). Although we did not perform epidemiologic typing and 

VRE colonization rates were similar in patients with DNSEf and DSEf, we speculate that 

differences in local flora and our heavily immunosuppressed patient population, primarily 

with relapsed leukemia, predispose our patients to the development of DNSE in the setting 

of prolonged daptomycin exposure. As DNSE was highly correlated with daptomycin 

exposure in our patients, our data suggest that antimicrobial stewardship efforts may be of 

substantial benefit in limiting the emergence of DNSE.

Given the relatively low virulence of enterococci, the clinical impact of timely, effective 

therapy for enterococcal BSI has long been debated. A recent analysis of non-neutropenic 

patients with enterococcal BSI found that delayed administration of microbiologically-active 

antibiotics greater than 48 hours after isolate collection was associated with a 3-fold 

increased risk in 30-day mortality (13). Additionally, our group has shown that patients with 

enterococcal BSI caused by isolates with elevated, yet still susceptible, MICs (i.e., 3 – 4 

mg/L) have increased risk of microbiologic failure (4). Thus, together with previously 

published data, our findings suggest that patients with previous daptomycin exposure ≥ 13 

days presenting with enterococcal BSI not only have increased risk of DNSEf, but 

potentially increased mortality and prolonged bacteremia resulting from delayed appropriate 

treatment (13).

This study has several limitations, including its retrospective nature. We were unable to 

capture information on antibiotic usage at other institutions, however, as a comprehensive 

cancer center, many of our patients exclusively receive care within our institution. The single 

center nature of our study may limit the generalizability of our findings, but DNSE 

infections have been broadly reported in the United States and worldwide. Since this study 

was designed to detect risk factors for DNSE, the secondary time points chosen for 

daptomycin exposure (i.e. 90, 30, and 14 days) were selected based on presumed clinical 

relevance. It is possible, however, that other time points have been associated with differing 

risk profiles. Also, since we defined DNSE as isolates with daptomycin MIC > 4 mg/L via 

Etest based on current CLSI breakpoints, we did not evaluate the correlation of previous 

daptomycin exposure and E. faecium isolated with MICs of 3 – 4mg/L.
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In summary, DNSE occurred exclusively in E. faecium isolates at our institution. We were 

able to define the extent of prior exposure to daptomycin (≥ 13 days) most significantly 

associated with DNSEf BSI in our population, with a nearly six-fold increased risk of 

DNSEf BSI. Taken together, our findings suggest that antimicrobial stewardship initiatives 

aimed at minimizing daptomycin exposure in high-risk patients may be of significant benefit 

in limiting the emergence of DNSEf. Finally, these findings indicate that previous 

daptomycin exposure is an important consideration when selecting empiric therapy for 

multidrug-resistant enterococcal infections.
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Highlights

• Daptomycin non-susceptible E. faecium (DNSE) bloodstream infection was 

found in 21% of cases.

• Receipt of ≥ 13 days of daptomycin was significantly correlated with DNSE.

• Stewardship interventions to minimize daptomycin exposure may limit the 

emergence of DNSE.
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Figure 1. 
Area under the receiver operator characteristic (ROC) curve for daptomycin exposure and 

isolation of daptomycin non-susceptible E. faecium
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Table 1

Demographic and clinical characteristics for patients with E. faecium isolates

Characteristic (n, %) Daptomycin susceptible (n=61) Daptomycin non-susceptible (n=16) p value

Age, years (median [IQR
a
])

53 (36-64) 48 (40-62) 0.80Ŧ

Male gender 37 (61) 12 (75)
0.29

¶

Cancer type
0.73

¶

AML 37 (61) 11 (69)

ALL 14 (23) 4 (25)

Other leukemia 10 (16) 1 (6)

Active chemotherapy 58 (95) 16 (100)
0.37

¶

Salvage chemotherapy 46 (79) 13 (81)
0.86

¶

ANC < 500 (cells / mm3) 49 (80) 15 (94)
0.20

¶

Number of hospital days in previous 90 days (median 

[IQR
a
])

37 (17-52) 36 (22-67) 0.61Ŧ

History of stem cell transplant 22 (36) 4 (25)
0.41

¶

Positive VRE
b
 stool screen within 90 days prior to 

bacteremia

38 (62) 9 (56)
0.66

¶

Select antibiotic use within 90 days prior to bacteremia

Vancomycin 21 (34) 4 (25)
0.47

¶

Linezolid 57 (93) 16 (100)
0.29

¶

Levofloxacin 42 (69) 13 (81)
0.33

¶

Cefepime 55 (90) 12 (75)
0.11

¶

Piperacillin/ tazobactam 40 (66) 13 (81)
0.23

¶

Meropenem 48 (79) 15 (94)
0.16

¶

Daptomycin usage

Number of daptomycin days in previous 90 days 

(median [IQR
a
])

0.0 (0.0-7.0) 13.0 (4.5-16.0)
<0.01

Ŧ

Any daptomycin use within 14 days of isolate 15 (25) 7 (44)
0.13

¶

Any daptomycin use within 30 days of isolate 19 (31) 10 (63)
0.02

¶

Any daptomycin use within 90 days of isolate 27 (44) 14 (88)
0.01

¶

≥ 13 days of daptomycin use within 90 days of isolate 7 (11) 9 (60)
0.01

¶∫

a
Interquartile range

b
Vancomycin-resistant Enterococcus faecium

Ŧ
Wilcoxon rank-sum test

¶
χ2 test

∫
Relative risk 5.31 (95% CI 2.36–11.96, p <0.01)
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