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Background. Coagulase-negative staphylococci, including Staphylococcus epidermidis, are the most common cause of blood-
stream infection in cancer patients. Linezolid resistance is increasingly identified in S. epidermidis, but whether such resistance alters 
the clinical course of S. epidermidis infections is unknown. The purpose of this study was to assess the clinical impact of linezolid 
resistance in leukemia patients with S. epidermidis bloodstream infection.

Methods. This was a retrospective, single-center cohort study of all adult leukemia patients with S.  epidermidis bacteremia 
treated with empiric linezolid between 2012 and 2015. The primary end point was adverse clinical outcome on day 3, defined as a 
composite of persistent bacteremia, fever, intensive care unit admission, or death. Fourteen- and 30-day mortality were also assessed.

Results. Eighty-two unique leukemia patients with S. epidermidis were identified. Linezolid resistance was identified in 33/82 
(40%). Patients with linezolid-resistant S.  epidermidis were significantly more likely to have persistent bacteremia (41% vs 7%; 
adjusted relative risk [aRR], 5.15; 95% confidence interval [CI], 1.63–16.30; P = .005); however, adverse short-term clinical outcomes 
overall were not more common among patients with linezolid-resistant S. epidermidis (61% vs 33%; aRR, 1.46; 95% CI, 0.92–2.32; 
P = .108). No differences were observed in 14- or 30-day mortality.

Conclusions. Leukemia patients with linezolid-resistant S. epidermidis bacteremia who were treated with linezolid were sig-
nificantly more likely to have persistent bacteremia compared with those with linezolid-sensitive isolates. Interventions to limit the 
clinical impact of linezolid-resistant S. epidermidis are warranted.

Keywords. antimicrobial stewardship; catheter-related bloodstream infection; febrile neutropenia; hematologic malignancy; 
staphylococci.
 

Coagulase-negative Staphylococcus (CoNS), including 
Staphylococcus epidermidis, are the leading cause of cathe-
ter-related bloodstream infections (BSIs) in the general hospital 
population and are responsible for 30% of BSIs in patients with 
hematologic malignancy [1]. The use of linezolid for infections 
suspected or known to be caused by Gram-positive bacteria 
is increasing due to the rise in drug-resistant microorganisms 
and concerns for nephrotoxicity caused by vancomycin [2, 3]. 
Globally, approximately 2% of CoNS are resistant to linezolid; 
however, resistance rates may be higher in institutions with 
high rates of linezolid usage [4, 5].

Clonal dissemination of linezolid-resistant S.  epidermidis 
(LRSE) is increasingly reported in diverse settings worldwide, 

although prior studies have not assessed the clinical impact 
of LRSE [6–11]. At our institution, LRSE occurs nearly exclu-
sively in patients with leukemia and is associated with epidemic 
spread of a clonal complex 5 (CC5) strain with a cfr-harboring 
plasmid [5, 12]. A case–control study performed in Italy identi-
fied higher 30-day mortality in patients with linezolid-resistant 
compared with linezolid-susceptible staphylococci; however, 
no information was provided on the antimicrobials used for 
the treatment of these infections [13]. To our knowledge, no 
prior studies have examined mortality in relation to linezolid 
being used as treatment for LRSE BSI. Thus, we sought to test 
the hypotheses that LRSE bacteremia empirically treated with 
linezolid would have worse clinical outcomes in comparison 
with patients infected by linezolid-sensitive strains.

METHODS

Study Design

We performed a retrospective cohort study of adult patients 
(aged  ≥18  years) with leukemia (including acute myeloid 
leukemia [AML], acute lymphoblastic leukemia [ALL], and 
others) or myelodysplastic syndrome (MDS) and laborato-
ry-confirmed S. epidermidis bacteremia who received empiric 
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linezolid treatment at the University of Texas MD Anderson 
Cancer Center from July 1, 2012, to July 22, 2015. Patients 
with prior hematopoietic stem cell transplant (HSCT) were 
included if in relapse at the time of S. epidermidis bacteremia. 
At our institution, CoNS are not routinely identified to the spe-
cies level unless laboratory-defined criteria suggestive of true 
infection (ie, culture positivity from more than 1 blood draw 
site or >10 colony forming units [CFU] from a single site) are 
met. To further limit the reporting of contaminated blood cul-
tures, cultures positive for <10 CFU of CoNS from a single site 
are not reported to the treating providers. CoNS that were not 
identified to the species level or CoNS species other than S. epi-
dermidis were not included. Linezolid susceptibility was deter-
mined via Vitek 2 (bioMérieux, Marcy-L’Étoile, France) with 
a minimum inhibitory concentration (MIC) >4  µg/mL con-
sidered resistant, per current CLSI standards (https://clsi.org/
standards/products/microbiology/documents/m100/); resist-
ant isolates were confirmed by Etest (bioMérieux) per standard 
protocol in the clinical microbiology laboratory. Twelve isolates 
were missing data for the confirmatory Etest; these isolates were 
considered resistant based on prior experience demonstrating 
100% concordance between Vitek 2 susceptibility resting and 
laboratory-confirmed resistance [12]. Patients were identified 
through microbiology laboratory records, and clinical informa-
tion was collected from the electronic health record. Patients 
with more than 1 occurrence of S. epidermidis bacteremia were 
included only once.

End Points and Study Definitions

The primary end point was a composite of adverse short-term 
outcomes on day 3 after the index culture, defined as persistent 
bacteremia (isolation of S. epidermidis from blood ≥3 days after 
the index culture without an intervening negative blood cul-
ture), persistent fever (temperature ≥38°C on day 3), intensive 
care unit (ICU) admission, or death, each by day 3 following the 
index culture. Day 3 was chosen as this would approximate the 
time at which organism identification and susceptibility would 
be available and would therefore more closely reflect the impact 
of empiric therapy. As mortality due to this organism was 
expected to be low, 14-day and 30-day mortality were consid-
ered secondary outcomes. Other secondary outcomes consisted 
of individual components of the composite end point and time 
to blood culture clearance (ie, first recorded negative blood cul-
ture) within 7  days. Assessment of persistent bacteremia and 
time to blood culture clearance was limited to patients in which 
at least 1 follow-up blood culture was obtained. Empiric treat-
ment with linezolid was defined as at least 1 dose of linezolid 
within 1 day of the date the positive index blood culture was 
obtained. Salvage chemotherapy was considered any chemo-
therapy administered after failed primary induction, relapsed 
disease, and/or enrollment in a clinical trial for either of these 
reasons. Severity of illness was assessed at the time of the index 

blood culture using the Pitt bacteremia score, a validated scor-
ing system based on mental status, vital signs, requirement for 
mechanical ventilation, and recent cardiac arrest [14]. This 
protocol was approved by the Institutional Review Board at 
MD Anderson Cancer Center with a waiver of informed con-
sent. Data were collected via electronic chart review and stored 
using Research Electronic Data Capture (Vanderbilt University, 
Nashville, TN) [15].

Statistical Analysis

Baseline characteristics were compared using the Wilcoxon 
rank-sum and Fisher exact tests, with all comparisons made 
between patients with linezolid-resistant and linezolid-suscep-
tible isolates. After univariate analysis, multivariate Poisson 
regression with robust variance estimates, adjusting for clinic-
ally relevant confounders, was performed for the primary com-
posite end point and persistent bacteremia. Poisson regression 
was chosen over logistic regression as the dependent variables 
of interest had incidence rates greater than 10%, invalidating 
the assumption that the odds ratio approximates the relative 
risk [16]. No multivariate analyses were performed for other 
components of the composite end point as these were infre-
quent and not amenable to multivariate analysis. Fourteen- 
and 30-day mortality and time to clearance of bacteremia were 
assessed using multivariate Cox proportional hazards modeling 
and Kaplan-Meier curves. As blood cultures were not obtained 
on a daily basis for most patients, the first date of a documented 
negative culture was considered the first negative day for the 
survival analysis. Patients with no follow-up cultures performed 
were removed from the time-to-event analysis for clearance of 
bacteremia. Proportional hazards assumptions were verified 
by visual assessment of scaled Schoenfeld residuals. All mul-
tivariate models were constructed using a backwards stepwise 
approach, incorporating all variables with a univariate P value 
of .2 or less and removing those with the largest P value sequen-
tially until only variables with a P value of .2 or less remained. 
Removal of the central venous catheter (CVC) was not included 
in multivariate models to avoid adjusting for a downstream con-
sequence of persistent bacteremia. Statistical analyses were per-
formed via STATA v14.1 (StataCorp LP, College Station, TX).

RESULTS

Cohort Characteristics

Eighty-two unique patients (median age, 52 years; range, 39–67; 
52% male) were included in the study. Overall, 33 (40%) of 
S. epidermidis isolates were LRSE, with an MIC50 and MIC90 of 
2 mcg/mL and ≥256 µg/mL, respectively. Among the 33 resist-
ant isolates, 30/33 (91%) displayed high-level resistance with 
MICs of ≥256  µg/mL. There were no statistically significant 
differences in clinical characteristics between patients with 
linezolid-resistant and linezolid-susceptible isolates (Table  1), 
except for neutropenia (absolute neutrophil count <500 cells/

https://clsi.org/standards/products/microbiology/documents/m100/);
https://clsi.org/standards/products/microbiology/documents/m100/);
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mm3), at the time of first positive blood culture (97% vs 67%, 
respectively; P  =  .001) and nosocomial onset (55% vs 29%, 
respectively; P = .022). The majority of patients had acute mye-
loid leukemia (62%), followed by acute lymphoblastic leukemia 
(24%). In general, patients had been extensively treated for their 
leukemia, with 73% receiving salvage chemotherapy and 29% 
having previously received an allogeneic hematopoietic stem 
cell transplant. However, the study population was not acutely 
ill, as reflected in the low median Pitt bacteremia score (0; inter-
quartile range [IQR], 0–1). Most patients had a CVC (93%), and 
removal of the CVC within 3 days of bacteremia onset was sim-
ilarly infrequent among patients with and without linezolid-re-
sistant isolates (17% in each group; P = .987).

Outcomes Assessment

Composite Outcome
Seventy-four patients (90%) had at least 1 follow-up blood cul-
ture. Persistent bacteremia was significantly more common 
among patients with LRSE (41% vs 7%; P = .001) and remained 
significantly more common after adjustment for confounders 
(adjusted relative risk [aRR], 3.97; 95% confidence interval 
[CI], 1.23–12.86; P  =  .021). No significant differences were 
observed for other components of the composite end point, 
including persistent fever (27% vs 24%; P = .801), ICU admis-
sion (15% vs 10%; P  =  .51), and death by day 3 (3% vs 2%; 
P = 1.000). Overall, the composite end point was significantly 
more frequent in patients with LRSE as compared with those 
with linezolid-susceptible bacteremia in univariate analysis 
(61% vs 33%; P = .023), however, no significant difference was 
observed after adjustment for other confounders (aRR, 1.46; 

95% CI, 0.92–2.32; P = .108). Full Poisson regression models for 
the composite end point and persistent bacteremia are shown 
in Tables 2 and 3.

14- and 30-Day Mortality

All deaths occurred among patients receiving salvage chemo-
therapy; therefore, mortality analysis was limited to this sub-
group (n  =  60). A  trend toward increased unadjusted and 
adjusted mortality at day 14 was observed for patients with 
LRSE vs those without (21% vs 8%; adjusted hazard ratio [aHR], 
2.72; 95% CI, 0.43–17.22; P =  .287). Thirty-day mortality was 
higher on univariate analysis for patients with LRSE vs those 
without (33% vs 10%; P =  .021), although this difference was 
not significant when adjusted for confounders (aHR, 3.01; 95% 
CI, 0.72–12.69; P = .132). The Kaplan-Meier curve for 30-day 
mortality is presented in Figure 1, and the final regression mod-
els for 14- and 30-day mortality are presented in Supplementary 
Tables 1 and 2.

Time to Clearance of Bacteremia

The time to first negative blood culture was significantly longer 
for patients with LRSE bacteremia compared with those without 
(median, 5 days vs 3 days; log-rank P = .029; hazard ratio [HR], 
0.60; 95% CI, 0.41–1.02; P = .053). Linezolid resistance was the 
only term retained in the backwards stepwise Cox model; there-
fore, no adjusted analyses were performed. The Kaplan-Meier 
curve for clearance of bacteremia is presented in Figure 2.

DISCUSSION

Although linezolid has been widely used for nearly 20 years with 
few reports of resistance in S.  epidermidis, numerous reports 

Table 1. Cohort Characteristics

Characteristic Overall Linezolid-Resistant Linezolid-Susceptible P Value

No. of patients 82 (100) 33 (40) 49 (60)

Age, median (range), y 60 (39–67) 58 (23–79) 62 (18–87) .505a

Male gender 43 (52) 16 (48) 27 (55) .654b

Type of leukemia .353b

 AML 51 (62) 23 (70) 28 (57)

 Other 31 (38) 10 (30) 21 (43)

Salvage chemotherapy 60 (73) 28 (85) 32 (65) .075b

Previous HSCT 24 (30) 11 (33) 13 (27) .622b

ANC < 500 cells/mm3 65 (79) 32 (97) 33 (67) .001b

Pitt bacteremia score,
median (IQR)

0 (0–1) 1 (0–2) 0 (0–1) .053a

Presence of CVC 76 (93) 30 (91) 46 (94) .681b

Bacterial colony count from CVC, CFU/mL .707b

 <10 7 (9) 2 (6) 5 (10)

 ≥10 40 (49) 15 (45) 25 (51)

 Not quantified 35 (43) 16 (48) 19 (39)

Removal of CVC within 72 h 13 (17) 5 (17) 8 (17) .987b

Hospital onset 32 (39) 18 (55) 14 (29) .022b

All values are No. (%) unless otherwise specified.

Abbreviations: AML, acute myeloid leukemia; ANC, absolute neutrophil count; CVC, central venous catheter; HSCT, hematopoietic stem cell transplant; IQR, interquartile range.
aWilcoxon rank-sum test.
bFisher exact test.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofy167#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofy167#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofy167#supplementary-data
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of increasing numbers of LRSE in diverse clinical settings have 
recently been published [8–12, 17] At our hospital, we have found 
that 40% of S. epidermidis strains causing bacteremia in leukemia 
patients were linezolid-resistant, which is far higher than previ-
ously reported rates [18]. Moreover, our data show that leukemia 
patients with S. epidermidis bacteremia treated empirically with 
linezolid had significantly longer durations of bacteremia with-
out increased rates of ICU admission or short-term death when 
infected with linezolid-resistant vs linezolid-sensitive strains. 
Although this result may have been expected, it was not inevita-
ble as in vitro susceptibilities do not always correlate with clinical 
response and S. epidermidis bacteremia may clear in the absence 

of specific treatment due to low virulence of the organism [19, 20].  
Although complications of S.  epidermidis bacteremia are rel-
atively rare, S. epidermidis is well described to cause metastatic 
infections such as vertebral osteomyelitis, infective endocarditis, 
and prosthetic joint infections, and we have observed multiple 
such complications in our patients [21]. Due to the uncommon 
nature of metastatic infections in patients with S.  epidermidis, 
they were not specifically addressed in this study. Thus, further 
study is needed to assess the long-term implications of prolonged 
bacteremia with this organism.

Previous studies have largely been unable to evaluate the 
significance of linezolid resistance in S. epidermidis due to the 

Table 3. Poisson Regression Models for Persistent Bacteremia at Day 3

Unadjusted Model Adjusted Model

Factor RR 95% CI P Value aRR 95% CI P Value

LRSE 6.21 1.90–20.28 .003 5.15 1.63–16.30 .005

Age 1.00 0.98–1.02 .924 1.03 1.00–1.05 .021

Male gender 1.14 0.46–2.85 .774 -- -- --

AML 8.52 1.17–62.16 .035 7.17 1.53–33.57 .012

Salvage chemotherapy 1.58 0.49–5.10 .440 -- -- --

Prior HSCT 3.32 1.33–8.30 .010 4.06 1.76–9.36 .001

Neutropenia 3.27 0.46–23.12 .236 -- -- --

Pitt bacteremia score 1.32 1.19–1.52 <.001 -- -- --

Presence of CVC 1.24 0.19–7.95 .824 4.00 0.56–28.49 .167

Bacterial colony count from CVC -- -- --

<10 CFU (ref) -- -- -- -- -- --

>10 CFU 1.80 0.27–12.19 .547 -- -- --

Unknown 1.09 0.15–8.07 .930 -- -- --

Hospital onset 1.88 0.76–4.64 .173 -- -- --

Limited to patients with 1 or more follow-up blood cultures (n = 74).

Abbreviations: AML, acute myeloid leukemia; aRR, adjusted risk ratio; CFU, colony-forming units; CI, confidence interval; CVC, central venous catheter; HSCT, hematopoietic stem cell 
transplant; LRSE, linezolid-resistant Staphylococcus epidermidis; RR, risk ratio.

Table 2. Poisson Regression Model for the Composite End Point

Unadjusted Model Adjusted Model

Factor RR 95% CI P Value aRR 95% CI P Value

LRSE 1.86 1.14–3.03 .013 1.46 0.92–2.32 .108

Age 1.00 0.99–1.02 .620 -- -- --

Male gender 1.23 0.75–2.02 .407 -- -- --

AML 2.13 1.11–4.08 .023 1.84 0.96–3.49 .064

Salvage chemotherapy 1.10 0.62–1.96 .747 -- -- --

Prior HSCT 1.21 0.73–2.01 .464 -- -- --

Neutropenia 1.74 0.79–3.85 .169 -- -- --

Pitt bacteremia score 1.18 1.10–1.27 <.001 1.09 1.00–1.18 .040

Presence of CVC 0.87 0.37–2.0 .744 -- -- --

Bacterial colony count from CVC -- -- --

<10 CFU (ref) -- -- -- -- -- --

>10 CFU 0.88 0.43–1.79 .715 -- -- --

Unknown 0.6 0.27–1.33 .207 -- -- --

Hospital onset 1.95 1.20–3.18 .007 1.49 0.90–2.49 .123

Composite end point: persistent bacteremia, fever, intensive care unit admission, or death within 3 days of index culture.

Abbreviations: AML, acute myeloid leukemia; aRR, adjusted risk ratio; CFU, colony-forming units; CI, confidence interval; CVC, central venous catheter; HSCT, hematopoietic stem cell 
transplant; LRSE, linezolid-resistant Staphylococcus epidermidis; RR, risk ratio.
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low incidence of linezolid-resistant isolates. The largest study 
to date of linezolid resistance in staphylococci, performed in 
Italy, demonstrated that hospitalized patients with linezolid-re-
sistant isolates were generally more acutely ill and had higher 
30-day mortality in comparison with those with linezolid-sen-
sitive strains, although the impact of empiric therapy was not 
directly assessed [13]. In contrast, patients in our study were 
relatively homogeneous with regards to both severity of illness 
and underlying comorbidities, allowing for a direct assessment 
of linezolid resistance on clinical outcomes in patients treated 
empirically with linezolid. In our study, both 14- and 30-day 
mortality were numerically higher among patients with LRSE; 
however, neither was statistically significant on adjusted ana-
lysis. When viewed alongside the persistent bacteremia expe-
rienced by patients with LRSE, S. epidermidis may have played 
some role in the observed increase in mortality.

We have previously reported that rates of LRSE at our institu-
tion correlate directly with linezolid utilization, with 13 defined 
daily doses (DDDs) per 100 patient-days serving as a potential 
threshold for the emergence of resistance, and linezolid use in 
our leukemia service has consistently exceeded this threshold 
[5]. Furthermore, our group has recently identified that line-
zolid resistance in our institution is almost exclusively due to 
clonal spread of CC5 isolates harboring cfr and mutations in the 
L3 and L4 ribosomal proteins, with selection of linezolid resist-
ance being largely attributable to prior linezolid exposure [12]. 
Other groups worldwide have also reported the emergence and 
clonal spread of CC5 isolates in settings where linezolid is com-
monly used [8, 10, 22, 23]. In light of these data, both infection 
control and antimicrobial stewardship appear to play an impor-
tant role in limiting the further spread of LRSE. Thus, given the 
adverse clinical impact of linezolid resistance in S. epidermidis 
that we have identified and the potential for S. epidermidis to 
serve as a reservoir for dissemination of cfr [24], interventions 
to limit the emergence of LRSE are warranted. Implementation 

of an antimicrobial stewardship program designed to optimize 
the use of linezolid has been shown to decrease the linezolid 
resistance rate in CoNS by 63%, with no significant impact on 
patient safety [25]. Other stewardship interventions and infec-
tion control measures are supported by current guidelines and 
may be similarly effective in reducing the use of linezolid and 
clonal spread of LRSE [26].

Our study has some limitations, including its retrospective, 
single-center design. Ideally, prospective studies investigating 
long-term outcomes in patients with LRSE bacteremia would 
be performed; however, due to the relative infrequency of these 
outcomes, such a study is unlikely. As our study was focused 
on empiric treatment, we did not directly assess the impact of 
antimicrobial changes or the impact of catheter removal after 
identification of LRSE. Our inclusion criteria accounted for 
laboratory-defined criteria for a true infection; however, a full 
clinical assessment addressing whether these were true S. epi-
dermidis infections was not performed, but the high rates of 
persistent bacteremia that we observed strongly suggest that 
the majority of cases actually represented S. epidermidis bacter-
emia rather than blood culture contamination. Moreover, as all 
patients were treated with linezolid empirically, it is likely that 
any selection bias resulting from this inclusion criteria would be 
minimal. Lastly, centers do not use linezolid as empiric therapy 
in leukemia patients due to concerns for cytopenias. However, 
as linezolid resistance is being increasingly reported worldwide, 
these findings are likely to be applicable to any center with high 
rates of empiric linezolid use.

CONCLUSIONS

Patients with LRSE bacteremia treated empirically with lin-
ezolid have persistent bacteremia and numerically increased 
mortality when compared with patients with linezolid-sus-
ceptible infections. Implementation of an antimicrobial stew-
ardship program to optimize linezolid usage may contribute 
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to reducing the negative clinical impact of linezolid resistance 
among S. epidermidis.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
sponding author.
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