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Background. With increasing prevalence of vancomycin-resistant enterococci (VRE), appropriate antibiotic therapy for entero-
coccal bloodstream infections (EBSI) can be delayed. Data regarding the impact of delayed therapy on EBSI outcomes are conflicting,
and the time delay most strongly associated with poor outcomes has not been defined.

Methods.
2010 to 2014. Classification and regression tree (CART) analysis was used to determine the delay in appropriate therapy most pre-

This was a single-center, retrospective cohort study of adult, nonneutropenic patients with hospital-onset EBSI from

dictive of 30-day mortality. Appropriate therapy was defined as antibiotic therapy to which the enterococci and copathogen, where
applicable, were susceptible. Outcomes and clinical characteristics were compared between patients receiving early or delayed ther-
apy, defined by CART timepoint. Poisson regression was employed to determine the independent association of delayed therapy on
30-day mortality and predictors of delayed therapy.

Results.  Overall, 190 patients were included. A breakpoint in time to appropriate therapy was identified at 48.1 hours, where 30-
day mortality was substantially increased (14.6% vs 45.3%; P <.001). Patients receiving appropriate therapy after 48.1 hours also
experienced higher in-hospital mortality and longer EBSI duration. After adjustment for severity of illness and comorbidity, delayed
therapy >48.1 hours was associated with a 3-fold increase in 30-day mortality (risk ratio, 3.16 [95% confidence interval, 1.96-5.09]).

Vancomycin resistance was the only independent predictor of delayed therapy.

Conclusions.

In patients with hospital-onset EBSI, receipt of appropriate therapy within the first 48 hours was associated with

reduced mortality, underscoring the potential role of rapid diagnostic testing for early identification of VRE.
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Once regarded as an innocuous constituent of human gastroin-
testinal flora, enterococci have emerged as a significant clinical
and epidemiologic threat [1,2]. Enterococci are among the most
commonly isolated nosocomial pathogens in the United States,
responsible for serious and complicated infections including
urinary tract infection, intra-abdominal infection, bloodstream
infection (BSI), and infective endocarditis [2-5]. Collectively,
Enterococcus faecalis and Enterococcus faecium represent the
second leading cause of central line-associated BSI [2]. Entero-
coccal bloodstream infections (EBSIs) are associated with signifi-
cant morbidity and mortality, with mortality rates estimated
between 20% and 50% [6-9]. Treatment of EBSI has become in-
creasingly difficult due to emergence of multidrug-resistant
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enterococci [1]. Vancomycin-resistant enterococci (VRE) preva-
lence has rapidly increased in the United States over the past dec-
ade, especially among E. faecium with 80%-95% of isolates
vancomycin-resistant [10-12]. Coupled with rising VRE preva-
lence, resistance to the few viable VRE BSI treatment options, in-
cluding linezolid and daptomycin, has emerged [13, 14].

The rise in VRE is troubling considering vancomycin resis-
tance has been shown to independently predict mortality
among patients with EBSI [7, 8, 15]. While patients with VRE
BSI typically have a higher degree of comorbidity and disease
severity relative to those with vancomycin-susceptible in-
fections, delayed appropriate antibiotic therapy is thought to
contribute to their deleterious outcomes [8]. However, data ex-
amining the outcomes associated with delayed antibiotic thera-
py in EBSI are conflicting, raising questions regarding the true
impact of delayed therapy in this population [16-19]. Differenc-
es in observed results could be explained by limitations of pre-
vious studies, which were not specifically designed to examine
time to appropriate therapy and outcomes in EBSI. There are
also no data describing the delay in appropriate therapy most
strongly associated with poor outcomes, determining a critical
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time period in which EBSI patients should receive appropriate
therapy [16, 18]. This analysis sought to determine the impact
of delayed appropriate antibiotic therapy on outcomes of pa-
tients with hospital-onset EBSI and quantify the time to appro-
priate therapy most strongly associated with poor outcomes.

MATERIALS AND METHODS

Study Design and Population

This was a retrospective, observational cohort study of adult
patients with hospital-onset EBSI from 2010 to 2014 at the
Detroit Medical Center (DMC). Patients aged >18 years
with 1 or more positive blood cultures for E. faecalis or E. fae-
cium meeting Centers for Disease Control and Prevention
(CDC) criteria for BSI [20] were eligible for inclusion. Pa-
tients with community-onset EBSI (index bloodstream isolate
collected <48 hours from hospital admission [20]) and those
with neutropenia (absolute neutrophil count <500 cells/pL)
were excluded. Only initial EBSI episodes from patients
with multiple episodes during the study period were included
[21]. This study was approved by the institutional review
board at Wayne State University, and a waiver of informed
consent was granted.

Patient Data Elements and Collection

Enterococcal bloodstream infections for inclusion were identi-
fied through a list of all positive enterococcal blood cultures at
DMC during the study period. Patient data were extracted from
the medical record by trained reviewers using a structured data
collection form within the REDCap (Research Electronic Data
Capture, Vanderbilt University) data capture tool hosted at
Wayne State University [22]. Data elements included demo-
graphics, past medical history, comorbid conditions, prior hos-
pitalization (1 year), prior systemic antibiotics (90 days),
surgery, chemotherapy/radiation therapy, or receipt of immu-
nosuppressive medications (each 30 days). The degree of co-
morbidity was quantified using the Charlson comorbidity
index [23]. Severity of illness was quantified using the Pitt bac-
teremia score calculated using the worst clinical parameters in
the 48 hours preceding index culture [24, 25]. Source of EBSI
was based on treating physicians’ notes and available clinical/di-
agnostic data. Microbiologic data including antibiotic suscepti-
bilities by Microscan and/or Etest were collected from the
medical record. Polymicrobial bacteremia was defined as isola-
tion of an additional pathogen satisfying CDC criteria for BSI
[20] within 24 hours of index enterococcal isolate. Treatment
data including infectious diseases (ID) consult, pursuit of
source control, and antimicrobial treatment including asso-
ciated laboratory data were documented. Empiric antibiotic
therapy was defined as therapy employed prior to release of an-
tibiotic susceptibility results, whereas definitive therapy was de-
fined as therapy given after release of antibiotic susceptibility
results [21].

Outcomes

The primary outcome was 30-day mortality, defined as mortal-
ity from any cause within 30 days of index enterococcal blood
culture. Secondary outcomes included all-cause in-hospital
mortality, EBSI duration, and hospital length of stay after
EBSI onset.

Data Analysis

In the primary analysis, outcomes were compared between pa-
tients classified as having received early or delayed appropriate
antibiotic therapy for EBSI. Appropriate therapy was defined as
an antibiotic regimen to which the index enterococcal isolate
and copathogen (when applicable) were susceptible in vitro
based on Clinical and Laboratory Standards Institute guidelines
[21, 26]. Time to appropriate therapy was calculated in hours
between the time the index culture was drawn and receipt of
the first dose of appropriate therapy. Classification and regres-
sion tree (CART) analysis [27] was used to discover a break-
point in time to appropriate therapy, modeled continuously
in hours, where the incidence of 30-day morality was most dis-
proportionate. The remaining outcome measures were then
compared between subjects who received appropriate therapy
before (early appropriate therapy) and after (delayed appropri-
ate therapy) this breakpoint. The predictive performance of
time to appropriate therapy, modeled continuously in hours,
for 30-day mortality was assessed through receiver operating
characteristic (ROC) curves. Performance of CART-derived
and other a priori-defined time thresholds (24, 36, 48, 60,
and 72 hours) was also assessed through ROC curves. The rela-
tionship between time to appropriate therapy, modeled ordi-
nally in days, and 30-day mortality was also assessed through
the y” test and y” test for linear trend. Secondary subgroup anal-
yses were conducted to examine the impact of disease severity,
by Pitt bacteremia score and intensive care unit (ICU) level of
care at index culture, and organism phenotype, based on en-
terococcal species and vancomycin susceptibility, on the rela-
tionship between delayed therapy and 30-day mortality using
stratification and CART analysis. Secondary analyses to deter-
mine risk factors for delayed appropriate therapy were also
conducted.

Bivariate comparisons of outcomes and clinical characteris-
tics between patients who received early and delayed therapy
as well as clinical characteristics between 30-day survivors and
nonsurvivors were conducted using the Pearson % test or Fish-
er exact test and Student ¢ test or Mann—Whitney U test. Follow-
ing bivariate analyses, multivariable analyses were conducted
using Poisson regression with robust variance estimation to
quantify the independent association between delayed therapy
and 30-day mortality as well as clinical factors associated with
delayed therapy. Poisson regression was selected in favor of lo-
gistic regression to generate accurate estimates of adjusted risk
ratios given that the dependent variables of interest (30-day
mortality and delayed therapy) had estimated incidences
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>10% [28]. Variables associated with the outcome/exposure of
interest at a P value <.2 in bivariate analyses with clinical rele-
vance/biologic plausibility were entered into the Poisson models
as potential confounders and removed in a backward, stepwise
fashion, retained if the confidence interval (CI) of the risk ratio
(RR) remained significant. Model fit was assessed through the
x” test of deviance; only models with a nonsignificant result
were considered adequate. Factors associated with time to ap-
propriate therapy were also assessed through Cox proportional
hazards regression using a backward, stepwise approach. All
calculations were performed using IBM SPSS Statistics software,
version 22.0 (IBM SPSS, Armonk, New York).

RESULTS

Five hundred eighty-one E. faecalis or E. faecium EBSI episodes
occurred in adult patients at the DMC during the study period.
One hundred ninety patients were included; 355 were excluded
for community-onset EBSI, 19 for neutropenia, and 17 as repeat
EBSI episodes during the study period. A complete description of
demographic and clinical characteristics is shown in Supplemen-
tary Table 1. Patients were predominantly African American
(77.4%), with a mean age of 63.4 (SD, 16.4) years; 54.2% were
female. The median Charlson comorbidity index and Pitt bacter-
emia score were 7 (interquartile range [IQR], 5-8) and 3 (IQR, 3-
5), respectively. Enterococcus faecium accounted for 89 (46.8%) of
the 190 index enterococcal isolates. A vancomycin-resistant phe-
notype was present in 119 (62.6%) of these enterococcal isolates.
Of 124 enterococcal isolates tested against daptomycin and 110
tested against linezolid, 9 (7.3%) and 1 (0.9%) were daptomy-
cin-nonsusceptible and linezolid-intermediate, respectively. Co-
pathogens isolated in the 61/190 (32.1) polymicrobial BSIs are
listed in Supplementary Table 2. The most common copathogens
were Staphylococcus aureus (5.8%), coagulase-negative staphylo-
cocci (5.3%), and Klebsiella species (4.7%). Vancomycin was the
empiric gram-positive active agent in most instances (76.3%).
The most common definitive therapies were linezolid (32.1%),
daptomycin (30.5%), and ampicillin (25.8%); 10.5% of patients
received some form of combination therapy. The median time
to appropriate therapy was 31.6 (IQR, 20.3-51.2) hours. Thir-
ty-day mortality occurred in 44 of the 190 (23.2%) subjects.

In the primary CART analysis, a breakpoint in time to appro-
priate therapy was discovered at 48.1 hours. The incidence of
30-day mortality among patients receiving appropriate therapy
prior to 48.1 hours was 14.6% compared with 45.3% among pa-
tients receiving appropriate therapy after 48.1 hours (P <.001).
In ROC curve analysis, time to appropriate therapy significantly
predicted 30-day mortality, with fair performance (Figure 1).
The CART-derived timepoint had the best performance (sensi-
tivity, 54.5%; specificity 80.1%; area under the curve, 0.673 [95%
CI, .577-.770]), although the 24-, 36-, and 60-hour thresholds
also significantly predicted 30-day mortality (Supplementary
Table 3). Patients who received delayed therapy also had a
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Figure 1. Receiver operating characteristic curve of time to appropriate therapy
for prediction of 30-day mortality. Abbreviations: AUC, area under the curve; Cl, con-
fidence interval.

higher incidence of in-hospital mortality (35.8% vs 13.1%;
P <.001) and longer median EBSI duration (4 [IQR, 2-5.5] vs
3 [IQR, 2-4] days; P=.01). No difference in median hospital
length of stay after EBSI onset between delayed and early ther-
apy was observed (13 [IQR, 8-20] vs 11 [IQR, 8-17.5] days;
P =.61). When 30-day morality was examined by day appropri-
ate therapy was received, a significant relationship was noted in
the % test and y? test for linear trend (P <.001 for both). The
proportion of patients experiencing 30-day mortality increased
each day appropriate therapy was delayed (Figure 2).

The results of the secondary subgroup analysis are displayed
in Supplementary Table 4. When stratified by ICU level of care,
enterococcal species, and vancomycin susceptibility, 30-day
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Figure 2. Relationship between day appropriate therapy was received and 30-day

mortality. 2P value for %% and ¥ test for linear trend.
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mortality was consistently higher among patients receiving de-
layed appropriate therapy. This was also true in the subgroup of
patients with a Pitt bacteremia score <4. In contrast, no differ-
ence in 30-day mortality between early and delayed appropriate
therapy was observed in the Pitt bacteremia score >4 subgroup.
Given the lack of association between delayed therapy, defined
by the CART-derived timepoint, and 30-day mortality in pa-
tients with a Pitt bacteremia score >4, additional CART analysis
was conducted to explore for Pitt bacteremia score-specific
breakpoints (Figure 3). After identifying 11 outliers in the Pitt
bacteremia score <4 subgroup with a time to appropriate ther-
apy >92 hours, where 30-day mortality was 72.3%, a breakpoint
of 47 hours was discovered in the remaining 108 patients in this
subgroup, after which 30-day mortality was significantly higher
(29.2% vs 6%; P = .004). In patients with a Pitt bacteremia score
>4, a breakpoint was found at 22.1 hours, after which 30-day
mortality was numerically higher (38.9% vs 17.6%; P =.145).

Bivariate comparisons between 30-day survivors and nonsur-
vivors are listed in Table 1. Delayed appropriate therapy along
with age, presence of prosthetic device/hardware, chronic he-
modialysis, chemotherapy/radiation therapy in the past 30
days, malignancy, mechanical ventilation at index culture,
Charlson comorbidity index >4, unknown EBSI source, Pitt
bacteremia score >4, pursuit of source control, and ampicil-
lin-resistant phenotype were entered into the Poisson regression
model. The results of the Poisson regression analysis for 30-day
mortality are shown in Table 2. After adjusting for confounding
variables, the relationship between delayed appropriate therapy
and 30-day mortality persisted (RR, 3.16 [95% CI, 1.96-5.09]).
Charlson comorbidity index >4, presence of prosthetic device/
hardware, and Pitt bacteremia score >4 also remained in the
final model as predictors of 30-day mortality.

Poisson regression was also conducted to explore predictors of
delayed appropriate therapy based on the bivariate analysis of

early vs delayed therapy shown in Table 1. Hospitalization in
the preceding year, vancomycin-resistant phenotype, daptomy-
cin-nonsusceptible phenotype, and ID consult within 24 hours
following index culture were candidates for model inclusion. Dap-
tomycin nonsusceptibility was withheld from the final model, as it
was perfectly collinear with vancomycin resistance. In the final
model (Table 2), vancomycin-resistant phenotype was associated
with increased risk of delayed therapy (RR, 3.44 [95% CI, 1.86-
6.35]), whereas ID consult within 24 hours of index culture was
associated with a lower risk for delayed therapy (RR, 0.41 [95% CI,
.26-.64]). The results of the Cox proportional hazards model were
consistent with the Poisson regression, with vancomycin resis-
tance and ID consult within 24 hours of index culture significantly
associated with time to appropriate therapy (Table 3).

DISCUSSION

This study sought to examine the impact of delayed appropriate
antibiotic therapy on the outcomes of patients with hospital-
onset EBSI and determine the time to appropriate therapy
most strongly associated with poor outcomes. The results sug-
gest delayed appropriate therapy is associated with increased
mortality and longer EBSI durations in this population. The re-
lationship between delayed therapy and mortality persisted
when accounting for confounding variables in Poisson regres-
sion, where delayed appropriate therapy >48.1 hours was asso-
ciated with a 3-fold increased risk of 30-day mortality. The
increased 30-day mortality among patients receiving delayed
therapy was also observed in the majority of subgroups when
patients were stratified by disease severity, measured by ICU
level of care and Pitt bacteremia score, enterococcal species,
and vancomycin susceptibility. The only subgroup where no
difference was observed between those receiving appropriate
therapy before and after 48.1 hours was patients with a Pitt bac-
teremia score >4. In this subgroup, a threshold of 22.1 hours
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30-day mortality: 16.8%

n=71
30-day mortality: 37.4%
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30-day mortality: 11.1%

TTAT > 92 hours; n= 11
30-day mortality: 72.7%

TTAT <22.1 hours; n=17
30-day mortality: 17.6%

TTAT > 22.1 hours; n= 54
30-day mortality: 38.9%

TTAT < 47 hours; n= 84
30-day mortality: 6%

TTAT > 47 hours; n= 24
30-day mortality: 29.2%

Figure 3. Classification and regression tree analysis results for 30-day mortality stratified by Pitt bacteremia score. *Worst score in 48 hours preceding index culture. Ab-

breviation: TTAT, time to appropriate therapy.
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Table 1. Bivariate Comparisons of Baseline Demographics, Clinical Characteristics, and Outcomes Between 30-Day Survivors and Nonsurvivors and

Patients Receiving Early and Delayed Therapy

30-Day Mortality

Delayed Therapy

Characteristic No (n = 146) Yes (n=44) P Value No (n=137) Yes (n=53) P Value
Demographics
Age, y, mean (SD) 62.4 (17.1) 66.6 (13.4) 14 62.9 (17.1) 64.6 (14.5) .54
Female sex 79 (64.1) 24 (54.5) .96 75 (64.7) 28 (52.8) .81
Race/ethnicity .69 .60
African American 113 (77.4) 4 (77.3) 105 (76.6) 42 (79.9)
White 20 (13.7) 5(11.4) 17 (12.4) 8(15.1)
Hispanic/Latino 3(2.1) 0 2 (1.5) 1(1.9)
Other 10 (6.8) 5(11.4) 13 (9.5) 2(3.8)
Comorbidities/past medical history
Prior hospitalization (1 y) 108 (74.0) 32 (72.7) .87 95 (69.3) 45 (84.9) .03
Prior surgery (30 d) 5 (37.7) 12 (27.3) .21 49 (35.8) 18 (34.0) .82
VRE infection (1'y) 5 (3.4) 2 (4.5) .66 4(2.9) 3(5.7) 40
VDU 2(8.2) 1(2.3) 31 9 (6.6) 4 (7.5) .76
Prosthetic device/hardware 4(2.7) 5(11.4) .03 6 (4.4) 3(5.7) 71
Chronic kidney disease 74 (560.7) 27 (61.4) 21 72 (562.6) 29 (54.7) .79
Chronic hemodialysis 46 (31.5) 19 (43.2) 15 49 (35.8) 16 (30.2) 47
Liver disease 24 (16.4) 9 (20.5) b4 21 (15.3) 2 (22.6) .23
Diabetes mellitus 5 (44.5) 21 (47.7) 71 64 (46.7) 2 (41.5) .52
Cerebrovascular accident 31(21.2) 11 (25.0) .60 28 (20.4) 4 (26.4) .37
Hemiplegia/paraplegia 9(6.2) 2 (4.5) 1 7 (5.1) 4 (7.5) .50
HIV/AIDS 8 (5.5) 1(2.3) .69 8 (5.8) 1(1.9 .45
Immunosuppression (30 d) 15 (10.3) 7 (15.9) 31 16 (11.7) 6(11.3) .95
Bone marrow transplant 0 1(2.3) .23 0 1(1.9 .28
Solid organ transplant 0 1(2.3) .23 1(0.7) 0 1
Chemotherapy/radiation therapy (30 d) 11 (7.5) 7 (15.9) 10 12 (8.8) 6(11.3) .59
Urinary catheter® 8(12.3) 10 (22.7) .09 23 (16.8) 5(9.4) .20
Acute kidney injury?® 44 (30.1) 6 (36.4) 44 45 (32.8) 15 (28.3) .55
Mechanical ventilation® 1(14.4) 3(29.5) .02 26 (19.0) 8 (15.1) .63
Decubitus ulcer 19 (13.0) 3(29.5) .02 15 (10.9) 9(17.0) .26
Malignancy 1(14.4) 1(25.0) .10 23(16.8) 9(17.0) .98
Receiving TPN? 0 (6.8) 2 (4.5) 74 9 (6.6) 3(5.7) 1
Prior antibiotics (90 d) 5(51.4) 29 (65.9) .09 71 (51.8) 33 (62.3) .20
Charlson comorbidity index?, median 7 (4-9) 7.5 (5-9) .05 7 (5-8) 7 (5-8) .88
(IQR)
EBSI characteristics
Hospital LOS pre-EBSI, d, median (IQR) 10 (6-21.5) 13.5 (4.3-28) 22 10 (5-25) 8 (3-22) 22
Primary source .10 32
Intra-abdominal 22 (15.1) 8(18.2) .62 19 (13.9) 11 (20.8)
Infective endocarditis 4(2.7) 3(6.8) .20 4(2.9) 3(5.7)
Intravenous catheter 76 (62.1) 18 (40.9) .20 71 (61.8) 23 (43.4)
Skin/soft tissue 16 (11.0) 2 (4.5) .25 12 (8.8) 6(11.3)
Urinary tract 16 (11.0) 4(9.1) 1 7 (12.4) 3(5.7)
Unknown 12 (8.2) 8(18.2) .06 4(10.2) 6(11.3)
Enterococcal species
Enterococcus faecium 65 (44.5) 24 (54.5) 24 61 (44.5) 28 (52.8) .30
Polymicrobial BSI 50 (34.2) 11 (25.0) .25 44 (32.1) 18 (32.1) 1
Intensive care unit® 47 (32.2) 22 (50.0) .03 48 (35.0) 21 (39.6) .56
Pitt bacteremia score®, median (IQR) 3 (3-4) 4 (3-5) .01 3 (3-b) 3 (3-b) .68
Susceptibility phenotypes
Ampicillin-resistant 63 (43.2) 24 (54.5) .18 59 (43.1) 28 (52.8) .23
Vancomycin-resistant 89 (61.0) 30 (68.2) .39 75 (54.7) 44 (83.0) <.001
Daptomycin-nonsusceptible 5(11.1) 4(19.0) .38 3(2.2) 6(11.3) .06
Linezolid-intermediate 1(1.7) 0 1 0 1(1.9) 28
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Table 1 continued.

30-Day Mortality

Delayed Therapy

Characteristic No (n =146) Yes (n=44) P Value No (n=137) Yes (n =53) P Value
Treatment data
Antimicrobial therapy
Empiric
Vancomycin 111 (76.0) 30 (68.2) .30 100 (73.0) 41 (77.4) .54
Linezolid 3 (33.6) (15.9) .34 6 (26.3) 4 (7.5) .005
Daptomycin 19.9 (29) (15.9) .66 9(21.2) 7(13.2) .20
Ampicillin 5(10.3) (13.6) .63 5(10.9) 6(11.3) .94
Piperacillin/tazobactam 7 (4.8) (4.5) 1 7 (6.1) 2 (3.8) 1
Other 4(2.7) (6.8) .20 6 (4.4) 1(1.9) .68
Definitive
Vancomycin 27 (18.5) (11.4) .27
Linezolid 48 (32.9) 13 (29.5) .68
Daptomycin 42 (28.8) 16 (36.4) .34
Ampicillin 37 (25.3) 12 (27.2) .80
Piperacillin/tazobactam 10 (6.8) (4.5) 74
Other 10 (6.8) (6.8) 1
Combination therapy 13 (8.9) (15.9) 18 - - -
Vancomycin trough, mg/dL, mean (SD) 19.0 (5.9) (7.0) .89 18.8 (6.1) 19.4 (6.3) .70
Daptomycin dose, mg/kg, median (IQR) 9 (7-10) 8 (6.9-9.9) 46 9.1 (7-10) 8.6 (6.9-9.5) .33
Time to appropriate therapy, h, mean (SD) 33.1 (25.6) 56.9 (37.4) <.001
Time to appropriate therapy, h, median (IQR) 28.7 (14.6-44) 50.7 (30.3-76.3) <.001
Other treatment information
Source control intervention pursued 87 (59.6) 8 (40.9) .03 82 (59.9) 23 (43.4) .04
ID consult within 24 h after index 76 (52.1) 22 (50.0) .81 80 (58.4) 18 (34.0) .003
Outcomes
Hospital LOS post-EBSI, d, median (IQR) S L L 11 (8-17.5) 13 (8-20) 61
Duration EBSI, d, median (IQR) 3 (2-4) 3 (2-4) .46 3 (2-4) 4 (2-5.5) .01
30-day mortality 18 (13.1) 19 (35.8) <.001
In-hospital mortality 20 (14.6) 24 (45.3) <.001

Data are presented as No. (%) unless otherwise specified.

Abbreviations: BSI, bloodstream infection; EBSI, enterococcal bloodstream infection; HIV, human immunodeficiency virus; ID, infectious diseases; IQR, interquartile range; IVDU, intravenous
drug use; LOS, length of stay; SD, standard deviation; TPN, total parenteral nutrition; VRE, vancomycin-resistant enterococci.

@ At time of index culture.

° Worst score within 48 hours preceding index culture.

was identified, although this finding was not statistically signifi-
cant, potentially due to the limited size of this subgroup.

Although multiple previous studies have demonstrated in-
creased adverse clinical outcomes in patients with EBSI who ex-
perience delays in receiving appropriate antibiotic therapy, this
has not been consistently observed [16-19, 29]. There are 2
noteworthy differences between the current and previous stud-
ies to consider. This study excluded patients with community-
onset EBSI to mitigate difficulty in estimating the time from
EBSI onset to receipt of appropriate antibiotics in this popula-
tion. Inclusion of community-onset EBSI introduces substantial
misclassification bias to this crucial parameter. This study also
excluded neutropenic patients to provide a more homogenous
population and remove highly immunocompromised patients
who historically experience poor outcomes despite early
broad-spectrum antibiotic therapy [30, 31].

This is not the first analysis demonstrating the importance of
appropriate antibiotic therapy in the first 2 days of BSI in opti-
mizing outcomes. Receipt of appropriate therapy, defined as in
vitro active therapy within 48 hours of EBSI onset, was strongly
associated with 14-day survival in a study by Vergis and col-
leagues [18]. However, this study included community-onset
EBSI and did not explore the relationship between time to appro-
priate therapy, modeled continuously, and outcome to determine
the value of other time thresholds. Using a similar approach to
the present study, Lodise and colleagues found comparable
breakpoints in the time to appropriate therapy for S. aureus
and Pseudomonas aeruginosa BSI of approximately 48 hours,
after which the risk of mortality was increased [32, 33].

Not surprisingly, antibiotic-resistant phenotypes, primarily
vancomycin resistance, were associated with delayed appropri-
ate therapy. The majority of patients in this study received an
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Table 2. Results of Poisson Regression Analysis of Variables Associated With 30-Day Mortality and Delayed Appropriate Therapy

Unadjusted Adjusted

RR (95% Cl) P Value RR (95% ClI) P Value
Variable 30-Day Mortality
Delayed appropriate therapy (>48.1 h) 3.10 (1.88-5.12) <.001 3.16 (1.96-5.09) <.001
Charlson comorbidity index >4 3.10 (1.17-8.2) .009 3.00 (1.16-7.80) .024
Prosthetic device or hardware 2.58 (1.35-4.93) .032 2.50 (1.19-5.24) .016
Pitt bacteremia score >4° 2.01 (1.20-3.37) .021 1.76 (1.09-2.84) .021
Age >b4y 2.56 (1.07-6.12) .018
Unknown primary EBSI source 1.89 (1.03-3.48) .059
Chronic hemodialysis 1.46 (.87-2.45) 1562
Chemotherapy/radiation therapy (30 d) 1.81 (.95-3.45) .096
Mechanical ventilation® 1.92 (1.13-3.27) .021
Malignancy 1.65 (.93-2.90) .099
Ampicillin-resistant phenotype 1.42 (.84-2.39) 184
Source control pursued 0.56 (.33-.95) .029

Delayed Therapy

Vancomycin-resistant phenotype 2.92 (1.52-5.61) <.001 3.44 (1.86-6.35) <.001
ID consult within 24 h following index culture 0.48 (.30-.79) .003 0.41 (.26-.64) <.001
Daptomycin-nonsusceptible phenotype® 2.23 (1.22-4.11) .065
Prior hospitalization (1) 2.01 (1.02-3.96) .029

Abbreviations: Cl, confidence interval; EBSI, enterococcal bloodstream infection; ID, infectious diseases; RR, risk ratio.

2 At time of index culture.
° Worst score in 48 hours preceding index culture.
¢ Withheld from final model due to Hessian matrix singularity.

empiric regimen consisting of vancomycin, frequently leading
to a delay in appropriate therapy given the high prevalence of
vancomycin resistance. These results have implications for
EBSI treatment approaches and antimicrobial stewardship.
While early appropriate therapy is the goal of any clinician,
this study suggests that practitioners should strive to ensure op-
timal EBSI therapy within 48 hours of onset. This is problem-
atic, considering that antibiotic sensitivity results from standard
clinical microbiology laboratory procedures are not available for
48-72 hours [34]. This highlights the critical role of rapid diag-
nostic testing (RDT) technologies in optimization of BSI out-
comes and antimicrobial stewardship. Rapid identification of
Enterococcus species through peptide nucleic acid fluorescent
in situ hybridization (PNA FISH) has been shown to signifi-
cantly reduce time to appropriate therapy and mortality of

Table 3. Results of Cox Proportional Hazards Regression Model of
Clinical Factors Associated With Time to Appropriate Therapy

Clinical Factor Hazard Ratio (95% Cl) P Value

2.915(2.111-4.026)  <.001
0.593 (.436-.805) .001

Vancomycin-resistant phenotype

ID consult within 24 h following index culture
Daptomycin-nonsusceptible phenotypes®
Prior hospitalization (1'y)

Abbreviations: Cl, confidence interval; ID, infectious diseases.
@ Withheld from final model due to Hessian matrix singularity.

patients with hospital-onset EBSI [35]. Moreover, use of a
rapid molecular diagnostic microarray assay to detect entero-
coccal species and presence of vancomycin resistance genes
(VanA, VanB) in blood cultures resulted in a mean time to ap-
propriate therapy of approximately 24 hours, accompanied by a
reduction in hospital cost [19]. Although RDT appears to be the
optimal approach, settings without these capabilities must rely
on preliminary culture results, such as Gram stain, along with
local VRE prevalence and individual patient factors to guide
empiric therapy.

There are multiple considerations to note when interpreting
these results. First, this was a retrospective study and the find-
ings are subject to the caveats associated with this design. The
primary concern is missing data due to incomplete documenta-
tion in the medical record. To address this, we selected objec-
tive, easily measureable outcomes, such as all-cause mortality
and EBSI duration. Although some patients experiencing 30-
day mortality following hospital discharge may have been
missed, these missed outcomes would have been nondifferen-
tially distributed between the early and delayed therapy groups,
thus having little impact on the findings. This was an urban,
single-center analysis restricted to adult, nonneutropenic pa-
tients with hospital-onset EBSI in an attempt to maximize in-
ternal validity in addressing our study question. As isolates were
not collected, we were unable to complete genotypic testing to
control for institution-specific strains. The high VRE prevalence
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is not reflective of all settings in the United States or worldwide.
However, considering that increased mortality was associated
with delayed therapy in both vancomycin-resistant and -suscep-
tible infections, it appears the high VRE prevalence did not sub-
stantially influence these findings. Nonetheless, it is uncertain
whether these results are directly applicable to other settings
and populations, and further study is required to confirm
these findings.

In conclusion, delayed appropriate antibiotic therapy for pa-
tients with hospital-onset EBSI was associated with poor out-
comes including increased 30-day and in-hospital mortality, as
well as longer EBSI duration. Delayed therapy >48.1 hours was
most strongly associated with 30-day mortality, with a 3-fold in-
crease in 30-day mortality after adjustment for confounding var-
iables. It is important to note that these findings do not necessarily
indicate or support incorporation of anti-VRE therapy into all ini-
tial empiric regimens for patients with suspected sepsis. These
findings highlight the importance of techniques for early identifi-
cation of patients infected with or at risk for infection with resis-
tant organisms, including RDT and individual patient risk
assessment tools to optimize antibiotic therapy of BSIs.
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