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Studies have demonstrated that the combination of antimicrobial stewardship programs (ASP) and rapid organism identifica-
tion improves outcomes in bloodstream infections (BSI) but have not controlled for the incremental contribution of the individ-
ual components. Hospitalized adult patients with blood culture pathogens on a rapid, multiplex PCR-based blood culture identi-
fication panel (BCID) that included 19 bacterial species, 5 Candida spp., and 4 antimicrobial resistance genes were studied over
sequential time periods in a pre-post quasiexperimental study in 3 groups in the following categories: conventional organism
identification (controls), conventional organism identification with ASP (AS), and BCID with ASP (BCID). Clinical and eco-
nomic outcomes were compared between groups. There were 783 patients with positive blood cultures; of those patients, 364
(115 control, 104 AS, and 145 BCID) met inclusion criteria. The time from blood culture collection to organism identification
was shorter in the BCID group (17 h; P < 0.001) than in the control group (57 h) or the AS group (54 h). The BCID group had a
shorter time to effective therapy (5 h; P < 0.001) than the control group (15 h) or AS group (13 h). The AS (57%) and BCID
(52%) groups had higher rates of antimicrobial de-escalation than the control group (34%), with de-escalation occurring sooner
in the BCID group (48 h; P � 0.034) than in the AS group (61 h) or the control group (63 h). No difference between the control
group, AS group, and BCID group was seen with respect to mortality, 30-day readmission, intensive care unit length of stay
(LOS), postculture LOS, or costs. In patients with BSI, ASP alone improved antimicrobial utilization. Addition of BCID to an
established ASP shortened the time to effective therapy and further improved antimicrobial use compared to ASP alone, even in
a setting of low antimicrobial resistance rates.

Bloodstream infections (BSI) are an important cause of mor-
bidity and mortality (1). The rise of antimicrobial-resistant

organisms in recent years warrants empirical use of broad-spec-
trum antimicrobials for patients with suspicion of serious infec-
tions, including BSI, until organism identification and antimicro-
bial susceptibility data become available (2). Unfortunately,
conventional organism identification and susceptibility reporting
require 48 to 72 h to produce final results, leading to a substantial
delay in the receipt of appropriate antimicrobial therapy, which
has been shown to negatively impact patient outcomes, particu-
larly in the setting of multidrug-resistant organisms (3, 4). That
the delay in de-escalation of antimicrobial therapy for infections
caused by susceptible organisms can result in longer durations of
exposure of these patients to broader-spectrum agents, which may
lead to development of resistance, Clostridium difficile infections,
microbiome disruption, and increased costs, is equally troubling
(5, 6).

Several approaches can provide organism identification and
detect antimicrobial resistance genes within hours of blood
culture positivity, allowing earlier and more effective antimi-
crobial therapy (7, 8). These include fluorescence in situ hy-
bridization, matrix-assisted laser desorption ionization–time of
flight (MALDI-TOF) mass spectrometry, and nucleic acid hybrid-
ization and amplification assays. Comprehensive, panel-based
molecular diagnostic assays that detect all of the major blood-
stream pathogens and selected antimicrobial resistance genes are
now available for direct testing of positive blood cultures (9, 10,
11). A number of examples in the literature suggest that shorten-
ing the time to appropriate therapy due to rapid diagnostic tests
may lessen the clinical and economic burden of BSI (12). The
greatest impact of rapid diagnostic tests appears to occur when the

tests are implemented in combination with antimicrobial stew-
ardship program (ASP) intervention to ensure that the test result
is acted on in a timely manner (12). In fact, a recent prospective
clinical trial by Banerjee et al. that evaluated a rapid multiplex PCR
blood culture identification panel (BCID) found that while BCID
reported with templated comments resulted in optimized antibi-
otic use compared to controls without BCID, the addition of ASP
intervention enhanced rates of antimicrobial de-escalation (13).

The purpose of the present study was to evaluate the impact of
BCID in combination with ASP intervention on antimicrobial use
and the clinical and economic outcomes of patients with blood-
stream infections compared to conventional organism identifica-
tion techniques. To account for the incremental contribution of
each individual constituent (ASP or BCID) to the study end-
points, three analysis groups were compared: convention organ-
ism identification, conventional organism identification with ASP
intervention group, and BCID with ASP intervention.

Received 6 May 2016 Returned for modification 12 June 2016
Accepted 23 July 2016

Accepted manuscript posted online 3 August 2016

Citation MacVane SH, Nolte FS. 2016. Benefits of adding a rapid PCR-based blood
culture identification panel to an established antimicrobial stewardship program.
J Clin Microbiol 54:2455–2463. doi:10.1128/JCM.00996-16.

Editor: C.-A. D. Burnham, Washington University School of Medicine

Address correspondence to Frederick S. Nolte, nolte@musc.edu.

Supplemental material for this article may be found at http://dx.doi.org/10.1128
/JCM.00996-16.

For a commentary on this article, see doi:10.1128/JCM.01484-16.

Copyright © 2016, American Society for Microbiology. All Rights Reserved.

crossmark

October 2016 Volume 54 Number 10 jcm.asm.org 2455Journal of Clinical Microbiology

http://orcid.org/0000-0002-8019-2270
http://dx.doi.org/10.1128/JCM.00996-16
http://dx.doi.org/10.1128/JCM.00996-16
http://dx.doi.org/10.1128/JCM.00996-16
http://dx.doi.org/10.1128/JCM.01484-16
http://crossmark.crossref.org/dialog/?doi=10.1128/JCM.00996-16&domain=pdf&date_stamp=2016-8-3
http://jcm.asm.org


MATERIALS AND METHODS
Study design. This single-center, pre-post quasiexperimental study was
performed at the Medical University of South Carolina (MUSC), a 709-
bed academic medical center in Charleston, SC. The study was approved
by the MUSC Institutional Review Board.

All adult (�18 years of age) patients with a positive blood culture(s)
between 1 August and 31 October of three distinct time periods corre-
sponding to the years 2010, 2012, and 2014 were included in the study
unless they met any exclusion criterion. Patients who had expired or were
placed on hospice care prior to blood culture positivity, those who had
been transferred from an outside hospital and had a history of a previously
positive blood culture of the same organism, those whose blood cultures
were deemed by the treating health care team to contain contaminants,
and those who were not admitted to MUSC were excluded from the study.
Patients with blood culture pathogens not included on the BCID were
excluded from the study. Based on an 82% identification rate of the BCID,
the number of patients meeting this criterion was not anticipated to be
sizeable (14).

Patients with BSI from 2010, prior to both ASP intervention and the
implementation of the BCID technology (controls), were compared to
patients with BSI from 2012 after implementation of ASP intervention on
all positive blood cultures but without the BCID technology (AS) and to
patients with BSI from 2014 with both antimicrobial stewardship inter-
vention and BCID (BCID).

Patients were evaluated for study inclusion by querying the institu-
tion’s database for positive blood cultures. Only the first positive culture
for each patient was included during the study period; any subsequent
episode of BSI was excluded. Once patients were identified, information
was collected by investigators using REDCap electronic data capture tools
(15).

Interventions. MUSC employed an ASP throughout the study period,
with daily activities of positive blood culture review performed by the
stewardship pharmacists starting in 2012. Prior to 2012, ASP activities
were selected on the basis of drug identification (e.g., audits of restricted
and high-cost antimicrobials) rather than on the basis of syndrome- or
culture-based interventions. Real-time alerts of positive blood cultures
provided by SafetySurveillor (Premier, Inc., Charlotte, NC), a Web-based
infection tracking and antimicrobial utilization tool, were available to the
ASP beginning in January 2012. The BCID technology was coupled with
real-time alerting capabilities of positive blood culture results for ASP
activities starting in December 2013. The BCID results were used by the
ASP to assess appropriateness of therapy based on the institution’s patho-
gen-specific empirical treatment algorithms according to organism iden-
tification, which were posted on the hospital intranet (see Fig. S1 in the
supplemental material). The ASP recommended changes to antimicrobial
therapy, if needed, to the primary care team (Monday through Friday
from h 0800 to h 1700). For results occurring outside these working hours,
ASP interventions were made the following working day, if necessary.

The FilmArray BCID (BioFire Diagnostics, LLC, Salt Lake City, UT)
analysis was performed on all index-positive blood cultures beginning on
1 December 2013. The BCID can identify Staphylococcus spp., S. aureus,
Streptococcus spp., S. agalactiae, S. pyogenes, S. pneumoniae, Enterococcus
spp., Listeria monocytogenes, Enterobacteriaceae, Escherichia coli, Entero-
bacter cloacae complex, Klebsiella oxytoca, K. pneumoniae, Serratia spp.,
Proteus spp., Acinetobacter baumannii, Haemophilus influenzae, Neisseria
meningitidis, Pseudomonas aeruginosa, Candida albicans, C. glabrata, C.
krusei, C. parapsilosis, and C. tropicalis and 4 antibiotic resistance genes,
mecA, vanA and vanB (vanA/B), and blaKPC, within 1 h directly from
positive blood culture bottles (9). Blood cultures were performed during
first two study periods using BacT/Alert standard aerobic, standard an-
aerobic, Fan Plus aerobic, and Fan Plus anaerobic blood culture bottles
(bioMérieux, Durham, NC) and during the last study period using Bactec
Plus aerobic/F and Plus anaerobic/F bottles (BD Diagnostic Systems,
Sparks, MD). During all study periods, aliquots from bottles that gave
positive signals were Gram stained and subcultured for organism identi-

fication by conventional methods, and results of the Gram stain were
communicated by laboratory personnel to nursing staff via telephone
within 1 h of the blood culture being identified as positive. During the
BCID procedure, laboratory personnel would wait for both the Gram
stain result and the BCID result to be available and would then commu-
nicate with the nursing staff via telephone within 2 h of blood culture
being identified as positive. The ASP was notified of positive blood cul-
tures only through SafetySurveillor, and the data were updated and mon-
itored in real time.

Results were posted to the electronic medical records once verbal no-
tification was received. No templated comments or clinical interpreta-
tions of the results were provided at the time of reporting. Identification
and susceptibility testing were performed using conventional phenotypic
methods and a MicroScan WalkAway system (Beckman Coulter, Inc.,
Brea, CA). No other rapid identification techniques were in place except
for those used for identification of Staphylococcus aureus (direct tube co-
agulase testing and plating to methicillin-resistant S. aureus [MRSA]
chromogenic medium) at the time of BCID implementation. The micro-
biology laboratory was staffed 24 h a day, 7 days a week throughout the
study.

Outcomes. The primary outcome was the comparison of times to
effective therapy and initial antimicrobial use with the BCID versus con-
ventional methods with and without ASP intervention for BSI. Time to
effective therapy was defined as the elapsed time in hours between the
index culture collection and receipt of the initial dose of an antimicrobial
shown to exhibit activity against the patient-specific organism based on
the in vitro susceptibility results with intermediate results considered in-
effective. Initial antimicrobial use was defined as the duration of therapy
received during the first 96 h after blood culture collection. The hospital’s
antimicrobial formulary remained largely unchanged over the course of
the study, with the exception of a restriction on empirical ciprofloxacin
use beginning in 2012. Clinical endpoints were compared between groups
and included in-hospital mortality (all cause and infection related), 30-
day all-cause readmission, microbiological clearance, hospital length of
stay (LOS) following blood culture positivity, and overall patient-specific
hospital costs. Microbiological clearance was defined as the time from
index culture collection to the time of collection of the first negative blood
culture if cultures were repeated and subsequently negative. All-cause
mortality was defined as death resulting from any cause at the end of
hospitalization, while infection-related mortality was defined as death
occurring while the patient was receiving antimicrobials for the blood-
stream infection, without any other obvious cause of death. Patients who
died during their hospital admission were not included in the LOS stay
analysis. Relapse of bloodstream infection was defined as the reoccurrence
of the same organism in a blood culture within 30 days after the end of
treatment. All costs were adjusted for inflation and converted to 2014
dollars, according to the consumer price index inflation calculator pro-
vided by the United States Department of Labor, Bureau of Labor Statis-
tics (http://www.bls.gov/data/inflation_calculator.htm).

Statistical analysis. Statistical comparisons were performed between
study groups with one-way analysis of variance for continuous variables.
Dichotomous variables were compared using the chi-square test or Fish-
er’s exact test. All statistical analyses were performed using SigmaPlot
version 12.5 (Systat Software, Inc., San Jose, CA). A P value of �0.05
(two-tailed test) was considered statistically significant.

RESULTS
Patients. There were 783 unique patients with positive blood cul-
tures identified and screened during the study periods, and 364
(115 control, 104 AS, and 145 BCID) met the inclusion criteria,
representing a total of 404 blood culture pathogens. A total of 211
patients were excluded from the study, and another 208 patients
had blood culture contaminants (Fig. 1). Patient demographics
and baseline characteristics were comparable between groups,
with the exception of higher rates of myocardial infarction in the
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BCID group (Table 1). The BSI was more frequently of intra-
abdominal origin in the control group than in the AS and BCID
groups.

Microbiology. The blood culture pathogens of the included
patients were 41.6% Gram-positive bacteria, 50.5% Gram-nega-
tive bacteria, and 7.9% Candida spp. and did not differ in preva-
lence between study groups. Blood cultures were polymicrobial
for 34 (9.3%) patients. Organism distributions did not differ sig-
nificantly between study groups, with S. aureus, Escherichia coli,
and Klebsiella pneumoniae being the most common pathogens in
each cohort (Table 2).

The median time to blood culture positivity from the time of
blood culture collection was significantly longer in the control
group (17.3 h) than in the AS (14.2 h) and BCID (13.9 h) groups.
This was probably due to increased use of blood culture bottles
containing antimicrobial neutralizing substances. The median
time to organism identification from the time of blood culture
collection was significantly shorter in the BCID group (17.2 h)
than in the AS (53.9 h) and control (57.4 h) groups even when the
shorter time to blood culture positivity was taken into account.
Although the median time to conventional antimicrobial suscep-
tibility test results was significantly longer (2.9 h) in the BCID
group than in the AS group, the test methods remained the same
throughout all three study periods (Fig. 2 and Table 2).

BCID provided a result in 76.9% of the blood cultures in the
study group. Discrepant results between the BCID and conven-
tional test occurred with 10 blood cultures (Table 3). Seven dis-
crepancies occurred in polymicrobial cultures, with BCID detect-
ing additional organisms in two and conventional culture

detecting additional organisms in five. Of the 10 discrepant re-
sults, antimicrobial therapy was affected by the BCID result in
only 3 cases. Patient 32 was empirically treated with ceftriaxone
for K. pneumoniae by BCID and was then transitioned to cefepime
when Enterobacter aerogenes was identified. Patient 337 received
fluconazole and micafungin for the entire treatment course in
order to treat both yeast species identified by BCID, although only
C. glabrata was recovered in culture. Patient 342 received 1 dose of
daptomycin for treatment of presumed VRE by BCID, and then
the patient’s treatment was de-escalated back to vancomycin.

Antimicrobial resistance levels remained low and did not differ
across the study periods, with a total of 2 VRE species, 5 extended-
spectrum-�-lactamase (ESBL)-producing species, and 1 mero-
penem-resistant species (Acinetobacter baumannii) encountered
throughout the study. There were no Klebsiella pneumoniae car-
bapenemase (KPC)-producing organisms detected by PCR dur-
ing the BCID study period. No discrepancies were found between
the molecular and phenotypic susceptibility tests for mecA in
Staphylococcus spp. One patient with Enterococcus faecium bacte-
remia had vanA/B detected by BCID, but the phenotypic suscep-
tibility testing revealed the organism to be vancomycin susceptible
even when the bottle was subcultured to VRE chromogenic me-
dium.

Antimicrobial utilization. The BCID group had a shorter me-
dian time to effective therapy (4.9 h; P � 0.001) than the control
group (15.0 h) or AS group (13.0 h). Between 19% (BCID) and
29% (control) of patients failed to receive effective therapy within
24 h of blood culture collection, and by 48 h less than 10% of
patients in each group failed to receive effective therapy. These

FIG 1 Flowchart of study participants. Abbreviations: BCID, blood culture identification panel; BSI, bloodstream infection; MUSC, Medical University of South
Carolina.
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rates were numerically lower in the BCID group than in the ASP
and control groups but did not reach statistical significance. The
AS and BCID groups had significantly higher rates of antimicro-
bial de-escalation (56.7% and 52.4%, respectively) in the first 96 h
than the control group (33.9%), with the first antimicrobial de-
escalation occurring approximately 12 h sooner in the BCID
group (48.1 h; P � 0.034) than in the AS group (60.5 h) or control
group (63.0 h) (Table 4).

The durations of administration of anti-MRSA therapy and
antipseudomonal �-lactams among all patients did not differ be-
tween study groups (Table 4). However, among patients with mo-
nomicrobial Gram-negative bacteremia (n � 68), the duration of
anti-MRSA therapy was significantly shorter in the AS (26.4 h)

and BCID (12 h) groups than in the control group (60.8 h, P �
0.02) (data not shown). More patients received a narrow-spec-
trum �-lactam during the initial 96 h in the AS (46.2%) and BCID
(41.3%) groups than in the control group (24.3%, P � 0.002).
However, it was only in the BCID (52.6 h) group that the duration
of narrow-spectrum �-lactam therapy was greater than in the con-
trol group (35.0 and 26.9 h, P � 0.019). Consistent with the insti-
tutional formulary change, ciprofloxacin use was greatly reduced
in the AS and BCID groups compared with the control group.

Clinical and economic outcomes. There were no significant
differences in all-cause or infection-related LOS, in mortality, or
in 30-day readmission between cohorts (Table 2). Clinical out-
comes were similar between time periods in subgroup analyses of

TABLE 1 Demographics and baseline characteristics of patients with bloodstream infectionsa

Parameter

Value(s)

Control (n � 115) Stewardship (n � 104) BCID (n � 145) P

Demographics
Age, yrs, median (IQR) 55 (43–69) 57.5 (47–68) 58 (44–69) 0.97
Male 58 (50.4) 59 (56.7) 80 (55.1) 0.61
White 67 (58.3) 53 (51.0) 77 (53.1) 0.78
Black or African American 45 (39.1) 46 (44.4) 63 (43.4) 0.78

Preexisting conditions
Immunosuppressed secondary to therapyb 30 (26.1) 23 (22.1) 32 (22.0) 0.70
Neutropenia (ANC � 500) 6 (5.2) 2 (1.9) 8 (5.5) 0.34
Myocardial infarction 2 (1.7) 2 (1.9) 11 (7.6) 0.03
Congestive heart failure 16 (13.9) 15 (14.4) 28 (19.3) 0.42
HIV/AIDS 5 (4.3) 0 2 (1.4) 0.05
Solid-organ malignancy 23 (20) 17 (16.3) 27 (18.6) 0.78
Peripheral vascular disease(s) 5 (4.3) 7 (6.7) 9 (6.2) 0.72
Hematologic malignancy 12 (10.4) 5 (4.8) 13 (9.0) 0.29
Cerebrovascular disease 10 (8.7) 12 (11.5) 22 (15.2) 0.28
Diabetes mellitus 29 (25.2) 33 (31.7) 52 (35.9) 0.18
Renal replacement therapy 12 (10.4) 12 (11.5) 15 (10.3) 0.95
Total parenteral nutrition 14 (12.2) 12 (11.5) 17 (11.7) 0.99
Liver disease 16 (13.9) 10 (9.6) 16 (11) 0.59

Presumed source of infection
Urine 19 (16.5) 27 (26.0) 36 (24.8) 0.17
Catheter related 21 (18.3) 16 (15.4) 25 (17.2) 0.87
Respiratory 7 (6.1) 10 (9.6) 13 (9.0) 0.59
Intra-abdominal 38 (33.0) 12 (11.5) 30 (20.7) �0.001
Skin or skin structure related 12 (10.4) 16 (15.4) 13 (9.0) 0.27
Other 8 (7.0) 11 (10.6) 5 (3.4) 0.08
Unidentified 10 (8.7) 12 (11.5) 23 (15.6) 0.21

Clinical features
Charlson comorbidity index, median (IQR) 3 (2–6) 3 (2–5) 4 (2–6) 0.11
Pitt bacteremia score, median (IQR) 2 (0–3) 1 (0–3) 1 (0–3) 0.30
Mechanical ventilation 21 (18.2) 23 (22.1) 22 (15.1) 0.37
Hypotension 46 (40.0) 33 (31.7) 54 (37.2) 0.44
ICU admission � 48 h of blood culture 42 (36.5) 37 (35.6) 59 (40.1) 0.67
ICU, LOS, days, median (IQR) 7 (3–11) 5 (3–16.5) 5 (2–11) 0.45
ID consult 68 (59.1) 62 (59.6) 75 (51.7) 0.36
Polymicrobial bloodstream infection 12 (10.4) 4 (3.8) 18 (12.4) 0.06
Community associated (�48-h onset) 79 (68.7) 78 (75.0) 94 (64.8) 0.23
Hospital associated (�48-h onset) 36 (31.3) 26 (25.0) 51 (35.2) 0.23

a Data are presented as number (percent) of patients, unless specified otherwise. Abbreviations: ANC, absolute neutrophil count; BCID, blood culture identification panel; HIV/
AIDS, human immunodeficiency virus infection and AIDS; ICU, intensive care unit; ID, infectious diseases; IQR, interquartile range.
b Immunosuppressive therapy data represent active systemic chemotherapy, tacrolimus, mycophenolate mofetil, azathioprine, cyclosporine (or equivalent) for more than 7 days, or
a systemic steroid for more than 10 days the previous month.
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TABLE 2 Microbiology, treatment, and clinical outcomes for all patientsa

Parameter

Value(s)

Control (n � 115) Stewardship (n � 104) BCID (n � 145) P

Microbiology-related outcomes
Time to blood culture positivity, h, median (IQR) 17.3 (14.6–22.0) 14.2 (12.9–18.2)b 13.9 (11.9–18.5)b �0.001
Time to organism identification, h, median (IQR) 57.4 (42.5–68.5) 53.9 (40.8–62.5) 17.2 (13.3–24.8)b,c �0.001
Time to in vitro susceptibility results, h, median (IQR) 64.4 (57.4–70.6) 61.5 (55.6–67.8) 64.4 (58.6–78.1)c 0.03

Blood culture pathogens
Gram-positive bacteria (n � 168) 51 (40.2) 48 (44.4) 59 (37.1) 0.58

Enterococcus faecalis (VRE) 0 0 1
Enterococcus faecalis (not VRE) 8 5 13
Enterococcus faecium (VRE) 0 0 1
Enterococcus faecium (not VRE) 1 0 0
Enterococcus avium 0 0 2
Methicillin-resistant Staphylococcus aureus 14 14 13
Methicillin-sensitive Staphylococcus aureus 18 15 18
Staphylococcus spp. (coagulase negative) 2 2 4
Streptococcus agalactiae 3 3 2
Streptococcus pneumoniae 2 1 2
Streptococcus pyogenes 0 1 1
Streptococcus anginosus group 2 0 5
Streptococcus group C 0 1 0
Streptococcus group G 0 1 0
Streptococcus mitis 4 5 4

Gram-negative bacteria (n � 204) 63 (49.6) 54 (50) 87 (54.7) 0.58
Acinetobacter baumannii 2 2 4
Enterobacter cloacae 6 6 7
Enterobacter aerogenes 2 1 4
Escherichia coli 20 27 34
Klebsiella oxytoca 1 0 1
Klebsiella pneumoniae 19 13 21
Proteus mirabilis 3 2 4
Pseudomonas aeruginosa 5 3 6
Serratia marcescens 4 0 4
Salmonella spp. 1 0 2

Candida spp. (n � 32) 13 (10.2) 6 (5.6) 13 (8.2) 0.58
Candida albicans 6 5 2
Candida glabrata 4 1 9
Candida krusei 1 0 0
Candida parapsilosis 1 0 1
Candida tropicalis 1 0 1

Treatment-related outcomes
Time to effective therapy, h, median (IQR) 15.0 (4.3–25.7) 13.0 (4.3–23.1) 4.9 (1.0–19.6)b,c �0.001
Repeat positive blood cultures 21/118 (17.8) 11/103 (10.7) 25/155 (16.1) 0.31
Microbiologic clearance within 3 days after blood

culture draw
100/127 (78.7) 90/108 (83.3) 128/159 (80.5) 0.67

Clinical outcomes
Length of hospitalization (LOS), no. of days, median

(IQR) (n � 319)
12 (7–20) 9 (6–18) 11 (7–24) 0.33

LOS, no. of days, following index blood culture
collection, median (IQR) (n � 319)

8.4 (5.5–15.6) 7.8 (5.1–14.8) 8.2 (5.2–15.9) 0.88

In-hospital mortality (all cause) 13 (11.3) 12 (11.5) 20 (13.8) 0.80
Infection-related mortality 7 (6.1) 8 (7.7) 13 (9.0) 0.69
30-day all-cause hospital readmission (n � 319) 26 (25.5) 24 (26.1) 23 (18.4) 0.31
Relapse of bacteremia 6 (5.2) 4 (3.8) 4 (2.7) 0.59
Total hospital costs (per patient), $, mean (median) 57,442 (27,564) 58,306 (21,222) 47,992 (23,840) 0.26

a Data are presented as number (percent) of patients, unless specified otherwise. Abbreviations: BCID, blood culture identification panel; IQR, interquartile range; VRE,
vancomycin-resistant enterococci.
b Statistically significant compared to control group.
c Statistically significant comparison between the 2 intervention groups.
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monomicrobial Gram-positive or Gram-negative bacteremia and
in analyses controlling for the presumed source of infection. The
median total hospital costs were lower in both the AS and BCID
groups than in the control group, but the differences did not reach
statistical significance.

DISCUSSION

This retrospective study revealed that real-time ASP intervention
in patients with bloodstream infections improved antimicrobial
utilization in the early course of illness. Moreover, when ASP in-
tervention was supplemented with rapid organism identification
and antimicrobial resistance results, effective therapy was pre-
scribed more rapidly and antimicrobials were used in a more ju-
dicious manner.

The preponderance of the literature published to date eval-
uating the impact of rapid molecular diagnostics in BSI has
demonstrated that the maximal benefit occurs when molecular
diagnostics is implemented in conjunction with real-time ASP

intervention compared to reporting results alone (12, 13). Re-
cently, Banerjee et al. validated the beneficial impact of BCID on
antibiotic use in a prospective randomized controlled trial of all
patients with positive blood cultures at their institution between
August 2013 and March 2014 (13). Patients were randomized into
one of three groups: conventional blood culture processing (con-
trol), BCID with templated comments, or BCID with templated
comments and real-time antimicrobial stewardship. The authors
found that, while BCID results reported with template comments
resulted in optimized antibiotic use, the addition of ASP interven-
tion enhanced antimicrobial de-escalation, further supporting the
hypothesis of the advantage of an integrated approach incorpo-
rating ASP for implementing rapid diagnostics. There were no
differences in clinical or microbiologic outcomes among the
groups.

However, none of the previous reports accounted for the con-
tribution of ASP intervention alone to outcomes or assessed
whether the addition of rapid molecular results to an established

FIG 2 Timeline for microbiology and antimicrobial therapy among study groups. Symbols represent the median values for the study population. Abbreviations:
ASP, antimicrobial stewardship program; BCID, blood culture identification panel.

TABLE 3 Discrepancies between BCID and conventional culture and phenotypic antimicrobial susceptibility test resultsa

Patient BCID result(s)
Conventional culture and phenotypic susceptibility
testing result(s)

Polymicrobic cultures
342 Enterococcus spp. (vanA/B positive),

Candida glabrata, Staphylococcus spp.
Vancomycin-susceptible Enterococcus faecium

13 Enterococcus spp. (vanA/B negative) Vancomycin-susceptible Enterococcus avium,
Serratia marcescens

28 Enterobacter cloacae Enterobacter cloacae, Pseudomonas aeruginosa
41 Klebsiella pneumoniae, Enterobacter cloacae Klebsiella pneumoniae, Enterobacter cloacae,

Acinetobacter baumannii
337 Staphylococcus aureus (mecA positive),

Candida glabrata, Candida parapsilosis
Methicillin-resistant Staphylococcus aureus,

Candida glabrata
51 Staphylococcus aureus (mecA negative),

Klebsiella pneumoniae
Methicillin-susceptible Staphylococcus aureus,

Klebsiella pneumoniae, Enterobacter aerogenes
2 Enterobacter cloacae Enterobacter cloacae, Klebsiella pneumoniae

Discrepancy in organism identification
32 Klebsiella pneumoniae Enterobacter aerogenes
285 Enterococcus spp. (vanA/B negative) Not recovered in culture
5 Klebsiella pneumoniae Enterobacter aerogenes

a Two subjects included in the BCID group did not have a BCID panel performed due to operator error. Abbreviation: BCID, blood culture identification panel.
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ASP further improves outcomes. To our knowledge, this study
was the first to evaluate these endpoints in a sequential manner
(no intervention, ASP intervention alone, and ASP intervention
and BCID).

Due to the establishment of ASP intervention in all positive
blood cultures prior to the implementation of the BCID at our
institution, we were in an ideal situation to account for the indi-
vidual contribution of ASP intervention. Compared with the con-
trol group results, ASP intervention did not reduce the time to
effective antimicrobial therapy but was associated with higher
rates of antimicrobial de-escalation during the first 4 days of BSI.
Adding the BCID to our ASP intervention was clearly beneficial, as
effective therapy and the first antimicrobial de-escalation oc-
curred more rapidly and utilization of narrow-spectrum therapies
significantly increased, with no harmful effects on patient care.
While not statistically significant, the average hospital cost was
approximately $10,000 less per patient in the BCID group than in
the control and AS groups. Applying this to each patient in the
study, the BCID group was associated with a nearly $1,500,000
difference in cost. As with the BCID study by Banerjee et al., our
institution’s active ASP, minimal antimicrobial resistance rates,
and high rates of infectious disease consultation (56%) in all study
groups likely contributed to the initiation of effective therapy early
in the course of BSI, which may have limited the differences in
clinical outcomes (13).

Unlike Banerjee et al., we excluded patients with organisms not
included on the BCID, as the BCID was not anticipated to have a
considerable impact on their clinical outcomes. Additionally, we
excluded patients with blood cultures that were considered to
contain contaminants (e.g., a single culture of coagulase-negative
staphylococcus), which comprised nearly 30% of the population
in the study by Banerjee et al., in order to minimize confounding
of the impact in patients with active BSI. Even though the studied
patient populations differed, the findings were strikingly similar
with regard to antimicrobial use and clinical and economic out-
comes. As the vast majority of patients in each of these studies
were receiving effective therapies at the time of BCID results, it is
likely that the greatest individual benefit of BCID lies in reducing
unnecessary antimicrobial use. At institutions with higher rates of
drug-resistant (VRE and KPC) bloodstream infections, the clini-
cal benefit of the BCID may be greater, and further studies in these
settings are needed to realize the full potential of this technology.

Despite the more rapid species identification of blood culture
pathogens in the BCID group, the utilization and duration of anti-
MRSA therapy and antipseudomonal �-lactam antibiotics were
unchanged compared to those in the groups with conventional
organism identification. Possible explanations for this observa-
tion might include but are not limited to the following: a prefer-
ence for fourth-generation cephalosporins or carbapenems for
use against AmpC-producing organisms, a policy of restriction of

TABLE 4 Antimicrobial use during the first 96 h after blood culture collectiong

Parameter

Value(s)

Control (n � 115) Stewardship (n � 104) BCID (n � 145) P

Antibiotic therapy modification in first 96 h
De-escalation of any antimicrobial therapyc 39 (33.9) 59 (56.7)a 76 (52.4)a 0.001
Time to first antimicrobial de-escalation, h,

median (IQR) (n � 174)
63.0 (43.6–73.6) 60.5 (44.8–70.4) 48.1 (24.3–69.3)a,b 0.03

Antibiotic therapy in the first 96 h
Receipt of an anti-MRSA agentd 74 (64.3) 66 (63.4) 79 (54.5) 0.20
Duration of anti-MRSA therapy, h, median

(IQR) (n � 219)
62.7 (45.6–83.0) 56.4 (32.3–82.0) 60 (30.7–84.0) 0.62

Receipt of an antipseudomonal �-lactam
agente

71 (61.7) 70 (67.3) 106 (73.1) 0.15

Duration of anti-pseudomonal �-lactam, h,
median (IQR) (n � 247)

60.6 (39.9–84.7) 51.5 (32.4–76.3) 63.1 (29.7–90.1) 0.26

Receipt of narrow-spectrum �-lactam agentf 28 (24.3) 48 (46.2)a 60 (41.3)a 0.002
Duration of narrow-spectrum �-lactam, h,

median (IQR) (n � 136)
26.9 (23.2–56.6) 35.0 (24.3–70.2) 52.6 (25.4–75.4)a 0.02

Receipt of fluoroquinolone 39 (33.9) 5 (4.8)a 11 (7.5)a �0.001

Antimicrobial resistance (no. of documented
nonsusceptible strains)

Ceftriaxone 5 3 4
Fluoroquinolone (ciprofloxacin) 9 8 11
Cefepime 3 1 5
Meropenem 0 0 1
Piperacillin-tazobactam 5 1 8

a Statistically significant compared to control group.
b Statistically significant comparison between the 2 intervention groups.
c De-escalation was defined as cessation of treatment with 1 or more antibiotics and/or switching to an antibiotic with a narrower spectrum of activity.
d Anti-MRSA therapy included vancomycin, daptomycin, or linezolid therapy.
e Antipseudomonal �-lactams included cefepime, ceftazidime, doripenem, imipenem-cilastatin, meropenem, and piperacillin-tazobactam.
f Narrow-spectrum �-lactams were defined as �-lactams devoid of antipseudomonal activity.
g Data are presented as number (percent) of patients, unless specified otherwise. Abbreviations: BCID, blood culture identification panel; IQR, interquartile range; MRSA,
methicillin-resistant S. aureus.
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the empirical use of ciprofloxacin, suspicion of a concomitant
infection warranting empirical broad-spectrum coverage (e.g., in
cases of immunocompromised patients), lack of an ESBL resis-
tance determinant on the BCID, and/or potential hesitancy of
providers to narrow the spectrum of antimicrobial activity based
on the PCR result alone, prior to antimicrobial susceptibility test
results. In addition, by excluding patients with blood culture con-
taminants, it is possible that the current study results underrepre-
sent the beneficial impact of BCID on antimicrobial utilization,
which may explain why the duration of anti-MRSA therapy was
not significantly reduced in the BCID group. Nonetheless, the
availability of BCID results significantly reduced the time to effec-
tive therapy while also enabling clinicians and ASP to streamline
the spectrum of antimicrobial therapy approximately 12 h earlier
than in the groups without the BCID technology. Note that the
clinical implications of early antimicrobial de-escalation, such as
limiting selective pressure, are likely of societal benefit but cannot
easily be quantified and that such assessments were beyond the
scope of this study design.

Several previous studies documented the excellent sensitivity
and specificity of the BCID (9, 16, 17). The multiplexed BCID
provided results in 76.9% of positive blood cultures, and those
results were concordant with results of conventional methods in
93.1% of positive cultures. There were only three organism mis-
identifications by BCID. Enterobacter aerogenes was misidentified
as K. pneumoniae in two blood cultures, and Enterococcus spp.
were not recovered by conventional subculture in one blood cul-
ture. The BCID K. pneumoniae assay is known to cross-react with
E. aerogenes and Raoultella ornithinolytica. The misidentification
of Enterococcus spp. may have been due to contamination of the
blood culture medium with enterococcal DNA or to the presence
of nonviable organisms in the patient’s blood (18). The results of
the BCID resistance gene detection were concordant with the phe-
notypic results, with the exception of one patient with Enterococ-
cus faecium bacteremia; that patient had vanA/B detected by
BCID, but susceptibility testing revealed the organism to be van-
comycin susceptible. This result was due to either a false-positive
vanA/B test or the presence of a vancomycin-resistant subpopula-
tion that was not detected by the conventional methods or of an
organism that did not express vancomycin resistance.

BCID results were available on average 1.7 days sooner than the
results determined by the conventional methods. BCID can be
used whether the blood culture contains Gram-positive or Gram-
negative bacteria or yeast and, because of its ease of use, can be
performed in many clinical laboratory settings with minimal
hands-on time. The known limitations of the BCID include failure
to detect all organisms in mixed cultures, cross-reactions with K.
pneumoniae assay, and the limited susceptibility information pro-
vided for Gram-negative bacteria. BCID supplements but does
not replace conventional methods for identification and antimi-
crobial susceptibility testing and, as such, adds significant expense
to the laboratory budget.

Our study was not without limitations. The retrospective na-
ture and lack of randomization in the study may have failed to
capture potential changes in the standard of care over time, al-
though we are not aware of any such changes in the management
of BSI. While the randomized controlled trial undoubtedly repre-
sents a superior study design, it is our belief that it would have
been unethical to randomize patients to slower methods of organ-
ism identification (conventional methods) when a rapid FDA-

approved method (BCID) was available and was our standard of
care prior to initiation of this study. Additionally, our study time
periods allowed comparisons of individual components of anti-
microbial stewardship intervention and BCID, an assessment not
performed in prior investigations. Another potential limitation of
the study was that the stewardship intervention did not occur 24 h
a day. Looking at the time of day of blood culture positivity, ap-
proximately 50% of the positive blood cultures were obtained
between h 0800 and h 1700 in each group (P � 0.95) when an ASP
team member was monitoring in real time, suggesting no differ-
ence between study groups in the time of day of blood culture
positivity. It is possible that having ASP available for intervention
around the clock may have further improved the time to effective
therapy and antimicrobial utilization. However, it is our opinion
that since most interventions are related to nonurgent antimicro-
bial de-escalation, overnight staffing of the ASP may not be cost-
effective. Further studies should be performed to determine the
cost-benefit of the availability of ASP intervention on a 24 h/day, 7
days/week basis.

There were some differences in baseline characteristics be-
tween the cohorts; most notably, the source of bacteremia was
more frequently intra-abdominal in the control group than in the
ASP group or the BCID group. This may be concerning, as pa-
tients with intra-abdominal infections do tend to have more-com-
plicated hospital stays than patients with urinary tract infections.
However, accounting for the source of bacteremia, there were no
differences in secondary clinical outcomes such as infection-re-
lated length of stay, mortality, and readmission rates. Importantly,
rates of antimicrobial resistance and severity of illness (as mea-
sured by Pitt bacteremia score and intensive care unit [ICU] ad-
mission) appeared to be similar between groups. Despite these
limitations, our study findings were largely congruent with those
of the randomized controlled study performed by Banerjee et al.
using the same rapid blood culture identification system.

In conclusion, in patients with bloodstream infections, antimi-
crobial stewardship intervention was associated with improved
antimicrobial utilization. The addition of rapid organism identi-
fication and antimicrobial resistance marker detection to an es-
tablished ASP shortened the time to effective therapy and further
improved antimicrobial use compared to ASP alone, even in a
setting of low rates of antimicrobial resistance.
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