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Rapid identification of microorganisms and antimicrobial resistance is paramount for targeted treatment in serious blood-
stream infections (BSI). The Verigene Gram-negative blood culture nucleic acid test (BC-GN) is a multiplex, automated molecu-
lar diagnostic test for identification of eight Gram-negative (GN) organisms and resistance markers from blood culture with a
turnaround time of approximately 2 h. Clinical isolates from adult patients at the University Maryland Medical Center with GN
bacteremia from 1 January 2012 to 30 June 2012 were included in this study. Blood culture bottles were spiked with clinical iso-
lates, allowed to incubate, and processed by BC-GN. A diagnostic evaluation was performed. In addition, a theoretical evaluation
of time to effective and optimal antibiotic was performed, comparing actual antibiotic administration times from chart review
(“control”) to theoretical administration times based on BC-GN reporting and antimicrobial stewardship team (AST) review
(“intervention”). For organisms detected by the assay, BC-GN correctly identified 95.6% (131/137), with a sensitivity of 97.1%
(95% confidence interval [CI], 90.7 to 98.4%) and a specificity of 99.5% (95% CI, 98.8 to 99.8%). CTX-M and OXA resistance de-
terminants were both detected. Allowing 12 h from Gram stain for antibiotic implementation, the intervention group had a sig-
nificantly shorter duration to both effective (3.3 versus 7.0 h; P < 0.01) and optimal (23.5 versus 41.8 h; P < 0.01) antibiotic ther-

apy. BC-GN with AST intervention can potentially decrease time to both effective and optimal antibiotic therapy in GN BSI.

Rapid identification of microorganism and antimicrobial resis-
tance is paramount for targeted treatment in serious blood-
stream infections (BSI). Clinical microbiology laboratories typi-
cally require 24 to 72 h to determine the identity and antimicrobial
susceptibility of an organism in BSI. In particular, Gram-negative
(GN) bacteremia with inappropriate antibiotic therapy is as-
sociated with a high mortality rate (1). Furthermore, due to
emergence of multidrug-resistant (MDR) GN organisms, such as
carbapenem-resistant Enterobacteriaceae (CRE), early targeted
treatment is favored for both preservation of broad-spectrum an-
tibiotics and ensuring correct treatment of the pathogen.

The Verigene Gram-negative blood culture nucleic acid test
(BC-GN; Nanosphere, Northbrook, IL) is a multiplex, automated
molecular diagnostic test for the identification of genus, species,
and genetic resistance determinants for a broad panel of the most
common GN organisms isolated from blood culture, with an ap-
proximate turnaround time of 2 h from blood culture positivity
(2). The assay is capable of detecting Escherichia coli, Shigella spp.,
Klebsiella pneumoniae, Klebsiella oxytoca, Pseudomonas aerugi-
nosa, Acinetobacter spp., Proteus spp., Citrobacter spp., and Entero-
bacter spp., as well as the presence of multiple resistance markers
(KPC,NDM, CTX-M, VIM, IMP, and OXA-23, -40, -48, and -58).

BC-GN performance has recently been demonstrated, with a
high sensitivity and specificity for organism and resistance identi-
fication (3-7). The wide variety of resistance markers included
within BC-GN may be a distinct advantage over some of the cur-
rently available technologies (8). However, there are no data eval-
uating the impact of BC-GN implementation on patient out-
comes. It has been demonstrated that antimicrobial stewardship
team (AST) intervention alone and in combination with other
rapid testing diagnostics improves patient outcomes compared to
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standard microbiology reporting (9, 10). The aim of our study was
to assess the potential impact of BC-GN in combination with AST
intervention on antimicrobial therapy-related outcomes.

MATERIALS AND METHODS

Study location and design. This single-center study was conducted at the
University of Maryland Medical Center (UMMC), an 850-bed tertiary
care center located in downtown Baltimore, MD. In addition to routine
medical and surgical services, the UMMC offers specialized care, includ-
ing a trauma center, solid-organ and bone marrow transplantation, and 6
subspecialty medical and surgical intensive care units (ICUs).

Adult patients (=18 years-old) with a first episode of GN bacteremia
(excluding polymicrobial infections) during the period from 1 January
2012 to 30 June 2012 were identified from the UMMC central data repos-
itory, a relational database containing demographic, administrative, and
microbiology data on all patients. Of these, patients who had Gram stain
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FIG 1 Selection of patients. NLFGNR, non-lactose-fermenting Gram-negative rod; GS, Gram stain; GNR, Gram-negative rod.

results reported prior to discharge or death, and whose archived isolates
could be accessed, were included in the study cohort.

Cohort and chart abstraction. Chart review was performed for type of
infection, antibiotic type and time of administration, ICU admission, in-
fectious disease consult, comorbidities, and disposition. In addition, de-
tailed microbiological data were collected, such as organism identification
and susceptibility profile and date and time of the following: blood culture
draw, Gram stain, identification, and susceptibility report. Standard lab-
oratory techniques during the study period included Vitek 2 (bioMérieux,
Durham, NC) for organism identification and Kirby-Bauer disk diffusion
for susceptibility reporting. Antibiotic susceptibilities were determined by
following Clinical and Laboratory Standards Institute guidelines (11).

Laboratory procedures. (i) Spiked blood cultures. Based on the in-
cluded cases, frozen, archived clinical isolates (—80°C) were pulled and
subcultured on blood agar plates. Starting with a 0.5 McFarland standard
suspension of organism, 3 successive 100-fold dilutions were made for a
final concentration of 1.5 X 10> CFU/ml. Bactec Standard/10 Aerobic/F
blood culture bottles (Becton Dickinson, Sparks, MD) were inoculated
with clinical isolates, along with 8 ml of banked packed red blood cells,
and placed in a Bactec 9050 system until positivity was established.

(ii) Verigene BC-GN. After positivity, blood culture samples were pre-
pared and processed with BC-GN according to the manufacturer’s in-
structions (2). External quality controls were run daily and included a
known positive and negative blood sample. Testing was repeated for “No
call” results once that same day. Any samples with discrepant results were
retested on the Vitek 2 (original clinical isolate and spiked blood culture
isolate) and sent out for additional testing, such as PCR, sequencing,
and/or matrix-assisted laser desorption/ionization—time of flight mass
spectrometry (MALDI-TOF).

(iii) Molecular determination of resistance mechanism. All isolates
with resistance determinants were confirmed with PCR. In addition, PCR
was performed on isolates with susceptibility profiles consistent with re-
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sistance to ceftriaxone and/or ertapenem/meropenem in which no resis-
tance marker was detected by BC-GN (12-14).

Theoretical antibiotic therapy comparison. A theoretical evaluation
of two antimicrobial therapy-related outcomes (time to effective antibi-
otic therapy and time to optimal antibiotic therapy) was performed (15),
comparing actual antibiotic administration times from chart review (con-
trol) to theoretical administration times based on BC-GN reporting and
AST review (intervention).

AST review. The theoretical AST consisted of an infectious disease
physician and an infectious disease pharmacist (S.L. and E.H.). Individual
case report sheets were filled out by two reviewers (J.T.B. and R.B.) for
each case up until the time of Gram stain report. Information included
clinical, microbiological, and antimicrobial history, in addition to the
BC-GN result. Treatment algorithms were derived based on literature and
hospital antibiograms (see Fig. S1 and S2 in the supplemental material)
and used as guidelines for antibiotic recommendations.

Outcomes and definitions. Time to effective antibiotic therapy was
defined as time from Gram stain report to the time of administration of
the first antimicrobial with known susceptibility per the microbiology
report. Time to optimal antibiotic therapy was defined as time from Gram
stain report to the time the patient received optimal antibiotic therapy,
which includes de-escalation based on known susceptibility results, need
to cover other polymicrobial infections, concomitant infections, and an-
tibiotic allergies or intolerances (15).

We considered the evaluable time to be the time from Gram stain
report until 24 h after susceptibility results were reported, as this would
constitute the potential time of impact of rapid reporting using BC-GN.
For the implementation of the theoretical AST intervention, we consid-
ered progressively increasing intervals (3 h, 6 h, 12 h, 18 h, and 24 h) from
the time of the Gram stain report and compared each theoretical admin-
istration time with the control’s actual antibiotic administration time ob-
tained from the chart. If effective or optimal antibiotic was not achieved,
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the time until the end of the follow-up period (24 h after the susceptibility
result) was used.

Antibiotic interventions were classified as either appropriate (or inap-
propriate) escalation, defined as a change from a narrow-spectrum to a
broad-spectrum antibiotic for a susceptible organism, or appropriate (or
inappropriate) de-escalation, defined as a change from a broad-spectrum
to narrow-spectrum antibiotic. Inappropriateness in de-escalation was
defined as a change from a sensitive antibiotic to one that is either resistant
or intermediate on a susceptibility report.

Finally, aggregate antibiotic utilization from the time of the Gram
stain report until 24 h after the susceptibility report was quantified using
days of therapy (DOT) per 1,000 patient days and compared between the
control and intervention groups.

Statistical analysis. Comparison of time to appropriate and effective
antibiotic therapy was performed using a paired sample ¢ test for the
differences between mean antibiotic times in the control and intervention
groups. In addition, time to event analysis for both outcomes was per-
formed using proportional hazards regression, with a sandwich variance
estimate approach for clustered data. Differences between antibiotic days
of therapy in the control and intervention groups were evaluated using
Poisson 95% confidence intervals (CI). All statistical analyses were per-
formed using SAS 9.3 (SAS Institute, Cary, NC).

RESULTS

Cohort description. Between 1 January 2012 and 30 June 2012,
168 subjects had a first episode of GN bacteremia, of which 14
were excluded due to polymicrobial cultures. An additional 17
were excluded due to difficulty isolating the organism (i.e., not
recovered from a frozen clinical isolate) (Fig. 1). A total of 137
isolates were tested using BC-GN, with the following organism
characteristics: K. pneumoniae, 36 (26%); E. coli, 35 (26%); P.
aeruginosa, 21 (15%); Enterobacter spp., 9 (6.5%); Acinetobacter
spp., 7 (5.1%); K. oxytoca, 5 (3.6%); Proteus spp., 4 (2.9%); Citro-
bacter spp., 2 (1.5%); and nontarget, 18 (13%) (Serratia marc-
escens, 7; Morganella morganii, 3; Providencia spp., 2; Salmonella
spp.» 2; Hafnia alvei, 1; Raoultella ornithinolytica, 1; Burkholderia
cepacia, 1; and Sphingomonas paucimobilis, 1).

Of the 137 isolates, 5 were from patients who either were dis-
charged or died before the Gram stain report and thus were ex-
cluded from the time comparison analysis (Fig. 1). In the 132 cases
included in the time comparison, the mean age of patients was
55 * 16.3 years, 55% of the patients were male, and malignancy
(23%) was the most common comorbidity. The plurality of cases
had no known source of bacteremia (39%), and the majority of
cases were hospital acquired (59%). Overall inpatient mortality
and mean length of hospitalization were 18% and 33.4 = 46.5
days, respectively (Table 1).

Verigene BC-GN performance. For organism detection,
BC-GN correctly identified 95.6% (131/137), with a sensitivity of
97.1% (95% CI, 90.7 to 98.4%) and a specificity of 99.5% (95% CI,
98.8 t0 99.8%). At the organism level, K. pneumoniae demon-
strated a sensitivity of 86.1%. Enterobacter spp. and K. oxytoca
demonstrated a specificity of 97.7% and 99.2%, respectively. The
nontarget organisms collectively had a sensitivity and specificity of
94.4% and 98.3%, respectively. Of 5 K. pneumoniae isolates, 2
were misidentified as Enterobacter spp., 1 was misidentified as K.
oxytoca, and 2 were “not detected.” R. ornithinolytica was misiden-
tified as Enterobacter spp. (Table 2).

BC-GN reported invalid (“No Call”) results for 2/132 (1.5%)
of the clinical blood cultures, all due to the reader being unable to
obtain test results because of high variability in target-specific sig-
nals. Both repeated tests yielded “not detected,” corresponding to
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TABLE 1 Clinical characteristics of AST-reviewed Gram-negative
bloodstream infection cohort (n = 132)

Clinical characteristic” Value
Age, yr, mean = SD 55+ 16.3
Male, no. (%) 72 (55)
Comorbidities, no. (%)
Diabetes mellitus 12 (9)
Heart disease 20 (15)
Lung disease 7 (5)
Liver disease 14 (11)
Kidney disease 16 (12)
Vascular disease 6 (5)
Stroke/TBI 17 (13)
Malignancy 30 (23)
BMT 3(2)
Solid-organ transplant 15 (11)
HIV 11 (8)
Allergy, no. (%) 40 (30)
Beta-lactam 22 (17)
Service, no. (%)
Medicine 32 (24)
Surgery 35 (27)
Trauma 20 (15)
MICU/SICU 26 (20)
Cancer 13 (10)
Other? 6 (5)
Location, no. (%)
ED 30 (23)
Med-Surg 42 (32)
ICU 36 (27)
Trauma 19 (14)
Other® 5(4)
ID consult, no. (%) 109 (83)
Source of bacteremia, no. (%)
Primary 51 (39)
Catheter related 12 (9)
Lung 13 (10)
Urine 34 (26)
Intra-abdominal 10 (8)
VAD 5 (4)
SSTI 3(2)
Other? 4 (3)
Type of acquisition, no. (%)
Hospital acquired, >48 h 78 (59)
Community acquired, <48 h 54 (41)
Health care associated® 30 (23)
Length of hospitalization, days, mean = SD 33.4 * 46.5
ICU stay, no. (%) 78 (59)
Length of ICU stay, d, mean = SD 18.2 = 38
Inpatient mortality, no. (%) 24 (18)

@ Abbreviations: TBI, traumatic brain injury; HIV, human immunodeficiency virus;
VAD, ventricular assist device; SSTI, skin and soft tissue infection; BMT, bone marrow
transplant.

b Neurology, pediatrics, and obstetrics.

¢ BMT, pediatric ward, and postpartum ward.

4 Central nervous system, mediastinitis, and vascular graft.

¢ Criteria: from another hospital or facility, hospitalization of <3 months, indwelling
device (VAD, line), hemodialysis.

Vitek 2-identified M. morganii (nontarget) and K. pneumoniae
(discordant result).

Based on susceptibility testing, 13/91 (14%) and 16/91 (18%)
Enterobacteriaceae isolates were ceftriaxone resistant and pipera-
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TABLE 2 Performance of Verigene BC-GN for organism identification

Verigene BC-GN and Antimicrobial Stewardship

No. (%) of isolates

Correctly Not Sensitivity Specificity

Organism Total identified detected Misidentified (%) 95% CI (%) 95% CI
Klebsiella pneumoniae 36 (26) 31(86) 2 86.1 70.5-95.3 100 96.4-100
Escherichia coli 35(26) 35 (100) 100 90.0-100 100 96.5-100
Pseudomonas aeruginosa 21 (15) 21 (100) 100 83.9-100 100 96.9-100
Enterobacter spp. 9 (6.5) 9 (100) 100 66.4-100 97.7 93.3-99.5
Acinetobacter spp. 7 (5.1) 7 (100) 100 59.0-100 100 97.2-100
Klebsiella oxytoca 5(3.6) 5(100) 100 47.8-100 99.2 95.9-99.9
Proteus spp. 4(2.9) 4 (100) 100 39.8-100 100 97.3-100
Citrobacter spp. 2 (L.5) 2 (100) 100 15.8-100 100 97.3-100
Nontarget 18 (13) 17 (94) 94.4 72.7-99.9 98.3 94.1-99.8

Serratia marcescens 7 7

Morganella morganii 3 3

Providencia spp. 2 2

Salmonella spp. 2 2

Hafnia alvei 1 1

Raoultella ornithinolytica® 1

Burkholderia cepacia 1 1

Sphingomonas paucimobilis 1 1
Total 137 114 19 97.1 (90.7-98.4) 99.5 (98.8-99.8)
“Two as Enterobacter spp. and one as K. oxytoca.
b Enterobacter spp.
¢ Formerly Klebsiella spp.

cillin-tazobactam resistant, respectively; carbapenem resistance
was present in 6/21 (29%) and 7/7 (100%) isolates of P. aeruginosa
and Acinetobacter baumannii, respectively. There were no carbap-
enem-resistant Enterobacteriaceae. Using BC-GN, 5/13 (38%) En-
terobacteriaceae isolates that were resistant or intermediate to
ceftriaxone were detected as having CTX-M and 7/7 (100%) of the
MDR A. baumannii were detected as having OXA. However, none
of the P. aeruginosa isolates (0/6) that were carbapenem resistant
had associated resistance targets (Table 3). PCR testing confirmed
the presence or absence of resistance targets detected by BC-GN in
which the isolates were resistant to ceftriaxone or a carbapenem.
The PCR results for all the samples correlated with the BC-GN
results, except in the case of one isolate of A. baumannii which had
both blagyxa_»3 and blacrx_y; by PCR but only OXA detected by
BC-GN.

Antibiotic therapy outcomes. There were 91/132 (69%)
changes in antibiotic therapy based on BC-GN result and AST
review in the theoretical intervention group. For the effective an-
tibiotic therapy outcome, there were no cases with inappropriate
de-escalation, 16/91 (18%) demonstrated appropriate escalation,
and in 75/91 (82%) no difference was observed. Some of these
antibiotic changes are highlighted in Table 4. For the optimal an-
tibiotic therapy outcome, 61/91 (67%) demonstrated appropriate
de-escalation, 10/91 (11%) demonstrated inappropriate escala-
tion, and in 20/91 (22%) no difference was observed.

Evaluating total antibiotic utilization between the control and
intervention groups, piperacillin-tazobactam use decreased from
349.8/1,000 patient days (95% CI, 302.0 to 403.1) to 199.6/1,000
patient days (95% CI, 163.9 to 240.8) and ceftriaxone use in-
creased from 84.2/1,000 patient days (95% CI, 63.6 to 112.5) to
304/1,000 patient days (95% CI, 259.5 to 254.0), both statistically
significant (Fig. 2). There was no significant change in carbap-
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enem use (188.6/1,000 patient days [95% CI, 154.0 to 228.8] ver-
sus 192.3/1,000 patient days [95% CI, 163.9 to 240.8]).

Sensitivity analysis of selected time intervals demonstrated that
the cutoff time for a statistically significant difference in time to
effective antibiotic administration for BC-GN reporting was 12 h
from the Gram stain report, while the difference in time to optimal
antibiotic administration remained statistically significant even
up to 24 h from the Gram stain report (Table 4). Allowing 12 h for
antibiotic changes to be made based on BC-GN and AST, effective
antibiotic therapy could be achieved an average of 3.7 h earlier
(95% CI, 1.3 to 6.2; P < 0.01) and optimal antibiotic therapy
could be achieved an average of 18.3 h earlier (95% CI, 13.3 to
23.4; P <0.01) in the intervention group than in the controls (Fig.
3). Using proportional hazards regression, we also found that the
intervention group was significantly more likely to receive optimal
antibiotic therapy earlier than the control group (hazard ratio,
2.32;95% CI, 1.86 to 2.89; P < 0.01).

DISCUSSION

In this study, we confirmed the accuracy of BC-GN for identifying
GN bacteria and resistance markers in BSI. We found a significant
difference in potential times to both effective and optimal antibi-
otic therapies in treatment of GN BSI using a theoretical BC-GN
result combined with AST approach compared to standard man-
agement. Further, our sensitivity analysis suggested that this ap-
proach could be beneficial even when implemented up to 12 to 18
h after the Gram stain report.

There are competing, commercially available, rapid diagnostic
modalities that have demonstrated improved clinical outcomes,
such as time to appropriate antibiotic therapy, length of stay, and
mortality. These modalities include peptide nucleic acid fluores-
cent in situ hybridization (PNA-FISH) (9, 16), MALDI-TOF (15),
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TABLE 4 Sensitivity analysis using proportional hazards regression and paired sample ¢ test for time to effective and optimal antibiotic therapies

Effective antibiotic therapy

Optimal antibiotic therapy

Time of BC-GN  Hazard 95% CI Mean difference  95% CI Hazard 95% CI Mean difference  95% CI

report ratio (P value)” (SD) (P value) ratio (P value) (SD) (P value)

3h 1.33 1.11-1.60 (0.002) 4.8 h (16.5) 2.0-7.6 (0.001) 2.5 2.00-3.12 (<0.001) 22.5h (32.9) 16.8-28.1 (<<0.001)
6h 1.29 1.09-1.54 (0.004) 4.4 h (15.7) 1.7-7.1 (0.002) 2.43 1.95-3.04 (<0.001) 21.1 h (31.6) 15.7-26.6 (<0.001)
12h 1.14 0.98-1.33 (0.08) 3.7h (14.3) 1.3-6.2 (0.003) 2.32 1.86-2.89 (<0.001) 18.3h (29.2) 13.3-23.4 (<0.001)
18h 2.9h (13.0) 0.8-5.2 (0.009)  2.30 1.83-2.87 (<0.001) 15.6h (26.8) 10.9-20.2 (<0.001)
24h 2.3h (11.8) 0.2-4.3 (0.03) 2.30 1.83-2.87 (<0.001) 12.8 h (24.6) 8.5-17.0 (<0.001)

“ The statistically significant cutoff for all P values was <0.05.

and real-time PCR for Staphylococcus aureus bacteremia (17). The
multiplex PCR FilmArray system (18) and Verigene BC-GP and
BC-GN have yet to be comprehensively evaluated for their impact
on patient outcomes.

In our study, the overall performance of Verigene BC-GN was
similar to that in the recent reports (3—7). Several important dif-
ferences include the inclusion of S. marscesens (removed from the
final FDA-approved panel) (3-5) and use of a combination of
real-time clinical samples and contrived blood cultures. In addi-
tion, Sullivan et al. primarily looked at a pediatric population (5).
The total concordance rate for organism identification ranged
from 89 to 100%. K. pneumoniae consistently had a lower agree-
ment (~86%), with isolates either not detected or misidentified as
Enterobacter spp. (1 isolate) (4).

Our discrepant isolates included K. prneumoniae (2 misidenti-
fied as Enterobacter spp., 1 misidentified as K. oxytoca, and 2 not
detected) and R. ornithinolytica (misidentified as Enterobacter). A
recognized limitation of the test is the cross-reactivity of K. pneu-
moniae with Enterobacter spp. (2), which can explain the discor-
dance. The R. ornithinolytica isolate that was detected as Entero-

bacter was also identified as Enterobacter by MALDI-TOF. The K.
pneumoniae isolate that was detected as K. oxytoca was identified
by sequencing (94% identity) as R. ornithinolytica, which is also
known to cross-react with K. oxytoca (2). K. pneumoniae isolates
that were reported as not detected may actually be Klebsiella varii-
cola, a recently identified Klebsiella sp. that closely resembles K.
pneumoniae (19) and is not detected by BC-GN.

The resistance marker detection capability of BC-GN, while
extensive for carbapenemases, is limited to only CTX-M among
the extended-spectrum (TEM and SHV) and AmpC-producing
beta-lactamases. Based on recent surveillance data, the prevalence
of CTX-M in cephalosporin-resistant Enterobacteriaceae bactere-
mia isolates in U.S. hospitals is increasing (26.6% in 2007 to 43.8%
in 2010) and is thus a relevant marker for early detection (20).
However, the prevalences of TEM (51%), SHV (16%), and AmpC
(10%) from the same surveillance data are not insignificant, and
the lack of these markers remains a potential limitation of this
platform. In our study, we had a CTX-M prevalence of 38% (5/
13), with unknown resistance mechanisms for the remaining 8
isolates. Having these additional resistant mechanisms would be
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helpful. However, due to the high prevalence of broad-spectrum
beta-lactamases (TEM-1, SHV-11, and SHV-1), one potential
consequence would be the overuse of broad-spectrum antibiotics,
such as carbapenems.

Conversely, there are theoretical concerns of harmful de-esca-
lation because of the decreased sensitivity of K. pneumoniae. For
example, in the case of a Klebsiella sp. harboring a KPC that is not
detected, no organism or resistance gene is reported and effective
antibiotic therapy (i.e., colistin) may be discontinued inappropri-
ately. Due to the limitation that we did not observe any CRE BSI in
our study, the magnitude of this discrepancy and clinical impact
needs to be further evaluated.

In the analysis of aggregate antimicrobial use, we found an
inverse relationship between piperacillin-tazobactam and ceftri-
axone use: BC-GN application was associated with a significant
decrease in piperacillin-tazobactam and a significant increase in
ceftriaxone use, and it was not associated with any inappropriate
de-escalation. Therefore, the strategy of BC-GN results along with
AST guidance has the potential to safely limit use of broad-spec-
trum antibiotics earlier in the course of therapy. Of the 10 cases
that were described as inappropriate escalation, 9/10 involved
ICU patients, which may reflect a shortcoming in our algorithm.
For example, the antibiogram profile in the ICUs for K. pneu-
moniae has a lower susceptibility to first-line agents like ceftriax-
one (79%) and piperacillin-tazobactam (75%); thus, a carbap-
enem (97%) is recommended upfront.

Nonetheless, a strong component of our study is the develop-
ment of algorithms to guide ASTs and/or prescribers with the
clinical application of the BC-GN. The algorithms were compiled
by thorough review of evidence-based literature and expert opin-
ion. However, there are institution (i.e., antibiogram) and patient
(i.e., colonization) considerations that need to be incorporated.
One treatment specific controversy we encountered was address-
ing the Enterobacteriaceae likely harboring AmpC-producing
B-lactamases (Enterobacter, Citrobacter, and Proteus), for which
cefepime and/or piperacillin-tazobactam (as opposed to carbap-
enem) was the recommended antibiotic, as new data suggest that
these antibiotics may be acceptable since they are both low-level
inducers (21, 22). However, whether the application of these al-
gorithms to BC-GN result will be effective in institutions that lack
active ASTs needs to be studied.

A major limitation of the experimental portion of our study is
the retrospective design with evaluation of only theoretical thera-
py-related outcomes. Also, it is assumed that 100% of the AST
recommendations would be followed; however, a 90% acceptance
rate is more likely (15). Although “effective antibiotic” is a clear,
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indisputable term, optimal antibiotic choice is less objective and
could be perceived as a less reliable outcome measure. Another
recognized limitation of our study is exclusion of polymicrobial
infections, which were present in 14/168 (8%) of the initial sam-
ples. Accurate identification of polymicrobial samples is a known
limitation of BC-GN, as it is in other modalities.

In conclusion, our study demonstrated a potential decreased
time to both effective and optimal antibiotic therapies in GN BSI
using a combined intervention of rapid testing with Verigene
BC-GN and AST recommendation. In order to maximize the im-
pact, the results reported by the clinical microbiology laboratory
and AST recommendation need to be efficiently coordinated. In
addition, the incorporation of treatment algorithms into AST
practice will help bridge the communication of advancing tech-
nology in the clinical microbiology laboratory with patient care.
Although these results are promising, prospective studies are
needed to further validate this strategy.
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