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Randomized Trial Evaluating Clinical Impact of RAPid
[Dentification and Susceptibility Testing for Gram-negative
Bacteremia: RAPIDS-GN
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Jennifer Curello,’ Rubi Arias,’ William Swearingen,® Sarah B. Doernberg,® and Robin Patel’, for the Antibacterial Resistance Leadership Group

'Division of Pediatric Infectious Diseases, Vanderbilt University, Nashville, Tennessee, USA, “Biostatistics Center, George Washington University, Rockville, Maryland, USA, *Division of Clinical

Microbiology, Mayo Clinic, Rochester, Minnesota, USA, *Department of Mathematics and Statistics, Boston University, Boston, Massachusetts, USA, *Divisions of Pathology and Infectious
Diseases, University of California, Los Angeles, California, USA, and ®Division of Infectious Diseases, University of California, San Francisco, California, USA

Background. Rapid blood culture diagnostics are of unclear benefit for patients with gram-negative bacilli (GNB) bloodstream
infections (BSIs). We conducted a multicenter, randomized, controlled trial comparing outcomes of patients with GNB BSIs who had
blood culture testing with standard-of-care (SOC) culture and antimicrobial susceptibility testing (AST) vs rapid organism identifi-
cation (ID) and phenotypic AST using the Accelerate Pheno System (RAPID).

Methods. Patients with positive blood cultures with Gram stains showing GNB were randomized to SOC testing with anti-
microbial stewardship (AS) review or RAPID with AS. The primary outcome was time to first antibiotic modification within 72
hours of randomization.

Results.  Of 500 randomized patients, 448 were included (226 SOC, 222 RAPID). Mean (standard deviation) time to results
was faster for RAPID than SOC for organism ID (2.7 [1.2] vs 11.7 [10.5] hours; P < .001) and AST (13.5 [56] vs 44.9 [12.1] hours;
P < .001). Median (interquartile range [IQR]) time to first antibiotic modification was faster in the RAPID arm vs the SOC arm for
overall antibiotics (8.6 [2.6-27.6] vs 14.9 [3.3-41.1] hours; P = .02) and gram-negative antibiotics (17.3 [4.9-72] vs 42.1 [10.1-72]
hours; P < .001). Median (IQR) time to antibiotic escalation was faster in the RAPID arm vs the SOC arm for antimicrobial-resistant

BSIs (18.4 [5.8-72] vs 61.7 [30.4-72] hours; P = .01). There were no differences between the arms in patient outcomes.

Conclusions.
Clinical Trials Registration. NCT03218397.

Keywords.

Rapid organism ID and phenotypic AST led to faster changes in antibiotic therapy for gram-negative BSIs.

blood cultures; antibiotic susceptibility testing; rapid diagnostic; bloodstream infection; gram negative.

Gram-negative bacilli (GNB) cause between one-quarter
and one-third of bloodstream infections (BSIs) worldwide
[1-3]. Emergence and spread of resistance among many
species of GNB, often to multiple drug classes, has led to
a dearth of effective therapies. Ineffective therapy for BSIs
caused by GNBs is associated with mortality rates in excess
of 30% [4-10]. Due to concerns about the possible presence
of antimicrobial resistance, use of broad-spectrum therapies
has become routine for empiric treatment of BSIs caused by
GNB. In turn, this practice may promote further selection of
antimicrobial resistance, increased toxicity, and higher costs
of care.
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Rapid blood culture diagnostics can provide organism identi-
fication (ID) and phenotypic antimicrobial susceptibility testing
(AST) of GNB within hours after a blood culture turns positive,
in contrast to the 48-96 hours required for conventional testing.
Such information should enable timely initiation of optimal an-
tibiotic therapy, with potential for improved outcomes. However,
rapid testing methods are costly. Their impact on antibiotic use
and patient outcomes must be evaluated and strategies to inte-
grate such testing into clinical practice determined [11].

Prior single-center, observational studies have demonstrated
decreased time to appropriate antibiotics, lower mortality,
shorter durations of hospital and intensive care unit (ICU)
stays, and reduced costs when rapid identification and AST
methods are coupled with antimicrobial stewardship [12-14].
Limitations of these studies include that they were retrospec-
tive, subject to temporal trends, single-center, and uncontrolled.
A previous single-center, randomized, controlled trial demon-
strated that rapid polymerase chain reaction-based blood cul-
ture identification paired with antimicrobial stewardship (AS)
was associated with more rapid antibiotic deescalation, shorter
time to appropriate antibiotic therapy, and decreased use of
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broad-spectrum antibiotics [15]. However, the diagnostic test
evaluated in that study had limited impact on management of
patients with GNB BSIs because the test detected only a single
GNB resistance determinant (bla,,.) and provided no pheno-
typic susceptibility information.

The Accelerate PhenoTest BC Kit, performed on the
Accelerate Pheno System (Accelerate Diagnostics, Tucson,
AZ), hereafter referred to as “RAPID,” is a US Food and Drug
Administration-approved automated platform that performs
rapid bacterial identification of 8 GNB species followed by phe-
notypic AST within approximately 7 hours directly from posi-
tive blood cultures [16, 17]. We compared time to first antibiotic
modification, antibiotic use, and clinical outcomes of patients
with GNB BSIs evaluated using RAPID vs standard-of-care cul-
ture (SOC) and AST methods in the setting of AS activities.

METHODS

Design and Oversight

We conducted a prospective, multicenter, randomized, con-
trolled clinical trial from October 2017 through October 2018
of patients with GNB BSIs who had blood culture testing with
SOC culture and AST vs rapid organism ID and phenotypic
AST using the Accelerate Pheno™ System (RAPID). Trial over-
sight and coordination was performed by the Duke Clinical
Research Institute. The investigators remained unaware of the
outcomes until database lock in March 2019. All authors vouch
for the accuracy and completeness of the data and analyses and
the fidelity of the trial to the protocol.

Participants

Patients at 2 US academic medical centers who had a positive
blood culture with Gram stain showing GNB identified during
local laboratory business hours were evaluated for eligibility.
One laboratory was open 24/7 while the other was not (see
Supplementary Appendix for details). Patients were excluded
if they met any of the following criteria: identification of GNB
outside of local laboratory rapid testing hours; positive blood
culture for GNB within the prior 7 days (if known at the time
of randomization); deceased or on comfort care at the time of
randomization; GNB plus gram-positive organism, gram-neg-
ative cocci, and/or yeast detected on Gram stain; previous en-
rollment in this study; or no Minnesota research authorization
(Rochester, Minnesota, site only). The study was approved by
Duke University and site institutional review boards with a
waiver of informed consent.

Procedures

Laboratory Testing

For all patients, the local SOC for identification and AST of
GNB from positive blood cultures was performed, including
standard subculture, species identification by matrix-assisted
laser desorption/ionization mass spectrometry (MALDI-TOF

MS), and AST using broth microdilution or agar dilution. For
patients randomized to the rapid testing arm, testing was also
performed using the RAPID system, and results were reported
in the electronic medical record without specifying the method
used. Details are provided in the Supplementary Appendix.

Antimicrobial Stewardship

All patients in both arms underwent prospective audit and feed-
back by institutional AS programs. In both arms, the AS physi-
cian or pharmacist was notified by page at the time of every
positive Gram stain, organism ID, and AST, regardless of testing
method. The AS provider reviewed the record and contacted
the primary service by telephone if modifications to therapy
were indicated. Scenario-based standardized AS recommenda-
tions were developed and disseminated to AS clinicians as de-
tailed in the Supplementary Appendix. Timing and type of AS
recommendations were at the discretion of the AS clinicians.
Acceptance of AS recommendations was at the discretion of
treating providers.

Outcome Measures
The primary outcome was median hours from randomization
until first modification (either escalation or deescalation) of an-
tibiotic therapy within 72 hours post randomization, abstracted
from the medication administration record in the electronic
medical record. For all patients, including those who died
within 72 hours, the time of earliest antibiotic modification
was used as the time to modification. Patients who did not have
antibiotic modifications were assigned a time of 72 hours. No
additional censoring was observed. Antibiotic escalation and
deescalation are defined in the Supplementary Appendix.
Secondary outcome measures included in-hospital mortality
within 30 days of randomization, length of stay in the hospital
after randomization up to 30 days for patients alive at 30 days,
ICU length of stay after randomization, time to antibiotic esca-
lation and deescalation within 72 hours from randomization,
hospital-onset Clostridioides difficile within 30 days, acquisition
of new hospital-acquired infections and/or multidrug-resistant
organisms within 30 days [18], and concordance of organism
ID and AST using RAPID and SOC methods. Further details
are provided in the Supplementary Appendix.

Randomization and Blinding

Patients were assigned to each arm in a 1:1 ratio using permuted
blocks, stratified by site. Randomization was performed by lab-
oratory technologists at the time the Gram stain detecting GNB
was identified. AS providers were not blinded to group assign-
ment. The primary service was unaware of group assignment at
the time of randomization. Once blood culture results became
available and/or AS interventions were made, treating pro-
viders may have been aware of group assignment due to faster
reporting of ID and AST results using RAPID.
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Statistical Analyses

We analyzed 2 study populations. The total population was
used to evaluate rapid test performance and included patients
who met eligibility criteria at the time of randomization, even
if they were later found to meet exclusion criteria. A modified
intention-to-treat (mITT) population included patients who
met all eligibility criteria and no exclusion criteria. We esti-
mated that randomization of 500 patients would yield at least
200 evaluable patients in each arm, and 80% power with a
2-sided a = 0.05 test, to detect a difference in the time to first
modification of antibiotic therapy between the 2 arms of at least
9 hours, with a standard deviation (SD) of 32 hours. Participants
were analyzed as randomized, even if the rapid test did not re-
turn a result.

Sensitivity analyses for the primary outcome excluded anti-
biotic modifications performed within the first 1 and 2 hours
of randomization, since these changes may be due to results of
the blood culture Gram stain rather than the rapid testing. The
primary outcome was evaluated in prespecified subgroup ana-
lyses of patients in the ICU or neutropenic (absolute neutro-
phil count <500 cells/uL) at randomization, patients in whom
providers may not deescalate antibiotics based solely on blood
culture results. Wilcoxon rank sum tests and ¢ tests were used
for analyses and generated with SAS software, version 9.4 (SAS
Institute).

RESULTS

Trial Population
A total of 1545 patients were screened, 500 randomized, 497
included in the total population, and 448 included in the final
mlITT analysis (Figure 1). Baseline demographic and clinical
characteristics and severity of illness were similar between
the SOC and RAPID arms (Table 1). Fourteen (3%) patients
were aged <18 years. Length of stay prior to randomization
and the proportion in the ICU at randomization were slightly
greater in the RAPID arm than in the SOC arm.
Monomicrobial blood cultures were found in 98% of SOC
and 95% of RAPID patients. Escherichia coli was the most com-
monly identified organism in blood cultures, being found in
nearly half of both arms (Table 1). Arms were similar in terms
of the identified microorganisms (Table 1), resistance pheno-
types (Table 1), and antibiotics used within the first 72 hours
of randomization (Supplementary Table 1). The number of
antimicrobial-resistant GNB was low and similar between arms
(Table 1).

Primary Outcome

The time (hours) from randomization to first antibiotic change
was faster in the RAPID arm than in the SOC arm (median
[interquartile range, IQR]: RAPID, 8.6 [2.6-27.6] vs SOC, 14.9
[3.3-41.1] hours; difference, 6.3 hours; P = .02; Figure 2A). The

1545 subjectswith possible Gram
negative badilli(GNB) inblood
culture assessedfor eligibilty

Ineligibledueto:
71 no Minnesota state research authorization
1 culturenot from blood specimen
50 Gram stan without GNBor mixed
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655 blood culture turned positive during off hours
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140 positive blood culture in prior week
1 system error

!

!

l 243 assgned to standard of care (SOC) |
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2 randomizedduring |
laboratory off hours

e
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v

I 247 included intotal populaion l
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Figure 1.

Participant screening and randomization. The total population was used to evaluate rapid test performance and included patients who met eligibility criteria at

the time of randomization regardless if they were later found to meet exclusion criteria. The mITT population included patients who met all eligibility criteria and no exclusion
criteria. Abbreviations: GNB, gram-negative bacilli; mITT, modified intention-to-treat; RAPID, organism identification and phenotypic antibiotic susceptibility testing using the

Accelerate Pheno System.
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Table 1. Demographic, Clinical, and Microbiologic Characteristics by

Treatment Arm
Standard RAPID (Accelerate
of Care Pheno System)
Characteristic (N =226) (N =222)
Demographics
Study site
1, no. (%) 181 (80) 181 (82)
2, no. (%) 45 (20) 41 (18)
Male, no. (%) 130 (58) 122 (55)
Race or ethnic group
White, no. (%) 185 (82) 177 (80)
Black, no. (%) 9 (4) 7(3)
Asian, no (%) 8 (4) 7(3)
Hispanic, no. (%) 13 (6) 16 (7)
Mean (SD) age, y 65.8 (18.3) 62.2 (20.3)
Coexisting conditions
Charlson score, 2.4(2.2) 2.3(2.2)
mean (SD)
Length of stay prior 3.3(77) 6.8 (25)
to randomization,
mean (SD)
Diabetes mellitus, 62 (27) 61 (27)
with or without end-
organ damage
Myocardial infarction 7 () 6(3)
Congestive heart failure 32 (14) 35 (16)
Dementia 16 (7) 8 (4)
Renal disease 56 (25) 57 (26)
Chronic obstructive 13 (6) 14 (6)
pulmonary disease
Solid tumor last 5 years 45 (20) 35 (16)
Leukemia or lymphoma 35 (15) 34 (15)
Liver disease 13 (5.7) 19 (8.6)
Clinical characteristics at
randomization
Pitt bacteremia 2.0 (1.9 1.9 (1.6)
score, mean (SD)
Admitted in intensive 64 (28) 80 (36)
care unit, no. (%)
Mechanical ventilation, 43 (19) 39 (18)
no. (%)
Neutropenic, no. (%) 43 (19) 30 (14)
Source of bacteremia,
no. (%)
Urinary 88 (39) 71 (32)
Central venous catheter 26 (12) 24 (11)
Intra- 57 (25) 66 (30)
abdominal
Skin/soft tissue 13 (6) 12 (5)
Lung 11 (5) 13 (6)
Temperature <36°C or > 38 (16.8) 37 (16.7)
39°C, no. (%)
Hypotension,® no. (%) 71(31) 81 (36)
Requiring vasopressor agents 43 (19) 46 (21)
at time of randomization, no. (%)
Altered mental status,” 20 (9) 18 (8)
no. (%)
Community-onset infection® 172 (76) 165 (74)

Table 1. Continued

Standard RAPID (Accelerate
of Care Pheno System)

Characteristic (N =226) (N =222)
Blood culture organisms,®® no

(% of total)

Acinetobacter baumannii 2 (1) 1(0)

Citrobacter species 5(2) 3(1)

Escherichia coli 103 (44) 98 (42)

Enterobacter species’ 17 (7) 14 (6)

Klebsiella species 47 (20) 50 (21)

Proteus species 7 (3) 4(2)

Pseudomonas aeruginosa 24 (10) 29 (12)

Serratia marcescens 3(1) 8(3)

Off-panel organisms 23 (10) 20 (9)
Antimicrobial resistance in blood

culture isolates, no./total no. (%)

Third-generation nonsusceptible 32/182 (18) 34/177 (19)

Enterobacterales®
Carbapenem-resistant 6/182 (3) 4/177 (2)
Enterobacterales®
Carbapenem-resistant 2/24 (8) 6/29 (21)

Pseudomonas aeruginosa’

Abbreviation: SD, standard deviation.

“Defined as an acute hypotensive event with a drop in systolic blood pressure >30 mm Hg
and diastolic blood pressure >20 mm Hg, requirement for intravenous vasopressor agent,
systolic blood pressure <90 mm Hg, or mean arterial pressure <70 mm Hg within 24 hours
before or on the day of randomization.

°As documented by providers in the medical record.

°Randomization occurred prior to hospitalization or <2 days of hospital admission.

9As determined by standard-of-care (SOC) method. Total number of organisms identified by
SOC method is 233 for SOC arm and 234 for the RAPID (Accelerate Pheno System) arm.
®Isolates with second morphologies detected using SOC are not shown (SOC arm = 2,
RAPID arm = 7).

fIncludes Enterobacter (now Klebsiella) aerogenes.

9As determined by SOC method. Enterobacterales isolates totaled 182 for SOC and 177 for
RAPID and included Escherichia coli, Citrobacter species, Enterobacter species, Klebsiella
species, Proteus species, and Serratia marcescens.

"Pseudomonas species isolates totaled 24 for SOC and 29 for RAPID.

difference in primary outcome was slightly greater when antibi-
otic changes made within the first 1 and 2 hours after random-
ization were excluded in a sensitivity analysis (Table 2). The
primary outcome was faster in the RAPID arm vs the SOC arm
among patients who were not neutropenic at baseline or had a
Pitt bacteremia score >2 but did not differ between the arms in
the other prespecified subgroup analyses (Table 2).

Secondary and Other Outcomes

Antibiotic changes in both arms were more common in gram-neg-
ative than gram-positive antibiotics. Among the mITT popu-
lation, initial antibiotic changes were assessed by AS providers
as escalation in gram-negative therapy in 162 (36%), escalation
in gram-positive therapy in 16 (4%), deescalation in gram-neg-
ative therapy in 185 (41%), and deescalation in gram-positive
therapy in 97 (22%) patients. The proportion of patients with any
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Figure 2. Time from randomization to antibiotic changes by treatment arm in the modified intention-to-treat population. A, Time from randomization to first antibiotic mod-
ification by treatment arm. For patients who died within 72 hours, the time of earliest antibiotic modification was used as the time to modification. Patients who did not have
antibiotic modifications were assigned a time of 72 hours. No censoring was observed. Includes time to first antibiotic modification for 8 patients who died within 72 hours
of randomization. B, Time from randomization to first gram-negative antibiotic modification by treatment arm. Patients who did not have gram-negative antibiotic modifica-
tions were assigned a time of 72 hours. Includes time to first gram-negative antibiotic modification for 8 patients who died within 72 hours of randomization. C, Time from
randomization to first antibiotic escalation in gram-negative or gram-positive antibiotics by treatment arm and isolate resistance. Resistance is defined as third-generation
cephalosporin nonsusceptible Enterobacterales, carbapenem-resistant Enterobacterales, or carbapenem-resistant Pseudomonas species. Isolates with intermediate suscep-
tibility were considered resistant. Resistant organisms: n = 36 for SOC and 40 for RAPID. Susceptible organisms: n = 190 for SOC and 182 for RAPID. Patients who did not
have antibiotic escalation were assigned a time of 72 hours. Antibiotic escalation was assessed by local stewardship providers. D, Time from randomization to first antibiotic
deescalation in gram-negative or gram-positive antibiotics by treatment arm and isolate resistance. Resistance is defined as third-generation cephalosporin nonsusceptible
Enterobacterales, carbapenem-resistant Enterobacterales, or carbapenem-resistant Pseudomonas species. Isolates with intermediate susceptibility were considered re-
sistant. Resistant organisms: n = 36 for SOC and 40 for RAPID. Susceptible organisms: n = 190 for SOC and 182 for RAPID. Patients who did not have antibiotic deescalation
were assigned a time of 72 hours. Antibiotic deescalation was assessed by local stewardship providers. Abbreviations: AST, antibiotic susceptibility testing; Cl, confidence
interval; GN, gram-negative; IQR, interquartile range; Org, organism; RAPID, organism identification and phenotypic AST using the Accelerate Pheno System; s.d., standard

deviation; SOC, standard-of-care culture.

gram-negative antibiotic changes was higher in the RAPID arm
than the SOC arm; by 24 hours postrandomization, gram-nega-
tive modifications had occurred for 55% of patients in the RAPID
arm vs 33% of patients in the SOC arm.

Time to first gram-negative antibiotic change was faster
in the RAPID arm vs the SOC arm (median [IQR]: RAPID,
17.3 [4.9-72] vs SOC, 42.1 [10.1-72] hours; difference, 24.8
hours; P < .001; Figure 2B). Type of antibiotic change (ie, es-
calation or deescalation) varied by antibiotic resistance of the

blood isolate. Among patients with resistant organisms (de-
fined as blood culture with third-generation cephalosporin
not-susceptible  Enterobacterales,  carbapenem-resistant
Enterobacterales, or carbapenem-resistant Pseudomonas spe-
cies), time to first antibiotic escalation was significantly faster
in the RAPID arm than in the SOC arm (median [IQR]:
RAPID, 18.4 [5.8-72] vs SOC, 61.7 [30.4-72] hours; difference,
43.3 hours; P =.01), but time to deescalation did not differ

between the arms (Figure 2C). In contrast, among patients
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Table 2. Time to First Antibiotic Modification by Treatment Arm Among Subgroups

Time (hours) from Randomization to First Antibiotic Modification

Standard of Care (N = 226), RAPID (N = 222),
Participants Median (IQR) Median (IQR) Difference PValue®
All 14.9 8.6 6.3 .02
(3.3-41.1) (2.6-276)
Excluding modifications in first 21.2 10.0 1.2 <.001
1 hour (5.1-41.7) (3.6-30.4)
Excluding modifications in first 24.0 12.2 1.8 .005
2 hours (6.8-45.3) (5.4-31.1)
Pitt bacteremia score >2° 15.7 76 8.1 02
(3.4-38.9) (2.0-30.8)
Pitt bacteremia score <2° 14.4 9.3 5.1 .50
(3.2-41.5) (3.7-276)
In ICU at randomization® 1.8 8.0 38 13
(2.5-33.8) (2.0-22.9)
Not in ICU at randomization® 16.2 8.7 74 .10
(3.6-41.8) (2.8-32.5)
Neutropenic at randomization' 20.8 9.5 1.3 .63
(3.1-41.1) (2.4-30.4)
Not neutropenic at 14.4 75 6.9 .02
randomization® (3.3-41.6) (2.6-27.0)
Excluding metronidazole 19.3 9.3 10.0 .02
(3.3-42.3) (2.8-30.4)

Abbreviations: ICU, intensive care unit; IQR, interquartile range.

°The t test for difference in means; Wilcoxon rank sum test for difference in medians.
®n = 141 for standard-of-care (SOC) and 151 for RAPID (Accelerate Pheno System).
°n =85 for SOC and 71 for RAPID.

“n = 64 for SOC and 80 for RAPID.

°n =162 for SOC and 142 for RAPID.

n = 43 for SOC and 30 for RAPID.
°n =183 for SOC and 192 for RAPID.

with antimicrobial-susceptible organisms, time to first anti-
biotic deescalation was faster in the RAPID arm than in the
SOC arm (median [IQR]: RAPID, 29.4 [10.3-72] vs SOC, 42.4
[19.3-72] hours; difference, 13 hours; P = .02), but time to es-
calation did not differ between the arms (Figure 2D). Arms
did not differ in clinical outcomes including mortality, time
to death, and length of stay. In both arms, 10% of patients ac-
quired multidrug-resistant organisms (as defined in Table 3)
after randomization. Carbapenem-resistant Enterobacterales
occurred in 5 SOC patients and none of the RAPID patients
(P = .06; Table 3). Among patients with community-onset
infection (defined as randomization <2 days prior to admis-
sion), there was no difference in total or direct costs of hospi-
talization between the arms (Supplementary Table 3).
Antibiotics
(Supplementary Table 1). AS recommendations were made for

used between the arms were similar
more patients in the RAPID arm than in the SOC arm within
24 hours (51% vs 28%, P <.001) and 72 hours (66% vs 50%,
P <.001) of randomization (Supplementary Table 2).

In RAPID arm patients, 260 isolates were identified by the
SOC method. Among these, 235 (90%) were organisms present
on the RAPID panel (on-panel) and 25 (10%) were off-panel
organisms. Among patients randomized to the RAPID arm
who had on-panel organisms, RAPID provided faster results
than SOC for organism ID (mean [SD] 2.7 [1.2] hours vs 14.5

[42.3] hours; P < .001) and AST (13.5 [56.0] hours vs 49.6 [15.6]
hours; P < .001; Supplementary Table 4). Among on-panel or-
ganisms, 88% of organism ID results were concordant between
RAPID and SOC methods and 12% were identified by SOC but
not RAPID (Supplementary Table 5). Among 2112 antibiotic
susceptibility tests performed using both RAPID and SOC for
on-panel isolates, there were 115 (5%) minor errors, 24 (1%)
major errors, and 2 (0.1%) very major errors (Supplementary
Table 6).

DISCUSSION

In this multicenter trial, we found that among patients with
GNB BSIs, rapid organism ID and phenotypic AST led to sig-
nificantly faster antibiotic modifications compared with SOC
testing, likely reflecting an earlier switch from empirical to
pathogen-directed antibiotic therapy in the RAPID arm. Several
studies have demonstrated that rapid blood culture diagnostics
may shorten time to optimal antibiotic therapy for BSIs caused
by gram-positive organisms [15, 19, 20]. However, the testing
platforms used detected only a few resistance genes and are not
ideal for GNB, which have diverse resistance mechanisms. The
diagnostic test used in this trial provided rapid phenotypic AST,
providing optimal information to tailor antibacterial manage-
ment of GNB BSIs.
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Table 3. Clinical Outcomes by Treatment Arm

Standard of Care
Outcome (N =226) RAPID (N = 222) PValue
30 day mortality, no. (%) 18 (8) 25 (11) 27
Length of stay up to 30 days, mean (standard deviation)® 8.2 (8.7) 9.8 (9.8) .09
Readmission within 30 days, no. (%) 47 (21) 40 (18) .48
In intensive care unit 72 hours after randomization, no. (%) 39 (17) 45 (20) 47
Hospital-onset Clostridioides difficile infection,® no. (%) 5(2) 6 (3) 77
Acquisition of a MDRO, no. (%) 23 (10) 23 (10) 1.0
Methicillin-resistant Staphylococcus aureus 8 (4) 7 (3) 1.0
Vancomycin-resistant Enterococcus species 6 (3) 11 (5) .23
Carbapenem-resistant Enterobacterales® 5(2) 0 .06
Multidrug-resistant Pseudomonas aeruginosa® 6 (3) 10 (5) .32
Acquisition of new hospital-onset C. difficile or MDRO, rate per 10 000 patient days (95% 123.3 105.5 97
confidence interval) (82-185.6) (70.1-158.8)

Abbreviations: MDRO, multidrug-resistant organism.

“For patients alive at 30 days (standard of care = 208, RAPID [Accelerate Pheno System] = 197).

®Defined as a positive laboratory test for C. difficile collected after randomization and on or after day 4 of hospitalization, up to 30 days while still in the hospital.

°New acquisition within 30 days defined as no organism detected in clinical or surveillance cultures in the 3 months prior to randomization, or culture results from 3 months prior to ran-

domization are unknown.

9Defined as resistant to imipenem, meropenem, ertapenem, and doripenem.

°Defined as resistant to aminoglycosides, cephalosporins, fluoroquinolones, and carbapenems.

P value calculated using Poisson regression.

The RAPID test had few discrepancies compared with conven-
tional methods of organism ID and AST. On-panel organisms may
not have been identified by the RAPID test because of poor mixing
(the company changed the mixing protocol after the study), the
presence of a low number of cells in the sample, the presence of
slow-growing organisms, or other factors. The most common AST
discrepancies observed between RAPID and conventional testing
were minor errors (ie, intermediate by one method and susceptible
or resistant by the other method); such “wobble” around the break-
point can occur even when the same susceptibility assay is repeated
using identical isolates. The RAPID test generally yielded more re-
sistant results than conventional AST methods and was thus un-
likely to lead to undertreatment of patients.

Rapid testing enabled gram-negative antibiotic modifications to
occur a median of 24.8 hours faster than SOC, which is a clini-
cally significant time frame for patients with sepsis and is a more
dramatic difference than reported in a recent pre—post interven-
tion study that evaluated the impact of the RAPID platform [21].
Notably, RAPID enabled timely antibiotic escalations to occur al-
most 2 days faster for patients with antimicrobial-resistant infec-
tions, which can be life-saving especially if empirical antibiotics are
ineffective [6, 22]. Additionally, more AS recommendations were
made in the RAPID arm than in the SOC arm, and many antibiotic
changes involved antibiotic deescalation, especially among patients
without resistant organisms, suggesting that rapid blood culture
diagnostics can support efforts to promote judicious antibiotic use.
Timely antibiotic deescalation may be clinically significant, as anti-
biotic exposures as short as 1 day have been shown to increase risks
of bacteremia [23] and C. difficile infection [24, 25] and to reduce
microbiome richness [26].

Strengths of this study include its pragmatic trial design and
incorporation of baseline activities of AS programs, which have
been shown to optimize clinical impact of diagnostics [15, 27].
This study also had limitations. The rapid testing platform did
not have targets to identify one-third of the GNB that grew in
blood cultures and did not test all clinically important anti-
biotics for susceptibility. The rapid testing platform also required
that blood cultures be placed on the instrument within 8 hours
of turning positive. In laboratories that are not open 24 hours/
day, this can prevent blood cultures that turn positive overnight
from undergoing RAPID testing, as was observed in one of the
centers in our study. Thus, the rapid testing platform may not be
sufficient to fully replace SOC AST. The study had insufficient
power to detect differences in clinical outcomes and was not
designed to assess compliance with AS recommendations nor
appropriateness of antibiotic modifications. The study sites that
were included did not have high rates of multidrug-resistant
GNB; thus, empirical antibiotic therapy was likely effective in
the majority of patients, potentially limiting our ability to detect
differences in mortality or other clinical outcomes. Findings
may not be applicable to settings with higher resistance rates or
those that do not use MALDI-TOF as standard of care, where
rapid testing may actually have greater impact. Results may also
not be generalizable to settings without stewardship programs,
where RAPID may have reduced impact. Although the arms
were balanced with regard to many baseline characteristics,
more patients were in the ICU at randomization in the RAPID
arm compared with the SOC arm, and it is possible that having
sicker patients in the RAPID arm may have reduced the ob-
served impact of the intervention. Due to logistical challenges,
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patients were not enrolled evenly between the 2 sites. Last, we
did not perform a formal cost-effectiveness analysis, which is
warranted since novel rapid blood culture diagnostics are more
costly than conventional testing methods.

Despite these limitations, RAPID demonstrates that rapid
phenotypic AST methods implemented together with AS can
facilitate faster antibiotic modifications during treatment of
GNB BSIs and aid clinicians in providing timely, effective
therapy, while supporting AS efforts. Development of rapid,
innovative methods for detection of microorganisms and drug
resistance in blood cultures is an important component in the
fight against antimicrobial resistance.
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