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ABSTRACT Fast antimicrobial susceptibility testing (AST) is essential for appropriate
antimicrobial therapeutic guidance in patients with bloodstream infections, reducing
the time required for optimal treatment. We aimed to evaluate the clinical performance
of the VITEK REVEAL (REVEAL), a volatile organic compound-based fast AST system,
compared with our already established AST workflow for bloodstream infections. We
prospectively collected a total of 107 gram-negative isolates from positive blood cultures
and performed rapid species identification using the BIOFIRE BCID2 panel, followed by
AST using the REVEAL system. We conducted parallel comparative tests (QMAC-dRAST,
VITEK 2, and ETEST for selected antimicrobials) and analyzed the results for categori-
cal agreement (CA), essential agreement (EA), and categorical discrepancies. Moreover,
we compared the time to results between the REVEAL vs QMAC-dRAST and VITEK2.
Compared with QMAC-dRAST, REVEAL demonstrated 94.1% CA and 98.4% EA across
1,200 pairwise comparisons, with very major discrepancy (VMD) and major discrepancy
(MD) rates of 1.4% and 0.7%, respectively. Compared to VITEK2 (872 comparisons),
REVEAL yielded 94.5% CA and 97.9% EA, with VMD and MD of 0.5% and 0.6%, respec-
tively. For ceftazidime/avibactam and ceftolozane/tazobactam, REVEAL showed 100%
and 98.6% CA, respectively, compared to ETEST. The median final and per-antibiotic time
to results for REVEAL were 8.00 h (range: 6.50-8.15 h) and 5.97 h (range: 3.17-8.15 h),
respectively. The REVEAL system demonstrated high concordance with existing fast
and conventional AST methods and enabled reliable susceptibility testing. These results
support the potential integration of the REVEAL system into routine microbiological
workflows for time-sensitive clinical decision-making in bloodstream infections.

IMPORTANCE Fast antimicrobial susceptibility testing is critical for initiating appropri-
ate therapy in patients with gram-negative bacteria-induced bloodstream infections.
Conventional antimicrobial susceptibility testing methods often require extended
turnaround times, thereby delaying optimal treatment. In this study, we prospectively
evaluated the VITEK REVEAL system, which detects bacterial growth-associated volatile
organic compounds to directly determine antimicrobial susceptibility in positive blood
cultures. We assessed the system against our already established identification and
antimicrobial susceptibility testing methods, including both fast and conventional
platforms currently implemented in routine clinical practice. The volatile organic
compounds-based system demonstrated high concordance, shorter time-to-results, and
reliable performance for newer antimicrobial agents. By directly comparing its perform-
ance with established clinical diagnostic tools, this study provides relevant support for
the potential integration of this approach into real-world laboratory workflows, with
implications for improved patient management and antimicrobial stewardship.
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D espite advances in antimicrobial therapy, bloodstream infections (BSls) pose a
constant challenge due to their high mortality rates (1). Gram-negative bacte-
ria-induced BSIs are of particular concern due to their rapid progression and fre-
quent association with antimicrobial resistance, complicating the selection of effective
therapies (2, 3).

Early antimicrobial susceptibility testing (AST) is essential to initiate timely and
appropriate antimicrobial treatment (4). However, conventional AST methods typically
require isolate subculturing and at least 48 h to deliver results for result delivery
following a positive blood culture, thereby delaying optimal therapeutic decisions. To
address this gap, various fast AST platforms have been developed and adopted recently.
Systems such as dRAST (QMAC-dRAST, Quantamatrix, South Korea) and Accelerate Pheno
system (Accelerate Diagnostics, USA) enable direct AST from positive blood culture
bottles within several hours, and their clinical utility has been increasingly recognized (5-
8). Rapid AST implementation not only significantly reduces result generation time but
also improves antimicrobial therapy, considered to potentially improve patient outcomes
9).

The VITEK REVEAL (REVEAL, bioMérieux Inc., Durham, NC, USA) system, granted FDA
510(k) clearance in June 2024, introduces a novel approach to rapid AST by integrating
metabolomic profiling and microsensor technology to detect bacterial growth-indicat-
ing volatile organic compounds (VOC) (10, 11). It directly determines in real time the
minimum inhibitory concentration (MIC) in positive blood culture specimens. Notably,
the system provides susceptibility results for new antimicrobial agents (e.g., ceftazi-
dime/avibactam and ceftolozane/tazobactam), enabling earlier-initiation of targeted
therapy for multidrug-resistant gram-negative infections.

In this study, we aimed to evaluate the clinical AST performance of the REVEAL
system, on gram-negative bacteria directly from positive blood culture. We compared
REVEAL with both fast (QMAC-dRAST) and conventional (VITEK2, and ETEST) AST
methods currently used in our clinical practice. We assessed the concordance, Time-to-
Result (TTR), and potential clinical utility of the REVEAL in a real-world diagnostic setting.
To the best of our knowledge, this represents one of the first prospective real-world
VOC-based fast AST technology evaluations within the above routine diagnostic
workflows, and the first to do so in accordance with CLSI M100 breakpoints.

MATERIALS AND METHODS
Bacterial isolates and study design

We prospectively collected a total of 107 consecutive gram-negative isolates from
positive blood cultures at Ewha Womans University Mokdong Hospital, a tertiary care
center, between December 2023 and October 2024. The study protocol was approved by
the Institutional Review Board (IRB No. 2023-05-014-002) and conducted in accordance
with the Declaration of Helsinki and Good Clinical Practice guidelines.

The patient population was primarily from the Intensive Care Unit. We subjected
blood cultures flagged as positive to Gram staining and included only gram-negative
organisms in this study. Positive blood cultures were processed on the BACT/ALERT
VIRTUO system (bioMérieux, Marcy-I'Etoile, France), and aliquots from BACT/ALERT FA
Plus, and FN Plus bottles were used in this study. The isolates collected comprised
Enterobacterales and non-fermenting gram-negative bacilli recovered from positive
blood cultures during the study period (see Table 1 for species distribution). When
multiple blood culture bottles from the same patient were tested positive, the earliest
flagged bottle was used for testing. We excluded specimens identified as polymicrobial
by BCID2 from the study. To ensure analytical accuracy and in accordance with the
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TABLE 1 Distribution of species and detection rates of resistance genes?’

Species Enrolled no. Anti-microbial resistance gene detection

in BCID2, % (No.)

Escherichia coli 64 CTX-M 29.7% (20), CTX-M and KPC 3.1% (2)
Klebsiella pneumoniae group 21 CTX-M 14.3% (3), CTX-M and KPC 9.5% (2)
Pseudomonas aeruginosa 6 NDM 33.3% (2)

Acinetobacter baumannii complex/group 2 ND

Klebsiella oxytoca 2 ND

Enterobacter cloacae complex 2 CTX-M and NDM 50% (1)

Klebsiella aerogenes 1 ND

Proteus mirabilis 1 CTX-M 100% (1)

Proteus vulgaris 1 ND

Overall 100

9CTX-M, cefotaximase-Munich-type extended-spectrum f3-lactamase; KPC, Klebsiella pneumoniae carbapenemase;
NDM, New Delhi metallo-f-lactamase; ND, not detected; BCID2, BioFire Blood Culture Identification 2 Panel.

manufacturer’s Instructions for Use, we excluded samples from REVEAL testing if over
16 h had passed after blood culture positivity, as delayed processing might induce
metabolic changes affecting VOC-based susceptibility profiling.

Fast ID/AST vs conventional ID/AST workflows

We followed an internal protocol for implementing fast identification (ID) and fast AST
workflow (Fig. 1). We performed species ID using the BIOFIRE BCID2 panel (bioMérieux,
Salt Lake City, UT, USA).

Each positive blood culture sample underwent direct AST using both the REVEAL
(GN BC-AST RUO panel) and QMAC-dRAST (GN S17 panel, QuantaMatrix, South Korea;
software version: 1.5.1.016) systems according to the manufacturer’s instructions.

In parallel, we performed conventional AST workflows, including subculturing onto
blood agar, colony ID by matrix assisted laser desorption ionization-time of flight mass
spectrometry (MALDI-TOF-MS) using VITEK MS (bioMérieux, Marcy-L'Etoile, France), and
AST using the VITEK2 system (bioMérieux Inc., Durham, NC, USA, AST-GN cards N413
for Enterobacterales/N414 for glucose non-fermenting Gram-negative bacilli). Because

i/ ID by Maldi-TOF MS
I]] | ’ / -
|
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FIG 1 Overview of the study workflow: The study procedures followed standard clinical protocols, with the REVEAL (VITEK REVEAL) system incorporated

for comparative evaluation. After the rapid identification of organisms using the BIOFIRE BCID2 panel, rapid AST was conducted simultaneously using our
already established QMAC-dRAST system and the REVEAL system. The REVEAL results were also compared with conventional AST data obtained using VITEK2
or, for selected antibiotics, the ETEST. Discrepant results were confirmed using broth microdilution as the reference method. QuantaMatrix Inc. hereby grants

permission to use the image of the dRASTTM system in Figure 1 of the manuscript to be published in Microbiology Spectrum.
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ceftazidime/avibactam and ceftolozane/tazobactam are not included in the VITEK 2
AST-GN N413/N414 or QMAC-dRAST GN S17 panels, susceptibility to these agents was
determined using ETEST (bioMérieux, Marcy-I'Etoile, France) in accordance with standard
guidelines.

Antimicrobial selection for comparative assessment

Comparative testing focused on antimicrobials approved under FDA 510(k) clearance for
REVEAL, with intended use limitations applied as appropriate (10). Table S1 presents
the list of the antimicrobial agents tested for each system. The number of paired
results compared may vary by antimicrobial agent depending on each system’s testing
limitations and regulatory claims. Detailed information is provided in Table S1.

Interpretation criteria and performance metrics

We interpreted the AST results based on the Clinical and Laboratory Standards Insti-
tute (CLSI) M100 (34th edition, 2024) MIC breakpoints for each organism-antimicro-
bial combination (12). ESBL was evaluated only for Enterobacterales species (E. coli, K.
pneumoniae, and K. oxytoca). For each isolate, ESBL-positive or -negative results were
recorded as reported by the automated AST systems (REVEAL, QMAC-dRAST, and VITEK
2). In the REVEAL system, ESBL determination was based on MICs of cefotaxime and
ceftazidime, both alone and in combination with clavulanate. We defined the agreement
and discrepancy metrics between REVEAL and the comparator systems (QMAC-dRAST,
VITEK2, or ETEST) as follows:

Categorical Agreement (CA): matching susceptibility category proportions, suscepti-
ble (S), intermediate (I), and resistant (R), between REVEAL and comparative methods.

Essential Agreement (EA): MIC result proportions within £1 twofold dilution between
the methods.

Very Major Discrepancy (VMD): comparator result = resistant; REVEAL = susceptible.

Major Discrepancy (MD): comparator result = susceptible; REVEAL = resistant.

Minor Discrepancy (miD): Discrepancies involving the intermediate category or S vs |
or Rvs | discrepancies.

TABLE 2 Comparison of antimicrobial susceptibility testing results between REVEAL and QMAC-dRAST systems®6<

Antimicrobial n.Pwc REVEAL QMAC-dRAST Agreement
S | R S | R n.CA %CA nEA %EA nVMD n.MD n.miD

Amikacin 91 85 4 2 89 0 2 87 95.6 91 1000 O 0 4
Amoxicillin/clavulanate 80 61 4 15 58 7 15 75 93.8 80 1000 O 0 5
Ampicillin/sulbactam 66 29 19 18 23 26 17 54 81.8 65 98.5 0 1 11
Aztreonam 94 67 2 25 63 9 22 84 89.4 91 96.8 1 0 9
Cefepime 95 66 6 23 67 1M 17 87 91.6 90 94.7 0 1 7
Cefotaxime 91 58 0 33 54 4 33 87 95.6 90 98.9 0 0 4
Ceftazidime 91 72 0 19 63 8 20 82 90.1 90 98.9 1 0 8
Ciprofloxacin 96 48 7 41 49 6 41 87 90.6 93 96.9 0 2 7
Ertapenem 86 80 3 3 82 1 3 84 97.7 86 1000 O 0 2
Gentamicin 88 64 0 24 64 0 24 88 100.0 88 1000 O 0 0
Imipenem 94 86 1 86 2 6 92 97.9 92 97.9 0 1 1
Meropenem 96 89 0 89 1 6 95 99.0 96 1000 O 0 1
Piperacillin/tazobactam 83 70 6 72 7 4 79 95.2 81 97.6 0 1 3
Trimethoprim/sulfamethoxazole 49 41 0 8 40 0 9 48 98.0 48 98.0 1 0 0
Overall 1,200 917 52 232 900 82 219 1,129 94.1 1,181 984 3 6 62

9CA, categorical agreement; EA, essential agreement; |, intermediate; n.CA, number of categorical agreements; n.EA, number of essential agreements; n.MD, number of
major discrepancies; n.miD, number of minor discrepancies; n.VMD, number of very major discrepancies; n.Pwc, number of pairwise comparisons; R, resistant; S, susceptible;
REVEAL, VITEK REVEAL.

Sample No. 99; QMAC-dRAST results could not be obtained for one sample due to data failure.

The categorical agreement for extended-spectrum B-lactamase (ESBL) detection between REVEAL and QMAC-dRAST was 100% (80/80; 23 positive and 57 negative isolates).
Six Pwc were excluded due to indeterminate interpretations (REVEAL and QMAC-dRAST, n = 1; QMAC-dRAST only, n = 5).
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Reference testing with broth microdilution

For all VMD or MD cases, broth microdilution (BMD) testing was performed in triplicate
by an independent Reference laboratory according to Clinical and Laboratory Standards
Institute guidelines (CLSI) (13). BMD testing panels were manufactured by JMI Laborato-
ries according to their specifications, in compliance with the CLSI M07 standard, and
stored frozen until testing. We considered the modal MIC value from three replicates the
reference standard for the isolate-antibiotic combination.

TTR analysis

We defined TTR as the time elapsed from the start of sample loading to final result
reporting. In addition, we recorded per-antibiotic TTR values for REVEAL to character-
ize the real-time reporting functionality. TTR comparisons were performed using the
two-sided Mann-Whitney U test in MedCalc Version 20.011 (MedCalc Software Ltd.,
Ostend, Belgium); P < 0.05 was considered statistically significant.

RESULTS
Bacterial isolate distribution

Of the 107 initially collected positive blood culture samples, 100 isolates were included in
the final analyses, and 7 samples were excluded due to delayed REVEAL loading beyond
16 h (n = 4), reagent failure (n = 1), and mixed colonies on subculture (n = 2). One
additional isolate failed to generate QMAC-dRAST results and was excluded only from
the REVEAL vs QMAC-dRAST comparison. The dominant species were E. coli (n = 64), K.
pneumoniae group (n = 21), other Enterobacterales (n = 7), P. aeruginosa (n = 6), and A.
baumannii complex/group (n = 2) (Table 1). No isolates of Citrobacter freundii complex,
Citrobacter koseri, or Serratia marcescens were recovered during the study period. Analysis
of antimicrobial resistance (AMR) genes detected by the BCID2 panel identified CTX-M
genes in 29 isolates, among which five also carried KPC or NDM DNA profile. Two P.
aeruginosa isolates harbored NDM only. A total of 69 isolates were negative for all the
tested resistance genes.

TABLE 3 Comparison of antimicrobial susceptibility testing results between REVEAL and VITEK2 systems®®

Microbiology Spectrum

Antimicrobial n.Pwc REVEAL VITEK2 Agreement
S | R S | R n.CA %CA n.EA %EA n.VMD n.MD n.miD

Amoxicillin/clavulanate 80 61 4 15 58 5 17 75 93.8 80 100.0 0 0 5
Cefepime 90 62 7 21 65 2 23 81 90.0 85 94.4 0 0 9
Cefotaxime 92 58 0 34 58 0 34 92 100.0 92 100.0 0 0 0
Ceftazidime 92 73 0 19 64 1 17 80 87.0 91 98.9 1 0 1"
Ciprofloxacin 97 48 8 41 44 9 44 87 89.7 96 99.0 0 1 9
Ertapenem 85 80 2 3 81 1 3 82 96.5 84 98.8 0 0 3
Gentamicin 87 63 0 24 64 0 23 86 98.9 86 98.9 0 1 0
Imipenem 95 87 1 7 87 0 8 94 98.9 94 98.9 0 0 1
Levofloxacin 6 3 0 3 3 0 3 6 100.0 6 100.0 0 0 0
Meropenem 8 4 0 4 4 0 4 8 100.0 8 100.0 0 0 0
Piperacillin/tazobactam 84 71 6 7 73 1 10 78 929 77 91.7 0 1 5
Tobramycin 6 4 0 2 4 0 2 6 100.0 6 100.0 0 0 0
Trimethoprim/sulfamethoxazole 50 42 0 8 43 0 7 49 98.0 49 98.0 0 1 0
Overall 872 656 28 188 648 29 195 824 94.5 854 97.9 1 4 43

9CA, categorical agreement; EA, essential agreement; ESBL, extended-spectrum (-lactamase; |, intermediate; n.CA, number of categorical agreements; n.EA, number of
essential agreements; n.MD, number of major discrepancies; n.miD, number of minor discrepancies; n.VMD, number of very major discrepancies; n.Pwc, number of pairwise

comparisons; R, resistant; S, susceptible; REVEAL, VITEK REVEAL.

*The categorical agreement for extended-spectrum B-lactamase (ESBL) detection between REVEAL and VITEK2 was 96.5% (83/86; REVEAL, 28 positive and 58 negative
isolates; VITEK2, 27 positive and 59 negative isolates). One Pwc was excluded due to an indeterminate interpretation by REVEAL.
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Comparison of REVEAL and comparator methods

A total of 1,200 REVEAL-QMAC-dRAST antimicrobial-organism pairs were analyzed, and
19.3% (232/1200) of them were classified as resistant from the REVEAL testing. Among
the 1,200 pairs, the overall CA and EA were 94.1% and 98.4%, respectively (Table 2). The
VMD and MD rates were 1.4% (3/219) and 0.7% (6/900), respectively. The ESBL-CA of
the system was 100%. However, six isolates (three E. coli and three K. pneumoniae) were
excluded from the analysis: one isolate yielded indeterminate results in both REVEAL and
QMAC-dRAST, and five isolates yielded indeterminate results in QMAC-dRAST. The CA
was below 90% for Ampicillin/Sulbactam and Aztreonam. However, their EA rates were
98.5% and 96.8%, respectively, indicating that most discrepancies were minor.

In the 872 REVEAL-VITEK2 pairs, CA and EA were 94.5% and 97.9%, respectively (Table
3). The observed VMD and MD rates were 0.5% (1/195) and 0.6% (4/648), respectively.
The CA for ESBL detection was 96.5%. The discrepant isolates included one E. coli and
two K. pneumoniae. The CA was <90% for Ceftazidime and Ciprofloxacin, mostly due to
minor discrepancies (11 and 9, respectively), although the EA remained high (i.e., 98.9%
and 99.0%, respectively).

A comparison of REVEAL and ETEST for ceftazidime/avibactam and ceftolozane/tazo-
bactam revealed CA values of 100% and 98.6%, respectively (Table 4). We observed no
significant discrepancies. One miD occurred for ceftolozane/tazobactam.

The original raw data corresponding to these analyses were provided in Tables S2 to
S5 for detailed reference.

Discrepancy resolution with broth microdilution

Twelve drug-bug combinations exhibiting VMD or MD results from REVEAL vs QMAC-
dRAST or VITEK2 were subjected to BMD testing in triplicate (Table 5). BMD interpretation
was excluded for one pair due to the absence of modal MIC. Among the remaining
11 pairs, 7 (63.6%) displayed categorical agreement with REVEAL, whereas we classified
4 pairs as REVEAL errors: one VME (E. coli-aztreonam) and three MEs (E. coli-Piperacil-
lin/Tazobactam; E. coli-Ampicillin/Sulbactam; K. pneumoniae-ciprofloxacin).

TTR comparison

The median final TTR for the REVEAL system was 8.00 h (6.50-8.15), this was statistically
significantly longer (P < 0.0001) than that for QMAC-dRAST (median: 6.63 h [4.48-8.13])
(Table 6). This longer final TTR for REVEAL was driven by the longest drug to be released,
particularly for meropenem and piperacillin/tazobactam (Fig. S1). REVEAL allowing a
release of MIC and interpreted categories on a drug per drug basis, the median per
antibiotic TTR for REVEAL was 5.97 h (3.17—8.15). Compared to the conventional VITEK2
workflow (median: 9.45 h [6.16—18.00], excluding subculture time), REVEAL provided
results earlier.

TABLE 4 Comparison of ceftazidime/avibactam and ceftolozane/tazobactam susceptibility testing
between REVEAL and ETEST”

Antimicrobial  n.Pwc REVEAL ETEST Agreement
S | R S I R nCA %CA nEA %EA nVMD nMD n.miD
Ceftazidime/ 95 2 0 3 92 0 3 95 100.0 94 989 0.0 0 0
avibactam
Ceftolozane/ 74 70 0 4 69 1 4 73 98.6 74 100.0 0.0 0 1
tazobactam
Overall 169 162 0 7 161 1 7 168 99.4 168 99.4 0.0 0 1

9CA, categorical agreement; EA, essential agreement; |, intermediate; n.CA, number of categorical agreements;
n.EA, number of essential agreements; n.MD, number of major discrepancies; n.miD, number of minor
discrepancies; n.VMD, number of very major discrepancies; n.Pwc, number of pairwise comparisons; R, resistant; S,
susceptible; REVEAL, VITEK REVEAL.
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reference standard®

Species Antimicrobial REVEAL REVEAL QMAC-dRAST QMAC-dRAST VITEK2 VITEK2 BMD (3x) BMD Determination
MIC interpretation  MIC interpretation MiIC interpretation  MIC interpretation  of results
Very major discrepancies
E. coli Trimethoprim/sulfame- <2 S >8 R <1 S 0.12,0.12,0.12 S Agreement
thoxazole
E. coli Aztreonam <4 S >32 R NA NA >32,>32,>32 R VME
E. coli Ceftazidime <4 S 16 R 8 | 8,16,32 R’ Inconclusive
E. coli Ceftazidime <4 S 8 | 32 R 4,8,4 S Agreement
Major Discrepancies
E. coli Imipenem 4 R <1 S 8 R 4,4,4 R Agreement
E. coli Cefepime 16 R 2 S 16 R 32,32,32 R Agreement
E. coli Ciprofloxacin >2 R 0.25 S >4 R >8,>8,>8 R Agreement
K. pneumoniae  Ciprofloxacin 1 R 0.25 S 0.12 S 0.12,0.12,0.12 S ME
E. coli Piperacillin/tazobactam 64 R <8 S <4 S 2,2,2 S ME
E. coli Ampicillin/sulbactam >16 R <8 S NA NA 8,8,8 S ME
E. coli Gentamicin >8 R >16 R <1 S >64, >64, >64 R Agreement
pneumoniae Trimethoprim/sulfame- >4 R 4 R <1 S >16,>16,>16 R Agreement
thoxazole

9BMD, broth microdilution; MIC, minimum inhibitory concentration; R, resistant; |, intermediate; S, susceptible; NA, not available; VME, very major error; ME, major error;

REVEAL, VITEK REVEAL.
®BMD failed to conclude on modal MIC.

Correlation between genotype and phenotypic susceptibility

Among the 100 isolates tested, 31 were positive for resistance genes (CTX-M, KPC, or
NDM) according to the BCID2 panel. Of these, 29 carried the CTX-M gene, including 27 E.
coli or K. pneumoniae isolates, 1 E. cloacae complex, and 1 Proteus mirabilis isolate (Table
7). According to the REVEAL system, all 28 E. coli, K. pneumoniae, and E. cloacae complex
isolates were resistant to cefotaxime, while 14 strains were susceptible to ceftazidime.

Four isolates carried the KPC gene, three of which were phenotypically resistant to
ertapenem, imipenem, or meropenem. The other one isolate (E. coli) was susceptible to
or yielded intermediate results for ertapenem, imipenem, and meropenem.

Three isolates (one Enterobacter cloacae complex and two P. aeruginosa) harbored the
NDM gene. All three strains were resistant to, ceftazidime, imipenem, and meropenem.

Among the 69 isolates that were negative for all BCID2 resistance genes, 64 could
be evaluated for phenotypic susceptibility. Of these, 9.4% (6/64) of resistance-gene-
negative isolates were phenotypically resistant to cefotaxime, ceftazidime, or both, as
determined by the REVEAL system. For carbapenems, all isolates were susceptible except
for one isolate that showed an intermediate result to ertapenem.

DISCUSSION

In this study, we evaluated the performance of the REVEAL fast AST system using
positive blood culture samples, comparing it with QMAC-dRAST, VITEK2, and ETEST.
The REVEAL system demonstrated high categorical and essential agreement rates
with both fast and conventional AST platforms, meeting or exceeding the established

TABLE 6 Comparison of time to result across antimicrobial susceptibility testing platforms®

Technique TTR measurement interval Median (h) Min (h) Max (h)
REVEAL Loading to final results 8.00 6.50 8.15
Loading to individual antibiotic release 5.97 3.17 8.15
QMAC-dRAST Loading to final results 6.63 448 8.13
VITEK2® Loading to final results 9.45 6.17 18.00

TTR, time-to-result; REVEAL, VITEK REVEAL.
®From incubation to results, this does not account for time to get isolated colonies from positive blood culture.
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TABLE 7 Correlation between genotypic resistance detected by BCID2 and phenotypic antimicrobial susceptibility by REVEAL*®

Antibiotic resistance gene  REVEAL cefotaxime REVEAL ceftazidime REVEAL ESBL REVEAL imipenem  REVEAL meropenem REVEAL ertapenem
detection by BCID2
Organism n R | S NA R 1S NA + - Ind NA R | S NA R | S NA R 1 S NA
CTX-M 24 23 1 10 13 1 23 1 23 1 24 1 23
E. coli 20 20 7 13 20 20 20 1 19
K. pneumoniae 3 3 3 3 3 3 3
P. mirabilis 1 1 1 1 1 1 1
CTX-M, KPC 4 4 3 1 4 2 101 2 2 2 2
E. coli 2 2 1 1 2 1 1 2 2
K. pneumoniae 2 2 2 2 1 1 2 2
CTX-M, NDM 1 1 1 1 1 1 1
E. cloacae complex 1 1 1 1 1 1 1
NDM 2 2 2 2 2 2 2
P. aeruginosa 2 2 2 2 2 2 2
None 69 6 58 5 5 59 5 1 58 1 9 2 63 4 2 64 3 1 58 10
A.baumannii complex 2 2 2 2 2 2 2
E. cloacae complex 1 1 1 1 1 1 1
E. coli 42 3 39 2 40 1 41 42 42 42
K. aerogenes 1 1 1 1 1 1 1
K. oxytoca 2 2 2 2 2 2 2
K. pneumoniae 16 1 15 1 15 15 1 16 16 1 15
P. aeruginosa 4 4 4 4 2 2 4 4
P. vulgaris 1 1 1 1 1 1 1

Total 100 34 O 58 8 21 0 73 6 28 58 1 13 7 1 8 5 7 0 90 3 3 3 81 13

9ESBL, extended-spectrum B-lactamase; R, resistant; |, intermediate; S, susceptible; NA, not available; +, positive; —, negative; Ind, indeterminate; REVEAL, VITEK REVEAL.
bGray shade indicates grouped categories summarizing isolates with the same resistance determinant and overall totals.

performance thresholds for clinical implementation. Notably, this study provides one of
the first head-to-head comparisons between REVEAL and QMAC-dRAST, two fast AST
systems that represent fundamentally different technological approaches: QMAC-dRAST
uses microcolony growth time-lapse imaging to infer antimicrobial susceptibility, while
REVEAL detects changes in bacterial metabolism-associated VOC profiles. Both systems
operate directly from positive blood culture bottles and require minimal hands-on time
(<5 min), making them suitable for implementation in time-sensitive clinical workflows.
However, their distinct detection principles, reporting formats, and system architectures
require a comparative evaluation to inform laboratory adoption strategies.

In our study, REVEAL yielded 94.1% CA and 98.4% EA compared with QMAC-dRAST,
with low VMD (1.4%) and MD (0.7%) rates. These performance metrics satisfy CLSI
guideline M52 thresholds, recommending VMD and MD rates of <3% for acceptable
AST systems (14). A similar performance was observed when comparing REVEAL with
VITEK2 (CA: 94.5%, EA: 97.9%, VMD: 0.51%, and MD: 0.6%). Furthermore, 63.6% of
the discrepant results were confirmed to be concordant with REVEAL when resolved
using BMD reference method. Previous studies evaluating the REVEAL system reported
overall CA and EA values ranging from 94.1% to 97.7% and between 96.1% and 98.0%,
respectively, when compared with various reference or comparator methods. Our results
are consistent with these previously published results, further supporting the reliability
of the REVEAL system in clinical settings (11, 15-17).

While most antimicrobial-organism combinations demonstrated high concordance,
we observed a lower CA (<90%) for ampicillin/sulbactam and aztreonam (vs QMAC-
dRAST) and for ceftazidime and ciprofloxacin (vs VITEK2). In these instances, the
discrepancies were primarily minor and might reflect the intrinsic variability in MIC
interpretation thresholds across platforms.

The REVEAL system also demonstrated excellent concordance with ETEST for newer
B-lactam/B-lactamase inhibitor combinations, with 100% categorical agreement for
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ceftazidime/avibactam and 98.6% for ceftolozane/tazobactam, revealing no major or
very major errors. Although the number of carbapenem-resistant Enterobacterales and
multidrug-resistant P. aeruginosa isolates was limited in this study, these findings suggest
the reliability of the system for testing multidrug-resistant gram-negative infection
treatment agents.

The REVEAL panel used in this study (full organism-drug matrix in Table S1)
comprises over 140 organism-drug combinations, providing broad coverage across
Enterobacterales, Pseudomonas aeruginosa, and Acinetobacter baumannii complex. In the
present study, however, only 90 combinations were included in the comparative analysis,
reflecting the species distribution of available isolates and the limitations of comparator
testing. The tested subset incorporated most frontline and advanced therapeutic agents
for Gram-negative bacteremia, including piperacillin/tazobactam, cefepime, merope-
nem, ceftazidime/avibactam, ceftolozane/tazobactam, aminoglycosides, carbapenems,
fluoroquinolones, cephalosporins, aztreonam, and trimethoprim/sulfamethoxazole (18).
Nevertheless, cefiderocol was absent from the panel, even though this agent
remains critical for the management of multidrug-resistant Gram-negative bloodstream
infections, particularly those caused by carbapenem-resistant Acinetobacter baumannii
and Pseudomonas aeruginosa (18, 19). In contrast, tigecycline and minocycline were
present in the studied panel design but have not yet received FDA clearance for use
with the REVEAL system; their role in bloodstream infections is also limited, being
mainly considered salvage or combination options in multidrug-resistant Acinetobacter
infections (20). Consequently, these scenarios continue to rely on conventional AST and
institution-specific therapeutic guidance.

The REVEAL system provided final AST results with a median TTR of 8.00 h, which
was statistically significantly longer than that of QMAC-dRAST (median: 6.63 h), but
notably faster than conventional methods. In comparison, VITEK 2 required additional
subculture and exhibited a longer total TTR, further highlighting the relative efficiency
of fast AST systems such as REVEAL or QMIAC-dRAST. Although QMAC-dRAST demonstra-
ted a shorter median TTR than REVEAL, the REVEAL features real-time results for each
antimicrobial agent, thereby enabling clinicians to access susceptibility results as soon
as available on the system monitor, without waiting for the completion of all antibiotics.
The median time from loading to individual antimicrobial results was 5.97 h. When
configured for progressive release, REVEAL can transmit verified, per-drug preliminary
results to the electronic medical record in near real time. Notably, for critical agents used
for multidrug-resistant organism treatment (e.g., ceftazidime/avibactam or meropenem),
REVEAL reportedly delivered results even earlier in certain studies (17), potentially
supporting earlier therapeutic modifications in time-sensitive clinical situations. When
considering the optimization of antibiotic therapy within 24 h of a positive blood culture,
the proportion of patients who received optimized antibiotic therapy was significantly
higher in the post-intervention group (46% vs 26%, P = 0.037). The time to optimization
in the rapid diagnostic testing group was shorter than that in the conventional group,
27 h vs 46 h, respectively (P < 0.001) (21). However, to realize this potential benefit,
institutions should establish clear procedures to promptly review, verify, and act on
newly available results. Although our study did not evaluate the clinical impact of
progressive release, further research is warranted. Nonetheless, these findings support
the feasibility of using the REVEAL system for urgent clinical decision-making.

In our study, genotype—phenotype correlation analyses revealed that in cases of
CTX-M, KPC, or NDM genes positivity, high concordance could be observed with
non-susceptible phenotypic AST results for the corresponding antibiotics, with some
variable susceptibility to ceftazidime, as indicated in previous studies (22). However,
among the AMR gene-negative cases, 8.6% of the isolates exhibited phenotypic
resistance to cefotaxime, ceftazidime, or carbapenems, likely reflecting the presence
of non-targeted resistance mechanisms such as AmpC-type B-lactamases, efflux pump
overexpression, or porin loss (23-26). The risk of missing resistance in time-sensitive
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bloodstream infections underscores the need for rapid AMR genotypic methods to be
complemented and confirmed by fast phenotypic AST methods such as REVEAL.

This study has several limitations. The sample set was collected from a single
institution and consisted primarily of E. coli and K. pneumoniae, thereby limiting species
diversity. Although the REVEAL system supports the testing of organisms such as
Enterobacter cloacae, Citrobacter freundii, and Citrobacter koseri, these species were
not represented in our cohort and therefore could not be evaluated. In addition, the
number of non-Enterobacterales isolates was limited, restricting the ability of this study
to comprehensively assess the performance of the REVEAL system for Pseudomonas
aeruginosa and Acinetobacter calcoaceticus complex/group. This limitation also reflects
the local epidemiology of bloodstream infections during the study period. In addition,
certain FDA-cleared antimicrobial agents could not be evaluated due to comparator
availability-related limitations. For example, ceftriaxone was excluded from the analysis,
and meropenem and tobramycin were tested against P. aeruginosa using only the
VITEK2 system (Table S1), limiting cross-platform comparison. Further studies involving
a broader range of pathogens and resistance mechanisms are warranted to validate the
REVEAL system entirely.

In conclusion, this study provides a robust clinical performance assessment of the
VOC-based REVEAL fast AST system benchmarked against both QMAC-dRAST and
conventional methods currently used in diagnostic laboratories. Its high agreement,
real-time reporting, and practical workflow integration support its potential implemen-
tation as a routine and fast AST platform for managing gram-negative bloodstream
infections.

ACKNOWLEDGMENTS

The authors thank Suhyun Lee, Seijoon Oh, and Gaelle Noel (bioMérieux) for their
support during the study.

This research was funded by bioMérieux.

Conceptualization: Miae Lee, Min-Kyung So; Data curation: Junghun Park; Formal
analysis: Yohann Bala, Min-Kyung So; Funding acquisition: Min-Kyung So; Investigation:
Junghun Park, Mihwa Kim; Methodology: Junghun Park, Mihwa Kim; Project administra-
tion: Min-Kyung So; Resources: Min-Kyung So, Yohann Bala; Supervision: Min-Kyung So;
Validation: Hae-Sun Chung; Visualization: Yohann Bala, Min-Kyung So; Writing—original
draft: Min-Kyung So, Junghun Park; Writing—review & editing: Miae Lee, Hae-Sun Chung,
Geehay Hong.

AUTHOR AFFILIATIONS

'Ewha Medical Research Institute, Ewha Womans University College of Medicine, Seoul,
Republic of Korea

’Department of Laboratory Medicine, Ewha Womans University College of Medicine,
Seoul, Republic of Korea

3Global Medical Affairs, bioMérieux, Marcy L'Etoile, France

“Medical Affairs, bioMérieux Korea, Seoul, Republic of Korea

*Department of Laboratory Medicine, Seegene Medical Foundation, Seoul, Republic of
Korea

AUTHOR ORCIDs

Junghun Park @ http://orcid.org/0000-0002-6217-4351
Hae-Sun Chung  http://orcid.org/0000-0001-6382-4099
Miae Lee (@ https://orcid.org/0000-0001-9140-3814
Min-Kyung So ) http://orcid.org/0000-0001-9728-3008

January 2026 Volume 14 Issue 1

Microbiology Spectrum

10.1128/spectrum.01972-25 10


http://orcid.org/0000-0002-6217-4351
http://orcid.org/0000-0001-6382-4099
https://orcid.org/0000-0001-9140-3814
http://orcid.org/0000-0001-9728-3008
https://doi.org/10.1128/spectrum.01972-25

Downloaded from https://journals.asm.org/journal/spectrum on 20 May 2026 by 203.255.190.49.

Research Article

Microbiology Spectrum

FUNDING
Funder Grant(s) Author(s)
bioMérieux Min-Kyung So

AUTHOR CONTRIBUTIONS

Junghun Park, Data curation, Investigation | Hae-Sun Chung, Validation | Mihwa Kim,
Investigation, Methodology | Yohann Bala, Formal analysis | Geehay Hong, Resources |
Miae Lee, Conceptualization | Min-Kyung So, Conceptualization, Formal analysis, Project
administration, Resources, Supervision, Visualization

DATA AVAILABILITY

This study did not generate any high-throughput sequencing or large-scale data sets
requiring deposition in public repositories. All data supporting the findings of this study

are available within the manuscript and its supplementary materials.

ADDITIONAL FILES

The following material is available online.

Supplemental Material

Figure S1 (Spectrum01972-25-s0001.pdf). Mean time to result per antimicrobial agent
tested by the REVEAL system.
Tables S2 to S5 (Spectrum01972-25-s0002.xlIsx). Results of antimicrobial susceptibility
testing and comparison of ESBL classification across testing platforms.
Table S1 (Spectrum01972-25-s0003.pdf). Antimicrobial agents tested by REVEAL and
corresponding comparator platforms by species.

REFERENCES

1.

January 2026 Volume 14

Zhao H, Liu M, Wu J, Chen S, Yang H, Long J, Duan G. 2024. Mortality and
genetic diversity of antibiotic-resistant bacteria associated with
bloodstream infections: a systemic review and genomic analysis. BMC
Infect Dis 24:1385. https://doi.org/10.1186/512879-024-10274-7

Macesic N, Uhlemann A-C, Peleg AY. 2025. Multidrug-resistant Gram-
negative bacterial infections. Lancet 405:257-272. https://doi.org/10.101
6/50140-6736(24)02081-6

Zhal,LiS, GuoJ,HuY, PanL, Wang H, Zhou Y, Xu Q, Lu Z, Kong X, Tong
X, Cheng Y. 2025. Global and regional burden of bloodstream infections
caused by carbapenem-resistant gram-negative bacteria in 2019: a
systematic analysis from the MICROBE database. Int J Infect Dis
153:107769. https://doi.org/10.1016/}.ijid.2024.107769

Kumar A, Ellis P, Arabi Y, Roberts D, Light B, Parrillo JE, Dodek P, Wood G,
Kumar A, Simon D, Peters C, Ahsan M, Chateau D, Cooperative
Antimicrobial Therapy of Septic Shock Database Research Group. 2009.
Initiation of inappropriate antimicrobial therapy results in a fivefold
reduction of survival in human septic shock. Chest 136:1237-1248. https
://doi.org/10.1378/chest.09-0087

Charnot-Katsikas A, Tesic V, Love N, Hill B, Bethel C, Boonlayangoor S,
Beavis KG. 2018. Use of the accelerate pheno system for identification
and antimicrobial susceptibility testing of pathogens in positive blood
cultures and impact on time to results and workflow. J Clin Microbiol
56:€01166-17. https://doi.org/10.1128/JCM.01166-17

Banerjee R, Humphries R. 2021. Rapid antimicrobial susceptibility testing
methods for blood cultures and their clinical impact. Front Med
(Lausanne) 8:635831. https://doi.org/10.3389/fmed.2021.635831
Marschal M, Bachmaier J, Autenrieth I, Oberhettinger P, Willmann M,
Peter S. 2017. Evaluation of the accelerate pheno system for fast
identification and antimicrobial susceptibility testing from positive
blood cultures in bloodstream infections caused by gram-negative
pathogens. J Clin Microbiol 55:2116-2126. https://doi.org/10.1128/JCM.
00181-17

Strauss M, Suleiman SA, Lauz N, Reznik-Gitlitz B, Sagas D, Colodner R.
2024. A comparative study of a rapid phenotypic antimicrobial

Issue 1

10.

11.

12.

13.

14.

15.

16.

susceptibility testing system directly from positive blood cultures to the
disk diffusion and VITEK 2 methods. J Microbiol Methods 226:107046. htt
ps://doi.org/10.1016/j.mimet.2024.107046

MacVane SH, Dwivedi HP. 2024. Evaluating the impact of rapid
antimicrobial susceptibility testing for bloodstream infections: a review
of actionability, antibiotic use and patient outcome metrics. J Antimi-
crob Chemother 79:i13-i25. https://doi.org/10.1093/jac/dkae282

2024. 510(k) Premarket notification: VITEK REVEAL AST System. FDA,
Silver Spring, MD.

Tibbetts R, George S, Burwell R, Rajeev L, Rhodes PA, Singh P, Samuel L.
2022. Performance of the reveal rapid antibiotic susceptibility testing
system on gram-negative blood cultures at a large urban hospital. J Clin
Microbiol 60:e0009822. https://doi.org/10.1128/jcm.00098-22

Clinical and Laboratory Standards Institute. 2024. Performance
standards for antimicrobial susceptibility testing, 34th ed. CLSI
supplement M100. Clinical and Laboratory Standards Institute, Wayne,
PA.

Clinical and Laboratory Standards Institute. 2018. Methods for dilution
antimicrobial susceptibility tests for bacteria that grow aerobically, 11th
ed. CLSI standard MO07. Clinical and Laboratory Standards Institute,
Wayne, PA.

Clinical and Laboratory Standards Institute. 2015. Verification of
commercial microbial identification and antimicrobial susceptibility
testing systems; approved guideline. CLSI document M52. Clinical and
Laboratory Standards Institute, Wayne, PA.

Bianco G, Boattini M, Comini S, Bondi A, Curtoni A, Piccinini G, Musso T,
Broccolo F, Cavallo R, Nordmann P, Costa C. 2024. Detection of volatile
organic compounds as new paradigm to accelerate antimicrobial
susceptibility testing: performance evaluation of VITEK REVEAL. J
Antimicrob Chemother 79:2237-2245. https://doi.org/10.1093/jac/dkae
219

Girlich D, Jousset AB, Emeraud C, Rezzoug |, Burwell R, Singh P, Rhodes
PA, Naas T, Bonnin RA, Dortet L. 2024. Evaluation of the reveal AST
(SPECIFIC) for antimicrobial susceptibility testing from positive blood

10.1128/spectrum.01972-2511


http://dx.doi.org/10.13039/501100022110
https://doi.org/10.1128/spectrum.01972-25
https://doi.org/10.1186/s12879-024-10274-7
https://doi.org/10.1016/S0140-6736(24)02081-6
https://doi.org/10.1016/j.ijid.2024.107769
https://doi.org/10.1378/chest.09-0087
https://doi.org/10.1128/JCM.01166-17
https://doi.org/10.3389/fmed.2021.635831
https://doi.org/10.1128/JCM.00181-17
https://doi.org/10.1016/j.mimet.2024.107046
https://doi.org/10.1093/jac/dkae282
https://doi.org/10.1128/jcm.00098-22
https://doi.org/10.1093/jac/dkae219
https://doi.org/10.1128/spectrum.01972-25

Downloaded from https://journals.asm.org/journal/spectrum on 20 May 2026 by 203.255.190.49.

Research Article

20.

21.

January 2026 Volume 14

culture spiked with carbapenem-resistant isolates. Pathogens 13:722. htt
ps://doi.org/10.3390/pathogens13090722

Menchinelli G, Squitieri D, Magri C, De Maio F, D’Inzeo T, Cacaci M, De
Angelis G, Sanguinetti M, Posteraro B. 2024. Verification of the vitek
reveal system for direct antimicrobial susceptibility testing in gram-
negative positive blood cultures. Antibiotics (Basel) 13:1058. https://doi.
org/10.3390/antibiotics13111058

Tamma PD, Heil EL, Justo JA, Mathers AJ, Satlin MJ, Bonomo RA. 2024.
Infectious diseases society of America 2024 guidance on the treatment
of antimicrobial-resistant gram-negative infections. Clin Infect
Dis:ciae403. https://doi.org/10.1093/cid/ciae403

Bassetti M, Echols R, Matsunaga Y, Ariyasu M, Doi Y, Ferrer R, Lodise TP,
Naas T, Niki Y, Paterson DL, Portsmouth S, Torre-Cisneros J, Toyoizumi K,
Wunderink RG, Nagata TD. 2021. Efficacy and safety of cefiderocol or
best available therapy for the treatment of serious infections caused by
carbapenem-resistant gram-negative bacteria (CREDIBLE-CR): a
randomised, open-label, multicentre, pathogen-focused, descriptive,
phase 3 trial. Lancet Infect Dis 21:226-240. https://doi.org/10.1016/5147
3-3099(20)30796-9

Bartal C, Rolston KVI, Nesher L. 2022. Carbapenem-resistant Acineto-
bacter baumannii: colonization, infection and current treatment options.
Infect Dis Ther 11:683-694. https://doi.org/10.1007/5s40121-022-00597-
w

Oudiane L, Benyahia M, Salipante F, Dubois A, Muller L, Lavigne J-P,
Pantel A, Roger C. 2025. Clinical impact of the BCID2 and rapid AST VITEK

Issue 1

22.

23.

24.

25.

26.

Microbiology Spectrum

REVEAL on antibiotic optimisation in critically ill patients with gram-
negative bloodstream infections: a quasi-experimental pre/post
interventional study. J Antimicrob Chemother dkaf271:dkaf271. https://
doi.org/10.1093/jac/dkaf271

Bonnet R. 2004. Growing group of extended-spectrum beta-lactamases:
the CTX-M enzymes. Antimicrob Agents Chemother 48:1-14. https://doi.
org/10.1128/AAC.48.1.1-14.2004

Berinson B, Both A, Berneking L, Christner M, Litgehetmann M,
Aepfelbacher M, Rohde H. 2021. Usefulness of bioFire filmarray BCID2 for
blood culture processing in clinical practice. J Clin Microbiol
59:e0054321. https://doi.org/10.1128/JCM.00543-21

Rhoads DD, Pournaras S, Leber A, Balada-Llasat JM, Harrington A, Sambri
V, She R, Berry GJ, Daly J, Good C, Tarpatzi A, Everhart K, Henry T,
McKinley K, Zannoli S, Pak P, Zhang F, Barr R, Holmberg K, Kensinger B,
Lu DY. 2023. Multicenter evaluation of the bioFire blood culture
identification 2 panel for detection of bacteria, yeasts, and antimicrobial
resistance genes in positive blood culture samples. J Clin Microbiol
61:0189122. https://doi.org/10.1128/jcm.01891-22

Dulanto Chiang A, Dekker JP. 2024. Efflux pump-mediated resistance to
new beta lactam antibiotics in multidrug-resistant gram-negative
bacteria. Commun Med (Lond) 4:170. https://doi.org/10.1038/s43856-02
4-00591-y

Jacoby GA. 2009. AmpC beta-lactamases. Clin Microbiol Rev 22:161-182,
https://doi.org/10.1128/CMR.00036-08

10.1128/spectrum.01972-2512


https://doi.org/10.3390/pathogens13090722
https://doi.org/10.3390/antibiotics13111058
https://doi.org/10.1093/cid/ciae403
https://doi.org/10.1016/S1473-3099(20)30796-9
https://doi.org/10.1007/s40121-022-00597-w
https://doi.org/10.1093/jac/dkaf271
https://doi.org/10.1128/AAC.48.1.1-14.2004
https://doi.org/10.1128/JCM.00543-21
https://doi.org/10.1128/jcm.01891-22
https://doi.org/10.1038/s43856-024-00591-y
https://doi.org/10.1128/CMR.00036-08
https://doi.org/10.1128/spectrum.01972-25

	Clinical performance of the VITEK REVEAL fast antimicrobial susceptibility test within a real-world workflow for gram-negative bacteremia: comparison with QMAC-dRAST and conventional methods
	MATERIALS AND METHODS
	Bacterial isolates and study design
	Fast ID/AST vs conventional ID/AST workflows
	Antimicrobial selection for comparative assessment
	Interpretation criteria and performance metrics
	Reference testing with broth microdilution
	TTR analysis

	RESULTS
	Bacterial isolate distribution
	Comparison of REVEAL and comparator methods
	Discrepancy resolution with broth microdilution
	TTR comparison
	Correlation between genotype and phenotypic susceptibility

	DISCUSSION


