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To comparatively evaluate the performance of the rapid antimicrobial susceptibility testing (AST) system QMAC-dRAST V2.0 and of standard disk diffusion in agar, AST was performed directly from 100 positive blood culture bottles with Gram-negative bacilli. AST results provided by QMAC-dRAST showed 92.9% agreement with disk diffusion method results. Discrepancies observed between results obtained with QMAC-dRAST and disk diffusion method conducted to 10 very major errors (0.8%, S with QMAC-dRAST vs R with disk diffusion method), 40 major errors (3.2%, R vs S, respectively), 15 minor errors (1.2%, S vs I or I vs R, respectively) and 23 very minors errors (1.8%, I vs S or R vs I, respectively). For very major and major errors, in only 36% of the cases did the repeat QMAC-dRAST confirm the initial result, whereas a repeat AST using disk diffusion method confirmed the initial result in 92% of cases. AST results obtained using microdilution in liquid medium confirmed those obtained with QMAC-dRAST and disk diffusion method in 4% and 89%, respectively. Repeatability and reproducibility tests performed on QMAC-dRAST using reference strains showed 94% to 100% of R/S/I categorical agreement.

Introduction

Bloodstream infections (BSI) are associated with significant morbidity and remain a major cause of death [START_REF] Goto | Overall burden of bloodstream infection and nosocomial bloodstream infection in North America and Europe[END_REF]. The management of patients with BSI and sepsis critically requires prompt intervention, and early pathogen-adapted antibiotic therapy is of crucial prognostic value for these patients [START_REF] Kumar | Duration of hypotension before initiation of effective antimicrobial therapy is the critical determinant of survival in human septic shock[END_REF][START_REF] Timsit | Treatment of bloodstream infections in ICUs[END_REF][START_REF] Lodise | A systematic review of the association between delayed appropriate therapy and mortality among patients hospitalized with infections due to Klebsiella pneumoniae or Escherichia coli: how long is too long?[END_REF]. Inappropriate initial empirical therapy has been frequently observed, varying from 8.7% to 31.3% of reported cases, and is associated with prolonged hospital stays and higher mortality [START_REF] Shorr | Inappropriate antibiotic therapy in Gram-negative sepsis increases hospital length of stay[END_REF][START_REF] Retamar | Impact of inadequate empirical therapy on the mortality of patients with bloodstream infections: a propensity score-based analysis[END_REF][START_REF] Battle | Association between inappropriate empirical antimicrobial therapy and hospital length of stay in Gram-negative bloodstream infections: stratification by prognosis[END_REF]. Furthermore, the worldwide spread of multi-drug resistance has led to a change in BSI epidemiology. In 2017 in Europe, 14.9% of Escherichia coli isolates from blood culture were resistant to third-generation cephalosporins, ranging from 5.9% to 41.3% according to the country (ECDC 2018). In this context, physicians are tempted to use broadestspectrum empirical treatment regimens, which lead to excessive prescription of the corresponding antibiotics and contribute to the selection of resistant strains. Conversely, if a narrower-spectrum empirical regimen were used, physicians would fear the risk of treatment failure due to a possibly existing resistance of the causative agent. In both situations, adaptation of empirical therapy is required after antimicrobial susceptibility testing (AST).

Rapid bacterial identification and knowledge of resistance traits is therefore crucial in cases of bacteremia. In recent years, new technologies have been implemented in microbiology laboratories allowing reduction of the sample-to-answer turnaround time (TAT) needed for identification and AST. The use of matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) resulting in rapid bacterial identification on day one allows for an early choice of appropriate antimicrobial therapy ahead of AST [START_REF] Seng | Ongoing revolution in bacteriology: routine identification of bacteria by matrix-assisted laser desorption ionization time-of-flight mass spectrometry[END_REF][START_REF] Verroken | Reducing time to identification of positive blood cultures with MALDI-TOF MS analysis after a 5-h subculture[END_REF]French et al., 2016). Genetic methods are useful for resistance gene detection but currently do not target all specific resistance determinants and pathogens susceptible to be involved in BSI, while the costs incurred are often prohibitive of their widespread use [START_REF] Ginn | PCR-based tests for the early diagnosis of sepsis. Where do we stand?[END_REF].

AST covering a large number of antibiotics remains the cornerstone of the adjustment of empirical therapy.

Usually, AST results obtained with standard methods are available within 18 to 24 h after detection of positive blood culture bottle (PBCB), but methods aimed at reducing TAT have been increasingly described The Vitek-2

Compact system (bioMérieux, Marcy l'Etoile, France) and the Phoenix system (Becton Dickinson [BD], Sparks, MD, USA) yielded identification and AST results within 4 to 14h and 9 to 15h, respectively, depending on the species [START_REF] Gherardi | Comparative evaluation of the Vitek-2 Compact and Phoenix systems for rapid identification and antibiotic susceptibility testing directly from blood cultures of Gram-negative and Gram-positive isolates[END_REF]. The disk diffusion method on Mueller-Hinton Rapid-SIR allowed AST reading within 6 to 8h and demonstrated a significant impact on the use of appropriate antibiotic therapy (Perillaud et al., 2019;[START_REF] Pilmis | Clinical impact of rapid susceptibility testing on MHR-SIR directly from blood cultures[END_REF]. A novel methodology, based on automated microscopy for the analysis of bacterial growth in agarose, has become available recently with the Accelerate Pheno system  (Accelerate Diagnostics, Tucson, AZ) [START_REF] Marschal | 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[END_REF][START_REF] Lutgring | Evaluation of the Accelerate Pheno System: Results from Two Academic Medical Centers[END_REF][START_REF] Charnot-Katsikas | 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[END_REF][START_REF] Pantel | Performance of the Accelerate PhenoTM system for identification and antimicrobial susceptibility testing of a panel of multidrug-resistant Gram-negative bacilli directly from positive blood cultures[END_REF] and with the QMAC-dRAST system (QuantaMatrix, Seoul, Republic of Korea) [START_REF] Kim | Direct rapid antibiotic susceptibility test (dRAST) for blood culture and its potential usefulness in clinical practice[END_REF][START_REF] Huh | Performance evaluation of the QMAC-dRAST for staphylococci and enterococci isolated from blood culture: a comparative study of performance with the VITEK-2 system[END_REF] that provided AST results within 7 to 8h and 6h, respectively, after Gram staining of samples from PBCBs. Since the initial description of the QMAC-dRAST system by the QuantaMatrix team in 2017 [START_REF] Kim | Direct rapid antibiotic susceptibility test (dRAST) for blood culture and its potential usefulness in clinical practice[END_REF], only one evaluation of its performance has been published that focused on staphylococcal and enterococcal clinical isolates from PBCBs and on subcultured colony isolates (Huh et al., 2019). Two further Korean studies assessed the gain afforded by this system to clinical practice in the selection of optimal targeted antibiotic therapy for patients with positive blood cultures [START_REF] Kim | Direct rapid antibiotic susceptibility test (dRAST) for blood culture and its potential usefulness in clinical practice[END_REF][START_REF] Kim | Prospective evaluation of a rapid antimicrobial susceptibility test (QMAC-dRAST) for selecting optimal targeted antibiotics in positive blood culture[END_REF].

The aim of this study was to compare the QMAC-dRAST V2.0 results to those obtained using the standard disk diffusion method, for PBCBs harboring Gram-negative bacteria, to assess the repeatability, the reproducibility and the correctness of the QMAC-dRAST results, and to evaluate the turnaround time (TAT) of the QMAC-dRAST process..

Materials and Methods

Laboratory setting, routine blood culture procedure and study design.

This prospective study was conducted in the Hôpitaux Universitaires Paris-Ouest, a French teaching hospital group accounting for 1,439 beds and 99,354 hospitalizations in 2018. In the clinical wards of this group, all blood samples are routinely inoculated into FAN aerobic and anaerobic bottles (BacT/ALERT ® FA Plus, BacT/ALERT ® FN Plus, bioMérieux, Craponne, France) and forwarded to a clinical microbiology laboratory, associated with microbiologists and infectious disease specialists, that works daily. The bottles are incubated at 35 °C in the BacT/ALERT® VIRTUO™ automated system (bioMérieux) for up to five days. When a positive culture is signaled, Gram staining is performed as well as direct antimicrobial susceptibility testing (AST) using disk diffusion method according to the EUCAST recommendations of 2019 (EUCAST disk diffusion methodology 2019). Based on the automated SirScan (I2a, Montpellier, France) readings of the zone diameters, raw results are categorized into resistant, susceptible or intermediate (R/S/I) according to the EUCAST breakpoints (EUCAST clinical breakpoints 2019). These results are interpreted using the SirScan expert system which includes rules set by the French microbiology committee for AST (CASFM/EUCAST recommendations 2019). The "intermediate" category is still used in this study instead of "susceptible at increased exposure/dosis" recently recommended, since the results given by the QMAC-dRAST are expressed with this terminology. Bacteria are identified in the laboratory with MALDI-TOF MS on micro colonies after 3h of growth at 35°C on Columbia agar supplemented with sheep blood (5%), as previously described [START_REF] Verroken | Reducing time to identification of positive blood cultures with MALDI-TOF MS analysis after a 5-h subculture[END_REF].

From February to April 2019, one ml of the first bottle from each patient positive for Gram-negative bacilli was processed on the QMAC-dRAST system using the Gram-negative QMAC-dRAST panel and the corresponding reagents in parallel with the routine procedure. The R/S/I results as deduced from MICs determined by the QMAC-dRAST system were compared to those obtained with disk diffusion method.

Description of the QMAC-dRAST system.

As mentioned above, this system is based on microscopic imaging analysis and allows rapid AST directly from positive blood cultures [START_REF] Choi | Direct, rapid antimicrobial susceptibility test from positive blood cultures based on microscopic imaging analysis[END_REF]. The QMAC-dRAST version 2.0 that was used in this study is a prototype not actually commercialized. The QMAC-dRAST panel dedicated to AST of Gram-negative bacteria contains 18 antimicrobial agents (Table 1). The MIC results are expressed in mg/L, with the R/S/I categories being in accordance with the EUCAST break points (EUCAST clinical breakpoints 2019), some of which are not provided for particular antibiotic/bacterium couples (Table 1).

Evaluation of repeatability, reproducibility and correctness of AST results.

Three reference strains have been chosen for these experiments, corresponding to the three most frequently Gram-negative bacilli species encountered in blood cultures. E. coli ATCC25922 and P. aeruginosa ATCC27853 are strains displaying wild type antimicrobial pattern whereas Klebsiella pneumoniae ATCC13438 is known to display resistance to third-generation cephalosporins by production of extended-spectrum betalactamase (ESBL). This latter strain has been chosen to assess the ability of the QMAC-dRAST to identify an ESBL phenotype.

Repeatability experiments. One colony of a reference strain was mixed in Brain Heart Infusion and incubated 18h at 35°C. The BHI was diluted in horse blood and 10ml of the mix were introduced in five FA aerobic bottles and five FN anaerobic bottles for Enterobacteriaceae and 10 FA aerobic bottles for P. aeruginosa ATCC27853 in the aim to obtain 10 3 CFU/ml in each bottle. When the 10 bottles were detected positive by the BacT/ALERT® VIRTUO™, one ml of each bottle was processed on QMAC-RAST system using the Gramnegative QMAC-dRAST panel.

Reproducibility experiments. One colony of a reference strain was mixed in a Brain Heart Infusion and incubated 18h at 35°C. The BHI was diluted in horse blood and 10ml of the mix was introduced in one FA aerobic bottle or one FN anaerobic bottle for Enterobacteriaceae and one FA aerobic bottle for P. aeruginosa to obtain 10 3 CFU/ml in each bottle. This was reproduced during ten days conducting to process five FA aerobic bottles and five FN anaerobic bottles for Enterobacteriaceae and ten FA aerobic bottles for P. aeruginosa. Each bottle was processed on QMAC-RAST system as described above.

Correctness was expressed as the percentage of assays yielding MICs within the range of acceptable MIC target values as defined by EUCAST (EUCAST clinical breakpoints 2019).

Data analysis.

Data for MICs and R/S/I interpretations as provided by the QMAC-dRAST system, as well as inhibition zone diameters and R/S/I interpretations obtained using disk diffusion method, were entered into in Excel software.

Discrepant results obtained with the two AST methods were categorized as very major errors (VME, S with QMAC-dRAST vs R with disk diffusion method), major errors (ME, R with QMAC-dRAST vs S with disk diffusion method), minor errors (mE, I with QMAC-dRAST vs R with disk diffusion method or S with QMAC-dRAST vs I with disk diffusion method) or very minor errors (VmE, R with QMAC-dRAST vs I with disk diffusion method or I with QMAC-dRAST vs S with disk diffusion method).

Control experiments in cases of discrepancy.

In each case of discrepancy entailing VME or ME, the results were checked using a new QMAC-dRAST panel and repeated AST with disk diffusion method. In parallel, MICs were determined with a broth microdilution method, using MICRONAUT-S Pseudomonas MIC and/or MICRONAUT-S MDR MRGN-Screening and/or MICRONAUT-S β-Lacatamases (Merlin Diagnostika, Bruker Daltonik, Bremen, Germany).

Turnaround time evaluation (TAT).

The TAT was measured between two points: T0 and Tr. The point T0 corresponded to the beginning of the QMAC-dRAST process i.e when all samples and reagents were correctly positioned in the device and the start button was pressed. The Tr corresponded to the time when AST results were available.

Results

Overall, 100 monomicrobial episodes of bacteremia with Gram-negative bacilli in 93 patients were included in the study. Enterobacteriaceae (GNBE) and non-fermenting Gram-negative bacilli (NF-GNB) accounted for 85% and 15% of the isolates, respectively. In half of the bacteremia cases an E. coli strain was isolated from the blood culture (Table2).

The time required for sample preparation was less than 5 min and the average time necessary to obtain the final AST result from a PBCB (TAT) was 7 h. The TAT was increased when several samples were concomitantly processed and could reach 8 h when more than 10 samples were introduced into the QMAC-dRAST system.

Based on 1233 AST measurements, the overall agreement between QMAC-dRAST and disk diffusion method results was 92.9% (Table 3), ranging from 42.9% to 100% according to the bacterial species and the antimicrobial agent tested. Discrepancies observed between the two methods amounted to 10 VME (0.8%), 40 ME (3.2%), 15 mE (1.2%) and 23 Vme (1.8%) (Table 3). Among the VME, three errors were observed in intrinsically low-level antibiotic-resistant strains. In these cases, the raw results were categorized as susceptible when the three above methods were used but as resistant when the SirScan expert system was used for verification. These errors concerned two apparently amoxicillin-susceptible isolates of Enterobacter cloacae to and one apparently amikacin-susceptible isolate of Serratia marcescens.

In only 36% of the cases did the repeat QMAC-dRAST confirm the initial result, whereas a repeat AST using disk diffusion method confirmed the initial result in 92% of cases. This middling reproducibility of the QMAC-dRAST results was notably observed for NF-GNB. AST results obtained using MICRONAUTE microdilution confirmed those obtained with QMAC-dRAST and disk diffusion method in 4% and 89%, respectively.

The SirScan system was able to detect isolates producing (ESBL). Among the 85 GNBE strains, 54 were found to be negative and 13 positive, while for 18 no result was provided. Of the 13 isolates identified as ESBLpositive, 12 were confirmed as such using disk diffusion method. For the E. coli strain falsely labeled ESBLpositive, the result was not confirmed with QMAC-dRAST or MICRONAUTE. Conversely, for one K. pneumoniae isolate found to produce an ESBL using disk diffusion method, no result was provided by the QMAC-dRAST. The algorithm included in the system yielded no response in this case.

The results concerning repeatability and reproducibility experiments are shown in Table 4. For E. coli ATCC 25922, in the 20 tests performed for each antibiotic (10 for repeatability and 10 for reproducibility), the same MIC value was found in each case. In contrast, for P. aeruginosa ATCC27853, in the 18 tests performed for each antibiotic (10 for repeatability and 8 for reproducibility), a large variation in MIC values was found, ranging, for instance in the case of aztreonam, from < 1mg/L to > 32mg/L with the determination of 5 different MIC values. However, despite variability in MIC results, repeatability and reproducibility tests showed 100% and 94% of categorical agreement in E. coli ATCC25922 and P. aeruginosa ATCC27853 respectively.

According to the MIC target value defined by EUCAST for each species/antibiotic couple, correctness varied from 61% to 100% (Table 4).

Discussion

The QMAC-dRAST is a new system designed to deliver rapid AST results directly from PBCBs. As reported by the team that developed and validated it, results can be obtained within 6 hours [START_REF] Choi | Direct, rapid antimicrobial susceptibility test from positive blood cultures based on microscopic imaging analysis[END_REF]. Subsequent studies compared the performance of the QMAC-dRAST for staphylococci and enterococci to that of VITEK-2 [START_REF] Huh | Performance evaluation of the QMAC-dRAST for staphylococci and enterococci isolated from blood culture: a comparative study of performance with the VITEK-2 system[END_REF] and assessed its potential usefulness in the selection of optimal antimicrobial treatment for patients with bacteremia [START_REF] Kim | Direct rapid antibiotic susceptibility test (dRAST) for blood culture and its potential usefulness in clinical practice[END_REF][START_REF] Kim | Prospective evaluation of a rapid antimicrobial susceptibility test (QMAC-dRAST) for selecting optimal targeted antibiotics in positive blood culture[END_REF]. In this study, we comparatively assessed the performance of the QMAC-dRAST of PBCB samples containing Gram-negative bacilli and report the TAT, the repeatability, reproducibility and correctness of the results obtained with this system and with disk diffusion method.

Various times have been found to be required to produce QMAC-dRAST results. The total time, starting from a PBCB, was reported to be six hours by [START_REF] Choi | Direct, rapid antimicrobial susceptibility test from positive blood cultures based on microscopic imaging analysis[END_REF]. Furthermore, [START_REF] Huh | Performance evaluation of the QMAC-dRAST for staphylococci and enterococci isolated from blood culture: a comparative study of performance with the VITEK-2 system[END_REF] have observed that the incubation time was 6 h for all 110 isolates, regardless of inoculum type (PBCB or colony isolates). In this study, we found that 7 h were necessary between sample introduction into the instrument and the availability of the result for one PBCB while that time was 8 h when more than ten samples were incubated simultaneously.

There may be two reasons for this discrepancy with the previous studies: i) the time necessary to prepare the incubation within the QMAC-dRAST device may not have been taken into account in the previous studies, corresponding to the melting of the agar medium, the cooling, and the dispatching of bacteria and medium into the 96-well plate, ii) the time given in previous studies could have been that required for one specimen only, while results for multiple specimens are not made available by the system before all specimens have been analyzed. The time required for AST results is critical and should be reduced as much as possible. If AST results available within 7 to 8h may reduce the use of unnecessary broad-spectrum antibiotics via therapeutic should offer the choice of different plate configurations and more plasticity in the software. Users should have the possibility to change the data repository in the instrument to conform to locally recommended breakpoints or to change them according to revised guideline versions.

We suggest that the QMAC-dRAST software would be optimized by: i) optimizing the reproducibility of the results, ii) offering the possibility to choose EUCAST or CLSI guideline iii) integrating an expert system to avoid false-susceptible results in case of low-level resistant isolates, iv) increasing the number of species included in the thesaurus, v) allowing data to be entered using the virtual keyboard (actually, only the scan of a barcode on the test tube is available), vi) allowing to process samples in a continuous flow without waiting the end of the run, vii) allowing connection to laboratory information systems to avoid confusion among patients.

Conclusion

The QMAC-dRAST, in the version 2.0 assessed in this study, is an easy-to-use system requiring no specific technical knowledge and holds promise for rapid AST, but this prototype would benefit from being optimized.

The new version 2.5 of the QMAC-dRAST will be interesting to be assessed and compared to the version 2.0. 

  

Table 1 .

 1 Antibiotic concentrations included in the Gram-negative QMAC-dRAST panel and bacterial species 372 and/or groups represented in the software 373 Antibiotics tested and their concentrations (mg/L) present in panel

		Ampicillin	Ampicillin +	Sulbactam	Amoxicillin +	acide clavulanic	Piperacillin +	tazobactam	cefazoline	Cefotaxime	Ceftazidime	Cefepime	Aztreonam	Ertapenem	Imipenem	Meropenem	Ciprofloxacin	Amikacin	Gentamicin	Minocycline	Cotrimoxazole	Colistin	ESBL
	0,06																o						-
	0,12															o o			o		o	-
	0,25											o					o		o				-
	0,5								o		o			o o		o o					-
	1	o								o o o o o o o o			o			-
	2								o o o o o		o o o		o				-
	3																					o	-
	4								o o o o o			o		o o o			-
	8	o								o o o o o		o		o o o			-
	16	o								o o o o					o					-
	32									o								o					-
	1/0,5		o																				-
	8/4		o																				-
	16/8		o																				-
	2/1				o																		-
	8/4				o																		-
	16/8				o																		-
	4/4						o																-
	8/4						o																-
	16/4						o																-
	32/4						o																-
	64/4						o																-
	0,5/9,5																				o		-
	2/38																				o		-
	4/76																				o		-
	Escherichia coli	x					x			x x x x x x x x x x		x		Y
	Klebsiella pneumoniae	x					x			x x x x x x x x x x		x		Y
	Klebsiella oxytoca	x					x			x x x x x x x x x x		x		Y
	Proteus mirabilis	x					x			x x x x x x x x x x		x		Y
	Enterobacter cloacae	x					x			x x x x x x x x x x		x	
	Enterobacter aerogenes	x					x			x x x x x x x x x x		x	
	Citrobacter freundii	x					x			x x x x x x x x x x		x	
	Citrobacter koseri	x					x			x x x x x x x x x x		x	
	Citrobacter braakii	x					x			x x x x x x x x x x		x	
	Serratia marcescens	x					x			x x x x x x x x x x		x	
	Salmonella sp	x					x			x x x x x x x x x x		x	
	Enterobactriaceae	x					x			x x x x x x x x x x		x	
	Pseudomonas aeruginosa						x				x x x		x x x x x			x
	Stenotrophomonas maltophilia						x					x			x x x x x		x x
	Burkholderia cepacia						x					x			x x x x x		x x
	Acinetobacter baumannii						x					x			x x x x x		x x
	Acinetobacter sp						x					x			x x x x x		x x
	Other Non Enterobactriaceae																					
	Non fermenting Gram-negative																					
	bacilli																					
	Unknown																					

Table 2 .

 2 Distribution of bacterial species isolated from 100 positive blood culture bottles 382

	Species	N
	Escherichia coli	50
	Klebsiella pneumoniae	15
	Enterobacter cloacae	5
	Proteus mirabilis	4
	Citrobacter koseri	3
	Klebsiella oxytoca	2
	Serratia marcescens	2
	Hafnia alvei	1
	Klebsiella aerogenes	1
	Morganella morganii	1
	Raoultella ornithinolytica	1
	Total Enterobacteriaceae	85
	Pseudomonas aeruginosa	11
	Pseudomonas putida	1
	Acinetobacter ursingii	1
	Acinetobacter seiferti	1
	Ochrobactrum anthropi	1
	Total non fermenting Gram-negative bacilli	15
	383	

Table 3 .

 3 Discrepancies between AST results obtained with QMAC-dRAST and the reference method (disk diffusion on agar ). 385 , very major error (S with dRAST vs R with disk diffusion method); b , major error (R with dRAST vs S with disk diffusion method); c , minor error (I with dRAST vs 387 R with disk diffusion method or S with dRAST vs I with disk diffusion method); d , very minor error (R with dRAST vs I with disk diffusion method or I with 388 dRAST vs S with disk diffusion method). 389

			Enterobacteriaceae (N=85)	Non fermenting Gram-negative bacilli (N=15)		All Gram-negative bacilli (N=100)
	Antibiotic	Total tested	VME a ME b mE c Vme d	% agreement	Total tested	VME a ME b mE c Vme d	% agreement	Total tested	VME a ME b mE c Vme d	% agreement
	Ampicillin	85	4				95,3							85	4				95,3
	Ceftazidime	85		1	2	2	94,1	13		6			53,8	98		7	2		88,8
	Cefepime	84				2	97,6	15		5			66,7	99		5			92,9
	Ertapenem	85		3		1	95,3							85		3			95,3
	Imipenem	85		2	1	4	91,8	15		2		1	80,0	100		4	1		90,0
	Piperacillin/ tazobactam	85		1	6	1	90,6	15		6			60,0	100		7	6		86,0
	Amikacin	85	2		1		96,5	15					100,0	100	2		1		97,0
	Aztreonam	85		4	1	1	92,9	14		4		4	42,9	99		8	1		85,9
	Ciprofloxacin	82		3	2		93,9	14					100,0	96		3	2		94,8
	Cefotaxime	85			1	2	96,5							85			1		96,5
	Gentamicin	85				1	98,8	15					100,0	100					99,0
	Meropenem	85				2	97,6	15		2	1	1	73,3	100		2	1		94,0
	Cotrimoxazol e	84	4			1	94,0	2		1			50,0	86	4	1			93,0
	TOTAL	1100	10	14	14	17	95,0	133	0	26	1	6	75,2	1233	10	40	15	23	92,9
	386																		

a

Table 4 .

 4 Results for repeatability, reproducibility and correctness experiments obtained with QMAC-dRAST 390 Result b Repeata c Repro d Target e (%) Result b Repeata c Repro d Target e (%) Result b Repeata c MIC results obtained with QMAC-dRAST; b , Resistant (R), intermediate (I), and susceptible (S) interpretations extrapolated from MIC results according to EUCAST breakpoints; c , Repeatability results obtained in 10 experiments per ATCC strain; d , Reproducibility results obtained in 10 experiments per ATCC strain (except for P. aeruginosa ATCC 27853, in which case only 8 experiments were successful); e , Range of acceptable MIC target values as defined by EUCAST for each couple of reference strain/antibiotic; f , The correctness corresponds to the percentage of assays yielding MICs within the range of acceptable MIC target values as defined by EUCAST.

					E. coli ATCC25922			P. aeruginosa ATCC27853		K. pneumoniae ATCC13438
	Antibiotic	dRAST Interpr.	No of tests	MIC	Correctness f	Interpr.	No of tests	MIC Correctness f	Interpr.	No of tests
		MICs a Repro d
	Ampicillin Piperacillin + tazobactam Cefotaxim Ceftazidime	≤8 ≥32 ≤8/4 ≥128/4 ≤1 ≥64 ≤1	S S S S	10 10 10 10	10 10 10 10	2-8 1-4 0.03-0.12 0.06-0.5	100 100 100 100	S S	10 2	8 1	1-8 1-4	100 89	R R R	10 10 10	10 10 10
		2						S	8	4					
		4						S		1					
	Cefepime	≥32 ≤1	S	10	10	0.016-0.12	100	R S	2	2 3	0.5-4	78	R	10	10
		2						S	8	1					
	Aztreonam	≥32 ≤1	S	10	10	0.06-0.25	100	R S	2	4 3	2-8	61	R	10	10
		2						S	3	1					
		4						I	5	1					
		8						I		1					
	Ertapenem Imipenem	≥32 ≤0,5 ≥2 ≤1	S S	10 10	10 10	0.004-0.016 0.06-0.25	100 100	R S	10	2 4	1-4	100	R R	10 10	10 10
		2						S		3					
		4						S		1					
		8											I	3	1
	Meropenem	≥16 ≤1	S	10	10	0.008-0.06	100	S	10	7	0.25-1	94	R	7	9
		2						S		1					
		8											I	1	
	Ciprofloxacin	≥16 ≤0,06	S	10	10	0.004-0.016	100	S	2	1	0.25-1	72	R	9	10
		0,12						S	2						

a ,
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de-escalation, this delay is not acceptable in the majority of cases for antimicrobial treatment initiation for BSI caused by Gram-negative bacteria. The association of MALDI-TOF with the rapid βLACTA-test for BLSE detection provides valuable information on third-generation cephalorins resistance in nearly 4 hours [START_REF] Verroken | Reducing time to identification of positive blood cultures with MALDI-TOF MS analysis after a 5-h subculture[END_REF]Depret et al., 2018;[START_REF] Mizrahi | Clinical impact of rapid bacterial identification by MALDI-TOF MS combined with the bêta-LACTATM test on early antibiotic adaptation by an antimicrobial stewardship team in bloodstream infections[END_REF]. Thus, it would be interesting to reduce the TAT of the QMAC-dRAST from 7/8h to 4h, this device bringing more information than the βLACTA-test.

The assignment to the R/S/I categories in 1233 ASTs of Gram-negative bacilli from 100 PBCBs showed an agreement between the QMAC-dRAST and disk diffusion method results of 92.9%. This rate is similar to that of 91.5% reported by Huh et al for 110 staphylococcal and enterococcal isolates from PBCBs [START_REF] Huh | Performance evaluation of the QMAC-dRAST for staphylococci and enterococci isolated from blood culture: a comparative study of performance with the VITEK-2 system[END_REF], and that of 91.1% reported by Choi et al., who used the microdilution method as gold standard for 206 clinical isolates belonging to 16 Gram-negative and seven Gram-positive species [START_REF] Choi | Direct, rapid antimicrobial susceptibility test from positive blood cultures based on microscopic imaging analysis[END_REF]. AST using QMAC-dRAST lead to discrepancies with every method used comparatively. In contrast, the rates of VME (0.8%) and ME (3.2%) were only slightly different from those given in the two previous publications (2.3% VME and 0.5% ME vs 6.7% VME and 2.7% ME [START_REF] Choi | Direct, rapid antimicrobial susceptibility test from positive blood cultures based on microscopic imaging analysis[END_REF][START_REF] Huh | Performance evaluation of the QMAC-dRAST for staphylococci and enterococci isolated from blood culture: a comparative study of performance with the VITEK-2 system[END_REF]). Among all VME, two of them concerned the couple Serratia marcescens/amikacin. This species is known to display a low-level resistance to amikacin, In the same way, one Enterobacter cloacae strain was founded susceptible to ampicillin, whereas a cephalosporinase is harbored on its chromosome. The presence of an expert system would be useful to interpret AST results among intrinsic low-level resistant isolates. This could avoid false-susceptible results.

In our study, the verification of these discrepancies using the same two methodologies showed that AST results obtained with disk diffusion method were more reproducible than with QMAC-dRAST. This observation was confirmed using the MICRONAUTE system. Globally, the QMAC-dRAST results were more reproducible for susceptible than resistant strains, and for Enterobacteriaceae than NF-GNB. This ascertainment was also confirmed by repeatability and reproducibility experiments that showed a 100% and 94% of categorical agreement in E. coli ATCC25922 and P. aeruginosa ATCC27853 respectively, including a higher variability for MICs obtained for P. aeruginosa ATCC27853. All these results suggest that an optimization of the QMAC-dRAST would be helpful, in particular for NF-GNB.

The guidelines on which the QMAC-dRAST system relies merit some comments. The antibiotics dispensed to the 96-well plates and their dilutions conform to the CLSI recommendations, and the clinical MIC breakpoints integrated in the software are those of the corresponding guidelines (CLSI Guidelines). Given the few differences between the American and the European, i.e. EUCAST, recommendations, the QMAC-dRAST PG, JLM and IP conceived the design of the study; PG and MF performed the experiments; IP and ER validated all results; PG performed the data analysis; KR provided technical assistance; PG wrote the original draft; JLM, reviewed and edited the manuscript. O, Concentration of the antibiotic present in the panel; X, result displayed on screen, i.e MIC measured in mg/L and susceptibility (resistant/susceptible/intermediate) a s categorized according to EUCAST breakpoints. No result was provided by the QMAC-dRAST system when " Other Non Enterobactriaceae " or "Non fermenting Gram-negative bacilli" or "Unknown" was entered in the system. In the same way, no result was provided for some antibiotic whatever the species entered in the QMAC-dRAST system; Y, Species for which an extendedspectrum beta-lactamase (ESBL) was detected and a result provided.