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NOTE: This procedure is provided to Meridian’s customers to assist with the development of laboratory procedures.  This document was derived from, and was current with, the instructions for use (IFU) that accompanies the product at the time it was created. The user is instructed to consult the IFU packaged with the product to ensure currency of the procedure prior to adapting the document to routine laboratory use and periodically thereafter to ensure future IFU modifications, which might affect this procedure, are identified.   Any modifications to this document are the sole responsibility of the person making the modifications.
PRINCIPLE:
The Revogene® Carba C assay, performed on the Revogene instrument, is a qualitative in vitro diagnostic test designed for the detection and differentiation of the blaKPC, blaNDM, blaVIM, blaOXA-48-like, and blaIMP gene sequences associated with carbapenem-non-susceptible pure colonies of Enterobacteriaceae, Acinetobacter baumannii, or Pseudomonas aeruginosa, when grown on blood agar or MacConkey agar. The test utilizes automated real-time Polymerase Chain Reaction (PCR).

The Revogene Carba C assay should be used in conjunction with other laboratory tests including phenotypic antimicrobial susceptibility testing. A negative Revogene Carba C assay result does not preclude the presence of other resistance mechanisms.

The Revogene Carba C assay is intended as an aid for infection control in the detection of carbapenem-non- susceptible bacteria that colonize patients in healthcare settings. The identification of a blaIMP, blaNDM or blaVIM metallo-β-lactamase gene (i.e., the genes that encode the IMP, NDM and VIM metallo-β-lactamases, respectively) may be used as an aid to clinicians in determining appropriate therapeutic strategies for patients with known or suspected carbapenem non-susceptible infections.

The Revogene Carba C assay can provide results from one (1) up to eight (8) samples in approximately 70 minutes using characterized carbapenem-non-susceptible isolated colonies of Enterobacteriaceae, Acinetobacter baumannii, or Pseudomonas aeruginosa. The assay minimizes operator intervention from the loading of the sample into the single-use microfluidic cartridge (PIE) to final result.

The test is performed using the Revogene instrument which automates sample homogenization and dilution, cells lysis, DNA amplification and detection of the amplified PCR products. User intervention is only required for the preparation of a standardized bacterial suspension from characterized carbapenem-non-susceptible isolated colonies, inoculation of the sample into the Sample Buffer Tube (SBT), transfer of the sample from the SBT into the PIE, and insertion of the PIEs into the Revogene carousel.

Each PIE is a fully integrated and closed device, in which a sample is dispensed and processed through different microfluidic chambers and channels which allow for the sample processing (i.e. sample homogenization, sample dilution, cells lysis and DNA extraction) and subsequent real-time PCR steps (Figure 1). The liquid from a single sample is transferred by centrifugation from one (1) chamber to the next in sequence and all reagents specific for the PCR are incorporated and dried within the PCR wells. A Process Control (PrC) is incorporated into each PIE to verify sample processing and amplification steps including the verification of potential inhibitory substances as well as microfluidic, instrument or reagent failure. The amplified products are detected in real-time using target-specific TaqMan® chemistry-based probes.

[image: image1.jpg]P Universal Sample
4 Preparation Real-Time PCR

Sample Loading





Figure 1. Top view of a PIE. 
1: Sample Loading Chamber, 2: Overflow Chamber, 3: Homogenization Chamber containing PrC,          
4: Dilution/Lysis Chamber, 5: Three (3) PCR Wells (A to C from left to right) and one (1) Waste Chamber (at the right end).

The Revogene can process from one (1) up to eight (8) samples simultaneously in the same run. The carousel must contain eight (8) PIEs to maintain thermodynamic balance throughout the run. At run completion, the results are computed by the system from measured fluorescent signals and embedded calculation algorithms. Results are displayed on the touchscreen, and may be printed, transferred and stored by the user using the USB port or the connectivity option.

SPECIMEN:
Preferred Sample Types:

Carbapenem-non-susceptible pure colonies of Enterobacteriaceae, Pseudomonas aeruginosa or Acinetobacter baumannii, when grown on blood agar or MacConkey agar.
Organisms must be identified as Enterobacteriaceae, Pseudomonas aeruginosa or Acinetobacter baumannii, and carbapenem non-susceptibility status must be determined in accordance with the antibiotic disc package insert or the latest version of CLSI M100 Standards prior to testing with the Revogene Carba C assay.

Undesirable samples: 

Colonies of bacteria other than Enterobacteriaceae, Acinetobacter baumannii, or Pseudomonas aeruginosa 
Colonies of Enterobacteriaceae, Acinetobacter baumannii, or Pseudomonas aeruginosa that have not had their carbapenem susceptibility status determined.

Direct swab specimens
Collection and Storage:

Inoculated SBT can be stored at 25 C for up to four (4) days or, at 2-8 C for up to seven (7) days.

This facility’s procedure for specimen collection is: _____________________________________ ______________________________________________________________________________
This facility’s procedure for transporting specimens is: __________________________________ ______________________________________________________________________________
This facility’s procedure for rejected specimens is: _____________________________________ ______________________________________________________________________________
MATERIALS AND EQUIPMENT:
MATERIALS PROVIDED:
The Revogene Carba C kit contains sufficient reagents and materials to process 24 samples. The kit contains 24 individual pouches and each pouch contains the following materials:

1.  One (1) Disposable Transfer Tool (DTT): Plastic pipette with minimal and maximal volume marks for transferring the sample from the SBT to the PIE.

2.  One (1) Carba Sample Buffer Tube (SBT): Tube containing Tris-HCl pH 8.0/EDTA.Na2 (TE 1X) buffered solution as a dilution and preservation buffer for sample.

3. One (1) Carba microfluidic cartridge (PIE): Integrated device which comprises dried reagents allowing sample process and real-time PCR steps for blaKPC, blaNDM, blaVIM, blaOXA-48-like, and blaIMP gene sequence amplification and detection. Each PIE contains PrC, PrC-specific primers and probe, blaKPC, blaNDM, blaVIM, blaOXA-48-like, and blaIMP gene-specific primers and probes, dNTPs, buffer and DNA polymerase.

MATERIALS NOT PROVIDED:
1. Revogene® (cat# 610210)

2. Disposable powderless gloves

3. Disposable sterile swabs

4. Saline solution (0.45% to 0.9% NaCl recommended)

5. Blood agar or MacConkey agar plates

6. 10 µg meropenem disc (BD BBL™ Sensi-Disc™ Antimicrobial Susceptibility Test Discs, cat# 231704 or equivalent)

7. Vortex mixer with a maximal speed of at least 3 200 rpm (VWR cat# 58816-121 or equivalent)

8. Densitometer (VWR cat# 89402-910 or equivalent) or card with a white background and contrasting black lines (Wickerham Card for turbidity reading, 2x3 inches, black stripes recommended; cat# Z08 or equivalent)
9. Calibrated micropipette (P20 recommended, VWR cat# 89079-964 or equivalent)

10. DNase/RNase-free, aerosol resistant micropipette tips (extended length tips recommended; Sarstedt cat# 70.1189.215 or equivalent)
11. Sample rack (cat# 132539; optional)
12. MOCK PIE(s) (cat# 610208; optional)
PERFORMANCE CONSIDERATIONS:
1. The Revogene Carba C assay can only be used on the Revogene.

2. Do not use the kit if the label that seals the outer box is broken upon arrival.

3. Do not use PIEs if the protective pouches are open or broken upon arrival.

4. Do not interchange DTT, SBT, and PIE between kit lots.

5. Each single-use PIE and DTT are used to process one (1) sample. Do not reuse PIE and DTT.

6. Always handle samples as if they are infectious and in accordance with Good Laboratory Practices such as those described in Biosafety in Microbiological and Biomedical Laboratories and in Clinical and Laboratory Standards Institute (CLSI) Document M29-A4.

7. Wear disposable powderless gloves while handling samples and thoroughly wash hands afterwards.

8. The PIE contains dried reagents. The protective pouch should not be opened until ready to perform the test.

9. Dispose of unused reagents and waste in accordance with country, federal, provincial, state and local regulations.

10. Do not open or break apart the PIE after use. The cap and the seals in the PIE prevent contamination with amplification products and/or infectious particles.

11. Do not use a PIE that has been dropped, shaken or inverted after the sample has been loaded as this may cause invalid results.

12. Do not use a kit that has passed its stated expiration date.

13. Do not refrigerate the loaded PIE.

14. Each run must be performed with eight (8) PIEs in the Revogene carousel to maintain thermodynamic and mechanical balance within the run. Place MOCK PIEs or assay PIEs loaded with Sample Buffer in empty positions if less than eight (8) samples are tested.

15. Local, state, and federal rules and regulations for notification of reportable diseases are continually updated and specify a number of organisms that are important for surveillance and outbreak investigation. Laboratories are responsible for following their state and/or local rules pertaining to reportable pathogens and should consult their local and/or state public health laboratories for isolate and/or clinical sample submission guidelines.

SHELF LIFE AND STORAGE:
· Store the Revogene Carba C kit at 2-25 C. The expiration date is indicated on the box kit’s label and on each pouch.

· Do not open a pouch until ready to perform testing. Use the PIE within one (1) hour after opening the pouch.
· Inoculated SBT can be stored at 25 C for up to four (4) days or, at 2-8 C for up to seven (7) days.

At this facility, kits are stored:_______________________________________________
CALIBRATION: 
Not applicable to this assay.
QUALITY CONTROL:
Quality control procedures monitor the accuracy and precision of the analytical process. Each laboratory must establish the number, type and frequency of testing control materials per applicable regulations or accrediting agencies. The procedure described below may be employed, if appropriate, based on local policies and procedures.

PROCESS CONTROL:
Each PIE contains a Process Control (PrC) that verifies the sample homogenization, sample dilution, cell lysis, DNA amplification inhibition and assay reagents failure.

EXTERNAL CONTROLS:
NOTE: Separate DTT, SBT and PIE must be used for each External Control.

1. Good laboratory practice recommends the use of control materials. User should follow the appropriate guidelines concerning the running of External Controls. It is recommended that one (1) Positive External Control and one 
(1) Negative External Control should be run at least on a daily basis until adequate process validation is achieved with the Revogene Carba C assay on the Revogene in each laboratory setting.

2. External Control materials are not provided by Meridian Bioscience, Inc.  External Controls are not used by the Revogene software for the purpose of sample test result interpretation. External Controls are treated as if they are specimens.

Five (5) different Positive External Controls and one (1) Negative External Control are recommended and listed below.
POSITIVE EXTERNAL CONTROL:


A standardized 0.5 McFarland suspension of isolated colonies from characterized carbapenem-non-susceptible commercially available strains, diluted in saline solution, is recommended as a Positive External Control. Recommended strains are:

· K. pneumoniae blaKPC-2 (CCUG 59348),

· K. pneumoniae blaNDM-1 (ATCC® BAA-2146™),

· K. pneumoniae blaVIM-1 (NCTC 13440),

· E. coli blaOXA-48 (ATCC® BAA-2523™),

· E. coli blaIMP-1 (NCTC 13476).

Each of the five (5) recommended Positive External Controls may be tested alternately.

NEGATIVE EXTERNAL CONTROL:
A standardized 0.5 McFarland suspension in saline of isolated colonies from a representative, carbapenem-non-susceptible strain of Enterobacteriaceae, A. baumannii or P. aeruginosa that does not carry any of the resistance genes targeted by the Revogene Carba C assay is recommended as a Negative External Control.

EXTERNAL CONTROLS PREPARATION:
1. Inoculate the organism onto a blood agar or a MacConkey agar plate, streak for isolation, and place a 10 µg meropenem disc in the first quadrant as a means to ensure that the isolate retains its non-susceptibility to carbapenem.

2. Incubate the plate at 35 C for 18–24 hours in aerobic conditions.

3. Prepare a standardized 0.5 McFarland suspension in saline solution by collecting isolated colonies selected from the incubated agar plate close to the meropenem disc using a sterile swab.

4. Adjust the suspension to achieve a turbidity equivalent to a 0.5 McFarland standard. Use either a photometric device or, if performed visually, adequate light to compare the suspension and the 0.5 McFarland standard against a card with a white background and contrasting black lines. This results in a suspension containing approximately 1 to 2 x 108 Colony-Forming Units (CFU)/mL.

NOTE:  Process and test External Control suspensions according to SBT PREPARATION/PIE PREPARATION sections, then follow the REVOGENE SYSTEM OPERATION section.

QC Testing Frequency and Documentation:
For this facility, External QC is run: __________________________________________________                                                                                                   

Results of External QC and action(s) taken when control results are unacceptable are documented: ___________________________________________________________________

PROCEDURE: 
SAMPLE PREPARATION:
1. Organisms must be identified as Enterobacteriaceae, Pseudomonas aeruginosa or Acinetobacter baumannii, and carbapenem non-susceptibility status must be determined in accordance with the antibiotic disc package insert or the latest version of CLSI M100 Standards prior to testing with the Revogene Carba C assay.

2. Inoculate the organism onto a blood agar or a MacConkey agar plate, streak for isolation, and place a 10 µg meropenem disc in the first quadrant as a means to ensure that the isolate retains its non-susceptibility to carbapenem.

3. Incubate the plate at 35 C for 18–24 hours in aerobic conditions.

4. Prepare a standardized 0.5 McFarland suspension in saline solution by collecting carbapenem-non-susceptible isolated colonies selected from the incubated agar plates close to the meropenem disc using a sterile swab.

5. Adjust the suspension to achieve a turbidity equivalent to a 0.5 McFarland standard. Use either a photometric device or, if performed visually, adequate light to compare the suspension and the 0.5 McFarland standard against a card with a white background and contrasting black lines. This results in a suspension containing approximately 1 to 2 x 108 Colony-Forming Units (CFU)/mL.

SBT PREPARATION:
NOTE: The content of one (1) pouch is required for each sample to be tested.

1. For each sample to be tested, unseal the right side of the pouch (when facing label) containing DTT and SBT and remove only the SBT from the pouch.

2. Identify (or label) the SBT with the appropriate sample identification without obscuring or writing over the barcode. Place the SBT on the sample rack, if used.

3. Vortex the 0.5 McFarland suspension at maximal speed for 15 seconds.

4. Using a micropipette, aspirate 15 μL of the standardized 0.5 McFarland suspension.

5. Remove the cap from the SBT and dispense the McFarland aliquot into the SBT, taking care not to produce aerosols. Pipet liquid up and down to ensure complete transfer of the aliquot. Make sure only one (1) SBT is open at any given moment.

6. Replace the cap on the SBT, close tightly, and replace the SBT on the sample rack (if used).

7. Prepare any additional samples for testing by repeating steps 1 to 6.  
8.  When all samples are processed, proceed to step 9 (PIE PREPARATION).
PIE PREPARATION:

NOTE: Process one (1) sample at a time.
9. Mix the SBT for a minimum of 15 seconds at maximal speed (≥ 3,200 rpm) using a vortex mixer.

10. Unseal the left side of the pouch (when facing label) containing the PIE, removing it from the pouch. Once unsealed, the PIE must be used within one (1) hour.

11. Remove the DTT from the right side of the pouch and use it to aspirate the inoculated Sample Buffer (SB) by squeezing the entire bulb. The liquid level into the DTT must be anywhere between the two marks (Figure 2). If the liquid level is not between the two marks, discharge the SB completely into the SBT and repeat this step.

12. Completely discharge the SB volume contained in the DTT into the Sample Loading Chamber of the PIE (Figure 1). Make sure not to touch the outer edges or the bottom of the Sample Loading Chamber with the DTT.

13. Close the cap of the PIE tightly. Place the PIE on the sample rack, if used. Do not refrigerate the loaded PIE.
14. Prepare all additional samples for testing by repeating steps 9 to 13 then proceed to step 1 of the REVOGENE SYSTEM OPERATION section.
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Figure 2. Representation of an appropriate Sample Buffer (SB) level using the Disposable Transfer tool (DTT).

REVOGENE SYSTEM OPERATION:
NOTE 1: Each run must be performed with eight (8) PIEs in the Revogene.  When less than eight (8) samples are processed, fill the empty places with MOCK PIEs.*
NOTE 2: Refer to the Revogene Operator’s Manual for further information regarding Revogene set-up and operation.

1. Power on the Revogene (if not already done). The software will launch automatically.

2. Log in by entering <User name> and <Password> and tap

<Login>. The main menu will appear automatically.

3. Tap <Setup Run>.

4. Enter the sample identification number using either the barcode scanner or manual entry. Manual entry can be done by tapping the pencil icon of the <Scan or Enter Sample ID> line.

5. Enter the SBT and PIE barcodes using the barcode scanner by gently positioning the PIE almost vertically in front of the scanner. Alternatively, SBT and PIE barcodes may be entered manually (tap the pencil icon of their respective lines). Handle the PIE carefully without shaking or dropping it.

6. (Optional) Tap the pencil icon of the <Add Comments> line and type a comment.

7. Insert the PIE into the Revogene at any position of the carousel. The software will automatically associate sample and SBT to the correct PIE.

8. Confirm that the PIE is inserted by tapping <OK> on the

<Insert PIE into instrument> line and repeat steps 4 to 8 for all samples. If less than eight (8) PIEs are being tested, load MOCK PIEs* in the carousel remaining positions. No scan is required when inserting MOCK PIEs into the Revogene.

9. When all PIEs are inserted into the carousel, tap <Next>.

10. If you have entered MOCK PIEs into the carousel, follow the instructions on the screen.

11. Scan the retention ring and place it on the carousel. Close the instrument lid.

12. Initiate the test run by tapping <Start>.

13. Store inoculated SBT in appropriate conditions (refer to STORAGE AND STABILITY section) for further repeat testing, if needed.
*If MOCK PIEs are not available, use new assay PIEs filled with SB (BLANK).
VIEWING AND EXPORTING RESULTS:
1. Once the run is completed, the lid opens automatically.

2. If the Revogene has logged out, re-enter <User name> and

<Password> and tap <Login>. The main menu will appear automatically.
3.  Tap Results icon to access test results. The Results window shows the reported result(s) for each sample (Figure 3).
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Figure 3. Results window showing the reported result(s) for each sample.

4. Tap <Last Run> to see the latest test results.

5. Tap <Report> to see the specific target result for each sample. Refer to the RESULTS INTERPRETATION section in order to confirm if any additional action needs to be taken according to the target(s) result(s) obtained.

NOTE: In the case of a repeat test of a sample, all positive results from both the initial and the repeat test should be reported, even if there is a discrepancy between the results for the same target.
6. From the <Last Run>, select samples for which results report(s) has (have) to be exported. All samples can be selected simultaneously by checking the box on the upper left corner of the screen.

7. Tap <Export> and save where appropriate (e.g. USB key).

8. (Optional) Tap <Search> to find a specific sample and its result.

9. Remove the retention ring and PIEs from the Revogene. The used PIEs should be disposed in the appropriate waste containers according to your institution's standard practices.

REPEAT TESTING PROCEDURE:

INDETERMINATE OR UNRESOLVED RESULT:
When an Indeterminate (IND) or an Unresolved (UNR) target result is obtained for a sample, a repeat test from the corresponding inoculated SBT must be performed within the specified timeframe described in the STORAGE AND STABILITY section.
Use the original corresponding inoculated SBT to load a new PIE from the same kit lot and discard the unused SBT. Follow steps 9 to 13 of the PIE PREPARATION section for each sample and then, the REVOGENE SYSTEM OPERATION section. If needed, a new SBT can be inoculated from a new standardized 0.5 McFarland suspension.

INDETERMINATE OR UNRESOLVED RESULTS FOR AN EXTERNAL CONTROL: 
When an Indeterminate (IND) or an Unresolved (UNR) target result is obtained for an External Control, the run should be considered invalid. A repeat test of Positive and Negative External Controls, as well as of the samples included in the same run, should be performed from the corresponding inoculated SBT. All inoculated SBT must be tested within the specified timeframe described in the STORAGE AND STABILITY section. 
Use the corresponding inoculated SBT to load a new PIE from the same kit lot. Follow the PIE PREPARATION section from step 9, then follow the REVOGENE SYSTEM OPERATION section.

UNEXPECTED NEGATIVE OR UNEXPECTED POSITIVE RESULT FOR AN EXTERNAL CONTROL:
When an unexpected Negative or an unexpected Positive target result is obtained for an External Control, the run should be considered invalid. A repeat test of Positive and Negative External Controls should be performed with a new set of External Controls, as described in the QUALITY CONTROL section. Handling and preparation techniques should be reviewed.
In addition, repeat testing should be performed for all samples included in the run, using the original corresponding inoculated SBT within the timeframe defined in the STORAGE AND STABILITY section with a new set of External Controls. Refer to the QUALITY CONTROL section for preparation of a new set of External controls.

Use the corresponding inoculated SBT to load a new PIE from the same kit lot. Follow the PIE PREPARATION section from step 9, then follow the REVOGENE SYSTEM OPERATION section.
CALCULATIONS:

There are no calculations associated with this procedure.
INTERPRETATION OF RESULTS:
The results are computed by the Revogene from measured fluorescent signals and embedded calculation algorithms and are available on the "Results" window. Possible reported results are listed below.

	Sample type
	Symbol(s) displayed on user

screen
	Reported result(s)
	Interpretation
	Additional step

	Isolated Colony
Isolated Colony
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	Positive
	KPC, NDM, VIM, OXA-48-like and IMP

target DNA detected.
	· No additional step needed.
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	Negative
	KPC, NDM, VIM, OXA-48-like and IMP

target DNA not detected.
	· No additional step needed.
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	Positive/Negative
	KPC and/or NDM and/or VIM and/or OXA- 48-like and/or IMP target DNA detected AND
Whether KPC and/or NDM and/or VIM and/or OXA-48-like and/or IMP target DNA not detected.
	· No additional step needed.
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	Unresolved
	Amplification/detection failure of the Process Control. This could be caused by inhibitory samples, microfluidic or reagent failure.
	· Repeat testing must be performed (refer to the REPEAT TESTING PROCEDURE section).
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	Positive/ Unresolved
	KPC and/or NDM and/or VIM and/or OXA- 48-like and/or IMP target DNA detected 
AND
Amplification/detection failure of the Process Control. This could be caused by inhibitory samples, microfluidic or reagent failure.
	· Repeat testing must be performed (refer to the REPEAT TESTING PROCEDURE section).

· All initial Positive results must be considered as Positive even if the repeat test reports a different result for those targets.
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	Indeterminate
	No reportable result due to possible Revogene detection error during the assay processing or the data analysis, or if the run is interrupted.
	· Repeat testing must be performed (refer to the REPEAT TESTING PROCEDURE section).


REPORTING OF RESULTS: 
	Target
	Result
	Result reporting

	KPC
	Positive
	KPC Target DNA detected

	
	Negative
	KPC Target DNA not detected

	NDM
	Positive
	NDM Target DNA detected

	
	Negative
	NDM Target DNA not detected

	VIM
	Positive
	VIM Target DNA detected

	
	Negative
	VIM Target DNA not detected

	OXA-48-like
	Positive 
	OXA-48-like Target DNA detected

	
	Negative 
	OXA-48-like Target DNA not detected

	IMP
	Positive
	IMP Target DNA detected

	
	Negative
	IMP Target DNA not detected


EXPECTED VALUES:
A total of 512 carbapenem non-susceptible bacterial isolates were evaluated during the Carba C clinical study at three (3) sites in United States and Canada. Revogene Carba C assay results for each gene target in comparison to the Reference Method (a marketed Nucleic Acid Amplification Test [NAAT]) are presented in Tables 1 to 4.
A total of 532 bacterial isolates (475 clinical stock isolates and 57 prospectively collected fresh isolates) were tested during the clinical study. Twenty isolates were excluded from the analysis of performance because either they belonged to a non-target species, their identity could not be confirmed, they exhibited susceptibility to carbapenems, there was a laboratory error or valid PCR results were not obtained. Therefore, a total of 512 bacterial isolates were used to establish the performance of the Revogene Carba C assay in comparison to the Reference Method.
The sensitivity and specificity of the Revogene Carba C assay for the detection of the five (5) targeted carbapenemase genes from colonies grown on blood agar and MacConkey agar are shown in Tables 1 and 2, respectively.
A total of 24 isolates contained more than one carbapenemase gene as determined by the Revogene Carba C assay. The reported carbapenemase gene content of 21 of these isolates was confirmed by the Reference Method. However, the Reference Method only detected one carbapenemase gene in the other three (3) isolates.
The initial non-reportable rates (combining Unresolved and Indeterminate rates), at the media level, were 1.7% (9/516) from blood agar, and 1.4% (7/516) from MacConkey agar. At the target level, from blood agar, the rates were 1.7% (9/516) for blaKPC, blaNDM, blaIMP and blaOXA-48-like gene targets and 1.6% (8/516) for blaVIM gene target, with an overall rate of 1.7% (9/516). From MacConkey agar, the non-reportable rates were 1.4% (7/516) across all targets. After repeat testing, the non- reportable rates were 0.8% (4/516) across all media and gene targets.
The Revogene Carba C assay performance for each organism group for blood agar and MacConkey agar are presented in Tables 3 and 4.
Table 1. Performance of Revogene Carba C Assay on Isolated Colonies Grown on Blood Agar

	Target
	N
	TP
	FP
	TN
	FN
	Sensitivity [95% CI]
	Specificity [95% CI]

	NDM
	512
	186
	2a
	322
	2f
	98.9%

[96.2 – 99.7]
	99.4%

[97.8 – 99.8]

	KPC
	512
	113
	3b
	395
	1
	99.1%

[95.2 – 99.8]
	99.2%

[97.8 – 99.7]

	OXA-48-like
	512
	65
	3c
	444
	0
	100.0%

[94.4 – 100.0]
	99.3%

[98.0 – 99.8]

	IMP
	512
	27
	19d
	466
	0
	100.0%

[87.5 – 100.0]
	96.1%

[94.0 – 97.5]

	VIM
	512
	52
	1e
	459
	0
	100.0%

[93.1 – 100.0]
	99.8%

[98.8 – 100.0]


N: Number; TP: True Positive; FP: False Positive; TN: True Negative; FN: False Negative; CI: Confidence Interval

Note: Discrepant testing consisted of five (5) alternative PCR followed by bi-directional sequencing and was performed for every discrepant target result. The results from discrepant testing of 21/31 samples agreed with those of the Revogene Carba C assay.

a One (1) out of two (2) was NDM-1 positive.

b Two (2) out of three (3) were KPC-3/KPC-38 positive.

c One (1) out of three (3) was OXA-48 positive. Investigation suggested an OXA-48 cross-contamination at the step of sample preparation in one (1) out of three (3) isolates. Discrepant testing did not produce a sequence match with the OXA-48-like target.

d Seventeen (17) out of 19 were found IMP positive including 1 (one) variant of IMP-4 (from Australia [2010]), 11 variants IMP-13/IMP-37 one (1) from Argentina [2006], one (1) from North America [2014], nine (9) from Europe [2005-2015]), one (1) variant of IMP-27/IMP-64 (from Canada [2017]), one (1) variant of IMP-15 (from Argentina [2004]), one (1) variant of IMP-16 (from Brazil [2004]) and two (2) variants of IMP-62 (from Argentina [2006]). The discrepant analysis pointed out potential differences in IMP variant coverage between the Revogene Carba C assay and the Reference Method. Investigation suggested an IMP cross-contamination at the step of sample preparation in two (2) out of 19 isolates for which discrepant testing did not produce a sequence match with the IMP target.

e Investigation suggested a VIM cross-contamination at the step of sample preparation. Discrepant testing did not produce a sequence match with the VIM target but produced a sequence match for the NDM target.

f Discrepant testing did produce a sequence match with the NDM-1 target in one (1) out of two (2) isolates and produced a sequence match for the OXA- 48-like target in one (1) out of two (2) isolates. The OXA-48 positive isolate was classified as FP.

Table 2. Performance of Revogene Carba C Assay on Isolated Colonies Grown on MacConkey Agar

	Target
	N
	TP
	FP
	TN
	FN
	Sensitivity [95% CI]
	Specificity [95% CI]

	NDM
	512
	186
	2a
	322
	2f
	98.9%

[96.2 – 99.7]
	99.4%

[97.8 – 99.8]

	KPC
	512
	114
	3b
	395
	0
	100.0%

[96.7 – 100.0]
	99.2%

[97.8 – 99.7]

	OXA-48-like
	512
	65
	2c
	445
	0
	100.0%

[94.4 – 100.0]
	99.6%

[98.4 – 99.9]

	IMP
	512
	27
	21d
	464
	0
	100.0%

[87.5 – 100.0]
	95.7%

[93.5 – 97.2]

	VIM
	512
	52
	1e
	459
	0
	100.0%

[93.1 – 100.0]
	99.8%

[98.8 – 100.0]


N: Number; TP: True Positive; FP: False Positive; TN: True Negative; FN: False Negative; CI: Confidence Interval

Note: Discrepant testing consisted of five (5) alternative PCR followed by bi-directional sequencing and was performed for every discrepant target result. The results from discrepant testing of 21/31 samples agreed with those of the Revogene Carba C assay.

a One (1) out of two (2) was NDM-1 positive.

b Two (2) out of three (3) were KPC-3/KPC-38 positive.

c One (1) out of two (2) was OXA-48 positive. Investigation suggested an OXA-48 cross-contamination at the step of sample preparation in one (1) out of two (2) isolates. Discrepant testing did not produce a sequence match with the OXA-48-like target.

d Seventeen (17) out of 21 were found IMP positive including one (1) variant of IMP-4 (from Australia [2010]), 11 variants IMP-13/IMP-37 (one (1) from Argentina [2006], one (1) from North America [2014], nine (9) from Europe [2005-2015]), one (1) variant of IMP-27/IMP-64 (from Canada [2017]), one (1) variant of IMP-15 (from Argentina [2004]), one (1) variant of IMP-16 (from Brazil [2004]) and two (2) variants of IMP-62 (from Argentina [2006]). The discrepant analysis pointed out potential differences in IMP variant coverage between the Revogene Carba C assay and the Reference Method. Investigation suggested an IMP cross-contamination at the step of sample preparation in four (4) out of 21 isolates for which discrepant testing did not produce a sequence match with the IMP target.

e Investigation suggested a VIM cross-contamination at the step of sample preparation. Discrepant testing did not produce a sequence match with the VIM target but produced a sequence match for the KPC target.

f Discrepant testing did produce a sequence match with the NDM-1 target in one (1) out of two (2) isolates and produced a sequence match for the OXA- 48-like target in one (1) out of two (2) isolates. The OXA-48 positive isolate was classified as FP.

Table 3. Performance of Revogene Carba C Assay by Organism Category and by Target Gene, for Isolated Colonies Grown on Blood Agar

	Medium
	Organisms
	Target
	N
	TP
	FP
	TN
	FN
	Sensitivity [95% CI]
	Specificity [95% CI]

	Blood agar
Blood agar
	Enterobacteriaceae
	NDM
	306
	85
	1
	219
	1
	98.8%

[93.7 – 99.8]
	99.5%

[97.5 – 99.9]

	
	
	KPC
	306
	112
	3
	190
	1
	99.1%

[95.2 – 99.8]
	98.4%

[95.5 – 99.5]

	
	
	OXA-48-

like
	306
	64
	3
	239
	0
	100.0%

[94.3 – 100.0]
	98.8%

[96.4 – 99.6]

	
	
	IMP
	306
	14
	5
	287
	0
	100.0%

[78.5 – 100.0]
	98.3%

[96.1 – 99.3]

	
	
	VIM
	306
	12
	0
	294
	0
	100.0%

[75.8 – 100.0]
	100.0%

[98.7 – 100.0]

	
	Pseudomonas aeruginosa
Pseudomonas aeruginosa
	NDM
	107
	26
	1
	80
	0
	100.0%

[87.1 – 100.0]
	98.8%

[93.3 – 99.8]

	
	
	KPC
	107
	0
	0
	107
	0
	N/A
	100.0%

[96.5 – 100.0]

	
	
	OXA-48-

like
	107
	1
	0
	106
	0
	100.0%

[20.7 – 100.0]
	100.0%

[96.5 – 100.0]

	
	
	IMP
	107
	5
	14
	88
	0
	100.0%

[56.6 – 100.0]
	86.3%

[78.3 – 91.6]

	
	
	VIM
	107
	39
	0
	68
	0
	100.0%

[91.0 – 100.0]
	100.0%

[94.7 – 100.0]

	
	Acinetobacter baumannii
	NDM
	99
	75
	0
	23
	1
	98.7%

[92.9 – 99.8]
	100.0%

[85.7 – 100.0]

	
	
	KPC
	99
	1
	0
	98
	0
	100.0%

[20.7 – 100.0]
	100.0%

[96.2 – 100.0]

	
	
	OXA-48-

like
	99
	0
	0
	99
	0
	N/A
	100.0%

[96.3 – 100.0]

	
	
	IMP
	99
	8
	0
	91
	0
	100.0%

[67.6 – 100.0]
	100.0%

[96.0 – 100.0]

	
	
	VIM
	99
	1
	1
	97
	0
	100.0%

[20.7 – 100.0]
	99.0%

[94.4 – 99.8]


N: Number; TP: True Positive; FP: False Positive; TN: True Negative; FN: False Negative; CI: Confidence Interval More than one (1) targeted genes were detected for some isolates.

Table 4. Performance of Revogene Carba C Assay by Organism Category and by Target Gene, on Isolated Colonies Grown on MacConkey Agar

	Medium
	Organisms
	Target
	N
	TP
	FP
	TN
	FN
	Sensitivity [95% CI]
	Specificity [95% CI]

	MacConkey agar
	Enterobacteriaceae
	NDM
	306
	85
	1
	219
	1
	98.8%

[93.7 – 99.8]
	99.5%

[97.5 – 99.9]

	
	
	KPC
	306
	113
	3
	190
	0
	100.0%

[96.7 – 100.0]
	98.4%

[95.5 – 99.5]

	
	
	OXA-48-

like
	306
	64
	2
	240
	0
	100.0%

[94.3 – 100.0]
	99.2%

[97.0 – 99.8]

	
	
	IMP
	306
	14
	5
	287
	0
	100.0%

[78.5 – 100.0]
	98.3%

[96.1 – 99.3]

	
	
	VIM
	306
	12
	1
	293
	0
	100.0%

[75.8 – 100.0]
	99.7%

[98.1 - 99,9]

	
	Pseudomonas aeruginosa
	NDM
	107
	26
	1
	80
	0
	100,0%

[87.1 – 100.0]
	98.8%

[93.3 – 99.8]

	
	
	KPC
	107
	0
	0
	107
	0
	N/A
	100.0%

[96.5 – 100.0]

	
	
	OXA-48-

like
	107
	1
	0
	106
	0
	100.0%

[20.7 – 100.0]
	100.0%

[96.5 – 100.0]

	
	
	IMP
	107
	5
	14
	88
	0
	100.0%

[56.6 – 100.0]
	86.3%

[78.3 – 91.6]

	
	
	VIM
	107
	39
	0
	68
	0
	100.0%

[91.0 – 100.0]
	100.0%

[94.7 – 100.0]

	
	Acinetobacter baumannii
Acinetobacter baumannii
	NDM
	99
	75
	0
	23
	1
	98.7%

[92.9 – 99.8]
	100.0%

[85.7 – 100.0]

	
	
	KPC
	99
	1
	0
	98
	0
	100.0%

[20.7 – 100.0]
	100.0%

[96.2 – 100.0]

	
	
	OXA-48-

like
	99
	0
	0
	99
	0
	N/A
	100.0%

[96.3 – 100.0]

	
	
	IMP
	99
	8
	2
	89
	0
	100.0%

[67.6 – 100.0]
	97.8%

[92.3 - 99,4]

	
	
	VIM
	99
	1
	0
	98
	0
	100.0%

[20.7 – 100.0]
	100.0%

[96.2 – 100.0]


N: Number; TP: True Positive; FP: False Positive; TN: True Negative; FN: False Negative; CI: Confidence Interval More than one (1) targeted genes were detected for some isolates.

ASSAY REACTIVITY:
Inclusivity of the Revogene Carba C assay was determined for 58 carbapenem non-susceptible isolates of Enterobacteriaceae, Pseudomonas aeruginosa and Acinetobacter baumannii from various geographic and temporal origins including;

· Two (2) strains with two (2) resistance genes;

· Eleven (11) strains including five (5) variants with the blaIMP resistance gene;

· Eleven (11) strains including at least three (3) variants with the blaKPC resistance gene;
· Fourteen (14) strains including five (5) variants with the blaNDM resistance gene;
· Eleven (11) strains including three (3) variants with the blaOXA- 48-like resistance gene;
· Nine (9) strains including four (4) variants with the blaVIM resistance gene.
Each strain was tested from a standardized 0.5 McFarland bacterial suspension corresponding to 1.5 to 3x106 CFU/mL of SB. Three (3) replicates per strain were tested using three (3) different Revogene Carba C kit lots (1 replicate per kit lot). The 58 strains were detected by the Revogene Carba C assay and are described in Table 5.
Table 5. Carbapenem Non-susceptible Strains Tested for Inclusivity with the Revogene Carba C Assay.
	Species
	Collection Number
	Resistance Gene
and Variant

	Pseudomonas aeruginosa
	ATCC® BAA- 2793™
	KPC-2, VIM-2

	Klebsiella pneumoniae
	CCRI-23061
	OXA-232, NDM-1

	Klebsiella pneumoniae
	NCTC 13438
	KPC-3

	Klebsiella pneumoniae
	ATCC® BAA-1705™
	KPC-2

	Pseudomonas aeruginosa
	CCRI-21587
	KPC-2

	Enterobacter cloacae
	CCRI-21578
	KPC-4

	Klebsiella oxytoca
	CCRI-21581
	KPC-3

	Klebsiella pneumoniae
	CCRI-19587
	KPC-3

	Klebsiella pneumoniae
	CCRI-19570
	KPC-2

	Klebsiella pneumoniae
	CCUG 59413
	KPC-3

	Klebsiella pneumoniae
	CCUG 59348
	KPC-2

	Klebsiella pneumoniae
	CCUG 56233
	KPC-2

	Escherichia coli
	ATCC® BAA-2340™
	KPCa

	Klebsiella pneumoniae
	NCTC 13443
	NDM-1

	Klebsiella pneumoniae
	ATCC® BAA-2146™
	NDM-1

	Escherichia coli
	CCRI-22255
	NDM-1

	Klebsiella pneumoniae
	CCRI-21711
	NDM-1

	Klebsiella pneumoniae
	CCRI-22199
	NDM-1

	Providencia rettgeri
	CCRI-22257
	NDM-1

	Providencia stuartii
	CCRI-22256
	NDM-1

	Klebsiella pneumoniae
	CCRI-22254
	NDM-4

	Escherichia coli
	CCRI-23064
	NDM-5

	Escherichia coli
	CCRI-23464
	NDM-5

	Escherichia coli
	CCRI-23065
	NDM-6

	Escherichia coli
	CCRI-23066
	NDM-7

	Enterobacter cloacae
	ATCC® BAA-2468™
	NDM-1

	Klebsiella pneumoniae
	CCUG 60138
	NDM-1

	Pseudomonas aeruginosa
	NCTC 13437
	VIM-10

	Klebsiella pneumoniae
	NCTC 13439
	VIM-1

	Klebsiella pneumoniae
	NCTC 13440
	VIM-1

	Klebsiella pneumoniae
	CCRI-19585
	VIM-1

	Klebsiella pneumoniae
	CCRI-22258
	VIM-1

	Pseudomonas aeruginosa
	CCRI-21588
	VIM-2

	Serratia marcescens
	CCRI-22261
	VIM-2

	Pseudomonas aeruginosa
	CCRI-22720
	VIM-2

	Klebsiella pneumoniae
	CCRI-22259
	VIM-19

	Klebsiella pneumoniae
	NCTC 13442
	OXA-48

	Klebsiella pneumoniae
	CCRI-22263
	OXA-48

	Escherichia coli
	CCRI-22265
	OXA-48

	Enterobacter cloacae
	CCRI-22266
	OXA-48

	Klebsiella pneumoniae
	CCRI-22264
	OXA-181

	Providencia rettgeri
	CCRI-22267
	OXA-181

	Klebsiella pneumoniae
	CCRI-23060
	OXA-204

	Citrobacter freundii
	CCRI-23374
	OXA-204

	Escherichia coli
	ATCC® BAA-2523™
	OXA-48

	Klebsiella pneumoniae
	ATCC® BAA-2524™
	OXA-48

	Klebsiella pneumoniae
	CCUG 64452
	OXA-48

	Escherichia coli
	NCTC 13476
	IMP-1

	Acinetobacter baumannii
	CCRI-19488
	IMP-1

	Klebsiella pneumoniae
	CCRI-19569
	IMP-1

	Klebsiella pneumoniae
	CCRI-19582
	IMP-1

	Pseudomonas aeruginosa
	CCRI-21589
	IMP-1

	Klebsiella pneumoniae
	CCRI-19583
	IMP-4

	Klebsiella pneumoniae
	CCRI-19588
	IMP-4

	Citrobacter youngae
	CCRI-21591
	IMP-4

	Klebsiella pneumoniae
	CCRI-19584
	IMP-8

	Pseudomonas aeruginosa
	CCRI-21590
	IMP-9

	Serratia marcescens
	CCRI-22262
	IMP-11



a Identification of the resistance gene variant is not available.
In addition, an in silico analysis was performed on November7th, 2018 to assess inclusivity of the primers and probes of the Revogene Carba C assay targets. For each target, all the blaKPC, blaNDM, blaVIM, blaOXA-48-like and blaIMP resistance gene sequences listed in the National Center for Biotechnology Information (NCBI) database were analyzed. One (1) representative sequence of each known variant was aligned. The number of variants analyzed and predicted to be detected is summarized for each target in Table 6.
Table 6. Summary of Targeted Resistance Gene Variants Detection Based on the in silico Prediction

	Target
	Tested with Revogene® Carba C
	in silico Prediction

	
	Nb. of Samples
	Variants Detected
	Variants not Detected
	Detectablea
	Potentially Detectableb
	Not Detectable

	KPC
	12
	2, 3, 4
	None
	2 to 38
	None
	N/A

	NDM
	15
	1, 4, 5, 6, 7
	None
	1 to 24
	None
	N/A

	IMP
	11
	1, 4, 8, 9, 11
	None
	1, 2, 4 to 6, 8 to 10, 13 to 20, 23 to 26, 28 to 30, 32, 33, 37, 38, 40, 42, 45, 47 to 49, 53 to 56, 59, 60, 62, 66, 69 to 72, 74 to 79
	3, 7c, 11d, 21, 22, 27, 34, 41, 43, 44, 51, 52, 58, 61, 64, 67, 68, 73
	12, 31, 35, 63

	OXA-48-like
	12
	48, 181, 204, 232
	None
	48, 162, 181, 199, 204, 232, 244, 245, 252e, 370, 484, 505, 514e, 515e, 519, 546e, 547e, 566
	None
	54e, 163f, 247f, 405f, 416e,

436, 438f, 439f, 517, 535e,

538e, 567

	VIM
	10
	1, 2, 10, 19
	None
	1 to 6, 8 to 12, 14 to 20, 23 to 46, 48 to 50, 52 to 55, 57, 59, 60
	51, 56, 58
	7, 13, 47


a Based on alignments with identity and query cover ≥ 95% and E-values < 0.01.

b Based on alignments presenting not more than two (2) nucleotides mismatches.

c A recombinant strain carrying an IMP-7 gene was tested with the Revogene Carba C assay, in complement to the in silico study, and its detection was confirmed.

d A clinical strain carrying an IMP-11 gene was tested with the Revogene Carba C assay in the analytical inclusivity study and its detection was confirmed.

e Variants only identified in the rare opportunistic human pathogens of the Shewanella genus.

f Variants presenting a deletion in their sequence resulting in no carbapenemase activity.
CROSS-REACTIVITY :
The cross-reactivity of the Revogene Carba C assay was assessed with high loads of carbapenem-non-susceptible strains carrying different β-lactamase resistance genes that are not targeted by the assay.
The study included 50 Enterobacteriaceae, Acinetobacter baumannii and Pseudomonas aeruginosa strains carrying, different β-lactamase resistance genes (i.e., blaCTX-M, blaAmpC, blaSHV, blaSME, blaTEM, and blaSPM) (Table 7). Strains were tested at a minimal load of 8.18x106 CFU/mL of SB. Three (3) replicates per strain were tested using three (3) different Revogene Carba C kit lots (1 replicate per kit lot).
Under the conditions of the study, 49 strains were found non- reactive with the Revogene Carba C assay. Klebsiella pneumoniae CCUG 59359 blaTEM-52 strain was found reactive at a final concentration of 1.13x107 CFU/mL of SB, but was found non- reactive when diluted 10-fold at a final concentration of 1.13x106 CFU/mL of SB.
The cross-reactivity with primers and probes of the Revogene Carba C assay was evaluated by an in silico analysis performed on sequences contained in the National Center for Biotechnology Information (NCBI) database on September 6th, 2018. No other resistance gene than the assay targets (i.e. blaKPC, blaNDM, blaVIM, blaOXA-48-like and blaIMP resistance genes) was found to have a homology with the primers and probes of the Revogene Carba C assay, including blaIMI and blaVEB, which are two (2) other β- lactamase resistance genes that are not targeted by the assay.
Table 7. List of Strains Tested for Cross-Reactivity with the Revogene Carba C Assay.

	Species
	Collection Number
	Non-Targeted Resistance
Gene(s)1

	Enterobacter cloacae
	CCRI-22353
	ACT-15

	Enterobacter cloacae
	CCRI-23473
	No β-lactamase

Gene Identified

	Enterobacter cloacae
	CCRI-21540
	ACT-7

	Enterobacter cloacae
	CCRI-22075
	ACT-7

	Enterobacter cloacae
	CCRI-22097
	ACT-16

	Enterobacter cloacae
	CCRI-23318
	TEM-206, CTX-M-

15, CMH-1

	Escherichia coli
	CCRI-21970
	AmpC1, AmpC2, MrdA, AmpH,

CMY-44

	Klebsiella aerogenes
	CCRI-19495
	SHV-5, AmpC

	Serratia marcescens
	CCRI-21537
	SRT-1

	Serratia marcescens
	CCRI-23334
	SME-4, SRT-1

	Enterobacter cloacae
	CCRI-21536
	ACT-5

	Enterobacter cloacae
	CCRI-21603
	ACT-7

	Enterobacter cloacae
	CCRI-21692
	ACT-14

	Acinetobacter baumannii
	CCRI-1016
	TEM-90, Mbl, BlaA2, OXA-653,

Zn-dependent

hydrolase

	Klebsiella pneumoniae
	CCRI-1015
	TEM-171, SCO-1, PER-2, OXA-93,

SHV-39, AmpH

	Acinetobacter baumannii
	CCRI-1017
	TEM-206, SCO-1, Mbl, BlaA2, OXA-

673, Zn-dependent

hydrolase

	Proteus mirabilis
	CCRI-831
	TEM-206, CTX-M-

2, OXA-23

	Proteus mirabilis
	CCRI-825
	TEM-33, CTX-M-2, OXA-23

	Pseudomonas

aeruginosa
	CCRI-873
	OXA-503

	Pseudomonas

aeruginosa
	CCRI-1228
	OXA-503

	Salmonella enterica
	CCRI-8892
	TEM-166, CTX-M-

5, OXA-13

	Salmonella enterica
	CCRI-8893
	TEM-95, CTX-M-5, OXA-13

	Escherichia coli
	CCRI-785
	TEM-206, AmpC1,

MrdA, AmpC2,

AmpH

	Escherichia coli
	CCRI-779
	TEM-206, AmpC1,

MrdA, AmpC2,

AmpH

	Escherichia coli
	CCRI-778
	AmpC2, MrdA

	Enterobacter cloacae
	CCRI-3854
	ACT-42

	Enterobacter

aerogenes
	CCRI-3879
	AmpC

	Enterobacter

aerogenes
	CCRI-3853
	AmpC

	Enterobacter cloacae
	CCRI-3852
	ACT-7

	Klebsiella

quasipneumoniae
	CCRI-806
	OKP-B-11

	Klebsiella pneumoniae
	CCRI-784
	SHV-27, AmpH

	Escherichia coli
	CCRI-878
	AmpC2, MrdA,

AmpH

	Proteus mirabilis
	CCRI-826
	TEM-215

	Klebsiella pneumoniae
	CCUG 54718
	TEM-33, CTX-M-

15, OXA-13, AmpH

	Klebsiella pneumoniae
	CCUG 59358
	SHV-14, OXA-13, LAP-2

	Escherichia coli
	NCTC 13441
	CTX-M-15, TEM- 198, MrdA, OXA-

13, AmpC2

	Klebsiella pneumoniae
	CCUG 58546
	SHV-44, AmpH

	Klebsiella pneumoniae
	CCUG 59349
	CTX-M-15, OXA-13, TEM-105, SHV-11, AmpH

	Klebsiella pneumoniae
	CCUG 59359
	SHV-70, TEM-15,

AmpH

	Klebsiella pneumoniae
	CCUG 59360
	TEM-168, SHV-12,

OXA-93, AmpH

	Escherichia coli
	CCUG 55970
	CTX-M-9, AmpC2, TEM-206, MrdA,

AmpC1, AmpH

	Escherichia coli
	CCUG 55971
	TEM-143, CTX-M-

15, AmpC2

	Escherichia coli
	CCUG 55972
	AmpC1, CTX-M-2,

AmpC2, AmpH

	Escherichia coli
	CCUG 58540
	AmpC2, TEM-206, CTX-M-15, OXA-13, MrdA, AmpH

	Escherichia coli
	CCUG 58541
	CTX-M-14, TEM- 104, MrdA,

AmpC2, AmpH

	Escherichia coli
	CCUG 58542
	CTX-M-15, AmpC2,

OXA-13, MrdA

	Proteus mirabilis
	CCRI-21789
	No β-lactamase

Gene Identified

	Klebsiella pneumoniae
	NCTC 13465
	SHV-85, TEM-206,

AmpH

	Escherichia coli
	CCRI-21710
	AmpC2, MrdA, CTX-M-15, AmpH,

OXA-13

	Pseudomonas

aeruginosa
	C72
	SPM


1 Analyzed by Whole Genome Sequencing, except for P. aeruginosa C72 strain.

2 Resistance gene identified with 99.9% homology.

3 These blaOXA variants are not part of the blaOXA-48-like family, but are part of the Ambler class D.
TEST FOR INTERFERING SUBSTANCES:

The potentially inhibitory effect of 12 combinations of agar plates and sterile saline solutions that may be used for isolation and 0.5 McFarland (McF) suspension preparation was assessed using five (5) positive bacterial strains, each harboring one (1) of the resistance genes detected by the Revogene Carba C assay, and one (1) negative carbapenem-non-susceptible strain that does not carry any of the resistance genes targeted by the assay. Each strain was first cultured on Blood Agar Plates (BAP) and MacConkey Agar Plates (MAP) in presence of a 10 µg meropenem disc, and then sub-cultured on fresh BAP or MAP. Isolated colonies obtained from the fresh BAP or MAP were sampled using a sterile dry swab and diluted in a sterile saline solution at a concentration equivalent to a standardized 0.5 McFarland suspension. A total of 12 combinations were tested (Table 8). For each combination, one (1) replicate of each strain was tested with three (3) Revogene Carba kit lots. None of the 12 combinations showed reportable interference with the Revogene Carba C assay.
Table 8. List of Combinations of Agar Plates and Saline Solutions Tested with the Revogene Carba C Assay.

	Agar Plate / Saline Solution
(Manufacturer)

	Colombia Blood Agar 5% (Hardy Diagnostics) / BBL™ Prepared Saline Solution (BD)

	Colombia Blood Agar 5% (Hardy Diagnostics) / Saline 0.85% (Thermo Scientific™ Oxoid™)

	Prepared Media BD BBL™ Columbia Agar with 5% Sheep Blood (BD) / BBL™ Prepared Saline Solution (BD)

	Prepared Media BD BBL™ Columbia Agar with 5% Sheep Blood (BD) / Saline 0.85% (Thermo Scientific™ Oxoid™)

	Columbia Agar with 5% Sheep Blood (bioMérieux) / BBL™ Prepared Saline Solution (BD)

	Columbia Agar with 5% Sheep Blood (bioMérieux) / Saline 0.85% (Thermo Scientific™ Oxoid™)

	MacConkey Agar (Hardy Diagnostics) / BBL™ Prepared Saline Solution (BD)

	MacConkey Agar (Hardy Diagnostics) / Saline 0.85% (Thermo Scientific™ Oxoid™)

	MacConkey Agar Medium (Thermo Scientific™ Remel™) / BBL™ Prepared Saline Solution (BD)

	MacConkey Agar Medium (Thermo Scientific™ Remel™) / Saline 0.85% (Thermo Scientific™ Oxoid™)

	MacConkey Agar (Thermo Scientific™ Oxoid™) / BBL™ Prepared Saline Solution (BD)

	MacConkey Agar (Thermo Scientific™ Oxoid™) / Saline 0.85% (Thermo Scientific™ Oxoid™)


CARRY-OVER AND CROSS-CONTAMINATION:
The carry-over (between-run) and cross-contamination (within- run) were assessed using high positive and negative samples. The concentration of each bacterial suspension was standardized to 4 McFarland (≥1.14x107 CFU/mL of Sample Buffer), higher than the nominal concentration of 0.5 McFarland that is specified for use in the assay. Positive samples were prepared with the Klebsiella pneumoniae CCUG 59348 strain which harbors the blaKPC gene. Negative samples were prepared with the carbapenem-non-susceptible Enterobacter cloacae CCRI-22760 strain that does not carry any of the carbapenemase resistance genes targeted by the assay.
For the carry-over study, a run of eight (8) replicates of high positive samples followed by a run of eight (8) replicates of negative samples was performed by two (2) operators with the Revogene Carba C assay, for a total of ten (10) runs on one (1) Revogene.

For the cross-contamination study, four (4) high positive samples and four (4) negative samples were tested by alternating sample preparation between positive and negative samples for each run. A total of ten (10) runs were performed with the Revogene Carba C assay by two (2) operators on one (1) Revogene.
No carry-over or cross-contamination of blaKPC was observed.
LIMITATIONS OF THE PROCEDURE:
1. The Revogene Carba C assay detects blaKPC, blaNDM, blaVIM, blaOXA-48-like, and blaIMP gene sequences, and is not for bacterial identification.

2. The performance of the Revogene Carba C assay with bacteria other than Enterobacteriaceae, Acinetobacter baumannii or Pseudomonas aeruginosa has not been evaluated. Organisms should be identified, and carbapenem non- susceptibility status should be determined, prior to testing with the Revogene Carba C assay.

3. Pseudomonas aeruginosa and Acinetobacter baumannii exhibit intrinsic resistance to ertapenem. Determination of the carbapenem susceptibility of these species and applicability of the Revogene Carba C assay should be based on testing with meropenem, imipenem and/or doripenem.

4. The Revogene Carba C assay is not a sub-typing tool and does not report variants of the blaKPC, blaNDM, blaVIM, blaOXA-48-like, and blaIMP genes.
5. The Revogene Carba C assay must only be used with the Revogene instrument by trained personnel.

6. Only Revogene Carba C PIEs can be used within a single run. PIEs from other Revogene assays are not compatible with the Revogene Carba C assay and should not be used.

7. Results from the Revogene Carba C assay should be used as an adjunct to clinical observations and other information available to the physician.

8. Erroneous test results may occur from improper culture preparation, handling or storage, technical error, or sample mix-up. Careful compliance with the instructions of this insert, the Revogene User Manual and to established guidelines is necessary to avoid erroneous results.

9. Contamination or unexpected positive results may occur if a PIE cap is incorrectly closed or if a droplet has been dropped on the edges of the Sample Loading Chamber.

10. Storage longer than the time period indicated in the STORAGE AND STABILITY section for the SBT samples may yield unexpected or invalid results.

11. Mutations or polymorphisms in current, new or unknown blaKPC, blaNDM, blaVIM, blaOXA-48-like and blaIMP gene sequences may affect detection, resulting in false negative results.

12. In silico predictions of the inclusivity of the Revogene Carba C primers and probes were performed using sequence data available in GenBank in 2018. Analysis of new variant sequences of the targeted carbapenemase genes deposited in GenBank after 2018 has not been performed.

13. Performance of the REvogene Carba C assay with non-target carbapenemase genes, other than blaCTX-M, blaAmpC, blaSHV, blaSME, blaTEM, and blaSPM is unknown.
PERFORMANCE CHARECTERISTICS:
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