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SUBJECT:   Gene Xpert® Carba- R Assay
	1.    PRINCIPLE:


	The Xpert® Carba-R Assay, performed on the GeneXpert® Instrument Systems, is a qualitative in vitro diagnostic test designed for the detection and differentiation of the blaKPC, blaNDM, blaVIM, blaOXA-48, and blaIMP gene sequences associated with carbapenem-non-susceptibility. The test utilizes automated real-time polymerase chain reaction (PCR).

The Xpert® Carba-R Assay is intended as an aid to infection control in the detection of carbapenem-non-susceptible bacteria that colonize patients in healthcare settings. The Xpert® Carba-R Assay is not intended to guide or monitor treatment for carbapenemnon- susceptible bacterial infections. A negative Xpert® Carba-R Assay result does not preclude the presence of other resistance mechanisms.

The Xpert® Carba-R Assay is for use with the following sample types:

*Rectal Swab Specimens

The assay is performed on rectal swab specimens from patients at risk for intestinal colonization with carbapenem-non-susceptible bacteria. Concomitant cultures are necessary to recover organisms for epidemiological typing, antimicrobial susceptibility testing, and for further confirmatory bacterial identification.

*Pure Colonies

The assay is performed on pure colonies of Enterobacteriaceae, Acinetobacter baumannii, or Pseudomonas aeruginosa, when grown on blood agar or MacConkey agar. For testing pure colonies, the Xpert® Carba-R Assay should be used in conjunction with other laboratory tests including phenotypic antimicrobial susceptibility testing.
The GeneXpert® Instrument Systems automate and integrate sample preparation, nucleic acid extraction and amplification, and detection of the target sequence in simple or complex samples using real-time PCR assays. The systems consist of an instrument, personal computer, and preloaded software for performing tests and viewing the results. The systems require the use of single-use disposable cartridges that hold the PCR reagents and host the PCR process.

Because the cartridges are self-contained, cross-contamination between samples is minimized. For a full description of the system, see the GeneXpert® Dx System Operator Manual or the GeneXpert® Infinity System Operator Manual.

The Xpert® Carba-R Assay includes reagents for the detection of blaKPC, blaNDM, blaVIM, blaOXA-48, and blaIMP gene sequences as well as a Sample Processing Control (SPC) to control for adequate processing of the target bacteria and to indicate the presence of inhibitor(s) in the PCR reaction. The SPC also ensures that the PCR reaction conditions (temperature and time) are appropriate for the amplification reaction and that the PCR reagents are functional. An additional internal control, the Probe Check Control (PCC), verifies reagent rehydration, PCR tube filling in the cartridge, probe integrity, and dye stability.

The primers and probes in the Xpert® Carba-R Assay detect proprietary sequences for the blaKPC (KPC), blaNDM (NDM), blaVIM (VIM), blaOXA-48 (OXA-48), and blaIMP (IMP) gene sequences associated with carbapenem-non-susceptibility in gram negative bacteria.


	2.    CLINICAL SIGNIFICANCE:


	The global spread of carbapenemase-producing Enterobacteriaceae, Pseudomonas aeruginosa, and Acinetobacter species (i.e., carbapenem non-susceptible organisms, CNSOs) is a critical medical and public health issue. These bacteria are often resistant to all beta-lactam agents and frequently are co-resistant to multiple classes of other antimicrobial agents, leaving very few treatment options.
 Tracing the spread of CNSOs is complicated by the diversity of carbapenem-hydrolyzing enzymes that have emerged and the ability of the genes to spread among multiple bacterial species. Some of the resistance genes, such as the Klebsiella pneumoniae carbapenemase (KPC) determinants, are associated with successful clonal lineages of bacteria (e.g., K.pneumoniae ST258), which have a selective advantage in hospital settings where antimicrobial use is high.

Opportunities for transmission of organisms are often frequent, with further dissemination of the resistance genes via transmissible plasmids and integrons. K. pneumoniae strain ST258 has caused multiple epidemics globally, especially in the United States and Israel.

Similarly, organisms containing the gene encoding New Delhi metallo-beta-lactamase (NDM) have been introduced into Europe by individuals who, in many cases, have visited India or Pakistan. 
A third mechanism of carbapenem resistance, mediated by Verona integron-mediated metallo-beta-lactamase (VIM), has been a concern in Europe for several years. Additional metallobeta-lactamases, such as those in the imipenemase (IMP) class, have been recognized in Japan and other Asian countries for many years, and are now spreading globally.
In addition, the Class D oxacillinase, OXA-48, which often mediates low-level carbapenem resistance, is now spreading rapidly in Europe. Currently, the standard method for detecting patients who are colonized with carbapenem-non-susceptible organisms is to culture rectal swab samples on gram-negative selective agar plates, such as MacConkey agar, followed by antimicrobial susceptibility testing of lactose fermenting colonies, or by using selective screening agar media. The former is laborious and can require several days to generate a final result, while the latter approach varies considerably in sensitivity and specificity based on the selective medium used.

	A fast and accurate method of determining whether a rectal swab specimen or a carbapenem-non-susceptible bacterial isolate harbors one of these five common classes of carbapenem resistance genes would be a significant aid to infection control programs especially during outbreaks, since it has the potential to: 1) identify the specific resistance gene present in the

organism, and 2) differentiate those organisms with the most common transmissible carbapenem resistance genes that encode carbapenemase enzymes from organisms that are resistant due to other beta-lactamases and/or changes in the organism’s cell wall, which may not necessarily require placement of the patient in contact precautions.

	

	3.   SPECIMEN:

A.   COLLECTION AND PROCESSING:


	Rectal Swab Samples:

• COPAN swabs are used to collect a paired rectal swab: Carefully insert both swab tips approximately 1 cm beyond the anal sphincter and rotate gently. 

• Place swab pair back into the original transport tube.

• Swabs in the transport tube can be stored at 15–28 °C for up to five days.


Bacterial Isolates:
1. Organisms should be identified and carbapenem non-susceptibility status should be determined in accordance with the current FDA approved drug package insert and the latest version of CLSI guidelines prior to testing on Xpert® Carba-R Assay.

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

3. Incubate the plate at 35 °C for 18–24 hours in ambient air.

4. Use the direct colony suspension method by touching isolated colonies with a swab or loop to prepare a 0.5 McFarland suspension of the bacterial isolate. 
	B.    REJECTION:


Highly soiled swab specimens are unacceptable.
Improperly labeled swab specimens.

Bacterial isolates that do not meet the above listed criteria.
	

	C.   STORAGE AND PRESERVATION:




· Store the Xpert® Carba-R Assay cartridges at 2–28 °C.

• Do not open a cartridge lid until you are ready to perform testing.

• Do not use reagents or cartridges that have passed the expiration date.

• The Sample Reagent is a clear, colorless liquid. 
· Do not use the Sample Reagent if it has become cloudy or discolored.

• Use the cartridge within 30 minutes after opening the cartridge lid.

• Do not use a cartridge that has leaked.
	

	4.   REAGENTS, STANDARDS, AND CONTROLS:

The Xpert® Carba-R Assay kit contains sufficient reagents to process 10 samples. 
The kit contains the following:

Xpert® Carba-R Assay Cartridges with Integrated Reaction Tubes 

• Bead 1, Bead 2, and Bead 3 (freeze-dried) 

• Reagent 1 

• Reagent 2 (Guanidinium chloride) 

Xpert® Carba-R Assay Sample Reagent Vials 

• Sample Reagent 
Disposable (1.7 mL) Transfer Pipettes 

A. PREPARATION:


	
	
	
	
	


	· Xpert® Carba-R Assay cartridges are to be used at room temperature.

·  Xpert® Carba-R kit contains sufficient product to process 10 specimens or quality control samples.  


	B.   CONTROL PROCEDURE:


	External controls must be performed:

· on each new shipment and lot number and results recorded

· every 30 days and results recorded

· External QC must also be performed after each maintenance upgrade and results recorded

External controls include a negative and a positive control:
Xpert® Carba-R QC Panel M219,

 (catalog number M219 from Maine Molecular Quality Controls, Inc. MMQCI, Scarborough, ME)
· External positive control (inactivated Escherichia coli carrying plasmid with KPC, NDM, VIM, IMP, OXA-48 gene sequences) 
· External negative control (inactivated E. coli).

  Internal QC is reviewed by each shift when testing is performed: 

Each test includes a Sample Processing Controls (SPC) and probe check (PCC). 
(The SPC and PCC are processed with each patient test and the patient result is only released by the GeneXpert® if these controls meet the validated acceptance criteria.)




***Should the negative control result in a Detected, Invalid or Error result, follow these troubleshooting steps:                                                                                                
· Rerun a new negative control.

· Cross check with a different lot number.
· Perform an environmental wipe test.
· Contact Cepheid Technical Services.
Internal QC:
Each test includes a Sample Processing Control and a Probe Check Control.

• Sample Processing Control (SPC)—Ensures the sample was processed correctly. The SPC contains spores of Bacillus globigii in the form of a dry bead that is included in each cartridge to verify adequate processing of the sample. The SPC verifies that lysis of bacteria has occurred if the organisms are present and verifies that sample processing is adequate.
Additionally, this control detects sample-associated inhibition of the real-time PCR assay, ensures the PCR reaction conditions (temperature and time) are appropriate for the amplification reaction, and that the PCR reagents are functional.

The SPC should be positive in a negative sample and can be negative or positive in a positive sample. The SPC passes if it meets the validated acceptance criteria.

• Probe Check Control (PCC)—Before the start of the PCR reaction, the GeneXpert® System measures the fluorescence signal from the probes to monitor bead rehydration, reaction tube filling, probe integrity, and dye stability. Probe Check passes if it meets the assigned acceptance criteria.

	5.   EQUIPMENT:

A.   INSTRUMENTS:


	GeneXpert® Instrument System, 6-color GeneXpert® instrument, computer with proprietary GeneXpert® Software Version 4.3 or higher, barcode scanner, and appropriate GeneXpert® Instrument System operator manual.

Equipment maintenance includes:

Daily (day of testing):

1. Clean work area

2. Disinfect with DRNAse free

3. Disinfect with 70% alcohol x2

4. Keep module doors vertical

5. Throw away used cartridges

6. Maintain 2 inches’ clear space around GX

7. Dust Buster front & back of instrument

Weekly maintenance:

1. Reboot GX instrument

2. Reboot software & Computer

3. Disinfect GX surfaces

Monthly maintenance:

1. Archive runs

2. Purge tests

3. Replace fan filters (back of GX)

Quarterly Maintenance:

1. Disinfect cartridge Bay Interior (use gauze)

2. Disinfect plunger rod (use gauze)

3. Backup data base

Yearly:

1. Check annual instrument maintenance

2. ExpertCheck of GX (yearly or every 2000 runs per module – whichever comes first.



	B.   MICROSCOPIC EXAMINATIONS (AND REJECTIONS):


	Not applicable


	6.   PROCEDURE:

A.   PERFORMANCE:


	Important:  Place the cartridge into the GeneXpert® instrument within 30 minutes of adding the sample to the cartridge.
Preparing the Cartridge:
1. Remove a Xpert® Carba-R Assay cartridge, a Sample Reagent vial and a transfer pipette from the kit. Open the vial of the Sample Reagent.

2. To add the sample to the cartridge:

*For rectal swab samples, to add the swab sample to the cartridge:

•  From the paired swabs, place one swab into the Sample Reagent vial. Replace the unused swab into the transport tube and store for possible repeat testing.

· Hold the swab by the stem near the rim of the vial, lift the swab a few millimeters from the bottom of the vial and bend the stem over the edge of the vial to break it off at the score mark, leaving the swab short enough to allow the swab to fit into the vial and to allow the cap to close tightly.

*For bacterial isolates, to add the 0.5 McFarland suspension of the isolate to the cartridge:
· Vortex the 0.5 McFarland suspension. Using a 10 μL loop, transfer 10 μL of the 0.5 McFarland suspension to a 5 mL vial of Sample Reagent. Swirl the loop a minimum of three times in the Sample Reagent. After the initial test, the leftover sample in the Sample Reagent vial can be retained at 2–28 °C for up to five days if a retest is required.

*Ensure that the 10 μL loop is filled with sample and the sample suspension in the loop does not burst when transferring the 0.5McFarland suspension to the Sample Reagent.

3. Cap the Sample Reagent vial tightly and vortex at high speed for 10 seconds.

4. Open the cartridge lid. Open the Sample Reagent cap. Using the transfer pipette provided, aspirate the prepared sample (Sample Reagent containing the sample from Step 2) up to the mark on the pipette (which is approximately 1.7 mL; see Figure 1) and then transfer the material into the Sample Chamber large opening (see Figure 2) of the Xpert® Carba-R Assay cartridge.

5. Close the cartridge lid and place the cartridge into the GeneXpert® instrument within 30 minutes of adding the sample to the cartridge.

[image: image1.png]
[image: image2.png]



Fill Line ----------- 

                                                                       ------- Sample Chamber


     (Large Opening)







Figure 2. Xpert Carba-R Assay Cartridge (Top View)
Figure 1. Transfer Pipette to Transfer Sample to Cartridge




Starting the Test

· CHANGE GLOVES AT THIS POINT TO KEEP EVERYTHING CLEAN
a) Log on to the GeneXpert® Instrument System software using your user name and password.
b) Click on “Create Test”, you will be prompted to scan the Sample Barcode. 
c) After scanning the Sample Barcode, you will be prompted to scan the Cartridge Barcode. 
d) Click “Start Test”.  Open the instrument module door with the blinking green light. 
e) Load the cartridge and close the door. There should be a click to indicate that the door is locked.

f) The test starts and the green light stops blinking. When the test is finished, the light turns off.
g) Wait until the system releases the door lock before opening the module door and removing the cartridge.
h) Dispose of used cartridges and all used materials in the appropriate biohazard waste containers.
i) When the test is finished, the results will be found in the Interface of the LIS.
j) Verify that the correct patient is being reported.

11.  Answer the result in the LIS.
 CREP test (rectal swab screening test), these results will cross the interface:
· The Interface is in Soft Lab under Instrument Menu called GeneXpert® Cepheid. To answer the test, click “Bridge to the Worklist”. 

· When you bridge over, it will ask: “Do you want to verify results with posting?”, you may say “yes” or “no”.

· If answering “no” you must verify all results in the worklist.
· CREP test results: DO NOT report to ODH. 
CARBI test (MEDIA test ordered for isolate confirmation):

· print a copy of the GenXpert® result.

· Enter result in the LIS by choosing the appropriate result comment from the drop down internal keypad on both the media test line and on the isolate comment line.
· Isolates that are confirmed as carbapenemase-producing by GenXpert® confirmation testing will need to be submitted to ODH. Only an initial isolate is to be sent, not subsequent isolates. 

( RETEST:
Reasons to Repeat the Test

Repeat the test using a new cartridge (do not re-use the cartridge) and new Sample Reagent vial. 

• An INVALID result indicates that the control SPC failed. The sample was not properly processed or PCR is inhibited, or the volume of sample added was inadequate.

• An ERROR result indicates that the Probe Check control failed and the assay was aborted possibly due to the reaction tube being filled improperly, a reagent probe integrity problem was detected, because the maximum pressure limits were exceeded, or a valve positioning error was detected.

• A NO RESULT indicates that insufficient data were collected. For example, the operator stopped a test that was in progress or a power failure occurred.

• If an External Control fails to perform as expected, repeat external control test and/or contact Cepheid Technical Support for assistance.

Retest Procedure

· Rectal and Perirectal Swab Sample Retest Procedure
1. Remove a new cartridge, a new Sample Reagent vial, and a new transfer pipette from the kit.

2. Remove the leftover swab from the transport container.

3. Insert the swab into a new Sample Reagent vial. Hold the swab by the stem near the rim of the vial, lift the swab a few millimeters from the bottom of the vial and bend the stem over the edge of the vial to break it off at the score mark, leaving the swab short enough to allow the swab to fit into the vial and to allow the cap to close tightly.

4. Cap the new Sample Reagent vial tightly and vortex at high speed for 10 seconds.

5. Open the cartridge lid. Using the provided transfer pipette, aspirate the Sample Reagent to the mark on the pipette, and then transfer the material into the Sample Chamber of the Xpert® Carba-R Assay cartridge.

6. Close the cartridge lid and place the cartridge into the GeneXpert® instrument within 30 minutes. Follow previous instructions for “Starting the Test”.

· Bacterial Isolate Sample Retest Procedure

1. Remove a new cartridge, a new Sample Reagent vial, and a new transfer pipette from the kit.

2. Transfer the entire contents of the leftover sample in the Sample Reagent vial to the new Sample Reagent vial.

3. Cap the new Sample Reagent vial tightly and vortex at high speed for 10 seconds.

4. Open the cartridge lid. Using the provided transfer pipette, aspirate the Sample Reagent to the mark on the pipette, and then transfer the material into the Sample Chamber of the Xpert® Carba-R Assay cartridge.

5. Close the cartridge lid and place the cartridge into the GeneXpert® instrument within 30 minutes. Follow previous instructions for “Starting the Test”.

	B.   CALCULATIONS:


	Not applicable


	C.   INTERPRETATION OF RESULTS:


	The results are interpreted by the GeneXpert® System from measured fluorescent signals and embedded calculation algorithms and will be shown in the View Results window. Screenshots and interpretations for all possible combinations of results with the five target analytes in the Xpert® Carba-R Assay are not shown; however, the following examples are indicative of the type of

results that can be expected.


IMP DETECTED;

VIM NOT DETECTED;

NDM NOT DETECTED;

KPC NOT DETECTED;

OXA48 NOT DETECTED
Explanation: 

IMP target DNA sequence is detected; VIM, NDM, KPC, and OXA-48 target DNA sequences are not detected.
• PCR amplification of the IMP target DNA gives a Ct value within the valid range and a fluorescence endpoint above the threshold setting; VIM, NDM, KPC, and OXA-48 target DNA sequences are absent or below the assay detection level.

• SPC: Not applicable. The SPC is ignored because IMP target DNA amplification may compete with this control.

• PCC: PASS; all probe check results pass.

• Therapeutic strategies that include antimicrobial agents, such as beta-lactam/betalactamase inhibitor combinations with limited or no activity against bacteria producing metallo-beta-lactamases, should be used with caution. Xpert® Carba-R Assay results showing the presence of blaIMP, blaVIM, and blaNDM metallo-beta-lactamase genes from pure colonies of the claimed organisms may be helpful in determining a therapeutic strategy in patients with known or suspected carbapenem-non-susceptible bacterial infections

IMP NOT DETECTED;

VIM DETECTED;

NDM NOT DETECTED;

KPC NOT DETECTED;

OXA48 NOT DETECTED

Explanation: 

VIM target DNA sequence is detected; IMP, NDM, KPC, and OXA-48 target DNA sequences are not detected.

• PCR amplification of the VIM target DNA gives a Ct value within the valid range and a fluorescence endpoint above the threshold setting; IMP, NDM, KPC, and OXA-48 target DNA sequences are absent or below the assay detection level.

• SPC: Not applicable. The SPC is ignored because VIM target DNA amplification may compete with this control.

• PCC: PASS; all probe check results pass.

• Therapeutic strategies that include antimicrobial agents, such as beta-lactam/betalactamase inhibitor combinations with limited or no activity against bacteria producing metallo-beta-lactamases, should be used with caution. Xpert® Carba-R Assay results showing the presence of blaIMP, blaVIM, and blaNDM metallo-beta-lactamase genes from pure colonies of the claimed organisms may be helpful in determining a therapeutic strategy in patients with known or suspected carbapenem-non-susceptible bacterial infections.

IMP NOT DETECTED;

VIM DETECTED;

NDM DETECTED;

KPC NOT DETECTED;

OXA48 NOT DETECTED

Explanation: 

VIM and NDM target DNA sequences are detected; IMP, KPC, and OXA-48 target DNA sequences are not detected.

• PCR amplification of the VIM and NDM target DNAs give Ct values within the valid ranges and fluorescence endpoints above the threshold settings; IMP, KPC, and OXA-48 target DNA sequences are absent or below the assay detection level.

• SPC: Not applicable. The SPC is ignored because VIM and NDM target DNA amplifications may compete with this control.

• PCC: PASS; all probe check results pass.

• Therapeutic strategies that include antimicrobial agents, such as beta-lactam/betalactamase inhibitor combinations with limited or no activity against bacteria producing metallo-beta-lactamases, should be used with caution. Xpert® Carba-R Assay results showing the presence of blaIMP, blaVIM, and blaNDM metallo-beta-lactamase genes from pure colonies of the claimed organisms may be helpful in determining a therapeutic strategy in patients with known or suspected carbapenem-non-susceptible bacterial infections.

IMP DETECTED;

VIM NOT DETECTED;

NDM DETECTED;

KPC NOT DETECTED;

OXA48 NOT DETECTED

Explanation: 

IMP and NDM target DNA sequences are detected; VIM, KPC, and OXA-48 target DNA sequences are not detected.

• PCR amplification of the IMP and NDM target DNAs give Ct values within the valid ranges and fluorescence endpoints above the threshold settings; VIM, KPC, and OXA-48 target DNA sequences are absent or below the assay detection level.

• SPC: Not applicable. The SPC is ignored because IMP and NDM target DNA amplifications may compete with this control.

• PCC: PASS; all probe check results pass.

• Therapeutic strategies that include antimicrobial agents, such as beta-lactam/betalactamase inhibitor combinations with limited or no activity against bacteria producing metallo-beta-lactamases, should be used with caution. Xpert® Carba-R Assay results showing the presence of blaIMP, blaVIM, and blaNDM metallo-beta-lactamase genes from pure colonies of the claimed organisms may be helpful in determining a therapeutic strategy in patients with known or suspected carbapenem-non-susceptible bacterial infections.

	IMP DETECTED;

VIM DETECTED;

NDM NOT DETECTED;

KPC NOT DETECTED;

OXA48 DETECTED

Explanation: 

IMP, VIM, and OXA-48 target DNA sequences are detected; NDM and KPC target DNA sequences are not detected.

• PCR amplification of the IMP, VIM, and OXA-48 target DNAs give Ct values within the valid ranges and fluorescence endpoints above the threshold settings; KPC and NDM target DNA sequences are absent or below the assay detection level.

• SPC: Not applicable. The SPC is ignored because IMP, VIM, and OXA-48 target DNA amplifications may compete with this control.

• PCC: PASS; all probe check results pass.

• Therapeutic strategies that include antimicrobial agents, such as beta-lactam/betalactamase inhibitor combinations with limited or no activity against bacteria producing metallo-beta-lactamases, should be used with caution. Xpert® Carba-R Assay results showing the presence of blaIMP, blaVIM, and blaNDM metallo-beta-lactamase genes from pure colonies of the claimed organisms may be helpful in determining a therapeutic strategy in patients with known or suspected carbapenem-non-susceptible bacterial infections.

IMP DETECTED;

VIM DETECTED;

NDM DETECTED;

KPC NOT DETECTED;

OXA48 DETECTED

Explanation: 

IMP, VIM, NDM, and OXA-48 target DNA sequences are detected; KPC target DNA sequence is not detected.

• PCR amplification of the IMP, VIM, NDM, and OXA-48 target DNAs give Ct values within the valid ranges and fluorescence endpoints above the threshold settings; the KPC target DNA sequence is absent or below the assay detection level.

• SPC: Not applicable. The SPC is ignored because IMP, VIM, NDM, and OXA-48 target DNA amplifications may compete with this control.

• PCC: PASS; all probe check results pass.

• Therapeutic strategies that include antimicrobial agents, such as beta-lactam/betalactamase inhibitor combinations with limited or no activity against bacteria producing metallo-beta-lactamases, should be used with caution. Xpert® Carba-R Assay results showing the presence of blaIMP, blaVIM, and blaNDM metallo-beta-lactamase genes from pure colonies of the claimed organisms may be helpful in determining a therapeutic strategy in patients with known or suspected carbapenem-non-susceptible bacterial infections.

IMP DETECTED;

VIM DETECTED;

NDM DETECTED;

KPC DETECTED;

OXA48 DETECTED

Explanation: 

IMP, VIM, NDM, KPC, and OXA-48 target DNA sequences are detected.

• PCR amplification of the IMP, VIM, NDM, KPC, and OXA-48 target DNAs give Ct values within the valid ranges and fluorescence endpoints above the threshold settings.

• SPC: Not applicable. The SPC is ignored because IMP, VIM, NDM, KPC, and OXA-48 target DNA amplifications may compete with this control.

• PCC: PASS; all probe check results pass.

• Therapeutic strategies that include antimicrobial agents, such as beta-lactam/betalactamase inhibitor combinations with limited or no activity against bacteria producing metallo-beta-lactamases, should be used with caution. Xpert® Carba-R Assay results showing the presence of blaIMP, blaVIM, and blaNDM metallo-beta-lactamase genes from pure colonies of the claimed organisms may be helpful in determining a therapeutic strategy in patients with known or suspected carbapenem-non-susceptible bacterial infections.

IMP NOT DETECTED;

VIM NOT DETECTED;

NDM NOT DETECTED;

KPC NOT DETECTED;

OXA48 NOT DETECTED

Explanation: 

IMP, VIM, NDM, KPC, and OXA-48 target DNA sequences are not detected.

• IMP, VIM, NDM, KPC, and OXA-48 target DNA sequences are absent or below the assay detection level.

• SPC: PASS; PCR amplification of the SPC DNA sequence gives a Ct value within the valid range and a fluorescence endpoint above the threshold setting.

• PCC: PASS; all probe check results pass.
INVALID

Explanation: 

Presence or absence of IMP, VIM, NDM, KPC, and OXA-48 target DNA sequences cannot be determined. 
*See Retest Procedure to repeat the test.

• SPC: FAIL; No PCR amplification of the SPC DNA sequence or the SPC Ct is not within valid range and the                        

                  fluorescence endpoint is below threshold setting.

• PCC: PASS; all probe check results pass.

ERROR 
Explanation: 

Presence or absence of IMP, VIM, NDM, KPC, and OXA-48 target DNA sequences cannot be determined. 
*See Retest Procedure, to repeat the test.

• SPC: NO RESULT

• PCC: FAIL*; one or more of the probe check results failed. The PCC probably failed because the reaction tube was filled improperly or a probe integrity problem was detected.

* If the probe check passed, the error is caused by a system component failure.

NO RESULT 

Explanation: 

Presence or absence of IMP, VIM, NDM, KPC, and OXA-48 target DNA sequences cannot be determined. 
*See Retest Procedure, to repeat the test.

Insufficient data were collected to produce a test result (for example, the operator stopped a test that was in progress or a power failure occurred).

• SPC: NO RESULT

• PCC: Not applicable
7.   QC PERFORMANCE POLICY:
External controls must be performed:

· on each new shipment and lot number and results recorded

· every 30 days and results recorded

· External QC must also be performed after each maintenance upgrade and results recorded

External controls include a negative and a positive control:
Xpert® Carba-R QC Panel M219,

 (catalog number M219 from Maine Molecular Quality Controls, Inc. MMQCI, Scarborough, ME)
· External positive control (inactivated Escherichia coli carrying plasmid with KPC, NDM, VIM, IMP, OXA-48 gene sequences) 
· External negative control (inactivated E. coli).

  Internal QC is reviewed by each shift when testing is performed: 

Each test includes a Sample Processing Controls (SPC) and probe check (PCC). 
(The SPC and PCC are processed with each patient test and the patient result is only released by the GeneXpert® if these controls meet the validated acceptance criteria.)

***Should the negative control result in a Detected, Invalid or Error result, follow these troubleshooting steps:                                                                                                
· Rerun a new negative control.

· Cross check with a different lot number.
· Perform an environmental wipe test.
· Contact Cepheid Technical Services.
Internal QC:
Each test includes a Sample Processing Control and a Probe Check Control.

• Sample Processing Control (SPC)—Ensures the sample was processed correctly. The SPC contains spores of Bacillus globigii in the form of a dry bead that is included in each cartridge to verify adequate processing of the sample. The SPC verifies that lysis of bacteria has occurred if the organisms are present and verifies that sample processing is adequate.
Additionally, this control detects sample-associated inhibition of the real-time PCR assay, ensures the PCR reaction conditions (temperature and time) are appropriate for the amplification reaction, and that the PCR reagents are functional.

The SPC should be positive in a negative sample and can be negative or positive in a positive sample. The SPC passes if it meets the validated acceptance criteria.

• Probe Check Control (PCC)—Before the start of the PCR reaction, the GeneXpert System measures the fluorescence signal from the probes to monitor bead rehydration, reaction tube filling, probe integrity, and dye stability. Probe Check passes if it meets the assigned acceptance criteria.

A.   CALIBRATION AND CALIBRATION VERIFICATION


	Not applicable.


	B.   FAILURE/REMEDIAL ACTION:


	Submit isolate to ODH for confirmation.


	8.   EXPECTED RESULTS:
A.   REPORTABLE RANGE:


	Not applicable


	B.   REFERENCE RANGE:


Not applicable

	

	C.   CRITICALVALUES:

	Call all new Carba-R results to the nursing unit. These patients MUST be put into CONTACT ISOLATION. Microbiology will send a CONTACT PRECAUTIONS sticker to the floor to place on the front cover of the patient’s chart.  The sticker will be placed on the transfer form if the patient is transferred to another facility.  

	

	9.   REPORTING RESULTS:
A. NORMAL VALUES:




Choose the appropriate result from the drop-down keypad in the LIS system to result the assay.
	 CREP test (rectal swab screening test), these results will cross the interface:
· The Interface is in Soft Lab under Instrument Menu called GeneXpert Cepheid. To answer the test, click “Bridge to the Worklist”. 

· When you bridge over, it will ask: “Do you want to verify results with posting?”, you may say “yes” or “no”.
· If answering “yes” results will post and verify automatically.
· If answering “no” you must verify all results in the worklist.
· CREP test results DO NOT report to ODH. 
CARBI test (MEDIA test ordered for isolate confirmation):

· print a copy of the GenXpert® result.

· Enter result in the LIS by choosing the appropriate result comment from the drop down internal keypad on both the media test line and on the isolate comment line.

· Isolates that are confirmed as carbapenemase-producing by GenXpert® confirmation testing will need to be submitted to ODH. Only an initial isolate is to be sent, not subsequent isolates. 

The results are interpreted by the GeneXpert® System from measured fluorescent signals and embedded calculation algorithms and will be shown in the View Results window. Screenshots and interpretations for all possible combinations of results with the five target analytes in the Xpert® Carba-R Assay are not shown; however, the following examples are indicative of the type of results that can be expected.
Report options:

a) IMP DETECTED;

VIM NOT DETECTED;

NDM NOT DETECTED;

KPC NOT DETECTED;

OXA48 NOT DETECTED
b) IMP NOT DETECTED;

VIM DETECTED;

NDM NOT DETECTED;

KPC NOT DETECTED;

OXA48 NOT DETECTED

c) IMP NOT DETECTED;

VIM DETECTED;

NDM DETECTED;

KPC NOT DETECTED;

OXA48 NOT DETECTED

d) IMP DETECTED;

VIM NOT DETECTED;

NDM DETECTED;

KPC NOT DETECTED;

OXA48 NOT DETECTED

e) IMP DETECTED;

VIM DETECTED;

NDM NOT DETECTED;

KPC NOT DETECTED;

OXA48 DETECTED

f) IMP DETECTED;

VIM DETECTED;

NDM DETECTED;

KPC NOT DETECTED;

OXA48 DETECTED

g) IMP DETECTED;

VIM DETECTED;

NDM DETECTED;

KPC DETECTED;

OXA48 DETECTED

h) IMP NOT DETECTED;

VIM NOT DETECTED;

NDM NOT DETECTED;

KPC NOT DETECTED;

OXA48 NOT DETECTED

i) INVALID

j) ERROR 
k) NO RESULT 



	B.    CRITICAL VALUES:


	Call all new Carba-R results to the nursing unit. These patients MUST be put into CONTACT ISOLATION. Microbiology will send a CONTACT PRECAUTIONS sticker to the floor to place on the front cover of the patient’s chart.  The sticker will be placed on the transfer form if the patient is transferred to another facility.  


	 10.   PROCEDURAL NOTES:
· For in vitro diagnostic use.

• For prescription use only.

• Treat all biological specimens, including used cartridges, as if capable of transmitting infectious agents. All biological specimens should be treated with standard precautions.

• Follow standard safety procedures for working with chemicals and handling biological samples/agar plates with pure colonies.

• Follow proper disposal protocol for biohazardous waste for used cartridges and unused reagents. 

• Good laboratory practices, including changing gloves between handling samples, are recommended to avoid contamination of samples or reagents.

• Do not substitute Xpert® Carba-R Assay Sample Reagent with other reagents.

• Do not open the Xpert® Carba-R Assay cartridge lid until you are ready to add the sample.

• Do not use a cartridge that has been dropped after removing it from the packaging.
· Do not shake the cartridge. Shaking or dropping the cartridge after opening the cartridge lid may yield invalid results.
• Do not place the sample ID label on the cartridge lid or on the bar code label.

• Each single-use Xpert® Carba-R Assay cartridge is used to process one test. Do not reuse spent cartridges.

• Do not use a cartridge that has a damaged reaction tube.

• Wear clean lab coats and gloves. Change gloves between processing of each sample.

• In the event of contamination of the work area or equipment with samples or controls, thoroughly clean the contaminated area with a solution of 1:10 dilution of household chlorine bleach and then repeat the cleaning of the work area with 70% ethanol. 

· Wipe work surfaces dry completely before proceeding.
A.    BACKUP FOR INOPERABLE SYSTEM
	
	
	


	Submit isolate to Ohio Department of Health for confirmation testing.


	B.   REFERAL OF SPECIMENS:


	Submit specimen to reference testing area.


	C.   SUBMISSION/HANDLING OF REFERRAL SPECIMENS:


	Submit specimen to reference testing area.


	11.    LIMITATIONS AND INTERFERRING SUBSTANCES:


• The Xpert® Carba-R Assay detects blaKPC, blaNDM, blaVIM, blaOXA-48, and blaIMP from rectal and perirectal swab specimens and pure colonies, and is not for bacterial identification. Detection of these gene sequences does not indicate the presence of viable organisms.

• The Xpert® Carba-R Assay is not a sub-typing tool and does not report variants of the blaIMP, blaVIM, blaNDM, blaKPC, or blaOXA-48 genes.

• Certain bacterial species, such as Pseudomonas aeruginosa and Acinetobacter baumannii have been shown to exhibit resistance to carbapenems due to intrinsic resistance mechanisms.

• The detection of other OXA-carbapenemase genes, besides blaOXA-48 and blaOXA-181, has not been evaluated in the study.

• The in silico analyses used to predict variants detected by the assay were based on a comparison of target gene sequences available in GenBank to the Xpert® Carba-R Assay primer/probe oligonucleotides and amplicon sequence for each gene target. BLAST searches for in silico analysis were performed in 2014-2015. In silico analysis of new variant gene sequences deposited into the database after 2015 for the five target genes have not been performed.

• Mutations or polymorphisms in primer or probe binding regions may affect detection of current, new or unknown blaKPC, blaNDM, blaVIM, blaOXA-48, and blaIMP variants, resulting in a false negative result.

• The Xpert® Carba-R Assay will generate a negative IMP result when testing samples containing IMP-7, IMP-13, or IMP-14 gene sequences.

• Performance of the Xpert® Carba-R Assay with non-target carbapenemase genes, other than blaSPM, blaSME, and blaIMI, is unknown.

• As the detection of blaKPC, blaNDM, blaVIM, blaOXA-48, and blaIMP gene sequences is dependent on the number of organisms present in the sample, reliable results are dependent on proper sample handling and storage.

• Testing with the Xpert® Carba-R Assay should be used as an adjunct to other available methods.

• Xpert® Carba-R Assay results may sometimes be INVALID due to a failed SPC control, or result in an ERROR or NO RESULT, and require retesting that can lead to a delay in obtaining final results.

Rectal and Perirectal Specimen Limitations

• The performance of the Xpert® Carba-R Assay has not been evaluated with rectal or perirectal swab specimens from pediatric patients.

• Analytical studies using combinations of two bacterial populations on contrived swab specimens indicate that when one carbapenemase-producing bacterial species is inoculated near the LoD and another carbapenemase-producing bacterial species is present at concentrations equal or greater than 5 x 106 CFU/swab, the low concentration target may not be detected. Co-colonization with two or more carbapenemase-producing organisms has been reported with Xpert® Carba-R Assay, but is rare. Lack of detection of a second target should have a minimal impact on patient management since isolation procedures would be instituted for patients showing any positive result for a carbapenemase-producing organism.

• Interference with the Xpert® Carba-R Assay may be observed with barium sulfate at > 0.1% w/v and Pepto-Bismol at >0.01% w/v in tests with rectal swab matrix samples.

• Interference with the Xpert® Carba-R Assay may be observed with barium sulfate at > 0.1% w/v and Pepto-Bismol at > 0.025% w/v in tests with perirectal swab matrix samples.

• In rectal swab samples containing the VIM target, interference may occur if fecal fat is present at a concentration of 0.25% w/v, resulting in delayed cycle threshold values.
	• In addition to Pseudomonas aeruginosa and Acinetobacter baumannii groups tested in the contrived study, other non-Enterobacteriaceae were also evaluated: Pseudomonas stutzeri (1), Pseudomonas oryzihabitans (1), Pseudomonas putida(2), and Empedobacter brevis (1). The performance of the Xpert Carba-R Assay with other non-Enterobacteriaceae besides these six species has not been evaluated and is therefore unknown.

• For rectal swab specimens, the Xpert® Carba-R Assay showed reduced positive percent agreement (PPA of 55.6%) for detection of the blaVIM gene sequence in Pseudomonas aeruginosa. Four (4) false negative results were observed with the assay in specimens in which Pseudomonas aeruginosa containing the blaVIM sequence was recovered by the reference method.

• For rectal swab specimens, the Xpert® Carba-R Assay showed reduced positive percent agreement (PPA of 85.7%) for the detection of the blaIMP gene sequence in Acinetobacter baumannii during the Contrived Study. In addition, a low % total agreement (86.1%) across sites for the Reproducibility Study was observed with samples containing low concentrations of organism harboring the blaIMP gene sequence.

• Carbapenem-resistant anaerobes potentially present in fecal specimens have not been evaluated by the Xpert® Carba-R Assay.

• The detection of blaKPC, blaNDM, blaVIM, blaOXA-48, and/or blaIMP from rectal and perirectal swab specimens may be from organisms other than Enterobacteriaceae, Pseudomonas aeruginosa and Acinetobacter baumannii.
• The performance of the Xpert® Carba-R Assay with susceptible isolates containing blaKPC, blaNDM, blaVIM, blaOXA-48, and/or blaIMP gene sequences has not been fully evaluated.

Pure Colonies Limitations

• For pure colonies, the performance of the Xpert® Carba-R Assay with bacteria other than Enterobacteriaceae, Pseudomonas aeruginosa, or Acinetobacter baumannii has not been evaluated. Organisms should be identified, and carbapenem nonsusceptibility status should be determined, prior to testing on Xpert® Carba-R Assay.

• Erroneous test results might occur from improper culture techniques, failure to follow the recommended procedure to prepare the 0.5 McFarland suspension, handling and storage procedures, technical error, sample mix-up, or because the number of organisms in the specimen is too low to be detected by the test. Careful compliance with the instructions in this insert is necessary to avoid erroneous results.


	12.    METHOD VALIDATION:


	May 2018 thru November 2018
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