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	PRINCIPLE: 
 The Cepheid Xpert C. difficile Assay, performed on the Cepheid GeneXpert® Dx System, is a qualitative in vitro diagnostic test for rapid detection of toxin B gene sequences from unformed (liquid or soft) stool specimens collected from patients suspected of having Clostridium difficile infection (CDI). Presumptive identification of 027/NAP/BI strains of C. difficile is by detection of binary toxin (CBT) gene sequences and the single base pair deletion at nucleotide 117 in the tcd C gene.  The tcd C gene encodes for a negative regulator in C. difficile toxin production.  The test utilizes automated real-time polymerase chain reaction (PCR) to detect toxin gene sequences associated with toxin producing C. difficile. The Xpert C. difficile Assay is intended as an aid in the diagnosis of CDI. Detection of 027/NAP1/BI strains of C.difficile, is presumptive, and is solely for epidemiological purposes and is not intended to guide or monitor treatment for C. difficile infections.

Clostridium difficile (C. difficile) is a Gram-positive, spore-forming anaerobic bacillus that was first linked to disease in 1978.1 Clostridium difficile infection (CDI) ranges from diarrhea to severe life-threatening pseudomembranous colitis

The most common risk factor is exposure to antibiotics.4 C. difficile’s primary virulence factor is cytotoxin B.5 The genes coding for toxin A (tcdA; the enterotoxin) and toxin B (tcdB) are parts of the pathogenicity locus (PaLoc).6,7 Most pathogenic strains are toxin A-positive, toxin B-positive (A+B+) strains although toxin A-negative, toxin B-positive (A-B+) variant isolates have been recognized as pathogenic

 Some strains of C. difficile also produce an actin-specific ADP-ribosyltransferase called CDT or binary toxin. The binary toxin locus contains two genes (cdtA and cdtB) and is located outside the PaLoc.9-11 
In the last several years, there have been outbreaks of CDI caused by “hypervirulent” and fluoroquinolone-resistant strains belonging to PCR ribotype 027, PFGE type NAP1 and REA type BI.8,12 These strains exhibit increased toxin production, which is being attributed to deletions in the regulatory gene tcdC and they are thought to produce more spores, leading to enhanced persistence in the environment.13,14 

The GeneXpert Dx System automates and integrates sample purification, nucleic acid amplification, and detection of the target sequence in simple or complex samples using real-time PCR and RT-PCR assays. The system consists of an instrument, personal computer, and preloaded software for running tests and viewing the results. The system requires 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 eliminated. For a full description of the system, see the GeneXpert Dx System Operator Manual. 

The Xpert C. difficile Assay includes reagents for the detection of toxigenic C. difficile, as well as a Sample Processing Control (SPC).  The SPC is present to control for adequate processing of the target bacteria and to monitor the presence of inhibitors in the PCR reaction. The Probe Check Control (PCC) verifies reagent rehydration, PCR tube filling in the cartridge, probe integrity, and dye stability. 

The Cepheid Xpert C. difficile Assay is a rapid, automated in vitro diagnostic test for qualitative detection of toxin producing Clostridium difficile directly from unformed (liquid or soft) stool specimens of patients suspected of having Clostridium difficile infection (CDI). The assay detects the toxin B gene (tcdB), the binary toxin gene (CDT) and the single base pair deletion at nucleotide 117 within the gene encoding a negative regulator of toxin production. The assay is performed on the Cepheid GeneXpert Dx System. 
SPECIMEN COLLECTION AND TRANSPORT

1. Collect the unformed stool specimen in a clean container.  An unformed stool specimen is defined as a specimen that conforms to the shape of the transport container.
2. Use the mnemonic Cdiffcan to cancel a specimen that does not meet the definition of unformed stool.  An unformed stool takes the shape of the container.  If your patient has a diagnosis of suspected intestinal ileus, please contact Microbiology at 652-6046.

3. Testing is limited to one specimen in 7 days. 

4. Due to the enhanced sensitivity of PCR, duplicate testing is not necessary.

5. Patients who have recovered from CDI will often remain colonized for a prolonged period of time.
6. Label with Sample ID generated from Cerner and send to the laboratory.

7. If the sample is to be shared, the dividing of the specimen must be carried out in the Biosafety Class II A hood.

8. Store specimen at 2 – 8 °C. The specimen is stable for up to 5 days when stored at 2 – 8 °C. Alternatively, specimens can be kept at room temperature (20 – 30 °C) for up to 24 hours. 

MATERIALS AND REAGENTS:
The Xpert C. difficile/epi kit contains sufficient reagents to process 10 specimens or quality control samples. The Xpert C. difficile/epi kit contains sufficient reagents to process 120 specimens or quality control samples. 

The kit contains the following:

[image: image1.png]


Xpert C. difficile Assay Cartridges with integrated reaction tubes
10
120
Bead 1 (freeze-dried)
1 per cartridge
1 per cartridge
· Polymerase 

· dNTPs 

· BSA (bovine serum albumin) 

· Probe

Bead 2 (freeze-dried) 

1 per cartridge
1 per cartridge
· Primers 

· Probes 

· BSA 

Bead 3 (freeze-dried) 
1 per cartridge
1 per cartridge
· Sample Processing Control (SPC) non-infectious
sample preparation control spores

Reagent 1 (Sodium Hydroxide)

3.0 mL per cartridge
3.0 mL per cartridge
Reagent 2 (Tris Buffer, EDTA, surfactants)
3.0 mL per cartridge
3.0 mL per cartridge
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Xpert C. difficile reagent pouch
1
1
· Sample Reagent (Guanidinium thiocyanate, surfactants) 
10 × 2.0 mL per pouch
125 × 2.0 mL per pack
MATERIALS REQUIRED BUT NOT PROVIDED:

· GeneXpert Dx System (catalog number varies by configuration): GeneXpert instrument, computer with proprietary software, hand-held barcode scanner and Operator Manual 

· Printer (See GeneXpert Dx System Operator Manual for compatibility guidelines) 

· Gene Xpert software version 4.3 or higher

· Vortex mixer 

· Dry swab for transfer of the specimen, such as the swab found in the Cepheid Sample Collection Device 900-0370 (Copan Venturi Transystem® Culture) or the Copan Dual Swab and Transport System (139CFM LQ STUART). 

· Disposable transfer pipettes. 
PROCEDURE:
1. Specimens should be processed in the Molecular Hood away from other specimens. 
2. The specimen must be handled to minimize aerosolization. 
3. Specimens should be handled individually to prevent cross contamination during processing 
4. Gloves must be worn and frequently changed during the processing especially when transitioning from molecular hood to testing area.
Preparing the Cartridge 

Important: Start the test within 30 minutes of adding the reagents to the cartridge.
To add the sample and reagents to the cartridge:

1. Remove the cartridge and sample and reagent from the package.

2. Briefly place a swab in the unformed stool sample. The swab does not need to be completely saturated.  Use sterile gauze to wipe any excess stool from the swab.

3. Insert the swab into the vial containing the Sample Reagent. 

4. Hold the swab by the stem near the rim of the vial, lift the swab a few millimeters from the bottom of the tube and push the stem against the edge of the vial to break it. Make sure the swab is short enough to allow the cap to close tightly. 

5. Close the lid and vortex at high speed for 10 seconds.

6. Open the cartridge lid. Using a clean transfer pipette (not supplied), transfer the entire contents of the Sample Reagent to the “S” chamber of the Xpert C. difficile Assay cartridge.

7. Close the cartridge lid. 
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Figure 1. Xpert C. difficile/epi cartridge (top view) 

Starting the Test 

Important: Before you start the test, make sure the Xpert C. difficile Assay definition file is imported into the software. This section lists the basic steps of running the test. For detailed instructions, see the GeneXpert Dx System Operator Manual.

1. Turn on the computer, and then turn on the GeneXpert Dx instrument. 

2. On the Windows® desktop, double-click the GeneXpert Dx shortcut icon. 

3. Log on to the GeneXpert Dx System software using your user name and password. 

4. In the GeneXpert Dx System window, click Create Test. The Scan Cartridge Barcode dialog box appears.

5. Scan the barcode on the Xpert C. difficile Assay cartridge. The Create Test window appears. Using the barcode information, the software automatically fills the boxes for the following fields: Select Assay, Reagent Lot ID, Cartridge SN, and Expiration Date.

6. In the Sample ID box, scan or type the sample ID. Make sure you type the correct sample ID. The sample ID is associated with the test results and is shown in the View Results window and all the reports. 

7. Click Start Test. In the dialog box that appears, type your password. 

8. Open the instrument module door with the blinking green light and load the cartridge.

9. Close the door. The test starts and the green light stops blinking. When the test is finished, the light turns off.

10. Wait until the system releases the door lock before opening the module door and removing the cartridge.

11. Dispose of the used cartridges in an appropriate specimen waste container according to your institution's standard practices. 

Viewing and Printing Results 

For detailed instructions on how to view and print the results, see the GeneXpert Dx System Operator Manual. 
INTERNAL QUALITY CONTROL:

Each test includes a Sample Processing Control (SPC) and Probe Check Control (PCC). 

Sample Processing Control (SPC) — Ensures the sample was correctly processed. The SPC contains spores of Bacillus globigii in the form of a dry spore cake that is included in each cartridge to verify adequate processing of the sample bacteria. The SPC verifies that lysis of C. difficile bacteria and spores have occurred, if the organisms are present, and verifies that specimen processing is adequate. Additionally, this control detects specimen-associated inhibition of the real-time PCR assay. 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 Dx 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. 

External Controls — External controls must be run with each new lot and/or following maintenance in accordance with local, state, federal accrediting organizations, as applicable.  
Interpretation of Results: 

The results are interpolated by the GeneXpert Dx System from measured fluorescent signals and embedded calculation algorithms and will be shown in the View Results window. Possible results are: 

Toxigenic C. difficile POSITIVE/027 NAP1-BI PRESUMPTIVE POSITIVE  

Toxin producing C. difficile , presumptive 027/NAP1BI target DNA sequences are detected. 

· The toxin producing C. difficile (Toxin B) AND both presumptive 027/NAP1/BI targets (Binary Toxin and tcdC deletion 117) have Cts within the valid range and endpoints above the minimum setting 

· SPC — NA (not applicable); SPC is ignored since C. difficile target amplification may compete with this control 

· Probe Check – PASS; all probe check results pass.

Toxigenic C.diff POSITIVE/027 NAP1-BI PRESUMPTIVE NEGATIVE 

· The toxin producing C. difficile (Toxin B) AND only one presumptive 027/NAP1/BI targets (Binary Toxin and tcdC deletion 117) have Cts within the valid range and endpoints above the minimum setting 

· SPC — NA (not applicable); SPC is ignored since C. difficile target amplification may compete with this control 

Probe Check – PASS; all probe check results pass. Toxigenic C. difficile NEGATIVE 

C. difficile target DNA sequences are not detected. 

· Toxin producing C. difficile targets not detected. 

· SPC — PASS; SPC has a Ct within the valid range and endpoint above the   endpoint minimum setting. 

· Probe Check — PASS; all probe check results pass. 
INVALID 
Presence or absence of C. difficile target DNA cannot be determined. Repeat test according to the instructions in the Retest Procedure section below. 

· SPC — FAIL; SPC target result is negative and the SPC Ct is not within valid range and endpoint below minimum setting. 

· Probe Check — PASS; all probe check results pass. 

ERROR 

Presence or absence of C. difficile cannot be determined. Repeat test according to instructions in the section below. 

· Toxin producing C. difficile targets — NO RESULT

· Binary Toxin (CDT) – NO RESULT

· Tcd C deletion 117- NO RESULT

· Probe Check — FAIL*; one or more of the probe check results fail. 

      *If the probe check passed, the error is caused by the maximum pressure limit 
       exceeding the acceptable range.
NO RESULT 

Presence or absence of C. difficile cannot be determined. Repeat test according to instructions in the section below. 

· Toxin producing C. difficile targets — NO RESULT 

· Binary Toxin (CDT) – NO RESULT

· Tcd C deletion 117- NO RESULT

· Probe Check — NA (not applicable). 

REPORTING RESULTS
C.diffpos

Toxin producing C.difficile target DNA sequences are detected.

C.diffneg

Toxin producing C.difficile target DNA sequences are not detected.

Note: The test utilizes automated real time PCR to detect toxin gene sequences associated with toxin producing C. difficile.
A physician must use the test result in conjunction with other diagnostic procedures and the patient’s clinical condition to establish a diagnosis of C. difficile associated disease.
RETEST PROCEDURE

· For retest within 3 hours of an indeterminate result, use a new cartridge (do not re-use the cartridge) and  new reagents.
· Transfer the remaining contents of chamber S to a new Sample Reagent Vial using a disposable transfer pipette.
· Vortex and add the entire contents of the Sample Reagent Vial to Chamber S of the new Xpert C.difficile/Epi Assay Cartridge.
· Close the lid and start a new test.
· For retest after 3 hours of an indeterminate result, repeat the test with a new swab sample.
QUALITY CONTROL:

Positive control: 

ATCC 9689 (toxigenic C. difficile)

Negative controls:

ATCC 700057 (non-toxigenic C. difficile)

ATTCC 9714 (C. sordelli) 
PROCEDURE FOR METHOD OF TESTING QUALITY CONTROL ORGANISMS

· Grow all strains to be tested in its appropriate media.  Prepare a 0.5 McFarland standard (approximately 1.5X10 to the eighth CFU/ml).
· Dip the Cepheid sample collection device into the prepared culture.  Let the sample soak onto the swab for about 1 minute.  Alternatively you can remove about 75 to 100 microliters of the culture and add it to the swab.
· Proceed with the GeneXpert procedure.
LIMITATIONS:

· Duplicate testing is not necessary.  Repeat testing will not be done.  Only one sample will be tested per patient per every 7 days

· This test detects but does not differentiate the NAP1 (Ribotype 027) strain from other toxigenic strains of C. difficile. 

· This test targets the tcdB gene for Toxin B production. This test will not detect strains of C. difficile that do not contain the tcdB gene. 

· Results from the Xpert C. difficile Assay should be interpreted in conjunction with other laboratory and clinical data available to the clinician. 

· Erroneous test results might occur from improper specimen collection, failure to follow the recommended sample collection, 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. 

· Because of the dilution factor associated with the retest procedure, it is possible that C. difficile positive specimens, very near or at the limit of detection of the Xpert C. difficile Assay, may result in a false negative result upon retest. 

· Inhibition of the Xpert C. difficile Assay has been observed in the presence of the following substances: Zinc oxide paste and Vagisil® cream. 
WARNINGS AND PRECAUTIONS:

   ●  Treat all biological specimens, including used cartridges, as if capable of transmitting
    infectious agents. Because it is often impossible to know which might be infectious, all
    biological specimens should be treated with universal precautions. Guidelines for
    specimen handling are available from the U.S. Centers for Disease Control and
     Prevention19 and the Clinical and Laboratory Standards Institute (formerly National
     Committee for Clinical Laboratory Standards).20 
· Follow safety procedures for working with chemicals and handling biological samples. 

· Performance characteristics were not established for patients less than 2 years of age. 

· The Xpert C. difficile/Epi Assay does not provide susceptibility results. A separate specimen aliquot and additional time are required to culture and perform susceptibility testing. 

· Do not substitute Xpert C. difficile/Epi Assay reagents with other reagents. 

· Do not open the Xpert C. difficile/Epi Assay cartridge lid except when adding sample and reagents or performing a retest. 

· Do not use a cartridge that has been dropped or shaken after you have added the sample and reagents. 

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

   ●   Each single-use Xpert C. difficile/Epi Assay cartridge is used to process one test. Do 
      not reuse spent cartridges. 

STORAGE AND HANDLING:
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●   Store the Xpert C. difficile/Epi Assay cartridges and reagents at 2 – 28 °C. 

· Do not use reagents or cartridges that have passed the expiration date. 
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     ●     Do not open a cartridge until you are ready to perform testing. 

· The cartridge and reagents are stable up to 7 days after opening the package. 

· Do not use any reagents that have become cloudy or discolored. 
TROUBLESHOOTING
Refer to  the GeneXpert Dx System Operator Manual, Chapter 11, for a list of error messages, possible causes, and solutions. 
Under some troubleshooting scenarios, you might need to restart the system. Refer to Section 2.12, Restarting the System, in the GeneXpert Dx System Operator Manual for detailed instructions.
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