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FilmArray® Pneumonia Identification (PIP) Panel
This procedure is electronically produced, revised, monitored, reviewed and/or retired. For a full document history of initiation, revisions, and reviews with electronic signatures and dates, please open document in the procedure publishing software.

1. PRINCIPLE:

The Film Array Pneumonia Panel is a multiplexed nucleic acid test for the simultaneous detection and identification of multiple respiratory viral and bacterial nucleic acids, as well as select antimicrobial resistance genes, in sputum-like or bronchoalveolar lavage (BAL)-like specimens obtained from individuals suspected of lower respiratory tract infection. The FilmArray pneumonia panel pouch is a closed, disposable system that stores all necessary reagents for sample preparation, reverse transcription, polymerase chain reaction and detection.
During a run, specimens are lysed by bead beading. Magnetic bead technology facilitates extraction and purification of all nucleic acids. Reverse transcription is performed in a single, large volume, massively-multiplexed reaction, (PCR1). Then, multiple singleplex, second-stage PCR reactions (PCR2) amplify sequences within the PCR1 products. End point melting curve data is then used to detect and generate a result for each target of the pneumonia panel. For the typical bacteria targets, real-time amplification data is also compared to the included QSM (Quantified Standard Material) to allow for an estimate of genomic copies per milliliter (copies/mL).

2. CLINICAL SIGNIFICANCE:

Pathogens infecting the lower respiratory tract cause acute local and systemic disease, with the most severe cases occurring in children, the elderly, and immunocompromised individuals. Lower respiratory symptoms can include shortness of breath, weakness, high fever, coughing, and fatigue.

The detection and identification of specific viral and bacterial nucleic acids, as well as the estimation of relative abundance of nucleic acid from common bacterial analytes, within specimens collected from individuals exhibiting signs and/or symptoms of a respiratory infection, aids in the diagnosis of lower respiratory infection if used in conjunction with other clinical and epidemiological information. 

Negative results in the setting of a respiratory illness may be due to infection with pathogens that are not detected by this test, pathogens below the limit of detection, or in the case of bacterial analytes, present at levels below 10^4 copies/mL.
Detection of bacterial nucleic acid may be indicative of colonizing or normal respiratory flora and may not indicate the causative agent of pneumonia. The antimicrobial resistance gene detected may or may not be associated with the agent(s) responsible for disease. Negative results for these antimicrobial resistance gene assays do not indicate susceptibility to corresponding classes of antimicrobials, as multiple mechanisms of antimicrobial resistance exist. Culture is required to obtain isolates for antimicrobial susceptibility testing, and FilmArray Pneumonia Panel results should be used in conjunction with culture results for determination of bacterial susceptibility or resistance.

“Typical” Bacteria

· Acinetobacter calcoaceticus-baumannii complex

· Enterobacter cloacae complex

· Escherichia coli

· Haemophilus influenzae

· Klebsiela aerogenes

· Klebsiella oxytoca

· Klebsiella pneumoniae group

· Moraxella catarrhalis

· Proteus spp.

· Pseudomonas aeruginosa

· Serratia marcesces

· Staphylococcus aureus

· Streptococcus agalactiae

· Streptococcus pneumoniae

· Streptococcus pyogenes

“Atypical” Bacteria

· Chlamydia pneumoniae
· Legionella pneumophila

· Mycoplasma pneumoniae

Viruses
· Adenovirus
· Coronavirus

· Human Metapneumovirus

· Human Rhinovirus / Enterovirus
· Influenza A

· Influenza B

· Parainfluenza Virus

· Respiratory Syncytial Virus

Antimicrobial resistance genes

· CTX-M– Extended spectrum β-lactamase. Confers resistance to broad spectrum of Cephalosporins.
· IMP – (Imipenem) Potential to confer different levels of resistance to carbapenems, cephamycins, and oxymino- cephalosporins.
· KPC – Klebsiella pneumoniae carbapenemase gene. Gene has since disseminated to other genera/species. 
· mecA/C and MREJ – Methicillin resistance

· NDM - The New Dehli metallo-β-lactamase. Confers resistance to all current β-lactam antibiotics.
· OXA-48-like – Group of primarily plasmid-mediated enzymes that confer resistance to penicillins, cephalosporins and carbapenems. 

· VIM – Verona Integron-Encoded metallo-β-lactamase are integron-encoded carbapenemases. 
3. SPECIMEN: COLLECTION, PROCESSING, REJECTION, and STORAGE

Bronchoalveolar lavage (BAL)-like specimens should be collected according to standard technique. Sputum-like specimens, including endotracheal aspirates (ETA) should be collected according to standard technique. 
Expectorated sputum can be highly contaminated by oral secretions and therefore a gram stain MUST be evaluated before testing this specimen source. Expectorated sputum should be rejected if the gram stain indicates lack of infection, or contamination of specimen with upper respiratory flora based on the number of WBCs per lower power field. 
Specimens should NOT be centrifuged, pre-processed, or moved to transport media before testing.

Specimens should be processed and tested as soon as possible. If a delay in testing is expected, specimens may be refrigerated 2-8 °C up to 24 hours. 

Specimens greater than 24 hours old should be rejected.
4.   REAGENTS, STANDARDS, AND CONTROLS:

A.   PREPARATION:

	Materials Provided
	Materials Required But Not Provided

	Each kit contains sufficient reagents to test 30 specimens:

· Individually packaged FilmArray Pneumonia pouches 

· Single-use (1.0 mL) Sample Buffer ampoules

· Single-use pre-filled (1.5 mL) Hydration Injection Vials (blue)

· Single-use Sample Injection Vials (red)

· Individually packaged Sample Pipettes 
	FilmArray System including:

· FilmArray Instrument and software

· FilmArray Pouch Loading Station compatible with the use of the FilmArray Injection Vials

Note: Previous versions of Pouch Loading Station should not be used with the FilmArray Injection Vials.




B.   CONTROL PROCEDURE:
External control must be run at minimum once per month, as well as for each new lot and new shipment.   External controls should be rotated between the analyzers periodically.  Quality control shall be compared against the package insert of the manufactures control material for acceptability criteria.
In addition, there are two process controls included in every assay performed:
Firstly, an RNA process control targets RNA transcript from the yeast Schizosaccharomyces pombe. The yeast is present in each pouch in a freeze-dried form and becomes rehydrated when sample is added. This control material is carried though all stages of the test process, including lysis, nucleic acid purification, reverse transcription, PCR1 dilution, PCR2, and DNA melting. A positive RNA process control result indicates that all steps carried out in the FilmArray Pneumonia Panel pouch were successful. 
Secondly, a quantified standard material (QSM) assay is performed with each assay. The QSM assay detects a quantified standard synthetic nucleic acid that is subject to all stages of the test process following sample lysis. A positive QSM control result indicates that the expected level of QSM is present, (approximately 10^6 copies/mL) for use in determining assay and bin results for bacterial analytes.

5.   EQUIPMENT:

A.   INSTRUMENTS: FilmArray Biofire
6.   PROCEDURE:

A.   PERFORMANCE:

Perform Q-Score if specimen source is expectorated sputum
1. If the specimen source is expectorated sputum, prepare a gram stain. Refer to “Enhanced Gram Stain Reaction” Procedure for complete information on the staining process.
2. Check several fields on low power. If <25 WBCs/LPF are observed, cancel the test and order a REJCT. Answer the REJCT as @SPTM. This adds the canned comment: “Unable to perform testing; Sputum specimen rejected due to quality.”
3. If preliminary result is >25 WBCs/LPF, specimen is acceptable and you may proceed with Biofire testing.

Prepare Pouch

1. Always start out with WEARING A NEW, CLEAN PAIR OF GLOVES. A Fresh pair of gloves should be donned before AND after handling a FilmArray pouch.
2. Thoroughly clean the work area and the FilmArray Pouch Loading Station with freshly prepared 10% bleach (or suitable disinfectant) followed by a water rinse.

3. Remove the pouch from its vacuum-sealed package by tearing or cutting the notched outer packaging and opening the protective aluminum canister.

4. Slide the pouch into the FilmArray Pouch Loading Station so that the red and blue labels on the pouch align with the red and blue arrows on the FilmArray Pouch Loading Station.

5. Place a blue-capped Hydration Injection Vial in the blue well of the FilmArray Pouch Loading Station.

6. Place a red-capped Sample Injection Vial in the red well of the FilmArray Pouch Loading Station.

Hydrate Pouch

1. Twist and lift the Hydration Injection Vial, leaving blue cap in the well of the FilmArray Pouch Loading Station.

2. Insert the cannula tip into the port in the pouch located directly below the blue arrow of the FilmArray Pouch Loading Station. Push down forcefully in a firm and quick motion until you hear a faint “pop” and feel an ease in resistance. The correct volume of liquid will be pulled into the pouch by vacuum.

3. Verify that the pouch has been hydrated.

4. Flip the barcode label down and check to see that fluid has entered the reagent wells (located at the base of the rigid plastic part of the pouch). Small air bubbles may be seen. If the pouch fails to hydrate (dry reagents appear as white pellets_. Repeat Step 2 to verify that the seal of the port was broken or retrieve a new pouch and repeat from Step 2 of the Prepare Pouch section. 

Prepare Sample Mix

1. Hold the Sample Buffer ampoule so that the tip is facing up.  

2. Gently pinch the textured plastic tab on the side of the ampoule until the seal snaps.

3. Invert the ampoule over the red-capped Sample Injection Vial and re-position thumb and forefinger to grip the bottom of the ampoule. Dispense Sample Buffer using a slow, forceful squeeze, followed by a second squeeze. (Squeezing the ampoule additional times will generate excessive bubbles, which should be avoided).

[image: image1.png]4.     Using the Sample Swab provided in the test kit, thoroughly stir the BAL-like or sputum-like specimen for about ten seconds. 

5.     Place the swab end of the Sample Swab into the Sample Injection Vial,

then break off the swab handle.

7. Tightly close the lid of the Sample Injection Vial and discard 

the swab handle in to a biohazard waste container.
8. Remove the Sample Injection Vial from the FilmArray Pouch 
Loading Station and gently invert the vial at least three times to mix.
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Return the Sample Injection Vial to the FilmArray Pouch Loading Station.
Load Sample Mix

1. Slowly twist the Sample Injection Vial so it loosens from its red cap and pause for 
3-5 seconds. Lift the Sample Injection Vial, leaving the red cap in the well of the FilmArray 
Pouch Loading Station.

2. Insert the cannula tip into the port in the pouch fitment located directly below the red arrow 
of the FilmArray Pouch Loading Station. Push down forcefully in a firm and quick motion until 
you hear a faint “pop” and feel an ease in resistance. The correct volume of liquid will be pulled 
into the pouch by vacuum.

3. Verify that the sample has been loaded. Flip the barcode label down and check to see that fluid has entered the reagent well next to the sample loading port. If the pouch fails to pull sample from the Sample Injection Vial, the pouch should be discarded. Retrieve a new pouch and repeat from the Prepare Pouch section.

4. Discard the Sample Injection Vial and the Hydration Injection Vial in an appropriate biohazard sharps container.

5. Record the Sample ID in the provided area on the pouch label (or affix a barcoded Sample ID) and remove the pouch from the FilmArray Pouch Loading Station. 

Run Pouch

The FilmArray software includes a step-by-step on-screen tutor that shows each step of the test.

1. Ensure that the computer and FilmArray instrument(s) are on and the FilmArray software is launched.

2. Open the lid of an available instrument (if not already open).

 
3. Insert the pouch into the instrument.

Position the pouch so that the array is on the right with the film directed downward into FilmArray instrument. The red and blue labels on the pouch should align with the red and blue arrows on the FilmArray instrument. The pouch will click into place. If inserted correctly, the barcode is visible and the label is readable on the top of the pouch. The instrument and software must detect that the pouch has been inserted correctly before continuing to the next step.

 
4. Scan the barcode on the FilmArray pouch using the barcode scanner.

Pouch identification (Lot Number and Serial Number), Pouch Type and Protocol are preprogrammed in the rectangular barcode located on the FilmArray pouch. The information will be automatically entered when the barcode is scanned. If it is not possible to scan the barcode, the pouch Lot Number, Serial Number, Pouch Type and Protocol can be manually entered from the information provided on the pouch label into the appropriate fields. To reduce data entry errors, it is strongly recommended that the pouch information be entered by scanning the barcode.

5. Enter the Sample ID. The Sample ID can be entered manually or scanned in by using the barcode scanner when a barcoded Sample ID is used.

6. Select a protocol from the Protocol drop down list: Pick “BAL” for BAL specimens and “SPUTUM” for others, such as Endotracheal Tubes or Expectorated Sputa.
7. Enter a user name and password in the Name and Password fields.

8. Close the FilmArray instrument lid.

9. Click the Start Run button on the screen.

Once the run has started, the screen displays a list of the steps being performed by the instrument and the number of minutes remaining in the run.

 
10. When the run is finished, follow the on-screen instructions to open the instrument and remove the pouch.

11. Immediately discard the pouch in a biohazard container.

12. Results are automatically displayed in the report section of the screen. The run file is automatically saved in the FilmArray database and the report can be printed and/or saved as a PDF file.

B.   INTERPRETATION OF RESULTS:

The FilmArray Software automatically analyzes and interprets the assay results and displays the final results in a test report.
7.   QC PERFORMANCE POLICY:

A.   CALIBRATION AND CALIBRATION VERIFICATION


The Controls field on the test report will display Passed, Failed, or Invalid. The Controls field will display Passed only if the run completed successfully (no instrument or software errors) and both of the pouch control assays were successful. The Controls field will display Failed if the run was completed successfully (no instrument or software errors) but one or both of the pouch control assays failed (0 or 1 positive replicates for either of the controls, each of which is tested in triplicate). If the control result is Failed, then the result for all of the tests on the panel are displayed as Invalid and the sample will need to be retested with a new pouch.
B.   FAILURE/REMEDIAL ACTION:

	Control Result
	Explanation
	Action Required
	Outcome

	Passed
	The run was successfully completed 

AND

Both pouch controls were successful.
	None
	Report the results provided on the test report.

	Failed
	The run was successfully completed 

BUT

At least one of the pouch controls (RNA Process Control and/or PCR2 Control) failed.
	Repeat the test using a new pouch.
	Accept the results of the repeat testing. If the error persists, contact technical support for further instruction.

	Invalid
	The controls are invalid because the run did not complete.

(Typically this indicates a software or hardware error).


	Note any error codes displayed during the run and the Run Status field in the Run Details section of the report. Refer to the FilmArray Operator’s Manual or contact Technical Support for further instruction. 

Once the error is resolved, repeat the test or repeat the test using another instrument.

If the error occurred in the first 30 seconds of the run, the same pouch may be used for the repeat test (within 60 minutes of pouch loading) using the same instrument or another instrument, as available.

If the error occurred later in the run or you are unsure when the error occurred, return to the original sample to load a new pouch. Repeat the test with the new pouch on the same instrument or another instrument, as available.
	Accept the valid results of the repeat testing.  If the error persists, contact Technical Support for further instruction.


8.   EXPEXCTED RESULTS:

A.   REPORTABLE RANGE: Detected/Not Detected
For Bacteria results, “Detected” result is reported with the “Bin” (copies/mL). Bin options are as follows:
· 10^4    (Low)

· 10^5    (Low)

· 10^6    (High)

· >10^7  (High)

B.   REFERENCE RANGE: 
N/A
C.   CRITICALVALUES: 
Legionella pneumophila, 
Influenza A, 
Influenza B, 

Any Antimicrobial Resistance Genes.
9.   REPORTING RESULTS:

A.   NORMAL VALUES: Not Detected.
10.   PROCEDURAL NOTES:

A.    BACKUP FOR INOPERABLE SYSTEM: Use second analyzer, or send samples to Diatherix, (see reference testing department).
B.   REFERAL OF SPECIMENS: Diatherix
C.   SUBMISSION/HANDLING OF REFERRAL SPECIMENS: Keep samples within storage guidelines, transport asap. 
11.    LIMITATIONS AND INTERFERRING SUBSTANCES:

The FilmArray Pneumonia Panel has not been validated for testing of specimens other than unprocessed sputumlike and BAL-like specimens. 

Contact or treatment of specimens with decontaminating agents (bleach, MycoPrep (NaOH and NALC), 2% NaOH and 5% Oxalic acid) can cause false negative results (see Interference section).

The performance of FilmArray Pneumonia Panel has not been established for specimens collected from individuals without signs and/or symptoms of lower respiratory infection.

The performance of the FilmArray Pneumonia Panel has not been established for monitoring treatment of infection.

The effect of antibiotic treatment on test performance including semi-quantitative bin results has not been

specifically evaluated.

Viral and bacterial nucleic acids may persist in vivo independent of organism viability. Detection of organism

target(s) does not imply that the corresponding organisms are infectious or are the causative agents for clinical

symptoms.

The FilmArray Pneumonia Panel results for bacteria are provided as a qualitative Detected/Not Detected result with an associated semi-quantitative bin result of 10^4, 10^5, 10^6, or ≥10^7 copies of genomic nucleic acid per milliliter of specimen. An exact quantitative value is not provided. The semi-quantitative (copies/mL) bin result does not distinguish between nucleic acid from live or dead bacteria.

A negative FilmArray Pneumonia Panel result does not exclude the possibility of viral or bacterial infection. Negative test results may occur from the presence of sequence variants in the region targeted by the assay, the presence of inhibitors, technical error, sample mix-up or an infection caused by an organism not detected by the panel. Test results may also be affected by concurrent antiviral/antibacterial therapy or levels of organism in the specimen that are below the limit of detection for the test or below the reportable level for bacterial analytes. Negative results should not be used as the sole basis for diagnosis, treatment, or other patient management decisions.

Concomitant culture of specimens is required with the FilmArray Pneumonia Panel. Culture is needed for recovery of isolates and antimicrobial susceptibility testing, as well as further speciation of genus, complex, or group level results (if desired).

Due to the genetic similarity between human rhinovirus and enterovirus, the FilmArray Pneumonia Panel cannot

reliably differentiate them. A FilmArray Pneumonia Panel Human Rhinovirus/Enterovirus Detected result should be followed-up using an alternate method (e.g. cell culture or sequence analysis) if differentiation between the viruses is required.

The in silico analyses performed to predict amplification and detection of organisms and antimicrobial resistance

genes were based on a comparison of target gene sequences available in GenBank to FilmArray Pneumonia Panel primer sequences. In silico analyses were performed between January 2016 and January 2018. Entries of new sequences added to the database after these dates have not been evaluated. Additional limitations on reactivity may be identified as new sequence data are deposited and/or as new sequence variants emerge.

Based on in silico analysis, the MREJ assay (which is only reported if Staphylococcus aureus is detected and the mecA/C assay is also positive) is predicted to have impaired reactivity or to be non-reactive with MREJ types ix, xv and xviii, as well as types xix and xx (associated with methicillin-sensitive S. aureus; MSSA), and MREJ sequences annotated from non-aureus Staphyloccoccus species and non-Staphyloccci such as Bacillus cereus, Bacillus thuringiensis, Macrococcus caseolyticus, Clostridium acidurici, and Rummeliibacillus stabekisii.
Positive and negative predictive values are highly dependent on prevalence. False negative test results are more likely during peak activity when prevalence of disease is high. False positive test results are more likely during periods when prevalence is moderate to low.

Performance characteristics for influenza A were established during the 2016-2017 influenza season. When other novel influenza A viruses are emerging, performance characteristics may vary. If infection with a novel influenza A virus is suspected based on current clinical and epidemiological screening criteria recommended by public health authorities, specimens should be collected with appropriate infection control precautions for novel virulent influenza viruses and sent to state or local health departments for testing. Viral culture should not be attempted in these cases unless a BSL 3+ facility is available to receive and culture specimens.

Due to the small number of positive specimens collected for certain organisms during the prospective clinical study, performance characteristics for several analytes in one or both matrices were primarily established using archived and/or contrived specimens as detailed in the Clinical Performance section.

12.    METHOD VALIDATION: 
IQCP, Startup Studies, Revalidation from Proficiency Testing
13.    REFERENCES:
FilmArray Pneumonia Panel, Instructions for Use (RFIT-PRT-0144 and RFIT-PRT-0145), BioFire Diagnostics, LLC.
Policy Approval: 

Samuel Ware MLS (ASCP)cm 9-21-2019
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