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I. INTRODUCTION
Human measles is an acute viral illness caused by the measles virus (MeV), a single-stranded ribonucleic acid (RNA) virus in the family paramyxovirus. Measles is prevented through the use of the combination measles, mumps, rubella vaccine containing a live-attenuated strain of measles. Measles is characterized by a prodrome of fever (as high as 105˚F) and malaise, cough, coryza, and conjunctivitis, followed by a maculopapular rash, typically starting on the face or at the hairline, subsequently spreading to the trunk to lower extremities. The average incubation period for measles is 11-12 days, and the average interval between exposure and rash onset is 14 days, with a range of 7-21 days. Measles is usually a mild or moderately severe illness. However, measles can result in complications such as diarrhea, dehydration, pneumonia, encephalitis, and death, with 20% of cases requiring hospitalization in the United States. 
II. PURPOSE

The measles virus rRT-PCR test developed by North Texas Regional Laboratory (NTRL) Bioterrorism Response and Emerging Agents (BREA) Section consists of two singleplex assays: one with oligonucleotide primers and probe for the qualitative detection of MeV nucleoprotein (N) RNA, and one with oligonucleotide primers and probe for human ribonuclease P (RNase P) in nasopharyngeal and throat specimens from patients who are symptomatic and/or have an epidemiologic association with an outbreak. The reporter fluorophore used in this assay is FAM for both the highly conserved region N gene of the measles virus and RNase P gene in human samples. The detection of measles virus RNA in this assay does not distinguish between wild-type and vaccine.
III. SPECIMEN COLLECTION, HANDLING, & STORAGE

A) Specimen Collection:
1. All specimens should be directly labeled with patient’s first and last names and date of birth or another unique identifier. Specimens received without the suggested labeling may be rejected.
2. Swab specimens should be collected using a polyester, rayon, or nylon-tipped swabs with plastic shaft. Calcium alginate swabs are unacceptable and cotton swabs with wooden shafts are not recommended.
3. Specimens should be collected and placed into appropriate transport media, such as viral transport media (VTM) or universal transport media (UTM).
B) Specimen Handling
1. Specimens must be packaged, shipped, and transported according to the current edition of the International Air Transport Association (IATA) Dangerous Goods Regulation. Follow shipping regulations for UN 3373 Biological Substance, Category B when sending potential measles virus specimens. 
2. Store specimens at 2-8°C and ship overnight on ice pack. If a specimen is frozen at ≤-70°C, ship overnight on dry ice. 

3. Samples should be stored and transported refrigerated if arriving at NTRL within 48 hours of collection. Samples that will not arrive within 48 hours should be stored and transported frozen.
C) Specimen Storage
1. Upon receipt and depending on time since specimen collection, specimens will be:

a. Stored refrigerated at 2-8°C until processed.

b. Stored at ≤ -70°C until processed.
D) Acceptable Clinical Specimen Types
1. Nasopharyngeal swab

2. Throat swab 

IV. MATERIALS

A) Equipment
1. Biological safety cabinet (BSC)
2. -20°C and -80°C Freezers

3. 2-8°C Refrigerator
4. Incubator (optional)
5. Roche MagNA Pure 96 automated extractor (Juliet, SN: 4379) 
6. Applied Biosystems 7500 (ABI 7500) Fast Dx Real-Time PCR Thermocycler with SDS Software version 1.4.1 (Gandalf, SN: 275010932) 
7. Vortex mixer

8. Benchtop microcentrifuge

9. Plate centrifuge

10. Micropipettes (range between 1-10 μL, 10-200 μL and 100-1000 μL) 

11. Cold blocks

12. Appropriate specimen racks
B) Other Consumable Supplies
1. Appropriate personal protective equipment (PPE) including double disposable powder-free gloves, lab coat, and N-95 respirator.
2. 2.0 mL polypropylene microcentrifuge screw-cap tubes (DNase/RNase free)
3. 1.7 mL microcentrifuge flip-cap tubes (DNase/RNase free)

4. Pipette tips (aerosol barrier tips, long reach)

5. Absorbent bench paper

6. MagNA Pure 96 Processing Cartridge (catalog # 06241603001)

7. MagNA Pure 96 Output Plate (catalog # 06241611001)

8. MagNA Pure Filter Tips (1000 μL) (catalog # 06241620001)

9. MagNA Pure Sealing Foil (catalog #06241638001)

10. MicroAmp™ Fast Optical 96-Well Reaction Plate (catalog #4346907)

11. MicroAmp™ Optical 8-cap strip (catalog #4323032)

C) Reagents and Media
1. 70% ethanol

2. Germicidal bleach cleaner or 10% bleach (1:10 dilution of commercial 5.25-6.0% hypochlorite bleach)
3. RNase AWAY™ (Fisher Scientific, catalog #21-236-21), or equivalent 

4. Molecular-grade nuclease-free water (RNase/DNase Free)
5. MagNA Pure External Lysis Buffer (catalog # 06374913001)

a. External Lysis Buffer is aliquoted into 2.0 mL screw-cap tubes prior to human sample processing.

b. Aliquots are 250 µL in volume for extractions.

c. Aliquots are stored at 15-25˚C prior to use.

6. MagNA Pure 96 System Fluid (External) (catalog # 06640729001)

7. MagNA Pure 96 DNA and Viral NA SV Kit (catalog #06543588001)
8. Invitrogen SuperScriptTM III PlatinumTM One-Step qRT-PCR System Kit (for 100 reactions, catalog #11732020; for 500 reactions, catalog #11732088)- See package insert for directions for expiration, use, and storage.
a. Upon receipt of a new kit, thaw and aliquot into labeled 2.0 mL screw-cap tubes, if needed.
9. Primers and probes gene sets (Integrated DNA Technologies)- See XII.A. for preparation and storage information.
a. Measles Virus N (MeV-N) Gene Set- See package insert for directions for expiration, use, and storage.
i. Forward Primer (MVN1139F): 

5’ TGGCATCTGAACTCGGTATCAC 3’

ii. Reverse Primer (MVN1213R): 

5’ TGTCCTCAGTAGTATGCATTGCAA 3’

iii. Probe (MVNP1163P): 

5’ FAM-CCGAGGATGCAAGGCTTGTTTCAGA-BHQ 3’

b. Human RNase P Gene Set- See package insert for directions for expiration, use, and storage.
i. Forward Primer (HURNASE-P-F):
5’ AGATTTGGACCTGCGAGCG 3’

ii. Reverse Primer (HURNASE-P-R):
5’ GAGCGGGCTGTCTCCACAAGT 3’

iii. Probe (HURNASE-P-P):
5’ FAM-TTCTGACCTGAAGGCTCTGCGCG-BHQ 3’ 
D) Controls- See XII.B. for preparation and storage information.
1. Negative Control

a. No template control (NTC)- nuclease-free water
2. Positive Controls

a. Synthetic Measles Positive Control (MeV-N) (International Reagent Resource, catalog #GR-1381)- see package insert for directions for expiration, use, and storage.
b. Agilent Technologies QPCR Human Reference Total RNA (RNase P) (catalog #750500)- see package insert for directions for expiration, use, and storage.
E) Forms and Worksheets
1. Submission Form (Adobe Acrobat):

a. Document Name: Measles Virus RT-PCR Specimen Submission/Result Form
b. File Name: MeV Submission Form
c. Location: NTRL\BREA\BT Emerging Agents\Measles Virus\Submission and Instruction Forms
d. Indicate the condition of the sample (refrigerated, frozen, or ambient) upon receipt and “Appropriate for Testing” or “Rejected” must also be indicated.

e. Verify that required information (patient name, D.O.B, collection date, etc.) are indicated on the submission form.

f. Results are reported on Clinisys LIMS or on this form during LIMS outages. Refer to section IX.A. for reporting instructions.
2. Assay Setup Sheet (Microsoft Excel Spreadsheet):

a. Document name: Measles Virus ABI 7500 Fast Dx PCR Testing Form
b. File Name: Measles ABI Testing Template_000000

c. Location: NTRL\BREA\BT Emerging Agents\Measles Virus\Testing Worksheets & Templates
3. Specimen Log (Microsoft Excel Spreadsheet):
a. Document Name: Measles Virus Specimen Log
b. File Name: Measles Virus Submission Log
c. Location: NTRL\BREA\BT Emerging Agents\Measles Virus
4. Quality Control Forms (Microsoft Excel Spreadsheet):

a. Document Name: Measles Virus Clinical Specimens Quality Control
b. File Name: MeV QC_Template 000000 

c. Location: NTRL\BREA\QC & QA\Measles Virus QC
d. The file contains two tabs used for recording QC data for this assay: Processing + Extraction, MeV RT-PCR Setup. Fill in each section of the QC form. Refer to examples provided in the top row of each sheet.

V. INSTRUMENTATION

A) The Roche MagNA Pure 96 is used for automated extraction of aliquoted specimens. For this assay, only Juliet (SN: 4379) is validated for testing.
1. Indicators on the Status/Overrule panel must be green before a run can be started.
2. After an extraction is finished, the result screen is displayed. A sample should be rejected if the Result indicator column for that sample is not labeled “passed”.
B) The ABI 7500 Fast Dx real-time PCR thermocycler performs a check before each run and any messages or errors should be noted. If no messages are generated, then the system has passed the check. For this assay, only Gandalf (SN: 275010932) is validated for testing.
VI. QUALITY CONTROL

A) Specimen Accessioning
1. All specimens must be accompanied by a completed Submission Form (see IV.E.1).
2. All laboratory specimens must be labeled with first and last names, date of birth or unique ID, and date and time of collection.
3. All specimens must meet the criteria outlined in Section III.
B) Specimen Processing and RNA Extraction

1. Enter QC information related to clinical sample processing and RNA Extraction in the Processing + Extraction QC tab of the quality control form.
C) Real-Time RT-PCR Reaction/ABI Real-Time PCR
1. PCR No Template Control (NTC) and two PCR positive controls (MeV and RNase P) will be included in each PCR run.

2. Enter QC information related to PCR Setup in the MeV RT-PCR Setup tab of the quality control form. 
D) Control Limits
1. The fluorescence threshold is to be set manually based on the appearance of the fluorescence curves.
2. No Template Controls (NTC) – The NTC reactions for all primer and probe sets should not exhibit fluorescence growth curves that cross the threshold line. If any of the NTC reactions exhibit a growth curve that crosses the cycle threshold, sample contamination may have occurred. Invalidate the run and repeat the assay with strict adherence to the guidelines. 
3. MeV-N – MeV-N positive control should be positive for the MeV-N target with a signal that crosses the fluorescence threshold within 38 cycles. 
4. RNase P – QPCR Human Reference Total RNA should be positive for the RNase P target with a signal that crosses the fluorescence threshold within 40 cycles. 
5. Sample Internal RNase P Extraction Control – Each sample is expected to demonstrate an RNase P signal that crosses the fluorescence threshold at less than 40 cycles. Depending on specimen quality or presence of inhibitors, RNase P may not be observed. If a positive result is observed for MeV-N, the result is valid even if RNase P is negative. 

Note: a specimen with a failed RNase P internal control should be analyzed again, but the result is positive if the same virus is detected, but indeterminate if no virus is detected.
E) Failure of Controls – All controls must pass based on the limits set in VI.D. for a result to be reported. If any fail, then one or more of the following corrective actions must take place:
1. Repeat the PCR if one of the following is suspected as the reason for control failure:

a. Contamination/cross-contamination during PCR setup

b. Incorrect ABI cycler program setup

c. Incorrect PCR setup

2. Repeat the nucleic acid extraction and PCR if one of the following is suspected:
a. Cross-contamination during extraction setup

b. Incorrect MagNA Pure setup

c. Suspected MagNA Pure failure
d. Other possible problems occurring before the PCR setup

e. Repeat extraction if repeating the PCR has not rectified a problem or if no reason for the control failure is apparent
VII. PROCEDURE
A) Specimen Accessioning
1. Specimens will be delivered to the window at the laboratory entrance (Room 1700).
2. Upon receipt, a Laboratory Assistant will contact the BREA section. If BREA staff is unavailable, specimens may be temporarily stored in the refrigerator in Room 1705 or in the -80˚C freezer in the hallway.
3. Take specimens to the Micro Suite (Room 1715) and check the temperature of the specimen bag to ensure they have been transported at the proper temperature.

4. One specimen at a time, remove Specimen Submission Form and verify against labeling on tube.

5. On the Specimen Submission Form, initial next to “Received By” and stamp in using the Simplex labeler in the “Date/Time Rec’d” section.

6. Place each specimen in sample rack.

7. Specimens may be stored in a -80°C freezer if processing will be completed at a later time.

8. Specimens are checked in using Horizon (Clinisys). The LIMS will automatically assign each specimen a chain of custody number (COC) and a Horizon Sample Number (HSN). Label each specimen with their assigned HSN. Label each Specimen Submission form with assigned COC and HSN in the corresponding sections. 
9. Each sample is logged into the Specimen Log from IV.E.3.

B) Batch Paperwork 

1. See section IV.E.2. for information on filling out Assay Setup Sheet. Complete the first tab, Extraction, of the Assay Setup Sheet by filling in Laboratory ID (HSN), COC, and patient names. The second tab, Layout, will illustrate 96-well plate layout and auto-populates based on information entered on the Extraction tab of the spreadsheet. The third tab, PCR Setup, indicate the number of samples and controls to be tested to create calculations for master mixes.

a. There are two reaction wells used per sample, arranged in a column:

· MeV-N

· RNase P
2. There will be one well each for no template control (NTC), one for MeV-N positive control, and one for RNase P positive control.

C) Human Sample Processing
1. Retrieve the number of External Lysis Buffer 250 µL aliquots necessary to accommodate specimens. Write on the caps with specimen number or HSN. Place on a microtube rack.
2. Retrieve the number of empty 2.0 mL screw-cap tubes to accommodate specimens in the same microtube rack. Label these with printed Horizon (Clinisys) HSN sample labels and write on the caps with HSN for archive.
3. Prepare a MagNA Pure 96 Processing Cartridge by labeling the wells with the sample numbers. 

4. Don required PPE. 
5. Cut and place sufficient absorbent bench paper to cover work surface in the BSC.
6. Retrieve specimens, microtube rack containing empty 2.0 mL screw-cap tubes, External Lysis Buffer aliquot tubes, and labeled Processing Cartridge into the BSC.
7. Vortex the clinical specimen for about 10 seconds.

8. Aliquot about 1.0 mL of the specimen into the 2.0 mL screw-cap tube labeled with the matching Lab ID for archive.
9. Transfer 200 µL of the specimen to the appropriately labeled External Lysis Buffer aliquot tube. Mix thoroughly by gently pipetting up and down 5-6 times.

10. Quick spin all External Lysis Buffer/specimen tubes.

11. Transfer the entire volume of each External Lysis Buffer/specimen tube to the corresponding well of the labeled Processing Cartridge.
12. Repeat steps 7-11 for each specimen.
13. Clear off BSC, throw away bench paper, and wipe down the work surface and pipettes, first with Germicidal bleach cleaner then with RNase AWAY™. 
14. Fill out appropriate cleaning log.
D) RNA Extraction Protocol using the MagNA Pure 96
1. Don appropriate PPE including clean gloves. Due to the extreme ease of degradation of RNA and the possibility of contamination, gloves and lab coat must be worn while setting up the extraction.
2. Turn on the Roche MagNA Pure 96 automated extractor.
3. Remove a set of MagNA Pure 96 DNA and Viral NA Small Volume Kit from the walk-in refrigerator in the Micro Suite (Room 1715) and allow to equilibrate to room temperature or acquire a new kit from storage.
4. Open and start the MagNA Pure 96 software:
a. Login to the system with the username: user01; password: magnapure1

b. Check and replace MagNA Pure 96 System Fluid (External), as needed.
c. Check and replace waste container, if necessary.
d. At the beginning of each work day, perform the Daily Maintenance procedures.
5. To perform a purification run, navigate to “Workplace” tab, then “Orders” sub-tab.
a. Define the testing parameters or load the “Measles” template: 

· MagNA Pure Kit Name: Viral NA Small Volume Kit

· Protocol: Viral NA Plasma Ext Lys SV Protocol

· Sample volume: 450 µL
· Elution volume: 100 µL
b. Enter “1” in the setup table to indicate number of samples to be processed.
c. In the toolbar, click the floppy disk icon to name and save order.
d. Go to the next screen to setup stage.
6. Use the information displayed in the “Stage” sub-tab to place all disposables, trays, and bottles necessary for the selected purification run. Place the waste cover and empty tip trays in their recommended position in the waste rack. Ensure barcodes are facing in the proper orientation for system check.
7. Prepare a MagNA Pure 96 Output Plate by labeling the wells with the sample numbers. Label starting in the upper left corner and moving down; once the first column is labeled, start at the top of the next column and label down, continuing in this direction for the entire plate. Place the Output Plate in the appropriate rack.
8. Place the Processing Cartridge with specimens in the instrument and close the Load Flap to begin the load check. Select the “Start” button when it is enabled to initiate run. Fill out the instrument run log.
9. When the run is complete, use the extracts immediately, or place a Sealing Foil over the Output Plate containing extracts, label, and store at the appropriate storage temperature.
E) Specimen Storage
1. Archive the 2.0 mL specimen tube in the -80°C freezer.

2. Freeze and retain the original specimen tube in the -80°C freezer until results have been obtained. Upon completion of testing, the following actions will be taken:

a. When testing has been successfully completed, discard the extracts and extraction cartridge.

b. If the specimen is negative, discard the original collection tube into the biohazardous waste.

c. If the specimen is positive, it may be shipped to DSHS or CDC for further characterization, depending on testing needs at that time.

d. If the result is invalid, it will be retested.
F) ABI 7500 Fast Dx Instrument Setup
1. Press the power button on the ABI 7500 Fast Dx to turn on the instrument. Turn on the desktop, if not already powered on.
2. Launch the software by double clicking on the 7500 Fast Dx System icon on the desktop. 

3. Enter login information.

4. Click the “Create New Document” button and the New Document Wizard window will appear.

5. Click the Browse button and follow the path below to select a predefined template:
D:/Applied Biosystems/SDS Documents/ABI 7500 Fast Dx Files/Templates

6. Open the “Measles PCR” template.
7. Enter user initials in the Operator field and type the plate name. Click “Finish.” The system will pause briefly while the instrument initializes.

8. Setup window and Plate View tab will open. Hold down Select key and click to multi-select groups of two wells. Type in HSN of each well group before moving on to the next set. Continue this until the screen view matches the Layout tab of the Assay Setup Sheet. 

9. Click “File” and then “Save as” to save the sds document.

10. Click the Instrument tab. The instrument is ready for testing.
G) RT-PCR Reaction

1. Don appropriate PPE.

2. In the Clean Room (Room 1717), wipe down the PCR workstation and pipettes with RNase Away. 

3. Place all necessary equipment and supplies under the PCR workstation and on the bench.

4. In the clean room, prepare all reagents as listed below and then place in a cold block:
a. 2X Reaction Mix: Thaw in cold block and invert tube 10 times to mix, do not vortex. Spin down.
b. SuperScriptTM III RT/PlatinumTM Taq Mix: Thaw in cold block. Do not vortex. Spin down.

c. Primers and probes: Thaw in cold block. Briefly vortex and spin down.
d. Nuclease-free water
5. Label a sterile, nuclease-free, 1.7mL microcentrifuge tube for each reaction master mix to be prepared and place in a cold block.

6. Keep master mix tubes and all other tubes in cold block while preparing the RT-PCR reactions. In tubes labeled for each reaction, add all necessary components denoted in the PCR Setup tab of the Assay Setup Sheet from IV.E.2.
7. Gently mix by pipetting up and down 5 times. Do not vortex.
8. Quick spin for 15 seconds to collect contents at the bottom of the tubes, then place the tubes in a cold block.
9. Label a 96-well plate in a cold block.

10. Aliquot 20 µL of master mix into each sample reaction and control well, denoted on the Layout worksheet. Use a micropipette or a repeater pipette.
11. Add 5 µL of Nuclease-Free Water to each NTC well. Seal the NTC wells with an optical cap strip. The same vial of Nuclease-Free Water that was used to prepare master mixes must be used for NTC.
12. Move the 96-well plate and cold block to the hood in Room 1718 of the Micro Suite, where samples can be added. 
13. Retrieve the Output Plate containing extracts from the MagNA Pure 96 automated extractor and use immediately OR retrieve the Output Plate containing extracts from the refrigerator or freezer (if previously stored), centrifuge for 30 seconds at 2,000 x g, remove seal, and use.
14. Add 5 µL of each sample RNA to their respective wells. Seal one column of wells with an optical cap strip after all samples in a column have been added (i.e. 8 wells at a time).
15. Move the 96-well plate and cooler rack to the positive control addition area. Thaw one aliquot of the 104 MeV-N positive control and one aliquot of RNase P positive control. Briefly vortex and spin down. Pipette 5 µL of each positive control to its respective sample well. Seal wells with an optical cap strip.
16. Place 96-well plate in an adapter and centrifuge 96-well plate at 500 x g for 30 seconds in the plate centrifuge. Do not vortex.
17. Place the plate in the ABI 7500 Fast Dx and close the sliding tray.

18. Press Start and enter any notes.

19. Fill out the instrument run log and initial the instrument maintenance log.

20. Wipe down the pipettes, all work surfaces, vortex mixer, and centrifuges with Germicidal bleach cleaner followed by RNase AWAY™. Turn on UV lights for a minimum of 30 minutes. Soak any racks or cold blocks in a 10% bleach bath and rinse with water. Cover MagNA Pure 96 Output Plate containing extracts with Sealing Foil and store temporarily in the -80˚C freezer.
H) Data Analysis on the ABI 7500 Fast Dx

1. After the run has completed, select the Results tab at the upper left corner of the screen.

2. Select the Amplification Plot tab to view the raw data.

3. Highlight all the samples from the run by clicking on the upper left-hand box of the sample wells.

4. Ensure that the Data drop down selection is set to Delta Rn vs Cycle.

5. Select a primer and probe set (e.g. MeV-N) from the Detector drop down menu.

6. Analyze each detector individually, since each primer/probe set may have different performance profiles.

7. In the Line Color drop down, Detector Color should be selected.

8. Under Analysis Settings, confirm selection of Manual Ct.

a. The Manual Baseline default values are: Start (cycle) 3 and End (cycle) 15.
b. Do not change the Manual Baseline default values.
9. Click and drag the red threshold line until it lies within the exponential phase of the fluorescence curves and above any background signal.

a. If the threshold line is not immediately visible, enter 1000 in the Threshold box and hit enter. Threshold value may be adjusted further to display the threshold line.
b. The software is designed to ignore noise present during the beginning cycles.  Threshold can be set below early background noise (cycles 1 to 10), however, verify that no Cts are below 10 in the Report tab of the software.

10. Click the Analyze button in the lower right corner of the window. The red threshold line will turn green, indicating the data has been analyzed.

11. Repeat steps 5-9 for each set of Detectors.

12. Save the analysis file by selecting Save from the main menu.  
13. When prompted to note any changes, type “Analyzed by” and user initials.
14. After completing analysis for each of the markers, select the Report tab above the graph to display Ct values. To filter report by sample name in ascending or descending order, click on Sample Name in the table. Visually verify Ct values.
I) Data Export and Reporting

1. Select File, then Export, then Ct from the main menu.

2. Save the file onto a portable medium (i.e. USB thumb drive). The data is comma-separated for easy tabular import into Microsoft Excel.

3. Copy the raw data from the portable medium by clicking on the upper left-hand box of the spreadsheet.

4. Open the Assay Setup Sheet used for VII.B. and VII.F.
5. Paste the raw data under the Raw Data tab.

6. The sample names will automatically populate based on what was entered into the ABI 7500 Dx software.

7. Inspect the data and ensure that all the QC parameters are within range.

8. Print the Results sheet (Printout tab).

9. Ensure that the batch name is typed on the Results sheet printout.

10. Fill out the Specimen Submission Form for each individual specimen. See section IX.

11. Alternatively, samples can be entered into HORIZON (Clinisys) and results exported to report via LIMS.
12. Results for each sample are entered into the Specimen Log from IV.E.3.
VIII. INTERPRETATION

A) RNase P (Extraction Control) – All clinical specimens should exhibit fluorescence growth curves in the RNase P reaction that cross the threshold within 40 cycles, thus indicating the presence of the human RNase P gene. Failure to detect RNase P in any clinical specimens may indicate: 
1. Improper extraction of nucleic acid.
2. Absence of sufficient human cellular material due to poor collection or loss of specimen integrity.

3. Improper assay set up and execution.

4. Reagent or equipment malfunction.

5. If the RNase P assay does not produce a positive test result for human clinical specimens, interpret as follows:
a. If the MeV-N target is positive (Ct<38) in the absence of a positive RNase P, the measles virus result should be considered valid. It is possible that some samples may fail to exhibit RNase P growth curves due to low cell numbers in the original clinical sample. A negative RNase P signal does not preclude the presence of measles virus RNA in a clinical specimen.
b. If MeV-N AND RNase P targets are negative for the specimen, the result should be considered indeterminate.  If residual specimen is available, repeat the extraction procedure and repeat the test. If both markers remain negative after retest, report the results as indeterminate and a new specimen should be collected if possible.
B) Measles N Gene Marker
1. When all controls exhibit the expected performance, a specimen is considered negative for measles if the Measles N marker is undetermined and RNase P growth curve crosses the threshold line within 40 cycles.
2. When all controls exhibit the expected performance, a specimen is considered positive for measles if the Measles N marker growth curve crosses the threshold line within 38 cycles. The RNase P may be positive or negative as described above.
3. When all controls exhibit the expected performance and the growth curves for the Measles N marker do not cross the threshold within 38 cycles and the RNase P marker does not cross the threshold line within 40 cycles, the result is indeterminate. Re-extract nucleic acid from original specimen and repeat the test. If the repeated sample is negative for all markers and all controls exhibit the expected performance, the result is indeterminate.
C) Interpretation is as follows:
	MeV
	RNase P
	Interpretation

	Ct < 38
	Ct < 40
	Positive

	Ct < 38
	Undetermined
	Positive

	38 ≤ Ct ≤ 40
	Ct < 40
	Indeterminate

	38 ≤ Ct ≤ 40
	Undetermined
	Indeterminate

	Undetermined
	Ct < 40
	Negative

	Undetermined
	Undetermined
	Indeterminate


IX. REPORTING RESULTS
A) Diagnostic Results:
1. Diagnostic specimens are submitted to the laboratory directly from the submitters. Results will be reported directly to the submitter if the submissions meet the current high risk or special submission criteria, or if the Tarrant County Epidemiology Division or Texas Public Health Region 2/3 has requested diagnostic reporting.
2. When testing is complete, results are indicated in the Results section of the Specimen Submission Form Section V by laboratory personnel. If the specimen is unsatisfactory, the specimen is marked as “Indeterminate; please re-collect specimen.”
3. The Results form is sent to the submitter in an encrypted email. All submission and result forms are copied for the Tarrant County Epidemiology Division or Texas Public Health Region 2/3 involved in the investigation.
4. A copy of the encrypted emailed results sheet is kept for future reference. 
5. Alternatively, results may be reported using Horizon (Clinisys) LIMS.

X. REJECTION CRITERIA

Specimens will be rejected if any of the pre-analytical rejection criteria are met. If any analytical problems listed occur, the current analysis for that specimen will be disregarded, and the specimen will be tested again.

A) Pre-analytical

1. Specimen tube is not labeled, inadequately labeled, or labeling does not match submission form.

2. Submission form not included or lacking required information: name, date of birth, and date of collection.

3. Leaking or damaged collection tube.
4. Specimen refrigerated for longer than 48 hours.

5. Other reasonable criteria noted by laboratory staff.

B) Analytical (Extraction and Amplification) – see sections VI.D and VI.E.
XI. LIMITATIONS AND VERIFICATION

A) Limitations
1. A false negative may result if a specimen is improperly collected, transported, or handled. False negative results may also occur if amplification inhibitors are present in the specimen or if inadequate numbers of organisms are present in the specimen.

2. Negative results do not preclude measles virus infection and should not be used as the sole basis for treatment or other patient management decisions.

3. This assay does not distinguish between wild-type and vaccine strain measles virus.
B) Validation

1. The assay was validated using previously tested respiratory samples. All validation and verification tests passed within an accepted range. Documentation can be found at:
NTRL\BREA\QC & QA\Equipment Verification Studies\Measles Virus\MP96 & ABI 7500 Validation Studies

C) Proficiency

1. All microbiologists who perform measles virus testing will complete a proficiency test annually. Currently, there are no commercially available proficiency tests. Thus, the supervisor will prepare a blind panel of five challenges including, MeV positive and MeV negative respiratory samples for each microbiologist.
XII. APPENDIX

A) Primers and Probes Preparation
1. Primer and probe reagents arrive in a lyophilized state and require rehydration prior to aliquoting and use. Refer to the rehydration instructions included in the product insert.
2. Primer/probe stocks are prepared using one of the worksheets found in NTRL\BREA\QC & QA\Primers_Probes QC Worksheets\Measles Virus
3. After preparation, primers/probe stocks will be aliquoted and frozen at -80oC. Working lots are stored in Clean Room (Room 1717) freezer. 
B) Positive Control Preparation
1. MeV-N positive control stocks are prepared by diluting the concentrated rehydrated stock according to package insert. As needed, a 10 µL aliquot of 107 copies/µL stock is used to make working MeV-N positive control stock of 104 copies/µL. 5 µL aliquots are stored in the -80˚C freezer.
2. RNase P positive control stock is prepared by adding 1 µL of RNase P (1 µg/µL) to 999 µL nuclease-free water to obtain a working concentration of 1 ng/µL. 5 µL aliquots are stored in the -80˚C freezer.
C) Master Mix Preparation – Master mix preparation instructions are included in the PCR Setup tab of the Assay Setup Sheet from IV.E.2.
1. One MeV-N reaction contains:
a. 6.00 µL water
b. 0.40 µL MeV N-Forward
c. 0.40 µL MeV N-Reverse
d. 0.20 µL MeV N-Probe (FAM)
e. 0.50 µL RT/Taq Mix
f. 12.50 µL 2X PCR Master Mix
g. 5 µL template
2. One RNase P reaction contains:
a. 5.70 µL water
b. 0.40 µL MeV N-Forward
c. 0.40 µL MeV N-Reverse
d. 0.50 µL MeV N-Probe (FAM)
e. 0.50 µL RT/Taq Mix
f. 12.50 µL 2X PCR Master Mix
g. 5 µL template
D) PCR cycling conditions – The cycling conditions for <Measles PCR> are as follows:
50°C
20 minutes
1 rep
95°C
2 minutes
1 rep
95°C
15 seconds

60°C
1 minute
Optics on

XIII. REFERENCES
a. Centers for Disease Control & Prevention (CDC) website, “Chapter 7: Measles”, https://www.cdc.gov/surv-manual/php/table-of-contents/chapter-7-measles.html
b. Real Time RT-PCR for Detection of Measles, Texas Department of State Health Services, Version 3.0, Effective Date 4/21/2022 (not for distribution)
c. CLIA SOP for Measles Virus RT-qPCR, Centers for Disease Control & Prevention (CDC), Document Number MEA.TE.C.005, Revision Number 01, Effective Date 9/27/2012 (not for distribution)
d. QPCR Human Reference Total RNA Package Insert. Agilent.
e. Measles Synthetic RNA (MeV-N3in) Package Insert. IRR.
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