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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

Can you record movies/images using your own microscope camera? (Y/N)______Y___  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _______________N/A______________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this microneutralization assay is to measure neutralizing antibody responses to contemporary H3-N2 influenza viruses in human sera using MDCK-SIAT1 (pronounced as “M-D-C-K-S-I-A-T-one”) cells (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Min Levine: This method can be used to answer key questions to evaluate influenza immunity.  For example, it can determine whether influenza vaccination induced sufficient neutralizing antibody responses to circulating A(H3N2) viruses to prevent infection [1-MED].
1.1.1. Min speaks toward camera, interview style.  
1.2. Liaini Gross: The main advantage of this technique is that it utilizes MDCK-SIAT1 cells in micro-neutralization assays to detect antibody responses to recent circulating antigenic clusters of A(H3N2) influenza viruses [1-MED].
1.2.1. Liaini speaks toward camera, interview style.  
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Crystal Holiday: Virus stocks should be propagated to high infectious titers prior to use in microneutralization assays [`-MED].   

1.3.1. Crystal speaks toward camera, interview style.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. All influenza viruses should be handled according to appropriate biosafety level requirements (BSL-2 or higher) as defined in the Biosafety on Microbiological and Biomedical Laboratories (BMBL) [1-Title Card].
1.4.1. Title Card
Authors, this section was edited to meet our length requirements.  Each interview statement is limited to 30 words and the entire Introduction section is limited to 150 words.


Protocol: (read by voice talent at JoVE)
2. Determination of Tissue-Culture Infectious Dose (TCID) of the Virus
2.1. Begin this procedure with propagation of A(H3N2) Viruses in MDCK-SIAT1 Cells as detailed in the text protocol [1-Title Card].
2.1.1. Title Card.  
2.2. On Day one, thaw a vial of virus at room temperature and immediately place the virus on ice [1-MED].  
2.2.1. Talent transfers a vial of thawed virus from the counter-top to ice.
2.3. To test the virus at two different starting dilutions, first add 100 microliters of virus to 9.9 milliliters of virus diluent for the “10 to 2” pre-dilution [1-CU].  Then, add 1 milliliter of the “10 to 2” pre-dilution to 9.0 milliliters of virus diluent for the “10 to 3” pre-dilution [2-MED-over the shoulder].
2.3.1. [Shots 2.3.1 and 2.3.2 were combined] Vials as talent adds 100 microliters of virus to 9.9 mL of virus diluent.  Use labeled containers.
2.3.2. Talent adds 1 mL of the 10-2 dilution to 9.0 milliliters of virus diluent for the 10-3 dilution.  Use labeled containers.
2.4. Using two microtiter plates, add 100 microliters of virus diluent to all wells except column 1 of the 96-well microtiter plate [1-CU-TXT].
2.4.1. Microtiter plates as talent adds 100 microliters of virus diluent to all wells except column 1.  Use labeled containers.  TEXT Overlay: Plate 1 for 10-2 dilution, Plate 2 for 10-3 dilution
2.5. Next, perform half-log-ten dilutions.  Add 146 microliters of the virus starting dilution to all wells in column 1, and serially transfer 46 microliters from column 1 through column 11 [1-MED-over the shoulder-TXT].  Change pipette tips between wells.  After mixing column 11, discard the tips with the 46 microliter dilution [2-MED]. 
2.5.1. [Shots 2.5.1 and 2.5.2 were combined] Talent adds 146 microliters of the virus starting dilution to all wells in column 1 and works to transfer 46 microliters serially from column 1 through column 11.  TEXT Overlay: 10-2, 10-2.5, 10-3, etc.
2.5.2. Talent changes pipette tips, finishes mixing up column 11 and discards the tips with the 46 microliter dilution.
2.6. Use column 12 as the Cell Control, which only contains virus diluent [1-LM].  Then, incubate the plate for 1 hour at 37 degrees Celsius, 5% CO2 [2-MED-over the shoulder].
2.6.1. 56448fig2.jpg – Editors, please highlight the wells in the column labeled 12.
2.6.2. Talent places the plate into the incubator.
2.7. Prepare the MDCK-SIAT1 cells as described in the text protocol [1-MED].  Add 100 microliters of the diluted cells to each well of the microtiter plates and cover the plates [2-CU-TXT].  Incubate the cells at 37 degrees Celsius, 5% CO2 for 18 to 20 hours [3-MED].    
2.7.1. Talent adjusts the concentration of cells.
2.7.2. Plate as talent adds 100 microliters of diluted MDCK-SIAT1 cells to each well of the microtiter plate and covers the plate.  TEXT Overlay: 1.5 x 104 cells/well
2.7.3. Talent places the plates into the incubator.
2.8. On day two, perform the ELISA by first removing the medium from the microtiter plates [1-MED-over the shoulder].  After washing each well with 200 microliters of PBS, add 300 microliters cold 80% acetone to each well and incubate at room temperature for 10 minutes [2-CU].  Then, remove the fixative by decanting and allow the plates to air dry [3-MED].
2.8.1. [Shots 2.8.1 and 2.8.2 were combined] Talent removes the medium from the microtiter plates.
2.8.2. Plate as talent adds 300 microliters of cold 80% acetone to each well.  Use labeled containers.
2.8.3. Talent decants the fixative and leaves the plates to air dry.
2.9. Next, dilute the “Anti-influenza A nucleoprotein antibody” monoclonal antibody to the target concentration in the antibody diluent [1-CU-TXT]. 
2.9.1. Talent adds 30 µL of primary antibody to 30 mL of antibody diluent for a target dilution of 1:1000.  TEXT Overlay: Primary antibody 
2.10. Wash the plates 3 times with 300 microliters of wash buffer [1-MED].  Then, add 100 microliters of diluted primary antibody to each well [2-CU].  Incubate the plates at room temperature for 1 hour [3-MED-over the shoulder].
2.10.1. Talent washes the plates from a labeled container of wash buffer.
2.10.2. [Shots 2.10.2 and 2.10.3 were combined] Plate as talent adds 100 microliters of diluted antibody to each well.  Use labeled containers.
2.10.3. Talent leaves the plate and starts a timer to count down from 1 hour. 
2.11. For the secondary antibody addition, dilute the goat anti-mouse IgG conjugated to HRP antibody to the target concentration in the antibody diluent [1-CU-TXT]. 
2.11.1. Talent adds 7.5 µL of secondary antibody to 30 mL of antibody diluent for a target 1:4000 dilution.  TEXT Overlay: Secondary antibody
2.12. Wash the plates 3 times with 300 microliters of wash buffer [1-MED-over the shoulder].  Add 100 microliters diluted secondary antibody to each well before incubating the plate at room temperature for 1 hour [2-CU].
2.12.1. Talent washes the plates with wash buffer from a labeled container. 
2.12.2. Plate as talent adds 100 microliters diluted secondary antibody to each well.
2.13. Next, wash the plates 5 times with 300 microliters of wash buffer and tap on a lint-free wipe [1-MED].
2.13.1. Talent finishes up washing the plate and taps on a lint-free wipe.
2.14. Add 100 microliters of freshly prepared substrate to each well [2.14.1] and incubate at room temperature until the color development saturates and the optical density, or OD, of the cell control wells is less than 0.2 [2.14.0].
2.14.0   [Added shot] Static incubation 
2.14.1. Plate as talent adds 100 microliters of the freshly prepared substrate to each well. 
2.15. Then, add 100 microliters of stop solution to all wells [1-MED].  Read the OD of the wells at 490 nanometers using a microplate spectrophotometer [2-MED-over the shoulder].  Calculate the TCID-fifty of the virus using the Reed-Muench method as described in the text protocol [3-MED].
2.15.1. Talent adds 100 microliters of stop solution to all wells.
2.15.2. Talent reads the OD of the wells at 490 nm. 
2.15.3. Talent works to calculate the TCID-fifty. 
3. Microneutralization (MN) Assay Using MDCK-SIAT1 Cells 
3.1. On day one of the MN assay, thaw the sera in a 37 degree Celsius water bath and remove immediately after thawing [1-CU].
3.1.1. Container holding sera as talent places into the 37 degree Celsius water bath and then removes it.  
3.2. Heat-inactivate the human sera for 30 minutes in a 56 degree Celsius water bath as described in the text protocol [1-MED].  Then, place the sera on ice and add the virus diluent to the sera to achieve a 1 to 10 pre-dilution [2-CU].
3.2.1. [Shots 3.2.1 and 3.2.2 were combined] Talent places the human sera at 56 degrees Celsius.  Use labeled containers.
3.2.2. Human sera as talent places it on ice and adds the virus diluent to the sera.  Use labeled containers. [NOTE: use 3.4.1]
3.3. To test with one virus, add 50 microliters of virus diluent to rows B through H, except columns 11 and 12 [1-MED-over the shoulder].
3.3.1. Plate as talent adds 50 microliters of virus diluent to rows B through H, except columns 11 and 12.
3.4. Then, add 100 microliters of 1 to 10 diluted sera to columns A1 to A10 [1-CU].  Perform a 2-fold serial dilution from rows A through H, and discard the last 50 microliters at row H [2-MED-over the shoulder].
3.4.1. Talent adds 100 microliters of 1 to 10 diluted sera to columns A1 to A10. [Note: use 3.4.1B]
3.4.2. Talent performs a 50 microliter, 2-fold serial dilution from rows A through H and discards the last 50 microliters at row H. 
3.5. For the virus control, add 50 microliters of virus diluent to wells A12, B12, C12, and D12 [1-LM-TXT].  For the cell control, add 100 microliters of virus diluent to wells E12, F12, G12, and H12 [2-LM-TXT].
3.5.1. 56448fig4.jpg - Editors, please highlight the 4 wells on the top right of the plate labeled “Virus Control” VC.  TEXT Overlay: No sera
3.5.2. 56448fig4.jpg - Editors, please highlight the 4 wells on the bottom right of the plate labeled “Cell Control” CC.  TEXT Overlay: No virus, No sera
3.6. For the control sera, add 100 microliters of diluted control sera to well A column 11 and add 50 microliters of virus diluent to wells B11 through H11.  Proceed to serial dilute down [1-CU].
3.6.1. Plate as talent adds 100 microliters of diluted control sera to well A column 11 and add 50 microliters of virus diluent to wells B11–H11.  Then talent serial dilutes down.
3.7. Cover the plates and incubate at 37 degrees Celsius, 5% CO2 until ready for the virus addition [1-MED-over the shoulder].
3.7.1. Talent places the cover plates into the incubator. 
3.8. For virus addition, dilute the virus to 100 TCID-fifty in 50 microliters with virus diluent [1-CU].
3.8.1. Tube as talent dilutes the virus to 100 TCID-50 in 50 microliters with virus diluent. Use labeled containers. 
3.9. Add 50 microliters of diluted virus to all wells, except for column 11 on the back titration plates and the cell control wells E12, F12, G12, and H12 on all plates [1-MED-over the shoulder].  For those plates with control sera at column 11, add virus to column 11.  Include a back titration in column 11 of one set of duplicate plates [2-CU-TXT].
3.9.1. Talent adds 50 microliters of diluted virus to all wells, except for column 11 on the back titration plates and the cell control wells E12, F12, G12, and H12 on all plates.
3.9.2. Plate as talent adds virus to column 11.  TEXT Overlay: See text for back titration [Author note: Deleted, this is the same as 3.10]
3.10. Add 50 microliters of virus diluent to all wells in column 11 [1-CU].  Then, add 50 microliters of the virus at one hundred T-C-I-D fifty in 50 microliters to the first well.  Mix by pipetting up and down [2-ECU].  
3.10.1. [Shots 3.10.1, 3.10.2, 3.11.1, and 3.12.1 were combined. Note from author: All these shots are part of the TCID steps mentioned in 3.10] Plate as talent adds 50 microliters of virus diluent to all wells in column 11.
3.10.2. Plate as talent adds 50 microliters of the virus at one hundred T-C-I-D fifty in 50 microliters to A11 and mixes by pipetting up and down.
3.11. Next, mix and transfer 50 microliters to successive wells to perform 2-fold serial dilutions.  Change the pipette tips between wells to avoid virus carry-over [1-MED-over the shoulder].
3.11.1. Talent mixes and transfers 50 microliters to successive wells to perform 2-fold serial dilutions.  Talent changes the pipette tips between wells to avoid virus carry-over.
3.12. Discard 50 microliters from well H11.  Then, add 50 microliters of virus diluent to column 11 to bring the final volume to 100 microliters [1-CU].  Tap the plates to mix [2-MED].  
3.12.1. Plate as talent discards 50 microliters from well H11.  Then, talent adds 50 microliters of virus diluent to column 11 to bring the final volume to 100 microliters.
3.12.2. Talent taps the plates to mix.
3.13. Incubate the plates at 37 degrees Celsius, 5% CO2 for 1 hour [1-MED-over the shoulder] before performing MDCK cell addition on day 1 [3.13.2.] and ELISA on day 2, as before. [3.13.3.]
3.13.1. Talent places the plates into the incubator. 
3.13.2. [Added shot] Talent adds 100uL of diluted cells to each well
3.13.3. [Added shot: reuse 3.13.1] Talent places plates in incubator for overnight incubation
3.14. After adding the primary and secondary antibodies as described in the text protocol, perform substrate addition and plate reading [1-WIDE or MED].  Wash the plates 5 times with 300 microliters of wash buffer and tap on a lint-free wipe [2-MED-over the shoulder].
3.14.1. Talent approaches the incubating plate with reagents to perform substrate addition and plate reading.
3.14.2. Talent washes the plates 3 times with 300 microliters of wash buffer and taps on a lint-free wipe.
3.15. Add 100 microliters of freshly prepared OPD substrate to each well [1-CU-TXT].  Then, incubate the plates at room temperature until the virus control wells reach an optical density at 490 nanometers between 0.8 to 3, with the cell control at a low background OD less than 0.2 [2-MED-over the shoulder]. 
3.15.1. Plate as talent adds 100 microliters of freshly prepared OPD substrate to each well.  TEXT Overlay: OPD = o-phenylenediamine dihydrochloride
3.15.2. Talent leaves the plates to incubate at room temperature.
3.16. Next, add 100 microliters of the stop solution to all wells [1-CU].  Read the OD of the wells at 490 nanometers using a microplate spectrophotometer [2-MED].
3.16.1. Plate as talent adds 100 microliters of the stop solution to all wells.
3.16.2. Talent places the plate into the microplate reader.
3.17. Finally, determine the neutralizing antibody titer of each serum sample as described in the text protocol [1-MED-over the shoulder or WIDE].
3.17.1. Talent works at the computer to perform the calculation.
4. Results: Microneutralization Assay Results of Human Sera Tested Against A/HongKong/4801/2014 A(H3N2) Virus using MDCK-SIAT1 Cells
4.1. Representative results of the micro-neutralization assays are shown here [1-LM]. 
4.1.1. 56448fig5.jpg
4.2. The OD in each well represents the amount of virus infection and replication in MDCK-SIAT1 cells in the presence of serially diluted sera containing neutralizing antibodies [1-LM]. 
4.2.1. 56448fig5.jpg – Editors, please highlight the y-axis.
4.3. The 50% neutralization cut-off is defined as median OD of virus control wells plus the median OD of cell control wells divided by 2.  The reciprocal of the highest serum dilution that achieves equal or greater than 50% neutralization is considered the antibody titer for the serum sample [1-LM].
4.3.1. 56448fig5.jpg – Editors, please highlight the red-dashed line labeled “Cut-off.”
4.4. In this example, paired sera collected pre and post influenza vaccination from 2 patients were tested against H3N2 virus used in vaccine during the 2016 to 2017 influenza season [1-LM-TXT]. 
4.4.1. 56448fig5.jpg – Editors, please highlight the legend at the bottom of the figure.  TEXT Overlay: A/HongKong/4801/2014
4.5. With patient 1 pre-vaccination sera, none of the sera dilutions inhibited virus infection, and so it is considered negative [1-LM-TXT].  Following vaccination, sera from this patient demonstrated neutralization.  The third dilution of this sera is the highest dilution below the 50 % cut-off, therefore this patient has a post vaccination titer of 40 [2-LM-TXT]. 
4.5.1. 56448fig5.jpg – Editors, please highlight the light blue plot line going across the graph.  TEXT Overlay: Antibody titer <10
4.5.2. 56448fig5.jpg – Editors, please highlight the dark blue plot line going across the graph.  Also highlight the arrow pointing to this line (at 40 on x-axis) as the last part of the second sentence is narrated. 
4.6. In comparison, serum from the second patient pre-vaccination contains pre-existing neutralizing antibodies at a titer of 320 [1-LM]. 
4.6.1. 56448fig5.jpg – Editors, please highlight the yellow plot line going across the graph and highlight the arrow pointing to this line (at 320 on x-axis).  
4.7. Following vaccination, the titer increased to greater than 1280 [1-LM].  In this case, at a 1 to 10 pre-dilution of serum, no antibody end titer was achieved.  The serum can be re-tested at a higher pre-dilution in order to achieve end titer [2-LM].
4.7.1. 56448fig5.jpg – Editors, please highlight the green plot line going across the graph and highlight the arrow pointing to this line (at 1280 on x-axis).  
4.7.2. 56448fig5.jpg – Editors, please remove highlighting of the arrow, but maintain the highlighting of the green plot line.
5. Conclusion (said by authors on camera)

5.1. Min: Microneutralization assays using MDCK-SIAT1 cells are highly sensitive, specific, and robust in detecting neutralizing antibody responses to recent antigenic clusters of A(H3N2) influenza viruses [1-MED].
5.1.1. Min speaks toward the camera, interview style.  
5.2. Min: By using regular MDCK cells, this procedure can also be used to detect antibody responses to other strains of A(H3N2) viruses, and other subtypes of influenza viruses to assess protective immunity to influenza [1-MED]. 
5.2.1. Min speaks toward the camera, interview style.  

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
56448fig2.jpg
56448fig4.jpg
56448fig5.jpg
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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