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A.  Will you require JoVE to record video microscopy through a microscope? N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N

C.  Which steps of your protocol will viewers benefit most from having filmed? 3.6-3.9  & 4.4-4.6

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

Harvesting the allantoic fluid without disturbing blood vessels and the yolk.

E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to produce large amounts of high titer influenza virus A in a cost-effective system. (Intro) This is accomplished by first obtaining serum pathogen-free, freshly fertilized chicken eggs. (P1) In the second step, the eggs are infected with influenza virus via the allantoic route for 48 hours. (P2) The allantoic fluid, which contains the virus, is then harvested, (P3) and the virus is snap-frozen in liquid nitrogen. (P4) Ultimately, plaque and hemagglutination assays can be performed to determine the influenza virus titer of the collected allantoic fluid. (P5)
From JoVE graphic overview.pptx
(P1) show white egg, then have candle appear next to egg and have insides of egg appear (like day 10 post fertilization egg graphic)
(P2) turn egg upside down and have syringe appear and inject allantoic fluid (like first egg in bottom of graphic)
(P3) “slice” fat part of egg off and have syringe appear and aspirate fluid/virus (like second egg in bottom of graphic)
(P4) show virus in microcentrifuge tube, then have tube briefly enter frosty beaker of liquid nitrogren (clear liquid) and then immediately come back out with tip of tube/virus “frozen” (or other similar animation)
(P5) with “plaque” please show plaque assay.tif; with “hemagglutination assays” please show hemagglutination-vbottom.tif
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Rena Brauer: Visual demonstration of this method is critical, as the harvesting steps are very sensitive and require careful handling of the eggs and a good knowledge of their anatomy.
Protocol (read by voice talent at JoVE):
2. Egg candling
2.1. Before starting the procedure, obtain serum pathogen-free, freshly fertilized avian eggs from a suitable vendor [2.1.1.-WIDE-TXT].
2.1.1. Talent entering lab/approaching humidified incubator with container of eggs (TEXT: Chicken eggs are typically used) 
2.2. Immediately upon arrival, place the eggs in a humidified egg incubator [2.2.1.-MED] with an automatic egg turner to rotate eggs regularly at 37°C and 55-60% humidity for 10-11 days [2.2.2.-CU].

2.2.1. *no comment

2.2.2. Few seconds at least one egg being rotated
2.2.3. [added] dissolve between 2.2.2 and this one to show rotation?
2.3. After 7-8 days of incubation, wearing 70% ethanol disinfected gloves [2.3.1.-MED], wipe an egg candler with the ethanol [2.3.2.-MED-TXT] and transfer the eggs from the incubator into empty egg cartons [2.3.3.-MED].

2.3.1. Few seconds Talent pulling on gloves

2.3.2. TEXT: Change/disinfect gloves frequently

2.3.3. *no comment

2.4. Then turn off the lights [2.4.1.-MED] and hold the large end of the eggs one at a time against the candler [2.4.2.-CU-TXT].

2.4.1. *no comment

2.4.2. TEXT: Do not leave eggs outside incubator > 30 min

2.5. If an egg is fertile, thin blood vessels leading to a bean-shaped embryo should be clearly visible [2.5.1.-LM]; if the egg is unfertilized, a small blood spot with a visible egg yolk will be observed [2.5.2.-LM].

2.5.1. Shot of a candled, fertilized egg (Video Editor: if possible, please indicate vessels and/or embryo when mentioned) Lab Media to be provided by authors
2.5.2. Shot of a candled, unfertilized egg (Video Editor: if possible, please indicate small blood spot and/or egg yolk when mentioned) Lab Media to be provided by authors
2.6. Then discard the unfertilized eggs [2.6.1.-CU] and return the viable one to the incubator [2.6.2.-CU]. If the status of an egg cannot be confirmed, mark it for later observation [2.6.3.-CU]. 
3. Influenza virus inoculation via the allantoic route
3.1. On day 10 or 11 post-fertilization and immediately before use, dilute an influenza virus stock to 1x103-104 pfu/ml in sterile PBS supplemented with HEPES [3.1.1.-WIDE] and place it on ice [3.1.2.-MED-TXT]. (Multiple takes recorded - Alex)
3.1.1. *no comment

3.1.2. TEXT: Keep stock on ice at all times 

3.2. Then candle each egg again [3.2.1.-MED] and eliminate any dead, immobile embryos [3.2.2.-MED]. 

3.3. Next, remove three eggs from the incubator [3.3.1.-MED] and arrange them in a separate holder with the air sacs up [3.3.2.-CU-TXT].

3.3.1. *no comment

3.3.2. TEXT: Keep air sacs up through end of exp

3.4. Mark the air space of the eggs with a permanent marker [3.4.1.-CU]. Then wash the area above the air space with 70% ethanol [3.4.2.-CU] and transfer the eggs air space up into an egg carton within a BSL-2 biosafety hood [3.4.3.-MED].

3.5. Now use a sterile 18G needle to punch a small hole in the shell over the air sac of each egg, taking care not to insert the needle too deeply to avoid stabbing the embryo or yolk [3.5.1.-CU].

3.5.1. Long narration, so multiple eggs being hole punched if possible

3.6. Then draw the diluted influenza virus into a sterile 1 ml syringe [3.6.1.-MED], attach a 22G needle [3.6.2.-MED], and carefully advance the needle at a 45° angle into the allantoic cavity of the first egg [3.7.3.-CU].

3.7. Inject 0.2 ml of the diluted virus into the egg [3.7.1.-CU], and then after injecting the other 2 eggs, discard the syringe and needle [3.7.2.-CU].

3.8. Seal each hole with a drop of glue from a glue gun, taking care that glue does not leak inside the egg [3.8.1.-CU], and then place the eggs back into the incubator [3.8.2.-MED].

3.9. After all of the eggs have been inoculated, incubate the infected eggs at 37°C and 60% humidity without turning for the optimal incubation time depending on the influenza virus type  [3.9.1.-MED/CU-TXT] .

3.9.1. MED: Talent setting temp/humidity or CU: Temp/humidity being set to 37°C/60% (TEXT: Influenza A: 48 hrs; Influenza B and C: 72 hrs)
4. Influenza virus harvest
4.1. At the end of the incubation period, chill the eggs for a minimum of 4 hours at 4°C to kill the embryo and constrict the blood vessels [4.1.1.-WIDE].

4.2. When the eggs have been sufficiently chilled, transfer them to a biosafety hood in a firm holder [4.2.1.-MED-TXT] and clean the egg surfaces with 70% ethanol [4.2.2.-MED]. 

4.2.1. Talent placing eggs in hood

4.2.2. *no comment

4.3. Then use sterile scissors to open the egghell above the air sac of the first egg [4.3.1.-CU].

4.4. Remove the shell around the air sac, taking care not to damage the chorioallantoic membrane [4.4.1.-CU].

4.5. Then use sterile blunt forceps to open the chorioallantoic membrane [4.5.1.-CU] and gently move aside the embryo and the yolk sac with a small spatula or spoon, taking care not to rupture the yolk [4.5.2.-CU].

4.6. Next, using a 1 ml Eppendorf pipette, carefully collect the allantoic fluid [4.6.1.-CU], tilting the egg to the side to collect as much fluid as possible as necessary [4.6.2.-CU]. (Alternate take recorded - Alex)

4.6.1. Fluid being collected (Videographer: combine 4.6.1. and 4.6.2. as appropriate)

4.6.2. Egg being tilted while more fluid is collected (Videographer: combine 4.6.1. and 4.6.2. as appropriate) tk5 is the “tilt” shot
4.7. Each egg should yield between 5-10 ml of slightly yellowish fluid [4.7.2.-CU].  As each egg is harvested, pool the allantoic fluid in 50 ml plastic conical tubes on ice [4.7.1.-MED].
shots reversed
4.7.1. *no comment

4.7.2. Shot of conical tube with graduations visible, with last bit of fluid from one egg being dispensed to 5-10 ml level

4.8. When all the fluid has been collected, spin down the virus [4.8.1.-MED-TXT] and transfer the clear fluid into a new 50 ml tube on ice [4.8.2.-CU].

4.8.1. Talent putting tube(s) into centrifuge (TEXT: 10 min, 1000 x g, 4°C)

4.8.2. *no comment

4.9. Finally, discard the eggs in a BSL-2 waste container [4.9.1.-MED] and immediately aliquot the clarified allantoic fluid [4.9.2.-MED].

4.9.1. *no comment

4.9.2. Talent adding fluid into at least one tube 

4.10. Then snap-freeze the virus in liquid nitrogen [4.10.1.-CU] and place the frozen stocks in a -80°C freezer for long-term storage [4.10.2.-MED].
5. Results: Representative PR8 influenza titer assays
5.1. Influenza virus infection causes a cytopathic effect that results in circular zones of lysed cells, or plaques, that form on a monolayer of cells. In this experiment, the plaques were visualized by staining the cells with crystal violet, and 65 plaques were counted in the well with the 1x10-12 dilution of virus [5.1.1.-LM]. Because 500 microliters of diluted viral stock was cultured on the cells, in this experiment, the final titer was 1.3 x 1014 PFU/ml. 

5.1.1. plaque assay.tif: please highlight the 10-12 well

5.2. The hemagglutination assay is a method for titering influenza virus based on the ability of the virus to attach to the surface of red blood cells. As observed, the viral suspension agglutinates the red blood cells, preventing the red blood cells from settling out of suspension [5.2.1.-LM]. A clearly negative result was observed with the 1:211 dilution of the virus, therefore, the final titer for this experiment was 4.1 x 104 HAU/ml [5.2.2.-LM].

5.2.1. hemaglutinin-vbottom.tif: please outline the wells with red dots in the middle (one big “L”-shaped outline, not individual outlines) OR indicate at least one well with red dot

5.2.2. hemaglutinin-vbottom.tif: please highlight/outline/indicate the 4 wells in the 4th row of the middle column

6. Conclusion (said by authors on camera)
6.1. Rena Brauer: After watching this video, you should have a good understanding of how to propagate the influenza virus by inoculating chicken eggs and harvesting the allantoic fluid containing the virus.
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.  

JoVE graphic overview.pptx

plaque assay.tif
hemaglutinin-vbottom.tif
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, as well as an introduction to your videographer, closer to your filming date.
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