[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 61406
Scriptwriter Name: Bridget Colvin 
Project Page Link: https://www.jove.com/account/file-uploader?src=18728878

Title: Low-Cost, Volume-Controlled Dipstick Urinalysis for Home-Testing

Authors and Affiliations: Emily Kight1, Iftak Hussain1, and Audrey K. Bowden1,2

1Vanderbilt Biophotonics Center and Department of Biomedical Engineering, Vanderbilt University
2Department of Electrical Engineering and Computer Science, Vanderbilt University


☒   All author names are spelled correctly, and the affiliations are correct (city/state/country information not included in video title page).

Corresponding Author:
Audrey K Bowden 
a.bowden@vanderbilt.edu
		
Co-Authors:
Emily.c.kight@vanderbilt.edu
Iftak.Hussain@vanderbilt.edu 



Author Questionnaire 

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Yes
If Yes, we will need you to record using screen recording software to capture the steps. For suggestions for how to screen record on a smartphone, we have provided some suggested links: https://www.digitaltrends.com/mobile/how-to-screen-record-in-android/, https://www.digitaltrends.com/mobile/how-to-screen-record-in-android/ 

3. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming. The interviewee then removes the mask for line delivery only. When the shot is acquired, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements outside of the filming date. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

☐ 	Author interview statement opt out (interview statements removed completely from paper). 

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   NO
If Yes, how far apart are the locations? Click to enter distance between locations.
 

· To ensure that your script can be filmed in one day, the Introduction, Protocol, and Conclusion sections are restricted to 55 shots (i.e., designated as 1.1.1., 1.2.1., etc). 

Protocol Length
Number of Shots: 22


Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. One optional statement may also be selected.
· Please answer in full sentences in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Emily Kight: Manual performance of dipstick urinalysis relies on good technique, and time-sensitive comparisons to chart colors. By automating key steps, potential sources of error can be eliminated, allowing self-testing at home [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: What is the main advantage of this technique?

Iftak Hussain : We describe the steps necessary to create a customizable device to perform automated urinalysis testing in any environment. The device is cheap to manufacture and simple to assemble.
1.2. [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?

1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5.  Dr. Audrey Bowden: We discuss the critical measurements and fabrication steps necessary to ensure robust operation. We then compare the proposed method to the dip-and-wipe method, the gold standard technique for dipstick urinalysis[1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: Why is visual demonstration of this method critical?

1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Is each interview statement 30 words or fewer? ☒ Yes
Has any author been assigned more than two statements? ☒ No

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.7. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.[1][2].

1.7.1. INTERVIEW: Author saying the above
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera



Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.
· Design device in computer aided design software 
· 
SCREEN: To be provided by Authors: Device being rotated in the software to show details
Use a computer-aided design (CAD) software to draw a rectangular area with dimensions 2.1641 in x 0.0547 in x 6.3828 in (W x H x L) using the polyline tool.


2. Urinalysis Device Fabrication and Assembly

2.1. Design the device in computer aided design software  

2.1.1. SCREEN: To be provided by Authors: Base plate being panned and rotated in the software to show details

2.2. After printing the urinalysis device base plate on a 3D printer, use sandpaper to sand the top face area between the ledges to roughen the surface [1]. 

2.2.1. WIDE: Talent sending top face area

2.3. Tape the ledges with adhesive tape [1] and, holding a can of hydrophobic spray 8-12 inches away, spray the base plate with 4-8 coats [2-TXT]. The device should have a milky white appearance upon drying [3].

2.3.1. Ledge being taped
2.3.2. Talent spraying basecoat TEXT: Wait 30 minutes between coat applications
2.3.3. Shot of milky white appearance of dry device

2.4. After waiting 12 hours for the base plate to completely dry, remove the tape from the ledges [1] and spray the front of the slide with 6-8 coats of hydrophobic spray in the same manner [2].

2.4.1. Talent removing tape
2.4.2. Talent spraying front of slide

2.5. While the device is drying, download a QR code from an online QR code generator [1] and print the desired code on paper with sticky adhesive backing [2].

2.5.1. Talent at computer, downloading code
2.5.2. Talent removing code from printer
2.6. Place the QR code 0.17 inches from the right of the first through-hole adjacent to the row of through-holes [1] and use clear tape to cover and secure the code to the slide [2].

2.6.1. Code being placed  
2.6.2. Code being taped

2.7. To assemble the inlet and plate sleeve, first use acrylic cement to glue the inlet cover onto the top plate where the inlet-hole is located [1].

2.7.1. Talent gluing cover to top plate

2.8. After 24-48 hours, when the pieces have securely bonded, apply 4-8 coats of hydrophobic spray to the back of the top plate as demonstrated [1].

2.8.1. Talent applying spray to back of top plate

2.9. When the spray has completely dried, align the completed top plate with the ledges of the base plate [1] and use acrylic cement to glue the two pieces together [2].

2.9.1. Pieces being aligned
2.9.2. Pieces being glued

2.10. Then clamp the pieces together to secure them while drying [1].

2.10.1. Clamp being placed

2.11. When the adhesive has fully dried, apply a commercially printed vinyl chart sticker to the sleeve so that it is aligned with each through-hole [1].

2.11.1. Sticker being applied

3. Test Preparation and Urinalysis

3.1. To prepare the test, download the UrineTest mobile application from GitHub [1-TXT] and install the app onto a mobile phone [2].

3.1.1. WIDE: Talent downloading app TEXT: https://github.com/Iftak/UrineTestApp 
3.1.2. SCREEN: To be provided by Authors: App being installed 

3.2. Read the instructions [1] to and adjust allow the analyte names and reading times to be adjusted to match those for the dipstick of interest [2].

3.2.1. SCREEN: To be provided by Authors: Instructions being scrolled through
3.2.2. SCREEN: To be provided by Authors: Analyte name(s) and/or reading time(s) being adjusted

3.3. [bookmark: _GoBack]Enter new input via the text holder window on the screen [1] and read the instruction(s) for the phone alignment [2].

3.3.1. SCREEN: To be provided by Authors: Input being entered
3.3.2. SCREEN: To be provided by Authors: Instructions being scrolled through/shot of instructions

3.4. Insert the dipstick into the through-holes under the plate sleeve [1] and place the plate sleeve inside the box so that the notch is aligned with the box gap [2].

3.4.1. Dipstick being inserted
3.4.2. Plate sleeve being placed 

3.5. Place the slide into the plate sleeve such that the through-holes align with the inlet [1] and place the phone on the top of the box with the back-camera lens facing the viewing through-hole to enable imaging [2].

3.5.1. Slide being placed
3.5.2. Talent placing phone onto box

3.6. Confirm that the phone position will allow an image of the test strip to be acquired through the camera lens [1] and launch the UrineTest application [2-TXT].

3.6.1. Shot of image of test strip
3.6.2. Finger tapping app TEXT: App will enable phone flashlight 


3.7. Then align the phone accordingly so that the dipstick coincides with the boundaries of the black rectangular overlay on screen [1] and click Start to begin the test [2].

3.7.1. Phone being aligned
3.7.2. Start being tapped

3.8. To analyze a urine sample, use a disposable polyethylene transfer pipet to deposit approximately 500 microliters of urine into the inlet hole [1] and push the slide into the plate sleeve until it is stopped by the base plate top to initiate the test [2].

3.8.1. Talent adding urine to inlet hole
3.8.2. Slide being pushed into base plate

Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
3.2 – 3.8

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
2.8, 2.10 (careful alignment of each with steady hands)


Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 203. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 
· Notes in blue italics are for JoVE’s video editor.
4. [bookmark: _Hlk27388131]Results: Representative Urinalysis Results

4.1. Here representative results from a urinalysis test performed with a high-quality smartphone can be observed [1].

4.1.1. LAB MEDIA: Figure 6A

4.2. As expected, the color of the dipstick did not change in response to water [1], with the final value for the standard urine matching with the “normal” urinary glucose threshold level [2] and the final value for the “high glucose” condition being elevated above the normal value [3].

4.2.1. LAB MEDIA: Figure 6A Video Editor: please emphasize Water row at top of Figure and Water data line in graph
4.2.2. LAB MEDIA: Figure 6A Video Editor: please emphasize Urine Control row at top of Figure and Urine Control data line in graph
4.2.3. LAB MEDIA: Figure 6A Video Editor: please emphasize Spiked with Glucose row at top of Figure and Spiked with Glucose data line in graph

4.3. It is important to note that the correct value is not attained until 30 seconds, illustrating the importance of setting the timing readout interval correctly [1].

4.3.1. LAB MEDIA: Figure 6A Video Editor: please emphasize lilac vertical box at top of Figure and dashed vertical line in graph

4.4. Using a smartphone with a lower image resolution and flashlight specifications, a significant reduction in the image color and quality of the dipstick panel is observed [1]. 

4.4.1. LAB MEDIA: Figure 6B top part of Figure

4.5. The color matching algorithm used by the smartphone application for the urinalysis test [1], however, yields the same results for the analyte concentrations, despite the differences in the physical appearance of the colors of the dipstick pads [2]. 

4.5.1. LAB MEDIA: Figure 6B
4.5.2. LAB MEDIA: Figure 6B Video Editor: please emphasize graph/data lines in graph

4.6. Comparing the results captured by an automated urinalysis device [1] to those obtained using the traditional dip-and-wipe method and a commercial urine standard [2] reveals that the accuracy of the automated urinalysis device system depends on the volume transferred to each dipstick pad [3].

4.6.1. LAB MEDIA: Table 1 Video Editor: please emphasize rows 5-20 microliters
4.6.2. LAB MEDIA: Table 1 Video Editor: please emphasize Dip-and-wipe row
4.6.3. LAB MEDIA: Table 1 Video Editor: please emphasize 5-10 microliter column

4.7. Therefore, it is critical that the device is able to accurately and consistently transfer the required urine volume to the dipstick pads [1].

4.7.1. LAB MEDIA: Figure 7




Conclusion
5. Conclusion Interview Statements
Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will deliver the statement. 

What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
5.1. Emily Kight : One limitation is the hydrophobic coating applied may peel with frequent use, and alter the volume transferred, potentially reducing the accuracy. Also, the acrylic bonding may weaken during repeated testing. [1].
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (2.8) 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
5.2. Iftak Hussain: The protocol can be easily modified to use with any brand of dipsticks by changing the dimensions and adjusting the app  [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
5.3. Dr. Audrey Bowden: This method allows for increased accuracy in results performed by non-trained individuals. In the future, the protocol could be amenable to patient self-testing.  [1].
5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  

Is each interview statement 30 words or fewer? ☒ Yes

Thank you for addressing our questions. We will incorporate your answers and suggestions and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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