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SUMMARY:  25 
Dipstick urinalysis is a quick and affordable method of assessing one’s personal state of health. 26 
We present a method to perform accurate, low-cost dipstick urinalysis that removes the primary 27 
sources of error associated with traditional dip-and-wipe protocols and is simple enough to be 28 
performed by lay users at home.  29 
 30 
ABSTRACT: 31 
Dipstick urinalysis provides quick and affordable estimations of multiple physiological conditions 32 
but requires good technique and training to use accurately. Manual performance of dipstick 33 
urinalysis relies on good human color vision, proper lighting control, and error-prone, time-34 
sensitive comparisons to chart colors. By automating the key steps in the dipstick urinalysis test, 35 
potential sources of error can be eliminated, allowing self-testing at home. We describe the steps 36 
necessary to create a customizable device to perform automated urinalysis testing in any 37 
environment. The device is cheap to manufacture and simple to assemble. We describe the key 38 
steps involved in customizing it for the dipstick of choice and for customizing a mobile phone app 39 
to analyze the results. We demonstrate its use to perform urinalysis and discuss the critical 40 
measurements and fabrication steps necessary to ensure robust operation. We then compare 41 
the proposed method to the dip-and-wipe method, the gold standard technique for dipstick 42 
urinalysis.  43 
 44 
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INTRODUCTION:  45 
Urine is a non-invasive source of multiple metabolic indicators of disease or health. Urinalysis, 46 
the physical and/or chemical analysis of urine, can be performed quickly to detect renal disease, 47 
urinary tract disease, liver disease, diabetes mellitus, and general hydration1. Urinalysis dipsticks 48 
are affordable, semi-quantitative diagnostic tools that rely on colorimetric changes to indicate 49 
approximate physiological levels. Each dipstick can perform a wide variety of assays including 50 
testing for pH, osmolality, hemoglobin/myoglobin, hematuria, leukocyte esterase, glucose, 51 
proteinuria, nitrite, ketone, and bilirubin2. The principle of dipstick urinalysis relies on the 52 
occurrence of a timed reaction through which a color change on the dipstick pad can be 53 
compared to a chart to determine analyte concentration3. Given their affordability and ease of 54 
use, dipsticks are one of the most common tools for urinalysis in healthcare.  55 
 56 
Traditionally, dipstick urinalysis relies on a trained nurse or medical technician to manually insert 57 
the dipstick into a cup of urine sample, wipe off excess urine, and compare the color pads to chart 58 
colors at specific times. While the dip-and-wipe method is the gold standard for dipstick analysis, 59 
its reliance on human visual assessment limits the quantitative information that can be obtained. 60 
Moreover, the two manual steps of dipstick urinalysis – the dip-wipe step and colorimetric result 61 
comparison – require accurate technique, which limits the possibility of reliable testing in home 62 
settings by patients directly. Cross-contamination of the sample pads due to wiping can cause 63 
inaccurate color changes. Additionally, inconsistent volumes resulting from the lack of volume 64 
control during wiping can result in improper measurement of analyte concentrations. 65 
Importantly, the time between dipping the urine (i.e., the start of the assay) and comparison to 66 
a chart is critical for accurate analysis of the results and is a huge potential source of human error. 67 
The difficulty in manual colorimetric comparison is that many pads must be read at the same 68 
time, while some pads are read at different times. Even perfectly timed color comparisons still 69 
depend on the visual acuity of the human reader, who may suffer from color blindness or 70 
perceive different colors in different lighting environments4. These challenges underscore why 71 
clinicians can only rely on dipstick urinalysis performed by trained personnel. However, an 72 
automated urinalysis system could address all the aforementioned concerns by eliminating the 73 
need for manual dip-wipe steps, incorporating timing controls, and enabling simultaneous color 74 
comparisons with calibrated color references. This, in turn, would reduce user error, allowing for 75 
possible adoption in home settings.  76 
 77 
In the last 20 years, automatic analyzers have been employed to read the results of dipstick urine 78 
tests with the same accuracy as or exceeding visual analysis5. Many clinics and doctor offices use 79 
such machines to rapidly analyze and print traditional dipstick results. Most urinalysis machines 80 
minimize visual inspection errors and ensure consistency in results6. They are easy to use and 81 
more efficient than manual inspection but still require the user to perform the dip-wipe method 82 
correctly. Hence, these machines have limited ability to be operated by untrained persons such 83 
as at-home users; moreover, they are extremely expensive.  84 
 85 
Recently, cell phones have emerged as a resourceful tool for various biological colorimetric 86 
measurements7,8,9,10, including for urinalysis11,12,13,. Given their remote sensing capabilities and 87 
high imaging resolution, cell phones have become effective healthcare analytical devices14,15. 88 



   

Indeed, the FDA has cleared several smartphone-based home urine tests16,17,18. Some of the new 89 
smartphone-based commercial products incorporate established urinalysis dipsticks, while 90 
others feature proprietary colorimetric pads. All such products feature proprietary methods to 91 
calibrate for different lighting conditions across different phones types. Still, a problem with 92 
these solutions is that the user must manually take a picture at the right time in addition to 93 
carrying out a proper manual dip-wipe method (i.e., without cross-contamination). Notably, none 94 
of these tests control the volume deposited onto the dipsticks, which we have found can affect 95 
the color change19 and interpreted physiological result. The present gaps and costs in the 96 
workflows of these devices suggest an additional need to enable a human-free, volume-97 
controlled urine deposition procedure and hands-free dipstick photography.  98 
 99 
We describe a protocol for volume-controlled, automated dipstick urinalysis without the need 100 
for a manual dip-wipe step. The key to the automated process is a device19 whose underlying 101 
principle is based on the SlipChip20 and that transfers liquid between different layers using 102 
surface chemistry effects. In brief, the hydrophobic coating on the transfer slide and surrounding 103 
plate sleeve force the liquid to move effortlessly through the device and to release onto the 104 
dipstick pad once the slide is in its final position, at which point the bottom hydrophobic barrier 105 
is replaced with air. Additionally, the coordinated light-blocking box standardizes the lighting 106 
conditions, camera angle of view, and the distance for camera focus to ensure accurate and 107 
repeatable results that are not influenced by ambient lighting conditions. An accompanying 108 
software app automates the capture of images and colorimetric analysis. Following description 109 
of the protocol, we provide representative results of the urinalysis test under different 110 
conditions. Comparisons with the standard dip-wipe method demonstrate reliability of the 111 
proposed method. 112 
 113 
PROTOCOL:  114 
 115 
1. Fabricate and assemble the urinalysis device  116 
  117 
1.1. Fabricate the base plate (Figure 1A). 118 
 119 
1.1.1 Use a computer-aided design (CAD) software to draw a rectangular area with 120 
dimensions 2.1641 in x 0.0547 in x 6.3828 in (W x H x L) using the polyline tool.  121 
 122 
1.1.2 Measure the test area (rectangular area encompassing the distance between the first 123 
and last pad and the width of the pads) on the dipstick.  124 
 125 
NOTE: This information is needed to draw the through-holes that hold the dipstick in place and 126 
separate the liquid in between the pads (to prevent cross-contamination).  127 
 128 
1.1.3 Add through-holes that mimic the size and position of each test pad in the test area.  129 
 130 
1.1.4 Draw two raised side ledges that measure 2.1641 in x 0.6797 in (W x L). 131 
 132 



   

1.1.5 Draw a stop (0.1172 in by 0.2109 in (W x L)) using the polyline tool to facilitate 133 
alignment between the base plate and the slide. The stop should be perpendicular to the ledges 134 
and physically stops the slide from moving passed the urine dipstick pads.  135 
 136 
1.1.6 Select the lines for the stop and ledge to make one region using the Region command. 137 
Use the Extrude command to raise the region up to a height of 0.0703 in. Repeat this step on 138 
the other side of the device.  139 
 140 
1.1.7 Create a notch (0.1719 in by 0.3500 in (W x L)) on both ledges to facilitate alignment 141 
with the box. Position it 0.466 in from the bottom edge of the ledge. Use the Region command 142 
to create one region of the rectangle and make the extrusion to the height of 0.1103 in.  143 
 144 
1.1.8 Use the Solid Subtract command, select device, press Enter, select the notch region and 145 
press Enter. Repeat on the other side of the device.  146 
 147 
NOTE: The shape will be removed from the device. 148 
 149 
1.1.9 Print the base plate on a 3D printer and sand the top face area between the ledges with 150 
sandpaper to roughen the surface.  151 
 152 
NOTE: Sanding is important so that the hydrophobic coating can adhere to the base plate 153 
securely.  154 
 155 
1.1.10 Tape the ledges with adhesive tape (to avoid spraying the ledges) and spray the base 156 
plate with a hydrophobic spray. Apply several (4-8) coats of the basecoat to the base plate. 157 
Hold the can approximately 8-12 inches away from the base plate when spraying. The device 158 
should have a milky white appearance upon drying. 159 
 160 
CAUTION: Follow manufacturer instructions for appropriate location and PPE for spraying. 161 
 162 
1.1.11 Wait 30 minutes before applying the topcoat several times (6-8x). Allow the base plate 163 
to dry for 12 hours before use. Remove the tape from the ledges.  164 
 165 
1.2. Fabricate the top plate (Figure 1B). 166 
 167 
1.2.1. Draw a rectangular area to measure 2.05 in x 5.470 in (W x L) in a CAD software using 168 
the polyline tool.  169 
 170 
1.2.2. Add a rectangular through-hole (the “viewing through-hole”) slightly larger than the size 171 
of the test area of the dipstick (e.g., 0.230 in x 3.147 in (W x L)). Place it 0.921 in from the top, 172 
1.165 in from the left, and 1.165 in from the right edges of the top plate. 173 
 174 



   

1.2.3. Draw a second through-hole (the “Inlet-hole”) sized 0.075 in x 3.146 in (W x L). Place it 175 
0.236 in from the bottom edge, 1.737 in from the top edge, and 1.162 in from the left and right 176 
edges of the top plate.  177 
 178 
1.2.4. Cut the top plate from a piece of clear acrylic with a laser cutter. Wipe off any remaining 179 
dust or debris.  180 
 181 
1.3. Fabricate the inlet cover (Figure 1B). 182 
 183 
1.3.1 Draw a rectangular area with dimensions 0.247 in x 3.3378 in (W x L) in a CAD software 184 
using the polyline tool. Add two circular through-holes with a diameter of 0.127 in 185 
approximately 0.073 in from the two edges of the inlet cover, one on either side.  186 
 187 
1.3.2 Cut the inlet cover from a piece of clear acrylic with a laser cutter. 188 
 189 
1.4. Fabricate the slide (Figure 1C) 190 
 191 
1.4.1. Draw a rectangular area in CAD software that measures measure 2.771 in x 0.0625 in x 192 
5.000 in (W x H x L) using the polyline tool.  193 
 194 
1.4.2. Add through-holes that match the position of each test pad in the test area. Draw the first 195 
0.105 in square through-hole to overlap with the placement of the first test pad: 1.096 in from 196 
the left and right edges of the slide, 0.960 in from the top edge, and 1.681 in from the bottom 197 
edge. Add more through-holes as needed (usually 10 total) for the selected dipstick brand of 198 
choice. Space each next through-hole by measuring the distance between test pads on the 199 
dipstick.  200 
 201 
NOTE: The size of the through-holes is important in order to deposit the correct volume of liquid 202 
onto the dipstick pad. For our brand of dipstick, we created holes which deposit 15 ul onto each 203 
dipstick pad.  204 
 205 
1.4.3. Cut the slide from a piece of clear acrylic using a laser cutter. Wipe off any remaining dust 206 
or debris.  207 
 208 
1.4.4. Spray the front of the slide with a hydrophobic spray. Apply several coats (6-8x) of 209 
basecoat to the slide. Hold the can approximately 8 -12 in away from the slide when spraying.  210 
 211 
1.4.5. Wait 30 minutes before applying the topcoat several times (8-12x). Allow the slide to dry 212 
for 12 hours before use.  213 
 214 
1.4.6. Download a QR code from an online QR code generator and print the desired code on 215 
paper with sticky adhesive backing. Place the QR code 0.17 in from the right of the first through-216 
hole along the same row as all the through-holes.  217 
 218 



   

NOTE: As long as the QR code is adjacent to the through-holes, accurate placement is not 219 
important.  220 
 221 
1.4.7. Use clear tape to cover the QR code and secure it to the slide.  222 
 223 
1.5. Assemble the inlet and plate sleeve (Figure 1D). 224 
 225 
1.5.1. Fabricate the inlet by using acrylic cement to glue the inlet cover onto the top plate 226 
where the inlet-hole is located. Wait 24-48 hours to securely bond the pieces.  227 
 228 
1.5.2. Spray the back of the top plate with a hydrophobic spray once the inlet cover is securely 229 
bonded to the top plate. Place the top plate upside down. Apply the first basecoat several times 230 
(4-8x).  231 
 232 
1.5.3. Hold the spray 8-12 inches away from the top plate and wait 30 minutes for it to dry. 233 
Apply the topcoat several times (6-8x). Allow the top plate to dry for 12 hours before use. 234 
 235 
1.5.4. Assemble the plate sleeve (combined top plate and base plate) by gluing the completed 236 
top plate to the ledges of the base plate with acrylic cement. The two pieces are easy to align 237 
by visual inspection, as the bottom edge of the top plate will align with that of the base plate. 238 
Apply a clamp to the base plate ledges to secure it during drying and wait 24-48 hours before 239 
use, as per the manufacturer’s instructions.  240 
 241 
1.6. Create the chart sticker. 242 
 243 
1.6.1. Download the color chart for the brand of dipstick from the manufacturer’s website.  244 
 245 
1.6.2. Open the downloaded file in a graphics editor software.  246 
 247 
1.6.3. Open the digital file for the top plate template previously used for the laser cutter (Step 248 
1.2 of this protocol) in a graphics editor software.  249 
 250 
1.6.4. Create the color boxes for the chart sticker by matching color boxes from the 251 
manufacturer color chart. Select the first block of color on the manufacturer’s chart with the 252 
dropper tool in the graphics editor software and then use the box shape tool to make a box shape 253 
in the same color on the top plate template, in the same row where the dipstick pad will be 254 
located. Repeat this for each color block corresponding to each pad row.  255 
 256 
1.6.5. Delete the layers associated with the top plate template.  257 
 258 
1.6.6. Print the chart sticker as a vinyl sticker with an online sticker print service. Place the chart 259 
sticker onto the plate sleeve and align it with each through-hole.  260 
 261 
1.7. Fabricate the box (Figure 1E). 262 



   

 263 
1.7.1. Draw the two long-sided box pieces (parts “a” and “b”) in the CAD software as rectangles 264 
with dimensions of 4.92 in x 6.63 in (W x L). Add a cut-out to part “a” centered on the bottom 265 
edge measuring 0.2 in x 6.11 in (W x L). 266 
 267 
1.7.2. Draw the two narrow-sided box pieces (parts “d” and “e”) in the CAD software as 268 
rectangles with dimensions measuring 1.805 in x 6.63 in (W x L). 269 
 270 
1.7.3. Draw the box top (part “c”) as a rectangle with dimensions 1.805 in x 6.63 (W x L). Draw 271 
the “imaging through-hole” on the top: 0.74 in x 0.910 in (W x L), positioned 3.17 in from the 272 
bottom, 2.53 in from the top, 0.65 in from the right edge, and 0.42 in from the left edge.  273 
 274 
NOTE: The exact position of the imaging through-hole should be selected on the basis of the cell 275 
phones that will be used for the analysis.  276 
 277 
1.7.4. Draw each box piece to feature a pattern of interlocking edges that will allow all the box 278 
sides to snap together on each edge as described in Figure 1D. To make an interlock edge pattern, 279 
alternate an extrusion/intrusion pattern on the long edge with 0.135 in by 1.17 in (W x L) 280 
protrusions. Draw two extrusions on each long edge for every side of the box. Use the same 281 
extrusion/intrusion pattern for the short edge, but with intrusions measuring 0.135 in by 0.460 282 
in (W x L).  283 
 284 
1.7.5. Cut the five pieces with a laser cutter or print them with a 3D printer.  285 
 286 
NOTE: A laser-cut component using acrylic pieces will be cheap to manufacture and can be 287 
flattened for easy shipping. Use black acrylic as it is helpful to absorb scattered light during 288 
testing. 289 
 290 
1.7.6. Add black color construction paper to the box interior to prevent scatter from the flash 291 
during image analysis if the box material has a gloss finish. 292 
 293 
2. Prepare the test  294 
 295 
2.1. Download the UrineTest mobile application from GitHub 296 
(https://github.com/Iftak/UrineTestApp).  297 
 298 
2.2. Install the app onto a mobile phone.  299 
 300 
NOTE: This step only has to be done once for all future uses of a given phone. If needed, enable 301 
developer status on the phone to do this.  302 
 303 
2.3. Assemble the various components together and insert the dipstick into the through-304 
holes underneath the plate sleeve (Figure 1F).  305 
 306 

https://github.com/Iftak/UrineTestApp


   

2.4. Place the plate sleeve inside the box so that its notch is aligned with the box gap.  307 
 308 
2.5. Place the slide inside the plate sleeve so that its through-holes align with the inlet. 309 
 310 
2.6. Place the phone on the top of the box with the back-camera lens facing the viewing 311 
through-hole to enable imaging. Ensure the camera visibility is not occluded by checking for the 312 
image on the phone screen prior to testing. The app will enable the flashlight on the phone 313 
automatically.  314 
 315 
2.7. Launch the UrineTest application in the phone (Figure 2A). 316 
 317 
2.8. Read the instructions to change the analyte names and reading timings (Figure 2B) to 318 
match those for the dipstick of interest (based on the manufacturer’s specifications) and insert 319 
new input via the text holder window on the screen (Figure 2C). 320 
 321 
NOTE: The necessary readout time for each dipstick pad will depend on the brand of the 322 
dipstick used. 323 
 324 
2.9. Read the instruction for phone alignment (Figure 2D) and align the phone accordingly so 325 
that the dipstick coincides with the boundaries of the black rectangular overlay on screen 326 
(Figure 2E). 327 
 328 
2.10. Click the Start button on the app window to begin the test.  329 
 330 
NOTE: This will open the phone camera to read the QR code once in view (Figure 2F). 331 
 332 
3. Conduct the test  333 
 334 
3.1. Deposit urine into the inlet hole with a disposable polyethylene transfer pipet 335 
containing approximately 0.5 mL of urine (Figure 3). 336 
 337 
NOTE: The exact amount of liquid is not important, but it should be at least 0.5 mL to ensure 338 
that all the through-holes receive sufficient urine. Upon adding the liquid, observe that it moves 339 
across inlet and is deposited in each through-hole of the slide. 340 
 341 
3.2. Initiate the test by pushing the slide into the plate sleeve until it is stopped by the base 342 
plate stop.  343 
 344 
NOTE: Urine should make contact with dipstick pad when the QR code is in the field of view of 345 
the cell phone. After reading the QR code, the application will open a window to analyze the 346 
color changes (Figure 2G) and show the results automatically within the same window (Figure 347 
2H). 348 
 349 
3.3. Discard the urine appropriately and clean the plate sleeve and slide with 10% bleach 350 



   

solution and rinse again with de-ionized water. Allow it to dry before additional use.  351 
 352 
REPRESENTATIVE RESULTS:  353 
Figure 4 demonstrates how the urine is transferred to the dipstick during a urinalysis test. During 354 
a typical test, the transfer of urine is not observable because the box occludes the view. Once the 355 
sample is deposited in the inlet using a pipette (Step 3.1), it will fill the holes on the slide (Figure 356 
4A). Figure 4B and Figure 4C, respectively, show the progressive movement of the urine across 357 
the plate sleeve and after the slide makes contact with the stop. Note that contact of the urine 358 
with the dipstick leads to a colorimetric reaction and color change on the dipstick pads. 359 
 360 
Figure 5 demonstrates a potential problem that can arise if the surfaces for transferring the urine 361 
(i.e., base pate, top plate and slide) are not sufficiently coated with hydrophobic spray. An 362 
illustration of a well and poorly coated slide is shown in Figure 5A. If poorly coated, one may 363 
observe streaks (shown by white arrows in Figure 5B) during the sliding step that decrease the 364 
accuracy of the volume transferred. In addition, one may observe failure of the slide to transfer 365 
the urine to the dipstick (Figure 5C), and urine may remain in the through-holes even when the 366 
slide is removed from the device. These steps highlight the importance of obtaining good spray 367 
coverage (Steps 1.1.8, 1.4.4, 1.5.3, and 1.5.4). If there are concerns about the spray coverage or 368 
observe these performance errors, it is best to remake the base plate, top plate and slide. 369 
 370 
A urinalysis test was performed with a high-quality smartphone: phone 1 (image resolution: 8000-371 
pixels x 6000-pixels). Representative results are shown in Figure 6. We conducted tests with de-372 
ionized water and commercial urine (both standard composition and with high glucose). The color 373 
pads on the dipstick change in time in response to the colorimetric reaction of the urine with the 374 
analytes in the dipstick. The error bars in Figure 6 represents the standard deviation yielded for 375 
three consecutive measurements of each sample recorded by the two smartphones. Figure 6A 376 
plots the response for the glucose pad over time for the different test conditions. For the brand 377 
of dipstick used, the recommended readout time for the glucose measurement is 30 seconds. As 378 
expected, the color of the dipstick does not change over this interval for water, the final value for 379 
the standard urine matches with the “normal” urinary glucose threshold level (160-180 mg/dL), 380 
and the final value for the “high glucose” condition is elevated above the normal value. 381 
Importantly, note that the correct value is not attained until 30 seconds, which illustrates the 382 
importance of setting the timing readout interval correctly in Step 2.8. The same experiment was 383 
performed with another smartphone having a lower image resolution: phone 2 (image resolution: 384 
3264-pixels x 2448-pixels). Due to the difference in camera resolution, a significant difference 385 
from the previous results is observed in the image color and quality while capturing images of the 386 
dipstick panel, as shown in Figure 6B. The differences in flashlight specifications also contribute 387 
to the differences in image quality. From Figure 6, it can be seen that both phones yield similar 388 
trends in the change of color over time, though the actual colors detected are different. The color 389 
matching algorithm used by the smartphone application for the urinalysis test yields the same 390 
results for the analyte concentrations, despite differences in the physical appearance of the colors 391 
of the dipstick pads. The consistency of the results is due to the use of the chart sticker as a 392 
reference chart for the analysis. Since both the chart sticker and the dipstick are captured under 393 
the same lighting conditions and image quality, the smartphone application evaluates the (R,G,B) 394 



   

components and the color difference of both the reference square and dipstick pad in a similar 395 
fashion for both smartphones. These results confirm that the protocol described in this 396 
manuscript is independent of the smartphone model, as long as both the reference color chart 397 
and the dipstick are imaged under the same environment. 398 
 399 
We have previously evaluated the accuracy of the automated urinalysis device by comparing with 400 
traditional dip-and-wipe methods using a commercial urine standard19. Table 1 compares the 401 
results obtained with the two tests. It can be seen that the accuracy of the system depends on 402 
the volume transferred to each dipstick pad. The most accurate results were obtained when the 403 

automated urinalysis device was designed to transfer 15 L of urine; therefore, it is crucial that 404 
the device transfer the required urine volume accurately and consistently to the dipstick pads. 405 
Representative results to validate the consistency of the device by transferring 15 μL volume of 406 
urine samples over seven different trials are shown in Figure 7. The overall standard deviation 407 
was found to be below 0.5 μL, which is within 4% range of the target value. The results confirm 408 
that the device is able to accurately and consistently transfer microliters of urine to perform the 409 
test.  410 
 411 
Figure 1: Schematic drawings of device components. A) Base plate. B) Top plate and inlet 412 
cover, which are glued together in Step 1.5.1. C) Slide and associated QR code used for timing 413 
control. D) Plate sleeve, formed by gluing the top plate to the ledges of the base plate in Step 414 
1.5.4. The chart sticker next to the viewing through-hole enables color analysis. E) Box. F) 415 
Assembled device. During use, a mobile phone is placed on the top of the box such that its lens 416 
and flashlight are positioned above the imaging through-hole.  417 
 418 
Figure 2: The process of the colorimetric analysis using the app. A) The icon on the phone 419 
screen “Urine test” is selected to launch the application. B) A pop-up window informs the user 420 
to modify the readout times. C) The user manually enters the analyte name and readout times. 421 
D) A pop-up window to inform the user for phone alignment. E) Representative image of a 422 
properly aligned dipstick before testing. F) Screenshot after the slide is inserted and the QR 423 
code appears to initiate data acquisition. G) The screen one second after starting the test. The 424 
black square overlays show the user the exact location from where the app is collecting pixel 425 
information. H) The results of the completed dipstick test. Test results with dashes are 426 
considered normal for the chosen dipstick.  427 
 428 
Figure 3: Photograph of the assembled device in action at the start of a urinalysis test. A user 429 
begins the test by inserting a pipette with urine into the inlet.  430 
 431 
Figure 4: Internal process of liquid deposition onto the dipstick test from start to finish. A) 432 
Inserting the slide into the plate sleeve and aligning the slide through-holes with the inlet will 433 
allow the transfer pipette to deliver the urine into each through-hole of the slide. B) Slipping 434 
the slide through the interior of the hydrophobic coated plate sleeve enables liquid transport. 435 
C) When the slide reaches the stop in the baseplate, urine is delivered to the test pads, 436 
resulting in colorimetric changes.  437 
 438 



   

Figure 5: Potential problems associated with insufficient hydrophobicity. A) A slide with and 439 
without sufficient coating. B) Insufficiently coated slide shows leaking during the sliding step. C) 440 
An insufficiently coated slide does not transfer onto the dipstick pads even after being pulled 441 
back out of the device: the liquid remains in the slide through-holes, as seen in the inset on the 442 
bottom right.  443 
 444 
Figure 6: Urinalysis result for the glucose pad with two different smartphones for three types 445 
of samples. A) Response characteristics of the glucose pad over time for the different test 446 
conditions recorded with a high-camera-resolution camera phone (phone1). B) Response 447 
characteristics of the glucose pad over time for the different test conditions recorded with a 448 
low-resolution camera phone (phone 2). The readout at 30 seconds corresponds with the 449 
desired timing for the manufacturer. 450 
 451 
Figure 7: Well number vs average volume transferred. Each well corresponds to a through-452 
hole for a given test pad; the first well is closest to the inlet. This figure has been modified from 453 
Smith, et al.19 and reproduced with permission from the Royal Society of Chemistry.  454 
 455 
Table 1: Median values and standard deviations for analytes using various deposited 456 
volumes. The symbol ‡ indicates median values that differ from the median obtained with the 457 
dip-and-wipe method, the industry standard. The total number of analyte pads whose medians 458 
differ from the dip-and-wipe method are reported in the far right column. Note results are 459 
cumulative for all dipsticks used. LEU: leukocytes, NIT: nitrite, URO: urobilinogen, PRO: protein, 460 
BLO: blood, SG: specific gravity, KET: ketones, GLU: glucose. This table has been modified from 461 
Smith, et al.19 and reproduced with permission from the Royal Society of Chemistry.  462 
 463 
DISCUSSION:  464 
Traditional dipstick urinalysis is affordable and convenient but requires manual attention to 465 
detail to yield accurate results. Manual dipstick urinalysis is subject to variable lighting 466 
conditions, individual color perception differences and cross-contamination. Many clinics and 467 
hospitals already have instruments to automate urine dipstick analysis, but the instruments are 468 
usually bulky, expensive, and still rely on proper performance of the dip-wipe method. 469 
Additionally, these instruments require yearly calibration and maintenance for accurate results. 470 
 471 
The protocol automates and controls several important steps involved with dipstick urinalysis 472 
(e.g., distribution of liquid to the test pads, the timing of the start, control over the lighting and 473 
quantitative comparison with the reference standard), which is necessary to obtain reliable 474 
results. To this end, critical steps in the protocol relate to the design of the device include steps 475 
1.4.3, 1.1.4, 1.4.7 and 1.1.5, which match the size of the through-holes to the desired volume, 476 
ensure proper placement of the stops to align the through-holes with the dipstick, ensure 477 
proper placement of the QR code used as the timing indicator and ensure that the test is not 478 
influenced by ambient light, respectively. In addition, the transfer of urine through the slide and 479 
subsequent deposition onto the dipstick are highly dependent on the surface characteristics of 480 
the materials being used. Hence, if non-hydrophobic surfaces are used for the base plate, the  481 
top plate and the slide, it is important to apply an adequate amount of hydrophobic spray. It is 482 



   

especially critical to ensure that the inner surfaces of the through-holes of the slide have been 483 
sprayed so that the liquid will drop to the dipstick pad after slipping. 484 
 485 
The protocol can be easily modified to use with other brands of dipsticks by changing the 486 
dimensions and spacing of the through-holes. The volume applied to the dipstick can also be 487 
modified by changing the thickness of the acrylic used to fabricate the slide (with 488 
commensurate changes in the thickness of the ledges of the base plate) or the size of the 489 
through-holes. The accompanying software app allows the user to modify the names and 490 
readout timings to align with those for the brand of dipstick used. 491 
 492 
The current device combines a 3D-printed base plate and laser-cut top plate to form a plate 493 
sleeve. Both of these fabrication methods are affordable, and the material choices can be 494 
modified. Excluding the phone and dipstick, the acrylic used in the current device costs 495 
approximately $0.85, and material used in the 3D-printed base plate costs around $1.50 per 496 
device. Although the base plate we used is 3D-printed from acrylonitrile butadiene styrene 497 
(ABS), other polymers that form a hard and rigid surface are also suitable. For example, a 498 
version of the device can be made using a plate sleeve completely fabricated from acrylic19 . 499 
Elastomeric materials such as polydimethylsilioxane (PDMS) are not desirable because their 500 
lower rigidity is less compatible with sliding a glass surface to enable the slipping action that is 501 
critical to the volume-control design. 502 
 503 
One important limitation of the current protocol is that the hydrophobic coating applied to the 504 
slide and plate sleeve may peel with frequent use, limiting the stability of the device over time. 505 
After 3-4 test runs, the hydrophobic coatings often peel and alter the volume transferred, 506 
potentially reducing the accuracy in results. Future method modifications can include the use of 507 
more durable hydrophobic coating or materials that are naturally hydrophobic. Additionally, 508 
the acrylic bonding may weaken during repeated testing as well. The low cost of the device, 509 
however, allows multiple prints to be made and re-glued together as needed. Thus, the slide 510 
may be considered as a reusable part. 511 
 512 
Another limitation is the inability to saturate the glucose pad with urine due to the hydrophobic 513 
nature of the pad. As such, it only partially absorbs liquid with the automated device. We did 514 
not find that this reduced the accuracy of the result, but it does require careful execution of 515 
Step 2.9 to ensure the camera viewing area captures data from the middle, not the edges of the 516 
glucose test pad. Future work may address this issue by incorporating a different brand of 517 
dipstick that does not feature hydrophobicity on any dipstick reagent pads on the test.  518 
 519 
By controlling the major steps contributing to user error, this method allows for increased 520 
accuracy in results performed by non-trained individuals and is suitable for home testing. Unlike 521 
other urinalysis apps available7,8,9, the system is modifiable to any brand of dipstick test. The 522 
device is reusable and requires no power to use outside of power consumed by the 523 
smartphone. In the future, we envision that the protocol could be amenable to patient self-524 
testing. By ensuring the accuracy in dipstick test results, patients may monitor their own urine 525 
more frequently without the barriers associated with standard clinical urinalysis practice. 526 
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LEU NIT URO PRO pH BLO SG KET GLU

Dip-and-wipe 4 + 0 2 + 0 4 + 0.53 2 + 0.53 4 + 0 5 + 0 3 + 0.53 4 + 0.49 3 + 0.58 n/a

5 µL 3*+ 0 2 + 0 3* + 0 3* + 0.49 3* + 0 3* + 0 2* + 0.53 4 + 0.38 1* + 0 7

10 µL 3*+ 0.38 2 + 0 4 + 0 2 + 0 3* + 0.38 4* + 0 1* + 0.49 4 + 0.49 2 + 0.58 5

15 µL 4 + 0 2 + 0 4 + 0.49 2 + 0 4 + 0.38 5 + 0 2* + 0.38 4 + 0.49 3 + 0.49 1

20 µL 4 + 0 2 + 0 4 + 0.82 2 + 0.53 4 + 0.53 5 + 0 2* + 0.49 4 + 0.49 3 + 0 1

Analyte

Differences from dip-and-wipe
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Name of Material/ Equipment Company Catalog Number Comments/Description
Black Cast Acrylic Sheet

12" x 24" x 1/8" McMaster Carr 8505K742 $14.27

Chart sticker Stickeryou.com $12.39

Clear Scratch- and UV-Resistant Cast Acrylic Sheet

12" x 24" x 1/16" McMaster Carr 8560K172 $9.52

disposable polyethylene transfer pipet Fischer Brand 13-711-9AM lot# 14311021
Fortus ABS-M30 Stratasys  345-42207 lot# : 108078

Githut: https://github.com/Iftak/UrineTestApp
Innovating Science - Replacement Fluids for Urinalysis Diagnostic 

Test Kit (IS3008) Amazon $49

Nonwhitening Cement for Acrylic

Scigrip 4, 4 oz. Can MCM 7517A1 $9.22

Rust-Oleum 274232 Repelling treatment base coat-9 oz and top-

coat 9-oz , Frosted Clear Amazon Color: Frosted Clear $6.99

Urinalysis Reagent Strips 10 Panel (100 Tests) MISSION BRAND Medimpex United, Inc MUI-MS10 $10.59

Table of Materials Click here to access/download;Table of Materials;JoVE_Materials.xls
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Dear Dr. Vineeta Bajaj, 

  

We are pleased to learn that you see merit in our manuscript, and we are thankful for the 

opportunity for revision and re-submission. The careful analysis of our paper by the reviewers 

has led us to include a number of changes that we believe have improved both the quality and 

clarity of our paper. 

Our response to each of the reviewer’s comments, as well as those from the editorial team, is 

given below. The reviewer’s original comments are shown in bold. Our responses to those 

comments are shown in italics, and text from the manuscript is in plain font. All text from the 

manuscript represent the final version; details of changes (new / added text) are visible in the 

red-lined version that was uploaded with this revision response.  

Thank you for your consideration and we look forward to the final decision. 

  

Sincerely, 

  

Emily Kight 

Iftak Hussain 

Audrey Bowden 
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REVIEWER #1 COMMENTS: 

Major Concerns: None 

Minor Concerns: 

1. “The manuscript loosely used the term "design". In fact, the authors described a 
method to customize the device design to different types of dipsticks. For its intended 
users, it is more of customization rather than design. The protocols itself is more of a 
step by step description with little engineering design guidance nor discussion of such 
design.” 

We thank the reviewer for the suggestion. We agree that our usage of the term “design” was 
inconsistent. In general, we updated the language to reflect the customization aspect of the 
device in the revised manuscript. Hence, we have replaced many instances of the word “design” 
with the word “customization” or alternate words. This is particularly salient for the Abstract. Use 
of the word design itself has been largely limited to referencing the general principle of action of 
the device or as part of the term “computer aided design” (CAD) software. These changes are 
reflected in the text in the manuscript below.  

Abstract 

…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. We describe the key steps involved in customizing it for the 

dipstick of choice and for customizing a mobile phone app to analyze the results. We 

demonstrate its use to perform urinalysis and discuss the critical measurements and 

fabrication steps necessary to ensure robust operation… 

Representative Results 

...The most accurate results were obtained when the automated urinalysis device was 

designed to transfer 15 L of urine… 

Discussion 

To this end, critical steps in the protocol relate to the design of the device include 

Steps… 

REVIEWER #2 COMMENTS 

Major Concerns: 

So far I find a number of qualitative reports on the same issue are already published in 
different journals. This paper shows minor advancement with respect to the relevant 
works done previously. I would like to suggest major revision of this paper for 
publication in this journal. Some critical points have been mentioned here: 



We gratefully acknowledge the valuable comments/suggestions received from the reviewer in 
correcting and revising the manuscript. It is our understanding that JoVE is a methods journal 
and its primary goal is to publish techniques or methodologies that are highly reproducible, 
regardless of their novelty. As cited on the JoVE website (https://www.jove.com/publish/faq/) 
“These methodologies can be previously published protocols or new techniques. Previously 
published protocols must be properly cited…” To our knowledge, the journal also allows 
publication of representative results and figures from prior publication. The current paper 
describes a reproducible protocol for fabricating a robust dipstick urinalysis device which we 
have published previously in peer-reviewed journals (see below) that we have referenced; 
hence it is our understanding that this manuscript is suitable for the stated scope of JoVE: 

Smith, G.T., Dwork, N., Khan, S.A., Millet, M., Magar, K., Javanmard, M. and Bowden, 
A.K.E., 2016. Robust dipstick urinalysis using a low-cost, micro-volume slipping manifold 
and mobile phone platform. Lab on a chip, 16(11), pp.2069-2078. 

Smith, G.T., Li, L., Zhu, Y. and Bowden, A.K., 2018. Low-power, low-cost urinalysis 
system with integrated dipstick evaluation and microscopic analysis. Lab on a Chip, 
18(14), pp.2111-2123. 

Please find below the responses to your other comments: 

1. In this paper, Authors have been strongly focused on "automated urinalysis device" 
which is capable of controlling the volume of urine and provide accurate results, but 
there are no volume-related experimental data and accuracy test results. 

We thank the reviewer for the correction. We have added a new figure (Fig 7) describing results 
from a volume-related experiment and companion text in the representative results section. We 
have also added data from a comparison experiment to the standard method, dip-and-wipe. 
These results are summarized in Table 1. The table and the figure are presented below for your 
convenience along with their figure captions and related texts in the representative results 
section.  

Representative Results:   

We have previously evaluated the accuracy of the automated urinalysis device by 

comparing with traditional dip-and-wipe methods using a commercial urine standard19. 

Table 1 compares the results obtained with the two tests. It can be seen that the 

accuracy of the system depends on the volume transferred to each dipstick pad. The 

most accurate results were obtained when the automated urinalysis device is designed 

to transfer 15 μL of urine; therefore, it is crucial that the device transfer the required 

urine volume accurately and consistently to the dipstick pads. Representative results to 

validate the consistency of our device by transferring 15 μL volume of urine samples 

over seven different trials are shown in Figure 7. The overall standard deviation was 

found to be below 0.5 μL, which is within 4% range of our target value. The results 

confirm that the device is able to accurately and consistently transfer microliters of 

urine to perform the test.  



 

Table 1: Median values and standard deviations for analytes using various deposited 

volumes. The symbol ‡ indicates median values that differ from the median obtained 

with the dip-and-wipe method, the industry standard. The total number of analyte pads 

whose medians differ from the dip-and-wipe method are reported in the far right 

column. Note results are cumulative for all dipsticks used. LEU: leukocytes, NIT: nitrite, 

URO: urobilinogen, PRO: protein, BLO: blood, SG: specific gravity, KET: ketones, GLU: 

glucose. This table has been modified from Smith, et al.19 and reproduced with 

permission from the Royal Society of Chemistry. 

 

Figure 7: Well number vs. average volume transferred. Each well corresponds to a 

through-hole for a given test pad; the first well is closest to the inlet. This figure has 

been modified from Smith, et al.19 and reproduced with permission from the Royal 

Society of Chemistry. 

2. Not enough references and the introduction part seems like a mythical story. 

Prompted by the reviewer’s comment, we conducted a more thorough literature search. We 
have added eight papers on cell phone urinalysis applications that were published recently: they 
comprise references [8-15]. These papers were included in the introduction section. The new 
text we have added to our manuscript as relates to these papers is provided below.  

Introduction 

Recently, cell phones have emerged as a resourceful tool for various biological 



colorimetric measurements7,8,9,10, including for urinalysis11,12,13,. Given their remote 

sensing capabilities and high imaging resolution, cell phones have become effective 

healthcare analytical devices14,15. Indeed, the FDA has cleared several smartphone-

based home urine tests16,17,18. 

3. In line No. 105 to 112, the authors have mentioned the device fabrication procedures, I 
would suggest here more precisely explain the purpose, achievement, and scope of the 
work. 

We thank the reviewer for the suggestion. According to your suggestion we have provided a 
short explanation of the purpose, achievement and scope of the work in the introduction section 
of the revised manuscript.  Keeping in mind that JOVE is a methods journal, our main purpose 
is to describe a protocol for performing a technique (in this case, urinalysis).  

Introduction 

We describe a protocol for volume-controlled, automated dipstick urinalysis without the 

need for a manual dip-wipe step … Following description of the protocol, we provide 

representative results of the urinalysis test under different conditions. Comparisons 

with the standard dip-wipe method demonstrate reliability of the proposed method. 

4. Authors doesn't mention the principle of devices just explain the device fabrication 
and test procedures. 

We appreciate the reviewer for the suggestion. We agree the principle of the device should be 
clearer to readers. Our device is based on a SlipChip concept that was published previously. 
We have expanded the introduction section to include further description of the principle. The 
new text we have added to our manuscript is provided below.  

Introduction 

… Key to the automated process is a device19 whose underlying design is based on the 

SlipChip20 and that transfers liquid between different layers using surface chemistry 

effects. In brief, the hydrophobic coating on the transfer slide and surrounding plate 

sleeve force the liquid to move effortlessly through the device and to release onto the 

dipstick pad once the slide is in its final position, at which point the bottom hydrophobic 

barrier is replaced with air… 

5. Fig. 1, Fig. 3, and Fig. 4 are very unclear regulation and it's very confusing to find out 
the meaning of those images. 

We thank the reviewer for the feedback. Although we are uncertain of what was exactly meant 
by “regulation,” we agree it is useful to further clarify the figures. As the Editor suggested the 
term may have been intended to mean “resolution,” we have provided new high-resolution 
figures for the entire manuscript. In addition, new updates to the figures we have added to our 
manuscript are provided in detail below.  



For Figure 1, we added labeling to panel F to show where the viewing through-hole is located 
and where analysis is enabled. Additionally, the inlet graphic was changed to show the 
overlapping holes that allow the transfer of liquid critical for the SlipChip design in panel F. We 
have added a visible gap in the plate sleeve to visualize where the slide is slipped onto the 
reagent pads in panel F.  

For Figure 2, we have added labels on each panel to help clarify the steps in the app to conduct 
the test. Screen shots are categorized by either Initiation, Alignment or Timing Control and 
Detection.  

For Figure 4, we have taken new photos in order to improve the resolution. We also added 
additional labels for the “plate sleeve” and “slide” in panel A.   

Figure 1 

 

  



Figure 2 

 



Figure 4 

 

Minor Concerns: 

6. Representative results section (line No. 266-333) and Figure and table legends section 
(line No. 339-380) Authors have explained the same things again and again. 

We thank the reviewer comments on the redundancy. We have significantly modified the 
representative results section so that it no longer reads as a list of figure captions. Indeed, the 
modified manuscript better aligns with the expectations of the journal to describe the expected 
results of an experimental outcome based on the protocol. We have eliminated sentences which 
repeated the same information and changed the figure legends accordingly. As the entire 
Representative Results section is new, we do not repeat it here, but refer the Reviewer to the 
revised manuscript.  

REVIEWER #3: 

The manuscript "A Low-Cost Device for Reliable, Automated Dipstick Urinalysis  for 
Home-testing." By Knight et al. is an interesting work where authors have developed an 
approach for dipstick urinalysis along with a mobile phone app. There are certain 
concerns and suggestions that I believe will help in improving the quality of the 
manuscript. 

1. The steps for fabrication and assembly of the proposed device are quite tedious and 
complicated for users. Also, it requires alignment and pasting at various steps which 
might lead to errors and contamination. 



We appreciate the reviewer’s comment. Our device is intended to be easy to assemble and use. 
To make this clear, we believe it is useful for the reader to understand that once the device is 
cut, gluing is only required twice (Steps 1.5.1 and 1.5.4); the shape of the device is such that the 
full design fits together easily. We have updated the language in the gluing steps accordingly. 
While the steps seem complicated, it is our understanding that, as a methods journal, the idea 
of JoVE is to provide highly detailed steps, more so than would appear in a typical journal. In 
our protocol, this requires careful work in the device fabrication stage, so we have highlighted 
issues that users may encounter if steps are not done correctly and provided a new figure 
showing potential problems (i.e., device failings if coating is insufficient) in the Representative 
Results section. Specification of the critical steps that must be followed have been added to the 
discussion section. The new text we have added to our manuscript is provided below.  

Protocol 

1.1.1. Fabricate the inlet by using acrylic cement to glue the inlet cover onto the top 
plate where the inlet-hole is located. Wait 24-48 hours to securely bond the pieces.   

1.5.4.  Assemble the plate sleeve by gluing the completed top plate to the ledges of the 

base plate with acrylic cement. The two pieces are easy to align by visual inspection, as 

the bottom edge of the top plate will align with that of the base plate. Apply a clamp to 

the base plate ledges to secure it during drying. Wait 24-48 hours before use, as per the 

manufacturer’s instructions. 

  Representative Results 

Figure 5 demonstrates a potential problem that can arise if the surfaces for transferring 

the urine (i.e., base pate, top plate and slide) are not sufficiently coated with 

hydrophobic spray. An illustration of a well and poorly coated slide is shown in Figure 

5A. If poorly coated, one may observe streaks (shown by white arrows in Figure 5B) 

during the sliding step that decrease the accuracy of the volume transferred. In addition, 

one may observe failure of the slide to transfer the urine to the dipstick (Figure 5C), and 

urine may remain in the through-holes even when the slide is removed from the device. 

These steps highlight the importance of obtaining good spray coverage (Steps 1.1.8, 

1.4.4, 1.5.3, and 1.5.4).  



 

Figure 5: Potential problems associated with insufficient hydrophobicity. A) A slide 

with and without sufficient coating. B) Insufficiently coated slide shows leaking during 

the sliding step. C) An insufficiently coated slide doesn’t transfer onto the dipstick pads 

even after being pulled back out of the device: the liquid remains in the slide through-

holes, as seen in the inset on the bottom right.  

Discussion  

Our protocol automates and controls several important steps involved with dipstick 

urinalysis (e.g., distribution of liquid to the test pads, the timing of the start, control 

over the lighting and quantitative comparison with the reference standard), which is 

necessary to obtain reliable results. To this end, critical steps in the protocol relate to 

the design of the device include Steps 1.4.3, 1.1.4, 1.4.7 and 1.1.5, which match the size 

of the through-holes to the desired volume, ensure proper placement of the stops to 

align the through-holes with the dipstick, ensure proper placement of the QR code used 

as the timing indicator and ensure that the test is not influenced by ambient light, 

respectively. 

2. The choice of ABS as base material (line 354) for 3D printing is unclear. It would be 
helpful for readers if some idea of other available materials for 3D printing is presented 
eg. PLA, PET, PDMS, etc. 

We thank the reviewer for the correction. While ABS is a standard printing material for 3D 
printers that is widely available, we agree that it would be beneficial to describe other types of 
material can be used for the 3D printed portion. Testing multiple materials is beyond the scope 
of this manuscript at the revision stage, but we have updated the paragraph in the Discussion to 



reflect that the choice of material is not limited to ABS. The new text we have added to our 
manuscript is provided below.  

Discussion 

… Although the base plate we used is 3D-printed from acrylonitrile butadiene styrene 

(ABS), other polymers that form a hard and rigid surface are also suitable. For example, 

a version of the device can be made using a plate sleeve completely fabricated from 

acrylic19 . Elastomeric materials such as polydimethylsilioxane (PDMS) are not desirable 

because their lower rigidity is less compatible with sliding a glass surface to enable the 

slipping action that is critical to the volume-control design. 

3. A comparative study for device's performance for different smart-phones must be 
presented. It is required to clear doubts whether resolution of the camera, intensity of 
LED of different phones hamper the performance of the device. 

According to the reviewer’s suggestion, a comparative study was carried out with smartphones 
of two different brands and the results are discussed in the representative results section of the 
revised manuscript. The results confirm that the method is indifferent to the camera resolution 
and LED variations across phones. 

Representative results 

We performed a urinalysis test with a Xiaomi Note 7 Pro smartphone (Image resolution: 

8000-pixels x 6000-pixels). Representative results are shown in Figure 6. We conducted 

tests with de-ionized water and commercial urine (both standard composition and with 

high glucose). The color pads on the dipstick change in time in response to the 

colorimetric reaction of the urine with the analytes in the dipstick. The error bars in 

figure 6 represents the standard deviation yielded for three consecutive measurements 

of each sample recorded by the two smartphones. Figure 6a plots the response for the 

glucose pad over time for the different test conditions. For the brand of dipstick used, 

the recommended readout time for the glucose measurement is 30 seconds. As 

expected, the color of the dipstick does not change over this interval for water, the final 

value for the standard urine matches with the “normal” urinary glucose threshold level 

(160-180 mg/dL), and the final value for the “high glucose” condition is elevated above 

the normal value. Importantly, note that the correct value is not attained until 30 

seconds, which illustrates the importance of setting the timing readout interval correctly 

in Step 2.8. The same experiment was performed with another smartphone brand 

having a lower image resolution: LG Rebel 4 (Image resolution: 3264-pixels x 2448-

pixels). Due to the difference in camera resolution, a significant difference from the 

previous results is observed in the image color and quality while capturing images of the 

dipstick panel, as shown in Figure 6B. The differences in flashlight specifications also 

contribute to the differences in image quality. From Figure 6, it can be seen that both 



phones yield similar trends in the change of color over time, though the actual colors 

detected are different. The color matching algorithm used by the smartphone 

application for the urinalysis test yields the same results for the analyte concentrations, 

despite differences in the physical appearance of the colors of the dipstick pads. The 

consistency of the results is due to the use of the chart sticker as a reference chart for 

the analysis. Since both the chart sticker and the dipstick are captured under the same 

lighting conditions and image quality, the smartphone application evaluates the (R,G,B) 

components and the color difference of both the reference square and dipstick pad in a 

similar fashion for both smartphones. These results confirm that the protocol described 

in this manuscript is independent of the smartphone model, as long as both the 

reference color chart and the dipstick are imaged under the same environment. 

 

Figure 6: Urinalysis result for the glucose pad with two different smartphones for 

three types of samples. A) Response characteristics of the glucose pad over time for the 

different test conditions recorded with Note 7 Pro smartphone from Xiaomi. B) 

Response characteristics of the glucose pad over time for the different test conditions 

recorded with Rebel 2 smartphone from LG. The readout at 30 seconds corresponds 

with the desired timing for the manufacturer. 

4. A table presenting comparative performance of proposed test against existing 
commercial tests must be included. 

We appreciate the reviewer for their comment on validation of the device compared to standard 
method. We present representative results that compare our device to the traditional dip-wipe 
method, which is the gold standard for clinical analysis. We have made a table showing the 



median values and standard deviations of our device on the representative results section. The 
new table and text we have added to our manuscript is provided below.  

Representative results 

…Table 1 compares the results obtained with the two tests. It can be seen that the 

accuracy of the system depends on the volume transferred to each dipstick pad. The 

most accurate results were obtained when the automated urinalysis device is designed 

to transfer 15 μL of urine; therefore, it is crucial that the device transfer the required 

urine volume accurately and consistently to the dipstick pads. Representative results to 

validate the consistency of our device by transferring 15 μL volume of urine samples 

over seven different trials are shown in Figure 7. The overall standard deviation was 

found to be below 0.5 μL, which is within 4% range of our target value. The results 

confirm that the device is able to accurately and consistently transfer microliters of 

urine to perform the test.  

 

Table 1: Median values and standard deviations for analytes using various deposited 

volumes. The symbol ‡ indicates median values that differ from the median obtained 

with the dip-and-wipe method, the industry standard. The total number of analyte pads 

whose medians differ from the dip-and-wipe method are reported in the far right 

column. Note results are cumulative for all dipsticks used. LEU: leukocytes, NIT: nitrite, 

URO: urobilinogen, PRO: protein, BLO: blood, SG: specific gravity, KET: ketones, GLU: 

glucose. This table has been modified from Smith, et al.19 and reproduced with 

permission from the Royal Society of Chemistry.  

5. There is no idea about device's stability presented in this work. How many sample 
runs can be performed on the device just by cleaning the plate sleeve as mentioned 
under section 3.7. 

We thank the reviewer for the correction. We agree that the stability should be included in the 
discussion. The stability of the device is a function of the nature of the hydrophobic coating 
used. The coating we used may peel after 3-4 uses. The new text we have added to our 
manuscript is provided below.  

Discussion 

One important limitation of the current protocol is that the hydrophobic coating applied 

to the slide and plate sleeve may peel with frequent use, limiting the stability of the 

device over time. After 3-4 test runs, the hydrophobic coatings often peel and alter the 



volume transferred, potentially reducing the accuracy in results. Future method 

modifications can include the use of more durable hydrophobic coating or materials that 

are naturally hydrophobic…  

6. An estimate of the cost of the device should also be included. It would be helpful in 
calculating the total cost of each test to be performed on the proposed device. 

We thank the reviewer for the correction. We agree that clearer cost estimations should be 
included. We have estimated the cost of the device and updated this information in the 
discussion section. The new text we have added to our manuscript is provided below.  

Discussion 

The current device combines a 3D-printed base plate and laser-cut top plate to form a 

plate sleeve. Both of these fabrication methods are affordable, and the material choices 

can be modified. Excluding the phone and dipstick, the acrylic used in the current device 

costs approximately $0.85, and material used in the 3D-printed base plate costs around 

$1.50 per device. 

EDITORIAL COMMENTS 

Changes to be made by the Author(s): 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that 
there are no spelling or grammar issues. The JoVE editor will not copy-edit your 
manuscript and any errors in the submitted revision may be present in the published 
version.  

Done 

2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and 
special: none, Line spacings: single. Please include a single line space between each 
step, substep and note in the protocol section. Please use Calibri 12 points  

Done 

3. Please provide an email address for each author.  

Done 

4. JoVE cannot publish manuscripts containing commercial language. Please remove all 
commercial language from your manuscript and use generic terms instead. All 
commercial products should be sufficiently referenced in the Table of Materials and 
Reagents. For example: The Healthy i.o, Roche Urisys 1100 analyzer, Inui, Scanwell, 
Android, AutoCAD, Mission Strips by Acon , Neverwet coating, Acon Mission dipsticks, 
etc.   

Done  



5. JoVE policy states that the video narrative is objective and not biased towards a 
particular product featured in the video. The goal of this policy is to focus on the science 
rather than to present a technique as an advertisement for a specific item. To this end, 
we ask that you please reword the title to be more focused on the science in general. 
Please also remain neutral in tone.  

Previous Title: 

 A Low-Cost Device for Reliable, Automated Dipstick Urinalysis for Home-testing 

Changed to: 

Low-Cost Volume-Controlled Dipstick Urinalysis for Home-testing 

6. Please ensure that all text in the protocol section is written in the imperative tense as if 
telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions 
should be described in the imperative tense in complete sentences wherever possible. 
Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the 
Protocol. Any text that cannot be written in the imperative tense may be added as a 
“Note.”  

Done 

7. The Protocol should contain only action items that direct the reader to do something.  

Done 

8. Please ensure that individual steps of the protocol should only contain 2-3 actions 
sentences per step.  

Done 

9. Please include more details in the protocol section. Please ensure you answer the 
“how” question, i.e., how is the step performed? Please include all mechanical actions, 
button click in the software, knob turns in the instrument, scripts (if long can be included 
as supplementary files), command lines etc.  

We have revised the protocol to comply with this instruction as best we could. Note, since JOVE 
specifically asked we not represent a specific software, it is impossible to provide details on 
“how” to use the CAD software in Step 1 to draw certain features because it will depend strongly 
on what software is used by the reader. We have attempted to indicate general steps that would 
be valid for any software that is used by the reader. Steps related to use of the device from Step 
1 to run the tests in Steps 2-4 are detailed, as requested. 

10. 1: Please include how each step is performed. e.g. 1.4. Click on “slide” tab in the 
software to design a slide measuring 2.771 in x 0.0625 in x 5.000 in. Please do this for all 
the steps. 

There are many ways to draw lines in CAD, depending on the software chosen by the user. We 
have updated our manuscript to show the use of the polyline tool in order to draw lines and 
marked the new text with red font.  



Protocol 

1. Fabricate and assemble the urinalysis device 

1.1.1 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. 

1.1.5 Draw a stop (0.1172 in by 0.2109 in (W x L)) using the polyline tool to facilitate 

alignment between the base plate and the slide. The stop should be perpendicular 

to the ledges and physically stops the slide from moving passed the urine dipstick 

pads. 

1.1.6 Select the lines for the stop and ledge to make one region using the “region” 

command. Use the “extrude” command to raise the region up to a height of 

0.0703 in. Repeat this step on the other side of the device. 

1.1.7 Create a notch (0.1719 in by 0.3500 in (W x L)) on both ledges to facilitate 

alignment with the box. Position it 0.466 in from the bottom edge of the ledge. 

Use the “region” command to create one region of the rectangle and make the 

extrusion to the height of 0.1103 in. 

1.1.8 Use the “solid subtract” command, select device, press “enter”, select the notch 

region and press “enter”. Repeat on the other side of the device. 

NOTE: The shape will be removed from the device. 

11. Please include the designing diagrams/CAD files/ etc. details as supplementary files. 

Done 

12. 2.1 Please provide the GitHub link.  

Done 

13. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable 
content. Please highlight 2.75 pages or less of the Protocol (including headings and 
spacing) that identifies the essential steps of the protocol for the video, i.e., the steps 
that should be visualized to tell the most cohesive story of the Protocol. 

Done 

14. Please describe the result with respect to your experiment, you performed an 
experiment, how did it help you to conclude what you wanted to and how is it in line with 
the title, how do these results show the technique, suggestions about how to analyze the 
outcome, etc. 

We have significantly modified the “Representative Results” section to describe key 
experiments that show the technique and how to analyze the results. The revised submission 



demonstrates a full urinalysis test with the proposed device and software as well as tests to 
validate the its accuracy.  

15. Please compare the results to already available techniques to show the efficacy of the 
technique presented. Also, please present some control and test results for urinalysis 
performed for some testing to prove that indeed this test was successful in detecting 
changes and to what level. Please describe the result with respect to your experiment, 
you performed an experiment, how did it help you to conclude what you wanted to and 
how is it in line with the title. 

The revised Representative Results section includes a table that compares the use of our 
technique with the traditional dip-wipe method (Table 1). We have also added new results from 
a control test for glucose measurements (Fig 6) that demonstrate use of the protocol to perform 
a urinalysis glucose measurement within appropriate ranges with multiple phones. 

16. Figures showing the experimental set-up should be referenced in the Protocol.  

We have referenced Figs 1-3 in the protocol to help clarify the protocol steps associated with 
the device design, fabrication, and experiment.  

17. Each Figure Legend should include a title and a short description of the data 
presented in the Figure and relevant symbols. 

We have made sure that each figure contains a title and short description of the data or set-up 
in the figure.  

18. Please obtain explicit copyright permission to reuse any figures from a previous 
publication. Explicit permission can be expressed in the form of a letter from the editor 
or a link to the editorial policy that allows re-prints. Please upload this information as a 
.doc or .docx file to your Editorial Manager account. The Figure must be cited 
appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].” 

We have obtained copyright permission to reuse Fig 7 and Table 1 from the respective journals 
and have uploaded a separate .docx file as a letter and a link.  

19. Please upload high resolution figures.  

The resolutions of the new figures are listed in the table below. 

Figure number  Figure Resolution 

Figure 1 3900 × 2100 

Figure 2 725 × 1295 (PNG) & 2999 × 1687 (TIFF) 

Figure 3 6016 × 4016  

Figure 4 13056 × 8985 

Figure 5 2999 × 1687 



Figure 6 2405 × 1476 

Figure 7 2997 × 2332 

20. As we are a methods journal, please ensure the Discussion explicitly cover the 
following in detail in 3-6 paragraphs with citations: 

We have updated the Discussion by including text for each of the following points: 

a) Critical steps within the protocol: 

“To this end, critical steps in the protocol relate to the design of the device include Steps 

1.4.3, 1.1.4, 1.4.7 and 1.1.5, which match the size of the through-holes to the desired 

volume, ensure proper placement of the stops to align the through-holes with the 

dipstick, ensure proper placement of the QR code used as the timing indicator and 

ensure that the test is not influenced by ambient light, respectively. In addition, the 

transfer of urine through the slide and subsequent deposition onto the dipstick are 

highly dependent on the surface characteristics of the materials being used. Hence, if 

non-hydrophobic surfaces are used for the base plate, top plate and slide, it is important 

to apply an adequate amount of hydrophobic spray. It is especially critical to ensure that 

the inner surfaces of the through-holes of the slide have been sprayed so that the liquid 

will drop to the dipstick pad after slipping.” 

b) Any modifications and troubleshooting of the technique:  

Note that Troubleshooting steps are largely described as part of the critical steps of the protocol. 

“The current device combines a 3D-printed base plate and laser-cut top plate to form a 

plate sleeve. Both of these fabrication methods are affordable, and the material choices 

can be modified. Excluding the phone and dipstick, the acrylic used in the current device 

costs approximately $0.85, and material used in the 3D-printed base plate costs around 

$1.50 per device. Although the base plate we used is 3D-printed from acrylonitrile 

butadiene styrene (ABS), other polymers that form a hard and rigid surface are also 

suitable. For example, a version of the device can be made using a plate sleeve 

completely fabricated from acrylic19.” 

“… Future method modifications can include the use of more durable hydrophobic 

coating or materials that are naturally hydrophobic.” 

“… Unlike other urinalysis apps available7,8,9, our system is modifiable to any brand of 

dipstick test.” 

c) Any limitations of the technique: 



- “One important limitation of the current protocol is that the hydrophobic coating 

applied to the slide and plate sleeve may peel with frequent use, limiting the stability of 

the device over time. After 3-4 test runs, the hydrophobic coatings often peel and alter 

the volume transferred, potentially reducing the accuracy in results. Future method 

modifications can include the use of more durable hydrophobic coating or materials that 

are naturally hydrophobic. Additionally, the acrylic bonding may weaken during 

repeated testing as well. The low cost of the device, however, allows multiple prints to 

be made and re-glued together as needed. Thus, the slide may be considered as a 

disposable part.” 

 

“Another limitation is the inability to saturate the glucose pad with urine due to the 

hydrophobic nature of the pad. As such, it only partially absorbs liquid with the 

automated device. We did not find that this reduced the accuracy of the result, but it 

does require careful design of Step 2.9 to ensure the camera viewing area captures data 

from the middle, not the edges of the glucose test pad. Future work may address this 

issue by incorporating a different brand of dipstick that does not feature hydrophobicity 

on any dipstick reagent pads on the test. “ 

d) The significance with respect to existing methods:  

- “Our protocol automates and controls several important steps involved with dipstick 

urinalysis (e.g., distribution of liquid to the test pads, the timing of the start, control 

over the lighting and quantitative comparison with the reference standard), which is 

necessary to obtain reliable results.” 

 

“Unlike other urinalysis apps available7,8,9, our system is modifiable to any brand of 

dipstick test. The device is reusable and requires no power to use outside of power 

consumed by the smartphone.” 

e) Any future applications of the technique:  

- “In the future, we envision that the protocol could be amenable to patient self-testing. 

By ensuring the accuracy in dipstick test results, patients may monitor their own urine 

more frequently without the barriers associated with standard clinical urinalysis 

practice.” 

21. Please expand the journal-title in the reference section.  

Done 
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Dear Dr. Nam Nguyen, 
 
Our manuscript, JoVE61406R1 "Low-Cost, Volume-Controlled Dipstick Urinalysis for Home-
testing," has been edited to meet the following editorial directions;  
 
1. Please reference Figure 1F, Figure 2B, Figure 2D, Figure 2E, and Figure 2H in the written 
manuscript. 

- All the missing figure references are updated in the revised manuscript. 

Updated texts: 

Protocols 

2. Prepare the test 
 
2.3. Assemble the various components together and Insert the dipstick into the through-holes 
underneath the plate sleeve (Figure 1F).  
 
 
2.8. Read the instructions to change the analyte names and reading timings (Figure 2B) to match 
those for the dipstick of interest (based on the manufacturer’s specifications) and insert new 
input via the text holder window on the screen (Figure 2C). 
 
2.9. Read the instruction for phone alignment (Figure 2D) and align the phone accordingly so that 
the dipstick coincides with the boundaries of the black rectangular overlay on screen (Figure 2E). 
 
3.2. Initiate the test by pushing the slide into the plate sleeve until it is stopped by the base 
plate stop.  
 
NOTE: Urine should make contact with dipstick pad when the QR code is in the field of view of 
the cell phone. After reading the QR code, the application will open a window to analyze the 
color changes (Figure 2G) and show the results automatically within the same window (figure 
2H). 

 
2. Is Figure 2 correct? References are made to Figure 2I but Figure 2 does not have Panel I. 

- The references to Figure 2 are now corrected in the revised manuscript.  

 

3. Figure 6: Please label the panels (A and B). Currently, there are no panel labels. Additionally, 
do the phone brands matter? If not, the phones be referred to Phone 1 and Phone 2? 

Revisions Response Click here to access/download;Rebuttal
Letter;61406_R1_coverletter.docx

https://www.editorialmanager.com/jove/download.aspx?id=1239368&guid=ee82ef26-eb79-4621-9e54-eb012ddd62f2&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1239368&guid=ee82ef26-eb79-4621-9e54-eb012ddd62f2&scheme=1


The panel labels in Figure 6 have been corrected as shown below 

 

 
 
The phones are now referred as phone 1 and phone 2 and the manuscript is updated 
accordingly. 

Updated texts: 

REPRESENTATIVE RESULTS:  

A urinalysis test was performed with a high-quality smartphone: phone 1 (image resolution: 
8000-pixels x 6000-pixels). Representative results are shown in Figure 6. We conducted tests 
with de-ionized water and commercial urine (both standard composition and with high 
glucose). The color pads on the dipstick change in time in response to the colorimetric reaction 
of the urine with the analytes in the dipstick. The error bars in Figure 6 represents the standard 
deviation yielded for three consecutive measurements of each sample recorded by the two 
smartphones. Figure 6A plots the response for the glucose pad over time for the different test 
conditions. For the brand of dipstick used, the recommended readout time for the glucose 
measurement is 30 seconds. As expected, the color of the dipstick does not change over this 
interval for water, the final value for the standard urine matches with the “normal” urinary 
glucose threshold level (160-180 mg/dL), and the final value for the “high glucose” condition is 
elevated above the normal value. Importantly, note that the correct value is not attained until 



30 seconds, which illustrates the importance of setting the timing readout interval correctly in 
Step 2.8. The same experiment was performed with another smartphone having a lower image 
resolution: phone 2 (Image resolution: 3264-pixels x 2448-pixels). Due to the difference in 
camera resolution, a significant difference from the previous results is observed in the image 
color and quality while capturing images of the dipstick panel, as shown in Figure 6B. 

Figure 6: Urinalysis result for the glucose pad with two different smartphones for three types 
of samples. A) Response characteristics of the glucose pad over time for the different test 
conditions recorded with a high-camera-resolution camera phone (phone1). B) Response 
characteristics of the glucose pad over time for the different test conditions recorded with a 
low-resolution camera phone (phone 2). The readout at 30 seconds corresponds with the 
desired timing for the manufacturer. 
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