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SUMMARY:  26 
Methods are described for ultrasensitive quantification of biomarker proteins using an 27 
immunoassay system capable of single molecule counting. The platform can be used to quantify 28 
a wide array of proteins in a variety of tissues from several species. This exemplar assays 29 
interleukin-6 in human serum from pediatric concussion patients. 30 
 31 
ABSTRACT:  32 
Efforts to expand the precision science knowledge base and promote translation of findings to 33 
clinical care remain an important area of ongoing inquiry. Part of this effort includes 34 
quantification of proteins that can be used as biological markers (i.e., biomarkers) of 35 
pathophysiological processes and other important cellular and tissue activities. Potential 36 
applications for biological markers include disease or injury diagnosis, symptom prognosis, and 37 
therapy selection/evaluation. The increased understanding of the current and future utility of 38 
protein biomarkers, combined with the realization that many biomarkers normally exist in very 39 
low levels, has prompted efforts to develop new protein quantification systems with enhanced 40 
sensitivity, improved workflows, and shorter read times. Here, we provide an overview of an 41 
ultrasensitive immunoassay system and compatible interleukin-6 (IL-6) assays. This assay 42 
platform is bead-based, like many other commercially available systems; however, rather than 43 
quantifying the fluorescent signal in the spectral address of bead regions, the ultrasensitive 44 
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immunoassay system quantifies free-floating fluorochromes using a rotating laser, charge-45 
coupled device (CCD) camera, and avalanche photodiode (APD). This high-performance system 46 
can be used to quantify a myriad of protein biomarkers, in a variety of biological specimens 47 
collected from many species. In this article, quantification of IL-6 in human serum obtained from 48 
pediatric brain injury patients will be used as an exemplar. 49 
 50 
INTRODUCTION:  51 
The benefits of precision care initiatives are becoming increasingly appreciated, and efforts to 52 
expand current clinical applications are underway. This increased interest is fueling inquiry into 53 
protein biomarkers that have the potential to provide important insights into physiological 54 
processes inside the body that can inform clinical care. Current applications for protein 55 
biomarkers include diagnosing conditions1, selecting appropriate therapies2, and tracking 56 
response to treatment2. These and other precision care successes have led to an expansion in 57 
the number and nature of biomarkers being explored. Many putative biomarkers of interest 58 
naturally exist at levels below the limit of detection of standard methods for assaying proteins. 59 
Likewise, the relatively slow translation of biomarkers to clinical care and large number of 60 
candidate biomarkers in the validation pipeline highlights the need for improved throughput of 61 
technologies used for biomarker analysis3. These deficiencies have motivated efforts to develop 62 
new methodologies that offer ultra-sensitivity, improved workflow, and other advantages over 63 
traditional methods. The purpose of this article is to provide a protocol for using a bead-based 64 
single molecule counting technology to measure IL-6 in serum. 65 
 66 
Traditional protein quantification methods such as western blot, enzyme-linked immunosorbent 67 
assay (ELISA), liquid chromatography, mass spectroscopy, and proprietary polymerase chain 68 
reaction (PCR) assays , are characterized by sensitivities in the nanogram (ng; 10-9) or picogram 69 
(pg; 10-12) per milliliter (mL) range, restricting detection of proteins at or below the femtogram 70 
(fg; 10-15) per mL range4–8. However, many proteins that may provide useful windows into 71 
important physiological processes (e.g., cytokine signaling) are low-abundance with endogenous 72 
levels falling below the detection limit of conventional protein analysis techniques9,10. Emerging 73 
new platforms are improving sensitivity through the development of single molecule counting 74 
technologies11–13. Ultrasensitive systems facilitate reduced signal-to-noise ratios and, most 75 
importantly, detection of concentrations as low as the fg/mL range. The platform is unique from 76 
other systems with respect to how it counts the single molecules. During the proprietary elution 77 
step, the fluorescent dye-labeled detection antibodies are dissociated from the immunocomplex, 78 
resulting in free-floating (i.e., in suspension) fluorochromes. A rotating laser is focused through a 79 
high-numeric aperture objective to a diameter less than 4 µm. Emitted light is captured by the 80 
same objective then passed through a series of positioned mirrors and a long-pass dichroic filter. 81 
The image is captured using a charge-coupled device (CCD) camera and individual photons are 82 
counted by an Avalanche Photodiode (APD). All digital events, defined as six standard deviations 83 
above a background threshold, are counted using a digital event algorithm across a spectrum of 84 
time series for a given standard curve; the ultimate result is highly sensitive and reproducible 85 
biomarker quantification. Other technologies exist that that allow for ultrasensitive protein 86 
quantification. The first ultrasensitive system on the market was the predecessor to the system 87 
described in this manuscript; it is a flow cytometry-based instrument that detects Alex 647-88 
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labeled detection antibody-analyte complexes in solution. The solution is aspirated into the 89 
instrument and is irradiated by a red laser that is focused through a confocal lens. Read times are 90 
more than 11 hours per 384-well plate, due to the time-consuming nature of the 91 
aspiration/detection method. Another company then launched fully automated system capable 92 
of detecting in the fg/mL. Despite the automation and perceived ease-of-use, the monthly cost 93 
of maintenance and initial procurement cost may be prohibitive, especially in academic 94 
laboratories. 95 
 96 
The digital algorithm described above also addresses the limitation of many instruments with 97 
respect to dynamic range, especially for high concentrations14,15. A consequence of the narrow 98 
dynamic range characteristic of conventional ELISA and other common protein quantification 99 
platforms is the reduced utility for certain clinical populations and/or a need for special 100 
preparation (e.g., multiple sample dilutions) for cases and controls. Eliminating variable sample 101 
dilutions both reduces employee workload and minimizes the effects of dilution as a potential 102 
source of error16–18.  103 
 104 
The device itself is relatively small (16” high x 14” wide x 17.5” deep / ~55 pounds) and does not 105 
require fluidics; these features make the system portable and easy to maintain. The system’s 106 
workflow is designed to improve the speed of data acquisition through automation, options to 107 
save templates, and faster sample reads via use of early-termination technology. The typical time 108 
to prepare the assay (including incubations) is approximately 3.5 h for the IL-6 kit, but may be 109 
longer for other proteins if overnight incubation is recommended. The read time is approximately 110 
1-3 h for a 384 well plate (vs. up to 13 h for other platforms); the exact time of the assay depends 111 
on the concentration of the analyte of interest with faster reads occurring at higher 112 
concentrations. The system is able to run both bead-based and plate-based assays and sample 113 
volume requirements are as low as 5 μL (average of 10-25 μL for pre-clinical samples and 10-114 
100μL for clinical samples). If desired, the plates can be re-assayed, because the dye that is eluted 115 
off the immunocomplex is stable if stored at 4 °C. Moreover, the system offers the option to use 116 
an optimized serum matrix to produce a standard curve that more closely simulates native levels 117 
of the analyte in serum/plasma. The inclusion of optimized serum matrix is unique and is in 118 
agreement with guidelines for immunoassays outlined by the American Association of 119 
Pharmaceutical Sciences19.  120 
 121 
The system’s primary limitation is that debris/bubbles in the sample or scratches/damage to the 122 
underside of the plate can interfere with signal acquisition and adversely affect results, due to 123 
the ultrasensitive nature of the instrument. However, when a clean workspace is maintained and 124 
care in preparation of samples and handling of plates is exercised, extremely low levels of 125 
proteins can be precisely, accurately, and reproducibly quantified. Likewise, other manageable 126 
limitations common to all protein quantification methods (e.g., effects of pre-analysis 127 
storage20,21) apply; best laboratory practices and manufacturer instructions should be strictly 128 
adhered to. 129 
 130 
This article is the first to demonstrate this single molecule counting system. A large and growing 131 
number of high-quality off-the-shelf and custom kits are available for this platform. Rigorous 132 
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quality control testing ensures assays are consistent with standards set forth by the World Health 133 
Organization. Because this method can be used for a wide variety of sample types and sources 134 
(e.g. species), the methods described below are applicable to a number of other clinical 135 
populations and animal models. The protocol assays interleukin-6 (IL-6) in human serum 136 
collected from a sample of pediatric concussion patients. 137 
 138 
PROTOCOL:  139 
 140 
All the procedures including human subjects described in this protocol have been approved by 141 
the Institutional Review Board (IRB) at the University of Texas at Austin. This protocol is 142 
specifically adjusted for targeted assay of IL-6 in serum; adjustments to the protocol should be 143 
made when assaying other protein biomarkers, consistent with manufacturer’s instructions. 144 
 145 
1. Collect, process, and store samples 146 
 147 
1.1. Collect blood and process the biological samples for serum according to the manufacturer’s 148 
protocol.  149 
 150 
1.2. Store serum aliquots at -80 °C until processing for laboratory analysis.  151 
 152 
2. Prepare the workspace and reagents 153 
 154 
2.1. Use 70% isopropanol to wipe down the bench and pipettes. 155 
 156 
2.2. Allow all reagents to reach room temperature (20-25 °C), including the single molecule 157 
counting High Sensitivity Human IL-6 Immunoassay Kit, Standard Analyte, Quality Controls, and 158 
10x System Wash Buffer. 159 
 160 
2.2.1. Keep the kit, especially the fluorescently conjugated Detection Antibody, away from light 161 
until the time of use. 162 
 163 
2.2.2. Dilute the 10x wash buffer to 1x with deionized water and mix thoroughly. 164 
 165 
2.2.3. Resuspend IL-6 Antibody-Coated Paramagnetic Beads using a rotisserie spin rotator or 166 
manual inversion for 10-20 min.  167 
 168 
3. Prepare samples and quality controls 169 
 170 
3.1. Prepare samples and quality controls immediately prior to use.  171 
 172 
3.2. Centrifuge samples and quality controls at >13,000 x g for 10 min; alternatively, use a plate 173 
filtration method, which eliminates the need to transfer samples into a new tube. 174 
 175 
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3.3. Pipette the supernatant fluid into a new microcentrifuge tube, using care to avoid 176 
particulates. 177 
 178 
4. Prepare the initial standard stock and perform the serial dilution 179 
 180 
4.1. Prepare the standard stock solution.  181 
 182 
4.1.1. Use a benchtop minicentrifuge to quickly spin the standard vial; and then mix via pipetting.  183 
 184 
4.1.2. Refer to the Certificate of Analysis for the initial concentration and use a three-step dilution 185 
to achieve a final concentration of 50 pg/mL for Standard 1; ensure that each transfer has a 186 
volume ≥ 10 μL to reduce error associated with low-volume micropipetting. 187 
 188 
4.2. Serially dilute the remaining standards in a 12-channel reservoir using 1:3 dilutions for 189 
Standard 2 through Standard 5, then 1:2 dilutions for Standard 6 through Standard 11). Ensure 190 
Standard 12 is left as a blank containing only 500 μL of Standard Diluent.  191 
 192 
4.2.1. For the IL-6 assay, use concentrations of 16.67, 5.56, 1.85, 0.62, 0.31, 0.15, 0.08, 0.04, 0.02, 193 
0.01 pg/mL for Standards 2-11, respectively.  194 
 195 
4.2.2. Use a 12-channel pipette to promote consistency when transferring volumes from the 196 
sample plate after serial dilution.  197 
 198 
5. Prepare target capture and incubate in a 96-well plate 199 
 200 
5.1. Pipette 75 μL of standards and samples into a 96-well polypropylene plate. 201 
 202 
5.2. Gently invert the bottle of Antibody-Coated Paramagnetic Beads to resuspend. 203 
 204 
5.2.1. Aliquot 9 mL of the Assay Buffer into a 15 mL tube and add the entire 500 μL vial of the 205 
Antibody-Coated Beads. 206 
 207 
5.2.2. Ensure that all Beads have been transferred, by rinsing the bead vial with 500 μL of Assay 208 
Buffer then transfer that volume into the already diluted Antibody-Coated Beads. Repeat this 209 
step two more times to bring the total volume of diluted Beads up to 11 mL. 210 
 211 
5.2.3. Mix the diluted Beads using gentle inversion. 212 
 213 
5.3. Transfer 100 μL of the diluted Antibody-Coated Beads into each well. 214 
 215 
5.4. Cover the plate with plate sealing film and incubate at 25 °C while shaking for 2 h (use a 216 
speed setting of ~1000 rpm on the plate shaker).  217 
 218 
5.5. Prepare the detection antibody when there is approximately 10 min left in the incubation.  219 
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 220 
5.5.1. Pipette 10 μL of Detection Antibody into 90 μL of Assay Buffer.  221 
 222 
5.5.2. Add 75 μL of diluted Detection Antibody into 2925 μL of Assay Buffer. 223 
 224 
5.5.3. Filter the diluted Detection Antibody using a 0.2 μm filter and place in a clean tube.  225 
 226 
6. Post-Capture wash, detection, and post-detection wash 227 
 228 
6.1. Wash the plate manually or use an automated system (following the manufacturer’s 229 
protocol). 230 
 231 
6.1.1. Use the Post Capture Wash setting on the automated system. 232 
 233 
6.2. Hold the 96-well plate on a magnet and add 20 μL of Detection Antibody to each well, taking 234 
care to neither disturb the pellet nor touch the sides of the polypropylene plate.  235 
 236 
6.2.1. Use a single set of pipette tips for the whole plate if proper technique is maintained and 237 
there is no evidence of contamination.  238 
 239 
6.3. Apply sealing film to the 96-well plate using firm pressure to prevent cross-contamination 240 
and spills. 241 
 242 
6.4. Incubate at 25 °C on a microplate incubator/shaker for 1 h on a speed setting of ~1000 rpm. 243 
 244 
6.5. Remove the sealing film carefully, and wash manually, or use an automated system 245 
(following the manufacturer’s protocol).  246 
 247 
6.5.1. Use the 4 cycle Pre-Transfer wash setting on the automated system. 248 
 249 
6.6. Remove the plate from the magnet or automated system and shake for 1 minute on a speed 250 
setting of ~750 rpm.  251 
 252 
6.7. Return to the magnet or automated system and complete the final aspirate. 253 
 254 
7. Elution 255 
 256 
7.1. Add 10 μL of Elution Buffer B to the 96 well plate containing the microparticles using a 12-257 
channel pipette.  258 
 259 
7.2. Cover the plate with plate sealing film and incubate for 10 min at 25 °C on a microplate 260 
incubator/shaker on a speed setting of ~1000 rpm.  261 
 262 
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7.3. While the plate is incubating, add Buffer D to the appropriate wells of a new 384-well 263 
polypropylene plate, keeping the underside protected with the cover provided.  264 
 265 
7.4. Place the original 96-well plate on the magnet for at least 2 min, until the Beads form a dense 266 
pellet. 267 
 268 
7.5. Transfer 10 μL of eluate to each well in the 384-well plate, by row, using a 12-channel pipette 269 
with new tips for each transfer and exercising care to avoid disturbing the pelleted Beads. 270 
 271 
7.6. Cover the top of the plate with a hard universal plate cover and spin the plate at 1,000 x g 272 
for 1 min. 273 
 274 
7.7. Seal the 384-well plate tightly using an adhesive aluminum foil seal.  275 
 276 
8. Run the assay on a biomarker quantification system  277 
 278 
8.1. Set up the test template or open a saved template that designates which wells contain 279 
standards, controls, and test samples of unknown concentrations, as well as specifies the number 280 
of replicates and the dilution type/factor. If desired, users can define unique identifiers for their 281 
samples as appropriate. 282 
 283 
8.2. Insert the 384-well plate into the device, and run according to the manufacturer’s 284 
instructions.  285 
 286 
8.3. Wait for the run to complete. 287 
 288 
8.4. Remove and discard or store the plate at 2-8 °C. 289 
 290 
9. Complete data processing and analysis 291 
 292 
9.1. Create a new file of test results that contains the raw data along with information about the 293 
standard curve group and fit. Adjust the standard curve and/or remove outliers as appropriate. 294 
 295 
9.2. Export data as a comma separated value (CSV) file for further analysis in the statistical 296 
software of choice.  297 
 298 
REPRESENTATIVE RESULTS:  299 
Using a Five Parameter Logistic Curve Fit (5PL) for the standard curve generated, the Lower Limit 300 
of Quantification (LLoQ) was 1.852 pg/mL and the Limit of Detection (LoD) was 0.011 pg/mL with 301 
a 0.996 R squared coefficient. Representative data from the ultrasensitive immunoassay system 302 
exported CSV file on the n=17 samples ran can be seen in Supplemental Table 1. For this run, the 303 
mean concentrations and coefficient of variation were utilized for direct comparison as seen in 304 
Table 2. Figure 1 was created to visualize the concentrations that were detected in each unknown 305 
sample. 306 
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 307 
FIGURE AND TABLE LEGENDS:  308 
 309 
Figure 1: Sample Concentrations of IL-6. Error bars show ± 1.96 times the standard error of the 310 
mean to represent a 95% confidence interval. This figure is used to visualize the range of 311 
concentrations determined using this system. It also shows that even with a 95% confidence 312 
interval, the assay is still accurate within a pg/mL for many samples despite the %CV. 313 
 314 
Supplemental Table 1: Standard Curve and Sample Concentrations with Percent Coefficient of 315 
Variation. This table shows each of three replicates as well as the average concentrations and 316 
their associated %CV for the standard curve replicates and the patients’ samples. This 317 
demonstrates the assay’s capability of detecting a range of concentrations from 0.025 to 48.893 318 
pg/mL in the standard curve samples and then using that curve to determine the concentrations 319 
of the unknown samples with a range of 0.227 to 4.717 pg/mL. The %CV for the standard curves 320 
varied from 4.10% to 47.50% and 0.50% to 15.60% for the patients’ samples.  321 
 322 
Supplemental Table 2: Overview of Demographic Characteristics for Study Participants. The 323 
sample was predominantly male (88.2%), white (70.6%), Hispanic (70.6%), and had an average 324 
age of 11.5 years.  325 
 326 
DISCUSSION:  327 
The use of several specific types of equipment can serve to further simplify the protocol and 328 
improve results. A rotisserie rotator can be used to promote adequate suspension of the beads 329 
and to save time and energy associated with manual inversion. By using a filtration plate over a 330 
standard 96 well plate during centrifugation of the samples, the number of plate transfers can be 331 
reduced, further saving time. When performing serial dilution of the standards, a 12-channel 332 
pipette and 12-well trough could be used to transfer the standards to the plate to limit time 333 
pipetting. The use of an automated plate shaker/incubator facilitates each incubation step in the 334 
protocol to further reduce the number of plate transfers and automated plate washers. Although 335 
these various instruments are not necessary for the use of the single molecule counting system, 336 
they help to reduce time during preparation and to save lab materials, like 96-well plates. To 337 
further automate the protocol, a robotic liquid handling system can be incorporated. 338 
 339 
As with all laboratory techniques, troubleshooting efforts may be needed to address common 340 
issues, such as high background, high variability of samples, a LLOQ that is higher than expected, 341 
as well as bead-related issues (e.g., failure to resuspend; low bead counts). If the background is 342 
too high, a likely reason is that incubation with the detection antibody for longer than 1 hour 343 
occurred; a timer should be set to ensure that incubation is not prolonged. Another possible 344 
cause of high background would be well-to-well cross contamination due to failure to adequately 345 
seal the plate during incubation or poor pipetting practices; care should be taken to pipette 346 
without touching the existing reagents in the plate and change tips whenever possible 347 
contamination is suspected. Likewise, contamination of reagents in the bottles or poor technique 348 
when making the standard serial dilution can lead to contamination that would increase the 349 
background. Finally, if none of the abovementioned sources of error are likely, cleaning the 350 
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instrument following the manufacturer guidelines may reduce background. If the coefficient of 351 
variation (CV) is high within individual samples, an early trouble-shooting step is ensuring proper 352 
pipetting technique and other efforts to minimize cross-well contamination such as those 353 
described above (proper application of plate seals, changing pipette tips when warranted, etc.). 354 
Likewise, researchers should ensure that the pipettes are in proper working order and have been 355 
calibrated and validated within the last 6 months. Another possible explanation is that high 356 
concentrations of particulates or contaminates in the sample contributed to the high CVs; pre-357 
assay filtration or centrifugation of samples minimizes this variability. Sufficient agitation during 358 
the incubation steps also minimizes sample variability; a speed that results in constant motion 359 
within the wells without leading to splashing is recommended (e.g., 700-1000 rpm). Bead-related 360 
issues include failure to adequately resuspend the beads and loss of beads during the 361 
experiment. Loss of beads may be due to the use of the wrong type of magnet when washing, or 362 
a failure to prime the lines of an automated plate washer with buffer resulting in the beads 363 
coming into contact with water. Alternatively, loss of beads may indicate a need to clean the 364 
plate washer according to the manufacturer’s protocol. It is important to resuspend the beads 365 
for at least 10-20 minutes and ensure that they are never frozen as this will interfere with bead 366 
resuspension. Finally, if the LLOQ is higher than anticipated it could be that beads were lost or 367 
that the standard was not properly prepared. It is important to verify that the Certificate of 368 
Analysis is matched to the specific lot number on the kit used in the experiment when preparing 369 
the stock standard. Alternatively, if proper technique was used when preparing the standard, it 370 
could be that too much time elapsed between when the standard was prepared and when the 371 
capture incubation was started. A maximum time of no more than 10 minutes is recommended 372 
for best results.  373 
 374 
The primary limitation of the techniques outlined in this protocol is used for singleplexing only. 375 
Researchers interested in exploring multiple protein targets within a single biological specimen 376 
may trade-off sensitivity for multiplexing. A secondary limitation of the methods is the higher 377 
cost of data acquisition when compared to lower-sensitivity assays. For research populations 378 
where proteins of interest are known to exist in high abundance, less expensive, analytical 379 
methods may be preferred. A third and final limitation is the potential for small defects on the 380 
plate to drastically impact the results due to the manner in which the plate is read from below 381 
and ultrasensitivity of the data captured. Strategies for reducing the impact of plate defects are 382 
described below. 383 
 384 
Single molecule counting technology offers several improvements over traditional protein 385 
quantification systems including enhanced sensitivity, improved workflow, and quicker read 386 
times. The presently described method and instrument addresses several shortcomings in 387 
existing methods and technologies. First, assay read times have been drastically reduced when 388 
compared to the ultrasensitive immunoassay platform’s predecessor as well as other commercial 389 
systems. Often, assay read times were prohibitive, which restricts the number of data points that 390 
could be generated in a single workday. By cutting the assay read time to less than half of what 391 
was previously required, researchers can generate more data in less time. Second, due to the 392 
fluidics-free design, the ultrasensitive immunoassay platform requires no daily, weekly, or 393 
monthly maintenance. Instrument maintenance in fluidics-based instruments require regular 394 
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attention so that tubing and moving components are maintained in working order. Moreover, 395 
most immunoassay targets can be adapted into an assay that is compatible with the 396 
ultrasensitive immunoassay platform. The flexibility of the assay and instrument provides ease-397 
of-use for the researcher wishing to create novel targets for protein quantification.  398 
 399 
The single molecule counting system presented here allows for the detection of many analytes 400 
in the fg/mL range. In the representative data, this can be seen through the standard curve’s low 401 
LLoQ and LoD, as well as Sample 477’s mean concentration of 0.364 pg/mL. Although no control, 402 
non-concussed patient samples were included in the outlined protocol, a previous study22 has 403 
reported of IL-6 from 1.6-9.2 pg/mL using an ELISA assay for a sample of 79 children aged 0 to 5 404 
and a mean concentration of 1.0-1.3 pg/mL for a group of adolescents from age 12 to 14. This 405 
improved detection capabilities mean that analytes could be measured where they were not 406 
previously thought to be, which may reveal undetected relationships between biomarkers and 407 
health conditions. Single molecule counting technology allows for the IL-6 concentration of 408 
pediatric concussion patients to be detected at low serum concentrations in this experiment. 409 
With IL-6’s existing applications as a diagnostic tool1 and for tracking treatment response2, the 410 
ability to detect changes in low concentration analytes in the serum allows for researchers to 411 
investigate if small changes to serum concentrations could prove significant in predicting health 412 
outcomes. With the growing amount of kits available for use with the single molecule counting 413 
system, many different analytes could be detected using very similar protocols to the one 414 
described here.  415 
 416 
Future applications for researchers studying concussions include replication of these findings in 417 
larger sample sizes and from additional geographic areas. Corroboration of biomarker data with 418 
short and long-term symptom and critical data should also be pursued. With respect to biomarker 419 
research as a whole, additional evidence is needed to understand how subtle fluctuations in 420 
biomarker levels may be relevant for diagnosis and prognosis of concussion as well as other 421 
conditions. Evaluation of biomarkers in multiple biospecimen types should also be pursued.  422 
 423 
Care during preparation of the workspace and reagents prior to beginning the assay is important 424 
to obtain the best results. This includes proper processing and storage of samples prior to 425 
beginning the assay, maintenance of a clean workspace, and preparation of all reagents 426 
according to the guidelines provided in the detection kits. The single molecule counting detection 427 
antibodies are a critical component of these kits, so following manufacturer guidelines and 428 
protecting the detection antibodies from light as much as possible during preparation is 429 
important for ensuring low-noise results. Following the outlined procedures help to produce the 430 
highly sensitive results as shown above.  431 

 432 
Also worth noting is that the ultrasensitive capabilities of this instrument mean small 433 
imperfections can affect the results. Smudges, debris, particulates, and scratches on and within 434 
the wells can increase the noise during detection. Fortunately, these limitations are easy to 435 
overcome by using precautions to avoid compromising the glass-bottom plates such as using base 436 
plates while handling them during preparation. As mentioned above, maintaining a clean 437 
workspace, as well as adhering to proper techniques for pipetting and handling of 438 
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reagents/samples will further reduce errors during detection.  439 
 440 
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Replicates Average Conc. (pg/mL) %CV ID Replicates

46.885 0.895

50.890 0.765

48.903 1.047

15.480 3.607

16.305 3.251

14.943 3.335

5.564 0.232

7.291 0.327

5.624 0.222

2.134 1.574

2.132 1.339

1.477 1.492

0.567 1.999

1.332 2.745

0.691 2.683

0.274 2.647

0.328 1.979

0.264 2.246

0.152 3.112

0.197 3.534

0.144 3.789

0.075 1.908

0.070 1.494

0.083 1.714

0.033 0.764

0.031 0.854

0.037 0.909

0.019 1.650

0.026 1.238

0.028 1.415

0.390

0.532

0.338

1.290

1.078

1.114

2.021

1.970

1.973

1.765

1.753

19.40%

6

8

7

9

Samples

48.893 4.10% 1

11

14

13

12

100.025

0.076

0.034

47.50%0.863

0.289 11.90%

0.164 17.20%

8.70%

9.20%

419.80%1.914

5

15.576 4.40% 2

Standard Curve

6.16 15.90% 3
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1.265

1.460

1.766

1.917

2.013

2.060

1.979

4.621

4.898

4.634

17

16

15

14



Average Conc. (pg/mL) %CV

5.50%

0.902 15.60%

Samples

1.705

1.40%

0.50%

1.16

1.988

1.759

0.364

3.397

0.227

1.468

2.714

2.291

10.10%

9.80%

1.60%

0.842

1.434

3.478

14.70%

9.80%

12.20%

8.70%

14.40%

3.10%

8.10%



3.30%

2.00%

5.80%1.842

2.018

4.717

0.50%1.759



Characteristic Statistic

Male Sex n=15 (88.2%)

Age Mean = 11.5 years (range = 7-16)

Hispanic Ethnicity n=12 (70.6%)Caucasion Race vs. Other* 

(*note: all Other identified n=12 (70.6%)
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Name of Material/ Equipment Company Catalog Number Comments/Description

1L Stericup Filter (0.22 μm; polyethersulfone) MilliporeSigma SCGPU11RE Optional and not used in this study; used to sterilize remaining 1x wash buffer for storage (up to 1 month).

384-well SensoPlate Griener BioScience

500 mL graduated cylinder Any Varies

5 mL syringe Any Varies

96-well V-bottom polypropylene plate (500 μL) Axygen 781892

Centrifuge with plate rotator Any Varies Must be capable of reaching a speed of 1,100 x g

Container capable of holding 500 mL Any Varies

De-ionized or disitilled water N/A N/A

Erenna 10x System/Wash Buffer MilliporeSigma 02-0111-00

Jitterbug Plate Shaker Boekel Scientific 70-0009-00 A suitable alternative can also be used.

Microcentrifuge Any Varies

Microcentrifuge tubes Any Varies
Modified microplate washer BioTek 95-0004-05 The microplate washer is modified to include a sphere mag-plate assembly. A suitable alternative (automated or manual) can be used provided it can be modified to include the mag-plate assembly and also has a vacuum regulator as well as a dispense/waste system including a vacuum pump

MultiScreenHTS BV 96-well Filter Plate EMD millipore P-96-450V-C

Personal protection equipment Any Varies Gloves, labcoat, closed-toed shoes

Reservoirs for 12-channel pipettors Any Varies

Rotisserie Rotator Any Varies

Sealing tape Any Varies

Single channel pipettes Any Varies Must have pipettes capable of transferring 10-250 μL

SMC High Sensitivity Human IL-6 Immunoassay Kit MilliporeSigma 03-0089-01 Human assay optimized for use with serum and EDTA plasma samples. The kit contains the following 9 items (1) Assay Buffer; (2) Beads; (3) Standard Diluent; (4) Detection Antibody; (5) Standard; (6) Control 1; (7) Control 2; (8) Control 3; (9) 10X Wash Buffer; (10) Buffer D; (11) Elution Buffer B.

SMCxPROTM Complete System MilliporeSigma 95-0100-00 This is the device used to run the assays and quantify the biomarker; the complete kit comes with the device and the associated computer and software.

Syringe filter (0.2 μm) Any Varies
Titer Plate Shaker VWR 12620-926 Optional and not used in this study; used when incubating overnight

Universal plate cover Any Varies

Table of Materials Click here to access/download;Table of Materials;JoVE_Materials.xls
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Optional and not used in this study; used to sterilize remaining 1x wash buffer for storage (up to 1 month).

The microplate washer is modified to include a sphere mag-plate assembly. A suitable alternative (automated or manual) can be used provided it can be modified to include the mag-plate assembly and also has a vacuum regulator as well as a dispense/waste system including a vacuum pump

Must have pipettes capable of transferring 10-250 μL

Human assay optimized for use with serum and EDTA plasma samples. The kit contains the following 9 items (1) Assay Buffer; (2) Beads; (3) Standard Diluent; (4) Detection Antibody; (5) Standard; (6) Control 1; (7) Control 2; (8) Control 3; (9) 10X Wash Buffer; (10) Buffer D; (11) Elution Buffer B.

This is the device used to run the assays and quantify the biomarker; the complete kit comes with the device and the associated computer and software.

Optional and not used in this study; used when incubating overnight



The microplate washer is modified to include a sphere mag-plate assembly. A suitable alternative (automated or manual) can be used provided it can be modified to include the mag-plate assembly and also has a vacuum regulator as well as a dispense/waste system including a vacuum pump

Human assay optimized for use with serum and EDTA plasma samples. The kit contains the following 9 items (1) Assay Buffer; (2) Beads; (3) Standard Diluent; (4) Detection Antibody; (5) Standard; (6) Control 1; (7) Control 2; (8) Control 3; (9) 10X Wash Buffer; (10) Buffer D; (11) Elution Buffer B.
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http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
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Editorial Comments: 

 

Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammatical errors. 

● After editing, we proofread the entire manuscript to ensure there are no spelling or 

grammatical errors  

 

Please avoid punctuation marks in the title (e.g., colon, hyphen), and edit the title to avoid split 

titles. 

● The title has been edited to avoid the use of punctuation and to add clarity. 

 

Protocol Language: 

1) Please ensure that all text in the protocol section is written in the imperative voice/tense as if 

you are telling someone how to do the technique (i.e. “Do this”, “Measure that” etc.) Any text 

that cannot be written in the imperative tense may be added as a “Note”, however, notes should 

be used sparingly and actions should be described in the imperative tense wherever possible.  

● We edited the entire document to minimize the use of notes. 

 

Examples NOT in imperative voice: 2.2.1, 2.2.2, 2.2.3, 4.2.1, 4.3 etc. 

● We changed the protocol section to imperative voice in all descriptions including, but not 

limited to sections 2.2.1, 2.2.2, 2.2.3, 4.2.1, and 4.3. 

 

2) Please use complete sentences throughout each step (e.g. 2.2.2) 

● We edited step 2.2.2 to create a complete sentence and we searched the document to 

change any other similar errors in syntax 

● The original 2.2.2 was deleted and we inserted a new step 2.2.2 

● 2.2.3 was revised to be a complete sentence  

 

Protocol Detail: Please note that your protocol will be used to generate the script for the video, 

and must contain everything that you would like shown in the video. Please add more specific 

details (e.g. button clicks for software actions, numerical values for settings, etc) to your 

protocol steps. There should be enough detail in each step to supplement the actions seen in 

the video so that viewers can easily replicate the protocol. Examples: 

1) Please provide all settings and parameters in generic units. 

● We edited the protocol language and added specific wording in order to provide more 

detailed directions for the viewers, including settings and parameters in generic units.  

 

 

Protocol Numbering: Please add a one-line space between each protocol step. 

● We added a one-line space between each protocol step 

 

Rebuttal Letter Click here to access/download;Rebuttal Letter;JoVE Response
to Reviewers.docx

https://www.editorialmanager.com/jove/download.aspx?id=1097301&guid=31184091-d4de-4571-b807-275f50197bab&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1097301&guid=31184091-d4de-4571-b807-275f50197bab&scheme=1


Protocol Highlight: Please highlight ~2.5 pages or less of text (which includes headings and 

spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of 

your protocol steps. 

1) The highlighting must include all relevant details that are required to perform the step. For 

example, if step 2.5 is highlighted for filming and the details of how to perform the step are given 

in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be included in 

the highlighting. 

● Any steps that are highlighted include all relevant details necessary to complete that 

step  

2) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow 

from one highlighted step to the next. 

● We read through the highlighted steps to ensure that there is a logical flow in a narrative 

format 

3) Please highlight complete sentences (not parts of sentences). Include sub-headings and 

spaces when calculating the final highlighted length. 

● We made sure to highlight complete sentences and we confirmed that our total 

highlighted text is approximately 2.5 pages 

4) Notes cannot be filmed and should be excluded from highlighting. 

● We did not highlight any notes. 

 

Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion 

should be similarly focused. Please ensure that the discussion covers the following in detail and 

in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the 

technique, 3) significance with respect to existing methods, 4) future applications and 5) critical 

steps within the protocol. 

● Thank you for bringing this to our attention. We have added subheadings to the 

discussion and reorganized the existing discussion per the outline provided. We have 

also added additional content in order to populate the Limitations of the Technique and 

Future Applications section.  

 

Figure/Table Legends: Please expand the legends to adequately describe the figures/tables. 

Each figure or table must have an accompanying legend including a short title, followed by a 

short description of each panel and/or a general description. 

● We have updated the Table and Figure Titles and Captions to provide a better, general 

description of each. 

 

Commercial Language: JoVE is unable to publish manuscripts containing commercial 

sounding language, including trademark or registered trademark symbols (TM/R) and the 

mention of company brand names before an instrument or reagent. Examples of commercial 

sounding language in your manuscript are Luminex xMAP®, Singulex®, MilliporeSigma, 

SMC™, Jitterbug, SMCxPRO™, 

1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding 

language in your manuscript with generic names that are not company-specific. All commercial 

products should be sufficiently referenced in the table of materials/reagents. You may use the 



generic term followed by “(see table of materials)” to draw the readers’ attention to specific 

commercial names. 

● We located and replaced all commercial sounding language with generic names and 

reference the table of materials when necessary 

 

2) Please remove the registered trademark symbols TM/R from the table of reagents/materials. 

● We removed the registered trademark symbols TM/R from the table of 

reagents/materials 

 

If your figures and tables are original and not published previously or you have already obtained 

figure permissions, please ignore this comment. If you are re-using figures from a previous 

publication, you must obtain explicit permission to re-use the figure from the previous publisher 

(this can be in the form of a letter from an editor or a link to the editorial policies that allows you 

to re-publish the figure). Please upload the text of the re-print permission (may be copied and 

pasted from an email/website) as a Word document to the Editorial Manager site in the 

"Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in 

the figure legend, i.e. "This figure has been modified from [citation]." 

●  None of the figures have been previously published.  

 
 

Comments from Peer-Reviewers:  

 

Reviewer #1: 

Manuscript Summary: 

Good review and method for emerging single molecular counting method for blood-based 

biomarker measurement 

 

Major Concerns: 

none 

 

Minor Concerns: 

Since SigmaMillipore SMCxPROTM Complete System is used for this manuscript - that should 

be mentioned in the abstract. 

● Per request of the editor we have restricted the use of commercial language consistent 

with JoVE guidelines. The specific immunoassay system is referred to in the table of 

materials which is cited in text.  

 

In the introduction, other single molecular counting platform (such as Quanterix) and perhaps 

Singulex platform should be discussed and compared. 

● We discussed other single molecular counting platforms in the introduction, being careful 

not to use commercial language.  

 

The current TABLE 1 - is too detailed- it should be included in supplementary data only. 

● The original Table 1 has been moved to the supplementary data section. 



 

Table 1 only shows one standard curve concentration. Since this is a new assay format - 

standard curve concentrations of IL-6 vs. readout values (replicates) should be plotted out or 

tabulated. For all concentration data point, the individual intraassay %CV should be listed also. 

A new table or figure should be used to show such representative standard curve data. 

● The new Table 1 has been updated to show the replicates for both the standards and 

the samples. The %CV is also listed.  

● With the addition of this new data, we did not feel it was necessary to add an additional 

figure based on the other reviewer and editorial comments.  

 

 

Ideally, the authors should give interassay %CV also, based on multi-day experiments. 

● All data was generated on a single day, and interassay %CV data based on multi-day 

experiments are not available. 

 

On the pediatric TBI samples - it will be very helpful if there are baseline levels for injured 

controls to see if the pTBI levels are higher. Are such samples or values available. If not, 

perhaps even adult healthy controls levels should be included or cited as a reference point. 

● We agree that this information would be germane; however, the data is not available. 

We did review the literature and found that IL-6 concentrations in healthy children 

depends on a number of factors including age and exercise status as outlined in the 

systematic review: https://doi.org/10.3389/fped.2017.00255. Moreover, considering the 

editors comment to restructure the discussion to focus more on certain aspects of the 

methods per the scope of the journal, we were unsure where to best place the inclusion 

of normative data. We are open to additional input if you think that this would enhance 

the readers’ experience and is consistent with the scope of the journal.  

 

Reviewer #2: 

Manuscript Summary: 

The manuscript describes a single molecule counting based detection of proteins using a new 

device platform. The authors have used pediatric brain injury serum samples to test the 

sensitivity of IL-6 after the injury. The method is described sufficiently in detail. There are few 

concerns which should be addressed before publication. 

 

Major Concerns: 

1. The authors have only used TBI serum samples for measuring the IL-6. They have not used 

any control samples to compare the relative concentrations of IL-6. The controls should have 

much less IL-6 detection with this system. 

● Please see our response to Reviewer 1’s last comment on the pediatric TBI samples.  

 

2. The main aim of the manuscript is to show that the system being used is better than the 

existing platform available, however, the authors have not tested the same samples in any other 

platforms to show that this method is indeed superior. 

Commented [1]: davidhutto@utexas.edu we need the 
replicates as well 

Commented [2]: https://docs.google.com/spreadsheet
s/d/1IYrqAZIRUsYe8TlAFUBR_wUn0Jv03EA4CEJiGSj
YF8w/edit#gid=808965976 

https://doi.org/10.3389/fped.2017.00255


● We agree that this is a limitation of the paper. However, as a new laboratory space, no 

equipment was available for less sensitive analysis. We have tried to provide objective 

and balanced discussion surrounding how this method compares to conventional 

approaches, citing relative literature. Other JoVE publications that we have accessed did 

not directly compare methods.  

 

3. The percent Cv between the samples varies quite a bit. Can the authors explain why such a 

variation is noted between the samples in a group analyzed together. 

● Per this comment and the editors suggestions, we have revamped the discussion 

section in order to better discuss factors that can impact variability, including limitations 

of the technique and protocol steps. Additionally, the data originally submitted as part of 

this manuscript was one of our laboratories first application of this new technology which 

may have contributed to any variability.  

 

4. There is no information/demographics for the serum sample which are used for this study. 

Please include a table with the demographic details of the samples. 

● Thank you for bringing this to our attention. We have generated a new Supplemental 

Table 2 with select demographic data for participants and added placed this table with 

other supplemental data.  

 

Minor Concerns: 

1. Please include some more information of the technology/platform in the long abstract. Also, 

there is not enough detail in the introduction section about the platform and the device. 

● We added more information about the technology/platform in the long abstract and 

added more details in the introduction section.  

 

2. There is no comparison with the other more sensitive protein detection platform. Please 

describe the major advantages over the currently available single molecule detection methods. 

● In our discussion section, we added details comparing other protein detection platforms, 

including the advantages of the current system in use. Please refer to the Significance 

with Respect to Existing Methods paragraph in the Discussion section.  

 

3. In the figure 1, it will be better to use samples 1-17 instead of the sample codes which are 

currently used. 

● We edited Figure 1 using samples 1-17 instead of the sample codes.  

 

 

 


