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SUMMARY: 21 

Nanoparticle tracking analysis (NTA) is a widely used method to characterize extracellular 22 

vesicles. This paper highlights NTA experimental parameters and controls plus a uniform method 23 

of analysis and characterization of samples and diluents necessary to supplement the guidelines 24 

proposed by MISEV2018 and EV-TRACK for reproducibility between laboratories. 25 

 26 

ABSTRACT: 27 

Nanoparticle tracking analysis (NTA) has been one of several characterization methods used for 28 

extracellular vesicle (EV) research since 2006. Many consider that NTA instruments and their 29 

software packages can be easily utilized following minimal training and that size calibration is 30 

feasible in-house. As both NTA acquisition and software analysis constitute EV characterization, 31 

they are addressed in Minimal Information for Studies of Extracellular Vesicles 2018 32 

(MISEV2018). In addition, they have been monitored by Transparent Reporting and Centralizing 33 

Knowledge in Extracellular Vesicle Research (EV-TRACK) to improve the robustness of EV 34 

experiments (e.g., minimize experimental variation due to uncontrolled factors).  35 

 36 

Despite efforts to encourage the reporting of methods and controls, many published research 37 

papers fail to report critical settings needed to reproduce the original NTA observations. Few 38 

papers report the NTA characterization of negative controls or diluents, evidently assuming that 39 

commercially available products, such as phosphate-buffered saline or ultrapure distilled water, 40 

are particulate-free. Similarly, positive controls or size standards are seldom reported by 41 

researchers to verify particle sizing. The Einstein-Stokes equation incorporates sample viscosity 42 

and temperature variables to determine particle displacement. Reporting the stable laser 43 
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chamber temperature during the entire sample video collection is, therefore, an essential control 44 

measure for accurate replication.  45 

 46 

The filtration of samples or diluents is also not routinely reported, and if so, the specifics of the 47 

filter (manufacturer, membrane material, pore size) and storage conditions are seldom included. 48 

The International Society for Extracellular Vesicle (ISEV)’s minimal standards of acceptable 49 

experimental detail should include a well-documented NTA protocol for the characterization of 50 

EVs. The following experiment provides evidence that an NTA analysis protocol needs to be 51 

established by the individual researcher and included in the methods of publications that use 52 

NTA characterization as one of the options to fulfill MISEV2018 requirements for single vesicle 53 

characterization.    54 

 55 

INTRODUCTION: 56 

Accurate and repeatable analysis of EVs and other nanometer-scaled particles presents 57 

numerous challenges across research and industry. Replication of EV research has been difficult, 58 

in part, due to the lack of uniformity in reporting necessary parameters associated with data 59 

collection. To address these deficiencies, the ISEV proposed industry guidelines as a minimal set 60 

of biochemical, biophysical, and functional standards for EV researchers and published them as 61 

a position statement, commonly referred to as MISEV20141. The accelerating pace of EV research 62 

required an updated guideline, and the “MISEV2018: a position statement of the ISEV”2 63 

expanded the MISEV2014 guidelines. The MISEV2018 paper included tables, outlines of 64 

suggested protocols, and steps to follow to document specific EV-associated characterization. As 65 

a further measure to facilitate interpretation and replication of experiments, EV-TRACK was 66 

developed as a crowd-sourcing knowledgebase (http://evtrack.org) to enable more transparent 67 

reporting of EV biology and the methodology used for published results3. Despite these 68 

recommendations for standardized reporting of methods, the field continues to suffer regarding 69 

replicating and confirming published results.  70 

 71 

Fitting with the National Institutes of Health’s and National Science Foundation’s effort for quality 72 

assessment tools, this paper suggests that ISEV requires standardized reporting of methods and 73 

details so that data assessment tools might be applied with the goal of replicating results 74 

between laboratories. Reporting cell sources, cell culture procedures, and EV isolation methods 75 

are important factors to define the qualities of the EV population. Among NTA instruments, 76 

factors such as detection settings, the refractive index of carrier fluid, heterogeneous particle 77 

populations contributing to polydispersity, lack of standardized reporting requirements, and 78 

absent intra- and inter-observer measurement results make NTA comparison between labs 79 

difficult or impossible.  80 

 81 

In use since 2006, NTA is a popular method for nanoparticle size and concentration determination 82 

that is currently used by approximately 80% of EV researchers4. The MISEV2018 Guidelines 83 

require two forms of single-vesicle analysis, of which NTA is one of the popular options. NTA 84 

continues to be in common use for EV characterization due to its wide accessibility, low cost per 85 

sample, and its straightforward founding theory (the Stokes-Einstein equation). EV assessment 86 

by NTA generates a particle size distribution and concentration estimate using laser light 87 

http://evtrack.org/
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scattering and Brownian motion analysis, with the lower limit of detection determined by the 88 

refractive index of the EV. When using a fluid sample of known viscosity and temperature, the 89 

trajectories of the EVs are tracked to determine their mean-square displacement in two 90 

dimensions. This allows the particle diffusion coefficient to be calculated and converted into a 91 

sphere-equivalent hydrodynamic diameter by a modified Stokes-Einstein equation5-7. NTA’s 92 

particle-to-particle analysis has less interference by agglomerates or larger particles in a 93 

heterogeneous population of EVs than other methods of characterization7. While a few larger 94 

particles have minimal impact on sizing accuracy, the presence of even minute amounts of large, 95 

high light-scattering particles results in a notable reduction in the detection of smaller particles 96 

due to reduced software EV detection and tracking8. As a measurement technique, NTA is 97 

generally considered not to be biased toward larger particles or aggregates of particles but can 98 

resolve multiple-sized populations through individual particle analysis9. Because of the use of 99 

light-scattering by particles, one of the limitations of NTA analysis is that any particulate such as 100 

dust, plastic, or powder with similar refraction and size attributes compared to EVs cannot be 101 

differentiated from actual EVs by this method of characterization. 102 

 103 

The NanoSight LM10 (nanoparticle size analyzer) and LM14 (laser module) have been sold since 104 

2006, and although newer models of this instrument have been developed, this particular model 105 

is found in many core facilities and is considered a reliable workhorse. Training is needed to 106 

properly optimize the NTA settings for high-resolution measurements of size and concentration. 107 

The two important settings needed for optimum video recordings are (1) the camera level and 108 

(2) the detection threshold. These must be set by the operator based on the sample’s 109 

characteristics. One of the major constraints of NTA analysis is the recommendation of sample 110 

concentrations between 107 and 109 particles/mL to achieve which sample dilution may be 111 

required10. Solutions used for dilution, such as phosphate-buffered saline, 0.15 M saline, or 112 

ultrapure water, are rarely free of particles less than 220 µm in size, which may affect the NTA 113 

measurements. NTA characterization of the solutions used for dilution should be performed at 114 

the same camera level and detection threshold as the nanoparticle samples that are being 115 

analyzed. The size and concentration of nanoparticles present in diluents used for EV sample 116 

dilutions are seldom included in publications involving NTA analysis of EVs. 117 

 118 

This protocol uses NTA analysis of synthetic EV-like liposomes evaluated using selected camera 119 

levels, detection thresholds, and mechanical filtering of the samples to analyze the systematic 120 

effects of camera level, detection threshold, or sample filtration on the NTA dataset. Liposomes 121 

were synthesized as described in Supplemental File S1. Synthetic liposomes were used in this 122 

experiment because of their size uniformity, physical characteristics, and stability in storage at 4 123 

°C. Although actual samples of EVs could have been used, the heterogenicity and stability of EVs 124 

during storage may have complicated this study and its interpretation. Similarities in the NTA 125 

reports from (A) liposomes and (B) EVs indicate that the systematic effects revealed for liposomes 126 

in this paper will likely also apply to EV characterization (Figure 1). Together, these findings 127 

support the notion that complete reporting of critical software settings and the description of 128 

sample processing, such as diluent, dilution, and filtration, impact the reproducibility of NTA data. 129 

 130 
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The purpose of this paper is to demonstrate that varying the NTA settings (temperature, camera 131 

level, and detection threshold) and sample preparation changes the results collected: systematic, 132 

significant differences in size and concentration were obtained. As NTA is one of the popular 133 

options to fulfill the MISEV2018 characterization specification, these results demonstrate the 134 

importance of reporting sample preparation and NTA settings to ensure reproducibility.  135 

 136 

(Place Figure 1 here) 137 

 138 

PROTOCOL: 139 

 140 

1. General protocol guidelines 141 

 142 

1.1. Maintain the microscope on an air table or at a minimum on a vibration-free table. Ensure 143 

that extraneous vibrations (e.g., foot tapping on the floor, touching the table, door closures, 144 

laboratory traffic) are kept to a minimum. 145 

 146 

1.2. Set and maintain the temperature of the laser module at a constant temperature for all 147 

video recordings.  148 

 149 

NOTE: The temperature chosen was 25 °C because the nanoparticle size analyzer was calibrated 150 

at that temperature. Therefore, it is important that all users of the instrument know and use this 151 

temperature. Room temperature is not an acceptable setting because it can vary.   152 

 153 

1.3. Ensure that all diluents, also called negative controls (e.g., Dulbecco's Phosphate-buffered 154 

Saline (DPBS), ultrapure distilled water [DW]), are all NTA-characterized using the same camera 155 

level and detection threshold as the nanoparticle samples being measured. Use characterized 156 

DPBS for the flushing of the laser module and dilution of samples. Factor contaminants in the 157 

negative control DPBS into sample results if their levels are significant. 158 

 159 

1.4. Store samples at 4 °C prior to evaluation and never freeze them as this would degrade the 160 

liposome sample. Warm samples/standards/diluents to room temperature for 30 min prior to 161 

analysis. 162 

 163 

NOTE: Sample handling was specific to the material being examined. 164 

 165 

1.5 Evaluate sample and standards using Quick measurement to establish an appropriate 166 

dilution to obtain 108 to 109 particles/mL (approximately 50 to 100 particles/NTA video screen) 167 

determined to be optimal for NTA analyses.  168 

 169 

NOTE: The authors have found that particle concentrations at the higher end of this range 170 

produce more consistent and reproducible results.  171 

 172 

1.6. Fill in all applicable fields within the Capture box of the SOP tab for both Quick and 173 

Standard measurements, including the dilution and diluent used.  174 
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 175 

2. Preparation of 50 nm and 100 nm size calibration standards  176 

 177 

NOTE: See the Table of Materials.  178 

 179 

2.1. 50 nm size Transfer Standards diluted 1:5,000 180 

 181 

2.1.1. Add 2 µL of the 50 nm standards to 9,998 µL of 0.22 µm-filtered 10 mM potassium 182 

chloride (KCl)/0.03% Tween 20 in ultrapure DW into a twice-rinsed 15 mL conical tube. Store the 183 

diluted 50 nm standard at 4 °C for up to a year.   184 

 185 

2.2. 100 nm size Transfer Standards diluted 1:333 186 

 187 

2.2.1. Add 30 µL of the 100 nm standards to 9,970 µL of 0.22 µm-filtered 10 mM KCl/0.03% 188 

Tween 20 in ultrapure DW into a twice-rinsed 15 mL conical tube. Store the diluted 100 nm 189 

standard at 4 °C for up to a year.  190 

 191 

3. Cleaning and assembly of the laser module 192 

 193 

3.1. Visually inspect the laser module and flow-cell cover windows for scratches or 194 

imperfections.  195 

 196 

NOTE: If either glass surface is scratched, imaging may be affected. 197 

 198 

3.2. Clean both glass surfaces gently with a good quality lens cleaner and lens paper. Do not 199 

use tissue wipes or paper towels on glass surfaces. 200 

 201 

3.3. Ensure that the O-ring seal is properly seated in the groove of the flow-cell cover prior to 202 

assembly. 203 

 204 

3.4. Place the flow-cell cover on the laser module, ensuring the electrical contacts are in the 205 

proper orientation. Place the 4 spring-loaded thumbscrews through the flow-cell plate and 206 

engage the threads of the laser module but do not tighten individually. 207 

 208 

3.5. Putting uniform pressure down on the flow-cell cover, uniformly tighten the thumbscrews 209 

in an alternating diagonal manner until snug. Only tighten the thumbscrews until finger-tight. Do 210 

not overtighten.  211 

 212 

NOTE: Uneven tightening of the thumbscrews can crack the laser module surface. Newer-213 

designed thumbscrews will “bottom out” at the proper pressure, avoiding possible 214 

overtightening. 215 

 216 

4. Flushing procedure for the laser module prior to and between samples 217 

 218 
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4.1. Use a newly opened container of DPBS and aliquot into triple-rinsed 15 mL polypropylene 219 

tubes. Ensure that products used to flush or dilute samples are NTA-characterized prior to use 220 

(see step 1.3). 221 

 222 

4.2. Flush two 1 mL tuberculin syringes with slip lock adaptors 3 times with 1 mL of DPBS to 223 

remove any particulate residues. Use either port as the input but use it consistently during the 224 

experiment. Do not use larger syringes due to the danger of breaking syringe ports from the 225 

increased weight and size of the syringe. 226 

 227 

4.3. Remove and discard the plunger from the 1st tuberculin syringe and insert it into the 228 

remaining port to serve as a voided diluent/sample reservoir.  229 

 230 

NOTE: Failure to remove the plunger will cause increased pressure in the sample chamber and 231 

leakage around the seal. 232 

 233 

4.4. Fill the 2nd syringe with 1 mL of DPBS and attach it to the inlet port of the flow-cell cover. 234 

 235 

4.5. Hold the laser module tilted with the outlet syringe port elevated to allow air to be purged 236 

from the chamber as the DPBS is injected slowly into the laser module.  237 

 238 

4.6. Flush the remaining DPBS from the laser module by injecting 1 mL of air into the inlet 239 

port. Repeat flushing 2 more times. 240 

 241 

4.7.  Empty the laser module as completely as possible after the last flush.  242 

 243 

NOTE: Thorough, careful flushing is necessary following NTA analysis of the 50 nm standard, as 244 

these particles persist in the laser module. The laser module is now ready to be used.  245 

 246 

5. Placement of the laser module on the microscope stage  247 

 248 

5.1. Locate the laser module focus alignment guides on the arm of the microscope (Figure 2) 249 

and align them using the focus knob.  250 

 251 

[Place Figure 2 here] 252 

 253 

5.2. Facing the microscope, place the laser module in the grooved stage and gently slide it as 254 

far as possible to the right.  255 

 256 

NOTE: If done carefully, the alignment and focal spot will be easier to locate between samples. 257 

 258 

5.3. Turn on the rocker switch on the laser control box.  259 

 260 

6. Focusing and positioning of the laser module  261 

 262 
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NOTE: This must be performed with fluid in the chamber. 263 

 264 

6.1. Load the NTA software (see the Table of Materials) from the desktop.  265 

 266 

NOTE: An error may appear, “Temperature H/W not found on COM3.” Simply close and reopen 267 

the software to fix it. 268 

 269 

6.2. Click Start Camera under the Capture tab in the upper left corner box. If the camera shuts 270 

off automatically after 5 min, simply click Start Camera again to restart it. 271 

 272 

6.3. In the same tab, adjust Camera Level to 14 to 16 to brighten the laser line and simplify 273 

particle identification and focus. 274 

 275 

6.4. Divert the image from the camera to the eyepieces by moving the top slider on the left 276 

side of the headpiece in or out.   277 

 278 

6.5. Find the area of increased density, commonly referred to as the thumbprint. Center and 279 

focus the thumbprint vertically in the field of view.  280 

 281 

NOTE: The laser line will be to the left of the thumbprint. Darkening the room may help facilitate 282 

locating the thumbprint and focusing on the laser line. 283 

 284 

6.6. Center the laser line in the field of view; move the top slider to divert light to the camera 285 

as observed on the computer screen.  286 

 287 

NOTE: The laser line now visible on the screen is a mirror image of the eyepiece view; left in the 288 

eyepieces will be right on the computer screen.  289 

 290 

6.7 Adjust the focus to sharpen the image of individual moving particles on the screen with 291 

the focus knob.  292 

 293 

NOTE: Due to the depth of field, all the particles will not be in focus, which is acceptable. Even 294 

particles that are slightly out of focus will be captured by the camera and analyzed by the 295 

software. 296 

 297 

7. Loading standards/samples/diluent into the laser module for NTA analysis 298 

 299 

7.1. Draw up 1 mL of standard/sample/diluent into a rinsed 1 mL tuberculin syringe and attach 300 

it to the inlet port of the flow-cell cover. Advance the plunger until fluid is evident in the open 301 

syringe attached to the outlet port.  302 

 303 

7.2. In the camera view, move to the right of the laser line to an area of a uniform number of 304 

particles. If necessary, adjust the vertical orientation to center the horizontal bands of light. 305 

Refocus until the highest number of particles are in view. Ensure that for all subsequent 306 
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measures, this position is maintained as closely as possible.  307 

 308 

7.3. Adjust the Camera Level to the point that the Dark information symbol flashes 309 

intermittently on and off in the top right of the camera view.  310 

 311 

NOTE: This helps ensure that a consistent camera level selection is made at the minimum 312 

sensitivity level for each data collection series. 313 

 314 

NOTE: Camera Level cannot be changed during capture. 315 

 316 

8. Validation of calibration 317 

 318 

NOTE: It is recommended to validate the module calibration using size standards (see section 2) 319 

prior to sample analysis. Routine validation is necessary to ensure accurate measurements. In a 320 

multiuser laboratory, individual user adjustments of software configuration settings can 321 

inadvertently cause inaccurate data collection. For critical data collection, daily validation is a 322 

matter of good laboratory practice. The day-to-day reproducibility of validation needs to be 323 

included in the reported results. Typically, calibration is set by the technician and is not adjustable 324 

by the individual user unless the user has administrator access. This prevents unauthorized 325 

reconfiguration by individual users. 326 

 327 

8.1. Warm diluted standards (see section 2) to room temperature for 30 min.  328 

 329 

8.2. Briefly vortex the standards and then load as described in section 7.  330 

 331 

8.3. Perform sample NTA as described in section 10 and record values for subsequent 332 

calculation of the coefficient of variation, which should be less than 2% if correctly calibrated.  333 

 334 

9. Optimizing sample concentration for NTA 335 

 336 

NOTE: The screen should contain between 50 and 100 measurable particles when the camera 337 

level and sample concentration are adjusted properly. If there is any question about whether a 338 

sample has an appropriate particle number, a Quick Measurement can be run on the sample at 339 

this point (see steps 9.1 to 9.7). It is used to assess the sample characteristics rapidly prior to 340 

longer video captures. The Quick Measurement tab is found within the SOP tab in the bottom 341 

middle box.  342 

 343 

9.1. Set Capture duration to 30 s. 344 

 345 

9.2. Accept the existing base filename or enter a new filename by clicking the … tab for a new 346 

storage site for generated data. 347 

 348 

9.3. Check the box for Target temperature and input the desired temperature. 349 
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 350 

9.4. Load the sample as previously described (step 7.1) and click Create and Run Script. 351 

 352 

9.5. Wait for the number of particles per frame to be displayed on the bottom right of the 353 

video screen after the completion of the 30 s video. If the number of particles is greater than 100, 354 

flush the laser module 3 times (as previously described in step 4.6). 355 

 356 

9.6. Dilute the sample to the desired concentration range using the characterized diluent. 357 

 358 

9.7. Load the properly diluted sample into the flushed laser module and run the Quick 359 

Measurement to verify the sample is within the acceptable range. 360 

 361 

10. Sample NTA 362 

 363 

NOTE: The Standard Measurement tab is within the SOP tab in the bottom middle box and is 364 

used for routine sample analysis (see steps 10.1 to 10.12). 365 

 366 

10.1. Set the duration to 30 or 60 seconds and the number of videos to 5. 367 

 368 

10.2. Accept the existing base filename or enter a new filename by clicking the … tab for a new 369 

storage site for generated data. 370 

 371 

10.3. Check the box for Target temperature and input the desired temperature. 372 

 373 

10.4. Click Create Script to reuse this Standard Measurement. 374 

 375 

10.5. Once the sample is loaded as described in section 7 and the experiment is ready to run, 376 

click Create and Run Script. 377 

 378 

10.6. Fill out the fields in the Set Report Details popup screen with information on the operator, 379 

sample description, dilution of the sample, and diluent used.  380 

 381 

NOTE: This information will be recorded and printed on the final experimental report. 382 

 383 

10.7. When all desired fields have been filled, click OK to initiate the script. 384 

 385 

NOTE: If Target temperature was selected, the heater would stabilize the sample in the laser 386 

module to 25 °C for 5 s prior to allowing the script to proceed with the measurement. The 387 

diagnostic panel in the lower-left corner of the screen will read HEATER ON and display the 388 

temperature of the sample. 389 

 390 

10.8. Prior to each video capture, look for a prompt to Advance the plunger manually. Inject 391 

~0.05 mL of the sample into the laser chamber and allow the particles to come to “rest” (i.e., not 392 

flowing), and then click OK. 393 
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 394 

10.9. Wait for a Settings Confirmation box to appear upon the completion of the 5th video 395 

capture and for the Process box to flash. Set the Detection Threshold for processing of the 396 

sample by noting the number of blue crosses marking particles on the screen as the frames are 397 

advanced manually from the bottom of the video screen. If there are more than 3–4 blue crosses 398 

marking particles on each screen as frames are advanced, increase the Detection Threshold.  399 

 400 

NOTE: The blue crosses on the individual particles are analogous to the “swarm” effect in flow 401 

cytometry and should be minimized for optimum accuracy and reproducibility of data collection.  402 

 403 

10.10. Click Settings OK when the Detection Threshold is acceptable. 404 

 405 

10.11. Wait for the videos to be automatically processed and a histogram of results and a dialog 406 

box notification of completion to be displayed before clicking OK. 407 

 408 

10.12. Once the Export Settings box appears, save the results by clicking Export.  409 

 410 

NOTE: All results from videos and analysis will be stored in the destination file defined in step 411 

10.2. This requires a large amount of storage. Monitor and transfer to a secondary storage device 412 

as necessary.  413 

 414 

11. Re-analysis of the current sample at different detection thresholds 415 

 416 

NOTE: Immediately following NTA analysis (step 10), the data can be reanalyzed using different 417 

Detection Threshold settings. However, Camera Level cannot be modified following capture. 418 

 419 

11.1. Highlight all 5 of the capture videos listed in the Current Experiment. 420 

 421 

11.2. Click Process Selected Files, and wait for the Setting Confirmation box to appear and the 422 

Process box to flash to change Detection Threshold. 423 

 424 

11.3. Adjust the Detection Threshold to the desired level and click Setting | OK. 425 

 426 

11.4. Wait for the videos to be automatically processed and a histogram of results and a dialog 427 

box notification of completion to be displayed before clicking OK. 428 

 429 

11.5. Click Export Settings. When additional evaluations are performed on the most recent 430 

sample, be sure to click the Export Results box in the Current Experiment as the Export Results 431 

popup box will not be displayed following the sample re-analysis.  432 

 433 

NOTE: As there are no reminders to do this, it can easily be overlooked, and the analysis will be 434 

lost. However, the underlying data will remain and can be reanalyzed later.   435 

 436 
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12. Analysis of archived files 437 

 438 

NOTE: If previously analyzed experiments have not been saved or additional analysis needs to be 439 

done on these samples, the individual files can be reloaded into the NTA software for additional 440 

Detection Threshold evaluations. Camera Level changes cannot be modified following capture. 441 

 442 

12.1. Load the NTA software from the desktop. 443 

 444 

12.2. Click the Analysis tab in the lower middle panel. 445 

 446 

12.3. Click Open Experiment and navigate to the desired .nano file.  447 

 448 

NOTE: The video files associated with the selected .nano experiment must be in the same folder 449 

as the main experiment file; otherwise, an error will appear when trying to process the files. The 450 

first 6 digits of the filename are the date the experiment was run (xx-xx-xx). The last 6 digits of 451 

the filename are the time the video was recorded (xx-xx-xx) and the individual video identifier. 452 

The PDF file of each combined experiment lists the included .nano files for that analysis. 453 

 454 

12.4. Click Process Selected Files to run the analysis. 455 

 456 

12.5. Once the Process box flashes to allow changes in Detection Threshold, set the threshold 457 

to the desired level and click OK. 458 

 459 

12.6. Wait for the videos to be automatically processed and a histogram of results and a dialog 460 

box notification of completion to be displayed before clicking OK. 461 

 462 

12.7. Click Export Results. Be sure to click the Export Results box in the Current Experiment, 463 

as the Export Results popup box will not be displayed following the re-analysis.  464 

 465 

NOTE: As there are no reminders to do this, it can easily be overlooked, and the analysis will be 466 

lost. 467 

 468 

13. Cleaning and disassembly of the laser module 469 

 470 

13.1. Turn off the laser control box. 471 

 472 

13.2. Flush the entire sample from the laser module and discard it properly. 473 

 474 

13.3. Hold the laser module tilted with the open syringe port elevated to allow air to be purged 475 

from the chamber as the DPBS is injected slowly into the laser module and is flushed from the 476 

outlet syringe port. 477 

 478 

13.4. Flush the remaining DPBS from the laser module and discard.  479 

 480 
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13.5. Repeat flushing 2 more times and empty the laser module as completely as possible after 481 

the last flush.  482 

 483 

13.6. Putting uniform pressure down on the flow-cell cover, uniformly loosen thumbscrews in 484 

an alternating diagonal manner until disengaged from threads, remove the thumbscrews, and 485 

store in the laser module case. 486 

 487 

13.7. Remove the flow-cell cover from the laser module. 488 

 489 

13.8. Clean both glass surfaces gently with a good quality lens cleaner and lens paper. Do not 490 

use tissue paper or paper towels on glass surfaces. 491 

 492 

13.9. Visually inspect the laser module and flow-cell cover “windows” for scratches or 493 

imperfections following use and report to the supervisor. 494 

 495 

13.10. Replace the laser module and flow-cell cover in their cases to prevent damage to glass 496 

surfaces during storage. 497 

 498 

14. Sample analysis protocol 499 

 500 

14.1. Unfiltered samples 501 

 502 

14.1.1. Vortex the sample prior to loading and record 5 x 60 s videos at Camera Level 12 and 503 

Detection Threshold Level 3 as described above. Reanalyze these videos using Detection 504 

Thresholds 2 and 5.  505 

 506 

14.1.2. Repeat video collections of the same sample at Camera Levels 13 and 14 and Detection 507 

Threshold Level 3. Reanalyze these 2 additional videos using Detection Thresholds 2 and 5. 508 

Repeat the entire process using 5 x 30 s videos in the SOP setting. 509 

 510 

14.2. Filtered samples 511 

 512 

14.2.1. Vortex the sample and then simultaneously load and filter it (0.22 µm syringe filter) 513 

directly into the laser module.  514 

 515 

NOTE: The syringe filter was flushed with 2 times the volume of the filter dead space prior to use 516 

to remove any resident particulates. The syringe filters (see the Table of Materials) had a 517 

measured dead space of 0.5 mL and were flushed with 1.0 mL of the sample prior to 518 

measurements. Note the filter type in the SOP data fields. The filtered sample was processed 519 

exactly as described for unfiltered samples in step 14.1.  520 

 521 

15. Statistical analysis of NTA results 522 

 523 

15.1. For the analysis of main effects or interactions, perform analysis of variance following a 524 
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check of ANOVA assumptions (normality, unimodal, homogeneity of variance). Use Kruskal-525 

Wallis one-way ANOVA on ranks in cases of failure of ANOVA assumptions.  526 

 527 

15.2. Following the return of significant main effects, use Dunn’s method to perform means 528 

testing for preplanned comparisons. Consider a p-value of 0.05 to be significant in two-tailed 529 

testing.  530 

 531 

NOTE: Data files generated here are available from the authors following the completion of a 532 

materials transfer agreement. 533 

 534 

REPRESENTATIVE RESULTS: 535 

 536 

Table 1 contains the results of the NTA videos for the liposome samples (18 filtered and 18 537 

unfiltered) and a representative DPBS diluent. Comparisons across the two groups were 538 

completed regardless of the camera level or detection threshold in this paper. Filtered samples 539 

had a mean particle diameter of 108.5 nm, a particle mode of 86.2 nm, and a concentration of 540 

7.4 × 108 particles/mL. In contrast, unfiltered samples had a mean particle diameter of 159.1 nm, 541 

a particle mode of 105.7 nm, and a concentration of 7.6 × 108 particles/mL. Mean and mode 542 

values for the filtered and unfiltered samples, regardless of the camera level or detection 543 

threshold, were statistically significant (p < 0.05). Differences in concentration between the 544 

filtered and unfiltered samples, regardless of the cameral level or detection threshold, were non-545 

significant (p = 0.86). 546 

 547 

[Place Table 1 here] 548 

 549 

When the liposome sample results were parsed by detection threshold (2, 3, 5) and camera level 550 

(12, 13, 14), the results were not significant (Figure 3). It should be noted that there were only 3 551 

evaluations (n = 3) at each of these individual levels. This small sample size at each camera level 552 

and detection threshold likely contributed to the lack of individual comparisons being significant. 553 

However, when detection threshold (2, 3, 5) samples were evaluated regardless of camera level 554 

across the filtered and unfiltered samples (n = 3), both the mean size (Figure 3A) and mode size 555 

(Figure 3B) were significantly (p < 0.05) different. In contrast, differences between filtered and 556 

unfiltered sample concentrations (Figure 3C) were not significantly different. 557 

 558 

[Place Figure 3 here] 559 

 560 

When the 3 camera levels (12, 13, 14) were evaluated regardless of detection threshold level (n 561 

= 3), both the mean size (Figure 3D) and mode size (Figure 3E) increased in the filtered samples. 562 

Sample concentrations showed a tendency to increase as the camera level increased from 12 to 563 

14 (Figure 3F). The differences between filtered and unfiltered sample concentrations evaluated 564 

at different camera levels were not significantly different. 565 

 566 

FIGURE AND TABLE LEGENDS: 567 

 568 
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Figure 1: Representative NTA reports to compare liposomes to EVs. (A) Liposomes: unfiltered 569 

sample characterized on NTA on 12 March 2020. (B) EVs: unfiltered sample characterized on NTA 570 

on 26 August 2021. Abbreviations: NTA = Nanoparticle tracking analysis; EVs = extracellular 571 

vesicles. 572 

 573 

Figure 2: Laser module focus alignment guide. 574 

 575 

Figure 3: Effects of camera level and detection threshold on measured particle size and 576 

concentration of filtered and unfiltered samples. Mean (A) and Mode (B) particle size at 577 

combined camera levels 12, 13, 14 as the detection threshold was increased from 2 to 3 to 5 (n 578 

= 3), showing a significant decrease in particle sizes of the filtered samples. Particle 579 

concentrations (C) at combined camera levels 12, 13, 14 as the detection threshold was increased 580 

from 2 to 3 to 5) (n = 3), showing a concentration decrease as the detection threshold increased 581 

with no significant difference between filtered and unfiltered samples. Mean (D) and Mode (E) 582 

particle size at combined detection thresholds as the camera level increased from 12 to 14 (n = 583 

3), showing a decrease in particle size of the filtered samples. Particle concentrations (F) at 584 

combined detection thresholds as camera levels increased from 12 to 14 (n = 3), showing a 585 

concentration increase as the camera level increases with no significant differences between 586 

filtered and unfiltered samples. Abbreviation: DT = detection threshold. 587 

 588 

Table 1: Data table of collected values, standard deviation, and percent coefficient of variation 589 

for filtered and unfiltered samples. Abbreviations: Cam Lev = camera level; Det Thr = detection 590 

threshold; CV = coefficient of variation; St. Dev. = standard deviation; Conc. = concentration.  591 

 592 

DISCUSSION: 593 

 594 

There are several methods available to estimate the size and concentration of nanoparticles11. 595 

These include ensemble methods that generate a size estimate from a population, including 596 

dynamic light scattering (DLS), centrifugal sedimentation, and single-particle level analysis—597 

electron microscopy, NTA, atomic force microscopy, and tunable resistive pulse sensing. Of these, 598 

DLS and NTA are widely used, nondestructive size and concentration measurement methods, 599 

based on Brownian movement in an ideal medium. DLS relies on the scattering of light, and the 600 

intensity is proportional to the square of the particle volume. Thus, DLS is more sensitive than 601 

NTA to the presence of large particles, aggregates, or polydisperse populations.  602 

 603 

NTA calculates the diffusion coefficient from the path length of individual particles measured in 604 

successive video frames. The main limitation of NTA is the narrow range of particle concentration 605 

that it can evaluate compared to DLS and other measurement methods, such that individual 606 

particle pathlengths must fall within the diffraction limit of the microscope and the tracking 607 

software’s capabilities. As DLS and NTA depend on Brownian movement, both can be expected 608 

to show good size agreement in monodispersed populations; they diverge when evaluating 609 

polydisperse populations and those with aggregates. The latter renders DLS useless and increases 610 

the NTA particle size estimate significantly12. NTA’s best-known limitation is that it requires much 611 

lower particle concentration (or greater dilution) than other measurement methods. Despite 612 
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this, NTA characterization is popular in nanomaterials research. Because NTA size and 613 

concentration estimates depend on a more diluted population, with defined temperature, video 614 

capture settings, including recording length, camera level, detection threshold, and sample 615 

dilution to be highly reproducible, this paper focuses on the need for reporting these to generate 616 

reproducible results. 617 

 618 

This paper shows that using a standardized protocol enabled replication of results, and that 619 

utilization of positive controls, such as size standards, provides information about the machine’s 620 

calibration. Furthermore, these results indicated the importance of reporting laser module 621 

chamber temperature, camera levels, detection threshold, and filtration (filter type and size). In 622 

contrast, laser module chamber temperature, diluent, and dilution factor are equally important 623 

for accurate and reproducible results. Although neither MISEV2018 nor EV-TRACK specifically 624 

recommends the inclusion of this information, we suggest that the inclusion of these details 625 

enables independent confirmation of published results and adds robustness to the experimental 626 

design.  627 

 628 

Limitations of using latex size calibration standards for NTA calibration in EV analysis are 629 

acknowledged and include the known refractive index differences compared to lipid bi-layer 630 

nanoparticles of similar size. In this paper, latex beads were used to confirm machine calibration 631 

prior to measurements and not to determine the limits of detection. The liposomes have a 632 

membrane similar to those of naturally occurring EVs, and the refractive index will be likewise 633 

representative of EVs. The size standards, as well as the liposome samples, are monodispersed 634 

populations; therefore, their size distribution will follow a Gaussian or log-normal distribution. 635 

Natural EVs are polydisperse, and their size distribution will follow a power-law function13.  636 

 637 

Historically, publications using NTA characterization inconsistently report necessary details to 638 

duplicate the research results. The ability to reproduce NTA data relies on the ability to duplicate 639 

the settings used to capture the original data. Without this information, the reproduction of 640 

experimental results using NTA will be extremely difficult. With rigorous adherence to a set 641 

protocol and publication of the setting parameters used with the NTA, accurate replication of 642 

results can be attained. The following recommendations are made to improve the consistency of 643 

nanoparticle characterization of size, concentration, composition, and purity using a nanoparticle 644 

size analyzer. 645 

 646 

First, always check the calibration of the nanoparticle size analyzer using appropriate size 647 

standards, such as latex size standards. This should be done on a regular basis and recorded in 648 

the instrument log and prior to the analysis of critical samples. Second, all adjustable parameters, 649 

such as laser module chamber temperature, camera levels, and detection thresholds, should be 650 

recorded for each sample in the Sample Log file, as should the dilutions and diluents used. These 651 

parameters should be reported as they are operator-dependent and impact NTA measurements. 652 

Third, diluents used for sample dilution need to be characterized for nanoparticle content and 653 

reported. The diluents used for individual nanoparticle samples will need to be evaluated using 654 

the same camera level and detection threshold settings as those used for the diluted sample. 655 

Fourth, syringe filters should be flushed with two times the dead space volume prior to data 656 
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collection or sample preparation steps to flush the numerous particulates remaining from the 657 

manufacturing process. Fifth, the concentration of the nanoparticles within the sample should 658 

be adjusted to within the suggested optimum 1.0 × 108 to 1.0 × 109 per mL.  659 

 660 

Acknowledging the above-described limitations in this study, we show that both the size and 661 

concentration values obtained by NTA can be affected by NTA parameters, such as camera levels 662 

and detection thresholds, and that the size, but not the concentration, can be affected by sample 663 

preparation. This drives home the critical importance of reporting these parameters in 664 

nanomaterial and EV literature, enabling the production of robust, reproducible literature so that 665 

we can systematically investigate the impact of EV source, isolation, and other experimental 666 

variables.  667 
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Figure 1

A. Liposome Sample - Unfiltered B. EV Sample - Unfiltered

Representive NTA Reports
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Table 1

Comparisons of Filtered vs Unfiltered Samples

Sample Cam Lev Det Thr

Filtered Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered Unfiltered

Liposome 12 3 138.3 162.1 55.5 47.5 76.7 77 3.2 6.48 1.74 3.16

Liposome 12 2 126.3 153.7 58.7 49.8 74.2 76.5 4.94 8.23 2.74 3.5

Liposome 12 5 155 172.2 51.8 45.6 80.3 78.6 1.91 5.05 1.02 2.9

Liposome 13 3 102.7 169 43.5 51.3 44.7 86.7 6.72 7.75 1.91 1.17

Liposome 13 2 95.8 161.4 43.3 52.7 41.5 85 10.3 9.7 1.61 1.83

Liposome 13 5 110.7 176.1 42.5 47.1 47 83 4.16 6.28 1.83 1.07

Liposome 14 3 98 147.6 42.4 43.8 41.6 64.6 10.6 8.56 2.4 1.66

Liposome 14 2 92.9 142.1 42.6 45.2 39.6 64.3 14.9 10.7 2.54 1.83

Liposome 14 5 103.8 153.8 41.1 42.6 42.7 65.5 7.42 7.02 2.37 1.51

Liposome 12 3 105.6 179.4 22.2 46.7 23.4 83.7 5.2 5.81 1.06 4.28

Liposome 12 2 100.3 170.8 24.3 49.1 24.4 83.8 7.76 7.39 1.61 4.41

Liposome 12 5 112 187.2 20.4 42.9 22.8 80.4 3.27 4.68 0.815 3.93

Liposome 13 3 99.8 153.3 23.4 52.1 23.4 79.8 7.19 7.34 3.37 1.5

Liposome 13 2 94.3 143.6 25.8 53.2 24.3 76.4 10.8 9.53 4.3 2.46

Liposome 13 5 106.8 162 21.3 49.4 22.7 80 4.64 5.76 2.63 1.01

Liposome 14 3 103.4 142.3 31.7 49.6 32.8 70.6 9.91 8.66 3.29 12.5

Liposome 14 2 97.8 136 33.3 51.4 32.6 69.9 13.8 11.5 2.98 15.7

Liposome 14 5 109.5 151.4 31.1 49.5 34 74.9 7.27 6.76 3.42 10.1

Average 108.5 159.1 36.4 48.3 40.5 76.7 7.4 7.6 2.3 4.1

Mean Mean %CV St. Dev. Conc. × 10
8

St. Dev. × 10
7
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SUMMARY: 21 

Nanoparticle tracking analysis (NTA) is a widely used method to characterize extracellular 22 

vesicles. For NTA to be reproducible between laboratories, reporting This paper highlightsof NTA  23 

experimental parameters and controls plus a uniform method of analysis and characterization of 24 

samples and diluents is necessaryneeded to supplement the guidelines proposed by MISEV2018 25 

and EV-TRACK for reproducibility between laboritories. 26 

 27 

ABSTRACT: 28 

Nanoparticle tracking analysis (NTA) has been one of several characterization methods used for 29 

extracellular vesicle (EV) research since 2006. Many consider that NTA instruments and their 30 

software packages can be easily utilized following minimal training, and that size calibration is 31 

feasible in-house. As both NTA acquisition and software analysis constitute EV characterization, 32 

they are addressed in Minimal Information for Studies of Extracellular Vesicles 2018 (MISEV2018) 33 

and have been monitored by Transparent Reporting and Centralizing Knowledge in Extracellular 34 

Vesicle Research (EV-TRACK) to improve the robustness of EV experiments (e.g., minimize 35 

experimental variation due to uncontrolled factors).  36 

 37 

Despite efforts to encourage reporting of methods and controls, many published research papers 38 

fail to report critical settings needed to reproduce the original NTA observations. Few papers 39 

report the NTA characterization of negative controls or diluents, evidently assuming that 40 

commercially available products, such as phosphate-buffered saline or ultrapure distilled water, 41 

are particulate-free. Similarly, positive controls or size standards are seldom reported by 42 

researchers to verify particle sizing. The Einstein-Stokes equation incorporates sample viscosity 43 

and temperature variables to determine particle displacement. Reporting of the stable laser 44 
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 2 

chamber temperature during the entire sample video collection is therefore an essential control 45 

measure that needs to be reported for accurate replication.  46 

 47 

Filtration of samples or diluents are also not routinely reported, and if so, the specifics of the 48 

filter (manufacturer, membrane material, pore size) and storage conditions are seldom included. 49 

The International Society for Extracellular Vesicle (ISEV)’s minimal standards of acceptable 50 

experimental detail should include a well-documented NTA protocol for the characterization of 51 

EVs. The following experiment provides evidence that an NTA analysis protocol needs to be 52 

established by the individual researcher and included in the methods of publications that use 53 

NTA characterization as one of the options to fulfill MISEV2018 requirements for single vesicle 54 

characterization.    55 

 56 

INTRODUCTION: 57 

Accurate and repeatable analysis of EVs and other nanometer-scaled particles presents 58 

numerous challenges across research and industry. Replication of EV research has been difficult, 59 

in part, due to the lack of uniformity in reporting necessary parameters associated with data 60 

collection. To address these deficiencies, the ISEV proposed industry guidelines as a minimal set 61 

of biochemical, biophysical, and functional standards for EV researchers and published them as 62 

a position statement, commonly referred to as MISEV20141. The accelerating pace of EV research 63 

required an updated guideline, and the “MISEV2018: a position statement of the ISEV”2, 64 

expanded the MISEV2014 guidelines. The MISEV2018 paper included tables, outlines of 65 

suggested protocols, and steps to follow to document specific EV-associated characterization. As 66 

a further measure to facilitate interpretation and replication of experiments, EV-TRACK was 67 

developed as a crowd-sourcing knowledgebase (http://evtrack.org) to enable more transparent 68 

reporting of EV biology and the methodology used for published results3. Despite these 69 

recommendations for standardized reporting of methods, the field continues to suffer regarding 70 

replicating and confirming published results.  71 

 72 

Fitting with National Institutes of Health’s and National Science Foundation’s effort for quality 73 

assessment tools, this paper suggests that ISEV requires standardized reporting of methods and 74 

details so that data assessment tools might be applied with the goal of replicating results 75 

between laboratories. Reporting cell sources, cell culture procedures, and EV isolation methods 76 

are some of the important factors to define the qualities of the EV population. Among NTA 77 

instruments, factors such as detection settings, refractive index of carrier fluid, heterogeneous 78 

particle populations contributing to polydispersity, lack of standardized reporting requirements, 79 

and absent intra- and inter-observer measurement results make NTA comparison between labs 80 

difficult or impossible.  81 

 82 

In use since 2006, NTA is a popular method for nanoparticle size and concentration determination 83 

that is currently used by approximately 80% of EV researchers4. The MISEV2018 Guidelines 84 

require two forms of single-vesicle analysis of which NTA is one of the popular options. NTA 85 

continues to be in common use for EV characterization due to its wide accessibility, low cost per 86 

sample, and its straightforward founding theory (the Stokes-Einstein equation). EV assessment 87 

by NTA generates a particle size distribution and concentration estimate using laser light 88 

http://evtrack.org/
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scattering and Brownian motion analysis, with the lower limit of detection determined by the 89 

refractive index of the EV. When using a fluid sample of known viscosity and temperature, the 90 

trajectories of the EVs are tracked to determine their mean-square displacement in two 91 

dimensions. This then allows the particle diffusion coefficient to be calculated and converted into 92 

a sphere-equivalent hydrodynamic diameter by a modified Stokes-Einstein equation5-7. NTA’s 93 

particle-to-particle analysis has less interference by agglomerates or larger particles in a 94 

heterogeneous population of EVs than other methods of characterization7. While a few larger 95 

particles have very little impact on sizing accuracy, the presence of even minute amounts of large, 96 

high light-scattering particles results in a notable reduction in the detection of smaller particles 97 

due to reduced software EV detection and tracking8. As a measurement technique, NTA is 98 

generally considered to not be biased toward larger particles or aggregates of particles but is able 99 

to resolve multiple-sized populations through individual particle analysis9. Because of the use of 100 

light-scattering by particles, one of the limitations of NTA analysis is that any particulate such as 101 

dust, plastic, or powder that has similar refraction and size attributes compared to EVs cannot be 102 

differentiated from actual EVs by this method of characterization. 103 

 104 

The NanoSight LM10 (nanoparticle size analyzer) and LM14 (laser module) have been sold since 105 

2006, and although newer models of this instrument have been developed, this particular model 106 

is found in many core facilities and is considered a reliable workhorse. Training is needed to 107 

properly optimize the NTA settings for high-resolution measurements of size and concentration. 108 

The two important settings needed for optimum video recordings are (1) the camera level and 109 

(2) the detection threshold. These must be set by the operator based on the sample’s 110 

characteristics. One of the major constraints of NTA analysis is the recommendation of sample 111 

concentrations between 107 and 109 particles/mL, to achieve which sample dilution may be 112 

required10. Solutions used for dilution, such as phosphate-buffered saline, 0.15 M saline, or 113 

ultrapure water, are rarely free of particles less than 220 µm in size and these may affect the NTA 114 

measurements. NTA characterization of the solutions used for dilution should be performed at 115 

the same camera level and detection threshold as the nanoparticle samples that are being 116 

analyzed. The size and concentration of nanoparticles present in diluents used for EV sample 117 

dilutions are seldom included in publications involving NTA analysis of EVs. 118 

 119 

This protocol uses NTA analysis of synthetic EV-like liposomes evaluated using selected camera 120 

levels, detection thresholds, and mechanical filtering of the samples to analyze the systematic 121 

effects of camera level, detection threshold, or sample filtration on the NTA dataset. Liposomes 122 

were synthesized using the protocol included in Supplemental File S1. Synthetic liposomes were 123 

used in this experiment because of their size uniformity, physical characteristics, and stability in 124 

storage at 4 °C. Although actual samples of EVs could have been used, the heterogenicity and 125 

stability of EVs during storage may have complicated this study and its interpretation. Similarities 126 

in the NTA reports from (A) liposomes and (B) EVs indicate the systematic effects revealed for 127 

liposomes in this paper will likely also apply to EV characterization (Figure 1). Together, these 128 

findings support the notion that complete reporting of critical software settings and the 129 

description of sample processing, such as diluent, dilution, and filtration, impact the 130 

reproducibility of NTA data. 131 

 132 
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The purpose of this paper is to demonstrate that varying the NTA settings (temperature, camera 133 

level, and detection threshold) and sample preparation changes the results collected: systematic, 134 

significant differences in size and concentration were obtained. As NTA is one of the popular 135 

options to fulfill the MISEV2018 characterization specification, these results demonstrate the 136 

importance of reporting sample preparation and of NTA settings to ensure reproducibility.  137 

 138 

(Place Figure 1 here) 139 

 140 

PROTOCOL: 141 

 142 

1. General protocol guidelines 143 

 144 

1.1. Maintain the microscope on an air table or at a minimum on a vibration-free table. Ensure 145 

that extraneous vibrations (e.g., foot tapping on the floor, touching the table, door closures, 146 

laboratory traffic) are kept to a minimum. 147 

 148 

1.2. Set and maintain the temperature of the laser module at a constant temperature for all 149 

video recordings.  150 

 151 

NOTE: The temperature chosen was 25 °C because the nanoparticle size analyzer was calibrated 152 

at that temperature. Therefore, it is important that all users of the instrument know and use this 153 

temperature. Room temperature is not an acceptable setting because it can vary.   154 

 155 

1.3. Ensure that all diluents, also called negative controls (e.g., Dulbecco's Phosphate-buffered 156 

Saline (DPBS), ultrapure distilled water [DW]), are all NTA-characterized using the same camera 157 

level and detection threshold as nanoparticle samples being measured. Use characterized DPBS 158 

for the flushing of the laser module and dilution of samples. Factor contaminants in the negative 159 

control DPBS into sample results if their levels are significant. 160 

 161 

1.4. Store samples at 4 °C prior to evaluation and never freeze them as this would degrade the 162 

liposome sample. Warm samples/standards/diluents to room temperature for 30 min prior to 163 

analysis. 164 

 165 

NOTE: Sample handling was specific to the material being examined. 166 

 167 

 1.5 Evaluate sample and standards using Quick measurement to establish an 168 

appropriate dilution to obtain 108 to 109 particles/mL (approximately 50 to 100 particles/NTA 169 

video screen) an ~108 particles/mL determined to be optimal for NTA analyses.  The authors 170 

have found that particle concentration at the higher end of this range produce more consistent 171 

and reproducible results.  172 

1.5.  173 

 174 

1.6.1.6.1 Fill inComplete all applicable fieldsvalues within the Capture box of the SOP tab 175 

for both Quick and Standard measurements, including the dilution and diluent used.  176 
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 177 

2. Preparation of 50 nm and 100 nm size calibration standards  178 

 179 

NOTE: See the Table of Materials.  180 

 181 

2.1. 50 nm size Transfer Standards diluted 1:5,000 182 

 183 

2.1.1. Add 2 µL of the 50 nm standards to 9,998 µL of 0.22 µm-filtered 10 mM Potassium 184 

chloride (KCl)/0.03% Tween 20 in ultrapure DW into a twice-rinsed 15 mL conical tube. Store the 185 

diluted 50 nm standard at 4 °C for up to a year.   186 

 187 

2.2. 100 nm size Transfer Standards diluted 1:333 188 

 189 

2.2.1. Add 30 µL of the 100 nm standards to 9,970 µL of 0.22 µm-filtered 10 mM KCl/0.03% 190 

Tween 20 in ultrapure DW into a twice-rinsed 15 mL conical tube. Store the diluted 100 nm 191 

standard at 4 °C for up to a year.  192 

 193 

3. Cleaning and assembly of the laser module 194 

 195 

3.1. Visually inspect the laser module and flow-cell cover windows for scratches or 196 

imperfections.  197 

 198 

NOTE: If either glass surface is scratched, imaging may be affected. 199 

 200 

3.2. Clean both glass surfaces gently with a good quality lens cleaner and lens paper. Do not 201 

use tissue wipes or paper towels on glass surfaces. 202 

 203 

3.3. Ensure that the O-ring seal is properly seated in the groove of the flow-cell cover prior to 204 

assembly. 205 

 206 

3.4. Place the flow-cell cover on the laser module ensuring the electrical contacts are in the 207 

proper orientation. Place the 4 spring-loaded thumb screws through the flow-cell plate and 208 

engage the threads of the laser module but do not tighten individually. 209 

 210 

3.5. Putting uniform pressure down on the flow-cell cover, uniformly tighten the thumbscrews 211 

in an alternating diagonal manner until snug. Only tighten the thumbscrews until finger-tight. Do 212 

not overtighten.  213 

 214 

NOTE: Uneven tightening of the thumb screws can crack the laser module surface. Newer 215 

designed thumbscrews will “bottom out” at the proper pressure, avoiding possible 216 

overtightening. 217 

 218 

4. Flushing procedure for the laser module prior to and between samples 219 

 220 
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4.1. Use a newly opened container of DPBS and aliquot into triple-rinsed 15 mL polypropylene 221 

tubes. Ensure that products used to flush or dilute samples are NTA-characterized prior to use 222 

(see step 1.3). 223 

 224 

4.2. Flush two 1 mL tuberculin syringes with slip lock adaptors 3 times with 1 mL of DPBS to 225 

remove any particulate residues. Use either port as the input but use it consistently during the 226 

experiment. Do not use larger syringes due to the danger of breaking syringe ports from the 227 

increased weight and size of the syringe. 228 

 229 

4.3. Remove and discard the plunger from the 1st tuberculin syringe and insert it into the 230 

remaining port to serve as a reservoir of voided diluent/sample.  231 

 232 

NOTE: Failure to remove the plunger will cause increased pressure in the sample chamber and 233 

leakage around the seal. 234 

 235 

4.4. Fill the 2nd syringe with 1 mL of DPBS and attach it to the inlet port of the flow-cell cover. 236 

 237 

4.5. Hold the laser module tilted with the outlet syringe port elevated to allow air to be purged 238 

from the chamber as the DPBS is injected slowly into the laser module.  239 

 240 

4.6. Flush the remaining DPBS from the laser module by injecting 1 mL of air into the inlet 241 

port. Repeat flushing 2 more times. 242 

 243 

4.7.  Empty the laser module as completely as possible after the last flush.  244 

 245 

NOTE: Following NTA analysis of the 50 nm standard, these particles tend to persist in the laser 246 

module so thorough, careful flushing is necessary. The laser module is now ready to be used.  247 

 248 

5. Placement of the laser module on microscope stage  249 

 250 

5.1. Locate the laser module focus alignment guides on the arm of the microscope (Figure 2) 251 

and align them using the focus knob.  252 

 253 

[Place Figure 2 here] 254 

 255 

5.2. Facing the microscope, place the laser module in the grooved stage and gently slide it as 256 

far as possible to the right.  257 

 258 

NOTE: If done carefully, the alignment and focal spot will be easier to locate between samples. 259 

 260 

5.3. Turn on the rocker switch on the laser control box.  261 

 262 

6. Focusing and positioning of the laser module  263 

 264 
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NOTE: This mustcan be performed with fluid in the chamber. 265 

 266 

6.1. Load the NTA software (see the Table of Materials) from the desktop.  267 

 268 

NOTE: An error may appear that the Temperature H/W not found on COM3. Simply close and 269 

reopen the software to fix it. 270 

 271 

6.2. Click Start Camera under the Capture tab in the upper left corner box. If the camera shuts 272 

off automatically after 5 min, simply click Start Camera again to restart it. 273 

 274 

6.3. In the same tab, adjust Camera Level to 14 to 16 to brighten the laser line and make 275 

particle identification and focusing easier. 276 

 277 

6.4. Divert the image from the camera to the eyepieces by moving the top slider on the left 278 

side of the headpiece in or out.   279 

 280 

6.5. Find the area of increased density, commonly referred to as the thumbprint. Center and 281 

focus the thumbprint vertically in the field of view.  282 

 283 

NOTE: The laser line will be to the left of the thumbprint. Darkening the room may help facilitate 284 

locating the thumbprint and focusing on the laser line. 285 

 286 

6.6. Center the laser line in the field of view; then, move the top slider to divert light to the 287 

camera as observed on the computer screen.  288 

 289 

NOTE: The laser line now visible on the screen is a mirror image of the eyepiece view; left in the 290 

eyepieces will be right on the computer screen.  291 

 292 

6.7 Adjust the focus to sharpen the image of individual moving particles on the screen with 293 

the focus knob.  294 

 295 

NOTE: Due to the depth of field, all the particles will not be in focus, which is acceptable. Even 296 

particles that are slightly out of focus will be captured by the camera and analyzed by the 297 

software. 298 

 299 

7. Loading standards/samples/diluent into the laser module for NTA analysis 300 

 301 

7.1. Draw up 1 mL of standard/sample/diluent into a rinsed 1 mL tuberculin syringe and attach 302 

it to the inlet port of the flow-cell cover. Advance the plunger until fluid is evident in the open 303 

syringe attached to the outlet port.  304 

 305 

7.2. In the camera view, move to the right of the laser line to an area of a uniform number of 306 

particles. If necessary, adjust the vertical orientation to center the horizontal bands of light. 307 

Refocus until the highest number of particles are in view. Ensure that for all subsequent measures 308 
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this position is maintained as closely as possible.  309 

 310 

7.3. Adjust the Camera Level to the point that the Dark information symbol in the top right of 311 

the camera view flashes intermittently on and off. This helps ensure that a consistent camera 312 

level selection is made at the minimum level of sensitivity for each series of data collection. 313 

 314 

NOTE: Camera Level cannot be changed during capture. 315 

 316 

8. Validation of calibration 317 

 318 

NOTE: It is recommended to validate the module calibration using size standards (see section 2) 319 

prior to sample analysis. Routine validation is necessary to ensure accurate measurements. In a 320 

multiuser laboratory, individual user adjustments of software configuration settings can 321 

inadvertently cause inaccurate data collection. For critical data collection, daily validation is a 322 

matter of good laboratory practice. The day-to-day reproducibility of validation needs to be 323 

included in the reported results. Typically, calibration is set by the technician and is not adjustable 324 

by the individual user unless the user has administrator access. This prevents unauthorized 325 

reconfiguration by individual users. 326 

 327 

8.1. Warm diluted standards (see section 2) to room temperature for 30 min.  328 

 329 

8.2. Briefly vortex the standards and then load as described in section 7.  330 

 331 

8.3. Perform sample NTA as described in section 10 and record values for subsequent 332 

calculation of the coefficient of variation, which should be less than 2% if correctly calibrated.  333 

 334 

9. Optimizing sample concentration for NTA 335 

 336 

NOTE: The screen should contain between 520 and 1060 measurable particles when the camera 337 

level and sample concentration are adjusted properly. If there is any question about whether a 338 

sample has an appropriate particle number, a Quick Measurement can be run on the sample at 339 

this point (See 9.1 to 9.7). It is used to assess the sample characteristics rapidly prior to longer 340 

video captures. The Quick Measurement tab is found withinunder the SOP tab in the bottom 341 

middle box.  342 

 343 

9.1. Set Capture duration to 30 s. 344 

 345 

9.2. Accept the existing base filename or enter a new filename by clicking the … tab for a new 346 

storage site for generated data. 347 

 348 

9.3. Check the box for Target temperature and input the desired temperature. 349 

 350 

9.4. Load the sample as previously described (step 7.1) and click Create and Run Script. 351 

 352 
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9.5. Wait for the number of particles per frame to be displayed on the bottom right of the 353 

video screen after the completion of the 30 s video. If the number of particles is greater than 354 

1060, flush the laser module 3 times (as previously described in step 4.6). 355 

 356 

9.6. Dilute the sample to the desired concentration range using the characterized diluent. 357 

 358 

9.7. Load the properly diluted sample into the flushed laser module and run the Quick 359 

Measurement to verify the sample is within the acceptable range. 360 

 361 

10. Sample NTA 362 

 363 

NOTE: The Standard Measurement tab is within found under the SOP tab in the bottom middle 364 

box and is used for routine sample analysis (See 10.1 to 10.12). 365 

 366 

10.1. Set the duration to 30 or 60 seconds and the number of videos to 5. 367 

 368 

10.2. Accept the existing base filename or enter a new filename by clicking the … tab for a new 369 

storage site for generated data. 370 

 371 

10.3. Check the box for Target temperature and input the desired temperature. 372 

 373 

10.4. Click Create Script to reuse this Standard Measurement. 374 

 375 

10.5. Once the sample is loaded as described in section 7 and the experiment is ready to run, 376 

click Create and Run Script. 377 

 378 

10.6. Fill out the fields in the Set Report Details popup screen with information on the operator, 379 

sample description, dilution of the sample, and diluent used.  380 

 381 

NOTE: This information will be recorded and printed on the final experimental report. 382 

 383 

10.7. When all desired fields have been filled, click OK to initiate the script. 384 

 385 

NOTE: If Target temperature was selected, the heater will stabilize the sample in the laser 386 

module to 25 °C for 5 s prior to allowing the script to proceed with the measurement. The 387 

diagnostic panel in the lower-left corner of the screen will read HEATER ON and display the 388 

temperature of the sample. 389 

 390 

10.8. Prior to each video capture, look for a prompt to Advance the plunger manually. Inject 391 

~0.05 mL of the sample into the laser chamber and allow the particles to come to “rest” (i.e., not 392 

flowing) and then click OK. 393 

 394 

10.9. Wait for a Settings Confirmation box will appear upon the completion of the 5th video 395 

capture and for the Process box to flash. Set the Detection Threshold for processing of the 396 

Commented [A14]: How do you do this? Clicking on a 
button called Standard Measurement or do you type a 
command? Or are 10.1-10.7 to be performed to run 
Standard Measurement? Please clarify this. 
 



 10 

sample by noting the number of blue crosses marking particles on the screen as the frames are 397 

advanced manually from the bottom of the video screen. If there are more than 3–4 blue crosses 398 

marking particles on each the screen as frames are advanced, increase the Detection Threshold. 399 

The blue crosses on individual particles are analogous to the “swarm” effect in flow cytometry 400 

and should be minimized for optimum accuracy and reproducibility of data collection.  401 

 402 

10.10. Click Settings OK when the Detection Threshold is acceptable. 403 

 404 

10.11. Wait for the videos to be automatically processed and a histogram of results and a dialog 405 

box notification of completion to be displayed before clicking OK. 406 

 407 

10.12. Once the Export Settings box appears, save the results by clicking Export.  408 

 409 

NOTE: All results from videos and analysis will be stored in the destination file defined in step 410 

10.2. This requires a large amount of storage. Monitor and transfer to a secondary storage device 411 

as necessary.  412 

 413 

11. Re-analysis of the current sample at different detection thresholds 414 

 415 

NOTE: Immediately following NTA analysis (step 10), the data can be reanalyzed using different 416 

Detection Threshold settings. However, Camera Level cannot be modified following capture. 417 

 418 

11.1. Highlight all 5 of the capture videos listed in the Current Experiment. 419 

 420 

11.2. Click Process Selected Files, and wait for the Setting Confirmation box to appear and the 421 

Process box to flash to change Detection Threshold. 422 

 423 

11.3. Adjust the Detection Threshold to the desired level and Cclick Setting | OK. 424 

 425 

11.4. Wait for the videos to be automatically processed and a histogram of results and a dialog 426 

box notification of completion to be displayed before clicking OK. 427 

 428 

11.5. Click Export Settings. When additional evaluations are performed on the most recent 429 

sample, be sure to click the Export Results box in the Current Experiment as the Export Results 430 

popup box will not be displayed following the sample re-analysis.  431 

 432 

NOTE: As there are no reminders to do this, it can easily overlooked and the analysis will be lost. 433 

However, the underlying data will remain and can be reanalyzed later.   434 

 435 

12. Analysis of archived files 436 

 437 

NOTE: If previously analyzed experiments have not been saved or additional analysis needs to be 438 

done on these samples, the individual files can be reloaded into the NTA software for additional 439 

Detection Threshold evaluations. Camera Level changes cannot be modified following capture. 440 
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 441 

12.1. Load the NTA software from the desktop. 442 

 443 

12.2. Click the Analysis tab in the lower middle panel. 444 

 445 

12.3. Click Open Experiment and navigate to the desired .nano file.  446 

 447 

NOTE: The video files associated with the selected .nano experiment must be in the same folder 448 

as the main experiment file; otherwise, an error will appear when trying to process the files. The 449 

first 6 digits of the filename are the date the experiment was run (xxx-xx-xx). The last 6 digits of 450 

the filename are the time the video was recorded (xx-xx-xx) and the individual video identifier. 451 

The PDF file of each combined experiment lists the included .nano files for that analysis. 452 

 453 

12.4. Click Process Selected Files to run the analysis. 454 

 455 

12.5. Once the Process box flashes to allow changes in Detection Threshold, set the threshold 456 

to the desired level and click OK. 457 

 458 

12.6. Wait for the videos to be automatically processed and a histogram of results and a dialog 459 

box notification of completion to be displayed before clicking OK. 460 

 461 

12.7. Click Export Results. BWhen additional evaluations are performed, be sure to click the 462 

Export Results box in the Current Experiment as the Export Results popup box will not be 463 

displayed following the re-analysis.  464 

 465 

NOTE: As there are no reminders to do this, it can easily overlooked, and the analysis will be lost. 466 

 467 

13. Cleaning and disassembly of the laser module 468 

 469 

13.1. Turn off the laser control box. 470 

 471 

13.2. Flush all sample from the laser module and discard properly. 472 

 473 

13.3. Hold the laser module tilted with the open syringe port elevated to allow air to be purged 474 

from the chamber as the DPBS is injected slowly into the laser module and is flushed from the 475 

outlet syringe port. 476 

 477 

13.4. Flush the remaining DPBS from the laser module and discard.  478 

 479 

13.5. Repeat flushing 2 more times and empty the laser module as completely as possible after 480 

the last flush.  481 

 482 

13.6. Putting uniform pressure down on the flow-cell cover, uniformly loosen thumbscrews in 483 

an alternating diagonal manner until disengaged from threads, remove the thumbscrews, and 484 
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store in the laser module case. 485 

 486 

13.7. Remove the flow-cell cover from the laser module. 487 

 488 

13.8. Clean both glass surfaces gently with a good quality lens cleaner and lens paper. Do not 489 

use tissue paper or paper towels on glass surfaces. 490 

 491 

13.9. Visually inspect the laser module and flow-cell cover “windows” for scratches or 492 

imperfections following use and report to the supervisor. 493 

 494 

13.10. Replace the laser module and flow-cell cover in their cases to prevent damage to glass 495 

surfaces during storage. 496 

 497 

14. Sample analysis protocol 498 

 499 

14.1. Unfiltered samples 500 

 501 

14.1.1. Vortex the sample prior to loading and record 5 x 60 s videos at Camera Level 12 and 502 

Detection Threshold Level 3 as described above. Reanalyze these videos using Detection 503 

Thresholds 2 and 5.  504 

 505 

14.1.2. Repeat video collections of the same sample at Camera Levels 13 and 14 and Detection 506 

Threshold Level 3. Reanalyze these 2 additional videos using Detection Thresholds 2 and 5. 507 

Repeat the entire process using 5 x 30 s videos in the SOP setting. 508 

 509 

14.2. Filtered samples 510 

 511 

14.2.1. Vortex the sample and then simultaneously load and filter it (0.22 µm syringe filter) 512 

directly into the laser module.  513 

 514 

NOTE: The syringe filter was flushed with 2 times the volume of the filter dead space prior to use 515 

to remove any resident particulates. The syringe filters (see the Table of Materials) had a 516 

measured dead space of 0.5 mL and were flushed with 1.0 mL of sample prior to measurements. 517 

Note the filter type in the SOP data fields. The filtered sample was processed exactly as described 518 

for unfiltered samples in step 14.1.  519 

 520 

15. Statistical analysis of NTA results 521 

 522 

15.1. For analysis of main effects or interactions, perform analysis of variance following a check 523 

of ANOVA assumptions (normality, unmodal, homogeneity of variance). Use Kruskal-Wallis one-524 

way ANOVA on ranks in cases of failure of ANOVA assumptions.  525 

 526 

15.2. Following return of significant main effects, use Dunn’s method to perform means testing 527 

for preplanned comparisons. Consider a p-value of 0.05 to be significant in two-tailed testing.  528 



 13 

 529 

NOTE: Datafiles generated here are available from the authors following the completion of a 530 

materials transfer agreement. 531 

 532 

REPRESENTATIVE RESULTS: 533 

Table 1 contains the results of the NTA videos for the liposome samples (18 filtered and 18 534 

unfiltered) and a representative DPBS diluent. Comparisons across the two groups were 535 

completed regardless of the camera level or detection threshold in this paper. Filtered samples 536 

had a mean particle diameter of 108.5 nm, a particle mode of 86.2 nm, and a concentration of 537 

7.4 × 108 particles/mL. In contrast, unfiltered samples had a mean particle diameter of 159.1 nm, 538 

a particle mode of 105.7 nm, and a concentration of 7.6 × 108 particles/mL. Mean and mode 539 

values for the filtered and unfiltered samples, regardless of the camera level or detection 540 

threshold, were statistically significant (p < 0.05). Differences in concentration between the 541 

filtered and unfiltered samples, regardless of the cameral level or detection threshold, were non-542 

significant (p = 0.86). 543 

 544 

[Place Table 1 here] 545 

 546 

When the liposome sample results were parsed by detection threshold (2, 3, 5) and camera level 547 

(12, 13, 14), the results were not significant (Figure 3). It should be noted that there were only 3 548 

evaluations (n = 3) at each of these individual levels. This small sample size at each camera level 549 

and detection threshold likely contributed to the lack of individual comparisons being significant. 550 

However, when detection threshold (2, 3, 5) samples were evaluated regardless of camera level 551 

across the filtered and unfiltered samples (n = 3), both the mean size (Figure 3A) and mode size 552 

(Figure 3B) were significantly (p < 0.05) different. In contrast, differences between filtered and 553 

unfiltered sample concentrations (Figure 3C) were not significantly different. 554 

 555 

[Place Figure 3 here] 556 

 557 

When the 3 camera levels (12, 13, 14) were evaluated regardless of detection threshold level (n 558 

= 3), both the mean size (Figure 3D) and mode size (Figure 3E) increased in the filtered samples. 559 

Sample concentrations showed a tendency to increase as the camera level increased from 12 to 560 

14 (Figure 3F). The differences between filtered and unfiltered sample concentrations evaluated 561 

at different camera levels were not significantly different. 562 

 563 

FIGURE AND TABLE LEGENDS: 564 

 565 

Figure 1: Representative NTA reports to compare liposomes to EVs. (A) Liposomes: unfiltered 566 

sample characterized on NTA on 12 March, 2020. (B) EVs: unfiltered sample characterized on NTA 567 

on 26 August, 2021. Abbreviations: NTA = Nanoparticle tracking analysis; EVs = extracellular 568 

vesicles. 569 

 570 

Figure 2: Laser module focus alignment guide. 571 

 572 
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Figure 3: Effects of camera level and detection threshold on measured particle size and 573 

concentration of filtered and unfiltered samples. Mean (A) and Mode (B) particle size at 574 

combined camera levels 12, 13, 14 as the detection threshold was increased from 2 to 3 to 5 (n 575 

= 3), showing a significant decrease in particle sizes of the filtered samples. Particle 576 

concentrations (C) at combined camera levels 12, 13, 14 as the detection threshold was increased 577 

from 2 to 3 to 5) (n = 3), showing a concentration decrease as the detection threshold increased 578 

with no significant difference between filtered and unfiltered samples. Mean (D) and Mode (E) 579 

particle size at combined detection thresholds as the camera level increased from 12 to 14 (n = 580 

3), showing a decrease in particle size of the filtered samples. Particle concentrations (F) at 581 

combined detection thresholds as camera levels increased from 12 to 14 (n = 3), showing a 582 

concentration increase as the camera level increases with no significant differences between 583 

filtered and unfiltered samples. Abbreviation: DT = detection threshold. 584 

 585 

Table 1: Data table of collected values, standard deviation, and percent coefficient of variation 586 

for filtered and unfiltered samples. Abbreviations: Cam Lev = camera level; Det Thr = detection 587 

threshold; CV = coefficient of variation; St. Dev. = standard deviation; Conc. = concentration.  588 

 589 

DISCUSSION: 590 

There are several methods available to estimate the size and concentration of nanoparticles11. 591 

These include ensemble methods that generate a size estimate from a population, which include 592 

dynamic light scattering (DLS), centrifugal sedimentation, and single-particle level analysis, which 593 

includes electron microscopy, NTA, atomic force microscopy, and tunable resistive pulse sensing. 594 

Of these, DLS and NTA are widely used, nondestructive size and concentration measurement 595 

methods, which are based on Brownian movement in an ideal medium. DLS relies on scattering 596 

of light, and the intensity is proportional to the square of the particle volume. Thus, DLS is more 597 

sensitive than NTA to the presence of large particles, aggregates, or polydisperse populations.  598 

 599 

NTA calculates the diffusion coefficient from the path length of individual particles measured in 600 

successive video frames. The main limitation of NTA is the narrow range of particle concentration 601 

that it can evaluate compared to DLS and other measurement methods, such that individual 602 

particle pathlengths must fall within the diffraction limit of the microscope and within the 603 

tracking software’s capabilities. As DLS and NTA depend on Brownian movement, both can be 604 

expected to show good size agreement in monodispersed populations; they diverge when 605 

evaluating polydisperse populations and those with aggregates. The latter renders DLS useless 606 

and increases the NTA particle size estimate significantly12. NTA’s best known limitation is that it 607 

requires much lower particle concentration (or greater dilution) than other measurement 608 

methods. Despite this, NTA characterization is popular in nanomaterials research. Because NTA 609 

size and concentration estimates depend on a more diluted population, with defined 610 

temperature, video capture settings, including recording length, camera level, detection 611 

threshold, and sample dilution to be highly reproducible, this paper focuses on the need for 612 

reporting these to generate reproducible results. 613 

 614 

This paper shows that using a standardized protocol enabled replication of results, and that 615 

utilization of positive controls, such as size standards, provides information about the machine’s 616 
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calibration. Furthermore, these results indicated the importance of reporting laser module 617 

chamber temperature, camera levels, detection threshold, and filtration (filter type and size), 618 

while laser module chamber temperature, diluent, and dilution factor are equally important for 619 

accurate and reproducible results. Although neither MISEV2018 nor EV-TRACK specifically 620 

recommends inclusion of this information, we suggest that inclusion of these details enables 621 

independent confirmation of published results and adds robustness to the experimental design.  622 

 623 

Limitations of using latex size calibration standards for NTA calibration in EV analysis are 624 

acknowledged and include the known refractive index differences when compared to lipid bi-625 

layer nanoparticles of similar size[van der Pol, 2014 #1223][van der Pol, 2014 #1223]. In this 626 

paper the latex beads were used to confirm machine calibration prior to measurements and not 627 

to determine the limits of detection. The liposomes have a membrane similar to naturally 628 

occurring EVs and the refractive index will be likewise representative of EVs. The size standards, 629 

as well as the liposome samples, are  monodispersed populations and therefore their size 630 

distribution will follow a Gaussian or log-normal distribution. Natural EVs are polydispersed and 631 

their size distribution will follow a power-law function13.  mono 632 

 633 

Historically, publications using NTA characterization inconsistently report necessary details to 634 

duplicate the research results. The ability to reproduce NTA data relies on the ability to duplicate 635 

the settings used to capture the original data. Without this information, reproduction of 636 

experimental results using NTA will be extremely difficult. With rigorous adherence to a set 637 

protocol and publication of the setting parameters used with the NTA, accurate replication of 638 

results can be attained. The following recommendations are made to contribute to improving 639 

consistency of nanoparticle characterization of size, concentration, composition, and purity using 640 

a nanoparticle size analyzer. 641 

 642 

 First, always check the calibration of the nanoparticle size analyzer using appropriate size 643 

standards, such as latex size standards. This should be done on a regular basis and recorded in 644 

the instrument log and prior to the analysis of critical samples. Second, all adjustable parameters, 645 

such as laser module chamber temperature, camera levels, and detection thresholds, should be 646 

recorded for each sample in the Sample Log file, as should the dilutions and diluents used. These 647 

parameters should be reported as they are operator-dependent and impact NTA measurements. 648 

Third, diluents used for sample dilution need to be characterized for nanoparticle content and 649 

reported. The diluents used for individual nanoparticle samples will need to be evaluated using 650 

the same camera level and detection threshold settings as the ones used for the diluted sample. 651 

Fourth, syringe filters should be flushed with two times the dead space volume prior to data 652 

collection or sample preparation steps to flush the numerous particulates remaining from the 653 

manufacturing process. Fifth, the concentration of the nanoparticles within the sample should 654 

be adjusted to within the suggested optimum 1.0 × 108 to 1.0 × 109 per mL.  655 

 656 

Acknowledging the above described limitations in this study, we show that both the size and 657 

concentration values obtained by NTA can be affected by NTA parameters such as camera levels 658 

and detection thresholds, and that the size, but not the concentration, can be affected by sample 659 

preparation. This drives home the critical importance of reporting these parameters in 660 
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nanomaterial and EV literature enabling the production of a robust, reproducible literature so 661 

that we can systematically investigate the impact of EV source, isolation and other experimental 662 

variables.  663 

 664 

ACKNOWLEDGEMENTS: 665 

The work was supported by state of Kansas to the Midwest Institute for Comparative Stem Cell 666 

Biology (MICSCB). OLS received GRA support from the MICSCB. The authors thank Dr. Santosh 667 

Aryal for providing the liposomes used in this project and the members of the Weiss and 668 

Christenson laboratories for helpful conversations and feedback. Dr. Hong He is thanked for 669 

technical support. MLW thanks Betti Goren Weiss for her support and counsel. 670 

 671 

DISCLOSURES: 672 

None of the authors have any conflicts of interest. 673 

 674 

REFERENCES:  675 
1 Lotvall, J. et al. MISEV2014 -Minimal experimental requirements for definition of extracellular 676 

vesicles and their functions: a position statement from the International Society for Extracellular 677 
Vesicles. J Extracell Vesicles. 3 26913, doi:10.3402/jev.v3.26913, (2014). 678 

2 Thery, C. et al. Minimal information for studies of extracellular vesicles 2018 (MISEV2018): a 679 
position statement of the International Society for Extracellular Vesicles and update of the 680 
MISEV2014 guidelines. J Extracell Vesicles. 7 (1), 1535750, 681 
doi:10.1080/20013078.2018.1535750, (2018). 682 

3 Consortium, E.-T. et al. EV-TRACK: transparent reporting and centralizing knowledge in 683 
extracellular vesicle research. Nat Methods. 14 (3), 228-232, doi:10.1038/nmeth.4185, (2017). 684 

4 Gardiner, C. et al. Techniques used for the isolation and characterization of extracellular 685 
vesicles: results of a worldwide survey. J Extracell Vesicles. 5 32945, doi:10.3402/jev.v5.32945, 686 
(2016). 687 

5 Maas, S. L. et al. Possibilities and limitations of current technologies for quantification of 688 
biological extracellular vesicles and synthetic mimics. J Control Release. 200 87-96, 689 
doi:10.1016/j.jconrel.2014.12.041, (2015). 690 

6 Danaei, M. et al. Impact of Particle Size and Polydispersity Index on the Clinical Applications of 691 
Lipidic Nanocarrier Systems. Pharmaceutics. 10 (2), doi:10.3390/pharmaceutics10020057, 692 
(2018). 693 

7 Kestens, V., Bozatzidis, V., De Temmerman, P. J., Ramaye, Y. & Roebben, G. Validation of a 694 
particle tracking analysis method for the size determination of nano- and microparticles. J 695 
Nanopart Res. 19 (8), 271, doi:10.1007/s11051-017-3966-8, (2017). 696 

8 Filipe, V., Hawe, A. & Jiskoot, W. Critical evaluation of Nanoparticle Tracking Analysis (NTA) by 697 
NanoSight for the measurement of nanoparticles and protein aggregates. Pharm Res. 27 (5), 698 
796-810, doi:10.1007/s11095-010-0073-2, (2010). 699 

9 Hole, P. et al. Interlaboratory comparison of size measurements on nanoparticles using 700 
nanoparticle tracking analysis (NTA). J Nanopart Res. 15 2101, doi:10.1007/s11051-013-2101-8, 701 
(2013). 702 

10 NanoSight LM10 Operating Manual - P550H. Operating Manual.  (2013). 703 
11 Kim, A., Ng, W. B., Bernt, W. & Cho, N. J. Validation of Size Estimation of Nanoparticle Tracking 704 

Analysis on Polydisperse Macromolecule Assembly. Sci Rep. 9 (1), 2639, doi:10.1038/s41598-705 
019-38915-x, (2019). 706 

Commented [A41]: 1 Kim, A., Ng, W. B., Bernt, W. & 
Cho, N. J. Validation of Size Estimation of Nanoparticle 
Tracking Analysis on Polydisperse Macromolecule Assembly. 
Sci Rep. 9 (1), 2639, doi:10.1038/s41598-019-38915-x, 
(2019). 

2 Gollwitzer, C. et al. A comparison of techniques for size 
measurement of nanoparticles in cell culture medium. 
Analytical Methods. 8 (26), 5272-5282, 
doi:10.1039/c6ay00419a, (2016). 
3 Welsh, J. A. et al. MIFlowCyt-EV: a framework for 
standardized reporting of extracellular vesicle flow 
cytometry experiments. Journal of Extracellular Vesicles. 
9 (1), 1713526, doi:10.1080/20013078.2020.1713526, 
(2020). 
4 Filipe, V., Hawe, A. & Jiskoot, W. Critical evaluation of 
Nanoparticle Tracking Analysis (NTA) by NanoSight for the 
measurement of nanoparticles and protein aggregates. 
Pharm Res. 27 (5), 796-810, doi:10.1007/s11095-010-
0073-2, (2010). 
5 Bachurski, D. et al. Extracellular vesicle measurements 
with nanoparticle tracking analysis - An accuracy and 
repeatability comparison between NanoSight NS300 and 
ZetaView. J Extracell Vesicles. 8 (1), 1596016, 
doi:10.1080/20013078.2019.1596016, (2019). 
6 Hole, P. et al. Interlaboratory comparison of size 
measurements on nanoparticles using nanoparticle 
tracking analysis (NTA). J Nanopart Res. 15 2101, 
doi:10.1007/s11051-013-2101-8, (2013). 
7 Parsons, M. E. M. et al. A Protocol for Improved 
Precision and Increased Confidence in Nanoparticle 
Tracking Analysis Concentration Measurements between 
50 and 120 nm in Biological Fluids. Front Cardiovasc Med. 
4 68, doi:10.3389/fcvm.2017.00068, (2017). 
8 Gardiner, C., Ferreira, Y. J., Dragovic, R. A., Redman, C. 
W. & Sargent, I. L. Extracellular vesicle sizing and 
enumeration by nanoparticle tracking analysis. J Extracell 
Vesicles. 2, doi:10.3402/jev.v2i0.19671, (2013). 

 
Editor: Not all of these references are included here. Please 
check.. 

Commented [A42R41]: All references should be 
complete. 



 17 

12 Gollwitzer, C. et al. A comparison of techniques for size measurement of nanoparticles in cell 707 
culture medium. Analytical Methods. 8 (26), 5272-5282, doi:10.1039/c6ay00419a, (2016). 708 

13 van der Pol, E. et al. Particle size distribution of exosomes and microvesicles determined by 709 
transmission electron microscopy, flow cytometry, nanoparticle tracking analysis, and resistive 710 
pulse sensing. J Thromb Haemost. 12 (7), 1182-1192, doi:10.1111/jth.12602, (2014). 711 

 712 

  713 



Supplemental File #1 

 

Production of Liposome Sample: 

 Sample was produced by Dr. Sagar Rayamajhi working in Dr. Santosh Aryal’s Lab. 

 Liposomes were produced using 900 µg of DSPE-PEG-Succinyl:100 µg of Cholesterol at 1.0 

mg/mL in milliQ water. 

 The average hydrodynamic size of the liposomes was 180 nm, and the PDI was 0.2 immediately 

after extrusion using dynamic light scattering on the Malvern ZetaSizer. 

 This initial concentration was diluted 1:200 in milliQ water for the final liposome product used in 

this experiment. 
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