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Supplementary Figure 1.  FSC, SSC, and VSSC Detection on the CytoFLEX.  A) FSC on the CytoFLEX uses a digital signal-
analysis approach, called axial light loss detection, which can be used to resolve particles as small as 500nm, mostly 
independent of the refractive index or membrane integrity.  B) SSC on the CytoFLEX can resolve approximately 125nm 
PS and 200nm Si particles, while the VSSC signal is unfiltered and can fully resolve down to at least 81nm PS.  VSSC gain 
= 200; VSSC-H threshold = 1500. 
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Supplementary Table 1.  Calculating an Approximate Spherical Diameter for Vaccinia.  Ellipsoidal volumes were first 
determined based on dimensions from literature, and then the diameters of spheres of equivalent volume were 
calculated.  The average spherical diameter was used in order to enable characterization by Mie theory. 
 

Supplementary Table 2.  The Average Population Statistics for the Data in Figure 2.  All samples were read in triplicate.  
VSSC gain = 400; VSSC-H threshold = 3000.  The VSSC-H threshold for HSV-1 and Vaccinia was 40K and 100K, 
respectively. 
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Supplementary Figure 2.  Individual Measurements for Each Particle Analyzed in Figure 2.  A-I) NIST-traceable PS particles 
between 60-296nm.  J-M) Si particles between 98.6-293nm.  The 98.6nm Si particles in J are NIST traceable.  O-S) Viruses: 
HAdV-5, HIV-1, MLV, HSV-1 and Vaccinia.  All samples were serially diluted and acquired in triplicate within their optimal 
concentration ranges.  VSSC gain = 400; VSSC-H threshold = 3000.  The VSSC-H threshold for HSV-1 and Vaccinia was 40K 
and 100K, respectively, in order to threshold out cellular debris from the freeze/thaw cell-fracture method used for 
preparation. 
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Supplementary Figure 3.  Individual Measurements for Each Reference Standard Used for Scaling in Supplementary Figure 
4.  A-G) NIST-traceable PS particles between 60-296nm.  All samples were serially diluted and acquired in triplicate within 
their optimal concentration ranges.  VSSC gain = 400; VSSC-H threshold = 3000. 
 

Supplementary Figure 4.  Scaling Mie-Theory Scatter-Efficiency Curves to the Real VSSC Intensities of the CytoFLEX.  A) 
Acquisition of reference standards to scale the Mie-theory scatter-efficiency curves to the real instrument scatter 
intensities.  60-296nm PS particles were collected in triplicate and the population statistics are displayed in the table.  B) A 
matrix of Mie-theory scatter efficiencies was calculated for the different-sized particles at different RIs.  C) A matrix of 
estimated VSSC intensities, used to prepare the RI contours for a VSSC vs. Size plot, was converted from the reference 
particle data in A using the Mie-theory scatter efficiencies in B.  All samples were collected in triplicate and these data 
represent the population means.  VSSC gain = 400; VSSC-H threshold = 3000. 
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Supplementary Figure 5.  Calculation of the RIs for HAdV-5, HIV-1 and MLV.  A) Approximation of the VSSC intensities for 
PS particles at sizes equivalent to the viruses: 95, 100 and 110nm.  An equation was fit to the VSSC intensity curve for the 
PS reference standards, and then solved for the approximate VSSC intensities at the sizes of interest.  B) Calculation of the 
RI for HAdV-5.  A matrix of Mie-theory scatter efficiencies was prepared within the range of interest, around 1.47 based on 
the RI contour curves from Figure 4.  The scatter efficiencies were then scaled to the VSSC-intensity measurements from 
the CytoFLEX using the values calculated from the reference standards.  The RI was calculated by finding the equation for 
the linear trendline connecting the 2 RI points closest to the mean VSSC intensity for the virus, and then solving for the RI 
at y = the measured VSSC intensity.  C) Calculation of the RI for HIV-1.  D) Calculation of the RI for MLV. 
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Supplementary Figure 6.  Calculation of the RIs for HSV-1 and Vaccinia.  A) Approximation of the VSSC intensities for PS 
particles at sizes equivalent to the viruses: 157 and 237.5nm.  An equation was fit to the VSSC intensity curve for the PS 
reference standards, and then solved for the approximate VSSC intensities at the sizes of interest.  B) Calculation of the RI 
for HSV-1.  A matrix of Mie-theory scatter efficiencies was prepared within the range of interest, around 1.47.  The RI was 
calculated by finding the equation for the trendline connecting the 2 RI points closest to the mean VSSC intensity and then 
solving for the RI at y = the measured VSSC intensity.  C) Calculation of the RI for Vaccinia using the spherical diameter 
estimated in Supplementary Table 1. 
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Supplementary Figure 7.  Calculation of the Detection Limit for Particles with a RI of 1.47.  A) Scaling a Mie-theory RI 
curve for particles with a RI of 1.47 to theoretical VSSC intensities using the PS reference data.  B) Fitting an equation to 
the size range of interest and solving for the size at y = the VSSC threshold or the VSSC intensity for 60nm PS particles, 
which is roughly the lower VSSC detection limit, just above optical noise. 
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Supplementary Figure 8.  Serial Dilutions and Alignments of the CD61
+
 Plasma-EV Samples.  VSSC intensity measurements 

for A) Donor 1, B) Donor 2, C) Donor 3, and D) Donor 4 EV fractions 5-8.  The median gates were located at the central 
population distribution in order to eliminate bias due to a portion of the lower population distributions being cutoff.  The 
population statistics for each sample can be found in the tables.  VSSC gain = 400; VSSC-H threshold = 3000. 
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Supplementary Figure 9.  Tetraspanin Expression on the CD61
+
 Plasma EVs from Donors 3 and 4.  The CD61

+
 EVs were 

40.7% and 43.6% CD9
+
 for Donor 3 and 4, respectively.  CD63 and CD81 expression was absent, and they were CD235a 

negative.  The PBS + antibody control shows minimal antibody aggregates.  These samples were serially diluted and 
acquired in quadruplicate.  VSSC gain = 400; VSSC-H threshold = 3000. 
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Supplementary Figure 10.  DLS Measurements for the Plasma-EV Samples.  DLS size measurements for A) Donor 1, B) 
Donor 2, C) Donor 3, and D) Donor 4 EV fractions 5-8.  Each sample was read 10x for 10x 2-second acquisitions per read: 
100 acquisitions in total.  The population statistics for each sample can be found in the tables. 
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Supplementary Figure 11.  Calculation of the RIs for the Donor 1 CD61
+
 Plasma-EV Fractions.  A) Approximation of the 

VSSC-H intensities for particles of equivalent size to the different EV fractions: 81.7, 82.3, 116.0, and 155.0nm.  An 
equation was fit to the curve for the VSSC intensities of the PS reference standards, and was then solved for the expected 
VSSC intensities at the sizes of interest.  B-E) Calculation of the RIs for the 81.7, 82.3, 116.0, and 155.0nm CD61

+
 EVs from 

Donor 1, respectively.  Similar to Supplementary Figure 5, the RI range was narrowed to a distribution +/- 0.02 around the 
RI estimated from Figure 4, using 0.005 increments.  The calculated VSSC intensities were plotted vs. RI, and the equations 
were determined for the trendline connecting the 2 RI points closest to the mean VSSC intensity for each population.  
These equations were solved to identify the RIs at y = the mean VSSC intensity for each population of interest. 
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Supplementary Figure 12.  Calculation of the RIs for the Donor 2 CD61
+
 Plasma-EV Fractions.  A) Approximation of the 

VSSC-H intensities for particles of equivalent size to the different EV fractions: 71.7, 107.0, 130.2, and 153.8nm.  An 
equation was fit to the curve for the VSSC intensities of the PS reference standards, and was then solved for the expected 
VSSC intensities at the sizes of interest.  B-E) Calculation of the RIs for the 71.7, 107.0, 130.2, and 153.8nm CD61

+
 EVs from 

Donor 2, respectively.  This was performed as described for Donor 1 in Supplementary Figure 11. 
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Supplementary Figure 13.  Calculation of the RIs for the Donor 3 CD61
+
 Plasma-EV Fractions.  A) Approximation of the 

VSSC-H intensities for particles of equivalent size to the different EV fractions: 72.5, 101.7, 119.2, and 135.4nm.  An 
equation was fit to the curve for the VSSC intensities of the PS reference standards, and was then solved for the expected 
VSSC intensities at the sizes of interest.  B-E) Calculation of the RIs for the 72.5, 101.7, 119.2, and 135.4nm CD61

+
 EVs from 

Donor 3, respectively.  This was performed as described for Donor 1 in Supplementary Figure 11. 
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Supplementary Figure 14.  Calculation of the RIs for the Donor 4 CD61
+
 Plasma-EV Fractions.  A) Approximation of the 

VSSC-H intensities for particles of equivalent size to the different EV fractions: 64.8, 107.8, 150.0, and 194.3nm.  An 
equation was fit to the curve for the VSSC intensities of the PS reference standards, and was then solved for the expected 
VSSC intensities at the sizes of interest.  B-E) Calculation of the RIs for the 64.8, 107.8, 150.0, and 194.3nm CD61

+
 EVs from 

Donor 4, respectively.  This was performed as described for Donor 1 in Supplementary Figure 11. 
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Supplementary Figure 15.  Standardization of the DelsaMax Pro DLS Analyzer.  A) 68.6nm Si NIST beads.  B) 98.6nm Si NIST 
beads.  C) 160nm Si beads.  D) 214nm Si beads.  Each sample was read 10x for 10x 2-second acquisitions per read.  The 
mean diameters from both Cumulants and DYNALS analyses are displayed, along with the average, SD, CV and PD Index 
for each data set. 
 


