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EXECUTIVE SUMMARY 

DNA testing is a rapidly growing industry, and the numbers of samples collected 

already number in the tens of millions, with projected growth to hundreds of millions of 

units in the next few years. Harvard Professor George Church and Preston Estep of the 

Harvard Personal Genome Project have created some of the pioneering technologies 

for collecting and analyzing DNA. Drs. Church and Estep founded Samplify Bio to make 

self-collection of biological samples safe, simple, and economical. Saliva is a proven 

source of both human and microbial DNA, and it has emerged as the leading solution 

for inexpensive self-collection for a range of tests.  The Samplify SD family of liquid-less 

collection devices provide the highest concentrations and lowest failure rates relative to 

competing devices. Relative to typical saliva collection device failure rates in the range 

of 5% to over 10%, the Samplify SD-3000 typical failure rate of under 1% translates into 

substantial cost savings and greatly reduced customer service burdens. 
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BACKGROUND 

Saliva as a sample of choice 

DNA testing is a rapidly growing industry, and includes ancestry/genealogy, 

heritable health conditions, microbiome analysis and other applications. As genetic 

testing has become increasingly affordable and useful, the number of tests performed 

annually has grown to well over ten million, with an estimated 100 million to be sold by 

2021 (Rosenberg). Projected numbers of tests over the next several years typically range 

in the hundreds of millions. 

There are a number of biological sample types that are useful for DNA testing, 

including blood, saliva, and cheek swabs. Over the past few years, saliva has emerged 

as the preferred biological sample for the majority of DNA tests. Saliva is easy to collect, 

cost effective, and noninvasive and has been evaluated for its diagnostic value.  Saliva 

presents a variety of desirable analytes—including the nucleic acids DNA and RNA—

which are affected by diverse physiological, pathological, and environmental conditions.  

Saliva provides more variable quantities of nucleic acids than blood, but it typically yields 

large quantities of usable DNA of reasonably high purity, with ease of remote collection 

and potential for ambient temperature shipping and storage. About half a teaspoon (2 

milliliters) of saliva typically yields about 100 micrograms of DNA, which is more than 

enough for typical forms of DNA testing. In DNA-based testing, saliva collection is 

becoming an important alternative to blood, especially for children, patients with needle 

phobias, and those who cannot efficiently access a blood clinic. 
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In addition to usability and convenience, cost is a key driver of the shift toward the 

use of saliva in large scale studies.  In 2010, the cancer research network reported that 

the collection, processing, and storage of blood costs 60% more than the same number 

of saliva samples.  Blood samples require dry ice, overnight shipping, and freezers while 

preserved saliva samples can be stored at room temperature and transported via regular 

mail or courier. 

The market for saliva collection devices 

Although the above factors make saliva advantageous, saliva does contain 

ingredients that have the potential to degrade nucleic acids and other potential analytes.  

If samples are stored or transported at room temperature, the activity of these 

ingredients may affect the nucleic acids in the sample, hence preservative is needed to 

neutralize these activities. 

Even in healthy individuals, oral fluids contain a diverse array of microbes (e.g.  

viruses, bacteria, and fungi), and therefore measures of DNA quantity and quality in 

saliva may be over or underestimated due to the presence of interfering substances 

(Nishita DM.  et al.  2009).  It is crucial to be able to preserve saliva the samples in 

order to effectively process them. This need has led to the emergence of a market of 

collection and preservation devices.  This industry has been growing rapidly in an effort 

to meet the growing demands of the testing industry.   

For the collection and storage of saliva, commercial collection devices typically 

use liquid preservatives, but these devices are not ideal because the liquids can leak 
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during shipment or can be spilled during collection and handling of the collection device. 

Most also contain flammable liquids, which complicates storage and transport.  

The presence of liquid also complicates the device manufacturing process and presents 

other challenges. Many collection devices sequester the liquid within a sealed reservoir 

or applicator, but these result in increased complexity of use and sub-optimal 

performance due to user non-compliance. Some devices seal the liquid preservative 

into a dispensing lid, but these devices also result in increased complexity of use and 

sub-optimal performance, while not addressing flammability. One leading device can be 

used improperly, but the difference between devices used properly and improperly 

cannot be determined easily upon arrival at the processing lab. Only expensive 

processing can distinguish the difference, and the improperly used devices have to be 

specially re-processed, and improper use results in higher failure rates. 

Importantly, the complexities and inefficiencies of leading saliva collection 

devices lead to device failure rates that are estimated to be in the 5% to 10% range. 

While this figure at first appears to be low, the complications that arise from this level of 

failure are costly. Plus, a failed saliva collection for an individual user is predictive of 

subsequent failures for that user. These failures translate into a substantial customer 

service burden. For a device that costs in the range of $20 U.S., the customer service 

and other costs resulting from a single failure are equal to several times the cost of a 

device. 

An ideal device allows easy collection and storage of biological samples, 

avoiding complications that arise from the use of liquid preservative, yet assuring safe 
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transport, storage and use of the samples. Furthermore, an ideal device is safe to use 

and the end-user is protected from accidental spills and contact with the preservative, 

and the preservative is non-flammable. Furthermore, the ideal device can only be used 

one way. There is no improper use of the device that results in 1) uncertainty about 

whether or not the device was used properly to collect the sample, 2) higher costs of 

processing, and 3) higher failure rates.  

Overview of the Samplify SD-3000 saliva collection device 

The Samplify SD-3000 collection device is designed for collection of a saliva 

sample in a single tube format, and for the preservation and purification of nucleic acids 

(both DNA and RNA, or either one selectively) from the sample. The SD-3000 device is 

unique when compared with other known 

devices and solutions because it: (1) Uses 

completely dry preservative (no liquid); (2) 

avoids the potential for preservative leaks and 

spills; (3) isn't flammable; and (4) greatly 

reduces the potential for misuse (eliminating 

lab uncertainty about appropriate device 

usage). These advantages result in lower 

failure rates. Based on feedback from various 

end-users of several thousand devices, the SD-3000 failure rate is less than 1%. 

The dry preservative chemistry of the SD-3000 allows it to be structurally simple, 

and it is the simplest device to use. It consists of a single collection vial, topped by a 

Fig. 1.  Sampl i fy SD-3000 Liquid- less Sal iva 
Col lect ion Device. Device in the photo is SD-
3000-DX, which is CE/IVD cert i f ied version of 
SD-3000 for Sale in the European Union and 
other CE markets.  
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removable funnel. After deposition of a sample, the funnel is simply removed and 

replaced with a threaded cap. There is no liquid preservative to leak, apply at the wrong 

time, or contribute flammability. Furthermore, the process associated with the 

aforementioned invention is likewise unique and different from known processes and 

solutions. More specifically, the present invention process owes its uniqueness to the 

fact that the dry preservative avoids issues and concerns with regard to the packaging 

and sealing of a liquid preservative and its application to the saliva sample after the 

sample has been collected in order to preserve it. Since there isn't a liquid application 

step it can't be done at the wrong time or out of procedure order, nor can it be spilled or 

leaked. 
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SD-3000 DATA AND COMPARISONS 

This report summarizes studies of the Samplify Bio SD Family product line, and 

compares the SD-3000 to DEVICE A, a device from a leading manufacturer.  Patient 

ease of use, DNA extraction success rates and device performance are reported.  

These include assessments of sample storage conditions and the quantity and quality of 

DNA purified from saliva compared across the sampled population and to characterized 

controls. 

A comparison of tests was devised using existent experimental parameters, to 

assess the efficacy of the Samplify Bio SD product line.  The SD-3000 (dry 

preservative) and the SD-2000 family of devices were evaluated. The the SD-3000 is 

the current generation, dry preservative device, and the SD-2000 is the liquid 

preservative predecessor device, using essentially the same chemistry. The SD-3000 

has similar but slightly superior performance to the SD-2000. The total number of SD-

3000 collected samples evaluated for this publication is 319, with lesser and variable 

numbers of samples collected with the other devices. 

Human saliva samples were collected both by our customers and also directly 

from study volunteers. Samples were processed for DNA extraction using ethanol 

precipitation (as described in the Samplify Extraction Document), and sample purities 

were assessed via standard measures using the Nanodrop (Thermo Scientific) and 

Pico-Green (Life Sciences) using the Biotek Flx-800 fluorescence reader.  The results of 

the study and background information are all discussed within the findings of the 

research. 
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The mean volume of saliva collected was 2.5mL per subject, yielding an average 

of ≥110ng DNA per processed sample.  Most samples showed a ratio of optical density 

(OD) differences between 1.5 and 2.0 in the spectrophotometric evaluation.  Agarose 

gel electrophoresis showed that samples using the three collection devices yielded DNA 

of high molecular weight ~23 Kb.  This is about the limit of standard agarose 

electrophoresis. Therefore, additional size analyses were performed using the Agilent 

BioAnalyzer. DNA quality was assessed using NEB Q5 Master-mix PCR, assessing the 

housekeeping gene GAPDH.  Results showed that sample storage at room temperature 

over time had no effect on all tested devices, however proolonged storage at 

temperatures ≥ 50ºC samples showed quicker degradation.   

Whole Data Set Analysis 

In total 319 human samples were analyzed in the study using the SD-3000. Out 

of the 319 samples it was shown that saliva collection preservation and extraction of 

DNA via ethanol precipitation was possible. Critical endpoints assessing data collection 

such as Pico Green assay and Nano drop 2000C were then performed, the resulting 

data is then compiled below.  
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Samplify SD-3000 Family of Devices 
Samples Tested # 319 

DNA Yield out of 

300 µl (µg) 

Mean ±SD 23.8±16.4 

Median 21.7 

95% of Samples ≥22.0 

DNA Yield out of 

862.5 µl (µg) 

Mean ±SD 117.6±123.7 

Median 69.1 

95% of Samples ≥104 

DNA Yield (µg) 

total 3mL 

volume 

Mean ±SD 238.2±164.1 

Median 217.2 

95% of Samples 
≥220.2 

Pico-green 

Concentration 

(ng/µL) 

  

Mean ±SD 81.2±54 

Median 73.3 

95% of Samples 

≥75.2 

A260/A280  

Ratio 

Mean ±SD 1.8±0.23 

Median 1.84 

95% of Samples ≥1.8 

 

Table I :  SD-3000 yie lds, concentrat ion and pur i ty.  



WPSD3000_RevA_Rel132_07262019 12 

Equivalency 

To assess the comparability of the devices, equivalency tests were performed. 

Yield differences are shown below. Purity values were equivalent between the SD-3000 

and DEVICE A. 

  
Device A SD-3000 

Samples Tested 24 12 12 

Yield (µg) 
 (300µL) 

Mean ±SD 8.49±4.3 10.83±5.11 

Median 8.79 9.47 

95% of Samples 5.79-11.19 7.55-14.05 

Minimum 2.29 5.83 

Maximum 17.25 22.41 

Yield (µg)            
 (862.5 µL) 

Mean ±SD 24.41±12.37 31.14±14.71 

Median 25.29 27.24 

95% of Samples 16.61-32.21 21.8-40.48 

Minimum 6.58 16.77 

Maximum 49.59 64.51 

Concentration (ng/µL) 
  

Mean ±SD 28.31±14.34 36.11±17.05 

Median   

95% of Samples ≥9.11 ≥10.8 

Minimum 19.2-37.42 25.306-46.906 

Maximum 57.5 74.8 

Table I I :  Comparison of leading sal iva col lect ion device DEVICA A and the Sampl i fy Bio SD-3000. 
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Reproducibility  

The samples from the reproducibility were processed forward as it. Operator 1, 2 

and, 3 Tested a total of 90 samples, 30 samples per operator, all correct with one 

sample loss in volume while in transit to an independent testing lab in Arizona. The 

three operators performed the ethanol precipitation as described above, and then 

analysis using Pico green, Nano-drop A260/A280 purity ratios, was performed at Samplify 

Bio, Collected Data was then sent back to the independent operators for analysis and 

approval.  

The resulting data was then produced as follows: The yield in the report is given 

as four different figures, first we calculated the yield from the extracted amount (300μl 

(the protocol was later adapted to use a smaller amount of the sample, precisely 

200μl)), then we provide the expected yield from the total volume sample. From the 

provided data extrapolated from what was provided by Oragene, we standardized our 

numbers to compare yield amounts to the presented data. The data from the three 

operators is attached below.  
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 LAB A LAB B Samplify Total 
Samples Tested 30 30 30 90 

DNA Yield (out of 
300 µL) 

Mean ±SD 23.5±8.6 14.7±5.4 24.6±2.5 20.9±7.5 

Median 23.23 14.56 24.97 21.71 

95% of 
Samples ±1.56 ±1.92 ±0.9 ±1.56 

DNA Yield µg (out 
of 800µL) 

Mean ±SD 67.7±24.7 41.7± 15.4 70.7±7.2 60.0±21.7 

Median 66.804 41.87 71.78 62.43 

95% of 
Samples ±8.83 ±5.51 ±2.59 ±7.75 

DNA Yield (out of 
3ml) 

Mean ±SD 235.5±87.3 144.9±53.6 246.0±25.2 208.8±75.4 

Median 232.4 145.6 249.6 217.1 

95% of 
Samples ±31.24 ±19.17 ±9 ±15.58 

Concentration 
(ng/µL) 

Mean ±SD 78.5±28.6 50.0±15.7 82.0±8.4 70.4±24.2 

Median 77.5 50.7 83.2 72.4 

95% of 
Samples ±10.24 ±5.62 ±3.0 ±4.99 

A260/A280 Ratio 

Mean ±SD 1.82±0.1 1.80±0.1 2.00±0.2 1.85±0.2 

Median 1.85 1.79 1.96 1.86 

95% of 
Samples ±0.04 ±0.04 ±0.07 ±0.04 

 

 
 
 
 
 
 
 

Table I I I :  Summary of independent laboratory data. Samples were al l  processed according to the 
Sampl i fy Bio SOP. 
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High molecular weight DNA analysis 

Agarose gel electrophoresis of samples showed high quality and high molecular weight 

(MW) DNA at minimally 23kb. Gel imaging was performed using ethidium bromide 

staining and a standard UV gel box imager. Since standard agarose gels are limited in 

their resolving power in this size range, the Agilent Bioanalyzer was used to establish 

the size distribution of the high MW DNA. 

The standard Samplify extraction protocol is shown in the top figure, and subsequent 

cleanup of the DNA is shown in the next figure.  

 

 

 

 

 

 

 

 

 

Fig.  2:  Agi lent 
BioAnalyzer s ize 
distr ibut ion of DNA 
col lected using the SD-
3000 device. The pr imary 
peak is at  >60,000 bp. 
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Pre-collection shelf life 

To assess the devices’ efficacy prior to sample collection, a pre collection shelf 

life test was devised, this was set to stress the device by exposing it to a variety of 

temperatures. Four key temperatures were assessed for this purpose to demonstrate 

the efficacy of the device simulating conditions that the devices may be exposed to prior 

to shipping. The chosen conditions were: 23°C, 50°C, -20°C and 6°C. Critical endpoints 

assessed in this study included DNA yield, DNA concentration and purity ratios of 

samples post collection agarose gel electrophoresis was also performed to show yield 

of high molecular weight DNA post sampling prior to collection storage conditions.   

The results showed that storage condition prior to use of the device had no 

resulting effect on the devices performance, as the data suggests, the concentration for 

all the devices were ≥11ng/µl and there were no reported fails in the sampling or 

processing of the devices.  

Post-collection shelf life 

The samples were stored at variant temperatures to assess the effects of 

temperature post sample collection. The temperatures of storage were: -20ºC, 6ºC, 

23ºC and 50ºC for a month. After storage the samples were processed; DNA was 

extracted, the spectrophotometric and fluorescent data was collected assessment using 

a 0.5% agarose gel electrophoresis was also conducted.  

The results showed that one month at 50⁰C resulted in substantially reduced 

DNA yield, as compared to the other storage conditions. (<11ng/µL (8.01±5.49 median 

9.56(also noted were 2 samples with no reads when assessed on Pico green.))) 
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However, this is well outside the recommended storage range of the Samplify Bio SD-

3000 (4⁰C-30⁰C). Furthermore, the purity ratios show that the device yields samples that 

are relatively free of contaminants, with purity ratios optical densities (≥1.5(1.79±0.12 

Median 1.81) as well as optical densities A280 (1.12±0.59). 

The Room temperature storage showed that the device was performing as 

expected and the readings were within the acceptable range for concentration 

(≥11(54.33±20.65 MD 64.83)) as well as the purity range optical densities 

(≥1.5(1.85±0.1 Median 1.88)).  

At 6⁰C the device is stable, and the concentration readings are above the acceptable 

range (≥11ng/µL (44.34±22.60ng/ µL median 49.46)) the purity ratios are also above the 

acceptable range (≥1.5(1.81±0.19 Median 1.84)). Overall the sample yield was ≥ 110µg 

DNA total sample volume yield, the device is stable and is able to preserve the DNA in 

saliva effectively at this temperature. 

  At -20⁰C, the device is also stable, however note that this is below the 

recommended storage condition, at this temperature, the mean was not affected even 

after a month at this temperature, the mean concentration is (≥11(40.74±22.36) a two-

way tiered ANOVA was also performed to assess the effects of the four storage 

condition against the room temperature, these are represented as 23⁰C, 50⁰C, -20⁰C, 

and 6⁰C.  Room temperature storage of saliva in SD family predecessor devices 

showed no measurable change over about 40 months. 
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Storage Condition Room 
Temp. Elev. -20°  C 6°  C Total 

Samples Tested 10 10 10 10 40 

DNA Yield ng 
(out of 800ul) 

Mean 
±SD 46.86±17.81 8.01±5.49 35.13±19.29 38.24±19.49 31.4±22.7 

Median 55.91 9.56 43.02 42.66 39.3 

DNA Yield ng 
(tot. vol 3ml) 

Mean 
±SD 

162.99±61.9
5 

19.23±17.5
9 122.21±67.09 133.03±67.8

0 109.4±79.0 

Median 194.49 18.54 149.62 148.37 136.6 

DNA Yield 
(out of 300 

ul) 

Mean 
±SD 16.3±6.2 1.92±1.76 12.22±6.71 13.30±6.78 10.9±7.9 

Median 19.45 1.85 14.96 14.84 13.7 

DNA 
Concentratio

n 

Mean 
±SD 54.33±21.77 8.01±5.09 40.74±22.36 44.34±22.60 38.37±25.6

2 
Median 64.83 9.56 49.87 49.46 47.17 

A260/280 

Mean 
±SD 1.9±0.1 1.8±0.1 1.7±0.3 1.8±0.2 1.8±0.2 

Median 1.9 1.8 1.8 1.8 1.8 

Table IV :  Yields, concentrat ion, and pur i ty at  about 23⁰C (RT),  50⁰C (ELEVATED), -20⁰C, and 6⁰C.  
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Bacterial culture (post collection shelf life 50⁰C) 

From the samples in the 50⁰C storage, signs of sample degradation were visible, 

out of the ten samples present in the study, five had turned a slightly brown tinge which 

called for further investigation. Samples were streaked on a Luria broth plate, and 

incubated at 37⁰C. There was no presence of bacterial growth post analysis. 

 
Freeze thaw Study 

To further assess the effect of the extreme temperature storage on the saliva 

samples collected using the SD-3000 collection device, aliquots of 300µL were collected 

from the pre and post collection shelf life study. The samples were then aliquoted and 

labeled appropriately, and then were stored in a -80⁰C freezer. They were then put 

through 5 freeze and thaw cycles, then on the last cycle, DNA was extracted from the 

collection devices, and was analyzed using the standard measures afore mentioned. 

The samples remianed suitable for sequencing and downstream processing, and the 

DNA concentration (all ≥11ng/µL (79.53±15.36ng/µL; Median 80.87µL)) was of sufficient 

quality to conduct analyses as required. Furthermore, the A260/A280 purity ratios also 

showed acceptable purity  (1.9±0.2; Median 1.9) and suitability of samples to be further 

Fig. 3:  Lur ia broth cul ture plate post sample 
growth for the analysis of  bacter ia l  content in 
the SD-3000 sal iva col lect ion device. Results 
showed that there was no microbial  growth. 
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sequenced and analyzed in analytical procedures.   Gel electrophoresis showed no 

degradation in samples, using the lambda HindIII ladder.  

 

 

 

Freeze Thaw Study Samplify 

Samples Tested 30 

DNA Yield ng (out of 
800ul) 

Mean ±SD 68.597±11.699 

Median 69.749 

DNA Yield ng (tot. 
vol 3ml) 

Mean ±SD 238.6±40.7 

Median 242.6 

DNA Yield (out of 
300 ul) 

Mean ±SD 23.86±4.069 

Median 24.26 

DNA Concentration 
Mean ±SD 79.53±13.56 

Median 80.87 

A260/280 
Mean ±SD 1.9±0.2 

Median 1.9 
 

Fig. 4:  Agarose gel  
assessment of  f rozen and 
thawed al iquots  

Table V :  Summary of the 
freeze thaw study 
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Detection limit. 

The effects of over and under-filling the SD-3000 collection device was assessed 

by performing a detection limit test comparing the effects of over and under-filling the 

vials. 40 Donors were provided with saliva collection devices with modified fill lines and 

were asked to provide samples to the marked line. Collected volumes ranged from 1ml 

to 3ml. An average of 1.875ml and a median of 1.75ml of saliva was collected in each 

device for the study.  

Data collected showed that the volume variation did alter the final concentration 

in DNA assessed using Pico green. The 1ml volume produced the highest nucleic acid 

content (162.1±48.9ng/µl median 181.49ng/µl) this can be attributed to the higher 

concentration of saliva and the effect of components embedded in the SD-3000 

preservative sheet being more pronounced as compared to a more dilute solution. As 

demonstrated in graph 12, the concentration is decreased the more dilute the sample 

collected is. However as demonstrated in graph 13, the presence of contaminants is 

eradicated despite the variance in volume used.   

At the recommended volume of collection 3ml, sample concentration is lowered, 

(142.92±59.58 ng/µl median 161.85ng/µl vs. 1ml 162.1±48.9ng/µl median 181.49ng/µl) 

purity however is unaffected and remains (>1.5. 1.93 vs 1.95 (1ml)). DNA yield is 

represented particular to the values collected the total volume yield is pertinent to each 

volume maximum collection. Since yield is a factor of volume, the highest yielding 

sample was collected at 3ml, and yielded results (≥110ng. 428.76±178.74ng/µl).  
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Purity is independent of the amount of saliva collected. A260/A280 ratios were similar 

across all collection volumes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Study 
section 

Detection 
limit 1ml 

Detection 
limit 1.5ml 

Detection 
limit 2ml 

Detection 
limit 3ml 

            
Samples 
Tested 40 10 10 10 10 

DNA Yield out 
of 300uL (µg) 

Mean 
±SD 48.6±14.7 47.8±14.4 43.28±13.08 42.87±17.87 

Median 54.5 51.98 42.93 48.55 
95% of 
Samples ≥38.8 ≥37.52 ≥34.49 ≥30.08 

            

DNA Yield out 
of 

862.5uL(µg) 

Mean 
±SD 139.8±42.2 137.55±41.35 124.45±37.61 123.27±51.38 

Median 156.5 149.44 123.43 139.6 
95% of 
Samples ≥111.5 ≥107.97 ≥99.19 ≥86.51 

            

DNA 
Yield      (µg) 
total  volume 

Mean 
±SD 162.11±48.92 239.22±71.91 288.58±87.21 428.76±178.74 

Median 181.49 259.9 286.21 485.58 
95% of 
Samples ≥129.25 ≥187.77 ≥229.99 ≥300.9 

            

Pico-green 
Concentration 

(ng/µL) 

Mean 
±SD 162.1±48.9 159.48±47.94 144.29±43.63 142.92±59.58 

Median 181.49 173.26 143.11 161.85 
 95% of 
Samples ≥129.245 ≥125.19 ≥115 ≥100.3 

            

A260/A280 
Ratio 

Mean 
±SD 1.95±0.18 1.92±0.31 1.87±0.09 1.93±0.26 

Median 1.9 2 1.86 1.97 
95% of 
Samples ≥1.83 ≥1.7 ≥1.77 ≥1.74 

Table VI :  Summary stat ist ics 
showing the effects of  over and 
under-f i l l ing col lect ion via ls.  
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Exogenous interfering substances 

To assess the effects of donor error prior to saliva collection, the exogenous 

interfering test was devised to assess the different effects of donor error on saliva 

collection. In total, 44 samples were collected from 4 donors performing a variety of 

activities. 

Prior to sample collection a control sample was collected, having no activity or 

interference with the sample. Then each donor was asked to collect 2 samples after: 

Eating, drinking(Coffee), Mouthwash, chewing gum, and Smoking (Cigarettes). The 

samples were collected in accordance to donor preference.  The concentration from the 

control set the baseline (121.20ng/µL), each activity performed reduced the 

concentration of the device significantly, however, the concentration of the samples was 

still suitable for downstream processing. Purity ratios also showed that each device was 

unaffected despite the presence of interfering substances present in the sample post 
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collection. However, smoking proved to be most damaging to the samples as the purity 

was reduced (˂1.5(1.4)), the sample was still viable for use in downstream  

 

Endogenous interfering substances 

Endogenous interference originates from substances found naturally in the 

patient sample. They may be natural substances or health-related factors: hemolysis 

(hemoglobin and other substances), bilirubin, lipids, proteins, antibodies 

(autoantibodies, heterophile antibodies), excessive analyte concentration, and cross-

reacting substances, e.g. bicarbonate on chloride ion selective electrode (ISE).  

To assess for the effects of these substances on prior collected samples, 

contaminants were introduced into devices and compared against the control donor 

device without additional contaminants. The resulting of tests of the Samplify Bio 

devices (SD-3000) were compared against previous Samplify Bio device results and 

also against DEVICE A. In total, 25 samples were collected from 5 donors, each 

providing 5 samples. Devices were contaminated in each donor set as follows: 1 device 

was a control and was not contaminated, 1 device was dosed with 10µL alpha amylase, 

1 device got 10µL hemoglobin, 1 device got 10µL IgA, and 1 device got 10µL Albumin 

Fig.6.  Effects of  pre-col lect ion 
act iv i t ies on sal iva DNA 
concentrat ion 
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to simulate total protein in a sample.  The samples were then purified via ethanol 

precipitation, and sample purities wre assessed using the Nano drop 2000C, 

concentration was assessed via the biotek-FLX800 plate reader and the results are 

summarized below. 
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  Control Alpha-
Amylase Hemoglobin IgA Albumin 

Samples Tested: 25 5 5 5 5 5 

DNA Yield 
µg        

 (out of 300 
µl) 

Mean 
±SD 14.8±12.8 45.6±37.60 22.4±24.1 25.1±2 9.1±2.1 

Median 9.2 27.6 17.1 23.9 10.4 

95% of 
Samples ≥4.9 ≥11.5 ≥4.8 ≥5.3 ≥6.5 

              

DNA Yield µg 
(out of 862.5 

µl) 

Mean 
±SD 42.5±36.7 125.3±108.1 64.4±69.3 72.1±45.9 26.3±6.07 

Median 26.5 79.34 49.24 68.6 29.75 

95% of 
Samples ≥14.2 ≥33.12 ≥33.37 ≥15.2 ≥18.73 

              

DNA Yield 
(out of 3ML) 

Mean 
±SD 147.9±127.8 435.83± 223.97± 250.66±159.53 91.39±21.13 

Median 92.1 115.2 171.285 238.71 103.49 

95% of 
Samples ≥49.4 ≥115.20 ≥47.67 ≥52.58 ≥65.14 

              

Concentration 
(ng/µL) 

Mean 
±SD 49.3±42.6 145.28±125.3 74.65± 83.55±53.17 30.462±7.04 

Median 30.7 92 57.095 79.57 34.49 

95% of 
Samples ≥16.5 ≥38.40 ≥15.89 ≥17.53 ≥21.77 

              

A260/A280 Ratio 

Mean 
±SD 2.0±0.33 2.0±0.2 2.1±0.23 1.82±0.16 2.05±0.30 

Median 1.92 1.97 1.98 1.8 1.9 

95% of 
Samples  1.59-2.4  1.71-2.2  1.8-2.3 1.6-2.01 1.7-2.42 

 

 

 

Table V :  Summary of the endogenous interfer ing substances study. Overal l ,  DNA yield and pur i ty were 
general ly unaffected due to contaminants. 
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Product Usability Summary 

To assess the usability of the product, a Flesch–Kincaid test was conducted 

assessing the ease of use for any individual using the saliva collection device.  

The Flesch–Kincaid readability tests are legibility tests designed to indicate how 

difficult a reading passage in English is to understand. There are two tests, the Flesch 

Reading Ease, and the Flesch–Kincaid Grade Level. Although they use the same core 

measures (word length and sentence length), they have different weighting factors. For 

Samplify Bio’s needs, the Flesch-Kincaid grade level was applied. 

The results indicated that the instructions were fairly easy to understand and that 

a child of age 11-12 should easily understand the material included in the instruction 

packet of the SD family line of products. The results are attached as Appendix 2. To 

support this claim, saliva collection devices used in this study amounting to 250 total 

unique devices were tested on sample donors at a Boston-area college. Donors were 

provided with the instruction sheet and asked to follow instructions on collecting a 

sample into the device. The results showed a greater than 99% pass rate when 

collecting saliva using the devices. Donors required no extra instructions on how to use 

the devices. Furthermore, SD-2000 and SD-3000 collection devices that have been 

used in the market for research purposes or in Europe under CE mark similarly have 

had greater than 99% success rates and donors have not required any extra instruction 

beyond what is provided on understanding the use of the devices. 
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Also, data provided by independent laboratories in the united states has proven the 

efficacy of the SD family line of products, both small and large scale-studies conducted 

by these service providers have demonstrated the efficacy of the SD line of products. 

The Harvard Personal Genome Project has been reliant on the Samplify preservative 

formulation for their in vitro needs and have used the solution in conducting large scale 

studies, this too has had a greater than 99% pass rate, these products have been for 

research use only as well. 

In the international market, particularly Asia, and South Africa, the use of the 

product has also been shown to be effective, the SD product line has been interpreted 

into a total of 15 languages, and there have been no customer complaints in the 

collection of samples in donors from these countries.  

The total sample size of individuals that have used the SD product family 

exceeds 10,000 donors worldwide, out of the total 15000 devices sold, samples have 

been collected from a diverse set of individuals and have been done so with ease and 

no complications in the process. The ease of use coupled with the versatility of the SD 

product line make it ideal for use in conducting studies requiring sample storage and 

preservation, also the ease in comprehension of the instructions prove that the product 

is ideal for use in any study pertinent to understanding the human genome 
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Summary 

The Samplify Bio SD-3000 and SD product line offer reliable collection, 

stabilization, transportation, and long-term storage at room temperature of human DNA 

samples from saliva, as shown in this report.  The non-invasive devices contain a 

solution for preserving DNA and other analytes, such as RNA, if desired.  The SD-3000 

device consists of a polypropylene plastic collection tube containing preservative 

chemistry, a funnel attached to the tube, and a separate screw-on plastic end cap. The 

SD-3000 does not require a shipping cap to be removed and is ready immediately upon 

removal from the package.  Upon receiving the device, the user collects a sample by 

directly expelling saliva into the funnel of the device, which collects into the bottom of 

the tube. After the saliva is collected, the stabilizing compounds dissolve into the saliva. 

Once the shipping cap is screwed on and the tube inverted per instructions, the 

preservative mixes with the saliva. Upon reception of the device, the sample is ready for 

processing or storage for processing at a later date. 

The assessment of the whole dataset show that the SD family line of products is 

effective in the collection and preservation of saliva.  Out of the total human samples 

tested using the SD-3000, the concentration yield on average was (≥11ng/µl(81.2±54) 

Median 73.3ng/µl and 95%≥75.2ng/µl) purity ratios proved to be (≥1.5(1.8±0.23) median 

1.84 and 95%≥1.8). the SamplifyBio product line proved to perform better than 

published data for any competing device of which we are aware. The summary states 

the product yielded concentration (≥11ng/µl (68.1±55.3) median 55.3 and 95% of 
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samples ≥16.0) purity ratios were reported as (≥1.5(1.7±0.1) median 1.7 and 95% of 

samples ≥1.5 ≯1.9) (Lindsay Pozza et.al. 2012) 

The relative performance of the SD-3000 to leading DEVICE A was shown by 

comparing the two products directly. Table 2 provides a summary of relative 

performance of the SD-3000 to the DEVICE A product line. Though both products 

performed well, the SD3000 yielded higher DNA concentration of 41.63±10.58 ng/µl vs 

DEVICE A 32.23±3.74 ng/µl. In the conducted tests, it was shown that a lower volume 

of sample from the SD-3000 was required to provide enough sample to process for 

ethanol precipitation and downstream process. Purity tests showed that the two devices 

are about equal in performance.  

Assessing the device stability using the pre, post collection shelf life and the 

freeze thaw study, a total of 120 samples (100 unique samples and duplicates) were 

stored in a variety of storage conditions, the results showed that pre collection storage 

of samples at temperatures ≥50ºC did not affect the device in any adverse way. Such 

conditions yielded DNA concentrations ≥11ng/µl. However, saliva DNA was negatively 

affected by post collection storage for one month at ≥50ºC; however, this is above the 

recommended temperature of storage for the post-collection device. Nevertheless, real-

world shipping data show that saliva DNA in the SD-3000 device is stable across a 

range of conditions for weeks, and yields high concentrations of usable DNA. 

The effects of variant volumes collected in the SD-3000 also showed that the 

device remains effective despite extensive variation in the volume added during 

sampling. Additionally, based on reports from multiple end-users on thousands of 
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devices deployed in real-world conditions, the failure rate of the SD-3000 is less than 

1%. This figure is substantially lower than figures reported for any other saliva collection 

device. In combination with superior or equivalent performance in all key parameters, 

this very low failure rate should make the SD-3000 the saliva collection device of 

choice. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 



WPSD3000_RevA_Rel132_07262019 32 

Bibliography 

Rosenberg, J. As DTC Genetic Testing Grows Among Consumers, Insurers Are 
Beginning to Get on Board. April 22, 2019, https://www.ajmc.com/newsroom/as-dtc-genetic-
testing-grows-among-consumers-insurers-are-beginning-to-get-on-board 
 
Greabu M, Battino M, Mohara M. 2009. Saliva – a diagnostic window to the body, both 
in health and in disease. Journal of medicine and life (Vol 2 no 2) [Internet]. [June 2009, 
cited 2015 Oct 18] pp.124-132. Available from: 
http://www.researchgate.net/profile/Maurizio_Battino/publication/41171852_Saliva--
a_diagnostic_window_to_the_body_both_in_health_and_in_disease/links/0046351a4cc
f1aadb6000000.pdf 
 
De Almeida PDV, Grégio AMT, Machado MÂN, de Lima AAS, Azevedo LR. 2008 Saliva 
Composition and Functions: A Comprehensive Review. Journal of Contemporary Dental 
Practice [Cited 2015 Oct 15] 
http://www.unc.edu/courses/2008ss2/obio/720/001/2008_Readings/070308_saliva_revi
ew.pdf 
 
Nunes AP, Santos BR. 2012. Quality of DNA extracted from saliva samples collected 
with the OrageneTM DNA self-collection device. Bio Med Central: Medical Research 
Methodology [accessed 2015 Oct 8]; Oliveira IO, editor.: 12–65. 
http://www.biomedcentral.com/1471-2288/12/65#B1 
 
Birnboim H.C. 2004 Dec 5. DNA stability with Oragene. DNA Genotek (Oragene); 
[accessed 2015 Oct 14]. http://kyodo-inc.co.jp/english/bio/oragene/pdf/step2-01.pdf 
 
Abraham JE, Maranian MJ. 2012. Saliva samples are a viable alternative to blood 
samples as a source of DNA for high throughput genotyping. Bio Med Central 
[accessed 2015 Oct 11]; 5. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3497576/ 
 
Rudqvist TR, Håkansson N, Tybring G. 2006. Quality and Quantity of Saliva DNA 
Obtained from the Self-administrated Oragene Method—A Pilot Study on the Cohort of 
Swedish Men. American Association for Cancer research [accessed 2015 Oct 14]; 
1742:1–5. http://cebp.aacrjournals.org/content/15/9/1742.short 
 
Streckfus CF, Slowley PD, Patel SA, Barros JA. 2015. Advances in Salivary 
Diagnostics. Berlin: Springer-Verlag Berlin Heidelberg. (1-2, 33-34) 
 
Philibert RA, Zadorozhnyaya O, Beach SRH, Brody GH. A Comparison of the 
Genotyping Results Using DNA Obtained from Blood and Saliva. Psychiatric genetics. 
[accessed 2015 Oct 10]; 2008;18(6):275-281. doi:10.1097/YPG.0b013e3283060f81. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2648613/ 
 



WPSD3000_RevA_Rel132_07262019 33 

Nunes LAS, mussaivira sayeeda, Bindhu OS. 2015. Clinical and diagnostic utility of 
saliva as a non-invasive diagnostic fluid:Biochem med [accessed 15AD Feb 11]; 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4470107/ 
 
Nishita DM, Jack LM, McElroy M. 2015. Clinical trial participant characteristics and 
saliva and DNA metrics. Bio Med Central [accessed 2015 Oct 26]; 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2776600 
 
Pearson DL, Stowe RP. 2004 Sep 1. Solution Preserves Nucleic Acids in Body-Fluid 
Specimens. NASA; [accessed 2015 Nov 19]. 
http://www.techbriefs.com/component/content/article/ntb/tech-briefs/bio-medical/346 
 
Nishita DM. et al. 2009. Clinical trial participant characteristics and saliva and DNA 
metrics. Bio Med Central [accessed 2015 Nov 12]; 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2776600/ 
 
Rogers NL, Cole SA, Lang HC. 2007. New Saliva DNA Collection Method Compared to 
Buccal Cell Collection Techniques for Epidemiological Studies. American Journal of 
Human Biology [accessed 2015 Nov 11]; 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2797479/ 
 
Lobo DM, Alvarez F, Godinho R, Lopez-Bao JV, Rodriguez A. 2015. A New Method for 
Noninvasive Genetic Sampling of Saliva in Ecological Research.PLoS One [accessed 
2015 Nov 12]; Maldonando JE, editor. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4619700/ 
 
Loo JA, Yan W, Ramachandran P, Wong DT. 2010. Comparative Human Salivary and 
Plasma Proteomes.journal of dental research [accessed 2015 Dec 3]; 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3144065/ 
 
Nemoda, Zsofia et al. “Assessing Genetic Polymorphisms Using DNA Extracted from 
Cells Present in Saliva Samples.” BMC Medical Research Methodology 11 (2011): 170. 
PMC. Web. 5 May 2016. 
 

 

 

 

 

 


