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Graphical Abstract

A simple, high-efficiency, clamshell-style, superhydrophobic plasma separator for point-of-care
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Abstract

To meet stringent limit-of-detection specifications for low abundance target molecules, a relatively
large volume of plasma is needed for many blood-based clinical diagnostics. Conventional
centrifugation methods for plasma separation are not suitable for on-site testing or bedside
diagnostics. Here, we report a simple, yet high-efficiency, clamshell-style, superhydrophobic plasma
separator that is capable of separating a relatively large volume of plasma from several hundred
microliters of whole blood (finger-prick blood volume). The plasma separator consists of a
superhydrophobic top cover with a separation membrane and a superhydrophobic bottom substrate.
Unlike previously reported membrane-based plasma separators, the separation membrane in our
device is positioned at the top of the sandwiched whole blood film to increase the membrane
separation capacity and plasma yield. In addition, the device’s superhydrophobic characteristics (i)
facilitates the formation of well-defined, contracted, thin blood film with a high contact angle; (ii)
minimizes biomolecular adhesion to surfaces; (iii) increases blood clotting time; and (iv) reduces
blood cell hemolysis. The device demonstrated a “blood in-plasma out” capability, consistently
extracting 65+£21.5 pL of plasma from 200 pL of whole blood in less than 10 min without electrical
power. The device was used to separate plasma from Schistosoma mansoni genomic DNA-spiked
whole blood with a recovery efficiency of > 84.5 + 25.8 %. The S. mansoni genomic DNA in the
separated plasma was successfully tested on our custom-made microfluidic chip by using loop

mediated isothermal amplification (LAMP) method.



Lab on a Chip

Introduction

Plasma extraction or separation from raw whole blood is usually required for blood-based clinical
diagnostics because 1) the inclusion of blood cells or components such as hemoglobin may inhibit
subsequent DNA or RNA polymerases in enzymatic amplification tests (e.g., PCR), leading to an
unreliable quantification or even false negatives;1 ii) inhibitors from whole blood can also interfere
with immunoassays and result in low sensitivity;” and iii) many accepted standards of care are based
on pathogen levels in cell-free plasma rather than whole blood.”® For example, HIV viral load
testing is based on detecting cell-free virus in blood, but not reverse-transcribed viral DNA
integrated in the chromosomes of blood cells. Centrifugation is one the most widely used methods
for plasma separation in biomedical laboratories. However, centrifugation is not suitable for on-site
or bedside applications. Centrifuges may also not be available in sufficient numbers even at hospitals
in resource-constrained settings. Hence, it is desirable to develop simple inexpensive plasma
separation methods that can operate without electricity.

In the past decade, different approaches have been reported to extract plasma from whole blood
at the point of care,” including capillary imbibition,® blood cell sedimentation,”'® and cross-flow
filtration.'"'* However, these methods either require a pre-dilution prior to blood separation or
operation with minute volumes of blood (<10 pL). Extensive dilution may, however, adversely affect
the limit-of-detection, which is critical in many clinical samples with relatively low abundance target
molecules. Minute volumes of plasma cannot provide sufficient target for amplification such as
needed for the monitoring of HIV viral load,””" and the detection of cell-free nucleic acids
(cfNAs).'?° For example, the state of the art limit of detection of HIV viral load is 50 copies/mL. At
this concentration, most 1 pL. blood samples will contain no virus at all. Even if one is content with a
limit of detection of 1000 copies/mL (a concentration of HIV virus that requires change of therapy),
! 'many 1 pL blood samples will present negative. To address this need, several membrane-based
plasma separators have been developed and tested for extracting a relatively large volume of
plasma.?** Homsy et al.** described a bottom-positioned, membrane-based, blood filtration element
(BFE), capable of extracting 12 pL of plasma from 100 pL of undiluted whole blood. The device
used an external vacuum pump to provide a negative pressure for plasma extraction. Wang et al®

reported a microfluidic chip with an embedded 2 pm pore size bottom-positioned membrane filter to
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separate plasma and HIV virus. However, all these bottom-positioned membrane configurations are
susceptible to clogging, leading to a low separation capacity and low plasma yield. To address this
shortcoming, our group has previously developed a vertically-positioned membrane-based,
sedimentation-assisted, plasma separator, which is capable of extracting 275 puL of plasma from 1.8
mL of undiluted whole blood.?® However, this device requires collecting more than milliliters of
venipuncture blood, which is relatively invasive and incompatible with onsite testing. In particular,
children below 24 months of age are restricted to 700 pL of whole blood draws.”” In comparison,
finger or heel-prick blood sampling is less invasive and more convenient than venipuncture

3% and has been validated against standard phlebotomy in clinical testing.’' There is a

sampling,
clear need for a high-efficiency, rapid, non-instrumented, point-of-care (POC) plasma separator for
extracting a relative large volume of plasma from several hundred microliters of finger or heel-prick

L***%), instead of milliliters of venipuncture blood sampling.

blood (maximum volume is 250-500 p

Superhydrophobic surfaces, as seen in lotus leaves, typically have a water contact angle greater
than 150 © and a small roll-off angle (< 10°). These surfaces are self-cleaning, that is, water droplets
can roll off these surfaces at a very small tilt angle and carry away dust particles and debris.***’
Superhydrophobic coatings have been applied to surfaces to repel bioparticles due to their excellent
anti-adhesion and anti-biofouling properties.’**” In recent years, there has been an increasing interest

38,39

in incorporating superhydrophobic surfaces into microfluidic devices for fluid manipulation™”" and

bioanalytical applications.“o’41

Here we report a new, simple, inexpensive, disposable, high-efficiency, clamshell-style,
superhydrophobic plasma separator for relatively large-volume plasma extraction from several
hundred microliters of whole blood. Unlike previously reported membrane-based separators,”>2® our
superhydrophobic separator takes advantage of: i) the combination of gravitational sedimentation of
blood cells and a top-positioned membrane filtration mechanisms to reduce membrane clogging and
to enable the extraction of relatively large plasma volume, and ii) superhydrophobic characteristics to
reduce the loss of target biomolecules and to prevent the sandwiched blood film from spreading. We
demonstrated an extraction of 65 £21.5 pL of plasma from 200 pL of whole blood on our device
within less than 10 minutes. The utility of this superhydrophobic plasma separator for molecular
diagnostics application was demonstrated by separating plasma from Schistosoma mansoni

DNA-spiked whole blood. The S. mansoni DNA in extracted plasma was tested with our
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microfluidic chip 2 that carried out nucleic acid isolation and amplification, demonstrating that the
plasma was of sufficient purity for polymerase activity. The plasma separator described herein can
be used as a stand-alone module to separate the plasma from the whole blood. Accordingly, the
device is suitable for onsite testing at home, in the clinic, at bedside, as well as in resource-poor
regions of the world, where funds, trained personnel, and laboratory facilities are in short supply, and

in settings lacking electrical power.

Experimental

Superhydrophobic plasma separator

The clamshell-style, superhydrophobic plasma separator depicted in Fig. 1 is 5.4 cm long x 3.0 cm
wide x 0.8 cm thick. Both top and bottom substrates were fabricated by 3D-printing (Projet 6000HD,
3D Systems, USA), and hinged together with a pivot joint (Fig. S1 in Supporting Information). The
bottom substrate contains a 13 mm diameter x 1.3 mm deep blood well and is designed to
accommodate ~ 200 pL of blood. The top cover has 11 mm diameter x 0.5 mm deep depression. An
array of cylindrical micropillars, each 300 um tall and 500 pum in diameter, was printed into the floor

of the depression (inset in Fig. 1B and Fig. S2 in Supporting Information). The micropillar array

serves as a support for the plasma separation membrane (Vivid"™, Pall Life Sciences, East Hills, NY).

The micropillar array cavity connects to a 1.5 mm diameter vertical via (plasma exit port) (inset in
Fig. 1B and Fig. S2 in Supporting Information). The size of the exit port matches tightly the outer
diameter of a 200 uL pipette tip that was used to collect the plasma. We applied commercially

. ™
available, spray-on ‘“Neverwet

to form thin superhydrophobic coatings on both substrates in the
two-step process suggested by the manufacturer.*

The 11 mm diameter, separation membrane was cut by a CO, laser cutter (Universal Laser
Systems). A double-sided adhesive tape (McMaster-Carr, New Brunswick, NJ) was cut with the laser
to the same external dimensions as the membrane. An 8 mm diameter circle (an area of ~ 0.5 cm?)
was removed from the adhesive tape center to leave an annular frame. The adhesive frame was
attached to the plasma separation membrane. The resulting laminate was placed on the top of the

micropillar array and pasted to the frame surrounding the array to entirely cover the micropillar

array.
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Vivid™ plasma
separation membrane

Blood drop

Blood well

Superhydrophobic bottom

Fig. 1: (A) A schematic illustration of a clamshell-style, superhydrophobic plasma separator. The device
consists of a superhydrophobic, cover with a separation membrane and a superhydrophobic bottom with a
blood well. (B) A photograph of the superhydrophobic plasma separator. Inset is an optical image of a

micropillar array located in the depression of the superhydrophobic top cover.

Blood compatibility characterization of spray-on superhydrophobic surface

The morphologies of the spray-on superhydrophobic surface and non-coated 3D-printed substrate
were imaged with a scanning electron microscope (SEM) equipped with a focused ion-beam (FIB)
(FEI Strata DB235).

To determine whether the superhydrophobic surfaces can reduce biomolecular adhesion, we
sandwiched 100 pL of plasma sample spiked with a known S. mansoni DNA concentration (50 fg)
between the two spray-on superhydrophobic substrates. After 10 min, the plasma was recovered, and
the S. mansoni DNA in the plasma was detected by real time quantitative loop-mediated isothermal
amplification (LAMP). To test the anticoagulant property of the spray-on superhydrophobic coating,
30 pL of fresh blood was dropped onto the surface, followed by incubation at 37 °C for 20 min. Then,
the blood was rinsed by DI water. To assess the hemocompatibility of the coating, 200 puL of whole
blood was placed on the coated substrate. After 20 min, 4 mL of isotonic saline was added to the
blood sample to stop hemolysis. Positive and negative controls were, respectively, produced by
adding 200 pL of whole blood to 4 mL of distilled water and to isotonic saline. All the test samples
were centrifuged. Optical density (OD) of the supernatant was measured at 540 nm using a ND-1000

6
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spectrophotometer (NanoDrop Technologies, Wilmington, DE).

Sample preparation and device testing

De-identified, EDTA anticoagulated, whole blood samples from healthy donors were collected by
the Hospital of the University of Pennsylvania with the approval of the Institutional Review Board
(protocol: 814752). All blood samples were handled without any dilution.

200 pL of the whole blood spiked with S. mansoni DNA (obtained from the Schistosomiasis
Resource Center, for distribution by BEI Resources, NIAID, NIH) was loaded into the blood well
(Fig. 2A). Then, the plasma separator was closed to sandwich the whole blood between the two
superhydrophobic surfaces. The blood formed a thin film (Fig. 2B). The sandwiched blood film was
left to sediment for 7-10 min. As seen in the inset of Fig. 2B, the blood cells settled towards the
bottom of the blood film. After cell sedimentation at room temperature (20-25 °C), the tip of a 200
pnL Eppendorf pipette (Brinkman Instruments, Inc., Westbury, NY) was inserted into the plasma exit
port to collect plasma (Fig. 2C). The plasma containing S. mansoni DNA filtered through the
Vivid™ plasma separation membrane, while the red blood cells (RBCs) and white blood cells
(WBCs) were retained in the blood well.

Our separator’s recovery efficiency for S. mansoni DNA was evaluated against standard
laboratory procedures. To establish a reference, anti-coagulated whole blood samples containing S.
mansoni DNA at various concentrations were centrifuged at a full speed (14,000 rpm) for 10 min
using a bench-top centrifuge at room temperature (Labnet International Inc., Woodbridge, NJ). Both
S. mansoni DNA-laden plasma samples extracted with our plasma separator and separated by the
bench-top centrifuge were analyzed by real time LAMP. The S. mansoni DNA amount in the plasma

samples separated with our device and that of the centrifuged plasma were then compared.

n (A) Membrane (B) ’ (C)
| :

‘ ‘ Blood introduction
|
B

s =
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Cell gravity sedimentation Pla=rs cc;ﬁection

Fig. 2: A sequence of images illustrating the plasma separation process. (A) A 200 pL of blood sample spiked

with S. mansoni DNA was loaded into the superhydrophobic plasma separator. (B) When the top cover was
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closed, the blood was sandwiched between the two superhydrophobic surfaces and formed a thin blood film.
After gravitational sedimentation, the top blood layer is much clearer than the bottom layer as schematically
shown in the greatly enlarged left inset. (C) A 200 pL pipette was used to collect the plasma through the

plasma exit port.

8. mansoni genomic DNA testing

The S. mansoni DNA in the separated plasma was subsequently extracted and amplified in our
custom-made microfluidic chip.*** Briefly, the chip contains three independent, multifunctional,
isothermal amplification reactors. Each of these reactors is equipped with a flow-through Qiagen™
silica membrane (QIAamp DNA Blood Mini Kit) at its entry port. The 30 pL of plasma collected
with our plasma separator was mixed with 30 pL of Qiagen™ lysis buffer and inserted into one of
the amplification reactors. The nucleic acids bound to the Qiagen™ silica membrane. Subsequent to
the sample introduction, 50 puL of Qiagen™ wash buffer 1 (AW1) was injected into the chip to
remove any remaining amplification inhibitors. Then, the silica membrane was washed with 50 uL
of Qiagen™ wash buffer 2 (AW2), followed by air-drying for 30 seconds. Next, 22 pL of LAMP
master mixture, which contained all the reagents necessary for the LAMP including 0.5 x
EvaGreen® fluorescence dye (Biotium, Hayward, CA), was injected into each reaction chamber
through the inlet port. The target for LAMP amplification was the highly-repetitive Sm1-7 sequence
of the S. mansoni genomic DNA. The primers were described elsewhere.** The molecular diagnostic
chip was placed on a homemade, portable heater and heated to 63 °C for ~ 60 minutes. The
fluorescence excitation and emission imaging were carried out with a handheld, USB-based,
fluorescence microscope (AM4113T-GFBW Dino-Lite Premier, AnMo Electronics, Taipei,

Taiwan).45

Results and discussions

Biocompatibility of the spray-on superhydrophobic surface

Inspired by nature, various methods for the preparation of biomimetic superhydrophobic surfaces
have been reported,* including electrochemical deposition,*’ templating method,*® self-assembly,*
and micro-/nanofabrication.”® Here, we sprayed a superhydrophobic coating on our plasma separator

TM>»

. . . ™ . .
by using a commercially available “Neverwet .” The spray-on “Neverwet contains organic
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solvent (i.e., acetone, xylene, liquefied petroleum gas) and silica.’’ We selected this particular
surface treatment method because of its simplicity, low cost, and compatibility with various
materials. Fig. 3 shows the morphologies of the spray-on superhydrophobic surface and non-coated
3D-printed substrate. The coated surface features micro-/nano- scale asperities (Fig. 3A) that render
the surface superhydrophobic with a water contact angle of 152° (inset in Fig. 3A). In contrast, the

uncoated substrate is smooth (Fig. 3B) with a contact angle of 71.6° (inset in Fig. 3B).

0=152° 0=71.6°

Fig. 3: SEM images of the substrates with (A) and without (B) the spray-on superhydrophobic coating. Inset:

static water contact angle of a 5 pLL water droplet on the respective surface.

We further evaluated the biocompatibility of the spray-on superhydrophobic coating, with regard
to biomolecular adhesion, blood-clotting time, and hemocompatibility. The spray-on
superhydrophobic coating had only 2.6% DNA loss, which was 9 times lower than that of the
non-coated substrate (23.9%), in the presence of 0.5 pg/mL S. mansoni genomic DNA in plasma.
This striking reduction in absorption may be attributed to the reduced liquid-solid contact area due to
the presence of air pockets entrapped among the micro-/nanoscale hierarchical structures of the

superhydrophobic coating.

Hemolysis should be avoided since lysis of red blood cells introduces hemoglobin, a strong
inhibitor of both enzymatic amplification and ELISA, into the plasma. In the presence of hemoglobin,
there are two absorbance peaks: one at 540 and another at 576 nm. We compared the absorbance

spectra of the plasma extracted by our device with the spectra of centrifuged plasma using a
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benchtop instrument (Fig. S3 in Supporting Information). There are no obvious absorbance peaks at
540 and 576 nm for both the on-chip separated plasma sample and the benchtop centrifuged plasma.
To assess the hemocompatibility of the superhydrophobic coating, we defined the hemolysis rate
(HR) as the ratio of the optical density (OD) difference between the test sample (ODyy) and the
negative control (ODpegaiive) vs. the OD difference of the positive (ODpgsitive) and negative (ODpegative)
controls.” Our experiments show that the hemolysis ratio of blood on the spray-on superhydrophobic
surface is about one-ninth of that of the uncoated substrate, providing direct evidence of the

enhanced hemocompatibility of the superhydrophobic surface.

In addition, we did not observe any blood clotting on the superhydrophobic surface (Fig. 4A)
after incubation with 30 pL of whole blood at 37 °C for 20 min. In contrast, a large blood clot
appeared on the surface of the uncoated substrate (Fig. 4B), suggesting that our superhydrophobic

surface had good blood compatibility in preventing thrombus formation.

Fig. 4: Photographs of blood clots on the spray-on superhydrophobic substrate (A) and on the uncoated
substrate (B) after incubation with whole blood at 37 °C for 20 min. The dashed ellipse indicates the location
of the blood drop on the superhydrophobic substrate (A). A sequence of images illustrating the plasma
separation from whole blood film sandwiched between two superhydrophobic substrates (C) and uncoated

substrates (D).

Top-positioned membrane-based, sedimentation-assisted, separation mechanism

22-24

In conventional membrane-based separation, the plasma separation membrane is placed

horizontally at the bottom of the sample introduction chamber. Since the blood cells are heavier than
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the plasma, they sediment directly on the membrane surface. Although this arrangement exposes the
membrane to a spatially uniform cell concentration, the membrane is easily blocked by the blood
cells. In contrast, here, we propose a top-positioned membrane to facilitate sedimentation-assisted,
separation, increase membrane separation capacity, and improve plasma yield. The top-positioned
membrane configuration allows for gravitational sedimentation of the blood cells away from the
membrane surface (Inset in Fig. 2B) rather than precipitation directly onto the membrane
surface.”** This arrangement reduces the membrane blockage by blood cells and increases the
membrane separation capacity without excessive hemolysis.

In operation, the blood drop is placed in the blood well and a few minutes are allowed for the
blood cells to sediment. The gravitational sedimentation process of the blood cells is shown in Fig.
S4 in Supporting Information. After the sedimentation, a pipette is inserted into the plasma exit port
at the top cover (Fig. 2C). When a negative pressure is applied by the pipette, the resulting pressure
difference across the membrane induces plasma flow through the membrane while the blood cells are
left behind. Since the pipette provides a continuous negative pressure and the flow velocity of the
plasma is low (~60 pL/min), re-floating of blood cells does not occur during plasma extraction.
Plasma filtered through the separation membrane enters the space among the micropillars. This space
constitutes the dead volume of the device. When selecting the micropillar dimensions, we attempted
to minimize the dead volume among the micropillars and the micropillars’ surface area while
maintaining dimensions compatible with the tolerances of our 3D-printer. The array’s pitch was
selected small enough to prevent excessive sagging of the membrane during the application of
negative back pressure. Since the volume among the micropillars is less than 5% of the volume of
the plasma separated in a typical device, reducing the micropillars’ heights will complicate the
manufacturing process while yielding diminishing gains in performance. Thus, we selected 300 pm
tall micropillars as a reasonable compromise.

Figs. 2 and 4C, and Video S1 in Supporting Information illustrate in detail the operation of the
superhydrophobic plasma separator. When blood was sandwiched between two superhydrophobic
substrates, a thin, well-defined, blood film with a high contact angle was formed as shown in Fig.
4C-1. When the plasma was withdrawn, the sandwiched blood film contracted (indicated by arrows
in Fig. 4C-II) and no blood was left on the superhydrophobic substrate (Fig. 4C-III) after plasma
withdrawal. This is in sharp contrast with the performance of the uncoated substrates, on which the

11
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blood spread and remained (Fig. 4D).

Our superhydrophobic plasma separator with the top-positioned separation membrane extracted
65 +£21.5 pL (n=10) of plasma from 200 pL of undiluted whole blood. This corresponds to a
membrane separation capacity of 130 pL/cm?, which is 6.5 times higher than the value (20 uL/cm?)
specified by the Vivid™ membrane manufacturer.>

Next, we compare the plasma volume (Vevice) separated with our device with the plasma volume
(Veentrifugation) separated with a benchtop centrifugation method. We define our device’s yield Y=
Vievice/' Veentrifugation X 100%. We find, Y=70+ 23% (n=10). Although we designed our device to
extract plasma from 200 pL of whole blood (which is comparable to the volume extracted from a
finger-prick, i.e., 250-500 pL**??), our plasma separator can be tailored to operate with other
volumes of whole blood with only slight design modifications. As seen in Fig. S5 in Supporting
Information, by increasing the size of the separation membrane and the blood well, we separated
plasma from 800 pL of whole blood.
S. mansoni genomic DNA detection on a molecular diagnostic chip
Schistosomiasis is the second most prevalent parasitic disease in the tropics and subtropics.’*>
About 779 million people in 77 endemic countries live in areas where the risk of infection is high.
Since our main objective in separating the plasma from the whole blood is to detect cell-free DNA
and plasma pathogens by molecular diagnostics, it is necessary to know whether our separation
process affects the S. mansoni genomic DNA concentration in the plasma. Loss of targets can occur,
for example, due to non-specific binding of the DNA to the separation membrane and the various
structural constituents of the separator, e.g. the micropillar array with its relatively high surface area.
To test the DNA recovery, we constructed a 3D-printed tube (Fig. S6 in Supporting Information)
with a 1.5 mm diameter Qiagen™ silica membrane to extract S. mansoni genomic DNA from 30 pL
of plasma separated with our plasma separator. The extracted DNA was quantified by real time
LAMP method on a benchtop PCR machine. The on-chip extracted plasma showed a S. mansoni
genomic DNA recovery yield of > 84.5 + 25.8 % (n=3) (Fig. SA) when compared with traditional
centrifugation method. As the S. mansoni genomic DNA in the whole blood increased, so did the
recovery rate. This increase in recovery rate could be due to the saturation of non-specific surface
binding sites in the device. These results clearly demonstrate that our superhydrophobic plasma
separation device with a top-positioned membrane has a great potential for use in clinical, molecular

12
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testing with downstream detection assays with minimal loss of target biomolecules.

To test the suitability of the plasma extracted with our separator for point-of-care, nucleic
acid-based detection, we separated plasma from schistosome DNA-spiked blood using our
superhydrophobic separation device, and then carried out the amplification process in our molecular
diagnostic chip.”® Fig. 5B depicts fluorescence emission of intercalating fluorescent dye in three
amplification chambers of our molecular diagnostic chip at the end of LAMP amplification of
plasma samples spiked with different concentration of S. mansoni genomic DNA. The target S.
mansoni genomic DNA amount in each chamber was 10 fg, 1 fg and 0 fg (negative control) (left to
right). The test reaction chambers with positive samples emitted a strong green fluorescence due to
the amplification of target DNA molecules while the negative control chamber did not show any

emission. Our molecular diagnostic chip was able to detect as few as 0.5 fg of S. mansoni genomic
DNA (based on the S. mansoni genome size of ~365 Mb*®, a single genome equivalent is 0.4 pg).

This experiment indicates that the plasma separated by our superhydrophobic plasma separator is

suitable for nucleic acid amplification.

13
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Fig. 5: (A) Recovery efficiency of S. mansoni genomic DNA on our plasma separator at various

concentrations. (B) Endpoint, fluorescence images of intercalating dye in three amplification chambers, target
DNA amount in each chamber is 10 fg, 1 fg and 0 fg (negative control) (left to right). The dashed squares

outline the locations of the amplification reactors.

Conclusions and outlook

We described a simple, high-efficiency, clamshell-style, superhydrophobic plasma separator for the
extraction of plasma from whole blood. Our separator takes advantage of de-wetting phenomena and

biocompatibility of superhydrophobic surfaces. Unique to our device is the combined use of multiple

14
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separation principles and strategies, including cell sedimentation, size-based filtration, and lotus-leaf
effect. The top-positioned, membrane-based, separation mechanism improves performance with
respect to sample volume capacity and plasma yield, while the superhydrophobic surfaces offer
minimal hemolysis or contamination of the plasma with substances such as hemoglobin, and reduce
losses of the target analytes (i.e. DNA) due to unwanted surface binding. The plasma yield of our
device is about 70% of centrifugation-based benchtop processes.

We have demonstrated that the plasma extracted with our plasma separator is appropriate for
molecular detection of target analytes contained in whole blood by spiking blood with S. mansoni
genomic DNA and using the plasma in the microfluidic-based nucleic acid amplification. We
demonstrated a high efficiency recovery of nucleic acids (> 84.5 + 25.8 %)).

Most of our experiments focused on blood volumes that can be obtained from a finger prick and
we demonstrated the separation of 65+£21.5 pL of plasma from 200 pL of whole blood. By simple
design changes, our device can be adapted to operate with other whole blood volumes. We fabricated
our prototypes using 3D-printing. The use of 3D printer is ideal for device design as it allows a rapid
turn around between design and prototype. This manufacturing method is too slow, however, for
mass production. For mass production, our separator will likely need to be manufactured by injection
molding.

The superhydrophobic, easy-to-use plasma separator reported herein can be used as a stand-alone
separation device at home, in the clinic, as well as in resource-constrained settings where funds and
trained personnel are in short supply. Moreover, the simplicity of the format, non-instrumented
operation and the ability to integrate with existing microfluidic devices will provide for convenient

uses in downstream processing and analysis.”’
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