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Abstract: An acoustofluidic device using conductive liquid-based electrodes was developed for malaria parasite sep-
aration from white blood cells. In this device, the electrode channels filled with a conductive liquid were used to gen-
erate standing surface acoustic waves (SSAWSs) in a fluidic channel, which can overcome the limitation of conventional
patterned metal electrodes. Separation performance of the device was evaluated using fluorescent polystyrene par-
ticles with two different sizes (2 and 10 um diameters), which were successfully separated. In addition, a mixture
of malaria parasites and white blood cells were also efficiently separated with high purity of ~98% in the CL-SSAW

device at the flow rate of 12 pl/min.
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Fig. 1. Schematic of the CL-SSAW device that separates malaria parasites from white blood cells in the lysed blood sample.
(a) Schematic of the separation device using the conductive liquid-based standing surface acoustic wave (CL-SSAW). (b)
Cross-sectional view (A-A’) of the device in the CL-SSAW working region. (c) Illustration of the flow characteristics of cells
in the Inlet, CL-SSAW working region and outlet. (d) Photograph of the CL-SSAW device
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2. 2K} M| & (Device fabrication)

Fe5Adat A= 2d-8 PDMS(SYLGARD™ 184 Silicone
Elastomer Kit, DC-184, Dow chemical, Korea) &35
ol3t SU-8 B4 Bol AxE gladdy 7148 B3 A
ZrEtH14]. PDMS 22k= Ab4 Zek=n) 24| (CUTE, Femto
Science Co., Korea)= OIQ Fol 250 W, 80 mTorr A
oAl 5025t =EAIXl T FEUo|Ho|E A7
(lithium niobate, LiNbOs3, 128° Y-cut, X-propagation,
NEL Crystal Co., Fukushima, Japan)o] Agt=ch. Hgt
g o]% A= AYd-S A=A M (eutectic gallium indium,
EGaln, Sigma Aldrich, USA)Z Rt} 41 58721
9] YL S8, AT DS shupel Yol E7E 2

TETES AR ARSI A A7 He A
SAHEE 25 A= IDT FAHA 2hs3tct. A= 2d 9
S A=HD Hw)= ol8ste] ALrd 4= Uk
Mdouvie= 8W). 25 T fiu= ¢/ Mdoute = ARE, ci= 7]
ol A gHdute] Hul & eolth(~3450 m/s). M=AHE 9] =
o], Zlo] 9 E£° 717} 60 um, 90 pm L 4 mmE T 2}
T Fulel 2% A HEojA 14.37 = 28.74 MHz 2%
7hssh, 2 =FolA= 28.74 MHz9] 2Hs Fut4=7t A}
SE T fA4 A2 = HY Aot F Y EE
Ak {4 Adel Z3b =ol= ZH7F 60 um, 90 pmolct.

3. MZ FH|(Sample preparation)

Z|50] 2um (B0200, Thermo Fisher Scientific, CA)2}
10 pm (G1000, Thermo Fisher Scientific, CA)2l &%
Zg) ~g)d (polystyrene) QAH= AEIA WZof 2-85}7|
ollel AH9| s B o) AHgEIe. el 2
7l& webeol 71 8E WEe] fAR= ARESH] 9ls)
A e it

P. falciparum 3D7 Yzl2jo} 7|AEL 40 mg/L gentamicin
(Invitrogen Co., Carlsbad, CA), 1.36g/L hypoxanthine
(Sigma-Aldrich, St. Louis, MO), 25 mM HEPES {2-[4-
(2-hydroxyethyl)-1-piperazinyl]ethanesulfonic acid} (Sigma-
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Aldrich, St. Louis, MO), 7.5% sodium bicarbonate (Invitrogen
Co., Carlsbad, CA), 20% glucose (Sigma-Aldrich, St. Louis,
MO), 1 M NaOH (Sigma-Aldrich, St. Louis, MO) 2 20%
AlbuMAX (Invitrogen Co., Carlsbad, CA)7} #7}=l RPMI-
HEPES Hjx|o]|&] 37 °C, 5% COs, 1% Oy & 94% N,
271 skl 3% sutE=A S (Hematocrit)9] Abgh 2@ Al

zol 9] vjobElgle. Mlmi 48AI7HESE vloket = A3
sk
ol AR B XﬂiH EDTAZ} 38 A5 A4Eee

ARgsto] e tietal S22 R (Seoul, Korea)o A 72t

AAREE A B 0}01] Ageteich. A 1 mlo] gl
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urelelo} 7] 53 B 714 4S 98] YU R(SYBR
Green)S AME3lo] dAsllch. A 98t &3 A|RE
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PBS)ol F-sto] FHlskRlow, Az Wef eke]ol 714
T oF 1.3x10"1} 7.4x10° cells/mL

o|gict. Zt Aj2E9] 7i4== hemocytometer (C-chip, INCYTO,
Korea)E o]&3lo] A4=3519ith 2 ALo)A] A1LE vk
welelols Eake BE ckel Bol ASL A 2l
Sk LEHY oJstd 4] 093] (Korea University Guro
Hospital Institutional Review Board, IRB)e] HE W
2:0]& WICHIRB Number: 2019GR0080).

4. Mg & XM Experimental set up & process)
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Fig. 2. (a) Separation of 2 and 10 pm fluorescent polystyrene particles at the inlet and the outlet with and without CL-SSAW
at the applied power of 600 mW. (b) Recovery rate of 2 and 10 pm fluorescent polystyrene particles at the center outlet
depending on the applied power. The standard deviation of the recovery rate depicts the measured values from five different
experiments (n=5)
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Fig. 3. (a) Separation of white blood cells and malaria parasites
with and without CL-SSAW application at the applied power of
1066 mW. White arrows indicate white blood cells. (b) Recovery
rate of white blood cells and malaria parasites at the center
outlet depending on the applied power. (c) (top) Bright-field
and (bottom) fluorescent microscopic images of samples at
the inlet, outlet A and outlet B, respectively. White and yellow
arrows indicate white blood cells and malaria parasites,
respectively. The standard deviation of the recovery rate depicts
the measured values from five different experiments (n=>5)
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Fig. S1. Size distribution of malaria parasites. (Inset figure) Bright-field and fluorescent microscopic images of malaria
parasites
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