
1 - Electronic Supplementary Information -

2 Fully-automated and field-deployable 

3 blood leukocytes separation platform 

4 using multi-dimensional double spiral (MDDS) 

5 inertial microfluidics

6

7 Hyungkook Jeon,a,b Bakr Jundi,c Kyungyong Choi,a Hyunryul Ryu,a Bruce D. Levy,c Geunbae 

8 Limb and Jongyoon Hana,*

9

10 aResearch Laboratory of Electronics, Massachusetts Institute of Technology (MIT), Cambridge, 

11 MA 02139, USA.

12 bDepartment of Mechanical Engineering, Pohang University of Science and Technology 

13 (POSTECH), 77 Cheongam-Ro, Nam-Gu, Pohang, Gyeongbuk 37673, the Republic of Korea.

14 cDivision of Pulmonary and Critical Care Medicine, Brigham and Women’s Hospital and Harvard 

15 Medical School, Boston, MA 02115, USA.

16

17

18 *To whom correspondence should be addressed. E-mail: jyhan@mit.edu

1

Electronic Supplementary Material (ESI) for Lab on a Chip.
This journal is © The Royal Society of Chemistry 2020



19 Table of Contents

20 Fig. S1. Particle trajectories at (a) transition region and (b) outlet region in the MDDS device under 

21 various flow rate conditions; particles having diameters of 6 (green) and 10 μm (red) were used to 

22 mimic the movement of RBCs and WBCs, respectively (scale bar: 200 μm). IW, inner wall; OW, 

23 outer wall.

24 Fig. S2. (a) Channel configuration of the single spiral device. (b) Particle trajectories in the single 

25 spiral device; particles having diameters of 6 (green) and 10 μm (red) were used to mimic the 

26 movement of RBCs and WBCs, respectively (scale bar: 200 μm). IW, inner wall; OW, outer wall.

27 Fig. S3. Microscopic images of blood samples in (a) the single spiral and (b) the MDDS devices 

28 under various blood dilution conditions (scale bar: 200 μm); 20 consecutive images captured by a 

29 high-speed camera were overlaid for clear comparison. MDDS device, multi-dimensional double 

30 spiral device.

31 Fig. S4. (a) A photo of the recirculation platform having a single-version of MDDS device. (b) 

32 RBC and (c) WBC recovery rates and (d) WBC purity rate from the inner wall outlet with the 3 

33 cycles of recirculation under various flow rate conditions; initial sample: 500× diluted blood. (e) 

34 RBC and WBC recovery rates under the optimal flow rate condition, 2.3 mL/min. The values in 

35 graphs are expressed as the mean±SD (n=3−4). The bar graph in (e) shows recoveries on each 

36 cycle while the line graph shows accumulate recoveries. RBC, red blood cell; WBC, white blood 

37 cell.

38 Fig. S5. CAD images of the 3D-printed connectors fabricated for three different recirculation 

39 platforms having (a) a single-version of MDDS device, (b) two quad-version of MDDS devices, 

2



40 and (c) one quad-version of MDDS device, respectively. MDDS device, multi-dimensional double 

41 spiral device.

42 Fig. S6. Gating strategy for the identification of PMNs and assessment of PMN activation and 

43 function.

44 Fig. S7. PLT recoveries and WBC purities under considering the PLT populations for three 

45 different recirculation platforms having (a) a single-version of MDDS device, (b) two quad-version 

46 of MDDS devices, and (c) one quad-version of MDDS device, respectively. The WBC purities of 

47 (a−c) were calculated as the portion of WBCs against RBCs and PLTs. The values in graphs are 

48 expressed as the mean±SD (n=3−4). MDDS platform, multi-dimensional double spiral platform; 

49 PLT, platelet; WBC, white blood cell.

50

51 Video S1. Single spiral device versus MDDS device on blood separation

52 Video S2. Assembly method of a platform having a single-version of MDDS device

53 Video S3. Operation of a platform having a single-version of MDDS device

54 Video S4. Assembly method of a platform having two quad-version of MDDS devices

55 Video S5. Operation of a platform having two quad-version of MDDS devices

56 Video S6. Parallel operation of three different platforms having two quad-version of MDDS 

57 devices

58 Video S7. Hand-powered operation of a platform having two quad-version of MDDS devices

3



59

60 Fig. S1. Particle trajectories at (a) transition region and (b) outlet region in the MDDS device under 

61 various flow rate conditions; particles having diameters of 6 (green) and 10 μm (red) were used to 

62 mimic the movement of RBCs and WBCs, respectively (scale bar: 200 μm). IW, inner wall; OW, 

63 outer wall.
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65 Fig. S2. (a) Channel configuration of the single spiral device. (b) Particle trajectories in the single 

66 spiral device; particles having diameters of 6 (green) and 10 μm (red) were used to mimic the 

67 movement of RBCs and WBCs, respectively (scale bar: 200 μm). IW, inner wall; OW, outer wall.
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69 Fig. S3. Microscopic images of blood samples in (a) the single spiral and (b) the MDDS devices 

70 under various blood dilution conditions (scale bar: 200 μm); 20 consecutive images captured by a 

71 high-speed camera were overlaid for clear comparison. MDDS device, multi-dimensional double 

72 spiral device.
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74 Fig. S4. (a) A photo of the recirculation platform having a single-version of MDDS device. (b) 

75 RBC and (c) WBC recovery rates and (d) WBC purity rate from the inner wall outlet with the 3 

76 cycles of recirculation under various flow rate conditions; initial sample: 500× diluted blood. (e) 

77 RBC and WBC recovery rates under the optimal flow rate condition, 2.3 mL/min. The values in 

78 graphs are expressed as the mean±SD (n=3−4). The bar graph in (e) shows recoveries on each 

79 cycle while the line graph shows accumulate recoveries. The WBC purities of (d) were calculated 

80 as the portion of WBCs against RBCs. RBC, red blood cell; WBC, white blood cell.
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82 Fig. S5. CAD images of the 3D-printed connectors fabricated for three different recirculation 

83 platforms having (a) a single-version of MDDS device, (b) two quad-version of MDDS devices, 

84 and (c) one quad-version of MDDS device, respectively. MDDS device, multi-dimensional double 

85 spiral device.

8



86

Granulocytes
54.6

0 50K 100K 150K 200K 250K

FSC-A

0

50K

100K

150K

200K

250K

S
SC

-A CD45+
100.0

0-10
3

10
3

10
4

10
5

Comp-PerCP-A

0

50K

100K

150K

200K

250K

S
S

C
-A

CD66b+ Nonmonocytes
99.4

0-10
3

10
3

10
4

10
5

Comp-Pacific Blue-A

0

50K

100K

150K

200K

250K

S
SC

-A

CD69
0.77

0-10
3

10
3

10
4

10
5

Comp-Alexa Fluor 488-A

0

-10
3

10
3

10
4

10
5

C
om

p-
P

ac
ifi

c 
Bl

ue
-A

CD62L
89.8

0-10
3

10
3

10
4

10
5

Comp-AmCyan-A

0

-10
3

10
3

10
4

10
5

C
om

p-
Pa

ci
fic

 B
lu

e-
A

CD11b
94.9

0-10
3

10
3

10
4

10
5

Comp-PE-Cy7-A

0

-10
3

10
3

10
4

10
5

C
om

p-
P

ac
ifi

c 
Bl

ue
-A

pHrodo+
98.5

0-10
3

10
3

10
4

10
5

Comp-PE-A

0

-10
3

10
3

10
4

10
5

C
om

p-
Pa

ci
fic

 B
lu

e-
A

Granulocyte
Leukocyte

CD45 (Per-CP)
PMN 

CD66b (Pacific Blue)

pHrodo+ (PE)

CD11b (PE-Cy7)CD62L (BV 510)CD69 (AF 488)

87 Fig. S6. Gating strategy for the identification of PMNs and assessment of PMN activation and 

88 function.
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90 Fig. S7. PLT recoveries and WBC purities under considering the PLT populations for three 

91 different recirculation platforms having (a) a single-version of MDDS device, (b) two quad-version 

92 of MDDS devices, and (c) one quad-version of MDDS device, respectively. The WBC purities of 

93 (a−c) were calculated as the portion of WBCs against RBCs and PLTs. The values in graphs are 

94 expressed as the mean±SD (n=3−4). MDDS platform, multi-dimensional double spiral platform; 

95 PLT, platelet; WBC, white blood cell.
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