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Microfluidics for bio-sample pretreatment
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Lab-on-Chip

« Miniaturization and integration of
laboratory biochemical processes

— Microfluidics, micro-sensors and
micro- actuators

— Reduce cost and waste of bio-
diagnostics

* Problems to address
— Heterogeneous materials bonding
— Standard fabrication protocols
— Optical alignment
— Buffer condition
— Leakage
— Packaging

:}, ! %

2° NvuBlOS

4

(Ref: Sandia lab)
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(Ref: OpenDrop)




Examples of miniaturization

DEL ESTUDID OUE TRAJD GLARDIANES DE LA GALAXIA

LOS HERDES ND PUEDEN SER MAS GRANDES
SOLOD EN CINES = TAMBIEN EN 3D

get
small...
LIVE
LARGE

MATT DAMON
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https://www.youtube.com/watch?v=pgpkXTr1O3k
https://www.youtube.com/watch?v=pgpkXTr1O3k
https://www.youtube.com/watch?v=tE-x5C8vdzQ
https://www.youtube.com/watch?v=tE-x5C8vdzQ

Microfluidics

« Technology of manipulating and
controlling fluids, between 10° to 10
121 in ~10-100 pm microchannel

« Itis a multidisciplinary field from the
development of analytical chemistry
and microelectronic fabrication
technologies

S

(Science, 309, 137-140, 2005)
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Microfluidics in the
human body?

— Blood vessel
— Organs on Chip
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Microfluidics for whole blood
process and detection



Current Bio-Sample Process Problem

« Sample preparation: centrifugation, cell fixing, washing and
cytochemical staining

« The quality of biomarker detection will be affected by sample
preparation

D

Sample Collection Sample Prepara Sample Analysis
i |
\ e QI
— FISH
[ 6 H ('(@ -6 2%
Flow
Obtain Storage & Aliquot & Cytologic  Cytochemical Cytologist

Sample Transportation Centrifuge Smear Stain Diagnosis

A platform to efficiently perform sample preparation

and in-situ analyte detection!!!
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Diseases diagnhosis using whole blood

* Whole blood consists of 54.3% plasma, 45% RBCs, 0.7%
WBCs and platelets

Primary or metastatic tumor

i quund biopsy Traditional biopsy
: C/ Plasma ‘ cfNA Exosomes. pl cells or tissues
/| & 3 - 55% of whole blood ‘
/ $ : - Least dense component “'-,’( @
/__\ » i J 2 - Buffy Coat | sample der ved fr 'nb ody fluid(usually Smpl e derived from s rgulbopsy
7| - Leukocytes and platelets | gedle biopsy
s . A i
ll - <1% of whole blood ‘ Non-invasive yashe tuﬁgﬁ%ﬁ
i i I Erythrocytes Less risk and pain Some risk and pain Necrotic
1. Withdraw - cent"fuge e - 45% of whole blood ‘ Easily and repeatedly obtained " . tumor cell
blood and p‘ace blood sample | - Most dense component Often not easily or repeatedly obtained
in tube Real time detection of comprehensive Spatially and temporally limited tissue
tissue profile profile ﬂ
* Biomark hole blood I
lIomarkers 1n wnoie nloo
L] L] ™ - -
— % d
« Protein, DNA and metabolites=> . & &
Yy .
3 ()

diabetes, mutation disease
 Immune cells or tumor cells=>
Inflammation, cancer
e Bacteria => sepsis, Infection (Journal of Cancer 9(18):3417-3426)
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&) Red blood cell
’Tumor cell

Blood vessel
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Blood Separation Methods

= |
Label-free
ey PLASMA - 55% of Tl Bood Volure No external field
| 2% Nldrks o s el Micro-scale filters
Homrones (erythropaietin, insulin, etc) . . .
Hleciryles fsodium polassium caldum elc Hydrodynamic filtration
st | SRR GNP IR i e e Deterministic lateral displacement

o B Gl (70009000 per 3 of blood Inerti al . .
Gravity and sedimentation

Platelets (250,000 per mmA3 of blood
Red Blood Cells (RBCs) 2 m
Abut 500000 permA3cfbioed (B | Agueous two-phase systems

Blood
l _ Optical
 Plasma Separatlon ‘ Dielectrophoresis

(

' With external field Other format

Acoustophoresis « CD
Magnetophoresis « Paper

collect biood sarple loave the blood for partficn for
30 1o 60 mnutes

Labeled

* Cell Separation
Fluorescence-activated cell sorting

By A./Ml Magnetic-activated cell sorting
JJJ; NTUBIOS Bio-Optofluidic System Lab, NTU 9




Difference between Plasma and Serum

2. Plasma vs. serum

*Plasma is the Serum is the liquid
liquid, cell-free part of blood AFTER
part of blood, that coagulation, therfore
has been treated devoid of clotting
with anti- factors as fibrinogen.
coagulants.

Anticoagulated Clotted

Yoil 2 &=

Eserum

*serum= plasma - fibrinogen

t blood clot
-/ -

http://www.microbiologynotes.com/differences-between-serum-and-plasma/

u“-'
J‘P?" NTUBIOS Bio-Optofluidic System Lab, NTU 10



Blood Separation Method

« Centrifuge + Platelet-Rich Plasma (PRP)
treatment

PRPHIH4NAEEE Kobe {liakabasi
2016055120 (X OCE o

(EE 4&8E8] PRPEREEELS
platelet-rich-plasma + EEE /MR iniE &
& ST EINES SRS ER BT AUE
EER - BEESEARIEKEERAZE(Tiger
Woods) - E48Ek £47ZF (Rafael Nadal) L
RS EHIFENBAERETKobe(Kobe

Platelet rich plasma centrifuge

Collection of around 34ml
(8.5ml each x 4 tubes) of whole
blood (WB) in anticoagulated

Bryant) -
e e B oLl PRPEEZEBFEREZESNE - Bk
]j’“?y“;'., LT/ IMR TBEHZR - B/ M ESTE]

ZEEL - RIEAREEE - FHTEE VN
SRR - BFRE AR - BIURPEIN/MRERR - BEER

Second Spin ‘ v e BT I'Eﬁikﬁﬁi%féfgﬂﬁi °

platelet pellets with

e EIELRAN —FREEERAERERE - BRDUERERME - 9%

of the tubes

Platelet pellets

Homogenize platelet pellets by
thoroughly mixing into lower
1/3volume of plasma,
discarding upper 2/3".

Ready to use 5ml of
homogenized PRP

AY/EREE - EEIEEFESTA - Kobefz201148F - BLEEIER
ETPRPEE - &5 ETPRPEE  EROEIEE2E TH
& FiERRRRE - MEH013EETEBRTMF - thEEse
SHIEIE LHEfTPRP - WEIIIRES -

Bio-Optofluidic System Lab, NTU 11
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Microfluidics for whole blood processing

- PDMS/PMMA-based, CD-based, paper-based microfluidics

* Low sample requirement & shorter sample process time

« Low power consumption or power-free

» Multiple bio-components separation

 Integrate optical or electronic sensors for in-situ biomolecule detection

Plasma '

\Q,.
- Plasma
7 collection

Microfluidic cartridge
(NOWDiagnostics)

,
(Liu et. al. Anal. Chem. 2013, 85, 10463-10470)
(Liuet. al; Lab Chip 2016, 16, 553) Bio-Optofluidic System Lab, NTU 12
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https://www.cytofluidix.com/nowdiagnostics-is-using-quick-fingertip-prick-blood-testing-to-identify-disease/now-diagnostics/
https://www.cytofluidix.com/nowdiagnostics-is-using-quick-fingertip-prick-blood-testing-to-identify-disease/now-diagnostics/

Microfluidics for Whole Blood Process

* Why microfluidics for whole blood process?
— Cost-effective, portable, disposable
— Low sample volume
— Fast response
— Multi-functional

* Four important parameters:
. C)6 asma
— Dilution ratio ¢ _.(E!mcuon

- &
e

— Throughput

— Purity

— Yield
[}) Aﬂ/[n_ L. Leef Group 6_“ .UC Berkeley Section 1
QU5 4? NTUBIOS Bio-Optofluidic System Lab, NTU 13




Integration of microfluidics with electrical
sensors for whole blood analysis

* Why integrating microfluidics with electrical sensors?
(1) on-chip sample process; (2) multiplicity; (3) low sample volume;
(4) fully automated system with embedded signal processing

Blood Sample Microfluidic Process Electrical Sensor
S OIS PEEe Electrochemistry sensing

Reference

L

‘ RBECS \\\ .qet“
-]
“ t
\

Working | | Counter

<\ Protein
Field effect sensing
Gate

1
! fl
5 " . ’
5 HIEEEAET Sample separatlon / focusing-based
qo0 R :c
q ®J ®
41 __I
CDilfusion I

Fully-integrated (lysis / separation lfocusmg)
4! )
o ¥ ©® @ O QAAJS ° o f\g‘]r’ T
ee‘egeze e ©° o ® 5 ® 3 feeee|_|
/ / . Drain (\7\ Source
NG
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Microfluidics for blood cell
lysis and focusmg

« Mechanical lysis: nanoblades, microbubble  swssm wicouic o
* Chemical lysis:

(1) hypotonic solution (DI water) for selective lysis
of RBCs and WBCs
(2) lysing buffer to eliminate red blood cells

%E

17 1 :
Mechanical ,/—71" =

« Narrow channel focusing
« Sheath flow focusing

B we L.
blox h Inlet
F W P 1. Whole biood 2. Lysing buffer Narrow channel Sheath flow
‘r—gmm.‘ i 8 . -ﬁ , — B
4 - [ 4, WBCouu:lLysed RBC l . D S| I

sample sample
G

NTUBIOS (Kuan et. al., Analytical Methods, 2020)  Bjo-Optofluidic System Lab, NTU 15



Microfluidics for blood cell separation

WITHOUT external field I WITH external field |

Sedimentation Micro-filtrgtior? Cell deviation Aeaiistie
Dead-end filtration Obstacles <

‘ gy
/7777 :%Q O Electric /

Cross-flow filtration | Straight channels .- i~ z.

............ D Z® . <
0’9‘ ’:W ¢ ‘\'

Curved channels n

'. Red blood cells \%i

Do we want blood plasma or blood cells?
Bio-Optofluidic System Lab, NTU 16
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Microfluidics for blood cell separation

* Micro-scale filters (Size, deformability)

a Weir-type b Pillar-type Cross-flow

S

for B _B@C.0 ° i
@ia’%}gégo SR

2 0 °970.0 W
=)D\ S IS e B ol
R1>R2>R: Ko

» Hydrodynamic s Lol ) goe
filtration (size, shape) "% 1 JOO.00 0

- Deterministic lateral .. &~ 3 Boldeoo
displacement (DLD) < ™ oD oD 000
(size) e o o2 D dolo\0iec
= ofyelgoe:

$+*‘ ‘Q@ by é %
53) NTUBIOS
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Microfluidics for blood cell separation
Sedimentation

S st e Based on g ravity

Acoustic

Sedimentation icro-filtration Cell deviation

DCd-end filtration Obstacles

B e :C,j;‘jJ « Blood cell separation

ross-flow filtration | Straight channels —
< i > %’,9 e

TR — May not be suitable

’ Curved channels n .
e [ = « Blood plasma separation
The easiest method

A - Sedimentation with B - Sedimentation with ; e : S
Cross-Flow Filtration Back-Facing Step C - Sedimentation in a Plug D- Sedimentation in Trenches
" ‘1/ 5 ¢, 9 ‘1' ,BBCS Plasma—s | Whole blood
4 RBCs [ —— ) i Plasma Extraction
<O _, Plasma RBCs ~1pL blood -
‘,’. ’ - . Plasma _ _
, Blood i af i | Disposable tubing

e H i
\ P AR hmBlood

£ Plasma

E
\Eu.ter Trench

Dilution ratio: None Dilution ratio: 1:5 Dilution ratio: 1:5 Dilution ratio: None
Flow rate: 0.1 pL/min Flow rate: 15 pL/min Flow rate: 0.5 pL/min Flow rate: 0.83 pL/min
Purity: N/A Purity: 99% (Hematocytometer) | Purity: 100% (Image Analysis) Purity: 100% (Image Analysis)
Yield: 20% Yield: 66% Yield: 60% Yield: N/A

El\///}
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Microfluidics for blood cell separation -
Micro-Filtration

WITHOUT external field

S « Based on cell size

e * White blood cell separation

. Curved channels ﬂ
'. Red blood cells | %

« Blood plasma separation

A - Dead-end Filtration with B - Dead-end Filtration with Membrane
Packed Beads and Capillary Actuation Filters and Magnetic Actuation

Deposited Microbead = — Blood IN
Whole Blood Plug (DMBP) E 4

Plasma

\ a. Plastic casing e. Biochip
Capillary | b- Permanent magnet f. Extemal Control Magnet
c. Filter membrane m.a.: Magnetic Actuation

Pump :
d. Double-sided tape
Dilution: None Dilution: None . . .
Flow rate: 0.02 pL/min Flow rate: 50 uL/min K . AU rabayas h | G rou p . U M |Ch |g an
Purity: ~100% (Microscopy) Purity: ~100% (Hemacytometer)
Yield: ~2% Yield: 14%

Bio-Optofluidic System Lab, NTU 19
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Microfluidics for blood cell separation
Cell Deviation

Strea n'lnc
\\PA ( I( \\R( +CTC

i
\\B( foc »c\l
&" CICs t‘\Lad ket ¥
Sample [n

().n r(\x! 1 lnm-:(m(,d eeqr mner wall
I

 The balance of shear gradient and wall effect
life force a 4.

e clufor sammphe preporation Using a Centrfge-0n-> VP ‘ .

o SV
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The fully integrated microfluidics with
electrical sensors for whole blood analysis

* Microfluidics
— Cell focusing
— Cell lysis o
— Cell guiding
— Cell separation
» Electrical sensors
(Electrode, ISFET, EIS)
— Cell counting
— DNA detection C
— metabolite detection

A

Lowpass filter
& Amplifier
Front. Be
é LAMP Electrochemical
icoammeter K
Chamber Detection Chamber
i) E-DNAsensor  LANP
L v B target g
; [ g Salmonellainfected \_~ @&
NI-DAQ /:@f . mouse —_— p
2 eTl m

£
fé; NTUBIOS (Kuan et. al., Analytical Methods, 2020)  Bjo-Optofluidic System Lab, NTU 21



When Microfluidics meet
Electronics or Optics...

* Problems need to solve...
— Bonding of different materials
— Buffer conditions
— Leakages
— Packaging
— Optical alignment
— Standard fabrication protocols

(Ref: OpenDrop)

https://www.youtube.com/watch?v=09n0tfutOp4

(Ref: Sandia lab)

%
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https://www.youtube.com/watch?v=o9n0tfutOp4

Case Discussion: Bad Blood

« Elizabeth Holmes, the CEO of Theranos
« Theranos was a health-care company, but subsequently infamous
for its false claims to have devised blood tests that only needed

very small amounts of blood

Theranos Sample Processing Unit (miniLab)

Material Handling Robot Fluorescence-based

Camera |sothermal detector
-
Themmal System Spectrophotometer 6 %
il o y B

e theranes
| — ._ * Q1l.Issues when minimizing the
theranes sample volume?

https://www.youtube.com/watch?v=wtDaP180Gfw * QZ2.lssues when integrating multiple

. X3 [}J A./]/h. modules into one system?

J,_) TURIOS Bio-Optofluidic System Lab, NTU 23



https://www.youtube.com/watch?v=wtDaP18OGfw

mChip from Harvard for hepatitis C and HIV microRNA detection for cancer diagnosis

Innovation: A Blood Test on a Chip (e.g. Toshiba)
Claros Diagnostics has created the mChip, which can produce accurate test res ﬁ E\ _[ﬂlfﬁ‘l iﬁb\ Bzﬂ#Fﬂﬁ"G‘“ 75“/\11 3@299%& H:II ” 'G%ém H:ll Eﬁﬁ-
10 minutes.
ﬂ‘ By Christine Lagorio-Chafkin Senior writer, Inc. W @Lagorio 1&% Ex 201 9ﬂ51 1 ﬁ 25 E 1 442
num [5 ; , @ WRITE A COMMENT i m !
T
A MNHS e ATLRMEMN EESRE
w H’RL'J:) U;.T{m;gwl . rl—-
) o
\ v [ NTgh
%420 IR rmeman
: 305 " 5053 " 405 "

H1 : SEMR LT JORNAREERORE 70—

Compléfé blood counting (CBC) for I AYARNARH DR ETA—
malaria detection (e.g. Sight Diagnostics’

OLO analyzer) Circulating tumor cell (CTC) detection

(e.g. CellSearch, Leica)
F ey
s .

$HRARECYTE

Section 2 24




Point-of-care (POC) devices

1. Blood is obtained from the
patient’s finger

- ‘ | 3. The biochip is placed

"ﬂ inside the data analysis

— device for  blood
oL analysis.

- b= " & § .
I— -\._\_\_\-.h - -L."'--\._ - - =
r e, ___'H - ) i >

L

~ 10 cm

2. The sample is
Lab-on-chip being processed
System by the biochip

What are the challenges of POC analysis?
1.Simple: power-free, or automatic fluidic control
2.Sample efficient: no dead volume, high selectivity and purity

3.Sensitive: detection spot has to be highly specific
: 3

33 SV

2” NTUBlOS
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https://www.youtube.com/watch?v=iMMYbzizu8c
https://www.youtube.com/watch?v=iMMYbzizu8c

M-Chip for HIV Test

Serial sample loading by
preloaded droplet

Each detection zone represent
to one biomarker

The total analysis time is ~min

- Audio signal
Audno—b_ased (19 kHz) is sent by

/ | SILVER-
SOLUTION
CHANNEL

2. Gold-labeled 3. Washes
antibodies

S. Sia Group at U columbia

re=player_embedded&v=vpxnJM2jSVg Bjo-Optofluidic System Lab, NTU 26
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http://www.youtube.com/watch?feature=player_embedded&v=vpxnJM2jSVg

Magnetic Field Separation

. Blood Cells Separatlon

« C.albicans fungi:

— aleading cause of
sepsis-related deaths_,

ﬁ“”uuf}

Contaminatod Blood e Cloansad Blood .
Micromagnetic—microfluidic blood cleansing Multiplex Channels
device Lab Chip, 2009,9, 1171-1177

S991A2(Q Bumoms Aq
Buixajdiyniy a1nyng
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Blood Plasma Separation by CD

« Use centrifugal force to guide

blood sample

Advantages:

— Cost-effective

— High throughput

— Fast response

Problems:

— Not easy to adjust flow rate
— Require valves

— Tubing Is difficult

https://www.youtube.com/watch?v=iXUtVtpP60Q8

%

o° NTUBIOS

LabCD™ reader

Informatics CD optics
NS
Inlet Vent Plasma
Interface ;
Overflow channel
{ RBCs
; ' Metering' Drain Decantation
sh
1

Bio-Optofluidic System Lab, NTU 28


https://www.youtube.com/watch?v=iXUtVtpP6Q8

Paper-based Microfluidics

« Use capillary force to
guide blood sample
« Advantages:
— Low cost
— Easy of fabrication
— Long term storage
* Problems:
— Flow rate is not
consistent
— Difficult to perform
fluidic valving
— Difficult to integrate
Sensors

%

o° NTUBIOS

P. Yager Group, U Washington G. Whiteside Group, Harvard
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https://www.youtube.com/watch?v=8Jp-TSyrgqA
https://www.youtube.com/watch?v=8Jp-TSyrgqA

Blood Plasma Separation by Paper

« Use capillary force to draw liquid
— RBC aggregation helps plasma separation

(a) (a) Assay reagents (P) Whole blood
e ®¢9 5 ©
- = = .

elhele o
whole blood

Control
Agglutinating antibodies

Plasma
\

(©) Color change (d)

RBC aggregates

RBC aggregates  0-9¢m

X. Yang, O. Forouzan, T. P. Brown and S. S. Shevkoplyas,
Lab Chip, 2012, 12, 274-280

Bio-Optofluidic System Lab, NTU 30



Power-free Blood Separation Microfluidics

* Fluid is driven by vacuumed PDMS

Lab ona Chlp

RSCPublishing ﬁ%ﬂg’wmwmmmmmlm

L. Lee Group at
UC Berkeley

El\///}
{f’ NTUBIOS

Extracted
~  Plasma

/

Flow : '

Direction \ :
Filter

B e - Trench

A $\o°°

Plasma 24
Extraction

7 Filter Trench
5 [aga Biomarker Detection
L, urse

6 Blood Plasma
A ‘ PN —

Suction Chamber

Suction
Chambers
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Challenges of Whole Blood Process

High cellularity of samples

Cell components

aggregation

— EDTA: prevent platelet
activation

— Dilution factors

— Red blood cell lysis: remove
99% of cellular contents

_arge blood volume

DIFOCESS

_ong sample culture time

2” NTUBlOS

Requirements of whole blood
process device:

Easy-of-use: automating multi-
step sample preparation

Yield: Preparing samples with
high cellularity

Purity: achieving high purity cell
populations

Throughput: concentrating rare
cells from large volumes
Multiplexity: preparing small
volume sample for multiple
assays

Bio-Optofluidic System Lab, NTU 32



Diabetes Diagnosis Methods

* Diabetes diagnosis methods in the hospital
— Fasting plasma glucose (FPG) level
— 2-h value in the oral glucose tolerance test (OGTT)
 POC glucose meters at home
— Day-to-day glucose level varies by diet, stress levels and iliness.
— Different hematocrit levels in patients

 Hemoglobin-Alc test (HbAlc /Hb) POC Glucose Meter

— Risk for diabetes: HbAlc ratio = 5.7 to m
6.4%

— Require whole blood processing: cell ‘%
lysis, plasma purification => laborious,
time-consuming and require 1~1.5 mL
blood

u-’
] 5 f’ NTUBIOS Bio-Optofluidic System Lab, NTU 33



Microfluidics Integrating Nanowire Sensors

* Microfluidics + nanowires: on-chip whole blood processing and analytes
detection
* Three-dimensional microchannel: blood cells trapping and plasma dilution
« Programmable piezoelectric pumps: automatic fluidic control
« CMOS nanowire sensors: label-free and dynamic detection of analytes
S—

« Total assay time: <30 minutes ~ — . -
* Required blood volume: 5 pL

Lowpass filter
& Amplifier Rubber Tap
CMOS polysilicon
Pump2 | nanowire sensors
Front Rear = S
inet 1
Picoammeter = ‘
Buffer Printed Circuit Board
Freq|
@, AM@”’ l Top Channel
vor L2 Pump1
NI-DAQ Waste tank
—

Sensing chambe Serpentine channel

- " Blood collection zone Bottom Channel , l 3 .

X - ‘-‘: = _"
2 5 ﬂ% . . - 34
@ :% NTUBIOS Bio-Optofluidic System Lab, NTU




Schematic of CMOS Nanowire Sensors

« 0.35um two-polysilicon-four-metals (2P4M) CMQOS standard
fabrication technology

Exposed

..................................................................
.................................................................

Unexposed

Polysilicon (PO1)
Polysilicon (PO2)
Il Passivation

Metal (Al)

%

o° NTUBIOS

<+ Field Oxide
(Kuan et. al., Lab on Chip, 2016)
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Detection of Hb and HbAlc Concentrations
In Clinical Samples

« Three clinical sample groups with different diabetes risk level
A B

F rr~rnr ~r .~ T~ .~ 11 D1D 0 v I v 1 ' I i L N Ll ' LI
0.04F R2=0.7378 o 1 - R?=0.7216 vl
. 03 0.08f gv O 92
[ V6 - - ! 0}1 -
003F ' 7.7 - r -
; . _ 257 tia 0.06 F 597
S ooof I - U e 0 S B
UL F ell i1 ] 1 a - T 31
z | ge e Z 0% e B L
: . _ - ook : . ~10o 011|
o0 L
0.01 [ o PEI"I'D 7 0.02 - B -
2 g o1 ]
0.00 AT T T T TP TP S P 0.00 M PR PE B B BRI PR B
0 20 40 60 80 100 120 140 160 0 2 4 6 g 10 12
Hb Concentration (mg/mL) HbA1c Concentration (mg/mL)
A Normal subject (HbA1c (%) < 5.7%) © Manually diluted sample
© Paitient with diabetes (HbA1c (%) =6.5%) B Plasma
¥V Paitient with increased risk for diabetes (5.7% =HbA1c (%)=6.4%)

(Kuan et. al., Lab on Chip, 2016)

%

o° NTUBIOS

Bio-Optofluidic System Lab, NTU 36



Microfluidic Platform for Heart Failure Diagnosis

 Integration of sedimentation and porous
membrane to enable dilution-free whole

blood processing contrtPad—cfH
. ‘ .
Isopore Membrane Buffer Section e "ﬁ. :

SiNW Sensor Sensor Section
Fﬂ
Isopore Membra .

Collection Section

Piston Pump

Microfluidic Chip

Sedimentation

Cc

Step 5 B

1 ; ‘ NTU '

P =1 ve 5 :
- 4

§ °- ; SINW Sensor

- ¢ P -ﬂ
Schematics : H p _:Sensor Section
F_ . " Suction
gravity P :
: j PCB
B _iCollection Section

Isopore Membrane

Flow Mode ) ’

Suction Suction Blood Plasma Incubation Washing /
Process Pressing Release / Sedimentation/  Extraction Real-time
Blood Bias Line Measurement
Collection Measurement
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The Microfluidic Device for Plasma
Extraction, RBC, and WBC Trapping

da b 7
Sample Inlet ’

; 60F  R2-0.9980
Buffer Inlet

8 50t Ko

3

S 40f P
8 30t
[ =

Q 20t
O

<C 10F

RBC Zone |

02 04 06 08 10
d Dilution Factor

WBC Zone,

500 um

500
(Kuan et. al., Sciemi]fic Reports, 2018)
Bio-Optofluidic System Lab, NTU 38
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Summary

« We developed various microfluidic platforms for whole blood
processing and in-situ analyte detection

— on-chip whole blood processing and in-situ Ho/HbA1c detection
— dilution-free plasma extraction
— simultaneously plasma extraction, RBC and WBC trapping

« The microfluidic platforms for whole blood processing could
— Improve the accuracy and sensitivity of biosample analysis
— eliminates the cost and time of sample preparation process

— less blood sample volume, important for infants and elderly
people

Section 3
Bio-Optofluidic System Lab, NTU 39
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Microfluidics for bacteria
Isolation and detection



Bacteria Infection Diagnosis Method

« Current bacteria antibiotic susceptibility test (AST)

PBdae Tdltare

* Problems:
1. complicated procedures and bulky instruments
2. prolonged bacteria culture and sample process time

s
@ EEC,\ lNI‘ﬁ‘UIII@S Bio-Optofluidic System Lab, NTU 41




Clinical AST procedures

1-3 days 1 day 1 day

Subculture Antibiotic treatment

Blood culture

« Solution: the use of broad « Challenges of AST :
band antibiotics — Extremely low bacteria in blood

—— — Rapid and efficient diagnosis
/ — Suitable antibiotics 3

A rapid, highly-sensitive bacteria phenotypical analysis is required
Bio-Optofluidic System Lab, NTU 42
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Microfluidics for bacteria AST

« Standard AST 1-3 days 1 day ~hrs
Biological samples (Blood) Manual/Auto
(Ex: blood) Culture HEHSEIIEIC Observation
« Microfluidic AST ~hrs ~mins ~Mmins
Slelegfezl (Bloc_)d) : Broth/ : Metabolite SERS
samples half-time microfluidics S —— detection
(Ex: blood) Culture culture P
l | | |
On-chip culture Metabolite collection & SERS

« System integration D=25nm W=5nm
« Less manipulation error |
* Lower sample volume & process time

« Surface-Enhanced Raman Scattering (SERS)
« Label-free and rapid detection

& O
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Surface-Enhanced Raman Scattering (SERS)

« Raman scattering (RS)

— Inelastic scattering * Surface-enhanced RS
— 1 out of 10 million photons — Rough silver or gold surfaces
— Fingerprints of molecule — Surface plasmon resonance

— Enhance intensity (1010 ~10%4)

Sample molecules Raman scattered light
E>Eo -
Incident laser . ) Nano-
FaWeFaW TRPRTS Féi)gelgh scattered light Light particle
Eo =ko ﬂ +
/\/\ Raman scattered light
E<Eo

(Smith and Dent, 2005)

%
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SERS Spectrum of Bacteria Strains

L L e B A S T T
100 '\ S agalactiae M781\
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| S. pneumoniae TIGR4
+ f v\ ,,,’F“\\V\/.-"‘\ (+)— 1 ‘ —
g———r—d N Y N ’
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pwA)”\f/\j\\n—ﬁJJ\\wﬁ“"’N/“/\\/\&/d\V\“Siz b
7 - e
‘€ o8| .
s S. aureus NCTC8325 5
2 (+) o
5 3
L E) e
5 P. putida S16 )’ B pal
[
%? 5k B £ o6 \k
g P. aeruginosa PA14 =
£ 7 ) L |
o »
5 4 | 2 Uric Acid
- ; = ric Aci
e | E. faecium DO (+) ;_3 b4 _\J\J\/\ A i
3p EE ' l
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Eds (W. R. Premasiri, et al, Anal Bioanal Chem, 2017)
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Microfluidics for bacteria AST

bacteria : :
incubation time-gated I
a» filter I

’ , _E OOOOOOOOOOOOOOOOOOOOOCQ OOO%OOOO ( S E R S I
, ' \ = S5 detection 1
- liquid I
chromatography I

separation I

ko= = = = — |

Microvalve

a3l i

Manifold N s
- Labmi? s "R
- e i 0 Ingy-g360 vy
T - -5y % Langrll A
»
,'{ 17

B | C-SERS Microfluidic Device

Bio-Optofluidic System Lab, NTU
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Automated microfluidic system

185 mm X 133 mm

-

Reservoirs

-

Va.lve . - — 9 - = \ |inp1-g3) ] . ‘ | /] VaIV e S
Manifold e = BEEEES O, ¢ Mlse? :
P - ' . I W201-¢360 &8 3k :
Micro- s S 18 =33t
PUMP e Y~ S S soscccsostts

® O O P @ P D e P O P P @ O O °® e ® e e O e e e e

;" & S S P D O O O O O O O eV e 99 @

. [}J z (Wang et. al., Microfluid. and Nanofluid., 2019)
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On-chip LC separation of FITC and R6G

Mobile phase 60% methanol

A Regions of LC column i
| I I W, | e S |
L=-1.1~3.3 mm L=3.0 ~7.3 mm L=6.9 ~11.3 mmL=11.0 ~15.4 mm M S I E:SO
76 sec 117 sec 157 sec | [N A —— |
l L O 2 4 6 8 10 12 14 mm Bottom J
40 sec 88 sec 169 sec

Q

R6G FITC (e}

> \ =

=

S

ge,

m

(Wang et. al., under review)
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On-chip LC separation and SERS Detection

« Two fluorescent molecule (FITC and R6G) separation and in-situ
SERS detection

nunuﬂuunnﬂnnnnv [
: Sr—=0 Top chamber
L —=—=0_1
-/\—J\M P —

Bottom
FITC standard

" —

Intensity

Middle chamber

\__NJL_/\__.__MJ\_J\/\_,AA,L

R6.G Stalndal:d 1 A 1 A 1 1 1 A
400 600 800 1000 1200 1400 1600 1800

Raman shift (cm™)

(Wang et. al., under review)
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The microfluidic system integrating
membrane filtration and SERS

Filtration Detection
Zone Zone
(. N . . 7~ N
Fluid control system |- — — — — — - Bacteria / DI inlet F- == === =- Raman spectrometry

_ ! SERS Laser
Syringe pumps - substrate .
ék. Membrane /:"R ,:' -

e | e R
\;js,a/ Nz ! Metabolites Spectrometer
Il U / ..... e b

outlet
|— ]
3-way valve side channel :
' I Real-time analysis
|
Waste outlet ( 0E-coli ¢ metabolties ) I
I

Bacteria / DI inlet

1cm

f 2cm
-

+ [Waste outlet Metabolite!utlet

‘53' NTUBIOS (Chang et. al., Anal. Chem. 2019) Bio-Optofluidic System Lab, NTU >0




Bacteria Filtration Capability

 Membrane filter: Polycarbonate membrane (pore size=0.22um)
« Bacteria strain: Fluorescent E. coli (ATCC 25922 transfected with GFP)
* Volume: 1, 5, 10 mL & Concentration: 103 — 10 mL*

1V~ v’ v~ [V (AU by (R v~ 1V~
Injeced concentration (mL") Injected concentration (mL™")
I\ /S

2° NTUBlOS
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On-chip AST

« Susceptible E. coli (ATCC 25922)
» Resistant E. coli (DH5-alpha transfected with kanamycin resistance)

I 100
) Wj\w
3 32 5
o 8
E C
o 9
£ =
16
Y A 2NN
0
(ugeml™)
400 600 80-0 1000 400 600 80-0 1000 0 16 32 64
Raman shift (cm™) Raman shift (cm™) Antibiotic concentration (ug*ml-")
Section 4

u-'
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The microwell-SERS system

C HOLLHALHLALAAA
AobdHALALAAAA
ALALHDLHLLLAA
aAdasaeaolesda
AbdAooesaoesSA
Adolosoassesed
AAoLLLLAAA

Beam Adoossass oAb

splitter E—
L \4@/ substrate
— AN

BB
mJ PDMS |
microwell A A &




Operation protocol of

Microwell-SERS system

1. Incubation with 2. Removal of culture medium 3. Bacteria dispersed inside microwells

antibiotic
m : Ié){ | ﬂ@l—gﬂ
A = .
WA [
S
V \’ 1
PDMS microwell
4. Air-dry 5. Bacteria hydration 6. Removal of water 7. SERS detection
in microchannel
PDMS
SERS

m|crochannel

substrate

(Huang et. al., Lab on Chip, 2020) Bio-Optofluidic System Lab, NTU 54
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The microwell-SERS system for AST

* Bacteria encapsulation images « Antibiotic susceptibility test results of E.
10*CFU/mL

102CFU/mL

10°CFU/mL

10°CFU/mL  5x10°CFU/mL

10°CFU/mL

4

2° NvuBlOS

Microwell Background
signal signal

Intensity (a.u.)

—

a.u.

4000,

(
(€5}
[=}
[=]
o

Intensity

N
Q
o
o

1000 |

(Huang et. al., Lab on Chip, 2020)

coli and S. aureus treated with antibiotic

Antibiotic 15k

1 L 1 1 1
400 600 800 1000 1200 1400 1600
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1 1 1
00 600 800 1000 1200 1400 1600

C
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* Resistant 95
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0.0
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4 DI 0
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Antibiotic 15t ns
r
+
Susceptible
Strain 10
g

Antibiotic

+
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Strain

+

Susceptible

Strain
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The “automated” microwell-SERS system

| I
Py Water Resevoirs

I ,
—&—— Microchannel

A A
M Microwells
(Diameter: 50 um)

Isolated Bacteria

Pump 2

PDMS Microchip 1:m

LabSmith System

El\///
J‘P?’ NTUBIOS

Bio-Optofluidic System Lab, NTU 56




Automated bacteria isolation and
washing process

1. Antibiotic Pretreatments 2. Flow in Bacteria 3. Washing with DI
& Incubation for 2 hr
Antibiotic Powder 1 1
|
| | [ w—p > |
| Va
4. Flow in Air to Isolate 5. SERS Detection
Objective %
| |
-»> Qv > T EHUEE

N B-
\e ‘;: =
L s

o° NTUBIOS
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Washing flow rate optimization

3. Buffer Exchange with DI

Fluorescence beads concentration: s
5 x 107 particles/mL (diameter: 2 um)
Automatic wash 3 min 45

N w w
ol o ol

Beads number (count/well)
N
o

No 5 10 20 25
Washing flow rate (uL/min)

Bio-Optofluidic System Lab, NTU 58
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The SERS spectrum at
various bacteria concentration

1. Antibiotic Pretreatments 2. Flow in Bacteria 3. Buffer Exchange with DI 4. Flow in Air to Isobation 5. SERS detection

/ Objective g

SEEESES

7000 7000
6000 6000
S5 5000 | =L
S L S
£ 4000 2 4000
7] ) 5
c L c
QL 3000~ 2 3000
= £ I
2000 2000 =
1000 fr™Ane/ ™ 1000
0 0 1:-____.
i L L 1 1 L L 1 L L 1 L 1 L 1 L 1 i 1 i
400 600 800 1000 1200 1400 1600 400 600 800 1000 1200 1400 1600
Ramansmﬂ(cm4) Rmnansmﬂ(cwﬂ)

a2 Vi
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AST results using automated
microwell-SERS system

Sample: E. coli. (ATCC 25922) - susceptible « Bacteria concentration: 108 CFU/mL
E. coli. (DH5-q) - resistant « Antibiotic treating time: 2 hours
Antibiotic: kanamycin 16 ug/mL

A B

4000 -

I ATCC 25922
I DH5-a

2000

Intensity (a.u.)
3
8
-.:- 1 L 1 i
740

1000 ¢ 0.54
D - .,- : .'_,\_\' e
A 1 2 1 A 1 2 1 2 1 2 0.0
400 600 800 1000 1200 1400 1600 S+ S. R+ R-
. 4 . . . .
Raman shift (cm”) Susceptible Strain Resistant Strain

fﬁ) NIT[U]IBI]”KDDI% Bio-Optofluidic System Lab, NTU €0



Summary

« A microfluidic device integrating membrane filtration with SERS
substrate for rapid bacteria detection and AST.

« The device enables a high-throughput (~2mL/min), label-free, real
time and in-situ detection with much less manual error.

« The device currently achieves ~10000X bacteria enrichment.

1-3 days 1 day 1 day
1-3 days 5 hours
< 1 day 5 hours

C ‘ Half blood culture ‘ I ‘ Using microfluidic membrane filtration

% &l
. NTUBIOS
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Microfluidics for cell
trapping and detection



The microfluidic microwell device for
Immunomagnetic single cell trapping

* The microfluidic microwell device « The sweeping process to enable
single particle trapping

A ouumn B 50 uL/min

CEENE Coverslip  SYringe pump

Magnetic beads or Microchannel Figw dieaton
immunomagnetic cells

B Edge of magnet C
I _ [

D

70 pL/min

500 pL/min

¢ Magnetic particle

Flow diréction

« The magnetic field distribution
A Magnetic B

flux density(T)
014 ~009
Permanet =
Magnet Distance 012 Foo7s 0.14mm
to magnet 01
0.06
- 0-14mm {1005 20,045 0.34mm
0.34mm -
[: 0.04 2 0 2 4 6 8 10 12 14 186

Distance (mm)
o° NTUBIOS

(

Magnetic flux dens
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The microfluidic microwell device for
hydrodynamic particle trapping

 The microfluidic microwell device < Flow stream and particle trajectory
with sheath flow simulation

Image view of 10X objective d
I | H X DI Water

Triangular microwell (W/L = 2)

| ———————— e |

0.8mm

\—] Polysterene o _—__ﬁ — > —
- boads Flow direction Q0% L\
e— > —
= A i ST Flow streamline Velocity field
t=0s t=07s t=2s t=56s

Syringe pumps Microchannel Waste

b Circular microwell Triangular microwell Triangular microwell — —
W =40 pm, L =40 pm¥W =40 pm, L = 40 pm (W =80 pm, L =40 pm)
O0000000(aa<adaa4a4d 4 4 7
888050000122 335330690944(9qq4ag4q
9939999144444 44[44444944
e 188859808]eeaaaaalldqddddqq(adddadd i ' i~
S POPPOP 'R R RRRIERRR PR  Particle trapping efficiency
00000000|axaaaa«|[ddddddd|ddddd4d4
Flow rate 15 pL/min 15 pL/min 15 pL/min 15 pL/min
v w/ and w/o sheath flow
WL
RIL 0_;75 0_;75 0_575 0_1225 with sheath flow without sheath flow
Occupancy 71% 28.6% 52.4% 35.7%
AR R RO (R
c e, ittt e G IEEEE SR
 EEEEEEI O aaaann R E Photo qqqqqqqqqqqqqq
SRRl I 444444419474 d(
Photo qqqqdqqqadqqddaqqqqqq{qqd«qq QQQQQQGQQQQQQQ
444494494q]¢ 9 ¢ aaaalaaaaaaafacasaad QQQQQQQQQQQQQQ
4444d4dd]e9aa99afeaaaaaafaaagaaca :
Flow rate 15 uL/min 7.5 uLmin 15 uUmin 30 pL/min Flow rate 15 pL/min 15 pL/min
Re 0.05 0.025 0.05 0.1 Re 0.05 0.05
WL 2 2 2 2
RIL 0.125 0.1125 0.1125 0.1125 WL 2 2
Occupancy 35.7% 52.4% 30.1% 71% R/L 0.075 0.075 .
Occupancy 52.4% 14.3% SeCtlon 5

El\///}
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Tele-health Care for Chronic Renal
Fallure Patients

1.7 million patients suffer from chronic Hemodialysis
renal failure in the world.

* |In Taiwan, there are 70,000 patients

— >90% patients take hemodialysis In
the hospital three times per week =>
USD 100 per treatment

— ~9% patients take peritoneal dialysis
(PD) at home => cost and time
efficient

* The bottleneck of promoting peritoneal @ ~
dialysis is the early-stage inflammation |

Develop a microfluidic platform to monitor the early-stage
iInflammation of PD patients

ﬂ Abdominal
e & y
N ¥,
-

J,_) TURIOS Bio-Optofluidic System Lab, NTU 65



Microfluidics for White Blood Cell Counting

« Key parameters of early-stage inflammation of PD patients
— 100 WBC/ul and >50% neutrophils in PD solutio

ent Microscope Peristaltic Pump

Peritoneal Dialysis Peritonitis
Frce B
Cardiac Monitoring in CAPD Patients
thp 2 FEF

NTU Hospital
A Smartphone B

BEFEA

Microscope

4 | Microfluidic X-Y Motorized

Chip adaptor

. setu
Chlp Stage P
C
rI_‘ @
: i \ Objective
Microfluidic ~ Mercury Shutter
control system . Lamp -
RS 7 . N Dichroic i Computer E

~ ! Mirror

w7 Excitation Emission

filter ———
filter
) ] Double-CCD
Mobile Device
H
5

%
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The Microfluidic Device with
Hydrodynamic Trap Arrays

Zone B

—f

Z N
w2

-

y
| —>| | I
iL1
T

(A) (B)

(E) (F)

500 pm 100 pm
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15 ym Fluorescent Beads and 30 ym
Pluribeads Trapping

Pluribeads: 30um, concentration: 20/uL
Fluorescent beads: 14.8um, concentration: 50/uL
Flow rate: 2uL/min

Sample volume: 10uL

4x speed

Bio-Optofluidic System Lab, NTU 68




Neutrophils Conjugated to 30um Pluribeads

Mix 30mins ( . N
. with roller mixer N . o Neutrophil Anti-CD15 300 Ce"S/pL

U

Polystyrene microbeads
conjugated with antibodies

N
N
<"~
N ]
N

PD soluﬁoﬁ’g

from patients

o) ;/Other WBCS¥/

CD15
surface marker
J

40
- | Il 300 cells/pL 1
35T 600 cells/ul 1 600 cells/pL
— 30F — \Mean = 2.4 cells/bead 4
Q) I Vs
< 25k / AN -
fh) L / I‘ % Mean = 4.2 cells/bead |
D 20F / F A A 4
< ! / Vo ]
I= 15 / / \ \
8 L / / \ \ i
= 10F 1 Y A 1
A " v
SF . _~- \\ ) i
~ —

0 1 2 3 4 5 6 7 8 9
Number of Captured Cells per Microbead
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Microbeads capture more cells under higher concentration
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THP-1 cells conjugated to 30 ym Pluribeads

» Pluribeads and THP-1 cells trapping image under flow rate: 0.05uL/min
ZoneB ZoneC

Y ey Tty . B i b |
t ) ;\?
HP-1 cells W ] : 5 9OF
o) :
'>__ 60 F
A ‘ . Yo ge] :
1\ A L Q 40f
THP-1 dells 2 |
pluribeads 8 20 ]
a ML g 0 :Anti-CD15 Pluribeads ~ THP-1 Cells
f'l_\ r\% Types of Particles
80 . < 80—
0 : [l Anti-CD15 Pluribeads 8 [ 705 Bl Anti-CD15 Pluribeads
« 100% plurlbeads [ | B THP-1 Cells 2 | B THP-1 Cells
. 3 ol . 0 anl
trapping rate R 60 B T 60}
o o |
° 0 _ = 459 i
96 /0 THP 1 CeIIS n(:U 40: 407 o % 40_ 396 396
trapplng rate E’ i § [
« THP-1 cell has s 20t [l = 20 il o2
. - (o] L
CD15 expression : . g |
0 Zone A Zone B Zone C § 0 1 2 3 4 5 6 7 8
Trapping Area < Number of Particles in a Trap

%
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Neutrophils Concentration in PD Solution

« The neutrophils percentage comparison between flow
cytometry and microfluidics

Neutrophils Total WBC Neutrophils Percentage Comparison

Patients Percentage Concentration (pL) 100 IR |:|. "]
Number Flow Captured by Flow Counting o F R?=0.85398 o

Cytometry | Microbeads | Cytometry | Chamber § [ _ a. o]
Patients 1|  96% 74.03% 2567 > eof _-m k
Patients 2| 85% 61.88% 341 E 3 - -7 -
Patients 3|  95% 80.18% 1517 % 40 ke
Patients 4 90% 76.59% 6395 o ;i -7
Patients 5|  98% 70.77% 3792 3 20 3
Patients 6  95% 92.60% 4166 - N S
Patients 7| 69% 48.75% 735 50 60 70 80 90 100
Patients 8| 53% 23.50% 15273 11700 Captured by Microbeads (%)

% &l
. NTUBIOS

J

Bio-Optofluidic System Lab, NTU 71




£

Q= 0F wruslos

Microfluidics for DNA
microarray hybridization



Microfluidics for Personalized Medicine

« Conventional genetic tests are usually time-consuming
(~4-8 weeks) and expensive (USD 3000-5500)

« The microfluidic DNA microarray platform for genetic
variants detection in inherited arrhythmic diseases, such
as long QT syndrome (LQTS), Brugada syndrome (BrS)

— Single nucleotide polymorphism (SNP)
— Graphene Oxide (GO) to inhibit non-perfectly matched DNA | s

1. Hybridization for 1.5 hr 2. Add SYBR green | for 5 min 3. Add GO for 10 min

Mutant ssDNA e 9 i
:‘g\é m 15 min for each @ O.. % 15000}
buffer condifi S5 .
uffer condition L @ 5 min L
@9 :15 min = 12000
Y s
A c G c ALIC GAC 1 2 9000f
Q
TX) £ 6000
Control WT MT Control WT  MT Control WT MT
3000
55°C heating i Mutant Target @ : SYBR Green | % Graphene Oxide I
Microheater : Quenched SYBR Green | @ Serial Washing Buffers @ DI Water Time 120 min 45 min 45 min
Reciprocal Flow - + +
GO - - +

3
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Automated DNA hybridization process

« Automated and precise fluidic control
— Active mixing, temperature control
— Total assay time: <3 hours
— Required blood volume: 20 pL

Velocity

N O o
T T

30F
2
820t \ ) 7
2 N\ /NS
10, 1 ¥4|'ﬁ|1—\Tf‘: 1 1]
0123/4561891011
Y Distance (mm)
\
/
\
cC D
Y . ' \ 10 80
/ Pure diffusion \ 0 70
\
A e
X
reaction zone 7 S 50F
6 @ 40}
. . 5 2
Reciprocating flow 4 T 30f
c
hr 3 m 20k
[
reaction zone 2
1

2” NTUBlOS

— 6
| |— Pure diffusion
—— Reciprocating flow 45
—— Enhancement factor 5
148
5
3
@
e
42 g
[=
w
41
40

0 10 20 30 40 50 60
time (min)

(Huang et. al., Analyst, 2018)

Sensor
Manifold

Manifold

A\
Microvalve ¥
Manifold

/

2.0 i
Syringe Pump °/°‘ﬁ o 3
Temperature Sensor

Microfluidic Microarray Device >
Thermoelectric Cooler
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LQTS Clinical Sample Validation

« The microfluidic DNA A Patient (J1612)
hybridization device T
— SNP detection by GO+ o 3 ™[
— O
SYBR green | c & %0
— Automatic reagent control X & eo0of
and rapid DNA W= o)
hybridization ol
— Distinguish three clinical :'Xl:n\;\g '\él:o:\g “E"so::’; L Vi U WT
samples with specific B
exon mutation 15000 -
512000 |
~ & '
— > 9000
Exon Sanger result S 5 eonol
X = -
12 WT L sooor
17 MU "TMUWT MU WT MU WT  MOWT MUWT MU WT
Exon28 Exon12 Exon17

Exon28 Exon12 Exon17

%
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Periodontal Bacterial Blood

Disease  Diabetes . . Leukemia . Genetic Diseases .
dialysis Infection Counting
Markers H(aGrlr:/;aTESin itz Blees ERIGENTE) Primary cilia Mgﬁ;ed WBC, RBC,
g Cells (WBC) Metabolites Y Plasma

(HbA1C) sequence

Microvalve

Manifold &
Y|

/, ‘Reserv‘ons\ \

~ ~

Syringe Pump

(Wang et. al., Microfluid. and
Microfluidic Nanofluid., 2019)

chip

(Kuan et. al., Lab Chip, 2016)

Chip adaptor

Microfluidic
control system

(Kuan et. al., Scientific

(Huang et. al., Microfluid. Report, 2018)

and Nanofluid., 2018)

(Chang et. al., Anal.
(Chu et. al., Chem. 2019)

Biomicrofluidics, 2019) Bio-Optofluidic System Lab, NTU 76
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Conclusions

* We developed various microfluidic platforms for personalized
medicine and healthcare

— whole blood processing and in-situ analyte detection

— bacteria enrichment followed by antibiotic susceptibility test
(AST)

— Cell trapping and counting for disease diagnosis

— rapid and automated DNA hybridization process and SNP
analysis

« The microfluidic platforms could potentially

— Improve the quality of medical care and enables long-term
health monitoring in point-of-care settings

— eliminates the cost and time of sample preparation process

3 -
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