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Research progress on paper-based microfluidic chips in
pathogen detection

LIU Xintong, SHI Jia, SHI Meng
(Liaoning Normal University, Dalian 116029, China)

Abstract: In the context of an increasingly severe global public health situation, diseases caused
by bacteria and viruses have become a global threat, severely impacting human health worldwide.
Rapid and accurate pathogen detection is crucial for preventing infectious diseases and plays a vital
role in safeguarding public health through effective preventive measures. Against this backdrop, the
development of efficient, simple, low-cost and widely applicable detection methods has become
a key research direction in public health. As a novel detection platform, paper-based microfluidic
devices (WPADs) open new pathways for pathogen detection due to their unique design and in-
tegrated properties, showing significant potential in medical diagnostics and beyond. Their low cost
and ease of use make them particularly appealing for point-of-care pathogen testing, a field in which
they are gaining increasing attention. These devices are user-friendly, require no complex equipment,
and are easy to transport and store. This article provides an in-depth exploration of wPADs, dis-
cussing comprehensive material design considerations for microfluidic applications. It will also

examine advanced fabrication techniques and innovative detection technologies in detail.
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Furthermore, practical detection cases for specific pathogens such as Escherichia coli (E. coli) and
norovirus will be presented to demonstrate the significant advantages of these devices in applications.
As scientific research advances, wPADs are expected to play an increasingly significant role and
poised to greatly enhance global public health efforts. Their inherent simplicity and affordability make
them ideally suited for regions with limited access to sophisticated laboratory infrastructure. They
enable convenient on-site testing, which significantly reduces both time expenditure and operational
costs. Furthermore, their portability makes them suitable for deployment in disaster relief scenarios
and remote fieldwork. Rapid pathogen identification is crucial for effective outbreak containment.
To advance this goal, nPADs can be integrated with high-sensitivity sensors and intelligent data
processing modules. Advancements in material science have facilitated the development of highly
sensitive and stable paper-based substrates for diverse applications. Simultaneously, nanotechnology
enables the fabrication of miniaturized components. Meanwhile, bioengineering has contributed to
highly sensitive detection probes. These probes can detect pathogens even at very low concentrations.
In conclusion, continuous technological advancements are positioning wPADs at the forefront of
diagnostic innovation. As research and development progresses, their role in global public health
is anticipated to expand considerably. This progress offers considerable promise for enhancing global
disease surveillance and response capabilities. The potential is largely due to the inherent simplicity
of wPADs, which makes them accessible worldwide. Their low cost, portability, and ease of
operation by personnel with minimal training make them particularly advantageous in low-resource
settings and provide a robust platform for rapid, on-site diagnostic testing. The modular design of
these devices facilitates extensive customization and scalability. This enables them to be tailored for
the detection of a broad spectrum of pathogens. The technology is also readily scalable for mass
production, facilitating widespread distribution. These attributes collectively make it a versatile and
indispensable tool for global health initiatives. The integration of these devices with mobile tech-
nology represents a significant leap forward, enabling real-time digital tracking and monitoring of
disease outbreaks. This capability significantly enhances rapid response and epidemic containment
efforts. Furthermore, the collected data can also be leveraged for broader public health surveillance
and epidemiological studies. The potential of this technology to revolutionize point-of-care diagnostics
is immense. wPADs can deliver accurate results within minutes, a stark contrast to the hours or
days required by conventional laboratory methods. This rapid turnaround time facilitates faster
clinical decision-making and intervention, ultimately leading to improved patient outcomes.
Moreover, wPADs hold considerable promise for the rapid detection of novel or emerging pathogens.
As research and development continue unabated, the functional capabilities of pWPADs are anticipated
to expand significantly. Future iterations may incorporate cutting-edge detection methodologies and
advancements in nanotechnology to further enhance sensitivity and accuracy. Such enhancements
will further solidify the pivotal role of wPADs in global public health surveillance and infectious
disease control strategies. Ultimately, wPADs hold immense potential to save lives worldwide by
enabling rapid pathogen detection and effectively curbing the transmission of infectious diseases.
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I T A i ROHE LIS SR 40 E . e SRR R A B K s
N £ 3SR L SN S B BURGE Y ¥
AR e 7 i TR) 42 e T A R [ P X R O 7 ol 3 R 8
BERma , R I, I & RIS ( point-of-care testing,
POCT) Jy ik &G H B, A4 58 098 JEL AR T 7 2%
WA TR By 57 R W BE R N (PCR) AR | il 1 A0 73
M B 30 35 (BLISA) 45 , 77 £ K il i 5] 4<% s 225K
fe L E UM SR R S v AN R OB AR AR B . RSN
DRI & T 308 PCR R 58 Rl i A0 A 1] o
Il 3 & 52 7 41 1Y BB £G 36 (CRISPR-based POCT)
FNN A AR JRES S BOR, L AE A PR % B 85 o 52 R
T e 2 R T AH s v A AR B R BR ] T
N T ST AR R, 22 AR ARG I Uy v s AR HE
Hh 5 T AR R 9 4% GO 5 R AR S — OB 2%
N ETTTR F

4% 3 A ¥ 00 B (microfluidic paper-based
analytical devices, wPAD) /218 i 48/ & 401E
SR b AL B 43 RR I A B AR A B T
A fEHE K AR SE D T BT B Y. wPAD 1
R DA LGB 2] 19 22wy B9 A SR At
1949 AFE4C |32 (s B R iy 80, S 4 EE 4 T i
M) & R BE T IR SR, 20 22 50 4EA%, Bl &
SR GO T R By R B AR R B T R
2007 4F , Martinez %53 33 5 211 1 UL ) il 4 48
o LR T wPAD B HE S, X bR E AR
wPAD (19 1 2UHEA: | [6) 4F B B 47 R JF 85 1 wPAD
il 3 i FE Ik . 2008 4 i A B — 2P JF & th £
= AT DTON = 91 E s NI D A = R 7| DTN
2009 47, HL Ak 2 R I AL AR B 51 RS S, A AL
fift e T Rk RN e B Tk
S50 Y o 3 R R Y B LR AR R R R AR AR B
ERE W w 2, BRI AR
— YRR &5 35 A0 3, WPAD 7R R I7 2 W PR
Wb 2 2 SR T T N . AR
K, wWPAD TE A I B2 AR DL KAz 9y B8 212 Wi 45 45 38 1
WIF 5% Hp 22 TEAL , H W S LBk BT R . B AT,
A B AU R B S AT IR ik
VRS I A 45 J7 11 2E AT AS W A1 8T , DA w85 % D 1A
PRI RE J) o ARSCR G IR T wPAD A5 9 Ji
PR BF 58 HE R, 20 7 T AN [ 26 7 W PAD 9 AR 0 0

X IRBA M A SR BEAT T R .
1 wPAD BI# 8 SR FERZE

1.1 HKF#
111 A% F K

Aok FE M A AR, 2 4E R = A R
Ho A3 A 5 ) B 60 J50RE , 2 R B )12 A 4RSS
BE H A R R R AR ] (-OH) A b B R TR
S (-COOH) M £F il ji ' o 5 ek 3% 38 5 % 5 b1 k)
A EE , 2F 4k 3 B 20 AR IR, 2 AT P2 B I, e i
Sy 1 & WPAD Al ORUAL FEHE AL . UAR LR 4R
FEUCEA R A W) e 451k | BE 1 22 i . DNA AR
H AW o1 HIRE S Oaa M T#17 as
BT, & v A 0 o At P o R UL P 2F 4 R FRACA What-
man J€ 4% | Filter King 38 4€ %5 , v L 52 B @ Mk F0 e
1 . Reboud H BN IF & T — F 5 3R 97 3 11
3D wPAD, I T4 I 5 DNA. %0 AR LI 4K
A% R S8 kB T B AE DR AR A K G
1, 247 & W2 2O .00, v] 58 B4 MR A
A AL, KRR IA 10° TU/mL, R B 5
SCG A PCR Y o SR, 21 4 2 3L 40A7 76— Ly fR
LTI - N AN R AR N N 7 R P < |
2o TR A R R BN DU B AT 2
Y Z L AT b 2 8 M At 1 e M R (S
N 52 28 PR, 09 I AR I v R Tz AR .
1.1.2  # 1L 4F 4 % ¥ (nitrocellulose, NC)

NC 5 I ¥ 25 4k R 43 v (19 -OH 5 4 o filf &
(-NO,) JE Ht 0y e e RE o 35 T I 4 RE Y 22 5% 7T 43
POl N AN A N AN IS ¢ SN O ¢
RO E AR % NC R —Fh 2 fL 2R Kk
MR, AP WRARTERE D Al s, XY o A
B AR R R B, BB 92 [ DNA R DL K HE H
SEIE W R G, 4 s R I %) R R R R R Ut
HAE wWPAD K 9 B A4 i B R4 N T
NC R fL7 DIEI Mg ZF 4, 3/ T pPAD
G 00 g D A ) R AR RE AR, Rk Ak NC B
(1 FL B B 25 k] g, ] EAT RGBT . Jain 45
FER T H T NC A H: IR VR g Bl 4 3 1 ) 3ot 3
o W B AR, SE BT R R AT AR Ak RS I L B R X
SARS-CoV-2 1 LOD Jy 1.78%10° copies/mL, 1] 7 I
W 5 WO A5 52 R S B P RS GE 15 1T . NC JRAE
i I AR wWPAD I rb p B i 2 RN, BESE L R
B0, 5 R — FR AN ET B S A, L i s K R
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B 28 OC T 2 5 K B B AT ORS A DRI R B L B Lk
FE TR, DT B T AT A v 1 S RT REE  R A
Fa AT SR FH W 5R W BE Rk AU B (PDMS) L S 21 R k2R
ZBRN I TR IR (PUA) S B K AR, 38 2o Wy B Ak 2%
M, LU 2 wWPAD 5 I AR 9 Z FEAL TR oK .
113 FHEZHL MK

LRI G A MR R A 4l 2R AR D AR AR,
kB Ak T SR HLECTE LR G B B
RUACEE M B BE R S 4R L R Ak, L3I AT
B UIEE AT B e DR S MR R B E TN D
I X AR Y R AR AT A W 2 T R wPAD #E 4T
2 FEAL IR JEL ARG I 1Y) 75 5K AE i T B Ak 2 s B
Z e LA A 8A m AT e Rk A N
Z PR
1.2 uwPAD %43

AR S5 A R S5 A (R 1) . —4E(2D)
=4 (3D) , AR G5 25 A HoARs SR 7 5. Hor

2D 4R R P A — 2 S 18] J2 B i 4 2% (lat-

eral flow assay strip, LFA) , il i3 76 2L M 8L E
AR 2 (T 2) N 26 (C £2) , X #B AR 73 1 #E 4T
KO, 2 e B DL A PR AG I T B 22— Xu K
TR HT A LFA 3 2 8 Ak 90 5 B 44 e b RS 5 i K
WS, SEIL T X 22 Bl N FL Sk 9 v B (HPV) 1Y 5 280K
o, Hod HPV6, 11 F1 16 #4 f # th R fIE 2= 10
copies/pL, i & TF TR I 2 R, b o g B
ERAE TR

B 28 2D U Fr el B A0 A, G O BT RS
T 1 11 58, JF AE AR L 1 B A i K g e, S B O 4R 1
KRl . 40 Davidson 25 JF & T 3 T3 G4
WP A @ B 2D wPAD, 52 TR MR W P
SARS-CoV-2 #% & i) vl ML AL K I . %+ R XF SARS-
CoV-2 i LOD &y 200 copies/pL, 4 5 ¥E 100%, 4

FEFERF/NT 1 he I0AN, ZFE 00 4R M ORE 3R 1
F 8 Ak 2B AT RE 1 fo L AR % ST L 2 M0 bR 4 T
) BSF G ), T o AR R 4K 2 R TR 450 L T
A Wy A 0 B I R

3D 4G A 27 2D 4808 B p il b ad B
& A e s B AT A SL R S5 K . Seok
EPVTE BT T R S IR A T AR IR R A A
i) 4= 4 % 3D WPAD, ][] B 52 30N I v H 28 R
7 (Zika virus, ZIKV) & # #0% 7 (Dengue virus,
DENV) fI AL E MmN 2 HEN . ZHALZ
BT 4% Ry B IC , 38 2k W B g /K 5 A 2D Difig o IX,
JEGIA 3D REEN (PES) A X FR I8 2 & 45 14 97 75 1
B A, HAE 1 h AT S8 I FEAS th 3 B B 1Y
Ivi) A5 4G 11 R AE AR B85 E M 5 2R 100%. 5 2D 4E0th
HAH T, 3D 48 i AR wPAD AR R R ), AT 5
BCAFE fif T Ah 3L, 2 B 22 6 ARG T RIS [) X8 ) 22 0 4
B\ A 1A BRI S B R IR A A R
fift BB R 4> ¥R Aifb 5 e AR o Rl AE A I X AT £
i T o R NI E 7 5 SR S e [ R N
TRV S5 DA B ARG 10 48 SR 1 o it >
1.3 ik HHIME
1.3.1 # %

U B 2 3 ok AT B ALK [ AR SR K T ENAE AR |,
HEAT I G2 Y il v ik R T . T
YUIH — T EQ 4 TRl Z2 J5 , o AR (0 5 2 35 4 gk >, 75
4% 8 s K 3@ 16 . Naorungroj 25 1o i Bl v
il % T —Fh 3% F @ 2k 19 wPAD, I F A& HPV,
%35 LOD A 1 nmoV/L, £k ¥ [l /& 1~10° nmol/L,
A6 B (8] /N 30 min. SR, B ED3 0 1R RE AE AR K
FEJE b A2 BRF H A3 R, B 28 B kb B S HE 18 1 I
S B 11 5 /0N B FE 55 ORG A R . RS O R R IR R ik
TH AT AN GO 2088 75 oK, o T — % 1Y R

F1 KELHHITLL

Table 1 Comparison of paper-based structures

Type Structure

Analysis methods Features

2D type 1: lateral flow assay strip,a fluid analy-
sis platform based on porous membranes/
paper substrates
type 2: single-layer planar structure with lin-
early arranged functional regions

3D three-dimensional channel network formed
by folding/bending 2D structures or bonding
multi-layer paper substrates

chemical reactions, with detection achieved
through marker signals, immunoanalysis (e.g.,
immunochromatography )

immunoanalysis, biochemical analysis (e.g.,
enzymatic reactions, multi-step separation-
detection integration)

relies on specific antigen-antibody binding or bio- limited space and limited

multi-target detection
capability

sample space allows for
multi-step operations and is
also suitable for multi-target
analysis

2D: two-dimensional; 3D : three-dimensional.
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JE 5 Tl A 2 R U] R[4 A K T Ep AILASE 7 L BER
i B AN i A6 ] S8 T s A BEL A o

WFFE N BLEE XS 4y B m) B, FF & 1 LAR W Ah
ok B R A PR B — IR AE AR E TR TR AT ED
b PR AR P Al A SL T R [
14 30 T Sl S S0 BB 08 TR R Y G JE Sy B R
IS5 R vk R B 4R A NalO,, /4K 114 26 T
UM /NI BN E H TR YT 5
7 A A5 R JRE L SR AR B PR ARG I 37 S (B AE R
G 53 BB i e 2% A 7 [ RO 37 A o Ak
T FR T, HRRRASE R Ml Ak R FH R T B R
| P i ES
1.3.2 bz

e — RO TR BB 8 s B ok
JER OB TE (K2 S pm) o 56 B RF A2 fh 27 25 1 % %)
212 4%, 6 2 I AE SR AN IR T S ke A s AR AL B
WAL T AR D2 S MR ARG I,
2 DX IR SRy i K T, 2 AR AR A AR L ) TR AR
BT K fe e, R T2 R AR B R O 1Y ' 2
J6E o Ot 20 DA H: i 4 R ORD R4 1) B 5 PETE pPAD
il 2% I (7 Ml EE A SR A G 2k T AR
B W 29 7 2B P2 R0R T $E8 T UAS , Park 45703
2P & T — R LT Mie HUS 9 wPAD,H T
PEE VTR (Salmonella) (RN 4R S0 . 128k m]
S5 ERLAH L K P A, 2R LS 10~10° CFU/mL,
0B 1] /N F 1 ming 35 AR BEIF A BN TR &R
BFr , Zhang 255V T — R OJC T HE I A O 20 £
AR IZHAR T2 fRAE 0 Rk BE & BUAS IR A R
HOBEEHT AL FT 2s) %k ik 1T 1E g 620116 0 R
FRE, R nPAD (1] & & A 1 0T g %0 AR LA 1Y i
PJ7 %o ZBORBEAR BT 6 20 ok B R0 A
e, REAR T X BB AR AE S BRERAE R AL T
TR, BERTE T AR A S 2 R
TE ol 78 458 485K 118 RIS 1
1.3.3 wi &7 H %

Mt 55 AT B AT DLAR 4 75 SR PR B i R 4L T
T 3R B A ) AR K BORRHEAT 2 0. AH B TR A
2L IZHOR IO B B A M A I T 20, AR IR
AR 55 7KCOR a7 Ak A R L 0 IS A S 50 3 RN B A
PR AN BB S A R — 5 b TR B T EAS [ T

AE A B 7K, 52 B 22 A6 T g RE A A, R R RS A &k
o SR, 8 A 4T BN MILRE BE AR, 76 X5 fl ot 428 3 18 R
FORG B SR R A L R S S T ) o B M L
HE— 25 A B 5 it DA B kG B 20K . Deng
S I AR T A AR B N R i et R
FTER 648 17— R 9t wPAD, BL 3 ¢ 6k £
AL MR F 5 R RN A P BE K,
K 90 85 K g K S5 K AT ERAE IR 4R |-, S 22 %
PG BT, I A I ] 2 AR 10 min Y, 2 BEAR IR
F =AY (2~10 mm) , B iF T Wi 2247 EJ L 7E POCT
IR N FHVE T o WEER AT BN AL AR IR BLAS L 5 B
22 Ty e B R P 7 08 45 2R I | B 5 PR A A
Gy b A B W2 B HORS B S A AT o e R
BN LA S A, LA Jre 2 T e R R R 1o FH 45
1.3.4 HotwE &

ZAEAE S — 5l i 00 G0 3 7 1% L B AE IS A
B RO R K LB K X, S BT AR I sl kG
B4R Y IR A B A R R AR T e
WO U] 8 A SR, TS PR Z L 2 )2 8 3D
SR O AR G54 8 RE 5 R AL A# B S5 R R 45 &
¥ e D) e 4 B 5 TOK GU) B BE R R 27 A2
AT B fGE G RS 1 — B0k 5 R Y R M SR bR
PR AE B W M BT Lol A BN S B0 4SS R
K 125 % 454 . Zhong 25554 J11 80O 11 %) A
T2 FE A% T wPAD, H T4 I8 BT 5, o6 D)
FIHLAE NC R 3R 1w b)) 51 58, B i /K i A, PR
T 20 H5 AR SEAT A A I T, R R 85 A T UK o
RN EEAR R 3, 97K T wPAD BN IS . 3%
wPAD BE % A7 2% 45 J i ) 2 &8 i () 9 2D B i 25
K, T A HEBE R 55 PR 1 78 43 45 A L 2 e R T
B o LR AT )T R A0 O A 4 R R T
BE 71 AT HUBE AL A 7 DA Rl T A R Ak 2 4y
Br AR S5 0 45 22 Bl g Be . AR, B I A A
BCAS 55 RS PR ATSAE — R BRI T %
FORAE /N RUHLAY g 4T 1 H o
1.3.5 #otdrm &

JENs AR AT ED7E BB 4K b, PR AT A A0 AL
T BB K 38 3E %35 145 1 wPAD BAT RAFH 2
PE R R AT G A Y R A A
il i wPAD A9 AR 3E £ 2 —"7'. Ghosh %5 H]
WOEFT BN 3k ) & H 8 X wPAD (LP- wPAD) £ il
E. coli (&l 1) o SR HIBOCTT B B H2 K o # 1ih 5=
2 L 5, 52 B K PR B A il AR Y B B TTTAR,
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Prepared LP-uPAD

Integrating APTEs into the LP-uPAD
Framework

Attachment of Enzymes to the LP-
WPAD Surface

CPRG substrate for enzyme

Development of a Colorimetric Cell Counting
Method

B 1 % ERYS E. coli i M H M A 75 R
Fig.1 Procedure for identifying viable bacterial cells of the target species, E. coli.?
APTEs: 3-aminopropyltriethoxysilane; CPRG: chlorophenol red- g -D-galactopyranoside; wPAD: paper-

based microfluidic devices

KR REAR T AR A F1 5 Ze M, i 45 15F ] 2k 20~
30 min, Ho il & o B IC T O 20 ED A Ll 1k A5 L
AR T AL G 7 A 50%. BO6FT B IR SR AR AR
A Ty B A R ER R R 2E 4 SR TR — YR PR S
Fr SR B A R Y, 0 T B R A B b X
I P AT BT o SR, 25 T R R 2 0 i R T Bl Tl
o D5 88K, , T 1 — 20 S Y T AT ED AL 43 R R A
B RO AR B 2% PR R B RS M O 0l A B R B
R AT A% O T8 A5
1.3.6 #HH#EHITH &

TS AT EDHLAT ER ety | 76 4% b 22 il i 5 &1

5,10 JE HEAT HERS R I ul SR A 4R SR T, TP
KGR BE e E G TS . ZOT AR T R EN I Y
FER], 7= dh PR BE 5 OLIT BN Y, 72§/ wPAD J7
T EAT AR T J1 . AT EDHLIY BT 3T BB R
eSS i DO Wae o A AL R /i
T — Pk A B Lok R A T AR AR A A R
JE, H R 28 4 SRR AR B L E, R
il TR A . AT R R AR 2 Bk BR
BELLSE i A7 AR 2 wWPAD i 4E 7 3k , 4022 [ B Rl % |
M B35 A L AR R T R AR O s el R B A
AEHE 32 PR BT M R AR I RSB 2 A

*£2 wWPADHIHIETLZE
Table 2 Manufacturing process for pPAD

Technology Advantages

Wax printing easy to manufacture and simple to op-

erate

Photolithography rapid fabrication of wPAD with good
precision

Inkjet printing The product is easy to operate, has a

high resolution, and is cost-effective

Laser cutting quick one-step production

Laser printing high precision

Heat transfer fast production, high-resolution, and

printing durable pnPAD

Disadvantages Refs.
low-resolution, solid ink printer discontinued [25,26,28,
29,38,39]
highly specialized, expensive equipment [5,40-42]
low precision [32,33,43]
expensive and highly specialized equipment [34,35]
difficult pattern drawing, expensive instruments [36,37,44]
high production costs and complex assembly of [24,45]

carbon ribbons
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2 WA E

G I 7 9% R 5 R A AR R RE Y ) —
PRI A0 6 o 0k R BORE G B IS ) R A3 BT AR o
WPAD R 5 3k 32 BALEE Lt (R ARk P
TR R
2.1 bk

N o 5 A i i R 4 T E A R AR Y A
DX Y80 AR 1 U0 4 F 3l AR 7 26 1 B 6
A AR AT T G 2 A IR U 8E) Bl Gl A 2
W53 6 B T 2 3R 5 ) 43 AT . Huang 4574t
SET I T G A T VR I BIR B LFA, T AE
45 min N & M A 2% £ & % F (BK virus, BKV)
DNA. X} T & M4 DNA By LOD & 5 nmol/L,
R S5 PE W 5 B 5 At 22 98 5 7 G 3¢ U R PE .
XFF A BKV SR A K KT B B IR FE & 0 R A
B8 107 copies/mL, %7k AR EYT S A PR
A B AR T4 it 7 H R Jr . kg
SO AR R A, PR R R A R AR 2 R B
., R e 2R &0 i  AB7ER A
W REE R RS MR R A%
BEERTIEERR S G, 7 LA R E 0
TR 25 SR I E = 4T o
22 BiEE

HL b 2 3 RO v RO SR AR S L A5 SR
B SSU E EE T wWPAD AR I 1 B G
TR, NI AR 3K, 5 wWPAD A 454 1 B 58 32 i 1
2 R BN W . R T RS Ry
Iy J5 22 160 9 £ 2 B g, 38 2o 000 F R O B
BH 2515 5 1 A28 4k, S 300 BE AR 20 19 5 1 R E o K
DU, UL ) H Ak 2 A I 3 B A e A 3 A S R
YoM 7 WAk 269555 . Teengam %5 il T —
Tl A0 HPV A0 37 20 483 o Ak =4 28 15 IR %
% %25 AR TR B T nH M o 3 IR A% R HR E (AQ-
PNA) Flf7 845 - e (G-PAN) B i LAl . b fiT2R
FWE ST ED AR 45 T 403 G-PANIBM6 (1) TAEH
e, I 308 2o e H 2 B AE DR £ 0 AQ-PNA FEE [ 2
FERL R . R T AR 0 AQ AR i 44 AT
Je B HL AL 205 S i R o 3% RS A B AR A R
HPV-DNA 16 (% LOD 3} 2.3 nmol/L, £k 7 15 [
10~200 nmol/L., Hifb7#7k 5 pPAD 45 & B A1 £ W
DA, A 48 A D0 P ARG A R A 2 T R AR
S A5V TR B DL B S B A AR 3 S I B A Ak 2

pwPAD (13 15 POCT 55 bR s oK i B 24 o
23 Wik

PRI B A B ) REE . &
FEARIC I A W R e 2R R I DX, 2 B AR 43 A A
A, Ao A 0 2 AR 5 8 R R A Ak R AT M Bl e
BT . HEEARFEI FEAFELLT 3 BTV
D5 6w 12 4G I RN 26 S 7 K 5 S K I . Wang
SECUTF R T — B 3 T 56 9 K UKL AR IC Bt A
LFA, Fl F e s £ 1] SARS-CoV-2 RNA. %3 R ¥
DG K TR ARIC T S9.6 F T BEPTK b, 217 AE
b5 RNA B, DNA 41 5 RNA S22 3¢, bifi J B v [
PR Ik DNA-RNA Z2 2244, 3 i 46 I % 6 15 5 0
FE L SCELICY B A R A D, A I B Rl N T 1 he H
B B AL B 26 T R B 2 g a9 R H
(GFP)"™! 3¢5 % (fluorescein)™® . % 7+ B (rhoda-
mine)"” }& Alexa Fluor Y8} 25 3@ 53 5 i 44 |
DNA %54 W) 3 1 5 56 HOR LM A 3%, W] 2 T2
P i R 0 B A B A A s A A B S R AR A T Y
Fi S VRS G, i 2 B A I A R S
24 EFEERAE

27 Kt — M A T AR 4y SR B4
KA AR RN IT 7 AR S Gl R G AF S R
A7 W0 5 DA S B Pk e B A A B O . IR
SR B RO R B R AR IR
Y [ 50 R 0 P G A R A PRI A D A T S 5
R B B R R A B B
b I BE 8% PR A I 22 s T A

gE LTk, Bk 4 BRI 5 B AE wPAD th & A
Hi s ek EH Ty ke &imd, ik
A KR A% R B R, 2¢O 1k AE K I DNA
RNA $UJEP0 R 55 S he T R s RO &, ni
b2 O W AE B 3 Ak ks iy T B 45 & e v .
SR, 33X 285 AT A AE — 5 0 Jmy BR PR, QT B 0k 1Y
E SRS A PR R A 2 1k X E R A R R e 2 M R
LI R U = W N U R U S e 22
200 52 SO AR e ME R 2 . R R M BF S AT R AR T
22 K60 7k A R e AT A Y A TE S ARG A RE A
T A&, T FE— 28 41 % wWPAD 1 5 Ui B2 57 12 1B il
02 2 PR35 90 S A 0 v ) g R S L

3 wpPAD 7E%R R A4 Fh Ay Bz A

3.1 HE
MR Z AR HAR S AP AE TR B R
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F2MAE T, ENEANEAE T REEL LN
YRR A6 AR i 38 b, 356 53 20 1R A XUIBE T TR 45 AR
A B T 4E 55 i 8 il 3 T ) — SR 40 T A 46
0 A %49 Bk B (Staphylococcus aureus, S. au-
reus) W x5 k& Z Fh g s 76 L5 40 T e o i A
GIR7/IN ISR/ I 8 N NG L (R P REINDRE X TV 8
JT HEREAE S R G AR, 0T R Rk ek g
5 LRI E R b 2 — SR AW R A
Bl T 2 45 A= SO i AF -t T AR 9 DR T, AN 25 A% 4y
B #F B (Mycobacterium tuberculosis, MTB)
E. coli %, M THREMEE L, KX A BB A
P fd e s2 L B 35 25 o DRI BF R R A X
OB AT R e L R AR ) POCT $4R
L 8 A 40 TR AH O 953 i By R 4 o 40T el 1Y — > H R
W7 0]

FURi, A 280 56T ek n wPAD 2 #0140
B U 5 20 . Rodriguez-Quijada %6V & T
— Ff 3 T AuNPs B9 % LFA, HF 1 8 K A 45
N & (Vibrio parahaemolyticus, Vp) , ¥ 3T Vp #i
R E T NC B I U 3K H bn 48 & f B, vp 5
AuNPs B GTIRTE B = BIVR "2 A Wt = Al Il
A 5, DT S 30 M R i A A, R D A SR
T (U AB IR B2 1.8 mg fi§ iR £F 4 & 5 CN 140,
0.1% BSA #} []) ,i% LFA %} Vp 1 LOD / 4.66%
10°CFU/mL, Mt fE A% T Vp o 4L 5 4 (ID,,) , &
132 7 v A R N S s Jg 2 IXURS: R B2 B BE 7 o Bu
SEMy T —F LFA FF R 000 B Ak . WF 52 R
28 F B Z R (Cys) A 7 e ik = W 2 1R Ak 4%
(CTAB) f& #ffi i1y 4 44 K JUKL (43 5] 4 AuNPs@Cys
1 AuNPs@CTAB) , fif JL 5 ) i AR 25 5 1 L 2 &
Y, B ST RN B g NC IR [ 2 1Y 5
PEPUIRI AR I ETL LB R, SR T L6
WG, kA K O B AT S BE BT, &
nwPAD E A & (1 2 8% f s 5 1% L E. coli 0157 Al
W % 10 1T G (S, enteritidis) 45 4 AuNPs@Cys
it , LOD 4 %l 24 10°CFU/mL 1 10°CFU/mL, E.
coli 0157 FI S. enteritidis 4% & AuNPs@CTAB
i} ,LOD % 4 10°CFU/mL. Jokerst %' ¥t T —
fft WPAD , I T £ dh iP R AT = 0157 :H7 \Sal-
monella spp S FAALIGHEFUAF TR o %00k 6 D) 5t 31 L
T H bR L ACRE 5 1 B 5 A RS B N i
A 1 B8, 78 Ak ke S B SO R I 8 P R 8 i Y
ST . % wWPAD X EDE P BUR B0 A R

LOD f& & 10 CFU/cm?, Asif Z'“# % T —F T
Kl S. aureus F E. coli K H: 1t 25 B ¥k i wPAD.
HEBRREROIRYE .S aureus i H i JE €
A RIR A E. coli WIH Fo il 8 (A 21 55 0, 7
AR X S, aureus il E. coli B Hiit 25 vtk /)
LOD ¥ 10° CFU/mL; 4= Whke it 42 5 4 J5 , LOD i
% 10 CFU/mL, % pPAD 3 T £ & & (WLl , 45 &
R A 5 4 485 203, Sy B IR i D o S T 24
(1% B 7y e S O e 4 T — i R U Oy 8, U IR
FH T 8 v 1 58 0% L ot o2 4 W eh 9 02 - San-
topolo &' & T —Fp tu o wPAD, JH TP 14 51
A 6% 7 £E ik 75 B 05 i A0 Sk 76 0 2R G A e IR AR . i
PR AU B T I A A R R A T R
168 (PDDA) , i iof #f i W B AR T 4 2R 0T B2 R i
A BT B A TR PR T R E B AR R SR e
T /2%l DR 0 VR K R M, LA O SRR S
JEAR P A B- 1N Bt Ji i ), AT KM B AR R, i DA 41
pH 875 50, R A TR W] 26 Y 1 B- P Tt Jie il , 2 T
FIWT A PR B ] T2 Wi R A
BRENEADEHT G

L e vk ml DL ik DNA i ] 14 2% 28 KR S5 36T
0 B B9 A I, Trinh 3% i T — b o R
wPAD, H T & # 47 vanA il vanB 3K 17 15 %
= i 245 1 % Bk B (Vancomycin-resistant Entero-
coccus, VRE) . 1% 1% 75 B8 £k 1) 35 35 G0 2F 4k 8 40 4%
34T DNA (942 A 446 , & ] LAMP £ AR X 5
b DNA #4743, 9F A BREF8 /< 7], S5 88 T VRE
() e 2 BCRE RN e R S R AR, LOD ik 2 10°
CFU/mL, ¥ i 6] /N T 75 min, Fu %98 % T —
FHAEE RIS P 109 wPAD, F T4 DU B 41 B
A A kR I (Listeria monocytogenes,Lm) . %
wPAD i i I fig 1k #E P £ 2k T H 4% DNA #1753
2L ST PCR Y U G- 545638 1rY
AuNPs-fi i ft. DNA 8 £ 45 &, H AL 88~ ¥ 7 NC
JEE R R X5 DNA 485 22 28 77 A A5 5, o8 et
€ 7 43, HXE Lm 9 LOD {i% % 10* CFU/mL.
1% wPAD i i 48 A BT RE R o B A, T
1 Gt 53 12 Wit Ll 15 2 B A, A £ 5P 0 i TR
() POCT #& {1 i 8% fif e J7 58 TE 0 b 2 4 LG IR
12 W S R Tz R T .

ST O R B R4 By A I S RE L (H BE A
FEAREACTE R, 8 532 35 T I R RO T i 11 9%
JEKEM % . Morales-Narvdez % 5 i} T —Fp 3k
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GRS M ) LFA, 52307 95 JR A 11 va 22 02 A 0
LT AC S T A C £ b 43 9 [ 2 5 A P ik
(1) 1 F #1 (Ab-QDs) 2 AR 4T AL 8 QDs. HAG M
J B3 T2 L A BB (GO) ML BUR YEIE KRR« 24
HAriG A7, 55 T £k 49 Ab-QDs 454, FH
i GO 5 QDs WyILdRfg it % % il T &LIOLFE 514
DI EE T C RIAZA P GO MK, WatitE T4 S
C £ 5 58 B LU AR, BIV AT 52 3065 Ji 0 1) 2 it 43
Br. 7 PBS % ik h , i% LFA ) LOD ik £ 10
CFU/mL, fEJfi % K AR W5 45 52 ¢ B i b, LOD L w]
ik 10> CFU/mL.,

] B, 76 38 SR = 22 0 A0 B R I Y R R B
I b 5 52 3 . Bhardwaj 'Rk T
— Fh 3 T H L2 R 9 wWPAD, I TR S, au-
rews. &7 T SENG A DN 4T AR [ 2 ) BRLRE il 4 K A
(SWCNTs) I, jf, Ab-SWCNT 2454y, b )5 #5
B TR EE , 24 S. aureus 5 B B2 il i),
x| S H 3L R 7 & A AR Ak, DT S B AN TR R A
FE H R o % 3 5 BT 2 B (surface enhanced
raman scattering , SERS ) & — 1 Yt i 43 #7 45 38k 1) 15
SRR B SR EE SR LHERRIL
SR, TR T N TR AT S R I A
b a1k F1 SERS RS54, AT S RUE {5 5 K, i
— PR R AR SR . He SN H T —
il 35 T 40 14 )2 4 90 K 4 (AUNR@Pt) () BURE =X 4 738
LFA, /il T W == I % i % (Campylobacter je-
juni, C. jejuni) . %% F| H AuNR@Pt [ilf {14 il
SERS H4satEfiE , L T C. jejuni ()X &, 78
SERS # = Fl b 8 B X R A K IS L 5 R 107~
5%10° CFU/mL 1 10°~10° CFU/mL,LOD 4> %} 75
CFU/mL #1 50 CFU/mL, % WA 20 LFA 3 1 449 K 1
B R G 5 0UE S B, S SR AR U 4t T —
Fp AR ER MG S AT S MR T L
T F 5 UE A BRI BT T (1) B 3 Rk i A

Ma %7Ky 3 T 3L T o) it DNA #8 45 # (3D
DNA) 26380 &, JH T 8 H B Al microRNA
M A . O 6 E S A T B A m SO IR
# xR # iR 31 oo 44 19 3D DNA A W15 % .
KB, B bR 5 2% T E R A 4K AR B DNA 5%
AR LA S 3D DNA AEWir BBl =G E 59,
W Ji5 38 2ok 9% ' i BT TH RO RUHE AT BOR B S B
FEE AT o AELL B-PN R R I AT miR-21 S I X 42
B 256 o, % 7 ¥ LOD 43 5 i 100 amol/L 1 1

fmoV/L, K M i K /NF 2 he %7 & PR3 AE 48 D B
SPGB RO (5 R TAT &t I M =R T
£ L)L %% 3D DNA A=W br 2 DI fe 20 0 5 T Oifigfk .
I AT 2 AT K I 25 4 5 FD microRNA A A g i Ji 44
TGS (4 A= b AR L b AR T OIS ARG T g I
F AW b AR ) B AIE T BT S, S R T TR I
R ARSI . Chi % JF & T DNAzyme
BRI Y 1 (ADRCA) R4, FH TR . % &
4t L DNAzyme f 4 B U5 o0 14, 38 5 39000 45 W
AL RN S &, IR IR
(RCA) FLHF S K . FER I K A1 1 B8 K
FF B 2% %) . DNAzyme 57 2 RCA & 7 4% FL 1L It
BT W A AR A R B, DNAzyme
F I #E £ RNA i) DNA ¥4, 5] & RCA J b , ¥ 3
PR R EE A IR v AR SO R LB
FRPIR R B 5 . LR GHETE 1.5 h P58 U Il
PR DR TBUREAS v K o A B %) 6 £ ME AT, LOD ik & 5
YA, T R R AR Sk . R A2 AW T
HRORS I BB RS, R L IR B R 1 I K 12
T 52 g v

IR, 3 T b (s 9 wPAD 76 40 T 6 I 5 T o
M2 o 2205 vk 8 B R TR SO 3 DNA 2438
S JRUHE T X 22 ol A0 T S B E M e B AT .
G0 3 A A HL v R AR AT A 9O {5 S i e AR
A S BHG 20 B AR D o R b ) s N 4 R
S| 1 H b 2 S B A, S B 4B R R 1 E M S
SE A AT o ARk JE SR AS TR A T ik 22 AT
54 AU A ACEE T T 40 A A D Y S B A
HERA I, POCT (14 41 B 40 B #2438 1 0T 5 HL = &%
o i ke T 46 o
32 ®/E

i BEAE N — B I AR T NIRRT A
Y, oxk N2 fd g AR AR RAt SRS 24w
FEAE T ORI RS o e B Y R S A% R R AR
03 RN B By A A R A A A% A AR T AR
A KN T TN 1 58 R LA SRR 36T KB T
P BT I 0 0 B R G 1 1 A O (R
R PR AR S AT R S e g b 3R X I T R TP
FRPRE . A KO0 B R B SE N DL IE AN BB
W& A BAR LA PR AR R0 R S
ST RS I B R, LT S B 75 1 55 2L POCT

I B B RE T RHIE A B R R B R R o Y
K 0 A xF 5 B 42 T/E £ K& % . Teengam
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SEIRE S T 2 wWPAD, T 46 I v 4R R 1 2
fiE 56 MR 9% 7 (MERS-CoV) .MTB #il HPV ) DNA,
O A R AT 4Rk AR 3D S AL B BT R
T, Gk R TR L O R 3 Rl A Y
DNA ¥R & R % ,LOD 4 %]°~ 1.53 nmol/L
(MERS-CoV) . 1.27 nmol/L (MTB) #1 1.03 nmol/L
(HPV). Yen %7417 —Fh 3L T 2 (0 5 40 K Jok:
(AgNPs) [ LFA, 1] | F X 4> DENV , #& #J5 fl 3%
RN . 2k AR AgNPs 555 E Uik s &
JE 1% AgNP-Ab 5 A #4EF . Y & A 90 8 8 A AR
VW B AR A o 5 AgNP-Ab 45 5 B
AgNP-Ab/AL 5 & W), - s T 2k b 5 3R AS W] 23
052 B BE 1Y A0 X 48 o %% B R UE L X 3
95 JEL A i LOD 44 150 ng/mL. Biswas 255 il /¢
) wWPAD, % 3k L glifb Uk BT — 44, AT AR T
DENV RNA, iZ:i5 i o] [6] i & ) 4 # DENV, #: {F
fAl PR 5 S PR 3K 100%, LOD ik & 5 copies/pLo %
pwPAD 23 4 i FE AR S 22 10 TE B (6] 2 A, Oy 4
£k DENV @& i1 XSt 7 —F I A e vk B
Ve TR B 0 A T 5 U HGE T L2 BT AR
FIURE N IO 22000 B 45 3% 5 . McCracken 257 48 T
— o (o ] e 928 5 4 FURE I A8 24 AL B4 R 11 wPAD,
FH T PR I AR o 3% wPAD SR FH B T ED B R
TEAC b 4 8 550 /K 3 T8 3 o W 0 G i 9 4R I 1V 5]
1) P AR A A8 2 R AE AR A, S B AR 5 8 AR 43 F AH
AR E B3P, 1% wPAD REUE B 2B
Wi /N, XK AE TR EL coli K12 N AW 35 5 v ZIKV ()
LOD & 100 CFU/mL #I 0.53 copy/mL. Mazzu-
Nascimento 25§/ T —Fh X WwPAD, H T46
I R #4% B ( Canine Distemper Virus,CDV) . %
e B e A0 1 ) A K GE TE |, O 3 2o 4 B 5K
¥ bt CDV Pk B 52 76 AuNPs % 1 JE il 50 28 I8
Bl M5 CDV R RE §h i W b i, 2 & 2R R Sk
PUR PR R, 78 T LA T8 1l WL i 21 6 42 4%, DA
ST CDV A58 352

e 6T ST H SR A R S R A AE AN
B POCT m i FH 3z, 76005 75 Ko I 450 3t 2 90 1 i
ERHTT Weng EVHER T —Fh 3T OO0
PRAE AL 00 WPAD, 85 ans 8 g Pt g R
ORI o % 5 kT Sl 2 BE G K (MWCNT)
5 GO fE M 2L KA 6-FAM-iE B {4 1 5 )t
HE R, 1K I B 55 40 B S L E BO MR 5 MWCNT 3§
GO 3B RS 56, Wi R J5 2 19 LOD 433l oy 4.4

ng/mL il 3.3 ng/mL. Yuan 2" 4 17— wPAD
T [R] s S 000 ] 2 A 5 MY AT 1R (Pseudomonas aeru-
ginosa,P. aeruginosa)fl S. aureus. ZW7R¥G A
J#5 i - 15 (graphene quantum dots, GQDs) 1 4x
24 >k #% (gold nanoclusters, AuNCs) 43 %l 5 S. au-
reus & 1 A FiIK 1 P. aeruginosa #MFEE A Hiik
AT IR o Y B AR PR AR AE BT, 23 55 A N AR B P 45
#,GQDs fll AuNCs Z83d UV M5 & Rk 220
AT S5 B X PR R e SRR Tk B e i AT . i
wPAD 50 i [ AL 5 10 min, 4 F & A F4MEE
A ) LOD 4 4 & 0.2 ng/mL A1 0.1 ng/mL.
Brunauer %' T — B 3 T A% R 2 0T
LFA, JH T L H A6 M 5K i DNAL 3% 05 2245 )i
A 24 i i B3 R AT FE AL R A Y 1S (recombi-
nase polymerase amplification, RPA) , 7= 4z X FRic
P3Gy, bSR3 T m A4 & L ORI
U Hb A PO AR 0 1Y 9 O sk ke A T XU AR I
W f, BFERE/NTF 30 min, 7E LA P. aeruginosa it
PPN P, %35 /9 LOD 2 2.1x10° CFU/mL, HJE3E
SR o 9 G A I 2 E pPAD g S L R
POCT ., ¥ 5 W I &5 4 tul 4 1k 17 1 2% AT B AS 7 e e
UES

Wit 25 A R AR ) AN T A R Ak RO LR
pPAD Kl 5 i 1B R 2 75 o Jin SFE & — b
T ROCH wWPAD @ 1 A5 I ATP 52 B0 g J5t 4
FO D) 2 R I o 3200 SR P RS AT B4 R 76 48 1 #
Bi Kl 8, 7E wPAD I [E & ATP 38 B, 2E47 2%
LA HRAE B Z 3T B WK WA H L 7 1,0, fiE 1
T, 3-EH-9-LH IR (AEC) kA Ak I = B o
ERE NI RN iRl AT S i 1IN o T T 3
wPAD o] 4 M Salmonella, H % ATP F1 Salmo-
nella 1) LOD 43 %]} 1 wmol/L, 2.6x10’ CFU/mL.
iZ wPAD %& T ATP 938 H A I HL |, 35 H T 2 Fil
A P ) s e, D0 G EE BT W R A PR B X A & T
A i A R I A0 O, Ry 4 BR O 38 T A W 4R A T —
Pl T e 2R A T B R o Al ok R kAR
2 Ay A N 2 o A D E  HE— D R TR O R
S 5 R 3

2542 9% (tuberculosis, TB) /& H MTB 5| iz i) —
P G Mg g , © Wl A BRI B e 2 & e b
FMH R TR [R) B, 7 BT A e A E T R A AL
ST . Tung 55 11 T —F 3k T DNA
49K Wi 1 L wWPAD, T A MTB. 3% J5 2 )\
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MTB i BURE 5 % 35 X 5 B S # bR DNA, I8
HH AN F B 4 R Al 3K DNA Fi4R 45 DNA(sDNA) .
¥4 3K DNA &1 51 T 46 I, sSDNA & 1 78 45 41 XL
4 B 4K BB (PA@PtNPs) (Y 1/ o 4 FE S
£ {6 MTB, 4L Fx DNA n 5 fii 35 DNA W
Pd@PtNPs-sDNA #5454 , i#F 1fii filt & PA@PtNPs
B 20 K B 1 L A 4L TMB A= 5 (4 fY ox-TMB, M\
77 52 0 AT R0 AL A 0, 4G I B 6] /N T 15 min, 2 LOD
X% 0.22 nmoV/L, T IEEE A T & )8 91 K B i fi
AR PE AN 53 7 e S R | T Ak T4 B 2ok 2 BRI ARG
I FCAS i e A 0 250

7 %1 T 4% 9% 2% (Hepatitis C Virus, HCV) J& —f
B IR M AR R S 4 S BUF & HJ
TR X HOV MY A R0l )8 B PR R 25 1
HF B A5 VT B RGP LT R R T T g L R
KRAF N Ko PG, IR & e 2% AR AR (1 HOV Aa: il
Tk N EE, Ozefe 5 & T —Fp 3 T S g
ff 9 wPAD, I F HCV K&l . % pPAD [ & T
HCV NS3 & 1 iy bu ik, 35 K im A HRP i Bk (19
Pl 2 IgG/HRP Hi&F TMB. 4774 HCV i, H)
AL FE ARG X AR B 55 . FE PBS ZZ AR A
IR R Be T MLAN 2 055 43 A 89 LOD 4300 1.
0.88 F1 0.80 ng/mL; 1 #£ A Il 2% v, PR IR A% fig
LY LOD 43 %1% 10 ng/mL.2.20 ng/mL. 51&%;
ELISA A [t , %V &5 B A il 2% 17 B AR 4 I 2
B A3 TR A R A S 19 HOV fifi

Tt SRR — Tl E I RO i TR 1Y 2k B I %
YL, MR A B R JE AR 1 22 5, Rl 43 Sk R
(A) . ZHI(B) [ NAEL(C) R T #I(D)4 Fp e A, Hop
A (Flu A) f1 A1 (Flu B) J2& 5 B 2 iy 32 2
R . Wu 25 T — R 43 ELISA R4,
FH TR Flu Ao 3% %€ & A A7 DXORT RN X 4L,
JIE X ) T 2R C 243 5 [ 2 14B11 LR F1 5y —
FlvRe S5 Pk B AR PUAR o S AEAE Flu A $T)5 A, bk
14B11 Uik 48 J5 , B J5 in A HRP, T ZEfil C Z63Y
SO XS IR C AR 55 R I 3 I C &
B N THREREE ZA SR R T
P& IR T B ZEA P /NML, TR — AR
WAL, FEA R T AP RE S E 8 4 NC B, 4T
Ji AR FIRE W) SNE 38 43 A S T R R N A AR A
R . Lei BT T —Fh JC M e 0 G52 50 Hr
LFA, I T &M F11X 4> Flu A /9 HIN1 Al H3N2 i
A, % LFA K9t H1 fbt H3 Prik @ e 7e T £ & .

IR EREA S 5 BT 1gG-AuNP & A8 7
PESS &, 2 4 15 o H R SE B 5 00K, B 5 AR 4l
TSR 5 FI WO #2580 . AU 5 pLoaki
2y 1 h B RTS8 R M, B R f R L PR, 5RO
ELISA A I A Bl AL

W58 N BRI AR R Z Fh kil 75 5 wPAD
HEAT S5 G LA A2 22 o 2 A6 D00 /) 75 0K o X 2 R
SRy B Y R0 R O o B P AR R TR ST A R 3
P A 1S T A W Ak 2 R I 43 A 9 B 7 45 7 T
R R

4 RE5RE

wPAD FE & IC A A L 5 i T n] A P B i S A
B TR DAL W A R R N . N
Hi, LA Whatman JE 451 NC il gy 4% 3 i £ 4 % 3%
MOBHZ £ wPAD S 9 R Z MR, R AP AE Y
HANE SRR EE S R RefE it T
TR . RSB b, pPAD 4548 28 8 32 2 )
g 2D Fl 3D BAN A . 3D it AR AE 2D 4 A LAk
LSS EME T ZY w7 s R4, AU
SCER T £ I D B L 0 R 3 R T TR I AOR S R
SetE. 78 WPAD By HIAE D O m, 28 2 e
FE AT LAY R R AL R I B OB 20k AR AT B
2 HOCYIENE BOCTT RN DA S R AT BN 4
AARHEAS [ B FH 7 5 24 1E e

H I nPAD B9 ) EERET 4 >0,
—JE MR BIE A, B TE I — 0 4 e A I i R AR
LR X WPAD S L S HIE T 20
FHe, SR B Z 1688 wPAD, LLSE XS £ Fif
2 AU T A 1 (] 204G B TR 0 i i 2 AR R =
SR A 9 v AR S L T S e B S Oh e
b2 S5 H R I B G R 38 5 R I 1 AR 5 DO A S
wPAD (9 R AL 5 B 8 K, {7 5 A o Jert 4 A Y 4
ST RN T R S, RN A K
B S5 N TR BBER T AN R ER S,
pPAD A B4 I 50 i A e S X, B OE SE IR
22U R I2 W 5 AR Ak g3 BT BOR 1Y 5
K, R BT R S Al Ok m T R A AR R
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