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Figure 1 Microflow devices combined with strips. (a) One dimensional (1D) paper-based microflow device [56]; (b) 2D paper-based microflow
device [60]; (c) 3D paper-based microflow device [62]; (d) triple LFA strip [63] (color online).
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(a) Sample Mixed with Micellar
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Figure 2 LFA based on different enrichment principles. (a) Enrichment by aqueous two-phase systems (ATPS) [67]; (b) enrichment by dialysis using
semi-permeable membranes [68]; (c) enrichment by ion concentration polarization (ICP) [70] (color online).
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Figure 3 LFA incorporating signal enhancement techniques. (a) LFA with stacking pads [71]; (b) LFA with enhancement pads [72]; (c) LFA with
double GNPs-labels [73]; (d) LFA with sponge shunt [74] (color online).
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Figure 4 Improvements in LFA strips by optimizing the shape and size. (a) LFA strip with shrinkage in the middle of the test pad [76]; (b) Standard
LFA strip [76]; (c) Five LFA strips with different sizes of sample pad, test pad and absorption pad [77] (color online).
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Gy LR BT AE R (d) R A AR ETTRLEARY (4 i )

Figure 5 LFA modified with electrostatic spinning nanofibers. (a) Schematic of an electrospinning setup [78]; (b) LFA coated with electrospun
nanofibers [79]; (c) electrospin-coating nitrocellulose (NC) membrane with polycaprolactone (PCL) [80]; (d) hybrid nanofiber-deposited LFA [81]
(color online).
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OTAMIFE MIAE I F FHMGNH-mAbs-OTAR &%)
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MTERR; SRJE, TEANTHLS N IREEMGNH-mAbs-OTA
5 YIAFE 4 FIMGNH-mAbs 3 #3277 T PBSH H
FIa s, MEOTARY, B ETL L FIOTA-BSA
i35 2 FIMGNH-mAbs#REF. fEOTAFAEMTEIL T,
MGNH-mAbsREF & 5 5 FE S 10 B OTALE A,
T MGNH-mAbs-OTAR &%), F3TLAH 3K
MGNH-mAbs#REH /D>, Wi B HI5INE LR TR
A O R TR, 6T UR R SR A VT PO ih % 7
Z A PR 290.094 ng/mL. LiuZ™ % B 1814
BT TR Au/PE-SiE A 9K KL T-(Au/Pt-SiNPs), ZE &
MR R Fae . REEW 7 (E B EA RIFM
SRKPE, AE1FTL B BRI RS &, B HAE R 4R
ERRFRr AL B G 9% 4 B e 20 B 3R T B s
(HBsAg), Kl 40.13 ng/mL.

TakalkarZ&®o% B BE DN AR AT B 40285 [H 2 £ A/
SigKRLFHEME R, EEFDNA-Au/SIg K
7T B4 FH T ) A I mi RN AP 0 37 A% 18R A 4 1
EEE. M HARmIRNA 5454 3 L JDNA-GNP-SiNR 4
A, miRNALS DNAKIERE 4248 T imiRNA-DNA-
GNP-SiNRE &4, 1B BNE IR ai LT L1
DNATREF IR, FEALI X P~ A4 T RpAE B e, vl BAXT
miRNAZEAT Af ARSI, A9 2] 10 pMATmiRNAFEATR,
S PR A 5 T GNP PR 0 % TR A= A% R s O T
61is.

RAE LA A 9K R bR 28 m] DUAETS TZE -1
PSR FE i — 2D IR, A AT AT A I, (H sk R R
B YRR T 1) BN .

4.3 BIAL AT e A

P CFESE . BAKAEAER REA BAR
FASEAESL B8 4 R 2 1 0 B R 3 R B FENC S
R A, FRWELPHER A, 2 I E LS.
FLFAMENTIRE R Z NAHIR AT 4E 2, 4R EE T
FRAFLFR AL TRV 2 TR, S BARYE BT
A=Y R AN %A, ] DASE B Th AE 1k DABR s il
R S,

YangZs P30 0 F L 47 45 5 (CMO) B M B4R 3% |
18 2 RS KIS R [ 5 AR ) 7 DASR iR FL D e 1
R PE RS BER. IR P CMCESUME: ) 21 24 2 bR 7T LA
51-(3- R LR HE)-3- 2 3t — 0 i B R £h/N-Fa
BREAMEE i (EDC/NHS) ., 7EARHE 3 [ A= NH S i
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B, PR S AR A AR ST LB IER, DAL R
53T I 2 52 . Wang B e — W8 A2 Bt i A 4
Wl A T SERHE MR R 408 b, 39 T AR B HUARIAR
SETE, SEHLTDNAL AN THIPGER . Fu
25 PO Y S P A [ AU X PADS 2T 2 2% 4R 6 3 1 #3474k
SEABME, SRR AT I IR, R SRR L
AR 4R, L REAT 1 % 't SRR b £ i IEG S 728 WK -
JE (ELISA) LA HUEAS [FME A T7 V4 [ 78 B i it
TR PESRYS, 20T TUAE B R LR B0 (KTO ) B R £F
YER R BA RIFIERE. 2 TC S5 IR X LFARINCE 1
BEAT A2 DU BABR T 2 R S5 AR K 0 1 el R
RS X

5 HBIITIA
5.1 MY W BEOAR

AW HE U ML (PCR) A H T HURY 145 € 1)
DNAF B PSR, BARERMER,. REE
HERE L EHIPCRY MR G T3 FH IR 7 B 45 &
VKRG LA E T =), R 9 E BEPCRAEHE K i
o A o H AR A% R 1) #5 DUE L gk b 1 FLIK S5 D IR,
BRI BT AN RS B 5. SR N R BR B R B,
FHEE RS ZR. BHPCREZRY MRS
LFAZ: &, AT LRI DU IR N H ARy ) s R oA
A A

PCR 5LFAZS &1 550s 2 — W &l6a, bifm": it
FE R B AR LR A BUEATPCRY 1415 2757 A5 Fam bR 28
B8 K R RAEDNA - (AridFam)
55 Biotinf 1 M BE IR ETH R ASTE U B0, 28
G5 AR i E R SR AR -GNPsE B T i —
BVAIRE &9, LRI A T A I TR Wi Fam s = 1
PUORAZR, M RIS H AR LR TAEAR
KINTL; FIRAKRLEAMEEEREMEK-GNPs5CL 1)
PR S A C B fu(E6e). HUTLRACL
ALY, G5O, W SRANCE AT WL, W4 SR
ZITER T BEAZEFRE R R, RNRATIA10 fg
H#RDNA.

FENRT W e 21 SEBLE B PROdAS I 4535, PCR-
LA AR B A E R 11, Yo 0 R T MR 4 iy
EH TARIMISARS-CoV-2, HRAESARS-CoV-213E K 4H
X3k RARpFE K . ORF3adi [K AN K [ RN ABLAR

SR S I A — AR BICy ShRIE FIPCR 4,
B H G A I RS EDNA Fr E 2432 (Kl6d), 30 min
J& TP A B et 5 AR b, IR A3 B A JE R
FIRIBR 410 copies/test. 1% 7 2k [FI B 460 = Foh JE [A]
A DL A 5 FL At e DR 7 R A2 A8 UROBE, T DL f
SARS-CoV-24%BRIEAE S S A B 1k 45

QinZE R I T — AR LA G, T2 HE
£ T 5% S N (mPCR) 5 LFS 42 A K ) I 46 90 2 P o £
ZNBEE YA, JERS TSR, E6e). %7 7EWTT
T =5 RAMC B IE [ 5] INAT-FP - (NAT-FPcpicken-
NAT-FPp  FINAT-FPp, ), L35 5 GNPIREH B B4 24
ZINATFS, CI20AFGIX LA K A T il T4 486 14
K2 ST = A ThREX. [FIRE, =XHEbRiCH
R 5 PINAT-RPIE 75 2 HA =AM IREX, WG 5 e
FETE ERSRIREN HANKINAT R %1, Cl1208] kg X AH T
16 00 VS R S, — BB\ B AR (W ),
DNABR B e 58t msImxty 18, ¥ 17
(dsDNA) 5 W MNATFF 5L FEIFR I, X HNATF
A LA GNPHREF FITZE 1 A SRR 58 4000 9F 230
2L, %07 LUK PR S IR EE0.01% (wtvo) 35
ELA9) 5 380 SBR BB P R DX 4 F . e b, 76 300 H i
WA, B SLFAR S & N LFAR Fh PR 1
RET T HHIE .

AzinheiroZ ¥ 5 40 Bl R A HE S IR 19 4 R (re-
combinase polymerase amplification, RPA)5LFAH %
BFF R T — RS I 52 e 2 T P A0 8 A 2
BT 7. BREM S AR iE NFamBLFITCI & Io i,
RIS A EDR. RIGERPAY 1 A B [H I A
PN 7 (Fam A AE D) 20 hnic 4 Hom #2148 .
Fam AW R ARiC FIRPAY 1 Fr BE 5 3R 40 ) [X 358 1)
SARFamPLiRFE RS A, ST GNP $EIE 5T
RO 52 A A ) R 4 £, T 4% A3 A GNP i 5
MPURRE EfECL B, AATIR A L T &R
P T EHED . RPARARFER > HAT
BT IR, 45 B SRR FRER AIQPCR M 1 g
K24, ATRLIUEN 11 pe/wL 2t B A% 20 M 336 2 2= Sk B
DNA, LODs,94.2 CFU/em’, LODys918.2 CFU/cm’.

5.2 YEIHIBIEIAR

Fe gk gk 2k v Tl B H LB 4 fE F ymE— 1)
WA YEE)J). Shen PR T — g B 1 B0 e B
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e
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-

‘ COVID-19
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PCR Produci‘
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g
B
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and Washing

= N~ ——
P A e 2
NS\ - NATSP H
> 2 AN\ < e, ) 8
:3 E\j g o g
55§ o
§ & €
oiE 2
dsDNA amplicons !
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W ;S SR N
! |
Sample Conjugate T ® ™ &
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(h)
e /_ D & xT l Oy
N O
o (o W I, ol
% I Sample pads
\“""ﬁ“‘( ~—TMamination/scattered Tght in cartridge
Smartphone
flash

B 6 BTN BRI (a) PCRPY; (b) HAEDNA S HREN 2 1A R 2525 (o) MR R AR AR I, (d) DU 4% 4 ik
& MSARS-CoV-2"; () 3 FNAT-FP/NAT-RPHIMPCR-LFS ] A 54 2 T A A A IAE -5, () B LAl B IR Z b7
W5E (CLEIAYY, (g) 497 ERFH ARG B 4 o728 EHT R I, () 8 R RETFALGHE OGHAT S T 403K A b e 1) (M8 R 1)
Figure 6 Auxiliary methods of improvement for LFA. (a) PCR [91]; (b) liquid-phase hybridization between single-strand DNA and probes [91]; (¢)
lateral flow strip detection [87]; (d) lateral flow strip membrane assay for the detection of the SARS-CoV-2 [92]; (¢) complementary NAT-FP/NAT-RP
and mPCR-LFS platform for multiple testing of meats adulteration [93]; (f) centrifugation-assisted LFA) [95]; (g) LFA assisted by a molecular
imprinting technique [98]; (h) paper-based colorimetric assay with a smartphone spectrometer [99] (color online).

AN 2 (CLFIA), HNCREBE T A A - HEE
Mr(E6n). 7E 5L IRB )L FELREN T, B IR
MNCHEI I =i N = RSN b = I 5
JE e fi, 45K 173000 r/minf, BAE 115 XS, W
B IENCHF A FT A2 2h. NCHr I HIR 454 7B A 5|
SELGM, AR AWM EHE [ B, NCAHRZE
TERAE E RGN . Rk, B B NCH S5 75,
G WA D AT, RN A i 28 b Az s (5
S AE A AR AL (1500 r/min) A1 KRR 5 AR AR
(120 pL)i, CLFIAXS T i 41 BAse S P e S o I IR A 3]
0.067 ng/mL, REEEAE G LFIALRE 56.21H.

5.3 o FENHIBIEIAR
73 EIiZEH R (molecular imprinting technology,

914

MIT) =2 F H 43 F BN ik 5 & % (molecular imprinting
polymers, MIPs) A D - i A B8 P - B J5 2 [l 1)
FHEAEFH, X ENE o A0 o 73047 % — PR 1 4
AR MITEA e M R 5P R ST A S5 A, 78
S FEAREEHL. (AR R, BREREL . IR 25
SAHTEE TS T2 BT, ¥4 TSR S LFICA
i, A LATERAR BT Z 0K AT 5 2 40 B ik
T, BEMSHAR AT T PR — 5 R AK. Wuzs™
FER T — FhowT B4 1 0 I8 T B 38 J2 A 45 4 e 4
AR, T PRk 0 7K A4 o f Ak 2 4 75 3 -LR(MC-LR)
(Kl6g). fE&E @RI 51 EA K T BEAR R
PEVUIAL FUIMIP I A R BISPEM: ¥, K847 1T,
23 S FH 7K RD R B V4, % SPEAE T-3EAT AL B, 4R )5 ¢
MC-LRIN#E|SPEA: T~ _E i N\ — &2 iAol (1) B i - 7K
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REWWGE, BE, FHEY CIRIEE VI Em)
MC-LRZr¥, FIHE USRIk T, AEH
FE FRAEPBSIA R T M dni ke . S 56 F B JE
MIPs## BILFICA 75 24l B 7T LLIA £10.04 ng/mL.

54 BRESFHBITIR

B R BT AL B, Bk 2 FA AR I 4 A A
EAENGE T RES PR E AR T L5 E= MK
T HTAX RS, 75 BEARAS U AN 1y [ B S B 7 RIVERE 43 7
SRR, B BETALAE LA S AR AT (1 57 FH A [
BEIRRE. BEGEFILNEBIRGSLERGES,
e E, A TFHLE W NSNS /LED
5T, BBETFHLE SR 6 BT, BT DU SRR AE4UR
A 2 156 3 % ] F 3D AT ENAL(Formlabs) il £ 58
&, BRI BT PRI, B4
S — RAVEH IR, DRRETFHLIRRE IR
ORISR, ATSEI 2 4 1S 5 4
AEHG 5 1 (El 6h).

6 HFhERY

LFABOR B A AR, Al R, 845 |
o R v ML N A ERAE SR, AE R (point-
of-care) f M ABAT ) ] (1 L ATt AR, AR
LFAR BB, R BEHEAT R P B & SR, FHAS 1
HAEZ U )2 R . DR v — S, BN
DY A Gt IO LEABEAT 45 44 dt B b 22 e R AR T
FUATIPERE. BSOS 5 ILFALERS E B 5 AF A SEFR
P R DU B I SR, AR RRVFIIRZE TN,
TR 2 35 A

ST, IRLFASGERARRAFAEE A 5B Z AL,
UNAE SSRGS T T, AT B E A EUE T L,
M AR L NIRRT 2R S Y B v B T AR
AR BTSN (R AN T[], i 7 bR i e Rl
EIEAFAE— 2 MR, IR T, 454 3DITEIHEAR
BOHA G RO RO DR IR R il s AU S R O e,
&, KT AREE ERAIR BN E 1 s Ak
5K I AR A 5 Bk — S ARG T T A RE S AP L A
FENLE, WEFCH 5 ZER AR 3 7022 RR 5 A 7 Hr A
gity, M RERE B SRR, ek
J7 T, ASNCEER B3 A B R TR AT AL 2 A M i i ¢
RIRPRE AN AR 75 B, MPRHALAR RN SR
IKPEANA =R (R 1 S R M AR s I %
A2 BB 23 W 00 B0 A B AN 70 T 7 A e P 45 5 RO R FE
S BRI E I, R E T2 BR . A
Xof RS e P S T REXT b3 1) ) R BARARAE . A
B, ZARN ZHORIS N RS £ — 2L LR
A 3 AN A N 5 A A R A PR R B B Y 55 D77 I ) A
A BETIRY WK 7 T A A BORBERS TE IR SR A6 HE
it A% RS DA Xk LIRS H ) ) A, A B e 1405
FIBES KSR RILFA T iR I G Ve AR AR, 2D
R B e B 5 LFA AR A HLAS A AT RS i) e B s
PERE, AT 1 & SUSEARN L RIS B T 6. bt
b, PR ILFAfESLE A P RISEER P TR AF A — 2
SEPRiF) R, 14N, BR LFABRARH i i A 5 n &
2%, WREFBUEAREA S INES —, SRRl
i RS AL 5 4. PRI, LFABOR B e b
JUEE &L LA Z TN R, A A BRI R
f IR 3T DA R i R AR b S8 45 i AL TR v
fEEE. Tz T AR SS.
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Recent advances in structural improvements and chemical
modifications of lateral flow assay devices
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Abstract: Lateral flow assay (LFA) is an important paper-based technique amenable for rapid and point-of-care testing.
It features as low cost and simple operations. However, a main challenge often comes from weak detection signals and
low sensitivity. Here we summarize the advances in new research aiming at improving the sensitivity of LFA through
structural improvements, chemical modifications, and other auxiliary methods. We discuss the principle and operation,
performance, unique features, advantages and remaining issues of each improvement strategy. We highlight current
challenges and provide perspectives on future research directions with respect to developing new strategies for
improving LFA.

Keywords: lateral flow assay, structural improvement, chemical modification, sensitivity, point-of-care tests,
bioanalytical techniques
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