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Nanomaterial-driven Lateral Flow Immunoassay:

Technological Development and Application

ZHENG Jian @, HU Xuejiao, GU Bing A, Guangdong Provincial People's Hospital (Guangdong Academy of
Medical Sciences), Guangzhou 510080, China
A Corresponding author, E-mail: gubing@gdph.org.cn

[Abstract] In clinical testing, traditional research has focused on developing large analytical instruments capable of
processing high sample volumes with fully automated and highly sensitive measurements. In recent years, however, there
has been increasing demand for analytical reagents for point-of-care testing (POCT), which do not require a specific
location or professional operators. This trend is exemplified by the lateral flow immunoassay (LIFA), favored for its
simple operation, rapid results, and user-friendly design. The fiber membrane-based structure of LIFA provides both cost-
effectiveness and ease of disposal, addressing key concerns related to testing budgets and environments. Despite its
compact size, LIFA incorporates multiple technological innovations, reflecting years of research and development.
Current studies focus on advancing LIFA technology, paving the way for next-generation diagnostic devices. These
advancements aim to redefine testing convenience and enhance the capacity to respond effectively to urgent public health
challenges. The future of LIFA is gradually unfolding, with deeper integration into daily health management and
emergency response systems. In this review, we present the historical development of LIFA and several cutting-edge LIFA
technologies, including gold nanoparticle-based, magnetic, photothermal, fluorescent, and surface-enhanced Raman
scattering approaches, aiming to inspire future LIFA research and development.
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Fig 1 Principle of lateral flow immunoassay

S: sample well. A, The basic structure of a lateral flow immunoassay; B, sandwich LFIA format readout; C, competitive LFIA format readout. A typical lateral

flowimmunochromatography assay (LFIA) test strip consists of a sample pad, a release pad, a nitrocellulose membrane, an absorbent pad, and a polyvinyl chloride backing.

Its detection principle relies on immobilizing antibodies on the nitrocellulose membrane to form a test line (T line) and a control line (C line), while the sample migrates by

capillary action. The test results are evaluated based on the presence or absence and the intensity of the test line and the control line.

FELFIAR JE P& e, S s IF iz Bl A B9 7
TR TR IMIAASc . 20120704748, Warner-Chilcott
FEL T TR PRI T NGB BAR PR IR (HCG) By 7]
&, 19884F, Unipath Ltd. JF & T8 —A— Ul 5
F IR R R 7] & ——Clearblue, K4 T 1T A6 ik JiF
STUERAE, SR ET ] A2 hagi J 28 L4 ht,

R B LFTA IR 4R 2% 2 5 T AR 4 A oK kL (gold
nanoparticles, AuNPs) 5HUARMRI, il 20 62 A 1745
TEAEE . SR, AL G LFIAD K 2% 0 R BR 050 P a
e T oA, IR T HAE SR AR e e 22 . AR
e, N T R LFIAMR AR kg, PSS ARG IA T 2
FRRTRILFIABOR, Gnals, Setnhr @481, AR BAE
P25 S LFTA MY FEAR [ 3, i A R PR AR =, 1
RHTH AR HLE], BT AR BT, I AR L,
PRV RIS 52 5 30 R S 4 B Ay T PR REFE T RS . I
J&, AL RGNS FELFIAR G BRI 5 6, IF
R R EIG R PR S L8

1 UEAIENEEE: ETRESMARF
F AR BILFIA T 5%

Bt 4 JA A K AORE PR O RR 1 D A M T L e L AR T
TR G R A A L B T il e s 35k, ez 1
TAYBEZGEL, HOGH UL N5 48 91K kL
T E TR E T R A SRR AR TR, B R
RS B F A3 R (localized surface plasmon resonance,
LSPR) . LSPRFEYHAIURLAE R WA T X O
B 0 5 R, R URIE T OC I . TG R B 9K ORL
RO TR DA A v e B R R S Sl ) AN
[N BIIE G R AL, FTARASLSPROGIE, SF A58 44 K Jii
L) A B AR R

WLEI2A. AR R (AuNPs) SELFIATS WG b 5%
Sz RSB AR R, R R D B AR TE
10 ~ 80 nmjiti [l PN i AuNPsiA R K LSPRAJU, £ B W 52 11
ZLa, T IR RS QG Uy i faf o, w2 ikl RS A
TEAR AR BEEY; @R 1H &) T AT D Re AL 1B 1151
G E™ . YEAEP T AuNPsH & T ki A 3%
B K P A2 R2 (HER2) FULFIA, KR % 1.7 ng/mL,
PERE ST SO TR G AR . LINGE X/
A2 Bk (PYR) | BREE G (MY C) Rl R T (KRE ) 454¢
IR TIT R T Z ELFIA, KR 5350425, 2.0#18.8 ng/g.
LTU SR Sk 1 A 0 A s 42 1 57 5 P4 6 8 (TPT) 19
LFIA, 75K A FUORE K rf (9 46 00 R 43 531 81 pg/kg Fl
66 ug/kg; 522 AT = MEER (TRI) JF & T LFIA, 7EAE KA
K R AR BR 43314 6.74 ug/kg13.58 pg/kg™, %%t
IHEEATIN, CIVERASESE S5 & TRl 7745 B85 (Pru
du 6)P" IR H (Jug r 1)"FYLFIA; YANGAS FISHENZ
W53 50 T R AE A 1k 55 Ara h 3P ISR Ana o 37
H™HYLFIA, S i St bRt o e S It i T A

2 [ R P40 K F- (isotropic nanoparticles ) F6 B AL
PR BB 5 T AR A 9 K 254, T [ S 40K 3K (solid
nanospheres) . BRIZ 44K 7 (spherical nanoshells) #1258 i[>
Y2k ER (spherical hollow nanoparticles) . W.IE[2B, EKJE
EKALTAEL)550 nmAb KB 9 . —LSPR, BEFH KL
SRR BN, F AR A T I RS B, S A A
fE, & T AuNPsHLFTA B AR AL 5 O Tr AT 110
o 7504 4912KER (hollow gold nanospheres, HAuNPs) I
ST AN K BRI S AR R 1 1 300 T ) 4 RO g 4 4 ok
Bk, R BRI AR AL 7 245500, $ 8 T Hiik
i AROR . ZHIAE 58 A P/ 5 AR A LA Ji
il 45 T Au@Au@Ag/ Pt JZ 9K kL, FI A 25 4k
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PR ISERSIG 5, AT PRI HIR A 00 A 24 S <0 A8 it ot vEE Ve v v
WP D910 CFU/mMLIIH A se R R . RANSEIT A T 28
L A AR R F (HGNPs) /E b 552 bR id M4 kL, H 7
HAuCL 5 NH,OH-HCU B H R B AR 1, T 75
HGNPsK [ IUBUET AuNPs, PAHR AT LI 32 7 i 26 251
BN . YINSE I o 845 4 B Ak A ARG T
Pd@Au e 9K &, B4 05 56 K BE ) Fa] i
LSPRYERE, H T A & v B) 24 K m A6 I, [T offg 3% 36
89.68% ~ 117.20%,

B JE AN KR TR AR E M AN AT I M T T AR R B,
T 22453 J& 2053 AR AKORE - PR AS [+] 42 Jag 1] i LSPRAF 5 71 7 2
WEFIREIE . GUOSEM AT TR eIk S @ -HNah K
EAAE I GIK T (nanozyme ), 3 ELid S AL W BERE 15 A0
SRR BT, T AR T A RS RR S A, A
SARS-CoV-2f il BRIk % 1.22 pg/mL.

2 M S K AL F (anisotropic nanoparticles) JEZS &
a%, HAum it v, S Bt TR AKRL 1 L
K2C, IR, — RN 0] SRR T8 HAELFIA BT
RIPRET, WA T 1A 7 0% R ke . L

FER R | R IR 2RSS A ML
FoEtE . £ SRS A (CandR B4R A 7 3 ) T30 B )
B, PG T 7 AR SR ALY SR, 38 ]
TSERSZELFIAN FH . BLAb, £ ) PR RRAE 3G 5 T
LSPRORJE, 238 1 OGRS S B, 85 F T L B R
R,

YK A (nanoflowers) {4 73 S Z5 P F AL T T KA LR
[I0R A WSEAREN B R F A IV ey I P AT Y SR S
SE AV AKAL (A AuPH KAL) T FH X4 S ok S R 248
SAESH L, 2T TR Z AR . WUSES i i
REZE ML AT Aul-TEIRAOR IR, L& =45
R BE AT 5 00 S 254, SR A G A SO I bk
fE, AT S 6 SO OBUE S . HUANGEFI 4
YK AL SCISORN R L R TR, 5 sk R BT AR R
RGN 8 2 AN TET A s IR , -2 RS 34 53 3311 4 105.31%
F1100.86%, 28 53 ZHUNT10%. BlJG, BF 4T 0 i R 2
259 (Flu), A TS T 2T AuNPsFIAuNFsHILFIA, ik
JE 4924 1.95 ~ 250 ng/mL#10.39 ~ 100 ng/mL, 32 HH
AuNF-LFIA 2 f{ 3 0

Sl a
@ FTE =&
A A A3

2 NEIMEHRBRH SRS E
Fig 2 Structural diagrams of different types of gold nanoparticles

A, Micromolecules of gold nanoparticles; B, micromolecules of isotropic gold nanoparticles; C, micromolecules of anisotropic gold nanoparticles.

PEFEALRFE . — 7T, MNP [EA #5607 A 3 LY
(55, B AELFIA F IS 75 50 38 5 2200 )2
MNP 5 G 14 /3 % (immunomagnetic separation,
IMS)——tl i SN ] A2 2 e sl A A 4 3
Yy, BB R LFIAR R 521 ULIET3.

2 UEMHBEAREGRHE & KR

WF5E N 51K AuNPs 5 T REPE S G A0k g 4k
WL, JZ RGO BRI HLR G W) 456, TR R E . &
PERBMRE o X5 A MR T LT B e 3 A A
158, OREEYN K BURE AT SBT3 0080 S5 108508, I e
Jr AR QZARGIK AR S T P RO 2R, i
TCRELAHI R G ML W38 ik 25 (Al B sl i i HE ’;*
P R AR T, By IR GOR R R A, B G 9K IRE \/\7
AN = T LFIAR) R RS, 00 PR T R T S8 i AR AL
iy, A58 TR, TR SO I SEAN R 9K otk 15
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External
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3 O BRNRE
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td 12 K JUkr (magnetic nanoparticles, MNP) £ &
B —ARLFIAAE YL R h Py OCHE M 8, SRR L 6| 1

Fig 3 The principle of magnetic separation
Fe,O./ AutZ 5 K URLAELFTA )32 B ], [a] A
FFe, O [ TR R A Au it 2 T~ H54E LUSR THGI R
B ool HAR IR AW 07, REPERAE TRE 5 .
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Fe, O, 7E ] DL DX F BE R W O ZR 505 e (AR 4 A 24, (L AE
HEMRA AR RS T IX MR ER, SUN
F e, O A &/ REZ DMZE, G T M1
AR BAR I L Fe,0,@ Au/PDA, F T Kl A %5 2R 17 1 2 K B,
HAGBRAK 2019 ng/mL, 25 LGRS LFIAR 4165
GUOSE G 1 T Au-Fe,O WAL IR 9H K UKL, ol e45 4
254 T AuNPsHIFe,0, NPsI {3, 3 KA R AU 58 T
LSPRAUN HDGIN, SE 1155 0K
2.2 BRI BT R

e K44 B} (photothermal nanomaterials) L) 2
N TR B BRI | 62 UG BT IS W S . %
G L R T AR TS e T BRI AR A R
FIRA L o A R o DA TR AR SR A 8 0 3 45 ]
AT PEA R R T XS R BRY, WUSER R 3R 2 0 el
B BCEA GRS B 4 K AL, ZEC RN Al R
4 H10.58 ng/mLAY 4 B (U A BRI FE R B

PRBEANK F (black phosphorus nanosheets, BPNSs) &
LFIA T EA RS D CHAPRICHRE AR . HoA Bt B 5 B AT
I, RO BB, RIS SO AT WO R 2T Sk
JUREIDG. HAh, BPNSsHAT i 1O RECHDEEH A,
0 T IR AR T il A S5 . ZHANGEE S hg 1
Bt B-ME  BEHUIARIE Y R S K E G K, 7£808 nm
HOEE K, LEIAKGINFRIA50 pg/mL, HTT B LFIA R fUE
1 10018 o FERHIE 43H )5 THT, JEHAVRA 55 S 82 53 B
PR LU EAE S 3 IE S, X R 2155 5
TR TE TR 2 R R AER I . ZHANGSE IR St
JEPA/PKRL TR ITEMG 1% £ veREHUA, T4 T Ms-
Pd/Pt-p AbNPsZH KRS, PRIHRAGIN 70 T e 1 Ao I R g
1.0 ng/mL; 7Eox TMBA T 142808 nm YA, il 1 #ik
AGASCI L, S B AT 3 — P [ %20.01 ng/mL.
2.3 FSLAKER

YN 1k PR e R A AV I B, H 23 A 53
B R o F O BAL AT A B R EOR o TEPOWGIE T, 9%
W5 53 F OG- H TR L 2 R REL, BE S IR
ZIIRICT o BRI S YR RAE 0B AR 5
DG, F BCH R RS, Bt T BT OOt AR L
ENINES o s

PEICLFIAEA LUF P ARy i) 6 4554 i 5
QEFERARICERT; BfF 54 LAY @IAEOLAY
e e T s (D v 1 2 URE (ARG 0 R R 58 30 253 L)
@ wkill; QZEIrHree ). EHRIOCIRE I, F% 18
ZMFAE, W& F =% (quantum yield, QY) , Yefa e %
WK, &1 7320E Y RIDE TSRO Tz 1,

PUE THREE R IE T 6 R FRCR . S RHekE—
P B P E R R GOK I R}, LS A n Tk 2 R
9, ATARENHIT SO T DS | SR R, &
Tre RAEER Y, LEISF R FHER DO GIER Shixs £ 5
AP, ST T AR RE A it 2, S 1 ) 5
K75, R BR A12.3 pg/kg; METSEFI] FH AR 40 Kk T
TE& T ] RIS A K 7= b o = b il Sk AR R
BYLFIA, Rzl B [A{{ 10 min,

D) A Ta i R N E A (1P i b ) AN A T
A PRI AR P P AR . RS T ORI
A BRI T3 — [, i S NCREFAE YA
RICH T, PP T 204N & ST ATEgenstE Ry ok
J6HIG ., CHENZEffi i Au- ATENPs-RLFIA I F9¢ 61
PAEATI R 47002 ng/mlL, T -5 (8455 385 45 6 5
PEEHYE AR 70.007 6 ng/mL, Bt TAE 4 LFIA
R Ml AR IR G038 oA v 5 T 4T AM S S B G I mT A5 %4
G0 L A R S T, CHENSE" 5@ aod i il 7
B AuNPs 521 {5 % 5t AlEgensTE B4 W48 K ik Hh 20
25T H I Janus@ KA 254K, SEH T B TR S
PENATT W23 [0 43 B3, P T AR5 SRR T A BT
. HUANGE"@ i 94K et TG i 1 APDCOFFE Ry
RS PRI IR, LW e 5 R 41 (8 ATEfIER B IR A
2 SFF Vg g FEE DG T, 30 340 9 R UR % P 3 sk B 5 1 S T
TR K, T APDCOFE-LFIA ] T46: 0 58 11 &, o
"B N A I 52 B i) LU AR 4 S LFTA S /35 1 5065
15305

B %5 LFTA R RG99, X & R4 (55
MR H 4238 U1, 4 s (quantum dots, QD) fEH
1o R U TR AT BAT 35 L 7SROk T It T
AT T A PR R alow 2 R B W] AR A AN R &
SR QD; & T 5 AR B E Gl %, GUA
WANGE I IREL LIQD WA 0y, L S ALRE" . GO,
MoS, > FIE AR R 2k, FIFPELS QDIRER, & T4
X e BE L T R . O PR R 1 2R PO
LFIA. Si@DQDHSiO,5 M ZPEIFIQDZH i, SiTQDMI Hy
$i0, 5 = JZPEIMQDI . % T Si@eDQDHJLFIAR 7E
15 min X AR AT 7 £ 20 AT, il FR 4750 cells/mL,
R 290 IR 4 LFIA R 20015%°; 3£ T SiTQDAYLFIA AJ
7£15 min PN [F] G IS ARS-Co V-2 1 1 3 Jaops 22, 461
PR 430355 pg/mLAI50 pfu/mL™, BJS, iAITLAGO R #%
LI T GO@TQD, S | H—LFIA &Y b Xt —Fifi
TG RE Y 22 EARGINCT, Mo, 15k S g — 4k E0IR 3k I 4
& HEAL A, R LEERTE AuNPs HAT 3R 1Y) b 2 T
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RS (62415 S o % =2 QDT N F MoS, 7 i il
#4HIMoS,- TQDEAR WUF S A AR, AT R I ngt1~r
BRI TE A29 8 11 s/ BRI T, BTk A B R
VE R —FhB R REAR AL BT BEWE 72 B . PRk
S A PR L BR B 43 B D BE i [ B, e EL A A ey
P, "R R TIA 5, THRENRKE, BERS
LEIAR LR 321 . GUHIWANGES i LA 28 71 484k
Bk, 54 &M SKSEE BT RE)E
QDIEEX, 1 Bh /M3 s A3k B e, RisdeTH T
LFIATERE

24 R SRR

P2 58 2 B 4 Bk 2 8 B R 4y TR AL RRAE
fH5. ki, 5505 05 Z W T, 19744F,
FLEISCHMANN 1 YU 5 3] He e 7 LR B FEL A 1)
P 5 SR 4, J5 HIDUYNESE I ALBRECH T4
F 19774653 B ST RS2, % PG Bl i 44 4 2 T 3G ik 37 2
ST (SERS) . SERS/Z —Fl FE B4R L 42, 20154F
KUMARIZ™ R G058 T SERSTH 5 540Kk 7 R Ty
KFR o SERSHA A7k FH N SR B8 FI e BERE T), 45
BB T ARG T 162 5 A= AR, /T T %12
Wi, T SERS I 4K M B3 AR G KR 1~ — 4k
(2D) M B Je = 45 (3D) JA IR Z5F9 HESI A BL . 7ESERSHS
B AR, 539k 4 T FE IR 23 7= AE R i AR i
JEE . WO EIIR R 5 4 R AR MR LSPRIS A
A B SR TR LA L, s AL A
FlE R TP 517 [ R IUSERSH] T A ke il
DA, HAE B Y7 (R4 i vk ) H 450™ i . SERSTR 4
B FEIRE, (EURE T i) A 87 B, 35 P e 55 R BURE AR 1) 22 4
e,

LFIARYSERSHENE F 253y o Ja FN g oK B2 5 BRI
P, H4 TR BLIR I M RE IR T 1 vk N R T R
LIRS0 5 e o D00 52 02 1) DGR PR 3R, L vl i O 2
EHC . HETE I & Z R0 7 B R4 S 9K BoR 0 R i
JEAR, LIUSEh i IR P S48 QX 5 5 H 2 5 H & 1 )
A, T A R RS SRR, AR
A R B BCRCR | R E N AR ARG E b, AR R X
(1800 ~2800 cm™") W /R AFFIYSERSIH &, fF 15 Lo, 7]
FHFA b p R Ry A7 57 B 1 5% R RS

YK G B AR W HEE T 24 090K 8548,
SERSILJCH A ML TRk B, 91Kk & SERSELI A
R AEORE v T B4 LIS, X SSIR A AR AR T R 4
BB, BRI T AWM SRR,
SIVANESANZH 1o i B e IFUR AR il 4 T 4R -4 04

JE 1R & SERSELIRS, AL AR M g, XD T TG . R FF
TR R ZF A0 R R 4 98 €0 25 R TR 25 22 R A 7T 35 B/
WEW P2 RS, HERMEL . REMREh THE
&R 5ESEBIRAMAKE T . HARDIANSYAHSE 7R
FHHR ST . R ARRE AL TR A LR, FH
SERSECA IR 1 4 (i A B AT, 1 48 Tt 7 Al
HERATE . TEONSE I LAMS2 M & A A AR, 5 4 4 Kok F
FRA T B 055 B IR ALk, LR HTIE B34 50 43 A 1)
AP NI R U S R AR TS - e SVATE 3 NI
SERS{H 7, & T2 W R SR s 2 1

H i, K Z5SERS-LFIA KL T SERSHR 2 K6 Ml F7 8 15
5o SERSHRZE I 14 55 B8 IR G KSR 5 R b 2 4l il
ST REEAR U L R 8, F T e A s 2 H MR
P2 (5 . WAISERSHRE MG & BAV KRN, iz
et o R 2RSS F SR AR N A% E i
SHR J T FL I AR Ry R SRR JRC A T, DA R S LB AE
SERSHRZE il 45 1 FE oy, KE SERSTR PRI S H &5 501
ISP TR . PS5 TG 4- 2L E )
(4-ATP)") | 4-57 FEIRE (4-MBN)") | 4-57 FEIK H R (4-
MBA)"™, 5,5- i XL (2-fif AR H R ) (DTNB)™ 71| i Kk
MERE (2-MPY )" Hlp- A SEARBREE (p-NTP) "', 3k 65376
P2 ERHIX (1800 ~ 2800 cm™") B /RFFAEIE, 4 B TR
AR R R SR TR, R A AR S BT Y AR IR
GUFIWANGH () R 20 ) ] — Ak 4H . EAk A
IR LR TR | B MRS AL A 3 e 1A 1 M A R,
o SR T I S B A Sy 3 422 700 5 G SR AR KR TR
L 5DTNBAI4-MBASFHL 2 it 43108 T ZFPSERSHR
2, T QA M E R R R . Hrb, MoS,@Au-
Ak A I 95 B A29 B (1 (1 BL{5 5 LFIAZE A0 58 FISERS
30T BY A I PR 4351 150.2 ng/mLH10.002 ng/mL"?;
GO@Au-Auf7E20 min ARSI AEAE | oK | 0T 7K R0 I8
KR Sh TR Z B, B R B E K AR a4 I, -
B % 490.03% ~ 113.75%, AH X 5 i 22 1K T
13.48%"; 2D GFe-DAu-D/MSEIL | 4 d (L 4 BRI . 4
23 (BLBA T B AN VDT GBI 7E 10 cells/mLoK - 1 4 R B0
7 MoDAu@Ag LETA K SERSK I BR 4351 440, 2971
34 cells/mL, R ¥ J& 555 AuNPs-LFAR 14745 LA |1,
KA WL SR 53T 5 S AR BE R, 4R 5 R A2
PRI 1E IR, B AR L5 AL A4 2 (n — A k)
DI SR SERSAR SR e M. SUSEVLLRE SERSTE 4 1
AuStstE B TSR, p-NTPYE M2 15457, il
£ TGS gt i) SERSHK UL, I ke 2 — bk e 2
W o IZSERSHK TR AEPBS P i 7761 H 5 15 55 08 B G
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W AR, FEBL PR
3 LFIAKIERRMER AR SRAHIE

LFTA PR LA AR (T3 | A 0Dt B A R0 25 1 S50
A, T S 1 B ) A e AR A T T LA Y
FA PR, 5T A S R 225 SR A5 LFTA PR 17 b I
WRIHJE 5 Tl B 408 . AEBR YT IR R, LFIAFE AR
REA% S B0 Y ARSI R 3R Z A PG | AR A P
W, IANTE R EE B AR 2 i . R 42 S 2408 A5 3 5t vh i
F o AR S i AR T BB AT Y LFTA M AF 58 AL, 7 22 AR
T LFIARY & R DI FE L B 36 F R R A4 5 A LFTA 9 R
JUELFIAMN 554 5 1 2 3, (A AT i B APk AR,
FEFH LA LA
3.1 BRZ IS S HKRES

TER B AT D B, NCAL R AORE 5 L 5T fE R
Az AR RE SR B, JR RGN X (T ACL) 1, A
T BB BAE RO o P A6 e R 2 2 o R R 5t
B, AHX T RE SRR MUE . M HT A5 5 B R i
N IB s R U E B A W e A S =R S A i)
YKL T, (HIX TCBEAE— BB L3N T A = iAo
S R R B R A | SR 2 b B 4 Ak
B PE R KA R (LB 5 . MOFRT A= MR 7
by, S8 AR = AR KA sl o™, S
SR . X ik 22 R (ORI REAR R ERE T
REUE, AAK T REEE S
32 BREERHNAENEASEEIZES

AuNPsj2& H ATLFIAT 4% B 8 AL A S5 i
PRED: TR PR A b i b, £ R BRI A A5 AR X i 22,
S AT T, B BORAN S, 5 TS890 Tl Fs AL
A7, AR TR G, 7R B REAR X A S ], (L
R RA AR, SR P EOR FH 245 1 [R] 1 45 1]
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