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Abstract

Colorimetric lateral flow assay (CLFA) has been widely applied in point-of-care testing owing to its
simplicity, rapid response, low cost, and instrument-free operation. However, conventional colloi-
dal gold nanoparticle (AuNP)-based CLFA suffers from insufficient signal intensity, which limits its
applicability in trace-level analyte detection and early disease diagnosis. In recent years, nano-
material-based signal amplification strategies have provided effective approaches to improve the
sensitivity of CLFA. On one hand, the localized surface plasmon resonance effect can be enhanced
through optimization of AuNP size, aggregation state, and carrier loading strategies. On the other hand,
nanozymes with enzyme-like catalytic activities can catalyze chromogenic substrates to achieve signif-
icant signal amplification. This review systematically summarizes recent advances in nanomaterial-
enhanced CLFA, with emphasis on AuNP size regulation, aggregation amplification, and carrier-as-
sisted strategies. Furthermore, the catalytic mechanisms and application characteristics of noble
metal nanozymes, metal-organic framework (MOF)-based nanozymes, metal oxide nanozymes, and
other composite nanozymes are comprehensively discussed. Comparative analyses of different
nanozyme systems in terms of catalytic performance, cost, stability, and application scenarios are
also presented. Finally, the future perspectives of highly sensitive, low-cost, and multifunctionally
integrated CLFA platforms for clinical and on-site applications are discussed.
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1. 5|15

] i JE2 AT 52 (Lateral Flow Assay, LFA) & — 2RI T B40E H IR BARAE 2 LM R T RS, HAKG
R AR R SE I E bR A AR A I ) AR AT ROR o BT R R R R AR O
PAK TG T AR AR (1] [2], LFA C 2N TR H . B i 4. T8I A& AR 25 A5
o I HAEHIZ B A0 (Point-of-Care Testing, POCT)H', LFA fE “—5k” #/E AR AT 34s 3, &
N LN AR & 22— (3] [4].

A LFA 40K HFE S G568 MHIRAYE R IE(INC i) LA SRR SRS AL s 5] FrilFE
i E B IERH FUTRAKIT R, 5468 P HGKMCIREN 2 G T RE AV, BIETERIIZR(T )X 5
W e R TR R e AR T A E S . Forb, L R EHT I %E (Colorimetric LFA, CLFA)R TG 75 & 24
AXES RO AT SEBLES BRI, 7 TR 52 R 1 DX AN R 2 e Aar il b B SR AR 35 6] (7]

HHT, RAREPUOKTRL(AuNPs) K H B AF PR A1 FooE P A =) 3 1 45 25 1 7R L 4R (Localized
Surface Plasmon Resonance, LSPR)F#1%, {/5:& CLFA 18 &) 32 B b EE S AR 10 M 8k« SR, ££ 48 AuNPs-
CLFA B RKENEYURBRLAE T LXBEREL KRR WSS, HANRHE— K O0LE] ng/mL 2
pg/mL 7K, e DU A BB AR B AT BER R DR SRS TS Sk I 75 5K (8]0 DAL, dndl £E 0%
FF CLFA #AE i E A RA I 35 B Bl Bk — B3l R B2,  ©Ro 4w ie Fe i B 7 1)
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EAER, FETHURMEE 5 ORI A I CLFA RGUEIMSERAE 7R i, —Jm, wrs
I AuNPs IRGE L TR, RERE DA # T, et EShmliee s 5n—Jrm, A
AR TIRBEMEAL IS PE A 9K (Nanozymes) #7251\ CLFA 48 &, i AL B (A4 il s K e 15
Ty KBRS R . BRRREALE, PUKRERARENER . AR, B Tl g tEREn
PHEEPLI9]-[11], PRIHAE R R A8 CLFA FP B e N 5

SF b, ASCHEIGRAURFRIE 3 CLFA (8 U EFEITERIR, B /4 AuNPs LA ss Je AN [RS8 7Y
AR RS S ORHLE 5 RIS R RS 2RGK IR R B RE 22 7 OGS St T Er G i, B
JE R B2 i RABL 22 DhRE e B REAL CLFA IR SRS, IR POCT 1 & i S5 IR ALIR 2%

2. BT SMKBREIR BEHERAR

BEE R FCHRIIRAN, W08 KL AEH8 AuNPs ROFARAL T RS SHRTHA IR, DRI M % [ 3
R OR8] E  200 8 SI UL B 88 1) JRy Sl 1T 5 8 - AR SR o, 308 T R Je HH BRI T 4 SR A 4 T i U A
EION LS

YK BIRL(Gold nanoparticles, AuNPs) & LFA & MA{E S hric ikl AuNPs (L2ffstEE . B3R
FUNS XA 5 BA SR ) B 5 T OhRed: RIH7 5 i far,  ml s 5 F IR PR 50 TE B AT (R AR A 4y 1
FRGRE . AL, AuNPs BT ARG 56 B R ILR RSO = AR s 2 AL tb (5 5, 8 T IR
22, JRIM, 1248 AuNPs-LFA REBUZA PR GEH RN RAE ng/mL & pg/mL Z251), Xk L LR BN K [8]
[12]. AL, #F5E N AuNPs RS RERES R AT AEANYEE R R T 2 PG s SR .

2.1. AuNPs R~k

AuNPs 19 RF B2 HL B RTEOE R U X 5P IEEEcE .. B b, KRS AuNPs A
AHEENBEREERE, WITE T LA Esm I E G5 HR S Kot k23 [ A7 B S A E M i 8h 52
BHAG A 13]. Kk, A — A aURSHER . W 1(A)FTR, Kim Z[14] 2848 T 34~137.8nm [ &
% AuNPs, FFHM AT 9 K PLE(HBsAg), @A TR & E &I, 42.7 £ 0.8 nm ] AuNPs
TEA5 M L AAR I PR RS B (P, #RERAS I PRIE 0.1 ng/mL, 1/NF 34 nm 1) AuNPs Fitaidik, K
F 100 nm ¥ AuNPs JUJ (K] 25 A A2 B S S0R B R M. Song %5[1517F 3 TR M1 58 47 2 U (SERS) ) LFA
LA 7 30~100 nm AuNPs {£24 SERS AR2EIER, &I 50 nm AuNPs 7242 ff] SERS {5 5 &5, 01
LS 25 11 1 (cTal) ARG FRAKZE 0.02 ng/mL, HALESEHL 0 LFA A% 78 £5(/& 1(B)).

2.2. AuNPs B&iEiE

2%/~ AuNPs 7E T ACTREERT, RN 55 B AR LRI 2 A= 2088 B om B I 25 3 (R R &
D), BEMRMBIE MO NER M, 5060 NC Y RIREE R, MM RIRIRAIE . RIE%
7 MAE, AT 73 A AuNPs 255 )5S A TRIE AL 5 0g . Shen 5[ 16]JF K 1R THERB SRR - AWHR
RGN AuNPs 559 LEA, FAEY Z AR HUREIE] N AuNPs (20 nm) |, #8256 A Z fH K AuNPs
(40 nm)_ I, 4 HBsAg {77ER), /N AuNPs-PUIR SRS & G 8 T 2643k, BE/EIIAKIK AuNPs-#E 255
MFEWL AR - BEF R MR G RUCRENR, R R BUESE 2 30 54 2(A)).

Choi ZE[ 17135 1F T A W AuNPs 4564 LFA, ¥ P FIAN R R ST ) AuNPs 235 G B pR A B b i,
HIB AL G EE 2B). FESIIEE/S, 10 nm AuNPs %55 cTnl 45430 T 43k, )5 40 nm
AuNPs JBId §1145 10 nm AuNPs EIHUIALE G TERCRSEE, AL R FAIMEE, AOUNEER TR
R R BB B 100 5. Ma 28 A[181M % 1 XWHERR LEA, F-T [T 2 L R CYP1ATL BT
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R 2 B YEAL O F IR SR F(AFP), AR - FEESEA RN S 90K BRAE T & BB “XWE
HERL” , 1E 20~250 ng/mL G P SEIL T AFP 1) RGP II(E] 2(C)). t4t, FIHEZTIREE RG]
AuNPs WA SLIUE S HOK[19]. X AuNPs 45 G505 0E B E 52 - RS, (HAFTEREMRKNALE —,
LR A G RIPRR, T ZEACTUR LU SR 2 s TISRER HEmE m 3845 RO S S iUARZE, (R &
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Figure 1. Signal amplification technology based on AuNPs size optimization [14] [15]
1. BT AuNPs R UELBIE SRR AR 14] [15]

DOI: 10.12677/amc.2026.143031 314 MRME 2= AT


https://doi.org/10.12677/amc.2026.143031

RYRYR, ERRIR

Bio-GNP-antibody
Conjugate

Capture  Secondary

v
SA-GNP antibody antibody
Conjugate > " Y Y
i} b 0

i
i 1 1 | !

|
1

|

|

1

1

1

|

|

1

i

I

I

i

1

1

: Sample Conjugate Conjugate Test  Control Absorption
| Pad Pad 2 Pad 1 Line Line Pad
1
1
I
|
|
1
1
1
|
|
1
1
1
|
|
1

Antigen—» V i
Sample flow (Antigen) Y Y
-+ b 1
e e !_ = _l ___________
(A)
W@ [T T \

1
1
1
2" AuNP 18t AuNP 1
conjugate conjugate 1
1
1
1
1
1

oo

1stConjugate pad

Capture  Secondary

antibody antibody Absorbent
pad

SaTmpIe Analyte = |
pad (Antigen) 2" conjugate pad

BSA

—~
o
=

-F-—
1
|

®)

DOI: 10.12677/amc.2026.143031 315 MRME 2= AT


https://doi.org/10.12677/amc.2026.143031

RURGE, FHEHR

N\
I~
N
N

ty
%

|
Ny A
™N —p
NI

'

I _________________________________________ -1
| |
| |
I = R o !
I 2 W I
= |
| ¢ _ k o 3 1111 i |
b g Anti-AFP-AUNP-A-4 € Detection { py.seq {% A ¢ I
[ O probe 1 w;‘f.\ t T |
| ==
Detection A ; 1
W e (R s L [ A
- - o
! Biotinylated yf Anti-AFP McAb "
I capture probe (coating) I
|
Anti-AFP McAb Goat anti-mouse e n |
: Y(labeling) Y LG (q; " I
I @ AFP antigen X Streptavidin L: Y - 5 :
|
| AuNPs © HRP 4 T 4 1
I ‘ 7// 1 . | 1
- paYyy 4
I o - § .
|(a) p— L LL e é l
) 7 % v Yy ", |
amwy )}y ) 4 o s
— 2 — — — / S o
1 Sample Test Test Control  Absorption % 3 |
1 pad line1 line2  line pad t f 1
. |
I
|
|
|
|
|
|
|
|
|

Figure 2. Signal amplification technology based on AuNPs aggregation regulation [16]-[18]
2. £T AuNPs BEIFIZHIESHAAR[16]-[18]

2.3. AuNPs Lagi THitx

¥ Z A AuNPs T BITOKERGUK A b, wIAE AP S NREE S50, SE “—AN4
ST E BT AuNPs” (M5 580K 5 BENLERERAN ], A4 5 8 T 3R TSR AN RS 3 — M 2 G 4R 45,
ETFRAEA A= Xu SE[20 )@ Fp 7 SHEE S ALK (SINR, BL42 200 nm. K 3.4 um) 3 [ i 47
KT Z 104 16.7 nm ] AuNPs, FZJ% AuNPs-decorated SiNR B 547, H T Je0bmiil & 1gG i, ##
ARAS IR 79 0.01 ng/mL, LbA&4t AuNPs-LFA 1% 50 £, Liu 58[21]F] Mt - F28L(PAMAM)REDIR K
I3 TR S AR TR SR A oK A, BG5S 8 e, 10 20009 e R it 5 2 35 (OTA) ISl R w3k
0.04 ng/mL (14 3). WIECR K77 BIRIAIE T HYUR YR AT EAA Emm ZHTiR s, S faEa R,
Ab, ¥ AuNPs T80T SEGYIER . REVERURL B4 B 26 I A IR G 2K [22] [23]. #AR S skmg L& &
TERFES AT TS 4, HFEERAEA T GEE 100~300 nm) Lk 215 2L, (R T 5
L T EL BSA B EAAR S H3D RS R b
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Figure 3. Signal amplification technology based on PAMAM-AuNPs-aptamer [21]
3. &TF PAMAM-AuNPs-ER A S AR AR[21]

3. ETHAKREEES AR

fEGE Lt LEA AT DU il AR ERE, (HHEEE S REANL, SRR BUEMERMEA R,
HANRIRE L Dhr B I 2 20200 N T e iRIX — R R M, FIF9UKEEIE N LFA H bR o & AR
G IR SARZE R EEL T ) o UKEG R — 2 B BRIREHE AR T PR R . 5 R IR (SR i 45 4L
Vi, HRPYMHLL, A0KEE BA ARG, FRE MmN TR, TR AR 2 T &Mt 500
[24]. f£ CLFA 1, ZKBEAM AT B SO SR tRaE 5, Sl #E ik 2 8P TMB. AEC.
DAB)H AEYER tar=4), (F T ZeBit & ik, M RIRSE & REE25]. RMEARHE R, 44K T
PNRERAKEE. SR AVAEZIEGORET . &8 SR DL L AR 2 & 90K .

3.1. RERAKE

S BAUKEF(Pt. Pd. Irv Rh KHAS)HAN S MRS S iEEYE26]. B4 RYPKEEREA—
SE HIEALTE T, AR5 SO A BR[27] (28] IEAESR, W&JE Kk =& 9K &0 RHE L 2 ThRE i sluRs
FIE F ST S22 2 R, fE LFA SUSAS2] 17T Z R H[29] [30]. Bai 5[311HF K T Au@Ag-Pt =4
JEAKEF, FT cTol K30, A FRACE 20 pg/mL (] 4(A)). Sun Z5[32] % T Au@Pd@Pt #5544 K
T SARS-CoV-2 #ZAFEE AR, 4k TMB B aA/EHlfR 9 0.037 ng/mL, ARG LFIA K 17 %,
Meng 55[33]111 T Pd@Ir 5 90Klg, HAEE L HRP & 2~3 NMESR, HTHEEMREWE &
FIREIE DI ASI, A IIPRIE 10 pg/mL, REEIRE 200 5 4(B)). Wang ZE[341F 2 “PU&—" WA
TR Au@Pt QK FTORL A I B 5O K B A R RARR M, SITB T 22 A58 =t A D e ERUBR (P 4(C))o
Wei 25 N[351F K T —FLL Au-Ir NPs {ENREMRICH CLFA, FTAS I IR BT R (CEA)FI G 571 A4 5 P
PURPSA) R AE AR EX . Au-Tr GUEKPURLE T (AL S0 AUNP RIHHE Ir 5450, BAHES
(2 B R REHEALIE I o FE T Au-Ir NPs [ CLFA X W5 it A s B R B IA 3] 7 pg/mL 7K
P, A5 EEFE T AuNPs A1 Au-Pt NPs ff] CLFA fi££ 200 £ 51 3 £5(1% 4(D)).
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Figure 4. Signal amplification technology based on noble metal nanozymes [31] [33]-[35]
E 4. BT RERBMAREBIESHARAR[1] [33]-[35]
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3.2. EBBHIEZR(MOF)EYKE

& B A HHELE(MOF) 2 —MeLAAIEE . EERIAUR, Fe R 2 LR G, =2 M aKEgm)
PRARERAA[11]0 Liu SF[36] 8 1 HAVES & 1+ W5 9K EF(MPBN) AT XU 5L 2 FANIR S 7 dr, FH T R
FEE ve 2 A 7L RS . MPBN ARG 2MMA t, a7 |15 N TMB-H,0, J& A il
oxTMB, SZILE B HT(El 5(A)). Wang Z5[37]& M T & & 2Nk MOF B 5 144 K B (MOF-FeP), T
PRI EB B (EBV)AH I . MOF-FeP GKBE A 07 11 281 Fb Mol v, g5 7 %3 W] MOF-
FeP LL#RGE) HRP F1 Fe-SANzyme RILH BRI, 7A UL EKEIRY IR IG. 5T
MOF-FeP ] LFA fefi% [FIBALI =Ff EBV-IgAs, R T 1% 50 i BEEX 5% R B & (ELISA) 5 i1
5(B)). Li F5[38]#% | Fe;0.@MOF@PtPd £ TIfReg Ky, MeHEMMEE S 2B FIH A TBOR D)
RE, 0 < B (R 4 B AT RO A DI IR A 2 CFU/mIL (11 5(C)) Chen Z#[39]7T & ) Fe;04@MOF@Pt =& —44
KA, B HE 5 B AT E A B AL DUAR, Rl P35 2R SR A A U RS 22 0.5 pg/mL, LUAESE AuNP-
LFIA FEAIC T 429 2280 f5(/8 5(D)). MOF FEGKMEG 1)L T Hom EE R A ] A B 23S AL i, (Rl
MOF 5% )2 A ORAP N 44 K RIORE FF 164 i by [e) fk A
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Figure 5. Signal amplification technology based on metal-organic framework nanozymes [36]-[39]

5. 2T R ANIERMKEEHESHAIAR[36]-[39]
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Figure 6. Signal amplification technology based on metal oxide nanozymes [42] [43] [47] [48]
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