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[ Abstract] With the growing demand for precision medicine and point-of-care testing ( POCT) , traditional sin-
gle-signal detection methods are progressively demonstrating limitations in their sensitivity, specificity, and anti-
interference capability. Multi-modal detection, which generates multi-signal output using multi-signal platforms,
has emerged as a significant developmental trend in the field of biosensing. This review first elucidates the funda-
mental principles of multi-modal detection, as well as the strategies for designing signal orthogonality. It subse-
quently concentrates on key functional materials and nanoprobes construction methods for achieving multisignal
output. Then, it categorizes and summarizes application examples of multi-modal detection systems for the highly
sensitive detection of single or multiple biomarkers. Finally, it provides a comprehensive analysis of the current
challenges faced by multi-modal detection technologies, while also examining prospective future directions in-
tegrating Multi-modal detection with Al-assisted signal analysis and wearable multimode sensing for diagnostics
and therapeutic applications. This review seeks to provide theoretical insights and technical guidance for the de-
velopment of efficient and reliable biomarker detection methods.
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JE5 R A 65 0 o ARG B E PN
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=ik 2

e + et Aw/ LDO i%ﬁ@ﬁ%ﬁ@@ﬁﬁ@ﬁ%%ﬁﬁ 1510 5 U/L [44]
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Pty -AuPty GIAZHE LEA W, SCEL 1 %) P b 8 220
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PRRESEPERIIN . R 28 6 AR AL FHUAST , 320G 0 92 X6 45
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SR 5 L, P B S ) TG AL Y 2 A
PR S PIR I 4 A A% s , S T (W] 2 S B 7
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ACARERE , 0 25 AR T Ao I 48 A T TR, X B ) 2
BIT LR R DA S A TR A EEE L,

. SARS-CoV-2
A . HINT antibody \RS-Cov-2 B
MBA Antibody ; antibody L 1 L-glutamate oxidase  pyruvate oxidase
- N ayer -
. Ptmum":?;ﬁ \ PoES)\(T‘/I\HS Y Auw/LDO  xoTMB Agarose
U T A R Control line
SARS-Cov-2 line
© HINI line Layer 2
W
AST ALPALT
Vorteng Hl
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C Ty ™ D
> s 7
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3 e Yo = Gold Gold PSA
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Flow
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Coded HMPs with Cas activation

HMP capture and imaging

ML-based multiplexed analyses

AR I 2 A — A [ S ARG PP ol P R 3 5 255 B - POCT - 15 [ IR E 3 b HIEAF 56 4= )
PRAEY; C oA 10 FloAR[A] FEEFRIRAUA R & 2 W) — Kl 2, SE B 22 SRR S A 5 D - 1 A 471
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YR FIPT R 1 B9 R L AL A B4 (cGO) 4%
P BUE SR T R (K 4A) o XFhek#ERYy ELISA
Biam 44 0 ALISA (A5 f8,-cGO % 5 4 9% W i il
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