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Abstract: Upconversion nanoparticle lateral flow assay (UCNPs-LFA) is a novel point-of-care testing (POCT)
method that combines the unique optical properties of upconversion luminescent nanomaterials with the convenience
of an immunochromatographic platform, offering advantages such as high sensitivity and low background interfer-
ence. This article provides a systematic review of the technical principles of UCNPs-LFA, strategies for material syn-
thesis and surface functionalization, methods for optimizing detection performance, and the latest research advances
in fields such as biomedical diagnostics, food safety analysis, and environmental monitoring. Through the anti-
Stokes emission mechanism induced by near-infrared light excitation, UCNPs effectively overcome the limitations of
traditional colloidal gold test strips, such as low sensitivity and susceptibility to matrix interference. This paper fur-
ther explores the role of optimization strategies—such as core-shell structure regulation, surface modification, and
signal amplification—in enhancing detection performance, and summarizes application cases of this technology in
the detection of various targets. Finally, it outlines the future development directions of UCNPs-LFA toward intelli-
gent, portable, and multi-target simultaneous detection, highlighting its key potential in driving the evolution of

POCT technology toward precision, quantification, and networking.
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Fig. 1 Material synthesis and performance optimization of UCNPs and the Application of UCNPs-LFA
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Fig. 2 Principal UC processes for lanthanide-doped UCNPs: (a) excited-state absorption (ESA), (b) energy transfer upcon-

version (ETU), (c¢) cooperative sensitization upconversion (CSU) , (d) cross relaxation (CR) , (e) photon avalanche

(PA)and(f)energy migration upconversion( EMU). The numbers in the circles represent the sequential order of the steps

involved in enacting the corresponding upconversion mechanism. The red, violet, and green lines represent photon exci-

tation, energy transfer, and emission processes, respectively.
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Fig.3  The basic structure of lateral flow assay.
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Fig. 4 (a)Conjugation strategy of nanoparticles to antibodies via polyacrylic acid (PAA) modification and EDC/NHS activation.

(b)Conjugation strategy based on the reaction between thiol (-SH) and maleimide (MA) groups.
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Fig. 5 Effect of optimized particle size on detection performance (a) Schematic illustration of the effect of particle size on the fluores-

cence signals of the T and C lines. Fluorescence waveforms for CRP detection using (h)50 nm UCNPs, (¢) 100 nm UCNPs, (d)200 nm

UCNPs, and (e)500 nm UCNPs. The inset shows the relationship between the T/C ratio and CRP concentration.
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Tab. 3  Optimization Strategies and Results for UCNPs
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Fig. 6
dual T-line detection based on dual-color UCNPs.
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Fig. 7 (a) Schematic diagram illustrating the working principle of UCNPs-LFAs integrated with a smartphone. (b) Schematic dia-

gram depicting the principle of the CM—B-CD-mediated UCNPs-LFAs platform for the detection of chronic kidney disease biomarkers.
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Fig. 8 (a) Schematic diagram of the structure of a lateral flow immunoassay platform constructed using La**-doped UCNPs for the de-

tection of ZEN. (b) Schematic diagram illustrating the principle of the dual-channel UCNPs-LFAs platform structure.
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platform for the detection of 2,4-dichlorophenoxyacetic acid (2,4-D) and fenitrothion.
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