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[Abstract] Objective To develop and validate a novel method for the detection of $100 calcium-binding protein B (S100B)

based on a nanophotonic heterogeneous-chain chip and a deep learning-based quantitative framework named ProSpect, enabling
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reliable quantification of this brain injury biomarker across a wide dynamic range at the pg/mL level. Methods The nanophotonic
heterogeneous-chain chip, based on a polystyrene/selenium (PS/Se) nano-heterochain structure, was used to detect recombinant
S100B standards (1 pg/ml to 100 ng/ml) and samples (serum and saliva) collected from 30 patients with traumatic brain injury (TBI)
at the Chinese PLA General Hospital between October 1, 2024 and October 1, 202S to acquire high-resolution bright-field optical
images. The deep learning quantitative framework ProSpect was constructed to read the chip images. This framework comprises four
modules: Spatial Patch screening and Normalization (SPIN), patch-level DENsity estimation (DENS), Patch probability Aggregation
and Concentration Harmonization (PACHER), and continUous concentrATION inference (QUANT). The SPIN module extracts
high-quality patches exhibiting heterogeneous-chain geometric features through Otsu threshold segmentation, morphological
processing, and aspect ratio constraints. The DENS module performs 6-level concentration classification for patches based on ResNet-
50. The PACHER module performs soft aggregation of patch probabilities at the image level. The QUANT module calculates the
weighted expectation in the logarithmic concentration space, followed by linear calibration, to achieve continuous concentration
estimation. Using the true concentrations of the standards and the results of enzyme-linked immunosorbent assay (ELISA) as
references, the semi-quantitative classification and continuous quantitative performance of the framework were evaluated using
metrics such as classification accuracy, Fl-score, coefficient of determination (R?) for regression, and mean absolute error. Results
For the S100B standards, the image-level classification accuracy of this method (nanophotonic heterogeneous-chain chip integrated
with the deep learning-based quantitative framework ProSpect) exceeded 95% across all six concentration levels. The predicted
continuous concentrations were highly correlated with the true concentrations (R*=0.9997). In various clinical human samples, the
results of this method also showed a high linear correlation with ELISA results (R*=0.9977), with most samples falling within the
limits of agreement in Bland-Altman analysis. Three saliva samples below the lower limit of detection of ELISA (18.7S pg/ml) were
not detected by ELISA, but this platform (nanophotonic heterogeneous-chain chip integrated with the deep learning-based
quantitative framework ProSpect) could still quantify them with good precision (CV<10%), indicating the high sensitivity of the
nanophotonic heterogeneous-chain chip combined with the ProSpect framework. Conclusion The integrated "nanophotonic
heterogeneous-chain chip + deep learning-based quantitative framework ProSpect” method constructed in this study enables stable
semi-quantitative classification and continuous concentration estimation of S100B. It demonstrates good accuracy across a wide
dynamic range and consistency with ELISA results, providing a new strategy for the rapid detection of brain injury biomarkers.

[Keywords] nanophotonic heterostructural chip; S100B protein; deep learning; biomarker; traumatic brain injury
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Detection results and statistical analysis for S100B in
various clinical samples (n=5)
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