Abstract

Nanotechnology offers powerful tools to improve preparedness, rapid response, and resilience
against chemical, biological, radiological, and nuclear (CBRN) threats. In this framework, advanced
photonic nanostructures can provide highly sensitive and reliable platforms for the early detection of
hazardous agents and pathogen-specific biomarkers. Here, we report biosensors based on Bloch
surface waves (BSWs) sustained by one-dimensional photonic crystals, capable of performing both
label-free and fluorescence-enhanced measurements within a single integrated platform. The
engineered nanostructured interface supports strong electromagnetic field confinement at the
sensor surface, enabling sensitive monitoring of biomolecular interactions and efficient resonant
excitation and directional emission of fluorescent labels. As a representative case study relevant to
biological threat surveillance and public health resilience, the proposed sensors were employed for
the detection of anti-SARS-CoV-2 antibodies in human serum. Label-free measurements allowed
real-time assessment of antibody binding events, while fluorescence readout provided additional
sensitivity and specificity, enabling a dual-mode analytical strategy. The combination of
nanophotonic field enhancement, multiplexed detection capabilities, and compatibility with complex
biological matrices makes BSW-based biosensors attractive candidates for decentralized diagnostics
and rapid screening applications. These features highlight the potential of one-dimensional photonic
crystal technologies as versatile nanotechnology-enabled tools for strengthening CBRN risk
mitigation strategies, supporting timely decision-making, and enhancing societal resilience against
emerging biological hazards.



