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ABSTRACT

The growing demand for decentralized, rapid, and personalized healthcare is driving the
development of emerging biosensing technologies capable of transforming clinical
diagnostics, disease monitoring, and preventive medicine. In recent decades, molecular
analysis of nucleic acids (NAs), including DNA and RNA, has revolutionized healthcare by
enabling early diagnosis, precision medicine approaches, targeted therapies, and the
identification of novel disease biomarkers. Conventional molecular diagnostics largely rely on
Polymerase Chain Reaction (PCR) methodologies, which, despite their extraordinary
analytical sensitivity and specificity, still require complex laboratory workflows, expensive
instrumentation, and trained personnel, limiting their scalability toward large-scale and
decentralized testing. Emerging biosensing technologies are therefore opening new
opportunities toward next-generation healthcare systems by combining innovative molecular
recognition strategies with advanced micro- and nanotechnologies, enabling rapid,
ultrasensitive, and potentially amplification-free detection of clinically relevant biomarkers. In
this contribution, we present innovative PCR-free and label-free biosensing approaches for
nucleic acid detection based on the integration of with silicon-compatible transduction
methods like electrochemical, electrochemiluminescence, and photoluminescence These
developments position advanced biosensing technologies among the key enabling tools for
next-generation healthcare, supporting the evolution from centralized laboratory diagnostics
toward autonomous, distributed, and patient-centered medical solutions.



