Intelligent Electrochemical Biosensing for Fast Pathogen Identification

Cecilia Cristea, Ana Maria Tătaru, Andreea Cernat, Mihaela Tertiş, Bogdan Feier
Analytical Chemistry Department, Group of Biosensors and Bioelectrochemistry, Faculty of Pharmacy, 
Iuliu Haţieganu University of Medicine and Pharmacy, 
4 Louis Pasteur St., 400349, Cluj-Napoca, Romania
ccristea@umfcluj.ro

Fast detection of pathogen bacteria is critical for preventing severe infections, managing outbreaks, and avoiding the overuse of broad-spectrum antibiotics. Conventional culture methods are accurate but heavily limited by long turn-around times that often stretch over several days. To solve this, smart, decentralized biosensing architectures were designed by combining nanoscale electrochemical frameworks with advanced machine learning algorithms, able of detecting multiple bacterial pathogens or specific virulence biomarkers simultaneously in highly complex matrices, like biological samples and food.
The use of artificial intelligence directly addresses the primary bottlenecks of traditional electrochemical sensors—specifically signal drift, overlapping voltammetric peaks, and background matrix interference. In these smart sensing designs, multi-analyte electrochemical systems target specific bacterial metabolites, such as pyocyanin, aerobactin, and enterobactin, or rely on surface-modified aptasensors to isolate target pathogens [1, 2]. In our approach artificial intelligence acts as a digital signal interpreter, processing high-throughput, multidimensional data generated by methods like square wave voltammetry or electrochemical impedance spectroscopy. Trained neural networks and random forest classifiers effortlessly decouple complex chemical signals. This allows the sensor to identify and quantify distinct bacterial strains at highly precise levels without requiring labor-intensive sample pre-treatment.
Accurate detection of bacteria in complex biological, food, and environmental matrices is essential for infection control, antimicrobial resistance surveillance, and public health decision-making. The integration of smart sensors with machine learning bridges the gap between laboratory electrochemistry and automated, portable digital health platforms. 
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