Integrated Approach for Rapid and Accurate Identification of Emerging Viruses: Microfluidics, Surface-Enhanced Raman Spectroscopy, and Machine Learning 
We proposed a portable microfluidic platform featuring carbon nanotube arrays with differential filtration porosity, designed for the rapid enrichment and Raman identification of viruses. 1 This platform, validated using avian influenza A viruses and human samples with respiratory infections, demonstrates a 70-fold enrichment enhancement with a virus specificity of 90%. The machine learning (ML) approach was applied to recognize the viruses based on the rapidly obtained Raman dataset, with remarkable accuracy for classifying different subtypes and even strains of viruses which was achieved by a convolutional neural network (CNN) classifier. 2 3 The ML model effectively recognizes the Raman signatures of proteins, lipids, and other functional groups present in different viruses and uses a weighted combination of these signatures to identify viruses. Besides, to address the pressing issue of the ongoing COVID-19 pandemic, the optical identification of the receptor-binding domain (RBD) of the SARS-CoV-2 spike protein was explored employing SERS with gold nanoparticles (AuNPs) for the capture of the Raman modes of the SARS-CoV-2 RBD. 4 This was also followed by the ML algorithms, which provide a method for distinguishing SARS-CoV-2 from MERS-CoV, enabling rapid analysis and discrimination of complex proteins in infectious viruses and other biomolecules. In order to further improve the sensitivity and bio-comparability of the SERS substrate, gold nanostars with better resonance under excitation laser were combined with the classical gold nanofilm, exhibiting better Raman signal-to-noise ratio and more characteristic peaks of the viruses for rapid analysis and identification.
This integrated approach, encompassing microfluidic platforms, label-free Raman spectroscopy, and machine learning, presents a powerful toolkit for the swift and accurate identification, characterization, and surveillance of emerging viruses, ultimately contributing to enhanced global public health preparedness.
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