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			Abstract

			Blood is the most complex fluid in the body. Blood contains a large number and variety of cells and molecules. When viruses infect a host, biomarkers of the viral infections are rare. Thus, it is hard to detect in blood. Recently, Surface Enhanced Raman Spectroscopy (SERS) has been shown to be promising in infectious disease detection. SERS provides a sensitive, rapid, and non-invasive approach to virus detection. Several studies have demonstrated the use of SERS in detecting various types of infectious diseases. In this report, we briefly review recent advances in the detection of infectious diseases by using SERS.
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			Introduction

			Raman spectroscopy is an optical spectroscopic technique that is commonly used to identify the vibrational modes of a substance. However, the efficiency of exciting Raman scattering is very weak—approximately 1 out of 106 phonons are absorbed and emitted through Raman scattering. This weak efficiency dramatically limits the signal intensity of Raman spectroscopy. Studies have shown that metal nanoparticles can dramatically enhance Raman scattering via a nanoparticles-based localized plasmon resonance (LSPR). This enhancement of the Raman signal enables detection down to the single molecule level (~picomolar) [1,2]. Surface-enhanced Raman spectroscopy (SERS) is a technique which induces local surface plasmons at the vicinity of a metal or dielectric material by laser excitation to enhance the Raman signal. This surface-based detection technique can enhance the Raman signal up to 1010 by molecular adsorption on a rough metal surface and makes single biomolecular detection possible if the target molecule is near the metal surface [3,4]. When detecting viruses there are two conventional approaches to bringing the target virus close to the rough metal, one is through antibody-conjugated nanoparticles, and the other is through surface engineered metal nanostructures. In the following, we will focus on reviewing SERS based detection for different infectious diseases. 

			Discussion

			Silver nanorod array substrates for SERS were prepared by Shanmukh et al. for label-free detection of different types of 

viruses [5]. This functionalized substrate could provide signal enhancement up to 108 when the size of the nanostructure matches with the virus. Their spectrum analysis results showed that different RNA viruses could be differentiated by the SERS spectra. Furthermore, different strains of the same type of virus can be distinguished by the intensities of the peaks in the 900-700 cm-1 range of the SERS spectrum. They further introduced a multivariate statistic technique for robust virus strain and type diagnosis. By principal component analysis (PCA) a closely related strain of influenza can be differentiated with 103 PFU/mL and further, by hierarchical cluster analysis (HCA), a single gene deletion can be detected [6]. In another study, an aptamer-functionalized SERS substrate was used for influenza viral nucleoprotein detection [7]. Their results showed that SERS could be used for detection, identification, and classification of the binding of influenza nucleoproteins to aptamers. A single strand DNA aptamer modified silver nanorod substrate was used for the SERS-based profiling of RNA expression of the genetic mutation in the influenza PB1-F2 protein which is related to influenza virulence and pandemic potential. Using multiple HCA and partial least squares regression, their results showed 100% accuracy of complementary virus RNA target detection compared to the non-complementary RNA sequences, and the detection limit reached 10 nM [8].

			In order to acquire repeatable and high signal-to-noise ratio Raman spectra, surfaces with high order and uniform nanostructures with low fabrication variation are required. Chang et al. used a pyramid diamond tip of 20 nm radius to fabricate a gold nano-cavity array on a silicon surface with 200 nm gold deposition [9]. Lin et al. patterned a gold-coated surface with different geometries with dimensions ranging from 150 to 300 nm by using a focused ion beam [10]. They demonstrated that repeatable Raman spaectra could be obtained for different types of virus and concluded that when the dimension of the nanostructure matches with the target virus dimension, better signal-to-noise ratios can be obtained [11]. In another study, a commercially available SERS-active substrate was used for the rapid discrimination of poxviridae virions [12]. By using a multivariate calibration method, the Raman spectrum could be used to discriminate the unknown parapox virus. 

			Using surface functionalized nano metal particles, Raman signal of the targeted virus could be selectively enhanced within a suspension containing multiple viruses. Combining antibody conjugated magnetic and Au nanoparticles, virus bound complexes can be concentrated through an external magnetic field and detected by SERS. Another method involved a sandwich immunoassay of viruses based on surface-enhanced Raman scattering and was established by Neng et al. [13]. Paramagnetic nanoparticles (PMPs) were used for separation and enrichment of the virus, and the Raman reporter-coated Au nanoparticles (GNPs) were used as Raman signal reporters. By using this platform, the antigens of West Nile virus and Rift Valley fever virus in PBS could be detected with an approximately 5 fg/mL detection limit. 

			Conclusion

			SERS based detection platforms provide a non-invasive, label-free approach and also fulfill the point-of-care requirements of rapidness and potential user-friendliness. However, when dealing with a wild-type sample, there are variances of the background noise. It is important to enhance the signal-to-noise ratio to reduce false positive or negative diagnosis. Compared with other detection platforms, optical detection can be challenging to miniaturize mainly due to the bulkiness of various optical components. However, developments in fiber optics, optoelectronics, and photonics have significantly shrunk component sizes. It is likely that future optical detection systems can be more compact. Meanwhile, miniaturized, portable and sensitive Raman spectrometers will continue to develop for point-of-care applications in the future.
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