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Biological nanoparticles (BNP) such as viruses and exosomes are important disease biomarkers. Accurate 

morphological visualization and chemical characterization of BNPs by label-free (direct) optical microscopy have 
significant value in providing insights into their distribution, circulation, and clearance in vivo. There are three 
significant challenges for label-free microscopy to overcome: (i) the weak contrast due to low refractive index and 
exceptionally small size, (ii) the insufficient spatial resolution to characterize nanoscale features, and (iii) the inability 
to differentiate chemical signatures. Over the last decade, interferometric scattering microscopy have been developed to 
overcome weak signal limitations enabling direct detection of low-index BNPs. For example, our group developed 
Interferometric Reflectance Imaging Sensor (IRIS), a multifunctional platform for quantitative, label-free and dynamic 
detection [1]. In high-magnification modality, Single-Particle Interferometric Reflectance (SPIR) microscopy has the 
ability to detect and characterize individual biological nanoparticles.  
 

We have demonstrated label-free detection of various viruses in multiplexed format in complex samples in a 
disposable cartridge [2] and robust universal DNA chips [3] as well as detection of exosomes [4]. We combined wide-
field SPIR microscopy with computational imaging to demonstrate a two-fold resolution improvement [5]. With 
computational asymmetric illumination SPIR, or caSPIR, we clearly resolve ~150 nm weakly-scattering features in 
visible light (420 nm) over a wide field-of-view of >100micron, enabling sub-wavelength imaging of more than 104 
nanoparticles at once. [5]. Recently, we have developed bond-selective interferometric microscopy to enable 
multispectral chemical imaging of sub-wavelength nanoparticles in the vibrational fingerprint region. We demonstrated 
chemically specific detection of sub-wavelength polymer beads and biological applications   microorganisms (fungus 
and bacteria). [6] Using a confocal interferometric mid-infrared photothermal (MIP) microscope configuration, we 
achieved chemical imaging of individual viruses by detecting very weak photothermal signal induced by infrared 
absorption of chemical bonds. Spectroscopic MIP detection of single vesicular stomatitis viruses (VSVs) and 
poxviruses is demonstrated. [7] In summary, we have advanced common-path interferometric microscopy field to 
achieve high-resolution and accurate visualization and chemical characterization of a broad size range of individual 
biological nanoparticles with high sensitivity.   

Figure 1: (a) Conventional (left) and computational (right) SPIR images. (b) Electron microscopy and caSPIR image of 
a Virus like Particle (EbolaVLP)  
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