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Development of multiparticle-concentrated digital immunoassay (MCDIA) for a virus
detection technology baring both rapidity and high sensitivity (' National Institute of Advanced
Industrial Science and Technology (AIST)) O Takashi Fukuda', Masato Yasuura', Yukichi
Horiguchi', Hiroki Ashiba', Zheng Lin Tan'

To exit from the COVID-19 pandemic without compromising social security, it is important
to develop a reliable virus detection system with high sensitivity and fast detection time. While
the PCR method has been established as the gold standard for virus detection, it takes more
than 2 hours through nucleic acid extraction, reaction, and quantification, which is not enough
as a rapid detection system. The case of rapid PCR detection devices, false negatives for
samples of Ct > 30 has been reported”. Therefore, a development of rapid and highly sensitive
virus detection system is attractive theme. Here, we report a novel, highly efficient, and
sensitive virus detection method based on surface-modified magnetic particles: multiparticle-
concentrated digital immunoassay (MCDIA). Influenza A virus (IAV) particles in a specimen
were captured by a high concentration of antibody-modified magnetic particles. Magnetic
particles with IAV were enclosed in a well array for digital detection based on the signal
intensity from a fluorogenic substrate, 2'-(4-methylumbelliferyl)-a-D-N-acetylneuraminic
acid) (MUNANA) released by enzymatic hydrolysis by neuraminidase, an IAV surface protein.
Our developed method is characterized by the volume of each well at sub-pL, thus a large
number of magnetic particles could be trapped in each well. As a result, we have successfully
achieved the limit of detection of 100 copies/mL of IAV within 20 minutes of a reaction time
2. Furthermore, we have improved the MCDIA protocol and succeeded in developing a
sandwich assay that functions without virus-specific proteins-reacting fluorescent substrate.
SARS-CoV-2 is trapped by antibody-modified magnetic particles and labeled with a -
galactosidase-labeled antibody, which releases resorufin, a fluorophore from resorufin -D-
galactopyranoside. We have achieved > 100 times higher sensitivity (100 TCIDso/mL) within
a shorter reaction time (3 minutes) compared to existing antigen test kits.

Our developed method could facilitate rapid detection with a low false negative rate, which
could be an effective tool for on-site testing and help to control viral infection.
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