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(1) Target goal
To establish a new PCR-like on-site test system in developing countries that can detect SARS-CoV-2 virus in saliva
within 30 minutes with ultra-high sensitivity.

(2) Research and development results and significance
In developing and emerging countries, it is impossible to establish molecular testing facilities in clinics and small
hospitals as in developed countries due to high-cost and maintenance. The goal of this project is to develop a novel
COVID-19 RNA detection system that can be used in the field and evaluate its performance in developing and
emerging countries. Currently, RT-PCR is the main method used to test for novel coronavirus infections. However,
this method requires sample pretreatment and expensive equipment (thermal cycler with fluorometer), which
makes on-site testing difficult.
We have been working on a research and development project entitled "Establishment of elemental technologies
for the construction of a closed system for the detection of novel coronaviruses that can be used on-site without
risk of contamination" (PI: Yasukawa, Co-PI: Biyani, et al; Period: October 2020 - March 2021), funded by the AMED
Virus Control Technology Development Project. As a result of these efforts, we have developed a new nucleic acid
amplification method applicable to the above inspection system. This method is a combination of "isothermal
RNA amplification" and "recombinase polymerase amplification (RPA), an isothermal DNA amplification method"
(named RICCA, RNA Isothermal Co-assisted Coupled Amplification), and has high specificity (International Patent
WO 2022/244104 Al, BioSeeds Corporation). Although this is an isothermal amplification method, which is
generally considered to have a high amplification error rate, the high amplification specificity is maintained by
performing both amplification reactions in one pot in a complementary manner. A freeze dried mixture of 25
reagents, including 4 proteins and 5 enzymes, is used for amplification. When these amplification reagents for
amplification are combined with nucleic acid extraction reagents and lateral flow strips for nucleic acid detection,
the kit enables positive/negative identification of COVID-19 infections in the field within 30 minutes. Next, we
developed a device (RICCA device) that utilizes the concept of 1-inch gel electrophoresis PalmPAGE and can analyze
the amplicon products from the RICCA kit to detect the COVID-19 variants such as alpha or delta-type. Both the
RICCA kit and the RICCA device have great potential as in-situ rapid testing systems in developing and emerging
countries because they are inexpensive, portable, and require no other expensive equipment other than a simple,
commercially available block heater and pipettes. Finally, we used a compact dispensing system (Opentrons) and
integrated it with the RICCA technology to introduce a robotic platform for parallel mass testing (Fig.1).
The RICCA kit/device is currently undergoing clinical trials for regulatory approval in India. (Due to the decrease in
the number of COVID-19 positive patients in India, the timing of the clinical trials has been changed — RICCA kit
is expected to receive regulatory approval in India by the end of 2024 and be launched in 2025).
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For highly reliable RNA virus testing on-site within 30 min
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RICCA device amplified RNA. In addition, to help
physicians use the kit correctly, a
dedicated application is included
that provides easy-to-understand
instructions on how to use the kit.
The RICCA device (center) is a
small, palm-sized case (W124 x
D145 x H79 mm) that containing a
08-96 gel electrophoresis unit, a power
samples supply unit and LED-based gel

in 38'min documentation unit for performing
5-min gel electrophoresis with real-
time gel visualization. The RICCA
robot (bottom) is a system that can
quickly measure multiple samples
in parallel.

SARS-CoV-2 variants
Delta/Omicron/JN.1

Electrophoresis-based genotyping
method for rapid detection of
differences of a few nucleotides

Inexpensive and compact robotic
platform for mass testing with RICCA
and PalmPAGE technology




