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With the advent of the with-virus era, emerging and re-emerging infectious diseases are becoming more
and more prevalent. We strongly need to perform virus testing as easily and quickly as taking body
temperature with a thermometer. To meet this need, it is essential to have a testing device that is inexpensive,
rapid, and reliable, that can respond quickly to mutant strains, that can be used for individual use or for
mass simultaneous processing, and that can be linked seamlessly with the Internet by instantaneous access.

Although tests using reverse transcription-polymerase chain reaction (RT-PCR) and other methods with
high-speed thermal cyclers equipped with fluorescent detectors have dramatically reduced testing time by
using microfluidic channels, etc., they are difficult to handle and require technicians to use clean
environments and expensive, reliable equipment. In addition, it is known that the accuracy of the
determination of morbidity is about 70%. In addition, it is difficult to make the device low-cost enough to be
used in ordinary households because it is equipped with a fluorescent detector. Therefore, as of May 2021,
the maximum daily testing capacity in Japan is still 200,000 cases. In other words, it will take about two
years to screen all Japanese citizens. Therefore, there is a demand for virus testing equipment that allows
rapid testing at any location.

In this research, we combined three seeds: (1) the "RHa-RCA" method, a nucleic acid proliferation reaction
method in which the target RNA itself serves as a primer and false positives do not occur; (2) a technology to
minimize the reaction field by distributing the sample to the MCM and detect protons with high speed and
high sensitivity; and (3) a technology to transfer high-performance Si-MOS transistors (MLT) onto a plastic
substrate. (MLT) technology for transferring high-performance Si-MOS transistors onto plastic substrates,
and to verify the principle that the ion-sensitive transistors (ISFETSs) in each cell of the MCM-type sensor,
the proposed device, can detect and quantify protons generated in the process of virus molecule multiplication
using the RHa-RCA reaction at high speed. The goal was to verify the principle. During the two-year research
period, we also aimed to complete the concept of the device by combining the verification of the principle with
empirical research and the knowledge obtained through the educational program.
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In the development of the detection device and the verification study of its operation, an ISFET for the
sensor part was fabricated and confirmed to meet the expected pH detection performance. In addition,
ISFETs were fabricated on plastic substrates, and the detection performance was shown to be equivalent to
that on Si wafers. This is expected to support the disposable sensor part. We then formed chambers of
different sizes in the sensor part and amplified test RNA using the proposed novel RNA amplification method,
and attempted to verify the operating principle of the device that captures nucleic acid amplification as an
electrical change. As a result, we succeeded in capturing significant differences in detection signals in 5
minutes depending on RNA concentration by reducing the size of the chamber into which the sample solution
was introduced. We also fabricated a small-scale structure as the basis for active matrix-type detection and
evaluated it in the same way. As a result, it was possible to evaluate specimens with different concentrations
in each individual cell and obtained operating characteristics that could be expected to detect the expected
viruses. Based on these results, we investigated the basic principle and obtained results that contribute to
the realization of the targeted portable virus detection device. In addition, with an eye toward a large-scale
MCM structure, we fabricated a million chamber and channel structures with dimensions that would allow
us to control the amount of test solution up to 5 pL, which is the fabrication target, and fabricated a lid with
PDMS film and evaluated the flow. As a result, it was clarified that the test solution was immersed in the
chamber group by capillary action only by dropping the specimen into the introduction area without applying
an intentional external force such as pumping from a syringe. This was found to be sufficient to allow the
specimen solution to expand into the device. This was incorporated into the usage of the testing system, and
it was found that the test solution could be introduced into the device through a simple procedure.

Through the above research and development, we achieved our final goal of completing the concept,
fabricating a 5 x 5 MCM device, and verifying the principle of nucleic acid amplification detection using
proposed method.

In the examination of the instrument concept, the concept of the instrument was completed as "a method
for those who want to obtain highly sensitive results of viral infection diagnosis, to perform on-the-spot viral
infection tests easily and quickly, and to obtain results "anywhere in 5 minutes for all kinds of tests.
Through the above research and development, we have achieved the final goal of completing the concept,
fabricating a 5 x 5 MCM device, and verifying the principle of nucleic acid amplification detection using the
matrix method. With the completion of this R&D device, the virus detection sensor part can be connected to
a personal device such as a smartphone, and at the same time as testing, it can be linked to medical

institutions via a network to establish a testing system that can rapidly conduct virus testing at any location.



