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A risk management strategy to address emerging and reemerging viral infectious diseases is a
pressing global public health challenge. Early detection of viruses through rapid and accurate
diagnostic technologies is preventing the spread of infection. Therefore, a microfluidic-based
quantitative analysis system has been developed for the multiplexed genetic diagnosis of multiple
nucleic acid targets in multiple samples in a single operation by combining the microfluidic
technology and the loop-mediated isothermal amplification (LAMP) method.

The basic principle of the multiplex genetic diagnosis device, including liquid dispensing into an
array of microchambers, highly efficient liquid mixing, and multiplexed genetic diagnosis based
on a fluorescent LAMP method, was presented. However, several technical challenges remain for
practical application, such as the need for a two-step fabrication process, the difficulty of rapid
diagnosis, and the need for the fluorescence observation setup.

To address such issues, a vertical-type phaseguide structure was introduced to improve the burst
pressure of the passive valve in the dispensing region, thus resulting in an increase in flow rate to
be dispensed into microchambers. Moreover, a microfluidic flow control theory was developed to
provide design guidelines for a pair of passive valves. To further improve the maximum flow rate,
a passive valve configuration with high pressure resistance performance, termed an “air plug-in
valve”, was proposed. By implementing the air plug-in valve, a maximal allowable flow rate of 70
ul./min could be achieved for sequential liquid dispensing into 10 microchambers.

In a mixing region, an efficient micromixer with a simple geometrical feature, termed a “P-ACE
mixer”, was developed. The P-ACE mixier with vertical obstacle structures asymmetrically
arranged on both sidewalls, which can be easily fabricated via only a single-step photolithography
process, exhibited a high mixing efficiency of 90% or more within a microchannel length of 20
mm over a wide range of Reynolds numbers (Re = 0.13—13).

With the aim of enabling on-site diagnostics, LAMP assays were performed using a colorimetric
indicator on the fabricated devices. Simultaneous diagnosis of arbovirus infections, toxic plants,
human viral infections, agricultural pests, and plant food allergens were demonstrated. A
qualitative detection was made possible by a color change in a positive reaction chamber.
Moreover, a microfluidic-based quantitative analysis system was developed; it consists of a time-
lapse imaging equipment to acquire the device image during DNA amplification reaction and a
program to analyze the hue change of reaction chambers from the obtained images based on the
colorimetric LAMP assays. Using this system, a quantitative genetic diagnosis of human
herpesvirus with high accuracy was successfully demonstrated.

To realize simultaneous genetic diagnosis of multiple samples, a newly designed centrifugal
microfluidic device capable of sequential dispensing of multiple samples was developed. In
addition, the design guideline was proposed to sequentially dispense a liquid into multiple
microchamber in a centrifugal pumping system. Furthermore, a quantitative diagnosis of four food
allergens was performed simultaneously for four food samples.
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