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We developed a portable blood test device for blood typing and screening of infectious diseases. Our
device performs the forward test for ABO and Rh(D) blood typing, the reverse test for ABO blood
typing, and detection of antigens or antibodies associated with hepatitis B virus (HBV), hepatitis C
virus (HCV), human immunodeficiency virus (HIV), and Treponema pallidum (TP). Our device is
based on a waveguide-mode sensor, which is a sensitive optical sensor developed in AIST, and
equipped with microfluidic channels, enabling multiplexed measurements with few droplets of blood.

Firstly, we investigated methods of blood testing using the waveguide-mode sensor. For the forward
blood typing, we developed a method to detect hemagglutination reaction using the waveguide-mode

sensor. Hemagglutination was quickly detectable within 1 min by utilizing spatial restraints by a
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microfluidic channel. The hemagglutination method was also applicable for the reverse blood typing.
For the screening of infectious diseases, we developed a method of sandwich assay that causes changes
in spectra of waveguide-mode sensor within 20 min. The antigen and antibodies were detectable from
patients’ blood plasma using the waveguide-mode sensor and the sensitivity was comparable with the
conventional methods including immunochromatography and latex agglutination.

A prototype of the portable blood test device was developed. The prototype consisted of a 10-channel
waveguide-mode sensor, a pumping unit for driving a microfluidic system, and microfluidic chips for
the blood typing and the screening of infectious diseases. The microfluidic chip for the forward blood
typing equipped mixing chambers encapsulated with freeze-dried reagents and capillary-force valves.
Hemagglutination reactions against anti-A, anti-B, anti-D, and Rh control reagents were
simultaneously detectable using the developed microfluidic chip and ABO and Rh(D) blood types could
be determined within 5 min. The microfluidic chip for screening of infectious diseases consisted of a
blood plasma separation portion and a detection portion. We investigated a method of blood plasma
separation in microfluidic channels and developed the method based on gravitational sedimentation
of red blood cells. A conical sedimentation hole was efficiently separated blood plasma. The
microfluidic chip could perform detection of antigens or antibodies in the separated plasma. The
antigens and antibodies associated with the infectious diseases were detectable using a 4-channel

microfluidic chip.
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