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Development and production of advanced technology for bacterial disinfection using simple, easy-to-use, on-site
treatment, high efficacy, and fast mode of action is urgently needed. Bacterial disinfection is one of the interesting
fields due to the high human health risk. The fast growth of the human population, lack of health care facilities,
multiple uses of various medical devices, and high demand with the fast growth of high-tech technologies such as
wearable and portable devices may increase the high-risk infection of various pathogens. In our project, we have
developed bacterial disinfection using an electrochemical approach. The electrochemical approach overcomes most
of the disinfection drawbacks such as treatment time, use of continuous and high doses of the drug, and low drug
efficacy on drug-resistant pathogens. We studied the effective using the electrochemical approach for killing
pathogens, especially biofilm-related bacteria (drug-resistant bacteria). It was reported that the drug-resistant
bacteria phenomena are related to the ability of biofilm formation, and it needs high antibiotic concentrations (500-
5000 times higher than needed for killing the planktonic bacterial cells). We studied the suitability of using
electrochemistry for killing and suppressing biofilm-related bacteria such as Klebsiella pneumonia (KP). KP is one
of the drug-resistant bacteria that can form a biofilm on various surfaces, and it was isolated from various human
body organs such as the urinary tract, human skin, and lungs. We studied the various factors of different applied
potential and use of redox mediators. This approach was possible due to our high-throughput electrochemical system
with low deviation [Miran W. et al, Patterns, 2022, 100610]. The applied potential of —1.0 V showed the most
efficient bacterial killing and biofilm suppression. Besides, we discovered the effect of adjuvant that enhanced the
killing efficiency of negative poisoning (99% killing efficiency at indium tin-doped oxide (ITO) electrode as biofilm
substrate and working electrode). The KP biofilm suppression and killing efficiency have been screened at various
substrates of carbon, ITO, and stainless-steel surfaces. We also confirm the same level of disinfection effect on high-
concern biofilm bacteria KP NBRC13277, Pseudomonas aeruginosa NBRC 13736, Staphylococcus epidermidis
ATCC 35984. The data showed high killing efficiency for all three bacteria (more than 99%). Achieving a
continuous bactericidal effect against drug-resistant bacteria present in biofilms, which was impossible in the past,
would greatly reduce the risk of cross-infection of endoscopes and medical robotics. The demand for this will
promisingly increase in the future. Furthermore, with the cooperation of the project's development support team
(Japan Biodesign), our disinfection method can be applied to various medical field. Therefore, we designed and
developed a demo device and software that would be indispensable for application testing and commercialization
efforts. Conventional devices were large and required a power supply and terminal wiring connection, but we
developed a device that incorporates specifications such as wireless connection to notebook PCs, and smartphones
with a rechargeable battery. The risk of cross-infection in endoscopes and the ever-growing field of medical robotics
will be greatly reduced by our method. Furthermore, if this technology is generalized as a biofilm removal claim
for medical devices, it is expected to be applied to the treatment of biofilms hidden in implants and wounds. In
conclusion, we have developed a novel approach based on electrochemistry for bacterial disinfection of drug-
resistant bacteria with high efficiency and at various substrates. In addition, this technology could be widely used

for bacterial disinfection in various medical and wearable devices to decrease the health risk of pathogen infection.



