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ABSTRACT. In this study, the virucidal effect of a novel electrically charged disinfectant CAC-717 
was investigated. CAC-717 is produced by applying an electric field to mineral water containing 
calcium hydrogen carbonate to generate mesoscopic crystals. Virus titration analysis showed a >3 
log reduction of influenza A viruses after treatment with CAC-717 for 1 min in room temperature, 
while infectivity was undetectable after 15 min treatment. Adding bovine serum albumin to 
CAC-717 solution did not affect the disinfectant effect. Although CAC-717 is an alkaline solution 
(pH=12.39), upon contact with human tissue, its pH becomes almost physiological (pH 8.84) after 
accelerated electric discharge, which enables its use against influenza viruses. Therefore, CAC-717 
may be used as a preventative measure against influenza A viruses and for biosecurity in the 
environment.
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Influenza viruses are members of the family Orthomyxoviridae. Human influenza viruses A, B and C have been recognized and 
are classified based on their type-specific nucleoprotein and matrix protein antigens. Type A influenza viruses are further classified 
into subtypes according to the antigenic properties of the hemagglutinin and neuramidase glycoproteins expressed on the surface of 
the virus. Because influenza viruses have segmented genomes, reassortment is a powerful method for generating genetic diversity 
that could facilitate interspecies transmission or the evasion of the host immune responses through an antigenic shift. Reassortment 
occurs when two influenza viruses infect the same cell, and pont mutation occurs during the replication within cells; both 
mechanisms are important for the appearance of pandemics in the human population. The virus strains responsible for the influenza 
pandemics of 1957 and 1968 both arose from the reassortment of genes between avian influenza viruses (AIV) and a prevailing 
human influenza strain [15, 16].

Disinfectants, such as hypochlorite, alkalis, oxidizing agents, alcohols and aldehyde, are all effective against AIV for a 
relatively short contact period [7]. However, the presence of organic materials in the liquids or the application area attenuates 
their disinfection [13, 14]. Control of avian influenza is extremely difficult owing to its high contagiousness. The best way to 
combat these infections is to enhance biosecurity. Wild migratory birds and various AIV subtypes without antigenic stability are 
problematic for poultry immunization [2, 5, 17]. Enhancing biosecurity at farms is important to control infectious diseases.

Slaked lime, the main component of which is calcium hydroxide, is widely used at farms in Japan. However, slaked lime can 
cause injury or blindness, if it comes into contact with human or animal eyes [9]. In this report, electrically charged calcium 
hydrogen carbonate powder was used to sterilize influenza A viruses in media. Ponrouch et al. demonstrated the feasibility of 
calcium plating at moderate temperature using conventional electrolytes, such as those used for lithium ion technology to produce 
rechargeable batteries [12]. The calcium hydrogen carbonate mesoscopic structure can serve as a battery in rechargeable electrical 
systems [12].

We continuously applied an electric field to mineral water containing calcium hydrogen carbonate and obtained the new 
electrically charged material, CAC-717. A Teflon insulation-coated electrostatic field electrode (N-800N, Mineral Activation 
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Technical Research Center, Omuta, Japan; Japan Patent No. 5864010) was used to create the electric field, and a voltage of 2 × 104 
V was used for 48 hr. CAC-717 solution in distilled water (Japan Patent No. 5778328) shows a pH of 12.39 ± 0.03 and contains 
calcium hydrogen carbonate particles (1,120 mg/l) and carbon complex microparticles (50–500 nm) with a mesoscopic structure.

CAC-717 solution was sprayed onto glass on a hot plate and was dried for 1 min at 100°C. The dried glass was removed from 
the hot plate. For the scanning electron microscope observations, CAC-717 powder was coated with a thin layer of platinum. The 
samples were examined with a scanning electron microscope (JSM-7500, JEOL, Tokyo, Japan) [18]. Scanning electron microscope 
examination of samples revealed a spheroid mesoscopic structure (Fig. 1A and 1B). However, these tiny structures were not 
observed in non-electrically charged solutions of calcium hydrogen carbonate.

Low-pathogenic influenza A viruses, isolated from humans (A/Aichi/2/68, H3N2) [OFL_ISL_236] or swine (A/swine/
Wadayama/5/69, H3N2) [OFL_ISL_8147], were propagated in Madin-Darby canine kidney (MDCK) cells, harvested, centrifuged 
at 740 ×g for 15 min, aliquoted and then stored at −80°C until they were used or titrated. The virus titers before and after treatment 
with disinfectants were titrated in each cell culture. The virus was titrated in MDCK cells in 24-well tissue culture plates (four 
wells per dilution, 600 µl final volume in each well) with cell culture medium containing 2.5 µg/ml trypsin (final concentration, 
trypsin from bovine pancreas 180 TAME units/mg protein, MP Biomedicals, Santa Ana, CA, U.S.A.), and 50% tissue culture 
infective dose (TCID50) was determined by the method reported by Behrens and Kaber [8]. These experiments were repeated three 
times. Each virus sample was mixed with 9 times the volume of disinfectant. The mixtures were incubated at room temperature 
for 1 or 15 min. Following incubation, the specimens were immediately diluted in tissue culture medium, and the virus titers were 
determined. The virus samples mixed with 9 times the volume of distilled water were used as positive controls. A previously 
described numerical method was used to express the ability of the agent to inactivate viruses [5]. The virucidal index (VI) of virus 
inactivation is calculated by NI=tpc–ta, where tpc is the titer converted to an index of log10 of the positive control, and ta is the 
converted titer of the recovered virus from the disinfectant-treated sample. We defined the inactivation of viruses as effective when 
VI was higher than 3 [5].

To examine the reduction of virus infectivity, the TCID50 of a mixture of virus suspension and CAC-717 solution was measured. 
Influenza virus infectivity decreased in mixtures containing CAC-717 (Table 1). CAC-717 solution abolished influenza A viruses 
infectivity completely within 15 min. Furthermore, adding 10% bovine serum albumin (BSA) to CAC-717 solution did not affect 
the disinfectant effect on influenza A viruses (Table 1).

Human skin pH was measured with a skin pH meter (pH905, Courage Khazaka GmbH, Cologne, Germany) [1]. The pH 
measurement for CAC-717 solution was tested in Petri dishes. The pH measurement on skin was performed by placing the solution 
(0.5 ml) on a hand [1]. Initially, CAC-717 solution in dishes had a pH of 12.39 ± 0.03 (n=10) tested by skin pH meter. CAC-171 
solution (0.5 ml) was placed on the skin of a human hand. After 1 min, the pH on the skin surface was measured with the skin 
pH meter. The pH reading on the skin changed to 8.84 ± 1.17 (n=10) (Table 2). The reading on the skin surface was decreased 
significantly in 1 min (P<0.005). There was no harmful effect on human skin after the experiment.

In a recent report, egg CaO powder inactivated AIV even in the presence of organic materials (33% fetal bovine serum) within 
3 min [10]. AIV becomes inactivated relatively easy, because its lipid envelope increases its sensitivity to hydration, detergents 
and surfactants [5]. It was reported that AIV (H7N2) lost 100% of its infectivity when exposed to pH 2 for 5 min, but exposure to 
pH 12 for 15 min had no effect on infectivity [6]. Another report showed that exposure to pH 12.3 did not inactivate AIV, whereas 
exposure to pH 13.0 did [19]. As shown in Table 1, CAC-717 solution inactivated the virus within 15 min.

Our results in rabbit eye toxicity test using OECD Guideline for Testing Chemicals No. 405: Acute Eye Irritation/Corrosion 
under the animal welfare requirements (ISO 10993-2, July 2, 2006) did not indicate any harmful effects. Three female Japanese 

Fig. 1. Mesoscopic structure of calcium hydrogen carbonate. (A) Scanning electron microscope image of the mesoscopic structure of calcium 
hydrogen carbonate. Spheroid structures are created after high-voltage treatment of aqueous solutions. Bar=100 nm. (B) Higher-magnification 
scanning electron microscope image of the mesoscopic structure of calcium hydrogen carbonate. Bar=10 nm.
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White domestic rabbits were used to evaluate irritation caused by CAC-717 solution applied to the eyes without washing. After 
applying the stock solution (0.1 ml) to the conjunctival sac under the right lower eyelid, both eyelids were closed for approximately 
1 sec to disperse the solution, and the animals were released for observation. Acute ocular irritation was scored 1, 3, 6, 24, 48, 72 
and 96 hr after the sample application in accordance with the Draize criteria. The results revealed no eye irritation at any time, with 
the maximum acute ocular irritation index being 0. During the study period, the general physical conditions of the rabbits were 
unremarkable, with steady weight gain. Based on these findings, CAC-717 solution was determined to be a non-irritant (class 0). A 
rabbit skin toxicity test using the Ministry of Health, Labor and Welfare Guideline, Biological Evaluation of Medical Devices- Part 
10: Test for irritation and skin sensitization (ISO 10993-10, August 1, 2010) under the same animal welfare requirement (ISO 
10993-2, July 15, 2006) did not show any harmful effects. Healthy and injured skin areas were established on the backs of three 
female Japanese White domestic rabbits to investigate primary skin irritation caused by CAC-717 solution. A 2.5 × 2.5 cm lint 
dressing cloth containing 0.5 ml of the CAC-717 solution was applied to the skin as an occlusive patch and secured using non-
permeable surgical tape, foam surgical tape and an elastic adhesive bandage. The skin patch was applied for 24 hr, and primary 
skin irritation was evaluated 3, 24 and 48 hr after removal of the patch. Distilled water was used as a control. The evaluation 
revealed no skin reactions at any time point, with a primary skin irritation index of 0. During the study period, the general physical 
condition of the rabbits was unremarkable, and their weight increased steadily. Based on these findings, the test substance was 
determined not to be a skin irritant. These results suggested that CAC-717 solution has good efficacy for inactivating influenza A 
viruses, requiring only brief contact with pathogens without damaging human or animal tissue.

The World Health Organization recommends that wiping surfaces with a 1:100 chlorine solution (known commonly as Chlorox 
and Eau-de-Javel) kills influenza A viruses [21]. Then, all adsorbent materials must be incinerated in heavy-duty garbage bags. The 
surface must be rinsed with clean water after disinfection. The main way of disinfecting hands is by washing with soap and water. 
Items, such as instruments used for autopsies, should be disinfected with 1:100 chlorine solution or 70% ethanol [21]. The use of 
strong chlorine solutions (such as 1:100 chlorine solution) is dangerous and should be avoided. The use of disinfectants registered 
by the U.S. Environmental Protection Agency (EPA) is also recommended. Lists of all registered disinfectants can be found at the 
EPA website [20]. There are approximately 400 registered disinfectants with human influenza A and/or B listed on the product 
label, and all will inactivate influenza viruses when used according to manufacturer’s instructions.

Our present report shows that freshly electrolyzed water may contain electrons and hydrogen oxide, together with calcium 
hydrogen carbonate particles. The reversible redox process observed in electrolytes containing calcium could be effective for 
electrolysis [12].

Another study shows that acidic electrolytic water inactivates prions completely and alkaline electrolytic water partially inactivates 
prions (human prion strain: Fukuoka-1) [3]. The research suggested that alkaline and acidic electrolytic water could prevent prions 
from propagation and amyloid aggregation. However, the mechanisms enabling this prion-inactivation effect are not well understood, 
although it has been suggested that free hydrogen ion or alkaline ion systems are responsible for this inactivation [11].

Even in CAC-717 solution, it is difficult to explain the disinfection as being primarily due to the alkaline effect of calcium 
hydrogen carbonate ions. The effects are probably caused by the free alkaline ions and by other factors present in the electrolyzed 
solutions, such as far-infrared rays (FIR) from mesoscopic structures, functioning as small ‘nano-batteries’. Enhanced levels of FIR 
were detected on mesoscopic particles under FIR imaging cameras (Furusaki et al., unpublished observations). FIR destroy nucleic 
acids in various microorganisms [4]. Ongoing experiments show that CAC-717 solution destroys influenza A viral RNA, detected 
by real-time PCR (Kirisawa et al., unpublished observations).

Cleaning and disinfection plans are a critical part of minimizing the spread of influenza A viruses during an outbreak. An 
effective plan should outline what should be cleaned, the frequency of cleaning, the materials and techniques, and the training of 
janitorial staff. The use of proper materials and techniques and clear cleaning plans will support a facility’s pandemic response. The 
effect of CAC-717 solution on other viruses, bacteria and microorganisms needs to be investigated to apply the technology to a 
wide range of areas.

Table 2. pH of CAC-717 solution in the origi-
nal Petri dishes or on human skin

Sample
Incubation period

Positive control 1 min
CAC-717 12.39 ± 0.03a) 8.84 ± 1.17
a) Standard deviation of the mean. Ten samples each 
were tested on different areas of skin on a human 
hand.

Table 1. Virus titer of samples after CAC-717 solution treatment

Sample Influenza virus CAC-717 
treatment

10% BSA in  
CAC-717 solution

Treatment period
1 min 15 mim

A/Aichi/2/68 - - 6.42a) 6.58
+ - ≤2.25 ≤1.50
- + 6.17 6.08
+ + ≤2.25 ≤1.50

A/Swine/Wadayama/5/69 - - 5.5 5.83
+ - ≤1.67 ≤1.50
- + 5.58 5.67
+ + ≤1.83 ≤1.50

a) log10 TCID50 titer. The limit of the detection system was <1.50.
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