_%yé GLOBAL JOURNAL OF MEDICAL RESEARCH: F
Global purnals Inc. DISEASES
Volume 23 Issue 2 Version 1.0 Year 2023
Type: Double Blind Peer Reviewed International Research Journal

Publisher: Global Journals
Online ISSN: 2249-4618 & Print ISSN: 0975-5888

Relationship between COVID-19 and use of Chlorine Dioxide Gas-

Releasing Agents in Elementary Schools
By Yoshinori Kubo, Takanori Miura, Kaoru Obinata, Ken Hisata, Mitsuyoshi Suzuki,
Eisuke Inage, Naotake Yanagisawa, Hiromichi Shoji, Norio Ogata, Jo Shibata,
Takashi Shibata & Toshiaki Shimizu

Juntendo University

Abstract- Chlorine dioxide has an inactivating effect on various types of viruses in vitro, including
severe acute respiratory syndrome coronavirus 2. Therefore, chlorine dioxide gas can be used as
a new preventive measure against coronavirus disease 19 (COVID-19). However, no studies
have been conducted to investigate the relationship between the incidence of COVID-19 and
chlorine dioxide. We retrospectively studied the occurrence of COVID-19 in 164 public
elementary schools under the jurisdiction of boards of education located in urban areas in
Japan, provided with chlorine dioxide gas-releasing agents or not, from January to March 2022.
The odds of developing COVID-19 were lower (odds ratio: 0.934, 95% confidence interval:
0.895-0.975) in schools provided with chlorine dioxide gas-releasing agents than in schools
without them. This suggested a relationship between the use of chlorine dioxide-releasing agents
and the incidence of COVID-19. Further studies are needed to prove a causal relationship
between them.

Keywords: chlorine dioxide, COVID-19, infection prevention, elementary school, viral infectivity.
GJMR-F Classification: DDC Code: E

RELATIONSHIPBETWEENCOVIDI9ANDUSEOFCHLORINEDIOX | DEGASRE LEASINGAGENTS INELEMENTARYSCHOOLS

Strictly as per the compliance and regulations of:

© 2023. Yoshinori Kubo, Takanori Miura, Kaoru Obinata, Ken Hisata, Mitsuyoshi Suzuki, Eisuke Inage, Naotake Yanagisawa,
Hiromichi Shoji, Norio Ogata, Jo Shibata, Takashi Shibata & Toshiaki Shimizu. This research/review article is distributed under the
terms of the Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0). You must give appropriate credit to
authors and reference this article if parts of the article are reproduced in any manner. Applicable licensing terms are at
https://creativecommons.org/licenses/by-nc-nd/4.0/.



Relationship between COVID-19 and use of
Chlorine Dioxide Gas-Releasing Agents in
Elementary Schools

Yoshinori Kubo ¢, Takanori Miura °, Kaoru Obinata ®, Ken Hisata ©, Mitsuyoshi Suzuki ¥, Eisuke Inage ®,

Naotake Yanagisawa*, Hiromichi Shoji*, Norio Ogata ®, Jo Shibata ¢, Takashi Shibata *
& Toshiaki Shimizu €

Abstract- Chlorine dioxide has an inactivating effect on various
types of viruses in vitro, including severe acute respiratory
syndrome coronavirus 2. Therefore, chlorine dioxide gas can
be used as a new preventive measure against coronavirus
disease 19 (COVID-19). However, no studies have been
conducted to investigate the relationship between the
incidence of COVID-19 and chlorine dioxide. We
retrospectively studied the occurrence of COVID-19 in 164
public elementary schools under the jurisdiction of boards of
education located in urban areas in Japan, provided with
chlorine dioxide gas-releasing agents or not, from January to
March 2022. The odds of developing COVID-19 were lower
(odds ratio: 0.934, 95% confidence interval: 0.895-0.975) in
schools provided with chlorine dioxide gas-releasing agents
than in schools without them. This suggested a relationship
between the use of chlorine dioxide-releasing agents and the
incidence of COVID-19. Further studies are needed to prove a
causal relationship between them.
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I.  INTRODUCTION

ince December 2019, coronavirus disease 19
S(COVID-19) caused by severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) (Shang et
al., 2020; Zhou et al., 2020) has been a global public
health problem (Chen et al., 2020; Xu et al., 2020).
Although pediatric patients with COVID-19 often have a
milder course than adults, the COVID-19 infection has
had a negative impact on children in terms of lost
learning opportunities, malnutrition, poverty, and
disruption of health services such as routine childhood
immunizations (UNICEF, 2022). In the first and second
waves of COVID-19 in Japan, the proportion of cases
under 20 years of age was less than 15% (Imamura et
al., 2021), and children did not suffer from secondary
infections (Ko et al., 2022). However, in the sixth wave of
the omicron variant, the proportion of cases under 20
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years of age rose to 35% (Aizawa et al., 2022). Standard
infection control measures include routine precautions
such as hand washing, wearing masks, and
environmental cleaning. Thorough implementation of
these measures is important for the prevention of
infection. However, it has been reported that young
children often not wash properly their hands and hand
washing is less effective. (Harada, 2004)

In addition, in terms of environmental cleaning,
it is practically impossible to clean areas where hand
contact occurs with high frequency, and standard
precautions alone are not sufficient to prevent infection.
Despite the prevalence of highly infectious variants in all
age groups, parents are hesitant to vaccinate their
children (Horiuchi et al., 2021; Yoda & Katsuyama,
2021). Therefore, to reduce the adverse effects of
COVID-19 on children and prevent the spread of
infection, it is desirable to reduce the incidence of
COVID-19 through new preventive measures.

SARS-CoV-2 is transmitted among human
beings primarily through close contact in confined
spaces, droplets of respiratory origin, and contaminated
surfaces (Cheng et al., 2020; Lai et al., 2020; Sungnak
et al., 2020). SARS-CoV-2 can remain on the surface of
the vector for several days (Chin et al., 2020; van
Doremalen et al., 2020) and is stable for several hours if
aerosolized (van Doremalen et al., 2020). Therefore,
environmental factors can have a significant impact on
transmission in buildings where people are in close
proximity, such as schools (Azuma, Kagi, et al., 2020;
Azuma, Yanagi, et al., 2020). Especially in Japan, during
the sixth wave of SARS-CoV-2 infection, the proportion
of infections in children in schools, nursery schools, and
kindergartens increased, while the proportion of
infection in the family, the main source of infection,
decreased (Aizawa et al., 2022). Therefore, schools are
considered an important place for the prevention of
CQOVID-19 in children.

Chlorine dioxide (CD) exists as a diffusible gas
at room temperature that can be distributed over a wide
area (Gates, 1998). The effectiveness of low-
concentration CD gas, which poses almost no risk to the
human body, was demonstrated in an in Vvitro
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experiment in a closed space in which 0.01 ppmv CD
gas inactivated more than 99% of all floating viruses
(Ogata et al., 2016). More than 99% of the viruses
adhering to the surface of objects were also inactivated
by 0.007 ppmv CD gas (Morino et al.,, 2013).In vivo
experiments suggested that 0.03 ppmv CD gas
prevented influenza infection in mice (Ogata & Shibata,
2008). In vitro experiments using a CD gas-releasing
agent have also shown inactivation of the avian
influenza virus A (H7N9) (Sun et al., 2022). Further,
studies in humans have suggested that the use of CD
gas-releasing agents is effective against viral infections
(Mimura et al., 2010; Ogata & Shibata, 2009).

Although CD gas-releasing agents can be
expected to be useful for COVID-19 prophylaxis, no
studies have been conducted to investigate the
relationship between COVID-19 infection and CD gas-
releasing agents. Therefore, the purpose of this study
was to conduct a retrospective study of the relationship
between the use of CD gas-releasing agents and the
incidence of COVID-19 in elementary schools.

[I.  MATERIAL AND METHODS

a) Design

This multicenter, retrospective study
investigated the relationship between the incidence of
COVID-19 and the use of CD gas-releasing, from
January to March 2022, using a database created by the
City Board of Education. This study was approved by
the Juntendo University School of Medicine Medical
Research Ethics Committee (Research Project No. E22-
0382).

b) Subjects

The subjects of this study were first- to sixth-
grade (approximately 6 to 12 years old) male and
female students in public elementary schools under the
jurisdiction of a municipal board of education in an
urban area in Japan. Since there was no precedent for
this study, the sample size could not be calculated. No
exclusion criteria were established as this was an
exploratory study.

c) CD gas-releasing agent

CD gas-releasing agents (Cleverin® pro Gel
Large type for 50m2(Taiko Pharmaceutical Co.) and
Cleverin  Pro Pouch type for 30 m2, Taiko
Pharmaceutical Co., Ltd., Japan) are made by adding
sodium dihydrogen phosphate to sodium chlorite and
solidifying the mixture by adding superabsorbent
polymers, which then generate and release CD gas
continuously for several months. Those agents, which
can be safely used in an inhabited environment, were
provided free of charge by Taiko Pharmaceutical Co.,
Ltd. to city school boards for marketing purposes. They
were further distributed by city school boards to
elementary schools that requested them from January
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2022 through March 2022. It was recommended that
those agents be provided in classrooms at a rate of one
unit per 30 m2 or 50 m2 in the case of Cleverin Pro
Pouch type or Placeable type, respectively.

d) Incidence of COVID-19

The number of infections of COVID-19 was
investigated in all elementary schools from January to
March 2022. The parents of the children were requested
to notify the schools when the PCR test for COVID-19
was positive, when the antigen test was positive, or
when a physician determined that COVID-19 was
strongly suspected. These reports were compiled by the
elementary schools and reported to the city's board of
education. The city school board created a database of
the CD gas-releasing agents provided and the number
of COVID-19 infections.

e) Statistical analysis

The distribution by a number of elementary
school students was shown as the median (25th—75th
percentile values), since the Kolmogorov-Smirnov
normality test did not allow for a normal distribution. The
association between the use of CD gas-releasing agents
and the incidence of COVID-19 was analyzed using
crude odds ratios of the subjects who suffered from
COVID-19. Incidence as cases were defined as the
number of reported COVID-19 incidences, and controls
(non-incidence) were defined as the number of children
minus the number of reported COVID-19 infections. The
significance level was p<0.05, and IBM SPSS
Statistics® ver. 28 was used for statistical analysis.

I11. RESULTS

A summary of the elementary schools analyzed
in this study is shown in Table 1. Sixty-eight elementary
schools (n = 34,810) did not use any CD gas-releasing
agent, whereas 96 (n = 38,714) used those agents.

Table 2 shows the odds ratio for incident
COVID-19. Elementary schools that did not use chlorine
dioxide-releasing agents had higher odds (odds ratio:
0.934, 95% confidence interval: 0.895-0.975) of COVID-
19 incidence than those that did.

V. DIsCUSSION

This  exploratory study investigated the
relationship between the use of CD gas-releasing
agents in classrooms and COVID-19 infections in
elementary schools and showed that elementary
schools that used those agents had significantly lower
odds ratios for COVID-19 incidence than those that did
not.

A previous study showed that in an intervention
study of Ground Self-Defense Forces personnel, a
group that used those CD gas-releasing agents in a
room had significantly lower numbers of cases of
influenza-like illnesses than the non-intervention group



(Mimura et al., 2010). In addition, a retrospective
observational study of elementary school students
reported significantly lower cumulative absenteeism
rates in classes where those CD gas-releasing agents
were used than in classes where they were not used
(Ogata & Shibata, 2009). The results of this study
support the findings of these previous studies. A
potential mechanism by which the CD gas-releasing
agent suppressed COVID-19 infections is that CD gas,
once dissolved in water, reduces the binding activity of
the SARS-CoV-2 spike protein as demonstrated in in
vivo experiments (Ogata & Miura, 2020, 2021). It has
been suggested that this mechanism can reduce the
viral infectivity of SARS-CoV-2 (Hatanaka et al., 2021). In
summary, these findings suggest that the use of CD
gas-releasing agents in elementary school classrooms
could be linked to lower COVID-19 infections in
students.

The strength of this study is that it was a
relatively large survey of many public elementary
schools in the city. However, this study has several
limitations. First, chlorine dioxide-releasing agents were
distributed only to elementary schools that requested
them, which may have biased the characteristics of the
target population. Second, we did not have access to
information from elementary schools located outside
urban areas. Therefore, caution should be exercised
when generalizing the results of this study. Moreover,
the odds ratio could not be adjusted for confounding
factors. Third, the route of infection was not considered.
Hence, future randomized controlled trials should be
conducted to evaluate the efficacy of CD gas-releasing
agents against COVID-19.

V. (CONCLUSION

A retrospective study in an urban elementary
schools in Japan suggested that the use of chlorine
dioxide gas-releasing agents may be linked to the
reduced development of COVID-19 infections. Further
studies are needed to prove a causal relationship.

ACKNOWLEDGEMENT

We are appreciative to the elementary school
officials and the school board for providing the data for
this study.

Funding

The study was conducted and supported by a
joint laboratory established by Juntendo University and
its funder, Taiko Pharmaceutical Co., Ltd.

Abbreviations

SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; COVID-19, coronavirus disease 19; CD,
chlorine dioxide.

Conflict of Interest

Yoshinori Kubo, Takanori Miura, Norio Ogata,
Jo Shibata, and Takashi Shibata received a salary from
Taiko Pharmaceutical Co., Ltd., which manufactures the
chlorine dioxide gas-releasing agents (Cleverin®) used
in this study. Yoshinori Kubo, Takanori Miura, Kaoru
Obinata, Ken Hisata, Mitsuyoshi Suzuki, Eisuke Inage,
Naotake Yanagisawa, Jo Shibata, Takashi Shibata,
Toshiaki Shimizu belong to the Department of Mass
Infection Prevention, which is funded by Taiko
Pharmaceutical Co., Ltd.

REFERENCES REFERENCES REFERENCIAS

1. Aizawa, Y., Takanashi, S., & Ogimi, C. (2022, Nov
1). Updates on Coronavirus Disease 2019 in
Children in Japan. Pediatr Infect Dis J, 41(11), e461-
e467. https://doi.org/10.1097/inf. 000000000000
3641

2. Azuma, K., Kagi, N., Kim, H., & Hayashi, M. (2020,
Nov). Impact of climate and ambient air pollution on
the epidemic growth during COVID-19 outbreak in
Japan. Environ Res, 190, 110042. https://doi.org/
10.1016/j.envres.2020.110042

3. Azuma, K., Yanagi, U., Kagi, N., Kim, H., Ogata, M.,
& Hayashi, M. (2020, Nov 3). Environmental factors
involved in SARS-CoV-2 transmission: effect and
role of indoor environmental quality in the strategy
for COVID-19 infection control. Environ Health Prev
Med, 25(1), 66. https://doi.org/10.1186/s12199-020-
00904-2

4. Chen, N., Zhou, M., Dong, X., Qu, J., Gong, F., Han,
Y., Qiy, Y., Wang, J., Liu, Y., Wei, Y., Xia, J., Yu, T.,
Zhang, X., & Zhang, L. (2020, Feb 15).
Epidemiological and clinical characteristics of 99
cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet,
395(10223), 507-513. https://doi.org/10.1016/s0140-
6736(20)30211-7

5. Cheng, V. C. C., Wong, S. C., Chen, J. H. K., Yip, C.
C.Y., Chuang, V. W. M., Tsang, O. T. Y., Sridhar, S.,
Chan, J. F. W,, Ho, P. L., & Yuen, K. Y. (2020, May).
Escalating infection control response to the rapidly
evolving epidemiology of the coronavirus disease
2019 (COVID-19) due to SARS-CoV-2 in Hong
Kong. Infect Control Hosp Epidemiol, 41(5), 493-
498. https://doi.org/10.1017/ice.2020.58

6. Chin, A.W.H., Chu, J. T. S, Perera, M. R. A, Hui, K.
P.Y. Yen, H. L., Chan, M. C. W., Peiris, M., & Poon,
L. L. M. (2020, May). Stability of SARS-CoV-2 in
different environmental conditions. Lancet Microbe,
1(1), el10. https://doi.org/10.1016/s2666-5247(20)
30003-3

7. Gates, D. J. (1998). The chlorine dioxide handbook
(Vol. 2). Amer Water Works Assn.

© 2023 Global Journals

! Year 2023

(F)



H Year 2023

(F)

10.

11,

12.

13.

14,

15.

16.

17.

Harada, M. (2004). A study of handwashing
techniques of early childhood. J Chugokugakuen, 3,
97-102.

Hatanaka, N., Xu, B., Yasugi, M., Morino, H,
Tagishi, H., Miura, T., Shibata, T., & Yamasaki, S.
(2021, Dec). Chlorine dioxide is a more potent
antiviral agent against SARS-CoV-2 than sodium
hypochlorite. J Hosp Infect, 118, 20-26.
https://doi.org/10.1016/j.jhin.2021.09.006

Horiuchi, S., Sakamoto, H., Abe, S. K., Shinohara,
R., Kushima, M., Otawa, S., Yui, H., Akiyama, Y.,
Ooka, T., Kojima, R., Yokomichi, H., Miyake, K.,
Mizutani, T., & Yamagata, Z. (2021). Factors of
parental COVID-19 vaccine hesitancy: A cross
sectional study in Japan. PLoS One, 16(12),
e0261121.
https://doi.org/10.1371/journal.pone.0261121
Imamura, T., Saito, M., Ko, Y. K., Imamura, T., Otani,
K., Akaba, H., Ninomiya, K., Furuse, Y., Miyahara,
R., Sando, E., Yasuda, I., Tsuchiya, N., Suzuki, M., &
Oshitani, H. (2021). Roles of Children and
Adolescents in COVID-19 Transmission in the
Community: A Retrospective Analysis of Nationwide
Data in Japan. Front Pediatr, 9, 705882.
https://doi.org/10.3389/fped.2021.705882

Ko, Y. K., Furuse, Y., Ninomiya, K., Otani, K., Akaba,
H., Miyahara, R., Imamura, T., Imamura, T., Cook, A.
R., Saito, M., Suzuki, M., & Oshitani, H. (2022, Mar).
Secondary transmission of SARS-CoV-2 during the
first two waves in Japan: Demographic
characteristics and overdispersion. Int J Infect Dis,
116, 365-373. https://doi.org/10.1016/}.ijid.2022.
01.036

Lai, C. C., Shih, T. P,, Ko, W. C,, Tang, H. J., &
Hsueh, P. R. (2020, Mar). Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and
coronavirus  disease-2019  (COVID-19):  The
epidemic and the challenges. Int J Antimicrob
Agents, 55(3), 105924. https://doi.org/10.1016/
j.ijantimicag.2020.105924

Mimura, S., Fujioka, T., & Mitsumaru, A. (2010).
Preventive effect against influenza-like illness by
low-concentration chlorine dioxide gas. Jpn J Infect
Prevent Control, 25(5), 277-280.

Morino, H., Koizumi, T., Miura, T., Fukuda, T., &
Shibata, T. (2013). [Inactivation of feline calicivirus
by chlorine dioxide gas-generating gel]. Yakugaku
Zasshi, 133(9), 1017-1022. https://doi.org/10.1248/
yakushi.13-00007

Ogata, N., & Miura, T. (2020). Inhibition of the
binding of spike protein of SARS-CoV-2 coronavirus
to human angiotensin-converting enzyme 2 by
chlorine dioxide. Annals of Pharmacology and
Pharmaceutics, 5(5).

Ogata, N., & Miura, T. (2021). Inhibition of the
Binding of Variants of SARS-CoV-2 Coronavirus

© 2023 Global Journals

18.

10.

20.

21.

22.

23.

24.

25.

26.

27.

Spike Protein to a Human Receptor by Chlorine
Dioxide. Ann Pharmacol Pharm. 2021; 6 (1), 1199.
Ogata, N., Sakasegawa, M., Miura, T., Shibata, T.,
Takigawa, Y., Taura, K., Taguchi, K., Matsubara, K.,
Nakahara, K., Kato, D., Sogawa, K., & Oka, H.
(2016). Inactivation of airborne bacteria and viruses
using extremely low concentrations of chlorine
dioxide gas. Pharmacology, 97(5-6), 301-306.
https://doi.org/10.1159/000444503

Ogata, N., & Shibata, T. (2008, Jan). Protective
effect of low-concentration chlorine dioxide gas
against influenza A virus infection. J Gen Virol, 89(Pt
1), 60-67. https://doi.org/10.1099/vir.0.83393-0
Ogata, N., & Shibata, T. (2009). Effect of chlorine
dioxide gas of extremely low concentration on
absenteeism of schoolchildren. Int J Med Med Sci,
1(7), 288-289.

Shang, J., Ye, G., Shi, K., Wan, Y., Luo, C., Aihara,
H., Geng, Q., Auerbach, A., & Li, F. (2020, May).
Structural basis of receptor recognition by SARS-
CoVv-2. Nature, 581(7807), 221-224.,
https://doi.org/10.1038/s41586-020-2179-y

Sun, Z., Qian, Y., Ogata, N., Cai, X., Han, W, Xie, Y.,
Morino, H., Sogawa, K., Shibata, T., & Qu, D. (2022,
2022/02/01/). Effect of chlorine dioxide on avian
influenza A (H7N9) virus. Biosafety Health, 4(1), 53-
57. https://doi.org/https://doi.org/10.1016/j.bsheal.
2021.12.002

Sungnak, W., Huang, N., Bécavin, C., Berg, M.,
Queen, R., Litvinukova, M., Talavera-Lopez, C.,
Maatz, H., Reichart, D., Sampaziotis, F., Worlock, K.
B., Yoshida, M., & Barnes, J. L. (2020, May). SARS-
CoV-2 entry factors are highly expressed in nasal
epithelial cells together with innate immune genes.
Nat Med, 26(5), 681-687. https://doi.org/
10.1038/s41591-020-0868-6

Taiko Pharmaceutical Co., L. Infection Control
Productshttps://www.seirogan.co.jp/en/business/cle
verin_g daikukan.html  (Accessed: February 2,
2023)

UNICEF. (2022). COVID-19 and children. Retrieved
October 28. from https://data.unicef.org/covid-19-
and-children/

van Doremalen, N., Bushmaker, T., Morris, D. H.,
Holbrook, M. G., Gamble, A., Williamson, B. N,
Tamin, A., Harcourt, J. L., Thornburg, N. J., Gerber,
S. I, Lloyd-Smith, J. O., de Wit, E., & Munster, V. J.
(2020, Apr 16). Aerosol and Surface Stability of
SARS-CoV-2 as Compared with SARS-CoV-1. N
Engl J Med, 382(16), 1564-1567. https://doi.org/
10.1056/NEJMc2004973

Xu, Z., Shi, L., Wang, Y., Zhang, J., Huang, L.,
Zhang, C., Liu, S., Zhao, P., Liu, H., Zhu, L., Tai, Y.,
Bai, C., Gao, T., Song, J., Xia, P., Dong, J., Zhao, J.,
& Wang, F. S. (2020, Apr). Pathological findings of
COVID-19 associated with acute respiratory distress



syndrome. Lancet Respir Med, 8(4), 420-422. Chen, H. D., Chen, J., Luo, Y., Guo, H., Jiang, R. D.,

https://doi.org/10.1016/s2213-2600(20)30076-x Liu, M. Q., Chen, Y., Shen, X. R., Wang, X., Zheng,
28. Yoda, T., & Katsuyama, H. (2021, Dec 2). Parents' X.S., Zhao, K., Chen, Q. J., Deng, F., Liy, L. L., Yan,

hesitation about getting their children vaccinated B., Zhan, F. X.,, Wang, Y. Y., Xiao, G. F., & Shi, Z. L.

against COVID-19 in Japan. Hum Vaccin (2020, Mar). A pneumonia outbreak associated with

Immunother, 17(12), 4993-4998. https://doi.org/ a new coronavirus of probable bat origin. Nature,

10.1080/21645515.2021.1981087 579(7798), 270-273. https://doi.org/10.1038/s41586-
29. Zhou, P., Yang, X. L., Wang, X. G., Hu, B., Zhang, 020-2012-7

L., Zhang, W., Si, H. R., Zhu, Y., Li, B., Huang, C. L.,

Table 1: Characteristics

Chlorine dioxide ENI:m:r?tra?; Number of students per elementary school
releasing agent Schools Total Median 25th 75th
Not used 68 34,810 466 279 668
Used 96 38,714 332 236 526

Table 2: Odds ratio for incident COVID-19

CD gas-releasin COvID-19
9 9 Number of Number of Odds ratio 95%Cl p-value
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