BAOQOJ Microbiology

An Open Access Journal

)10 ACCENT

BAOJ Microbiol
Review Article
Volume 4

Suggestion for a long-term effective disinfection to eliminate

the COVID-19 epidemic

*Corresponding Author: Ying-Qiu Gu

Shanghai Finerule Electro-Mechanical Co., Ltd., Shanghai, 201306, China.

Email: yqgu@fudan.edu.cn

Received: May 23, 2022
Accepted: Jul 04, 2022
Published: Jul 14, 2022

Copyright: ©Ying-Qiu Gu (2022).

Content published in the journal follows Creative
Commons Attribution License

(http://creativecommons.org/licenses/by/4.0).

Keywords:

COVID-19;

Omicron;

Epidemic Prevention and Control;
Ozone disinfection;

Hydrogen peroxide.

Abstract

The COVID-19 has tyrannized the world for almost 3 years and has seen
no signs of decline. The mutant Omicron is more infectious and can be
transmitted and spread through many channels. As long as there is any resi-
due, the virus can quickly revive and spread if there is no intervention. In
addition to targeted prevention and control and vaccination, we also need
an ecologically safe and long-term effectiveness virus-eradication program
to inhibit the biochemical activity of the virus and stop the spread of the ep-
idemic until the complete elimination of COVID-19. By analyzing a number
of empirical data of ozone disinfection, this paper reveals that the exten-
sive and massive application of ozone and hydrogen peroxide disinfection
technology is an effective and powerful method to eliminate COVID-19. The
novel coronavirus is highly sensitive to the trace ozone in the atmosphere,
and a disperse ozone of concentration 0.6 mg/m? in the air can make COV-
ID-19 lose infectivity. Therefore, for public places where people gather, such
as subway, bus, train, airports, stations, schools, office buildings, shopping
malls, hospital, etc., a long-time air disinfection by ozone through central-
ized air conditioner can effectively stop the human-to-human transmission
of the virus. For heavily infected cities, regular aviation spraying of diffuse
hydrogen peroxide to disinfect the ambient air can obviously deplete and
inhibit the virus. As long as the above disinfection method is implemented
for some time, the COVID-19 will be controlled until it completely disap-
pears.
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Introduction

Since the first case of COVID-19 patient appeared in Wuhan,
Hubei Province in December 2019, the novel coronavirus has
become a catastrophe for mankind for its rapid transmission,
easy strain mutation and damage to the central nervous sys-
tem. As of May 21, more than 500 million infections and more
than 6.27 million deaths had occurred worldwide. COVID-19
has tyrannized for nearly 3 years, now the global scale has not
decreased, but has a deteriorating trend, the virus variant strain
Omicron has more infectious and higher antibody tolerance. In
addition to human, the virus can also infect birds, poultry, dogs,
mice and about 30 kinds of animal. As long as there is a little
residue, in the absence of intervention, the virus will quickly
resurgence, rapid spread and hardly to prevent. The prevention
and control of COVID-19 have exceeded the capacity of medi-
cal resources in some countries and are out of control. How to
effectively inhibit the activity of the virus for a long time, con-
tain the spread and spread of the epidemic, and continuously
deplete the virus until the complete elimination of COVID-19 is
a topic that all mankind needs to study carefully. In addition to
precise prevention and control as well as universal vaccination,
we also need an ecologically safe and long-term effective strat-
egy of disinfection.

A large number of clinical treatments show that COVID-19
has serious complications and sequelae. The novel coronavirus
infected patients show symptoms of fever, dry cough, dyspnea,
and pneumonia, as well as gastrointestinal symptoms and car-
diovascular system dysfunction. In addition, patients also de-
veloped neurological and psychiatric symptoms, such as loss
of taste and smell, impaired consciousness, encephalitis, and
acute cerebrovascular disease [1]. An investigation published in
Nature in March revealed that the novel coronavirus attaches
to the central nervous system cells through synaptic glycopro-
tein interacting with the host ACE2 receptor, invading the cen-
tral nervous system and causing brain atrophy in some patients
[2]. By comparing brain images, it was found that some COV-
ID-19 patients’ brains were significantly changed, and the areas
governing memory, smell and cognitive ability were reduced,
and the brain volume was reduced by 0.2~2%. COVID-19 has
about ten times the fatality rate in elderly patients than influ-
enza. Therefore, the opinion of “peaceful coexistence with CO-
VID-19” is infeasible, and we have to thoroughly eliminate the
novel coronavirus.

Epidemic prevention effect of ozone

Ozone O, is an allotrope of oxygen O,, an unstable, fishy and
light blue gas. At room temperature, the half-life of ozone in the
air is 3~16 hours, which is highly related to the humidity and
ozone concentration. The half-life of ozone in 20°C water is only
about 16~25 minutes. Ozone is lively in chemistry, which is a
wide spectrum of efficient disinfectant, and has a strong oxida-
tion, fast reaction speed, has a very good disinfection, steriliza-
tion and deodorization effect. Ozone attacks proteins and lipids
in the viral spiking synapses and envelope, disrupting viral in-
tegrity and thus inactivating the virus. Ozone chemically reacts
with the bacterial cell wall and proteins therein, rapidly enter-
ing the cell after destroying and resolving the cell wall, oxidizing
intracellular enzymes, RNA or DNA, thereby killing bacterium

[3].
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Nowadays, the technology and process of ozone production
have been very mature, the industrial method to product ozone
is mainly corona discharge method. Ozone generator produces
ozone with dry air or oxygen as raw material, used for disinfec-
tion and purification of air, articles and water. Compared with
other disinfection methods, ozone disinfection has no harmful
residue and secondary pollution, air disinfection concentration
distribution is uniform without dead angle, convenient and fast
to use. Ozone has been widely used in indoor air disinfection,
tap water disinfection, breeding farm epidemic prevention,
sewage deep treatment and other occasions.

General occasions disinfection air, ozone concentration 1~2
mg/m?3, relative humidity >60%, lasting 30~60 min, the killing
rate of various bacteria can reach more than 99%. Ozone can
simultaneously degrade sulfur dioxide, nitrogen oxide, volatile
phenol, formaldehyde and other pollutants in the indoor air. Af-
ter 30 min 0.3 mg/m? ozone disinfection, the titer of Hepatitis B
Surface Antigen (HBsAg) decreased from 1:256 to 1:64. After 30
min 13.6 mg/m? ozone disinfection, the inactivation rate of HB-
sAg) exceeded 99.99%, destroying 100% of the antigen of Hep-
atitis A Virus (HAAg). Ozone is sterilized about 300~600 times
faster than chlorine agents.

At present, ozone disinfection has been widely used in the
prevention of livestock and poultry disease, through ozone dis-
infection farm air and drinking water for livestock to achieve ep-
idemic prevention effect. After more than three years of testing,
[4] has verified the unique role of ozone disinfection in animal
disease prevention and epidemic prevention. Ozone spreads to
every corner of the pig pen and chicken coop in a short period
of time, quickly kill viruses, bacteria, fungi and parasites and
other diseases, effectively prevent the infection and transmis-
sion of respiratory diseases, eliminate odor and improve the
environment. Ozone treatment of drinking water can reduce
or eliminate the occurrence of gastrointestinal diseases in live-
stock and poultry, enhance livestock and poultry immunity, and
can improve the feed conversion rate. Ozone disinfection has
been applied in livestock and poultry farms in most provinces
in China.

There are some studies on the application of ozone in CO-
VID-19 prevention and control. [3] revealed that ozone attacks
the novel coronavirus spike synapses and envelope proteins,
destroying the integrity of the virus and thus inhibiting viral
infection (see Figure 1). [5] shows that ozone can oxidize and
inactivate the virus while stimulating the immune system in pa-
tient cells and body fluids, useful in the early COVID-19 infec-
tion stage. Ozone can improve gas exchange, reduce inflamma-
tion, as well as hypoxemia and multiple organ failure. [6] shows
that drug treatment can achieve enhanced efficacy by injecting
intravenous ozone water as an adjuvant treatment. [7] tested
the effectiveness of ozone disinfection apparatus on disinfect-
ing bed units in COVID-19 wards. The surfaces of bed sheets,
mattresses, cores, covers, pillow cores and pillow covers used
by COVID-19 patients had viral contamination. Some bed units
tested positive for viral nucleic acid, and no specimens with
positive novel coronavirus nucleic acid were detected after dis-
infection by the ozone disinfection apparatus.
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Figure 1: Potential attack sites when viruses are inactivated by ozone.

/

Exploring the relationship between the epidemic spread and
environmental factors helps better understanding of the char-
acteristics of COVID-19 and develop long-term control strate-
gies for the epidemic outbreak, [8] computed the correlation
between pollutants in atmosphere and the infectivity of COV-
ID-19 in Chinese cities. According to the air pollutant monitoring
data of 1642 stations of China National Environmental Center,
the relationship between the basic reproduction number R  of
COVID-19 and each type of pollutant was studied by regression
analysis. From December 10, 2019 to February 29, 2020, in 154
cities the COVID-19 outbreak were detected, namely the basic
reproduction number in these cities R >1, and R =2.5 in Wuhan
was the largest.

The maximum daily one hour (1h) ozone concentration in
the 154 cities ranged from 51.6~106.7 pug/m? with an average
of 73.1 pg/m3. Studies found a significant negative correlation
between R of COVID-19 and the 1h maximum ozone concentra-
tion daily, but little correlation with other contaminants. Figure
2 shows that the infectivity of COVID-19 decreases rapidly as
the concentration of ozone in the ambient air increases. Thus,
when the environmental ozone concentration exceeds a certain
critical value, the reproduction number R  of the COVID-19 virus
will decrease as an exponential function of the ozone concen-
tration, that is, the infectivity and transmission capacity of the
virus will decrease exponentially with increasing the ozone con-
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Figure 2: Correlation between the reproduction numbers R
of COVID-19 and the 1h maximum ozone concentration in the

atmosphere.
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centration. In fact, Nature produces ozone through lightning to
purify the ecological environment. After every thunderstorm,
the bacteria and viruses in the atmosphere are greatly reduced,
and the air becomes particularly fresh.

Long effective strategy in epidemic prevention

Since the outbreak of COVID-19, the virus has been mutated
constantly and showing stronger and stronger momentum. The
basic reproduction number has developed from R ~3 of COV-
ID-19 to R;~10 of Omicron. It is impossible to complete elimi-
nate the novel coronavirus in a short time. Now the spread of
the virus has not encountered any barrier, it can be transmitted
with air and goods, or through about 30 common animals, so
it is incomplete to focus the prevention and control measures
only on positive infections. Some studies believe that the novel
coronavirus is transmitted by aerosols in the air within a radius
of 2m [9], and other studies believe that the virus has a very
short half-life, with only three hours in the air and less than 3
days on surfaces of goods [10], but the actual transmission pro-
cess of the virus may be more complicated than the experimen-
tal conditions. From [11] we learn, the novel coronavirus vari-
ant Omicron was found in wastewater of several communities
in November 2021, at least a week before the clinical detection
of the first omicron infection in the United States on December
1. Thus, the global prevention and control situation of COVID-19
is still grim, and there are many uncertain and unknown factors,
so it is difficult to thoroughly eliminate the viruses in a short
term.

Ecosystems can rarely annihilate a creature in a short time,
but a war of attrition. In order to control the development of
the epidemic safely and long-term effectively, we need to come
up with a comprehensive and systematic epidemic prevention
plan. If the biological activity of COVID-19 can be suppressed,
weaken its infectivity and maintain the situation of “human is
stronger than the virus” for a long time, then it will only take
two or three months before the virus will automatically dis-
appear and the COVID-19 will go to end. As can be seen from
Figure 2, trace amounts of ozone in the air can greatly weaken
the infectivity of COVID-19 and achieve the purpose of long-
time depletion of the virus. If the ozone concentration in the
air is kept =0.5 mg/m?3, then COVID-19 almost lost infectivity.
Therefore, ozone disinfection in public places with highly con-
centrated floating population, such as stations, shopping malls,
buses, subways and train, will greatly reduce the risk of the
spread of the epidemic. Because the ozone gas is difficult to
preserve, it is impossible to use ozone to extensively disinfect
the atmosphere in heavily infected cities. Hydrogen peroxide is
a broad-spectrum disinfectant with similar properties of ozone,
which also has the advantages of fast bactericidal effect, strong
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bactericidal ability, small irritation, low corrosion, easy gasifica-
tion, and no residual toxicity [12]. Hydrogen peroxide of high
concentration is easy for production and preservation, and has
been widely used in industries, environmental protection and
medical production. For cities with severe infection and already
out of control, regular aviation spraying of hydrogen peroxide
should be an economically feasible means of disinfection.

For large-region and large-dose disinfection actions, environ-
mental protection is a key factor to be considered, and many
chemical disinfectants will pollute the environment and are
unacceptable. During the outbreak in Wuhan, more than 5,000
tons of chlorine-containing disinfectant were used in urban dis-
infection in the first three months, polluting the water body to
some extent [23]. The monitoring data of Wuhan from February
to March 2020 showed that the highest value of residual chlo-
rine in the covered water of some lakes reached 0.4 mg/L. If it
occurs in cities with less water resources, the problem of water
pollution will be even more serious.

Hydrogen peroxide and ozone are environmentally friendly
products that are also cheap and can be obtained easily. Con-
sidering various factors, hydrogen peroxide and ozone should
be the best choice for the epidemic prevention and control. The
safety tolerance value of ozone concentration in the working
environment is 0.3 mg/m?3, and the highest ozone concentration
that people can bear for long time is about 2 mg/m3.

Therefore, the ozone concentration to deplete the virus
should be set as 0.6~1.0 mg/m? in public places where the
crowds gather. This concentration can either effectively prevent
the spread of the virus, or will not harm human health.

To disinfect the air in public places, ozone can be released
through the duct of air conditioner, and the relative humidity of
the air is adjusted about 70%. In this case, the disinfection effect
is the best. Centralized air conditioner and ventilation system
is widely used in all kinds of public places, due to its structural
characteristics and health management measures, it is easy to
cause air pollution and bacteria exceeding the standard. Some
sampling and testing in many public places shows that many air
quality of centralized air conditioners is not up to standard [13].
Therefore, the mandatory provision to install ozone disinfec-
tion apparatuses in centralized air conditioning systems will be
a measure of twofold purposes: regular disinfection to ensure
air quality in peacetime, and running at full capacity to nip the
epidemic in the bud when an epidemic outbreak.

Conclusions

Ozone and hydrogen peroxide are both broad-spectrum
high-efficiency disinfectants and green products, and the de-
composition products are oxygen and water with few residual
side effects. The author once produced industrial ozone genera-
tors and also provided ozone generator of air disinfection for
the breeding farm, so | knew some professional knowledge and
practical application. The author has been using the small ozone
generators at home. For children, such small ozone generator
has a good effect on preventing influenza, inhibiting milk tinea
and skin diseases. If you have just caught a cold and started
sneezing, breathing the ozone air produced by the home ozone
generator soon for 1 minute can prevent and heal the cold. The
method may also be effective for new infections of COVID-19.
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Because the novel coronavirus is a highly contagious and dif-
ficult to prevent super-virus, it is difficult for humans to wipe it
out in a short term. Therefore, it is crucial to introduce a long
effective inhibitive mechanism for the virus in the existing pre-
vention and control systems. As long as the basic reproduction
number R  can be controlled less than 1/2, it is only a matter of
time to completely eliminate the novel coronavirus. From the
above analysis, we find that ozone disinfection is a method of
long-term effectiveness to prevent and control COVID-19, and
is a powerful means to reduce the infectivity and to deplete the
virus. There are now many kinds of epidemic outbreaks around
the world, and ozone and hydrogen peroxide are safe, powerful
and economical disinfectants for almost all epidemics, there-
fore they deserve extensive application.

References

1. Huang L X, Yao Q, Gu XY, etal. 1-Year Outcomes in Hospital Sur-
vivors with COVID-19: A Longitudinal Cohort Study. Lancet (Lon-
don, England). 2021: 398: 747-758.

2. Douaud G, Lee S, Alfaro-Almagro F, et al. SARS-CoV-2 is Asso-
ciated with Changes in Brain Structure in UK Biobank. Nature.
2022; 604: 697-707.

3. Tizaoui C. Ozone: A Potential Oxidant for COVID-19 Virus (SARS-
CoV-2). Ozone: Science & Engineering. 2020: 42: 378-385.

4. LiY, Yang LY, Lv JD, etal. Application of Ozone Technology on Live-
stock Cultivation. Agricultural Engineering (in Chinese). 2012; 2:
25-27.

5. Ferndndez-Cuadros ME, Albaladejo-Florin MJ, Lora DP, et al.
Ozone (03) and SARS-CoV-2: Physiological Bases and Their Ther-
apeutic Possibilities According to COVID-19 Evolutionary Stage.
SN Comprehensive Clinical Medicine. 2020: 2: 1094-1102.

6. Cattel F, Giordano S, Bertiond C, et al. Ozone Therapy in COV-
ID-19: A Narrative Review. Virus Research. 2021; 291: 198207.

7. Tang YP, Fan W, Shen LL. Observation on disinfection effect of
ozone disinfection machine on ward bed unit during COVID-19
epidemic. Chinese Journal of Disinfection. 2020; 37: 420: 422.

8. Ran J, Zhao S, Han L, et al. The Ambient Ozone and COVID-19
Transmissibility in China: A Data-Driven Ecological Study of 154
Cities. Journal of Infection. 2020; 81: 9-11.

9. Sia S, Yan L, Chin A, et al. Pathogenesis and transmission of
SARS-COV-2 in golden hamsters. Nature. 2020; 583: 834-838.

10. Doremalen NV, Bushmaker T, Morris DH, et al. Aerosol and Sur-
face Stability of SARS-CoV-2 as Compared with SARS-CoV-1. N.
Engl. J. Med. 2020; 382: 1564-1567.

11. Gong ZY, Gong X L. Early Evidence of the SARS-CoV-2 B.1.1.529
(Omicron) Variant in Community Wastewater-United States,
Nov.—Dec. 2021. Disease Surveillance (in Chinese). 2022; 37:
1-2.

12.  Jiang XB, Ma C, Lu XB, et al. Six Kinds of Indoor Air Disinfection
Methods: Comparison of Their Effects. Chin J Nosocomiol (in
Chinese). 2004; 4: 1258-1259.

13.  ZhangY, Feng ZT, Dou ZY, et al. Microbial Contamination of Cen-
tral Air Conditioning Ventilation System in Public Places. Chinese
Journal of Health Supervision (in Chinese). 2020; 27: 131-135.

Page 4



