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ABSTRACT:
Coronavirus disease 2019 represents a serious chal-

lenge for modern society worldwide because of the con-
siderable and unfavourable consequences of the pandemic
in terms of human health, economics and social life. In
the present survey, some essential peculiarities of ozone
as an air pollutant and powerful oxidant under the con-
ditions of the COVID-19 pandemic as reflected in the re-
cent literature are described. The understanding of ozone
chemistry during COVID-19 lockdown can improve ozone
parameterization in models of chemical transport. Ozone
peroxides such as ozonides,  aldehydes, hydrogen
peroxides, and organic peroxide serve as messengers to
modulate the human immune system and improve blood
rheology.
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BACKGROUND
The COVID-19 pandemic is the largest global health

crisis in decades resulting apart from the unprecedented
number of deaths and hospitalizations in economic
slowdowns, widespread business disruptions, and signifi-
cant hardships [1]. United efforts of researchers and clini-
cians lead to gradual improvement of this unpleasant situ-
ation.

In the mid-nineteenth century, ozone gas is discov-
ered as a molecule consisting of three atoms of oxygen [2].
Its dynamically unstable structure is due to mesomeric
states presence [2]. Ozone leads to dose-dependent
oxidative stress because of its ability to produce free radi-
cals deriving from the lipoperoxidation of cell membranes,
enzyme inactivation, protein oxidation, DNA destruction,
and cell apoptosis [3].

As gas ozone occurs in the Earth’s upper atmosphere
(stratosphere) and at ground level [4]. Stratospheric ozone
is ‘good’, acting as a barrier for ultraviolet rays. Ozone in
the troposphere and at the ground level represents a sec-
ondary air pollutant generated through several complex
photochemical reactions which involve solar radiation and
ozone-precursors.

The objective of the present survey is to systema-

tize the recent scientific achievements concerning the role
of ozone as an air pollutant and powerful antioxidant in
the context of the advancing COVID-19 pandemic.

REVIEW RESULTS
Peculiarities of ozone as an air pollutant
Ozone represents the principal main photochemical

component of polluted air [5].
Recently, air pollutant concentrations under the con-

ditions of the COVID-19 pandemic are intensively studied.
Air pollution represents a factor exacerbating the impact of
the COVID-19 virus and potentially serves to its dissemina-
tion [6].

During the COVID-19 pandemic, a classification
model by reduced-space Gaussian process regression is used
to analyze air quality concerning ozone and other pollut-
ants in March and April 2020 in Lima, Peru [7].

In March 2020, the levels of ozone and other three
air pollutants were compared to those in 2015-2019 in São
Paulo, Paris, Los Angeles, CA and New York, NY control-
ling for meteorological variables [8]. In March 2020, tropo-
spheric ozone concentrations increased, except in Los An-
geles, CA. They are higher in São Paulo, New York, and
Paris and, possibly, increase health risks.

Concerning COVID-19, recent differences in social
aspects of community transmissions and testing policies,
as well as factors that could explain the high discrepancy
in regions with a similar healthcare level, remain unknown
[9]. Ozone is oppositely related to the number of infected
individuals.

Procedures of environmental infection control should
be introduced in order to reduce the spread of the COVID-19
virus [10].

During the lockdown, countries like Brazil and In-
dia register higher ozone levels [11,12]. This is attributed
to a nitrogen oxides’ reduction [11]. The decreased nitro-
gen oxides should plummet ozone levels since they are pre-
cursors of ozone. The presence of nitrogen oxides and sun-
light facilitates the formation of tropospheric ozone.

During a data-driven ecological study performed in
154 cities in China, the basic reproductive number quanti-
fies the COVID-19 transmissibility [13]. This transmissibil-
ity is negatively related to ambient ozone. The daily one-
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hour maximal ozone can cover 7.6% of the variability of
COVID-19 transmissibility.

According to air pollution data in 55 Italian prov-
ince capitals and the number of individuals infected on Apr
7, 2020, it has been concluded that there is a strong asso-
ciation of COVID-19 acceleration and vast diffusion in
Northern Italy with air pollution of cities by ozone or fine
particulate matter ≤10 µm [14]. The COVID-19-related ac-
celerated transmission dynamics is mainly due to an ‘air
pollution-to-human transmission’ (airborne viral infectiv-
ity) mechanism.

In January-April 2020, the dynamic changes of daily
average inhalable gaseous pollutants ozone and nitrogen
dioxide as well as of several climate variables in the met-
ropolitan area of Milan, Lombardy region, Italy, are
analyzed [4]. Elevated urban air pollution along with cli-
mate conditions exerts a significant effect on SARS-CoV-
2 infection diffusion. Ambient ozone levels positively cor-
relate with the increased COVID-19 infection rates and are
attributed to the distribution of airborne bioaerosols. Daily
averaged ozone positively correlates with air temperature
but inversely with rates of relative humidity and precipita-
tion. Ozone can act as a COVID-19 virus incubator [4].

The associations among ozone, fine particulate mat-
ter 2.5 µm and several daily meteorological variables, on
the one hand, and new confirmed cases of COVID-19 in
Queens county, New York, NY, on the other hand, during
March and April 2020 are explored by regression modeling
[15]. The daily maximal eight-hour ozone concentration,
daily mean temperature, mean relative humidity, and per-
centages of clouds are significantly and positively related
with COVID-19 new confirmed cases. The ozone level (daily
maximal eight-hour concentration) gradually increases dur-
ing the observation period and ranges from 0.031±0.04 to
0.053± 0.005 ppm. During the critical stage of infection
initiation or SARS-CoV-2 virus replication, there is evidence
of direct influences of some pollutants such as ozone [15].

Temporal air pollution changes in four representa-
tive megacities (Wuhan, Beijing, Guangzhou and Shang-
hai) in Southern, Northern, Eastern, and Central China, are
twofold assessed, one week before and one week after COVID-
19 outbreak onset [16]. The average ozone level increases
significantly during the second period (from 65±14 µg/m3
to 82±11 µg/m3) due to non-meteorological factors.

Ozone levels in Rio de Janeiro increase during the
lockdown for COVID-19 in March 2020, which is attributed
to the increased ratios of non-methane hydrocarbons and
nitrogen oxides as atmospheric chemistry in this city is al-
ready under control [17]. They are higher in March 2020
than in the same period in 2019, probably, because of the
reduced levels of nitrogen oxides [11].

The changes of air quality index for a primary air
pollutant, fine particulate matter 2.5 µm, and a secondary
air pollutant, ozone, were assessed in December 2019, April
2020 and May 2020 during the COVID-19 pandemic in Tur-
key [18]. The ozone air quality index increases from 16.8 to
28.8 by the end of April because of the reduction of fine
particulate matter concentrations, which enhances sunlight
penetration.

The effect on air pollution with amplified ozone of
COVID-19 pandemic-related lockdown in four cities in
Southern Europe (Rome, Turin, Valencia and Nice) as well
as in a city in Southern China (Wuhan) is quantitatively
estimated in 2020 [19]. During the lockdown in 2020, the
daily average concentrations of ozone increase at urban sta-
tions by 14% in Rome, 27% in Turin, 2.4% in Valencia,
24% in Nice and 36% in Wuhan when compared to the
same period in 2017-2019. The lockdown exerts a higher
effect on ozone production by ~10% than the weekend ef-
fect in these European cities but a much higher one (by
38%) in Wuhan [19].

During COVID-19 restrictions in Australia, the lev-
els of ozone and particulate matter <2.5 µm are effectively
unchanged in the state of Victoria but increase by 20% and
24%, respectively, in the state of New South Wales, sug-
gesting the stronger reduction of community mobility in
Victoria than in New South Wales [20]. New SARS-CoV-2
cases and mortality rate increase in the provinces of
Lombardi, Italy, and neighboring regions in case of dis-
tance from Lodi below 92 and 140 km, respectively, as these
relationships are amplified by ozone pollution [21]. Ozone
response during COVID-19 lockdown is due to the resolv-
ing of the complex mechanism of ozone, nitrogen oxides
and volatile organic compounds, according to the results
from air monitoring stations in Delhi, India [22]. The un-
derstanding of ozone chemistry can improve ozone
parameterization in models of chemical transport.

Peculiarities of ozone as a powerful oxidant
As a triatomic allotrope form of oxygen, ozone has

a higher oxidant potency than oxygen and the third one
after fluorine and persulfate [23]. When contacting the or-
ganic molecules, it demonstrates a paradoxical activity and
induces a powerful antioxidant response [24]. Ozone leads
to the creation of hydroperoxides and particularly hydro-
gen peroxide during its reaction with some target substrates
in biological fluids (polyunsaturated fatty acids, glutath-
ione and aldehydes). Besides, it quickly disseminates
through immune cells. It biologically regulates signal trans-
duction and, in this way, promotes immune responses,
modulates interferon and interleukins through nuclear fac-
tor kappa B activation and increases cytokine release [24].

Ozone displays an anti-oxidizing and anti-inflamma-
tory action [25]. Both nuclear factor erythroid 2-related fac-
tor and nuclear factor kappa B represent transcription
agents modulating the gene expression of the proinflamma-
tory and anti-inflammatory cytokines.

Ozone can reduce lung function and increase hos-
pital admission rates. Ozone exposure can lead to respira-
tory symptoms or short-term alterations of mortality rates.
A limit for ozone exposure of 100 µg/m3 at an 8-hour aver-
age is considered [26]. According to a new statement as-
sessment, the epidemiologic investigations are in agree-
ment with a relationship of pulmonary function impairment
at ozone concentrations as low as 33 ppb (62.2 µg/m3, 8-
hour average) [27].

Ozone enhances host immunity by increasing
cytokine production [28]. After activation, antibody-coated
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neutrophils produce an oxidant possessing the chemical
signature of ozone [29].

In COVID-19, the ozone-depleting-like halogen cy-
clic reactions which enhance the effects of reactive halo-
gen species are responsible for these functions that are ac-
tivated by hydrogen peroxide and then deactivated by ni-
trogen oxide signaling molecule [30]. These cycles are re-
peated many times, and they amplify the pathogen-killing
(defense) effects of the reactive halogen species in phago-
cytosis by 100000 fold and resemble the stratospheric cy-
clic ozone-depleting reactions.

Ozone-induced interleukin-33 activates internal Th1
and CD8 T-cell reactions and drives the protective immu-
nity against viral infections [13]. In preclinical settings, the
interleukin-33 is used as an adjuvant in influenza vaccines
for stimulation of the antigen-specific immunoreactions
[31,32]. Ozone statistically significantly increases inter-
leukin-8 levels in comparison to those for ambient
particulate matter <1 µm dissolved in solution without ex-
posure to ozone and the solvent only (8.2±0.9 pg/mL) [33].
This happens by a mechanism that is not related to reac-
tive oxygen species in a manner that depends on ozone
concentration.

The concept of oxidative preconditioning is shown
at proteomic and genomic levels [34] as well as in clinical
trials and in in vitro studies [35]. A calibrated oxidant
stimulus by oxygen/ozone modulates the system of endog-
enous antioxidants and helps to control the various patho-
logical conditions [36].

Ozone reacts through free radicals’ oxidation,
peroxidation or generation and enhancement of cascade of
reactions like lipid peroxidation, thus changing the mem-
brane permeability [37]. Ozone reacts immediately with
blood components to produce less powerful but still po-
tent redox oxidizing molecules (ozone peroxides) such as
ozonides, aldehydes, hydrogen peroxides, and organic per-
oxide [38]. These molecules serve as messengers to modu-
late the immune system and improve blood rheology. Ozone
is produced by the human body aiming at its protection
from infectious agents. This is accomplished by neutrophils
and antibodies, which apply ozone’s oxidizing capacity for

the destruction of bacteria and viruses on cellular walls.
In 43 college students in Shanghai, real-time per-

sonal ambient short-term ozone exposure levels, serum an-
giotensin-converting enzyme, endothelin-1 and methyla-
tion of locus-specific DNA of angiotensin-converting en-
zyme and gene EDN1 encoding endothelin-1 are quantita-
tively estimated, and potentially important metabolites are
explored using an untargeted metabolomics approach [39].
There is a significant association between an increased two
hour-average exposure of ozone and higher values of blood
pressure, angiotensin-converting enzyme and endothelin-
1. Methylation of both angiotensin-converting enzyme and
gene EDN1 decreases with ozone exposure.

The effect of ozone on healthy human hemoglobin
in whole blood (in antioxidant presence) and in purified
form (in antioxidant absence) is studied by means of cir-
cular dichroism and ultraviolet-VIS absorption spectro-
scopy, SDS- and Native-PAGE intrinsic fluorescence as well
as using dynamic light scattering [40]. The absence of anti-
oxidants increases damage to hemoglobin due to higher
exposure to ozone, while their presence avoids this dam-
age.

There are different pharmacological properties of
ozone, and its pharmacological effects in various organs
and under clinical conditions as possible biochemical and
molecular insights for its biological properties are avail-
able [5].

Glycolysis acceleration belongs to the main effects
of ozone [5].

CONCLUSION
This concise survey allows us to draw the conclu-

sion that ozone has an undoubted dual role - as an air pol-
lutant under the conditions of advancing COVID-19 pan-
demic and a beneficial effect as an inexpensive oxidizing
agent in the fight against SARS-CoV-2 in our united world.
Further interdisciplinary research could provide additional
evidence of these roles with regard to the application of
various ozonizing appliances widely used in clinical and
in-home settings recently.
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