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Abstract

Background
We examined the association between ozone pollutants in the breathing air and the onset of symptoms
of COVID-19 infection.

Methods
We accessed online data of positive COVID-19 cases published by the Chiba Prefectural Government,
including their ID, residence, age, sex, the dates of onset of symptoms, and tested positive with COVID-19.
The daily data ozone concentrations were derived from an online database of 20 weather stations in the
prefecture. The data of daily onset of symptoms of 735 patients were linked with the daily data of ozone
concentrations. We estimated the number of daily person-years by dividing the number of the population
by 365 (days). The incidence rate ratio and 95% con�dence interval (IRR, 95% CI) were estimated by the
levels of ozone concentrations.

Results
There was a signi�cant positive association between the date of symptom onset and levels of ozone
concentrations. Adjusted IRR, 95% CI, tertile_3 vs. tertile_1, was 1.69 (1.26, 2.26) for total participants, p
for trend = 0.000. The positive association was observed in women but not in men, adjusted IRR, 95% CI,
tertile_3 vs. tertile_1: 3.18 (1.94, 5.22), and 1.07 (0.73, 1.57), respectively. The positive association was
seen for the sub-groups of ages under 60 but not 60+, adjusted IRR, 95% CI, tertile_3 vs. tertile_1: 1.90
(1.37, 2.65) and 1.10 (0.57, 2.17), respectively.

Conclusions
Ozone pollutants affect susceptibility to COVID-19 in the onset of symptoms. The �ndings warrant further
studies on the mechanism of how ozone pollutants affect susceptibility to COVID-19.

Background
WHO estimates air pollution causes nearly 7 million premature deaths annually worldwide. In the U.S., the
estimated mortality risk per 10 µg/m3 increment of an air pollutant is signi�cantly increased for all
causes of death, and the sub-group causes of the cardiopulmonary, cardiovascular, cerebrovascular
systems, cancers, and in�uenza/pneumonia [1]. Because air pollution increased a person’s susceptibility
to the 1918 Spanish In�uenza, about 3,400-5,860 pandemic-related infant deaths could have been linked
to air pollution in the U.S. in 1918 [2].
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The �rst positive case of COVID-19 was reported on 30 January 2020 in Chiba Prefecture, Japan, a
patient from Wuhan City, China. The number of positive patients was 779 (mild or moderate condition:
459 cases, 59%), severe (12 cases, 2%), death (34 cases, 4%), discharge (274 cases, 35%) by 8 May 2020.
Chiba had a population of 6,259,000 people in November 2019 and the population remained stable
during the �rst quarter of 2020 when we conducted this study. Chiba is one of 47 prefectures in Japan
and located in the Kanto region. Chiba is the sixth most populous prefecture and the capital being Chiba
City. The prefecture shares borders with three other prefectures which are Ibaraki, Saitama, and Tokyo.

For air quality monitoring, the Chiba prefectures have 20 weather stations represented ecological regions
and produce species of ozone (O3), SO2, NO2, CO, PM10, and PM2.5 (�ne particle matter with a diameter
of 2.5μm or less). Ozone is generated from anthropogenic emissions of NO, NO2, and CO in the presence
of solar irradiation. Ozone in the stratosphere can move down to the troposphere, contributing to the
“background” level of ground-level ozone. Ozone concentrations were high enough to exert acute effects
such as eye and nasal irritation, respiratory disease emergencies, lung function impairment, and
in�ammation of the airways in the general population [3].

Speci�c features of the COVID-19 pandemic are person-to-person transmission by close physical contact
with the positive patients during a timeline of his/her disease progressing[4,5]. However, only about 4%
(328 cases) of 8,169 people having close physical contact with positive patients tested positive with
COVID-19 [6]. There are unknown factors that affect susceptibility to COVID-19, which may include
environmental factors, especially air pollution in general or individual specie of ozone.

Objectives

This work aims to examine the association between ozone pollutants in the breathing air and the onset of
symptoms of COVID-19 infection.

Methods
Study population and setting

The method of population-based registration of incidence case series was applied and performed for the
whole population of Chiba prefecture, Japan from January to May 2020. The �rst case with reported
COVID-19 symptoms was reported in Chiba prefecture on 20 January and was later con�rmed positive on
31 January 2020. Out of 735 cases for the �nal data analysis, there were 9 foreign patients including 4
from Wuhan city, China; 30 participants from other prefectures; 686 participants were residents of 38
cities/towns of Chiba prefecture, and 10 cases did not consent to publish their residential status. On 7
April, Chiba was one of six prefectures proclaimed to be in a state of emergency from 8 April. Data of the
daily reported cases con�rmed positive with COVID-19 and the daily exposure to species of air pollution,
including ozone pollutants, were created and examined. 

Population exposure to ozone estimation
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The daily data of ozone pollutants were derived from an online database of 20 weather stations
throughout Chiba prefecture [7]. All 20 weather stations located in Chiba prefecture, representing different
ecological regions, had information available on the following species of ozone; SO2, NO2, CO, PM10,
and PM2.5 from 31 December 2013 to 30 April 2020. We calculated the daily mean ozone concentrations
including other species of air pollution from the 20 weather stations for the present study. The �rst
positive patient had reported that the onset of symptoms was on 20 January 2020. The daily estimated
mean concentrations of ozone from 20 January 2020 to 30 April 2020 was used to merge with the daily
incidence cases of COVID-19 in our study population. The estimated mean concentrations of ozone
pollutants during the study time from 20 January 2020 to 30 April 2020 was 36.97 (µg/M3), ranging from
20.80 (µg/M3) to 62.80 (µg/M3).

Covariate variables

Covariate variables included age group, sex, relative humidity, ambient temperature, SO2, NO2, CO, PM2.5,
and time of every 7 days of the timeline (To minimize effects of the season changing from winter to
spring and early summer) that were included in the analysis model in controlling for confounding factors.
For PM2.5, the estimated mean concentrations were 37.14 (µg/M3), ranging from 24.60 (µg/M3) to 61.00
(µg/M3). The estimated means of CO and SO2 were less than 3.00 (µg/M3). For CO, the estimated mean
was 2.31 (µg/M3), ranging from 1.50 (µg/M3) to 5.00 (µg/M3). For SO2, the estimated mean was 1.78
(µg/M3), ranging from 1.00 (µg/M3) to 3.80 (µg/M3). For relative humidity and ambient temperature, we
derived data from the Air Quality Historical Data Platform from January 2020 to date, on the COVID-19
data page [7]. This database was missing data on relative humidity and ambient temperature from 10 to
24 February 2020. For this particular period, we obtained data on relative humidity and ambient
temperature from the Narita Airport weather database[8].

COVID-19 outcomes in Chiba prefecture

The �rst case with reported COVID-19 symptoms was reported in Chiba prefecture on 20 January 2020.
The last patient, during this study time, had reported the onset of symptoms on 30 April 2020. By 3 May
2020, there were 866 positive patients reported in the Chiba prefecture. We excluded 131 participants
because 99 asymptomatic patients until the date tested positive with COVID-19, 31 patients had not
consented to public personal information, and one patient reported onset symptoms after the date tested
positive with COVID-19. The remaining 735 participants were eligible for the �nal data analysis.

Patient information included ID, residence, age, sex, symptom onset date, and con�rmation of testing
positive with COVID-19. Data has been updated daily by the Chiba Prefecture Health and Welfare
Department Disease Control Section regarding the information on ID, age, and sex, symptom onset and
features, local and international travel, and social activities. For example, the �rst case report was
published in a Press Release of “About outbreak of patients associated with new coronavirus (January
31st, 2019)” as follows “Patient aged 20s, female, the residence of Chiba; Symptoms and course: Cough
and runny nose on 20 January 2020. On 29 January, she had visited a medical institution due to
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respiratory symptoms. On 30 January, a Public health center conducted a survey based on the
recommendations of a contact survey from the Nara prefecture and collected samples for COVID-19
testing. On 16 January, she had traveled from Tokyo to Osaka by a plane. She participated in a tour for
Chinese people as a bus guider from 17 to 22 January. On January 22, she moved from Osaka to Tokyo
by bus. She had no overseas travel history within 2 weeks before the onset date (January 20) and
wearied a mask from the end of the tour from 22 January 2020” [9].

The daily onset of symptoms data was linked with the daily ozone pollutant data. During the period from
20 January 2020 to 30 April 2020, there were 71 days where patients reported the onset of symptoms.
The daily number of cases differed from one to another during these 71 days, Figure 1.

Data handling and analysis

We estimated the number of daily person-years by dividing the number of the population of 6,259,000 by
365 (days). Exposure to ozone and other covariate variables was grouped into three levels. For tertile_1,
tertile_2, and tertile_3, the estimated mean (µg/M3) of ozone concentrations was 29.2 (20.8-33.5), 36.7
(34.0-39.3), and 45.3 (39.4-62.8); the rounded number of person-years was 410,805, 408,364, and
393,981; the number of incidence cases positive with COVID-19 was 151, 212, and 371, respectively. The
incidence rate ratio and 95% con�dence interval (IRR, 95% CI) were estimated by the level of ozone
concentrations using unconditional logistic regression analysis, adjusted for the age group (0-9, 10-19,
20-29, 30-39, 40-49, 50-59, 60-69. 7-79, and 80+), sex, relative humidity, ambient temperature, SO2, NO2,
CO, PM2.5, and time of every 7 days of the timeline. All p-values were two-sided, and p<5% (alpha value)
was considered to indicate statistical signi�cance.

Ethical approval

This study uses public data shared by Chiba prefecture, Japan from January to May 2020. This database
does not contain any information used to identify patients including name, personal address, date of
birth, etc. Patients are only referred to in numerical order, thus the consent of individuals is not required.

Results
For all 735 eligible study participants, there was a signi�cant positive association between the date of
symptom onset and levels of ozone pollutants in the breathing air. The estimated crude IRR, 95% CI,
tertile_3 vs. tertile_1, was 2.57 (2.13, 3.11), p for trend=0.000. The positive association remained after
controlling for covariate variables. The adjusted IRR, 95% CI, tertile_3 vs. tertile_1, was 1.69 (1.26, 2.26)
for total participants, p for trend=0.000, Table 1.

For men, the estimated crude IRR, 95% CI, tertile_3 vs. tertile_1, was 2.12 (1.67, 2.69), p for trend=0.000.
The positive association was not statistically signi�cant after controlling for covariate variables. Adjusted
IRR, 95% CI, tertile_3 vs. tertile_1, was 1.07 (0.73, 1.57), p for trend=0.198. For women, the estimated crude
IRR, 95% CI, tertile_3 vs. tertile_1, was 3.28 (2.39, 4.49), p for trend=0.000. Adjusted IRR, 95% CI, tertile_3
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vs. tertile_1, was 3.18 (1.94, 5.22), p for trend=0.000. For the median level of ozone pollutants, when
compared to the lowest level, the risk of symptom onset was signi�cantly increased in women but not in
men; The adjusted IRR, 95% CI, tertile_2 vs. tertile_1, was 2.48 (1.61, 3.81) and 0.61 (0.45, 0.83),
respectively, Table 2.

The signi�cant positive association also remained for the sub-groups of ages under 60 but not for the
aging patients with aged 60+, the adjusted IRR, 95% CI, tertile_3 vs. tertile_1, was 1.90 (1.37, 2.65), p for
trend=0.000 and 1.10 (0.57, 2.17), p for trend=0.505, respectively, Table 3.

The signi�cant positive association also remained for the sub-groups of suspected time for 1-5 days and
6-26 days; the adjusted IRR, 95% CI, tertile_3 vs. tertile_1, was 1.50 (1.00, 2.26), p for trend=0.033 and 1.48
(0.97, 2.26), p for trend=0.004, respectively, Table 4.

Discussion
The signi�cant positive association between the level of ozone concentrations in the air and the onset of
symptoms among incidence cases tested positive with COVID-19 suggests that ozone pollutants in
particular and air pollution in general affect susceptibility to COVID-19, the pathogen of the current
ongoing pandemic due to coronavirus.

The present �ndings are consistent with the previous studies on air pollution and viral infection due to
in�uenza. In the U.S., long-term exposure to �ne particulate matter air pollution (PM2.5) signi�cantly
increased mortality due to in�uenza/pneumonia by 47% [1]. About an estimated 3,400-5,860 pandemic-
related infant deaths may have been linked to air pollution in the U.S. in 1918 [2]. Ozone pollutants were
associated with an increased risk of pediatric in�uenza by 26% in Brisbane, Australia [10].

Inhaled ozone pollutants cause remarkably reversible acute lung function changes and in�ammation.
Investigators indicate the critical role of mediators including IL-1, IL-17, and IL-33 in driving ozone effects
on airway in�ammation [11]. Surface macrophages and epithelial cells are involved in the activation of
epithelial NFkB and generation of pro-in�ammatory mediators such as IL-6, IL-8, TNFa, IL-1b, ICAM-1, E-
selectin, and PGE2 [12]. The macrophages have been shown to protect ozone-exposed mice from
in�ammation [13]. The role of macrophages with ozone exposure in the airway surface liquid is complex
since they may be activated by ozone to secrete cytokines that communicate with epithelial cells but also
protectively scavenge lipid ozonation products [12].

The symptom of patients infected with SARS-CoV-2 ranges from minimal symptoms to severe respiratory
failure with multiple organ failure. By 9 May 2020, there were 779 positive patients reported in Chiba
Prefecture, including 471 current infected cases (mild and moderate 459 patients, severe 12 patients);
274 cases had completed medical treatments and discharged from hospitals, and death cases were 34.
There were additional 100 cases tested positive with COVID-19 by this date as the group of
asymptomatic patients [9]. In the severe patients con�rmed positive with COVID-19, the pathology of
COVID-19 is the production of in�ammatory cytokines such as IL-1, IL-6, IL-8, and TNF-α, which attract
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alveolar macrophages, neutrophils (IL-8), and induce alveolar and interstitial in�ammation [14]. Severe
COVID-19 infection is characterized by a massive pro-in�ammatory response or cytokine storm that
results in acute respiratory distress syndrome and multi-organ dysfunction[14]. A combination of ozone
exposure and positive infection with COVID-19 might greatly increase an acute respiratory distress
syndrome and induced severe acute respiratory syndrome in developing severe bilateral pneumonia,
multiple mottling, and ground-glass opacity, and pneumothorax [15].

From 8 December 2019, some cases of novel acute severe pneumonia of unknown underlying cause had
been reported in Wuhan, Hubei province, China. In the initial stages of this serious respiratory disease,
severe acute respiratory infection symptoms occurred, with some patients rapidly developing acute
respiratory distress syndrome [15]. The �rst cluster included patients from the local Huanan seafood
wholesale market, where live animals were also on sale. Thus, the ongoing coronavirus pandemic initially
occurred from a polluted microenvironment of the live seafood wholesale market. However, as far as we
know to date, there aren’t any available published articles on the association between air pollution and
COVID-19 occurrence.

COVID-19 is one of seven members of the family of coronaviruses that infect humans, in which three
members are deadly pathogens named SARS-CoV (occurred during 2002-2003), MERS-CoV (occurred
during 2012-2015), and COVID-19 (occurring from December 2019 to date). Coronaviruses are enveloped
RNA viruses that cause respiratory, enteric, hepatic, and neurologic diseases in humans, birds, and other
mammals [16]. The respiratory and digestive tracts are the two main systems initially affected by the life-
threatening viral pathogen with the presence of varied symptoms including fever, cough, shortness of
breath, muscular aches, confusion, headaches, sore throat, rhinorrhea, chest pain, diarrhea, and nausea
and vomiting [15]. People who are aging and/or have underlying health conditions are at a greater risk of
fatal pneumonia due to COVID-19 than other people with a healthy history [17]. Regarding air pollution,
ozone pollutants can irritate the lining of the nose, airway, and lungs and induce in�ammation [18,19].
Ozone pollutants may increase the risk of respiratory tract infections and might affect susceptibility to
COVID-19.

The mechanism of how ozone pollutants affect susceptibility to COVID-19 is unclear to date. Further
investigations of the association between air pollution and susceptibility to COVID-19 are warranted.
Ozone exposure signi�cantly increases the adhesion of polymorphonuclear leukocytes to human
respiratory tract epithelial cells [20]. Investigators have found that exposure to ozone pollutants disrupts
the protease, anti-protease balance seen in the airway, contributing to an increased risk of viral infection
[21]. In experimental animals, ozone exposure is collectively associated with greater overall in�ammation
and epithelial cell death [22]. The �rst and most likely possible explanation is that the patient acquired the
infection and Ozone pollutants act as a co-factor induces both in�ammations of the respiratory tract and
enhances the viral agent in developing clinical courses. Because about 96% of people had close contact
with COVID-19 positive patients but they were not infected [6]; therefore, ozone might enhance COVID-19
among patients acquired the infection-induced symptoms and developing clinical courses of the disease
from the date of the onset of symptoms. About 11% (99 of 866 cases) of patients acquired the infection
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was not presented clinical symptoms or asymptomatic in the present study population. This fact
suggested that there are potential unknown environmental factors involved in developing severe COVID-
19 disease. The toxic chemical specie of ozone pollutants may be responsible for affecting COVID-19
susceptibility. Another possible explanation is that patients acquired the infection after developing
respiratory tract in�ammations due to ozone pollutant exposures. However, this possibility is less likely as
people would have taken measures such as self-isolation, using a facial mask, or keeping social distance
if they presented with any symptoms of upper respiratory infection, as a guideline by public health
authorities.

In the present study, the sub-group of women and the group aged under 60-year-old at a higher risk of the
onset of symptoms due to COVID-19 infection than the subgroups of men and aging people. Further
investigations of the underlying causality of this association between an affect susceptibility to COVID-
19 in women and young ages are warranted.

The limitation of this study is the lack of direct measures of individuals exposed to ozone pollutants in
breathing air. Within Chiba Prefecture, 20 weather stations are representing each ecological region,
therefore, the present estimation of ozone exposures would be represented an exposure to the toxic
chemical in breathing air. We used the date of symptom onset, wherein many patients; this might not
re�ect the date of exposure to COVID-19, because the estimated incubation time is 5.2 days [23]. Despite
this limitation, the present �ndings add new evidence of the association between air pollution and the
onset of COVID-19 symptoms. To reduce the burden of the ongoing pandemic, there should be more
importance placed on air pollution control.
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Tables
Table 1: Incidence rate ratio by the level of Ozone concentration, all study participants

 Ozone
(O3)

Mean
(µg/M3)

Person
year#

Case
(n=735)

Crude IRR
(95%CI)

Adjusted IRR*
(95%CI)

 tertile_1 29.20 410,805 151 1.00 (reference) 1.00 (reference)

 tertile_2 36.70 408,364 212 1.41 (1.15, 1.74) 1.00 (0.78, 1.28)

 tertile_3 45.30 393,981 372 $ 2.57 (2.13, 3.11) 1.69 (1.26, 2.26)

p for trend       0.000 0.000

IRR (95%CI): Incidence rate ratio and 95% con�dence interval; # Rounded number; $ Excluded one case
not consent information of sex; *Adjusted for the age group (0-9, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69.
7-79, and 80+), sex, relative humidity, ambient temperature, SO2, NO2, CO, PM2.5, and time of every 7
days of the timeline.
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Table 2: Incidence rate ratio by the level of Ozone concentration and by sex

  Ozone (O3), Mean (µg/M3) Case Crude IRR (95%CI) Adjusted IRR (95%CI)*

Men 29.20 99 1.00 (reference) 1.00 (reference)

  36.70 139 0.91 (0.70, 1.18) 0.61 (0.45, 0.83)

  45.30 225 2.12 (1.67, 2.69) 1.07 (0.73, 1.57)

Total   463    

p for trend       0.000 0.198  

Women 29.20 52 1.00 (reference) 1.00 (reference)

  36.70 73 2.64 (1.85, 3.77) 2.48 (1.61, 3.81)

  45.30 147 3.28 (2.39, 4.49) 3.18 (1.94, 5.22)

Total   272    

p for trend       0.000 0.000  

IRR (95%CI): Incidence rate ratio and 95% con�dence interval; *Adjusted for the age group (0-9, 10-19, 20-
29, 30-39, 40-49, 50-59, 60-69. 7-79, and 80+), sex, relative humidity, ambient temperature, SO2, NO2, CO,
PM2.5, and time of every 7 days of the timeline.

 

 

Table 3: Incidence rate ratio by the level of Ozone concentration and by the sub-age-group

  Ozone (O3), Mean (µg/M3) Case Crude IRR (95%CI) Adjusted IRR (95%CI)*

Age<60 29.20 105 1.00 (reference) 1.00 (reference)

  36.70 148 1.29 (1.00, 1.66) 1.05 (0.79, 1.40)

  45.30 278 2.33 (1.86, 2.91) 1.90 (1.37, 2.65)

Total   531    

p for trend       0.000 0.000  

Age 60+ 29.20 46 1.00 (reference) 1.00 (reference)

  36.70 64 1.63 (1.12, 2.38) 0.81 (0.48, 1.35)

  45.30 94 2.91 (2.05, 4.15) 1.10 (0.57, 2.17)

Total   204    

p for trend       0.000 0.505  
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IRR (95%CI): Incidence rate ratio and 95% con�dence interval

*Adjusted for the age group (0-9, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69. 7-79, and 80+), sex, relative
humidity, ambient temperature, SO2, NO2, CO, PM2.5, and time of every 7 days of the timeline.

 

 

Table 4: Incidence rate ratio by the level of Ozone concentration and by the sub-group of the suspected
time

  Ozone (O3), Mean
(µg/M3)

Case Crude IRR
(95%CI)

Adjusted IRR (95%CI)*

Suspected time < 6
days

29.20 64 1.00
(reference)

1.00 (reference)

  36.70 90 1.17 (0.85,
1.61)

1.11 (0.77, 1.61)

  45.30 161 1.50 (1.12,
2.00)

1.50 (1.00, 2.26)

Total   315    

p for trend       0.004 0.033  

Suspected time > 5
days

29.20 87 1.00
(reference)

1.00 (reference)

  36.70 122 1.44 (1.03,
2.00)

0.81 (0.57, 1.15)

  45.30 211 3.32 (2.47,
4.47)

1.48 (0.97, 2.26)

Total   420    

p for trend       0.000 0.004  

IRR (95%CI): Incidence rate ratio and 95% con�dence interval

*Adjusted for the age group (0-9, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69. 7-79, and 80+), sex, relative
humidity, ambient temperature, SO2, NO2, CO, PM2.5, and time of every 7 days of the timeline.
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Figure 1

Flow charge of selected study participants tested positive with COVID-19 by 3 May 2020 in Chiba
Prefecture.
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Figure 2

Timeline of cases con�rmed positive with COVID-19 by levels of Ozone (O3).


