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Abstract

Background: Recent studies indicated the possible relationship between climate change, environmental pollution, and Coron-
avirus Disease 2019 (COVID-19) pandemic. This study reviewed the effects of air pollution, climate parameters, and lockdown on the
number of cases and deaths related to COVID-19.
Methods: The present review was performed to determine the effects of weather and air pollution on the number of cases and
deaths related to COVID-19 during the lockdown. Articles were collected by searching the existing online databases, such as PubMed,
Science Direct, and Google Scholar, with no limitations on publication dates. Afterwards, this review focused on outdoor air pollu-
tion, including PM2.5, PM10, NO2, SO2, and O3, and weather conditions affecting severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)/COVID-19.
Results: Most reviewed investigations in the present study showed that exposure to air pollutants, particularly PM2.5 and NO2, is
positively related to COVID-19 patients and mortality. Moreover, these studies showed that air pollution could be essential in trans-
mitting COVID-19. Local meteorology plays a vital role in coronavirus spread and mortality. Temperature and humidity variables are
negatively correlated with virus transmission. The evidence demonstrated that air pollution could lead to COVID-19 transmission.
These results support decision-makers in curbing potential new outbreaks.
Conclusions: Overall, in environmental perspective-based COVID-19 studies, efforts should be accelerated regarding effective poli-
cies for reducing human emissions, bringing about air pollution and weather change. Therefore, using clean and renewable energy
sources will increase public health and environmental quality by improving global air quality.
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1. Introduction

Coronavirus disease 2019 (COVID-19) originated in
Wuhan city, China, in December 2019 and spread rapidly
around the world (1). In March 2020, the World Health Or-
ganization (WHO) declared COVID-19 a global pandemic,
and the world emergency committee reported the need for
early diagnosis, isolation, and prompt treatment (2). As of
May 29, 2022, over 526 million confirmed cases and over 6
million deaths were reported to WHO in 188 countries and
territories (3). The virus is transmitted by exposure to in-
fectious respiratory fluids produced when an infected per-
son coughs, sneezes, or talks. Instead of remaining in the
air for a prolonged duration, these droplets usually drop
onto the ground or surface (4). Individuals can get the in-
fection by touching contaminated things or directly touch-
ing the mouth, nose, or eyes. The results showed that res-

piratory droplets containing coronavirus that fall onto the
surface become a thin microscopic layer after the evapo-
ration of water and can remain infectious for days on sur-
faces (5). The virus quantity reduces until it is insufficient
for infection. Nevertheless, it might be observed for hours
or days. The virus is very contagious in the first 3 - 4 days fol-
lowing the initiation of symptoms. However, the virus may
spread prior to the appearance of symptoms, resulting in
later disease (6). On January 23, 2020, Wuhan and other
cities in Hubei imposed a lockdown for the whole month,
and the government suspended travel in Wuhan and im-
posed other restrictions (7). Similar control measures have
been taken in 15 cities in Hubei, China, since January 24,
2020 (8). Million people left Wuhan before the coronavirus
lockdown began in various parts of the world and China
(9). This led to the spread of the new coronavirus in many
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parts of the world. Better strategies for controlling the
COVID-19 pandemic worldwide were to shoot down various
activities in stages or all at once. China was the first coun-
try to start a partial closure. After China, COVID-19 became
highly prevalent in Italy. As of March 9, 2020, the COVID-
19 pandemic has moved to an almost nationwide holiday
in Italy (10). It was followed by Iran, where the closure oc-
curred on March 14, 2020 (11). At the closing of March 2020,
most individuals worldwide were obliged to cease nearly
all commercial, economic, and social activities. India be-
gan a shutdown after a long hiatus but underwent an iden-
tical phase (12). The first confirmed COVID-19 case in India
was announced on January 30, 2020, in Kerala’s Thrissur re-
gion, where a student was coming back home from Wuhan
University in China had a positive coronavirus test. Three
Indians from Kerala tested positive for COVID-19 after re-
turning to India from Wuhan on February 3, 2020. How-
ever, in March 2020, the number of daily new coronavirus
cases increased dramatically, and in the third week, more
than 550 cases had tested positive for COVID-19 which led
to the nationwide lockdown on March 25, 2020 (13). This
global shutdown had a key role in improving air quality;
however, numerous investigations reported severe dam-
age caused by the COVID-19 pandemic for cities with the
worst air quality (14). According to epidemiological stud-
ies, ambient air pollution is directly related to mortality
and various diseases, including cardiovascular and respi-
ratory defects. In a study performed in Shiraz, cardiovascu-
lar and respiratory mortalities caused by air contaminants
were predicted as 628 and 182 cases in 2016 and 370 and
82 cases in 2017, respectively. Sulfur dioxide (SO2) had the
highest total mortality of 4.3% in 2016, but this percentage
decreased in 2017 to 0.42% (15). The results of a study con-
ducted by Bonyadi et al. (16) showed that the number of ex-
tra hospital admission due to asthma (HAAD) for less than
15 years and 15 - 64 years by air pollutants in Shiraz were
estimated as 273 and 36 in 2016 and 243 and 30 cases in
2017, respectively. The results revealed that air pollutants
caused respiratory problems in Shiraz city. Recent stud-
ies have shown that worse air quality also increases severe
acute respiratory syndrome coronavirus 2 (SARS) mortality
(17) and the incidence of influenza (18). In laboratory con-
ditions, van Dormallen et al. (19) showed the long shelf life
of SARS-CoV-2 in airborne particles, which could be an im-
portant source of COVID-19 transmission. The relationship
between COVID-19 and climate change is very vague com-
pared to air pollution. Evidence that may link climate to
COVID-19 is the use of meteorological factors, such as tem-
perature, relative humidity (RH), absolute humidity (AH),
and wind speed (WS) (20). Several studies were published
worldwide to determine the global effects of the COVID-19
lockdown on the environment. Rodo et al. (21) recently
studied climate change and the COVID-19 epidemic. They

stated that AH and temperature were associated with in-
fluenza outbreaks and facilitated epidemic progression.
SARS-CoV-2 appears to have a higher survival rate and trans-
mission rate than the influenza virus in tropical regions.

2. Objectives

This study reviewed the effects of air pollution, climate
parameters, and lockdown on the number of cases and
mortality related to COVID-19. Specifically, we attempted to
assess the correlation between the COVID-19 lockdown and
air pollutants emissions (NO, SO2, CO, O3, PM2.5, and PM10).

3. Methods

The present review was performed to determine the
effects of weather and air pollution on the number of
cases and deaths related to COVID-19 during the lock-
down. Through searching existing online university
databases, such as PubMed, Science Direct, and Google
Scholar, articles were collected with no limitations on pub-
lication dates. Afterwards, this review focused on out-
door air pollution (including PM2.5, PM10, NO2, SO2, and
O3) and weather conditions affecting SARS-CoV-2/COVID-
19. MeSH and keywords, such as "PM" and "SARS-CoV-
2/COVID-19", "air pollution" and "SARS-CoV-2/COVID-19",
"O3", and "SARS-CoV-2/COVID-19", "NO2" and "SARS-CoV-
2/COVID-19", "SO2" and "SARS-CoV-2/COVID-19", "CO" and
"SARS-CoV-2/COVID-19", "humidity" and "SARS-CoV-2/COVID-
19", "temperature" and " SARS-CoV-2/COVID-19", "rainwater"
and "SARS-CoV-2/COVID-19", "wind speed" and "SARS-CoV-
2"/COVID-19", "lockdown" and "SARS-CoV-2/COVID-19", "lock-
down" and "air pollution", "SARS-CoV-2/COVID-19" and "cli-
mate" OR "weather" were used. An initial keyword search
retrieved 886 studies on January 24, 2021. After limiting
the language to "English" and the document type to "arti-
cle", 465 papers remained for analysis. Subsequently, 367
more publications were excluded after being completely
read and evaluated as they did not provide enough infor-
mation or the results were not sufficiently in line with our
review. A total of 98 studies were obtained for inclusion in
the present review after a full-text review.

4. Results

The study findings are presented in five sections:
COVID-19 in ambient air, the effect of pollutants on the
number of COVID-19 cases and mortality, the effect of differ-
ent climate parameters on the number of COVID-19 cases
and mortality, the effect of COVID-19 lockdown on the at-
mospheric pollutants, and indirect impacts of COVID-19 on
the environment.
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4.1. COVID-19 in Ambient Air
4.1.1. Aerosol Particles Produced by Coughing and Sneezing in
SARS-CoV-2 (COVID-19)

It was observed that coronavirus caused three signif-
icant concerns in terms of survival and transmission as
an air pollutant. When the virus becomes suspended in
smaller droplets, known as aerosols, it can stay suspended
for three hours in the air, but it would drift down much
sooner under most conditions. Other factors, such as the
size of the respiratory droplets and the activities that cause
the virus to spread in the environment, were not consid-
ered when it was announced that keeping a distance of 1 m
from others could prevent the spread of coronavirus (22).
Therefore, a group of researchers reviewed the published
studies in this field and evaluated the extent of coronavirus
spread under different conditions. They concluded that
the COVID-19 virus could be transmitted with respiratory
droplets up to 8 m away in just a few seconds after sneez-
ing, coughing, and talking. Many environmental factors
transmit SARS-CoV-2 in the air (23). The infectious dose re-
quired for COVID-19 infection is unknown. Surgical masks
and eye protection are needed at a distance of 2 m from
the patient because of the possibility of droplet exposure
and are recommended when exposed to a single cough or
sneeze from a virus carrier nearby. Sneezing and coughing
create clouds of liquid aerosol particles in the air, mainly
in the range of 1 - 100 micrometers (24, 25). Particles of
diverse sizes have significantly different dynamic proper-
ties. Relatively large droplets precipitate within 1 m due
to the attraction of gravity. Many studies have shown that
particle size can significantly affect dynamic properties.
Due to the gravitational attraction force, relatively large
droplets precipitate within 1 m. Smaller particles can travel
long distances (26). Zayas et al. found high concentrations
of submicron particles in cough aerosols (27). In some
articles, the total concentration of aerosol particles (inte-
grated into all sizes) is 10-3 - 2.10-3 cm3 (22). The particle
size range was 1 - 10 µm, and 50% of particles had a di-
ameter of less than 5 µm. However, when ejected from
an infected person, some droplets may or may not be di-
rectly associated with coughing but with the background
aerosol. The COVID-19 infection risk due to droplet concen-
trations for speech and coughing was estimated to be in
the ranges of 2.4 - 5.2 and 0.004 - 0.223 cm3, respectively
(28). According to the literature, numerous inconsisten-
cies were reported in the particle number and size distri-
bution of different respiratory behaviors, including speak-
ing, singing, coughing, and sneezing. Most data demon-
strate that cough droplets generated by infected humans
span an extensive range of sizes from smaller than 1 µm to
more than 100 µm. Particles larger than 1 µm and smaller
than 10 µm in diameter are part of the PM10 characteristic.
For example, they seem to suspend (minutes to hours) or

travel more than 6 feet in the air. The larger particles are
potentially more infectious than the small particles (on av-
erage 1000 times greater). Therefore, viral load is higher in
bigger particles than in smaller ones (19).

4.1.2. Could Air Pollution Efficiently Carry and Transmit SARS-
COV-2

The available data also indicated that PM and gaseous
pollutants operate as carriers or transport vectors in
COVID-19 through several routes. COVID-19 mortality
might increase through air pollution rise via its function in
related diseases (29). Recent experimental studies support
the hypothesis that the immune response is decreased
through exposure to air pollution for a short time at higher
levels. Animal and human investigations demonstrated
that the increase in mucosal permeability and oxidative
stress, decreased antioxidants and antimicrobial surfac-
tant proteins, and the destruction of macrophage phago-
cytosis results from exposure to air pollutants in the lab-
oratory. Nevertheless, it is required to investigate further
the relationship between air pollutants and SARS-CoV-2 in
ambient air, especially their effects on human health (30).
Given the link between air pollution and COVID-19, for the
reduction of air pollution, it is required to concentrate on
the primary sources of emissions, including the utilization
of fossil fuels in road traffic and heat generation. Experi-
mental studies have shown that the virus is bound to be
an air pollutant. However, it is not yet confirmed whether
coronavirus can survive on the surface of suspended par-
ticles. The preliminary findings of this study indicated a
high probability for viruses to create clusters with PM in at-
mospheric stability and high concentrations of particulate
matter (31). Another study by the University of Bologna,
the oldest university in the world, and the University of Tri-
este collected PM10 from Bergamo, northern Italy, with the
highest number of registered COVID-19 cases. A high con-
centration of PM is also a characteristic of this region. The
evidence obtained until April 12, 2020, demonstrated that
approximately 30% of COVID-19-positive cases were Lom-
bardy residents in Italy. The mentioned investigation stud-
ied 34 PM10 samples collected by air sampling from an in-
dustrial area in Bergamo for three weeks, from February
21 to March 13. This study indicated that several SARS-CoV-
2 samples were positive (32). Various parameters, such as
air pollutants, relative humidity, temperature, wind speed,
and rainwater, affect the transmission of SARS-CoV-2 (33).

4.2. Effect of Pollutants on the Number of COVID-19 Cases and
Mortality

Various studies worldwide were also found to under-
stand the effect of various air pollution parameters on
COVID-19 mortality and morbidity (Table 1).
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Table 1. Effect of Pollutants on the Number of COVID-19 Cases and Mortality

Parameter and Country Change in Pollution Parameter Impact

PM

United States (14) 1 µg/m3 increase in PM2.5 8% increase in COVID-19 death rate

United States (806 counties) (34) 10 µg/m3 increase in PM2.5 Number of daily confirmed cases increases by 9.41%
for PM2.5 and by 2.42% (95% CI: 1.56%-3.28%) for O3

Italy (107 Italian territorial areas) (35) Increase of 1 µg/m3 PM2.5 9% increase in the average COVID-19 mortality rate

Varese, northern Italy (36) PM2.5 5.1% increase in the rate of COVID-19

Italy (71 provinces) (37) Chronic exposure to atmospheric PM2.5 and PM10 Desirable for severe acute respiratory syndrome
coronavirus two infection spread

Middle East countries (38) Increased concentrations of PM2.5 and PM10 indoors Facilitates the transmission of the COVID-19 virus by
droplets and aerosols in an indoor environment

Italy (north) (39) Daily limit value PM10 Significant increase in the number of cases

United States (California) (40) PM10 Significant correlation with the COVID-19 epidemic

NO2

66 Regions in Germany, Spain, Italy, and
France (41)

Highest NO2 concentration with downward air Out of 4443 mortalities, 3487 (78%) were in northern
Italy and central Spain

China (120 cities) (33) 10 µg/m3 increase in NO2 6.94% increase in the daily number of confirmed
patients

United States (California) (40) NO2 Significant correlation with the COVID-19 epidemic

SO2

China (120 cities) (33) 10 µg/m3 increase in SO2 7.79% reduction in the daily number of confirmed
cases

Romania (Bucharest) (42) SO2 Directly correlated with the daily COVID-19 incidence
and mortality

United States (California) (40) SO2 Significant correlation with the COVID-19 epidemic

CO

China (120 cities) (33) 10 µg/m3 increase in CO 15.11% increase in the daily number of confirmed
patients

Romania (Bucharest) (42) CO Directly correlated with the daily COVID-19 incidence
and mortality

United States (California) (40) CO Significant correlation with the COVID-19 epidemic

O3

China (120 cities) (33) 10 µg/m3 increase in O3 4.76% increase in the daily number of confirmed
patients

United States (806 counties) (34) 10 µg/m3 increase in O3 The number of daily confirmed cases increases by
2.42% (95% CI: 1.56% - 3.28%) for O3

4.2.1. Particulate Matter (PM)

As demonstrated in laboratory studies, there is a pos-
sibility of interaction and alteration of viral activity for PM
and viruses on account of their composition. Moreover, PM
has been identified as a carrier of microorganisms, such as
SARS-CoV-2 (43). Regarding the effect of PM and the preva-
lence of viruses, some COVID-19 studies in several countries
have recently identified whether the different regions of
the world were associated with higher and faster increases
in COVID-19 transmission with a higher level of air pollu-
tion. The coronavirus has infected many individuals in
three parts of the world. The origin of COVID-19 was in

Wuhan, China. Very high levels of air pollutants have been
shown in Italy, the USA, and Iran (14, 37, 44). Recent inves-
tigations have focused on the regions mentioned above to
determine a significant correlation between air pollution
variables and COVID-19 contagions. Based on the evidence
from the USA for determining air pollution exposure and
COVID-19 death rate, there was an association between an
increase of only 1µg/m3 in PM2.5 and 95% CI with an 8% rise
in the COVID-19 mortality rate. For this study, the number
of COVID-19 deaths for more than 3,000 cities in the United
States (representing 98% of the population) up to April
22, 2020, was collected from the Johns Hopkins University,
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Center for Systems Science and Engineering Coronavirus
Resource Center (14). In Italian regions, during the last four
years, Fattorini and Regoli (37) concluded that air pollu-
tants (e.g., PM2.5, PM10, nitrogen dioxide, and ozone) have a
higher distribution than regulatory boundaries. Another
study demonstrated that the association between air pol-
lution and COVID-19 was also noticed in rural regions, in-
dicating that air pollution, considered separately from an
urban setting with all its features (e.g., density or conges-
tion), has a direct role in COVID-19. In rural areas, ammo-
nia released from urea and other fertilizers reacts rapidly
with nitrogen dioxide (NO2) and SO2 to form a particulate
matter (PM2.5) (Table 1).

4.2.2. Gases Pollutant

Air pollutants, such as NO2, ozone, SO2, carbon monox-
ide (CO), and methane (CH4), can be measured by satel-
lite instruments (45). These instruments calculate the so-
lar spectrum from ultraviolet to near-infrared. Advanced
recovery algorithms are applied to convert the measured
radiation to column pollutant concentrations (e.g., a tro-
posphere column density of NO2. The Aura satellite was
launched by the National Aeronautics and Space Adminis-
tration on July 15, 2004, and equipped with the ozone mon-
itoring instrument to monitor global air pollution in nu-
merous regions of the world (14). Recently, a large study
conducted in the United States showed a significant asso-
ciation between prolonged exposure to NO2 and COVID-
19 mortality (27). In addition, another research in the UK
demonstrated that COVID-19 mortality and morbidity had
positive associations with SO2 and NO2 levels recorded in
2018 - 2019 and had a negative correlation with O3 (46). An-
other investigation on the effects of SO2, CO, NO2, and O3 on
COVID-19 mortality demonstrated that a 10µg/m3 increase
in NO2 and O3 was associated with 6.94% (95% CI: 2.38 - 11.51)
and 4.76% (95% CI: 1.99 - 7.52) rise in the daily number of
COVID-19 confirmed patients, respectively. There was also
an association between a 1µg/m3 increase in CO and a 15.11%
(95% CI: 0.44 - 29.77) rise in the daily number of COVID-19-
confirmed patients. Moreover, a negative correlation was
observed between SO2 levels and COVID-19 morbidity and
mortality. As a result, a 7.79% decrease (95% CI: -14.57 to -
1.01) in the confirmed cases of COVID-19 was related to an
augmentation of 10 µg/m3 in the SO2 concentration (33).

4.3. Effect of Different Climate Parameters on the Number of
COVID-19 Cases and Mortality

This section investigates the influential parameters of
climate change on the airborne transmission of SARS-CoV-
2. Table 2 summarizes the effect of different climate param-
eters on the number of COVID-19 cases and mortality.

4.3.1. Temperature

The optimum environmental temperature associated
with the SARS outbreak in Hong Kong, Guangzhou, Bei-
jing, and Taiyuan was 16°C - 28°C. In addition, Bi et al. (64)
showed an inverse correlation between temperature and
SARS transmission in Hong Kong and Beijing in 2003. A lab-
oratory study using alternative viruses to investigate the
effect of temperature on coronavirus survival on environ-
mental surfaces showed the rapid inactivation of viruses
at 20°C instead of 4°C (65). Another laboratory study re-
vealed that the virus was more stable on smooth surfaces
for about 5 days at 22°C - 25°C and relative humidity of 40%
- 50% (66). Furthermore, van Doremalen et al. (67) noticed
the lower stability of Middle East respiratory syndrome
coronavirus at high temperatures/humidity. Overall, most
investigations demonstrated an optimum temperature for
the coronavirus. Moreover, high environmental temper-
atures can harm virus viability. A study in New York, the
United States, reported a significant association between
ambient temperature (average and minimum) and con-
firmed COVID-19 cases (68).

4.3.2. Humidity

Based on a study by Chan et al. (66) at a temperature
of 22°C - 25°C and relative humidity of 40% - 50%, the dried
SARS-CoV-2 can survive up to five days on a smooth sur-
face. However, SARS-CoV-2 survival decreased with higher
humidity and temperature. Therefore, the evidence has
demonstrated the better stability of SARS-CoV at low a tem-
perature and low relative humidity. Moreover, the evi-
dence shows rapid moisture evaporation in the exhaled
bioaerosols at low relative humidity, forming droplet nu-
clei that remain in the air for extended periods, increas-
ing the likelihood of transmitting the pathogenic virus
(69). Relative humidity can affect the evaporation and dis-
persion of exhaled breathing droplets. Droplet nuclei for-
mation can substantially increase the viruses, possibly re-
maining infectious in aerosols for hours. Many studies
have shown that humidity has a primary role in COVID-19
spread. Research conducted in New York found no signifi-
cant relationship between COVID-19 cases and the average
humidity (68).

4.3.3. Rainfall

Few studies show an association between COVID-19 and
rainfall. A significant negative correlation between rainfall
and COVID-19 spread was reported based on the evidence in
the USA (68). On the other hand, some studies have shown
56 cases/day increase for each inch of average rainfall per
day (53). The evidence shows no relationship between rain-
fall and the number of COVID-19 patients in Iran (44).
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Table 2. Effect of Different Climate Parameters on the Number of COVID-19 Cases and Mortality

Parameter and Country Relationships and Results

1. Temperature

China (10 affected provinces) (47) An asymmetric relationship between temperature and COVID-19, with several slightly positive, slightly
negative, and some mixed trends

Bangladesh (48) 1°C increase in temperature associated with a 36.1% (P < 0.01) increase in the rate of COVID-19 infection

Spain (49) No proven evidence for a relationship between temperature and cumulative items within a temperature
range of 3.19°C - 29.26°C

India (50) A significant positive association between COVID-19 cases in Rajasthan (25°C - 25°C) and Kashmir (10°C - 32°C)
was found. However, there is no significant association between temperature and COVID-19 in Maharashtra
(29°C - 38°C)

Brazil (51) With each 1°C increase in temperature, there was a reduction in the number of daily COVID-19 patients by
4.9% in temperatures below 25.8°C (range: 27.4°C - 16.8°C)

China (52) Temperature significantly affected COVID-19 incidence within the range of 22°C - 26°C. There was an increase
in temperature with a decrease in infection rate (RR = 0.96; 95% CI: 0.93 - 0.99)

Italy (53) An increase in the average daily temperature by 1°F led to a reduction in the number of cases by about 6.4
cases/day

Iran (44) No significant relationship between temperature and COVID-19

Indonesia (Jakarta) (54) The number of COVID-19 cases was associated with the temperature

China (55) Lower and higher temperatures might be positively associated with reducing the risk of COVID-19 spread

2. Humidity

Australia (56) There was a significant negative association between relative humidity and COVID-19 patients (P = 0.0304);
accordingly, there was an association between every 1% reduction in morning humidity and an increase of
6.11% in cases

China (all provincial capitals) (57) An association between an increase of 1 g/m3 in absolute humidity and a decrease in the number of daily
confirmed patients

Malaysia (Kuala Lumpur) (58) The data analyzed by Spearman’s correlation test showed a positive correlation between COVID-19 cases and
relative humidity (r = 0.106, P = 0.001)

Global (166 countries except China) (urban) (59) A negative association between relative humidity and daily cases. Each 1% increase in relative humidity
resulted in 0.85% (95% CI: 0.51 - 1.19%) decrease in daily new cases

Turkey (60) An increase in relative humidity leads to a decrease in the number of daily cases

3. Rainfall

United States (61) A negative correlation between rainfall and COVID-19 transmission

Italy (53) An increase in COVID-19 transmission due to rainfall. An increase of 56.01 in COVID-19 cases/day was reported
on account of each average rainfall per inch/day

Bangladesh (48) Rainfall (P < 0.01) was significantly associated with the COVID-19 pandemic

Indonesia (Jakarta) (54) Rainfall was not significantly associated with COVID-19

4. Wind speed

United States (61) Wind speed had a significant role in the virus spread

Bangladesh (48) A significant association between wind speed and COVID-19 (P < 0.03)

Malaysia (58) No significant correlation between wind speed and the number of COVID-19-confirmed patients (r = -0.059; P
> 0.01)

South America (62) Wind speed had no significant relationship with daily cases

Turkey (60) High wind speed was significantly correlated with an increase in the COVID-19 cases

5. Solar radiation

China (63) Solar radiation does not reduce the transmission of COVID-19; however, although ultraviolet light from the
sun can kill the flu virus

Malaysia (58) No significant relationship between solar radiation and COVID-19 cases
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4.3.4. Wind Speed

Wind has also been shown as another critical factor in
COVID-19 transmission. Virus spread is hard to control in
windy weather. The COVID-19 virus can be transmitted de-
pendent on the wind intensity and direction. There is ev-
idence that it can be transmitted to large areas with high
population density, and virus spread increases in cases
where the wind speed is high. In places where the wind
blows at a speed of 30 km/h or more, there is a higher risk
of SARS-CoV-2 transmission in the case of a high-density
population. In this case, traffic restrictions must be con-
sidered depending on the wind speed. The virus spreads
so much on windy days. As a result, traffic raises the risk of
SARS-CoV-2 transmission (70). A study in the United States
found that wind speed played a small role in spreading
the COVID-19 virus (68). A study in Iran revealed that low
wind speed has a statistically significant association with
the number of COVID-19 cases (44).

4.3.5. Solar Radiation

There are limited investigations on the association be-
tween COVID-19 and solar radiation. A study conducted
during the SARS epidemic in Iran showed that solar radi-
ation is a threat to the survival of the virus. Areas that re-
ceived more solar radiation showed a higher infection ex-
posure rate (44).

4.3.6. Aerosol Optical Depth (AOD)

Aerosol optical depth (AOD) was used to monitor and
measure the charge of suspended particles in the atmo-
sphere during the lockdown. Southeast Asian countries
have shown an increase in AOD values (about 0.5 - 0.7) (71).
On the other hand, a significant reduction in AOD (~ 40%)
in western and northern India during COVID-19 was ob-
served. The average AOD rose slightly in Iran from March
21 to April 21, 2020 (72). A significant decrease in AOD (20%
- 60%) was reported in the Hindu gantry basin (7).

4.4. Effect of COVID-19 Lockdown on Air Quality

The severe contagious COVID-19 led to lockdowns
across the world. The COVID-19 lockdown and travel re-
strictions dramatically reduced the emission of key air pol-
lutants, primarily carbon, throughout the world. It has
been an unprecedented situation in the emission of air pol-
lutants during the COVID-19 pandemic in the world com-
pared to previous decades (73). Some of the salient impacts
of the COVID-19 lockdown on air quality are shown in Fig-
ure 1. Note that the effects of lockdown on NO2, which has
an atmospheric lifespan of about one day, are locally de-
tectable, while the impacts of lockdown on O3, with a lifes-
pan of several weeks, are under the influence of transport
associated with specific climate patterns (74). Restrictions

imposed during the COVID-19 pandemic in 30 major Turk-
ish cities, where most of the Turkish population lives, sig-
nificantly improved the air quality. Assuming that some
actions taken during the epidemic period become perma-
nent over time (such as increasing home-based businesses,
reducing air travel thanks to online meetings, making ex-
tensive use of distance learning, changing consumption
habits, and reducing waste), it is expected that the epi-
demic period will be a turning point in increasing global
air quality (75).

4.5. Association Between COVID-19 and Air Pollution

The evidence showed an indirect (negative/positive) ef-
fect of pollutants on COVID-19 primarily associated with in-
hibitory actions on individuals and implemented by vari-
ous authorities around the world (Table 3).

5. Discussion

Generally, the COVID-19 pandemic positively affects the
environment/climate globally (91). The daily reduction in
global CO2 emissions was estimated at 17% (92). In China,
a reduction in the utilization of coal (50%) and oil (20%
- 30%) resulted in a 25% decrease in CO2, equal to 6% of
greenhouse gas emissions (93). The PM2.5 emission de-
creased by 35%, 29%, and 19% in Wuhan, Hubei (Wuhan ex-
cluded), and China (Hubei excluded), respectively (94). Re-
ductions in CO (49%) and NO2 (35%) concentrations were
observed in Almaty, Kazakhstan (95). During the lockdown,
NO2 concentration declined by 62% and 50% in Madrid and
Barcelona (Spain), respectively (96). In the United States,
the concentration of NO2 decreased by about 25% during
the COVID-19 pandemic compared to 2017 - 2019 (40). A sta-
tistically significant reduction was found in the concentra-
tion of CO and NO2 in Rio de Janeiro (97). In Morocco, on
2 March 2020, the concentrations of PM10 (75%), SO2 (49%),
and NO2 (96%) decreased (98). Several countries/cities,
namely China (33), India (99), and the United States (40),
have reported reduced NO2 levels over the COVID-19 pan-
demic. It has been observed that control measures dur-
ing the COVID-19 pandemic have reduced NO2 emissions,
and thus, air quality improved. A decline in CO levels dur-
ing the COVID-19 pandemic was observed in several coun-
tries/cities, including southern and central India (99). In
Amman, an overall reduction was observed in NO2 in 2020
by around 27% and 48% compared to 2019 and 2021, respec-
tively. In addition, a slight decrease in CO (around 1%) was
recorded in 2020 and 2021 compared to the same period
in 2019 (100). Several researchers have recently reported
that a slight increase in O3 was observed in some cities com-
pared to NO2 during the lockdown. These results can be at-
tributed to a compound combination of reactions involv-
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Table 3. Effects of Increased Pollution on COVID-19 Cases and Mortality Rate

Country Covered Area Air Pollution Rate of Change and Impact

United States (14) 3000 places PM2.5 An 8% increase in COVID-19 mortality rate results from an
increase of 1 mg/m3 in PM2.5

United States (40) California PM2.5 , PM10 , SO2 , NO2 , Pb, VOC, CO PM2.5 , PM10 , SO2 , NO2 , and CO had significant associations
with COVID-19

East Asia (76) BTH, Wuhan, Seoul, and Tokyo NO2 , HCHO, SO2 , CO, AOD The highest decreases in pollutants emission were reported
in Wuhan, with reductions of about 83%, 11%, 71%, 4%, and 62%
in the column densities of NO2 , HCHO, SO2 , CO, and AOD,
respectively. NO2 , CO, and formaldehyde concentrations in
metropolitan regions, namely Seoul and Tokyo, reduced in
comparison to those of the last year; however, the
concentration of SO2 rose in the aforementioned two
regions on account of the transportation effect of polluted
windbreaks.

China (33) 120 cities PM2.5 , PM10 , NO2 , O3 An increase of 10 µg/m3 in all the listed pollutants resulted
in a rise of 2.24%, 1.76%, 6.94%, and 4.76% in the daily number
of confirmed COVID-19 patients, respectively.

China (77) 49 cities PM2.5 , PM10 Exposure to PM10 and PM2.5 increased the COVID-19 death
rate by 0.24% and 0.26%, respectively.

China (78) 219 cities Air quality index (AQI) Air pollution positively affects COVID-19 transmission and
infection.

China (79) 33 regions Air quality index (AQI) A direct association was observed between AQI and
COVID-19-confirmed patients.

Pakistan (80) Islamabad, Karachi, Peshawar, and Lahore PM2.5 PM2.5 and some weather factors were positively associated
with the incidence of COVID-19 in Pakistan

Italy (37) 71 provinces NO2 , O3 , PM2.5 , PM10 Significant associations were observed between COVID-19
cases and chronic exposure to PM2.5 and PM10 .

Italy (81) Milan PM2.5 , PM10 New cases of COVID-19 were positively associated with PM2.5

and PM10 .

Italy (82) The northern provinces of Italy NO2 , PM10 There was no significant increase in the number of cases
with the permissible concentration of PM10 levels, while
high levels of NO2 were associated with the release of
COVID-19

Bangladesh (83) Dhaka PM2.5 , PM10 , NO2 , SO2 , CO, O3 Overall, 26%, 20.4%, 17.5%, 9.7%, and 8.8% decline in PM2.5 ,
NO2 , SO2 , O3 , and CO concentrations

Korea (84) The seven largest cities and nine provinces PM2.5 , PM10 , O3 , NO2 , SO2 , CO A significant correlation was observed between the
incidence of COVID-19 and NO2 , SO2 , and CO in South Korea.

England (85) All over the country NO2 , O3 , PM2.5 , PM10 Air quality was significantly associated with COVID-19
infection and mortality.

Netherlands (86) 355 Municipality PM2.5 , PM10 An increase of 1 µg/m3 in PM2.5 concentration led to 9.4
higher COVID-19 cases, 3.0 higher hospital admissions, and
2.3 higher mortality.

France (87) Paris, Lyon, Marseille PM2.5 , PM10 The evidence shows that certain factors increase the
probability of a disease outbreak.

Malaysia (58) Kuala Lumpur PM2.5 , PM10 , SO2 , NO2 , CO, O3 Spearman’s correlation showed that COVID-19 cases had a
significant positive relationship with the contaminants
(PM10 , SO2 , NO2 , CO, PM2.5 , and O3)

New York (88) New York State O3 Short-term exposure to ozone possibly affects COVID-19
transmission and disease onset; however, disease
aggravation and mortality are dependent on other factors.

Mexico (89) Mexico City PM2.5 There was a significant positive correlation between PM2.5

exposure and the probability of death from 19 COVID

United States (90) Southern California PM2.5 , NO2 , and O3 Long-term exposures to ambient air pollutants (PM2.5 , NO2 ,
and O3) may contribute to the higher risk of COVID-19
infection.
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Figure 1. Effect of the COVID-19 lockdown on the atmospheric pollutants

ing volatile organic compounds (VOCs) and nitrogen ox-
ides (NOx). Vehicles also lead to high concentrations of
NOx emissions. These conditions are associated with low
VOC/NOx ratios. In this case, reducing NOx concentration
may result in O3 formation through mechanisms of pho-
tochemical reactions. In contrast, in rural regions with
a rather high VOC/NOx ratio, O3 production is associated
with the distribution of NOx emissions (71). Significant
changes in other important pollutants (e.g., SO2, CO, O3,
and VOCs) were reported in various countries during the
lockdown. According to one of the first studies in China,
the concentrations of SO2, CO, and VOC decreased by 16% -
26%, 21% - 26%, and 27% - 57%, respectively. A minor increase
in the O3 layer by 20.5% was observed simultaneously with
the COVID-19 pandemic (101). It was reported that SO2 and
CO concentrations reduced by 33% - 38% and 36% - 65%,
respectively, while an increase in O3 level by 30% was ob-
served in Sao Paulo (102). Another study in China showed
that air pollution levels decreased significantly during the
epidemic. Human factors had no significant effect on O3

concentration. However, they significantly affected PM,

SO2, NO2, and CO (103). The impact of movement control
order during the COVID-19 pandemic due to the increase
of ambient PM2.5 and PM10 concentrations was reported
by Mohd Nadzir et al. (104) in Kota Damansara, Malaysia
(2020). They reported rises in the ambient concentrations
of PM2.5 and PM10 by 60% and 9.7%, respectively. In another
study conducted in Milan, Italy, PM2.5 and PM10 decreased
by 26% - 48% and 13.1%-18.9% resulting from the initial out-
break of COVID-19 and its associated lockdown. In addition,
black carbon (BC) concentration had a significant decline
of 71% - 57% (105). A study conducted in São Paulo, Brazil,
observed substantial reductions in the mean concentra-
tion of PM2.5 and PM10 up to 20% and 30%, depending on
the site (102). A study by Chauhan and Singh showed that
PM2.5 levels in the world’s largest cities reduced by 11%-58%
(106). Other studies have shown a reduction in PM2.5 con-
centrations in Asian (e.g., India and China) and European
(e.g., Spain, France, and Italy) countries (107). In another
study conducted in 22 cities in India, 43% and 31% showed
a decrease in PM2.5 and PM10, respectively (99). An investi-
gation was carried out in 120 cities in China to assess the
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direct relationship between exposure to high concentra-
tions of particulate matter (i.e., PM2.5 and PM10) and an aug-
mentation in the death rate due to COVID-19. The results
of the study, as mentioned earlier, demonstrated that a 10
µg/m3 increase in PM2.5 and PM10 results in an increase of
2.24% (95% CI: 1.02 - 3.46) and 1.76% (95% CI: 0.89 - 2.63) in
the daily number of confirmed patients, respectively (33).
Global studies have shown that weather parameters (e.g.,
temperature, relative humidity, wind speed, visibility, and
solar radiation) significantly affect COVID-19 cases and fa-
talities. In Malaysia (Kuala Lumpur) (58), a significant in-
verse association was shown between ambient tempera-
ture and COVID-19 cases. Based on the evidence in Turkey, as
the temperature decreases each day, the number of COVID-
19 cases per day rises (60). According to research in China,
temperature could be considered an environmental trig-
ger for the COVID-19 outbreak in China. The incidence of
COVID-19 could decrease with low and high temperatures
(57). In Iran, a study showed that humidity has a nega-
tive relationship with the rate of virus spread; however, in
two humid regions of Iran, the rate of virus spread was
high (44). In Australia (56), a significant negative associa-
tion was reported between relative humidity and COVID-
19 patients. There was an association between each 1% re-
duction in morning humidity and an increase of 6.11% in
cases. Based on the evidence in Turkey, the highest corre-
lation was observed between the average wind speed in 14
days and the number of patients. The number of COVID-19
cases augmented with the increase in wind speed. The re-
sults showed the most logical time interval as 14 days, indi-
cating that the wind speed in 14 days should be regarded
as the correct correlation of case transmission (60). In
many studies, there was a significant association between
wind speed and COVID (48, 61), but in some other investiga-
tions, no correlation was revealed (58, 62). A study was per-
formed on the impact of lockdowns on air pollution and
found that CO, SO2, and benzene concentrations reduced
due to lockdown by 55% - 55%, 20% - 27%, and 48% - 68%, re-
spectively. Unlike other pollutants, the ozone concentra-
tion increased by about 50% (105). One of the first stud-
ies conducted (January to March 2020) in China on the im-
pacts of the COVID-19 lockdown on air pollution showed
that the concentration of PM2.5 and PM10 declined by 48%
- 48% and 34% - 39%, respectively (101). A study on PM10 in
rock mines in eastern India observed a 73% - 78% reduc-
tion in PM10 concentration before and after the lockdown
(108). In Italy, CO and O3 decreased to 75%. This slight air
quality improvement is primarily caused by reduced hu-
man activities, as COVID-19 lockdowns have reduced ~ 50%
of human activities, measured by traffic volume (37). In
many countries, significant changes were observed in re-
ducing the emission of CO, O3, and PM2.5 during the lock-
down (78, 95, 101, 102). Adverse climate conditions (e.g.,

lower wind speed, higher air humidity, higher air pressure,
and lower air temperature) can help reduce air pollution,
thereby having a significant effect (98). Previous studies
have shown that patients affected by SARS are about 84%
more likely to die if they live in a highly infected area over
time (17). Most of the available data showed that COVID-
19 infections and mortality rates were higher in highly in-
fected areas than elsewhere. On the other hand, due to
lockdown strategies, air pollution has decreased in some
parts of India and China (109, 110). Therefore, maintain-
ing air quality is an important and effective approach to
preventing the transmission of COVID-19. A decline in eco-
nomic activities over the pandemic would assist in reduc-
ing global warming and air and sea pollution. Another
positive impact is protecting the environment through the
EU’s recovery plan, the “next-generation EU”, at a mini-
mum of 25% of EU expenditure will play a part in climate
action during 2021-2027 (111).

5.1. Conclusions

It has been shown that SARS-CoV-2 is highly contagious
if infected individuals cough, sneeze, and talk. The virus
can survive for a considerable period and travel long dis-
tances without losing its ability to survive and spread, thus,
posing a significant threat to human health. There is no
evidence of the transmission of viruses in the air for min-
utes to hours or survival on the surface of suspended par-
ticles. However, the marker genes of SARS-CoV-2 in partic-
ulate matter samples were positive. According to the liter-
ature, COVID-19 daily new cases and mortality had positive
associations with particulate matter and the criteria of air
pollutants. In meteorology, there are negative correlations
between several parameters, such as temperature and hu-
midity (e.g., solar radiation is regarded as a threat to coron-
avirus). The lowest number of cases was observed at higher
temperatures and humidity. Our study demonstrated that
rainfall is not associated with COVID-19 new daily cases.
Wind speed was directly related to the number of con-
firmed COVID-19 cases in a worldwide investigation. Solar
radiation is a threat to coronavirus. We concluded that the
lockdown had significant effects on air quality. A signifi-
cant reduction was observed in the concentrations of PM10,
PM2.5, BC, NOx, SO2, CO, and other gaseous pollutants in ev-
ery monitored area. Overall, in environmental perspective-
based COVID-19 studies, efforts should be accelerated re-
garding effective policies for reducing human emissions,
bringing about air pollution and climate change. There-
fore, using clean and renewable energy sources will in-
crease public health and environmental quality by improv-
ing global air quality.

10 Health Scope. 2022; 11(4):e122412.



Ghobakhloo S et al.

Footnotes

Authors’ Contribution: S. Gh.: Conceptualization,
methodology, data curation, SPSS and endnote software,
writing the original draft; Y. Gh.: Review and editing; M. B.
M.: Supervision, visualization; Z. Gh.: Investigation, valida-
tion; Gh. R. M.: Project administration, supervision, visual-
ization, and corresponding author.

Conflict of Interests: The authors declare that they have
no known competing financial interests or personal rela-
tionships that could have appeared to influence the work
reported in this paper.

Funding/Support: The author(s) received no financial
support for the research, authorship, and/or publication of
this article.

References

1. Wu YC, Chen CS, Chan YJ. The outbreak of COVID-19: An overview. J Chin
Med Assoc. 2020;83(3):217–20. [PubMed ID: 32134861]. [PubMed Central
ID: PMC7153464]. https://doi.org/10.1097/JCMA.0000000000000270.

2. World Health Organization. COVID-19 - China. Geneva: World Health
Organization; 2020, [cited 2022]. Available from: https://www.who.
int/emergencies/disease-outbreak-news/item/2020-DON233.

3. World Health Organization. Weekly epidemiological update on COVID-19
- 29 June 2021. Geneva: World Health Organization; 2021, [cited 2022].
Available from: https://www.who.int/publications/m/item/weekly-
epidemiological-update-on-covid-19---29-june-2021.

4. Jayaweera M, Perera H, Gunawardana B, Manatunge J. Transmis-
sion of COVID-19 virus by droplets and aerosols: A critical re-
view on the unresolved dichotomy. Environ Res. 2020;188:109819.
[PubMed ID: 32569870]. [PubMed Central ID: PMC7293495].
https://doi.org/10.1016/j.envres.2020.109819.

5. Aydogdu MO, Altun E, Chung E, Ren G, Homer-Vanniasinkam S, Chen
B, et al. Surface interactions and viability of coronaviruses. J R Soc Inter-
face. 2021;18(174):20200798. [PubMed ID: 33402019]. [PubMed Central
ID: PMC7879773]. https://doi.org/10.1098/rsif.2020.0798.

6. World Health Organization. Statement on the second meeting of
the International Health Regulations (2005) Emergency Committee
regarding the outbreak of novel coronavirus (2019-nCoV). Geneva:
World Health Organization; 2020, [cited 2022]. Available from:
https://www.who.int/news/item/30-01-2020-statement-on-
the-second-meeting-of-the-international-health-regulations-
(2005)-emergency-committee-regarding-the-outbreak-of-novel-
coronavirus-(2019-ncov).

7. Srivastava A. COVID-19 and air pollution and meteorology-an
intricate relationship: A review. Chemosphere. 2021;263:128297.
[PubMed ID: 33297239]. [PubMed Central ID: PMC7487522].
https://doi.org/10.1016/j.chemosphere.2020.128297.

8. Kutsuna S, Suzuki T, Hayakawa K, Tsuzuki S, Asai Y, Suzuki T, et al.
SARS-CoV-2 Screening Test for Japanese Returnees From Wuhan,
China, January 2020. Open Forum Infect Dis. 2020;7(7):ofaa243.
[PubMed ID: 32754627]. [PubMed Central ID: PMC7337761].
https://doi.org/10.1093/ofid/ofaa243.

9. Fang H, Wang L, Yang Y. Human mobility restrictions and the
spread of the Novel Coronavirus (2019-nCoV) in China. J Public
Econ. 2020;191:104272. [PubMed ID: 33518827]. [PubMed Central ID:
PMC7833277]. https://doi.org/10.1016/j.jpubeco.2020.104272.

10. Sylvers E, Legorano G. As Virus Spreads, Italy Locks Down Country.
New York: The Wall Street Journal; 2020, [updated March 9, 2020;
cited 2022]. Available from: https://www.wsj.com/articles/italy-

bolsters-quarantine-checks-after-initial-lockdown-confusion-
11583756737.

11. Khachfe HH, Chahrour M, Sammouri J, Salhab H, Makki BE, Fares M.
An Epidemiological Study on COVID-19: A Rapidly Spreading Disease.
Cureus. 2020;12(3). e7313. [PubMed ID: 32313754]. [PubMed Central ID:
PMC7164711]. https://doi.org/10.7759/cureus.7313.

12. Rawat M. Coronavirus in India: Tracking country’s first 50 COVID-19 cases;
what numbers tell. Noida: India Today; 2020, [updated Mar 12, 2020;
cited 2022]. Available from: https://www.indiatoday.in/india/story/
coronavirus-in-india-tracking-country-s-first-50-covid-19-cases-
what-numbers-tell-1654468-2020-03-12.

13. TWC India Edit Team. Kerala Defeats Coronavirus; India’s Three COVID-19
Patients Successfully Recover. Atlanta, Georgia: The Weather Com-
pany; 2020, [cited 2022]. Available from: https://weather.com/en-
IN/india/news/news/2020-02-14-kerala-defeats-coronavirus-
indias-three-covid-19-patients-successfully.

14. Wu X, Nethery RC, Sabath BM, Braun D, Dominici F. Air pollution and
COVID-19 mortality in the United States: Strengths and limitations
of an ecological regression analysis. Sci Adv. 2020;6(45):eabd4049.
https://doi.org/10.1126/sciadv.abd4049.

15. Bonyadi Z, Arfaeinia H, Ramavandi B, Omidvar M, Asadi R. Quantifica-
tion of mortality and morbidity attributed to the ambient air criteria
pollutants in Shiraz city, Iran. Chemosphere. 2020;257:127233. [PubMed
ID: 32505953]. https://doi.org/10.1016/j.chemosphere.2020.127233.

16. Bonyadi Z, Arfaeinia H, Fouladvand M, Farjadfard S, Omidvar M,
Ramavandi B. Impact of exposure to ambient air pollutants on
the admission rate of hospitals for asthma disease in Shiraz,
southern Iran. Chemosphere. 2021;262:128091. [PubMed ID: 33182159].
https://doi.org/10.1016/j.chemosphere.2020.128091.

17. Cui Y, Zhang ZF, Froines J, Zhao J, Wang H, Yu SZ, et al. Air pollution
and case fatality of SARS in the People’s Republic of China: an ecologic
study. Environ Health. 2003;2(1):15. [PubMed ID: 14629774]. [PubMed
Central ID: PMC293432]. https://doi.org/10.1186/1476-069X-2-15.

18. Landguth EL, Holden ZA, Graham J, Stark B, Mokhtari EB, Kaleczyc E,
et al. The delayed effect of wildfire season particulate matter on sub-
sequent influenza season in a mountain west region of the USA. Envi-
ron Int. 2020;139:105668. [PubMed ID: 32244099]. [PubMed Central ID:
PMC7275907]. https://doi.org/10.1016/j.envint.2020.105668.

19. van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble
A, Williamson BN, et al. Aerosol and Surface Stability of SARS-CoV-2
as Compared with SARS-CoV-1. N Engl J Med. 2020;382(16):1564–
7. [PubMed ID: 32182409]. [PubMed Central ID: PMC7121658].
https://doi.org/10.1056/NEJMc2004973.

20. Amnuaylojaroen T, Parasin N. The Association Between COVID-19, Air
Pollution, and Climate Change. Front Public Health. 2021;9:662499.
[PubMed ID: 34295866]. [PubMed Central ID: PMC8290155].
https://doi.org/10.3389/fpubh.2021.662499.

21. Rodo X, San-Jose A, Kirchgatter K, Lopez L. Changing cli-
mate and the COVID-19 pandemic: more than just heads
or tails. Nat Med. 2021;27(4):576–9. [PubMed ID: 33820994].
https://doi.org/10.1038/s41591-021-01303-y.

22. Gorbunov B. Aerosol Particles Generated by Coughing and Sneezing
of a SARS-CoV-2 (COVID-19) Host Travel over 30 m Distance. Aerosol Air
Qual Res. 2021;21(3):200468. https://doi.org/10.4209/aaqr.200468.

23. Wei J, Li Y. Airborne spread of infectious agents in the in-
door environment. Am J Infect Control. 2016;44(9 Suppl):S102–
8. [PubMed ID: 27590694]. [PubMed Central ID: PMC7115322].
https://doi.org/10.1016/j.ajic.2016.06.003.

24. Zhao B, Zhang Z, Li X. Numerical study of the transport of droplets
or particles generated by respiratory system indoors. Build Envi-
ron. 2005;40(8):1032–9. [PubMed ID: 32287997]. [PubMed Central ID:
PMC7117002]. https://doi.org/10.1016/j.buildenv.2004.09.018.

25. Han ZY, Weng WG, Huang QY. Characterizations of particle size
distribution of the droplets exhaled by sneeze. J R Soc Interface.
2013;10(88):20130560. [PubMed ID: 24026469]. [PubMed Central ID:
PMC3785820]. https://doi.org/10.1098/rsif.2013.0560.

Health Scope. 2022; 11(4):e122412. 11

http://www.ncbi.nlm.nih.gov/pubmed/32134861
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7153464
https://doi.org/10.1097/JCMA.0000000000000270
https://www.who.int/emergencies/disease-outbreak-news/item/2020-DON233
https://www.who.int/emergencies/disease-outbreak-news/item/2020-DON233
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---29-june-2021
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---29-june-2021
http://www.ncbi.nlm.nih.gov/pubmed/32569870
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7293495
https://doi.org/10.1016/j.envres.2020.109819
http://www.ncbi.nlm.nih.gov/pubmed/33402019
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7879773
https://doi.org/10.1098/rsif.2020.0798
https://www.who.int/news/item/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov)
https://www.who.int/news/item/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov)
https://www.who.int/news/item/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov)
https://www.who.int/news/item/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov)
http://www.ncbi.nlm.nih.gov/pubmed/33297239
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7487522
https://doi.org/10.1016/j.chemosphere.2020.128297
http://www.ncbi.nlm.nih.gov/pubmed/32754627
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7337761
https://doi.org/10.1093/ofid/ofaa243
http://www.ncbi.nlm.nih.gov/pubmed/33518827
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7833277
https://doi.org/10.1016/j.jpubeco.2020.104272
https://www.wsj.com/articles/italy-bolsters-quarantine-checks-after-initial-lockdown-confusion-11583756737
https://www.wsj.com/articles/italy-bolsters-quarantine-checks-after-initial-lockdown-confusion-11583756737
https://www.wsj.com/articles/italy-bolsters-quarantine-checks-after-initial-lockdown-confusion-11583756737
http://www.ncbi.nlm.nih.gov/pubmed/32313754
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7164711
https://doi.org/10.7759/cureus.7313
https://www.indiatoday.in/india/story/coronavirus-in-india-tracking-country-s-first-50-covid-19-cases-what-numbers-tell-1654468-2020-03-12
https://www.indiatoday.in/india/story/coronavirus-in-india-tracking-country-s-first-50-covid-19-cases-what-numbers-tell-1654468-2020-03-12
https://www.indiatoday.in/india/story/coronavirus-in-india-tracking-country-s-first-50-covid-19-cases-what-numbers-tell-1654468-2020-03-12
https://weather.com/en-IN/india/news/news/2020-02-14-kerala-defeats-coronavirus-indias-three-covid-19-patients-successfully
https://weather.com/en-IN/india/news/news/2020-02-14-kerala-defeats-coronavirus-indias-three-covid-19-patients-successfully
https://weather.com/en-IN/india/news/news/2020-02-14-kerala-defeats-coronavirus-indias-three-covid-19-patients-successfully
https://doi.org/10.1126/sciadv.abd4049
http://www.ncbi.nlm.nih.gov/pubmed/32505953
https://doi.org/10.1016/j.chemosphere.2020.127233
http://www.ncbi.nlm.nih.gov/pubmed/33182159
https://doi.org/10.1016/j.chemosphere.2020.128091
http://www.ncbi.nlm.nih.gov/pubmed/14629774
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC293432
https://doi.org/10.1186/1476-069X-2-15
http://www.ncbi.nlm.nih.gov/pubmed/32244099
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7275907
https://doi.org/10.1016/j.envint.2020.105668
http://www.ncbi.nlm.nih.gov/pubmed/32182409
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7121658
https://doi.org/10.1056/NEJMc2004973
http://www.ncbi.nlm.nih.gov/pubmed/34295866
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8290155
https://doi.org/10.3389/fpubh.2021.662499
http://www.ncbi.nlm.nih.gov/pubmed/33820994
https://doi.org/10.1038/s41591-021-01303-y
https://doi.org/10.4209/aaqr.200468
http://www.ncbi.nlm.nih.gov/pubmed/27590694
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7115322
https://doi.org/10.1016/j.ajic.2016.06.003
http://www.ncbi.nlm.nih.gov/pubmed/32287997
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7117002
https://doi.org/10.1016/j.buildenv.2004.09.018
http://www.ncbi.nlm.nih.gov/pubmed/24026469
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3785820
https://doi.org/10.1098/rsif.2013.0560


Ghobakhloo S et al.

26. Leder K, Newman D. Respiratory infections during air travel. Intern
Med J. 2005;35(1):50–5. [PubMed ID: 15667469]. [PubMed Central ID:
PMC7165774]. https://doi.org/10.1111/j.1445-5994.2004.00696.x.

27. Zayas G, Chiang MC, Wong E, MacDonald F, Lange CF, Senthilselvan
A, et al. Cough aerosol in healthy participants: fundamental knowl-
edge to optimize droplet-spread infectious respiratory disease man-
agement. BMC Pulm Med. 2012;12:11. [PubMed ID: 22436202]. [PubMed
Central ID: PMC3331822]. https://doi.org/10.1186/1471-2466-12-11.

28. Chao CYH, Wan MP, Morawska L, Johnson GR, Ristovski ZD, Harg-
reaves M, et al. Characterization of expiration air jets and droplet
size distributions immediately at the mouth opening. J Aerosol
Sci. 2009;40(2):122–33. [PubMed ID: 32287373]. [PubMed Central ID:
PMC7126899]. https://doi.org/10.1016/j.jaerosci.2008.10.003.

29. Contini D, Costabile F. Does Air Pollution Influ-
ence COVID-19 Outbreaks? Atmosphere. 2020;11(4):377.
https://doi.org/10.3390/atmos11040377.

30. Bourdrel T, Annesi-Maesano I, Alahmad B, Maesano CN, Bind MA.
The impact of outdoor air pollution on COVID-19: a review of ev-
idence from in vitro, animal, and human studies. Eur Respir Rev.
2021;30(159):200242. [PubMed ID: 33568525]. [PubMed Central ID:
PMC7879496]. https://doi.org/10.1183/16000617.0242-2020.

31. Bontempi E. First data analysis about possible COVID-19
virus airborne diffusion due to air particulate matter (PM):
The case of Lombardy (Italy). Environ Res. 2020;186:109639.
[PubMed ID: 32668559]. [PubMed Central ID: PMC7204748].
https://doi.org/10.1016/j.envres.2020.109639.

32. Yao M, Zhang L, Ma J, Zhou L. On airborne transmission
and control of SARS-Cov-2. Sci Total Environ. 2020;731:139178.
[PubMed ID: 32388162]. [PubMed Central ID: PMC7198171].
https://doi.org/10.1016/j.scitotenv.2020.139178.

33. Zhu Y, Xie J, Huang F, Cao L. Association between short-term exposure
to air pollution and COVID-19 infection: Evidence from China. Sci Total
Environ. 2020;727:138704. [PubMed ID: 32315904]. [PubMed Central ID:
PMC7159846]. https://doi.org/10.1016/j.scitotenv.2020.138704.

34. Xu L, Taylor JE, Kaiser J. Short-term air pollution exposure and
COVID-19 infection in the United States. Environ Pollut. 2022;292(Pt
B):118369. [PubMed ID: 34740737]. [PubMed Central ID: PMC8561119].
https://doi.org/10.1016/j.envpol.2021.118369.

35. Aloisi V, Gatto A, Accarino G, Donato F, Aloisio G. The effect
of known and unknown confounders on the relationship be-
tween air pollution and Covid-19 mortality in Italy: A sensitiv-
ity analysis of an ecological study based on the E-value. Environ
Res. 2022;207:112131. [PubMed ID: 34619131]. [PubMed Central ID:
PMC8487852]. https://doi.org/10.1016/j.envres.2021.112131.

36. Veronesi G, De Matteis S, Calori G, Pepe N, Ferrario MM. Long-term
exposure to air pollution and COVID-19 incidence: a prospective
study of residents in the city of Varese, Northern Italy. Occup Envi-
ron Med. 2022;79(3):192–9. [PubMed ID: 35012995]. [PubMed Central ID:
PMC8764713]. https://doi.org/10.1136/oemed-2021-107833.

37. Fattorini D, Regoli F. Role of the chronic air pollution levels in the
Covid-19 outbreak risk in Italy. Environ Pollut. 2020;264:114732.
[PubMed ID: 32387671]. [PubMed Central ID: PMC7198142].
https://doi.org/10.1016/j.envpol.2020.114732.

38. Amoatey P, Omidvarborna H, Baawain MS, Al-Mamun A. Impact of
building ventilation systems and habitual indoor incense burning on
SARS-CoV-2 virus transmissions in Middle Eastern countries. Sci Total
Environ. 2020;733:139356. [PubMed ID: 32416534]. [PubMed Central ID:
PMC7215150]. https://doi.org/10.1016/j.scitotenv.2020.139356.

39. Setti L, Passarini F, De Gennaro G, Barbieri P, Licen S, Perrone MG, et
al. Potential role of particulate matter in the spreading of COVID-19
in Northern Italy: first observational study based on initial epidemic
diffusion. BMJ Open. 2020;10(9). e039338. [PubMed ID: 32973066].
[PubMed Central ID: PMC7517216]. https://doi.org/10.1136/bmjopen-
2020-039338.

40. Bashir MF, Ma BJ, Komal B, Bashir MA, Farooq TH; Bilal, et al.
Correlation between environmental pollution indicators and
COVID-19 pandemic: A brief study in Californian context. Environ

Res. 2020;187:109652. [PubMed ID: 32405084]. [PubMed Central ID:
PMC7219392]. https://doi.org/10.1016/j.envres.2020.109652.

41. Ogen Y. Assessing nitrogen dioxide (NO2) levels as a contribut-
ing factor to coronavirus (COVID-19) fatality. Sci Total Environ.
2020;726:138605. [PubMed ID: 32302812]. [PubMed Central ID:
PMC7151460]. https://doi.org/10.1016/j.scitotenv.2020.138605.

42. Zoran MA, Savastru RS, Savastru DM, Tautan MN. Impacts of exposure
to air pollution, radon and climate drivers on the COVID-19 pandemic
in Bucharest, Romania: A time series study. Environ Res. 2022;212(Pt
D):113437. [PubMed ID: 35594963]. [PubMed Central ID: PMC9113773].
https://doi.org/10.1016/j.envres.2022.113437.

43. Copat C, Cristaldi A, Fiore M, Grasso A, Zuccarello P, Signorelli SS,
et al. The role of air pollution (PM and NO2) in COVID-19 spread
and lethality: A systematic review. Environ Res. 2020;191:110129.
[PubMed ID: 32853663]. [PubMed Central ID: PMC7444490].
https://doi.org/10.1016/j.envres.2020.110129.

44. Ahmadi M, Sharifi A, Dorosti S, Jafarzadeh Ghoushchi S, Ghan-
bari N. Investigation of effective climatology parameters on
COVID-19 outbreak in Iran. Sci Total Environ. 2020;729:138705.
[PubMed ID: 32361432]. [PubMed Central ID: PMC7162759].
https://doi.org/10.1016/j.scitotenv.2020.138705.

45. Roychowdhury A, Somvanshi A. Breathing Space: How to track and re-
port air pollution under the National Clean Air Programme. New Delhi:
Center for Science and Environment; 2020.

46. Keller CA, Knowland KE, Duncan BN, Liu J, Anderson DC, Das
S, et al. Description of the NASA GEOS Composition Forecast
Modeling System GEOS-CF v1.0. J Adv Model Earth Syst. 2021;13(4).
e2020MS002413. [PubMed ID: 34221240]. [PubMed Central ID:
PMC8244029]. https://doi.org/10.1029/2020MS002413.

47. Shahzad F, Shahzad U, Fareed Z, Iqbal N, Hashmi SH, Ahmad F.
Asymmetric nexus between temperature and COVID-19 in the
top ten affected provinces of China: A current application of
quantile-on-quantile approach. Sci Total Environ. 2020;736:139115.
[PubMed ID: 32470687]. [PubMed Central ID: PMC7194057].
https://doi.org/10.1016/j.scitotenv.2020.139115.

48. Islam ARMT, Hasanuzzaman M, Azad MAK, Salam R, Toshi FZ, Khan
MSI, et al. Effect of meteorological factors on COVID-19 cases in
Bangladesh. Environ Dev Sustain. 2021;23(6):9139–62. [PubMed ID:
33052194]. https://doi.org/10.1007/s10668-020-01016-1.

49. Briz-Redon A, Serrano-Aroca A. A spatio-temporal analysis for explor-
ing the effect of temperature on COVID-19 early evolution in Spain. Sci
Total Environ. 2020;728:138811. [PubMed ID: 32361118]. [PubMed Central
ID: PMC7194829]. https://doi.org/10.1016/j.scitotenv.2020.138811.

50. Meraj G, Farooq M, Singh SK, Romshoo SA, Nathawat MS; Sudhanshu,
et al. Coronavirus pandemic versus temperature in the context of In-
dian subcontinent: a preliminary statistical analysis. Environ Dev Sus-
tain. 2021;23(4):6524–34. [PubMed ID: 32837278]. [PubMed Central ID:
PMC7347760]. https://doi.org/10.1007/s10668-020-00854-3.

51. Kotsiou OS, Zidros T, Gourgoulianis KI. Letter to Editor regarding
Prata et al. (2020), Temperature significantly changes COVID-19
transmission in (sub)tropical cities of Brazil. Science of Total
Environment, v729, 138862. Sci Total Environ. 2020;746:141323.
[PubMed ID: 32773241]. [PubMed Central ID: PMC7385549].
https://doi.org/10.1016/j.scitotenv.2020.141323.

52. Shi P, Dong Y, Yan H, Zhao C, Li X, Liu W, et al. Impact of tempera-
ture on the dynamics of the COVID-19 outbreak in China. Sci Total En-
viron. 2020;728:138890. [PubMed ID: 32339844]. [PubMed Central ID:
PMC7177086]. https://doi.org/10.1016/j.scitotenv.2020.138890.

53. Sobral MFF, Duarte GB, da Penha Sobral AIG, Marinho MLM, de
Souza Melo A. Association between climate variables and global
transmission oF SARS-CoV-2. Sci Total Environ. 2020;729:138997.
[PubMed ID: 32353724]. [PubMed Central ID: PMC7195330].
https://doi.org/10.1016/j.scitotenv.2020.138997.

54. Tosepu R, Gunawan J, Effendy DS, Ahmad OAI, Lestari H, Ba-
har H, et al. Correlation between weather and Covid-19 pan-
demic in Jakarta, Indonesia. Sci Total Environ. 2020;725:138436.

12 Health Scope. 2022; 11(4):e122412.

http://www.ncbi.nlm.nih.gov/pubmed/15667469
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7165774
https://doi.org/10.1111/j.1445-5994.2004.00696.x
http://www.ncbi.nlm.nih.gov/pubmed/22436202
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3331822
https://doi.org/10.1186/1471-2466-12-11
http://www.ncbi.nlm.nih.gov/pubmed/32287373
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7126899
https://doi.org/10.1016/j.jaerosci.2008.10.003
https://doi.org/10.3390/atmos11040377
http://www.ncbi.nlm.nih.gov/pubmed/33568525
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7879496
https://doi.org/10.1183/16000617.0242-2020
http://www.ncbi.nlm.nih.gov/pubmed/32668559
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7204748
https://doi.org/10.1016/j.envres.2020.109639
http://www.ncbi.nlm.nih.gov/pubmed/32388162
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7198171
https://doi.org/10.1016/j.scitotenv.2020.139178
http://www.ncbi.nlm.nih.gov/pubmed/32315904
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7159846
https://doi.org/10.1016/j.scitotenv.2020.138704
http://www.ncbi.nlm.nih.gov/pubmed/34740737
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8561119
https://doi.org/10.1016/j.envpol.2021.118369
http://www.ncbi.nlm.nih.gov/pubmed/34619131
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8487852
https://doi.org/10.1016/j.envres.2021.112131
http://www.ncbi.nlm.nih.gov/pubmed/35012995
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8764713
https://doi.org/10.1136/oemed-2021-107833
http://www.ncbi.nlm.nih.gov/pubmed/32387671
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7198142
https://doi.org/10.1016/j.envpol.2020.114732
http://www.ncbi.nlm.nih.gov/pubmed/32416534
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7215150
https://doi.org/10.1016/j.scitotenv.2020.139356
http://www.ncbi.nlm.nih.gov/pubmed/32973066
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7517216
https://doi.org/10.1136/bmjopen-2020-039338
https://doi.org/10.1136/bmjopen-2020-039338
http://www.ncbi.nlm.nih.gov/pubmed/32405084
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7219392
https://doi.org/10.1016/j.envres.2020.109652
http://www.ncbi.nlm.nih.gov/pubmed/32302812
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7151460
https://doi.org/10.1016/j.scitotenv.2020.138605
http://www.ncbi.nlm.nih.gov/pubmed/35594963
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9113773
https://doi.org/10.1016/j.envres.2022.113437
http://www.ncbi.nlm.nih.gov/pubmed/32853663
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7444490
https://doi.org/10.1016/j.envres.2020.110129
http://www.ncbi.nlm.nih.gov/pubmed/32361432
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7162759
https://doi.org/10.1016/j.scitotenv.2020.138705
http://www.ncbi.nlm.nih.gov/pubmed/34221240
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8244029
https://doi.org/10.1029/2020MS002413
http://www.ncbi.nlm.nih.gov/pubmed/32470687
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194057
https://doi.org/10.1016/j.scitotenv.2020.139115
http://www.ncbi.nlm.nih.gov/pubmed/33052194
https://doi.org/10.1007/s10668-020-01016-1
http://www.ncbi.nlm.nih.gov/pubmed/32361118
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194829
https://doi.org/10.1016/j.scitotenv.2020.138811
http://www.ncbi.nlm.nih.gov/pubmed/32837278
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7347760
https://doi.org/10.1007/s10668-020-00854-3
http://www.ncbi.nlm.nih.gov/pubmed/32773241
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7385549
https://doi.org/10.1016/j.scitotenv.2020.141323
http://www.ncbi.nlm.nih.gov/pubmed/32339844
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7177086
https://doi.org/10.1016/j.scitotenv.2020.138890
http://www.ncbi.nlm.nih.gov/pubmed/32353724
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7195330
https://doi.org/10.1016/j.scitotenv.2020.138997


Ghobakhloo S et al.

[PubMed ID: 32298883]. [PubMed Central ID: PMC7270847].
https://doi.org/10.1016/j.scitotenv.2020.138436.

55. Shi P, Dong Y, Yan H, Li X, Zhao C, Liu W, et al. The impact of tem-
perature and absolute humidity on the coronavirus disease 2019
(COVID-19) outbreak - evidence from China. medRxiv. 2020;March.
https://doi.org/10.1101/2020.03.22.20038919.

56. Ward MP, Xiao S, Zhang Z. The role of climate during the COVID-
19 epidemic in New South Wales, Australia. Transbound Emerg
Dis. 2020;67(6):2313–7. [PubMed ID: 32438520]. [PubMed Central ID:
PMC7280716]. https://doi.org/10.1111/tbed.13631.

57. Liu J, Zhou J, Yao J, Zhang X, Li L, Xu X, et al. Impact of meteorological
factors on the COVID-19 transmission: A multi-city study in China. Sci
Total Environ. 2020;726:138513. [PubMed ID: 32304942]. [PubMed Cen-
tral ID: PMC7194892]. https://doi.org/10.1016/j.scitotenv.2020.138513.

58. Suhaimi NF, Jalaludin J, Latif MT. Demystifying a Possible Rela-
tionship between COVID-19, Air Quality and Meteorological Fac-
tors: Evidence from Kuala Lumpur, Malaysia. Aerosol Air Qual Res.
2020;20(7):1520–9. https://doi.org/10.4209/aaqr.2020.05.0218.

59. Wu Y, Jing W, Liu J, Ma Q, Yuan J, Wang Y, et al. Effects of tem-
perature and humidity on the daily new cases and new deaths
of COVID-19 in 166 countries. Sci Total Environ. 2020;729:139051.
[PubMed ID: 32361460]. [PubMed Central ID: PMC7187824].
https://doi.org/10.1016/j.scitotenv.2020.139051.

60. Sahin M. Impact of weather on COVID-19 pandemic in Turkey. Sci Total
Environ. 2020;728:138810. [PubMed ID: 32334158]. [PubMed Central ID:
PMC7169889]. https://doi.org/10.1016/j.scitotenv.2020.138810.

61. Chien LC, Chen LW. Meteorological impacts on the incidence of
COVID-19 in the U.S. Stoch Environ Res Risk Assess. 2020;34(10):1675–80.
[PubMed ID: 32837311]. https://doi.org/10.1007/s00477-020-01835-8.

62. Zhu L, Liu X, Huang H, Avellan-Llaguno RD, Lazo MML, Gaggero A,
et al. Meteorological impact on the COVID-19 pandemic: A study
across eight severely affected regions in South America. Sci Total En-
viron. 2020;744:140881. [PubMed ID: 32674022]. [PubMed Central ID:
PMC7352107]. https://doi.org/10.1016/j.scitotenv.2020.140881.

63. Byass P. Eco-epidemiological assessment of the COVID-19 epi-
demic in China, January-February 2020. Glob Health Action.
2020;13(1):1760490. [PubMed ID: 32404043]. [PubMed Central ID:
PMC7269037]. https://doi.org/10.1080/16549716.2020.1760490.

64. Bi P, Wang J, Hiller JE. Weather: driving force behind the trans-
mission of severe acute respiratory syndrome in China? Intern
Med J. 2007;37(8):550–4. [PubMed ID: 17445010]. [PubMed Central ID:
PMC7165838]. https://doi.org/10.1111/j.1445-5994.2007.01358.x.

65. Casanova LM, Jeon S, Rutala WA, Weber DJ, Sobsey MD. Effects of air
temperature and relative humidity on coronavirus survival on sur-
faces. Appl Environ Microbiol. 2010;76(9):2712–7. [PubMed ID: 20228108].
[PubMed Central ID: PMC2863430]. https://doi.org/10.1128/AEM.02291-
09.

66. Chan KH, Peiris JS, Lam SY, Poon LL, Yuen KY, Seto WH. The Effects of
Temperature and Relative Humidity on the Viability of the SARS Coro-
navirus. Adv Virol. 2011;2011:734690. [PubMed ID: 22312351]. [PubMed
Central ID: PMC3265313]. https://doi.org/10.1155/2011/734690.

67. van Doremalen N, Bushmaker T, Munster VJ. Stability of Middle East
respiratory syndrome coronavirus (MERS-CoV) under different envi-
ronmental conditions. Euro Surveill. 2013;18(38):pii=20590. [PubMed
ID: 24084338]. https://doi.org/10.2807/1560-7917.es2013.18.38.20590.

68. Bashir MF, Ma B, Komal B, Bashir MA, Tan D; Bilal, et al.
Correlation between climate indicators and COVID-19 pan-
demic in New York, USA. Sci Total Environ. 2020;728:138835.
[PubMed ID: 32334162]. [PubMed Central ID: PMC7195034].
https://doi.org/10.1016/j.scitotenv.2020.138835.

69. Lowen AC, Mubareka S, Steel J, Palese P. Influenza virus trans-
mission is dependent on relative humidity and temperature. PLoS
Pathog. 2007;3(10):1470–6. [PubMed ID: 17953482]. [PubMed Central ID:
PMC2034399]. https://doi.org/10.1371/journal.ppat.0030151.

70. Rendana M. Impact of the wind conditions on COVID-19 pandemic:
A new insight for direction of the spread of the virus. Urban
Clim. 2020;34:100680. [PubMed ID: 32834966]. [PubMed Central ID:

PMC7402279]. https://doi.org/10.1016/j.uclim.2020.100680.
71. Finlayson-Pitts BJ; Pitts Jr. Tropospheric air pollution: ozone,

airborne toxics, polycyclic aromatic hydrocarbons, and par-
ticles. Science. 1997;276(5315):1045–52. [PubMed ID: 9148793].
https://doi.org/10.1126/science.276.5315.1045.

72. Broomandi P, Karaca F, Nikfal A, Jahanbakhshi A, Tamjidi M, Kim JR.
Impact of COVID-19 Event on the Air Quality in Iran. Aerosol Air Qual
Res. 2020;20(8):1793–804. https://doi.org/10.4209/aaqr.2020.05.0205.

73. Donzelli G, Cioni L, Cancellieri M, Llopis Morales A, Morales Suárez-
Varela M. The Effect of the Covid-19 Lockdown on Air Quality
in Three Italian Medium-Sized Cities. Atmosphere. 2020;11(10):1118.
https://doi.org/10.3390/atmos11101118.

74. Venter ZS, Aunan K, Chowdhury S, Lelieveld J. COVID-19 lockdowns
cause global air pollution declines. Proc Natl Acad Sci U S A.
2020;117(32):18984–90. [PubMed ID: 32723816]. [PubMed Central ID:
PMC7430997]. https://doi.org/10.1073/pnas.2006853117.

75. Dursun S, Sagdic M, Toros H. The impact of COVID-19 measures
on air quality in Turkey. Environ Forensics. 2022;23(1-2):47–59.
https://doi.org/10.1080/15275922.2021.1892876.

76. Ghahremanloo M, Lops Y, Choi Y, Mousavinezhad S. Impact of the
COVID-19 outbreak on air pollution levels in East Asia. Sci Total En-
viron. 2021;754:142226. [PubMed ID: 33254896]. [PubMed Central ID:
PMC7476443]. https://doi.org/10.1016/j.scitotenv.2020.142226.

77. Yao Y, Pan J, Wang W, Liu Z, Kan H, Qiu Y, et al. Association of
particulate matter pollution and case fatality rate of COVID-
19 in 49 Chinese cities. Sci Total Environ. 2020;741:140396.
[PubMed ID: 32592974]. [PubMed Central ID: PMC7305499].
https://doi.org/10.1016/j.scitotenv.2020.140396.

78. Zhang Z, Xue T, Jin X. Effects of meteorological conditions and air pol-
lution on COVID-19 transmission: Evidence from 219 Chinese cities. Sci
Total Environ. 2020;741:140244. [PubMed ID: 32592975]. [PubMed Cen-
tral ID: PMC7832158]. https://doi.org/10.1016/j.scitotenv.2020.140244.

79. Xu H, Yan C, Fu Q, Xiao K, Yu Y, Han D, et al. Possible environ-
mental effects on the spread of COVID-19 in China. Sci Total Env-
iron. 2020;731:139211. [PubMed ID: 32402910]. [PubMed Central ID:
PMC7204718]. https://doi.org/10.1016/j.scitotenv.2020.139211.

80. Basray R, Malik A, Waqar W, Chaudhry A, Wasif Malik M, Ali Khan
M, et al. Impact of environmental factors on COVID-19 cases and
mortalities in major cities of Pakistan. J Biosaf Biosecur. 2021;3(1):10–
6. [PubMed ID: 33786420]. [PubMed Central ID: PMC7995238].
https://doi.org/10.1016/j.jobb.2021.02.001.

81. Karimifard S, Alavi Moghaddam MR. Application of response surface
methodology in physicochemical removal of dyes from wastewater:
A critical review. Sci Total Environ. 2018;640-641:772–97. [PubMed ID:
30021324]. https://doi.org/10.1016/j.scitotenv.2018.05.355.

82. Filippini T, Rothman KJ, Goffi A, Ferrari F, Maffeis G, Orsini
N, et al. Satellite-detected tropospheric nitrogen dioxide and
spread of SARS-CoV-2 infection in Northern Italy. Sci Total Envi-
ron. 2020;739:140278. [PubMed ID: 32758963]. [PubMed Central ID:
PMC7297152]. https://doi.org/10.1016/j.scitotenv.2020.140278.

83. Rahman MS, Azad MAK, Hasanuzzaman M, Salam R, Islam A, Rahman
MM, et al. How air quality and COVID-19 transmission change under
different lockdown scenarios? A case from Dhaka city, Bangladesh. Sci
Total Environ. 2021;762:143161. [PubMed ID: 33129520]. [PubMed Central
ID: PMC7577272]. https://doi.org/10.1016/j.scitotenv.2020.143161.

84. Hoang T, Tran TTA. Ambient air pollution, meteorology, and
COVID-19 infection in Korea. J Med Virol. 2021;93(2):878–85.
[PubMed ID: 32691877]. [PubMed Central ID: PMC7405165].
https://doi.org/10.1002/jmv.26325.

85. Travaglio M, Yu Y, Popovic R, Selley L, Leal NS, Martins LM. Links
between air pollution and COVID-19 in England. Environ Pollut.
2021;268(Pt A):115859. [PubMed ID: 33120349]. [PubMed Central ID:
PMC7571423]. https://doi.org/10.1016/j.envpol.2020.115859.

86. Cole MA, Ozgen C, Strobl E. Air Pollution Exposure and Covid-19
in Dutch Municipalities. Environ Resour Econ (Dordr). 2020;76(4):581–
610. [PubMed ID: 32836849]. [PubMed Central ID: PMC7399597].

Health Scope. 2022; 11(4):e122412. 13

http://www.ncbi.nlm.nih.gov/pubmed/32298883
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270847
https://doi.org/10.1016/j.scitotenv.2020.138436
https://doi.org/10.1101/2020.03.22.20038919
http://www.ncbi.nlm.nih.gov/pubmed/32438520
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7280716
https://doi.org/10.1111/tbed.13631
http://www.ncbi.nlm.nih.gov/pubmed/32304942
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194892
https://doi.org/10.1016/j.scitotenv.2020.138513
https://doi.org/10.4209/aaqr.2020.05.0218
http://www.ncbi.nlm.nih.gov/pubmed/32361460
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7187824
https://doi.org/10.1016/j.scitotenv.2020.139051
http://www.ncbi.nlm.nih.gov/pubmed/32334158
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7169889
https://doi.org/10.1016/j.scitotenv.2020.138810
http://www.ncbi.nlm.nih.gov/pubmed/32837311
https://doi.org/10.1007/s00477-020-01835-8
http://www.ncbi.nlm.nih.gov/pubmed/32674022
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7352107
https://doi.org/10.1016/j.scitotenv.2020.140881
http://www.ncbi.nlm.nih.gov/pubmed/32404043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7269037
https://doi.org/10.1080/16549716.2020.1760490
http://www.ncbi.nlm.nih.gov/pubmed/17445010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7165838
https://doi.org/10.1111/j.1445-5994.2007.01358.x
http://www.ncbi.nlm.nih.gov/pubmed/20228108
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2863430
https://doi.org/10.1128/AEM.02291-09
https://doi.org/10.1128/AEM.02291-09
http://www.ncbi.nlm.nih.gov/pubmed/22312351
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3265313
https://doi.org/10.1155/2011/734690
http://www.ncbi.nlm.nih.gov/pubmed/24084338
https://doi.org/10.2807/1560-7917.es2013.18.38.20590
http://www.ncbi.nlm.nih.gov/pubmed/32334162
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7195034
https://doi.org/10.1016/j.scitotenv.2020.138835
http://www.ncbi.nlm.nih.gov/pubmed/17953482
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2034399
https://doi.org/10.1371/journal.ppat.0030151
http://www.ncbi.nlm.nih.gov/pubmed/32834966
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7402279
https://doi.org/10.1016/j.uclim.2020.100680
http://www.ncbi.nlm.nih.gov/pubmed/9148793
https://doi.org/10.1126/science.276.5315.1045
https://doi.org/10.4209/aaqr.2020.05.0205
https://doi.org/10.3390/atmos11101118
http://www.ncbi.nlm.nih.gov/pubmed/32723816
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7430997
https://doi.org/10.1073/pnas.2006853117
https://doi.org/10.1080/15275922.2021.1892876
http://www.ncbi.nlm.nih.gov/pubmed/33254896
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7476443
https://doi.org/10.1016/j.scitotenv.2020.142226
http://www.ncbi.nlm.nih.gov/pubmed/32592974
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7305499
https://doi.org/10.1016/j.scitotenv.2020.140396
http://www.ncbi.nlm.nih.gov/pubmed/32592975
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7832158
https://doi.org/10.1016/j.scitotenv.2020.140244
http://www.ncbi.nlm.nih.gov/pubmed/32402910
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7204718
https://doi.org/10.1016/j.scitotenv.2020.139211
http://www.ncbi.nlm.nih.gov/pubmed/33786420
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7995238
https://doi.org/10.1016/j.jobb.2021.02.001
http://www.ncbi.nlm.nih.gov/pubmed/30021324
https://doi.org/10.1016/j.scitotenv.2018.05.355
http://www.ncbi.nlm.nih.gov/pubmed/32758963
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7297152
https://doi.org/10.1016/j.scitotenv.2020.140278
http://www.ncbi.nlm.nih.gov/pubmed/33129520
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7577272
https://doi.org/10.1016/j.scitotenv.2020.143161
http://www.ncbi.nlm.nih.gov/pubmed/32691877
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7405165
https://doi.org/10.1002/jmv.26325
http://www.ncbi.nlm.nih.gov/pubmed/33120349
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7571423
https://doi.org/10.1016/j.envpol.2020.115859
http://www.ncbi.nlm.nih.gov/pubmed/32836849
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7399597


Ghobakhloo S et al.

https://doi.org/10.1007/s10640-020-00491-4.
87. Mendez-Arriaga F. The temperature and regional climate

effects on communitarian COVID-19 contagion in Mex-
ico throughout phase 1. Sci Total Environ. 2020;735:139560.
[PubMed ID: 32464409]. [PubMed Central ID: PMC7236730].
https://doi.org/10.1016/j.scitotenv.2020.139560.

88. Adhikari A, Yin J. Short-Term Effects of Ambient Ozone, PM2.5,
and Meteorological Factors on COVID-19 Confirmed Cases and
Deaths in Queens, New York. Int J Environ Res Public Health.
2020;17(11):4047. [PubMed ID: 32517125]. [PubMed Central ID:
PMC7312351]. https://doi.org/10.3390/ijerph17114047.

89. Rodriguez-Urrego D, Rodriguez-Urrego L. Air quality during
the COVID-19: PM2.5 analysis in the 50 most polluted capi-
tal cities in the world. Environ Pollut. 2020;266(Pt 1):115042.
[PubMed ID: 32650158]. [PubMed Central ID: PMC7333997].
https://doi.org/10.1016/j.envpol.2020.115042.

90. Sidell MA, Chen Z, Huang BZ, Chow T, Eckel SP, Martinez
MP, et al. Ambient air pollution and COVID-19 incidence dur-
ing four 2020-2021 case surges. Environ Res. 2022;208:112758.
[PubMed ID: 35063430]. [PubMed Central ID: PMC8767981].
https://doi.org/10.1016/j.envres.2022.112758.

91. Sarkodie SA, Owusu PA. Global assessment of environment, health
and economic impact of the novel coronavirus (COVID-19). Environ
Dev Sustain. 2021;23(4):5005–15. [PubMed ID: 32837273]. [PubMed Cen-
tral ID: PMC7272320]. https://doi.org/10.1007/s10668-020-00801-2.

92. Le Quéré C, Jackson RB, Jones MW, Smith AJ, Abernethy S, Andrew
RM, et al. Temporary reduction in daily global CO2 emissions during
the COVID-19 forced confinement. Nat Clim Change. 2020;10(7):647–53.
https://doi.org/10.1038/s41558-020-0797-x.

93. Han P, Cai Q, Oda T, Zeng N, Shan Y, Lin X, et al. Assessing the
recent impact of COVID-19 on carbon emissions from China us-
ing domestic economic data. Sci Total Environ. 2021;750:141688.
[PubMed ID: 32835964]. [PubMed Central ID: PMC7425766].
https://doi.org/10.1016/j.scitotenv.2020.141688.

94. Chu B, Zhang S, Liu J, Ma Q, He H. Significant concurrent decrease in
PM2.5 and NO2 concentrations in China during COVID-19 epidemic.
J Environ Sci (China). 2021;99:346–53. [PubMed ID: 33183713]. [PubMed
Central ID: PMC7328636]. https://doi.org/10.1016/j.jes.2020.06.031.

95. Kerimray A, Baimatova N, Ibragimova OP, Bukenov B, Kenessov
B, Plotitsyn P, et al. Assessing air quality changes in large cities
during COVID-19 lockdowns: The impacts of traffic-free urban con-
ditions in Almaty, Kazakhstan. Sci Total Environ. 2020;730:139179.
[PubMed ID: 32387822]. [PubMed Central ID: PMC7198157].
https://doi.org/10.1016/j.scitotenv.2020.139179.

96. Baldasano JM. COVID-19 lockdown effects on air qual-
ity by NO2 in the cities of Barcelona and Madrid (Spain).
Sci Total Environ. 2020;741:140353. [PubMed ID: 32593894].
https://doi.org/10.1016/j.scitotenv.2020.140353.

97. Dantas G, Siciliano B, Franca BB, da Silva CM, Arbilla G. The im-
pact of COVID-19 partial lockdown on the air quality of the
city of Rio de Janeiro, Brazil. Sci Total Environ. 2020;729:139085.
[PubMed ID: 32361428]. [PubMed Central ID: PMC7194802].
https://doi.org/10.1016/j.scitotenv.2020.139085.

98. Otmani A, Benchrif A, Tahri M, Bounakhla M, Chakir EM, El Bouch M,
et al. Impact of Covid-19 lockdown on PM10, SO2 and NO2 concen-
trations in Sale City (Morocco). Sci Total Environ. 2020;735:139541.
[PubMed ID: 32445829]. [PubMed Central ID: PMC7235599].

https://doi.org/10.1016/j.scitotenv.2020.139541.
99. Sharma S, Zhang M, Gao J, Zhang H, Kota SH; Anshika. Effect of re-

stricted emissions during COVID-19 on air quality in India. Sci Total
Environ. 2020;728:138878. [PubMed ID: 32335409]. [PubMed Central ID:
PMC7175882]. https://doi.org/10.1016/j.scitotenv.2020.138878.

100. Almagbile A, Hazaymeh K. Spatiotemporal variability/stability anal-
ysis of NO2, CO, and land surface temperature (LST) during COVID-
19 lockdown in Amman city, Jordan. Geo Spat Inf Sci. 2022:1–18.
https://doi.org/10.1080/10095020.2022.2066575.

101. Li L, Li Q, Huang L, Wang Q, Zhu A, Xu J, et al. Air quality
changes during the COVID-19 lockdown over the Yangtze River
Delta Region: An insight into the impact of human activity
pattern changes on air pollution variation. Sci Total Environ.
2020;732:139282. [PubMed ID: 32413621]. [PubMed Central ID:
PMC7211667]. https://doi.org/10.1016/j.scitotenv.2020.139282.

102. Nakada LYK, Urban RC. COVID-19 pandemic: Impacts on the air qual-
ity during the partial lockdown in Sao Paulo state, Brazil. Sci Total En-
viron. 2020;730:139087. [PubMed ID: 32380370]. [PubMed Central ID:
PMC7189200]. https://doi.org/10.1016/j.scitotenv.2020.139087.

103. Chen X. The impact of air pollutant emissions during the COVID-
19 pandemic on Air quality in China. IOP Conf Ser Earth Environ Sci.
2022;1035:12020.

104. Mohd Nadzir MS, Ooi MCG, Alhasa KM, Bakar MAA, Mohtar AAA,
Nor MFFM, et al. The Impact of Movement Control Order (MCO)
during Pandemic COVID-19 on Local Air Quality in an Urban Area
of Klang Valley, Malaysia. Aerosol Air Qual Res. 2020;20(6):1237–48.
https://doi.org/10.4209/aaqr.2020.04.0163.

105. Collivignarelli MC, Abba A, Bertanza G, Pedrazzani R, Ricciardi
P, Carnevale Miino M. Lockdown for CoViD-2019 in Milan: What
are the effects on air quality? Sci Total Environ. 2020;732:139280.
[PubMed ID: 32402928]. [PubMed Central ID: PMC7205654].
https://doi.org/10.1016/j.scitotenv.2020.139280.

106. Chauhan A, Singh RP. Decline in PM2.5 concentrations over ma-
jor cities around the world associated with COVID-19. Environ
Res. 2020;187:109634. [PubMed ID: 32416359]. [PubMed Central ID:
PMC7199701]. https://doi.org/10.1016/j.envres.2020.109634.

107. Gautam S. COVID-19: air pollution remains low as people stay at
home. Air Qual Atmos Health. 2020;13(7):853–7. [PubMed ID: 32837609].
[PubMed Central ID: PMC7241861]. https://doi.org/10.1007/s11869-020-
00842-6.

108. Mandal I, Pal S. COVID-19 pandemic persuaded lockdown effects on
environment over stone quarrying and crushing areas. Sci Total En-
viron. 2020;732:139281. [PubMed ID: 32417554]. [PubMed Central ID:
PMC7211598]. https://doi.org/10.1016/j.scitotenv.2020.139281.

109. Singh RP, Chauhan A. Impact of lockdown on air quality in India
during COVID-19 pandemic. Air Qual Atmos Health. 2020;13(8):921–
8. [PubMed ID: 32837613]. [PubMed Central ID: PMC7338669].
https://doi.org/10.1007/s11869-020-00863-1.

110. Wang Y, Yuan Y, Wang Q, Liu C, Zhi Q, Cao J. Changes in air quality
related to the control of coronavirus in China: Implications for
traffic and industrial emissions. Sci Total Environ. 2020;731:139133.
[PubMed ID: 32402905]. [PubMed Central ID: PMC7202850].
https://doi.org/10.1016/j.scitotenv.2020.139133.

111. Ding S, Kalashnyk L. Resocialization and Readaptation as a Social
Need of Post-Corona Period. Postmodern Openings. 2020;11(1 Suppl
2):12–9. https://doi.org/10.18662/po/11.1sup2/135.

14 Health Scope. 2022; 11(4):e122412.

https://doi.org/10.1007/s10640-020-00491-4
http://www.ncbi.nlm.nih.gov/pubmed/32464409
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7236730
https://doi.org/10.1016/j.scitotenv.2020.139560
http://www.ncbi.nlm.nih.gov/pubmed/32517125
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7312351
https://doi.org/10.3390/ijerph17114047
http://www.ncbi.nlm.nih.gov/pubmed/32650158
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7333997
https://doi.org/10.1016/j.envpol.2020.115042
http://www.ncbi.nlm.nih.gov/pubmed/35063430
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8767981
https://doi.org/10.1016/j.envres.2022.112758
http://www.ncbi.nlm.nih.gov/pubmed/32837273
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7272320
https://doi.org/10.1007/s10668-020-00801-2
https://doi.org/10.1038/s41558-020-0797-x
http://www.ncbi.nlm.nih.gov/pubmed/32835964
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7425766
https://doi.org/10.1016/j.scitotenv.2020.141688
http://www.ncbi.nlm.nih.gov/pubmed/33183713
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7328636
https://doi.org/10.1016/j.jes.2020.06.031
http://www.ncbi.nlm.nih.gov/pubmed/32387822
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7198157
https://doi.org/10.1016/j.scitotenv.2020.139179
http://www.ncbi.nlm.nih.gov/pubmed/32593894
https://doi.org/10.1016/j.scitotenv.2020.140353
http://www.ncbi.nlm.nih.gov/pubmed/32361428
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194802
https://doi.org/10.1016/j.scitotenv.2020.139085
http://www.ncbi.nlm.nih.gov/pubmed/32445829
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7235599
https://doi.org/10.1016/j.scitotenv.2020.139541
http://www.ncbi.nlm.nih.gov/pubmed/32335409
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7175882
https://doi.org/10.1016/j.scitotenv.2020.138878
https://doi.org/10.1080/10095020.2022.2066575
http://www.ncbi.nlm.nih.gov/pubmed/32413621
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7211667
https://doi.org/10.1016/j.scitotenv.2020.139282
http://www.ncbi.nlm.nih.gov/pubmed/32380370
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7189200
https://doi.org/10.1016/j.scitotenv.2020.139087
https://doi.org/10.4209/aaqr.2020.04.0163
http://www.ncbi.nlm.nih.gov/pubmed/32402928
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7205654
https://doi.org/10.1016/j.scitotenv.2020.139280
http://www.ncbi.nlm.nih.gov/pubmed/32416359
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7199701
https://doi.org/10.1016/j.envres.2020.109634
http://www.ncbi.nlm.nih.gov/pubmed/32837609
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7241861
https://doi.org/10.1007/s11869-020-00842-6
https://doi.org/10.1007/s11869-020-00842-6
http://www.ncbi.nlm.nih.gov/pubmed/32417554
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7211598
https://doi.org/10.1016/j.scitotenv.2020.139281
http://www.ncbi.nlm.nih.gov/pubmed/32837613
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7338669
https://doi.org/10.1007/s11869-020-00863-1
http://www.ncbi.nlm.nih.gov/pubmed/32402905
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7202850
https://doi.org/10.1016/j.scitotenv.2020.139133
https://doi.org/10.18662/po/11.1sup2/135

	Abstract
	1. Introduction
	2. Objectives
	3. Methods
	4. Results
	4.1. COVID-19 in Ambient Air
	4.1.1. Aerosol Particles Produced by Coughing and Sneezing in SARS-CoV-2 (COVID-19)
	4.1.2. Could Air Pollution Efficiently Carry and Transmit SARS-COV-2

	4.2. Effect of Pollutants on the Number of COVID-19 Cases and Mortality
	Table 1
	4.2.1. Particulate Matter (PM)
	4.2.2. Gases Pollutant

	4.3. Effect of Different Climate Parameters on the Number of COVID-19 Cases and Mortality
	Table 2
	4.3.1. Temperature
	4.3.2. Humidity
	4.3.3. Rainfall
	4.3.4. Wind Speed
	4.3.5. Solar Radiation
	4.3.6. Aerosol Optical Depth (AOD)

	4.4. Effect of COVID-19 Lockdown on Air Quality
	Figure 1

	4.5. Association Between COVID-19 and Air Pollution
	Table 3


	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Funding/Support: 

	References

