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Abstract

The coronavirus (COVID-19) pandemic is a global health crisis and biggest challenge facing the world. Station measurements
of fine particulate matter (PM2.5) concentration in Baghdad and Kuwait during the period January—July 2020 are analyzed
as well as assessment of correlation between PM2.5, weather conditions (air temperature, relative humidity, wind speed),
population density and COVID-19 morbidity and mortality. A significant improvement (decrease) has observed during total
and partial curfew in PM2.5 at Baghdad by 35%, 12.4%, respectively, from PM2.5 mean during the study period that is less
than the WHO recommended PM2.5 level especially in total curfew. This decrease in PM2.5 pollution and people’s mobility
in Baghdad at total and partial curfew contributed to decrease injuries and mortality. PM2.5 during total and partial curfew in
Kuwait country witnessed increasing by 38.4% and decreasing by 22.3% from the PM2.5 mean, respectively, but still higher
than WHO standard level. This increase in PM2.5 at total curfew was related to burning accidents in the oil wells which
caused increasing in PM2.5 pollutant and then an increase in number of injuries and mortality during that time. In general
during all study period our research found that PM2.5 and wind speed exhibit weak relation with COVID-19 morbidity and
mortality but strong relation with increasing temperature and decreasing humidity. The high population density had a good
association with increasing daily new cases, mortality due to COVID-19 pandemic. Thus, these factors may be taken into
consideration in policy development for the control and prevention of new chains of the Coronavirus pandemic.
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Introduction

SARS-CoV-2 (Severe Acute Respiratory Syndrome-Cor-
onavirus-2) is a new strain of coronavirus that was previ-
ously never identified in humans. The disease caused by this
virus was referred to Corona virus disease-19 (COVID-19)
(Crenn et al. 2020; WHO 2020a). The COVID-19 disease
pandemic is causing significant social and economic affects
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in large parts of the world and led to the worldwide applica-
tion of unprecedented public protection measures (Crenn
et al. 2020)., (Chafekar and Fielding 2018; WHO 2020a;
Yao et al. 2020) showed that the highly contagious virus
SARS-CoV-2 is a transform type of the previously exist-
ing coronaviruses Severe Acute Respiratory Syndrome-1
(SARS-CoV-1) and Middle East Respiratory Syndrome
Corona Virus (MERS-CoV) where both caused an endemic
epidemic in China in 2003 and in the Middle East especially
in Saudi Arabia in 2012.

The spread of SARS-CoV-2 has already assumed epi-
demic proportions, affecting many countries within a short
period, including Iraq and Kuwait. The Coronavirus pan-
demic spread in these two countries in late February 2020,
and the results were positive for Corona virus infection
associated with severe acute respiratory syndrome type 2
(SARS-CoV-2).

Particulate matter PM, as defined by the Environmental
Protection Agency (EPA), is a term that denotes the col-
lection of particles scattered in the air and be transported
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for enough time. These particles become from natural or
artificial sources in several sizes (Xing et al. 2016; Man-
tecca et al. 2012). Ambient particulate matter with an aero-
dynamic diameter of 2.5 pm (PM2.5) is an important com-
ponent of the atmosphere and its sources can be natural or
man-made. There are several of natural sources that pump
millions of tons of particles into the atmosphere include
wind, dust storms, forest fires, salt spraying, rock debris,
and interactions between greenhouse gas emissions and soil
erosion. Human activities such as fuel combustion, industrial
processes, petroleum foundries, cement, fly ash emissions
from power plants, coal burning, and agricultural waste
also contribute to the fine particulate atmosphere (Yadav
and Devi 2018). PM2.5 is present for a long time in the
atmosphere and can penetrate deep into the lung. Long-term
exposure to PM2.5 can cause health effects and premature
death in humans (Pun et al. 2017) due to its insoluble pellets
properties and theirs small size (Xing et al. 2016; Mantecca
et al. 2012).

Iraq and Kuwait countries ranked as tenth and thirteen in
world countries and second, fourth in western Asia region,
respectively, in the most polluted countries by annual aver-
age PM2.5 concentration based on the data. Baghdad and
Kuwait considered as the top most polluted capital cities
of the world and listed as the eleventh, thirteen ranking,
respectively, with an annual average of PM2.5 concentra-
tion. In the western Asia region, Baghdad and Kuwait cities
considered as the top most polluted and heavily affected by
dust/sandstorms in the summer months.

These months can experience nearly twice the PM2.5
levels as winter months. It arranged in 2019 as third and
fifth ranks, respectively, with an annual mean of PM2.5 con-
centration that is over three times above the average annual
WHO exposure recommendation (IQAir 2020). Sources of
PM2.5 air pollution in the Middle East especially in Iraq
and Kuwait include a mixture of natural sources, such as
dust storms, and man-made sources, including energy pro-
duction; transport and construction exhaust (UNEP 2016).
Sandstorms contribute to high levels of PM2.5-year-round,
their impact is noticeably seasonal and affecting air quality
further in May through August. During these months, strong
winds, thunderstorms, and low-pressure convective systems,
because of intense heat, raise large amounts of dust. Dust
particles have been found to comprise hydrocarbons, trace
elements, heavy metals, sulfates, and nitrates (UNEP 2016).

Small particles can load the viruses, and they can live
in them for several hours. SARS-CoV-2 is recognized
to infect healthy people via aerosols (Van Doremalen
et al. 2020; WHO 2020b) and so environmental factors
may give partially explain the behavior and destiny of
Corona Virus COVID-19 (Sharma et al. 2020; Sun and
Han 2021). This shows that the virus can be transmitted
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and intensified by air pollution. In some areas, air qual-
ity is also up to the level required to breathe because they
exceed the limit set by many international organizations,
including the World Health Organization. Therefore, more
care and precautions are proposed in such areas to prevent
the severity of the disease (Wang et al. 2020).

A recent study estimated that the proportion of deaths
because of COVID-19 worldwide that are attributable to
exposure to fine particles is as high as 15%. The basis for
this estimate was the focus response function that devel-
oped by Pozzer et al. (2020) using data from two environ-
mental studies. Air pollution acted as a causative factor
for the diseases such as bronchitis, asthma, and many of
the diseases of the respiratory system. Paital and Agrawal
(2021) concluded that air pollution has positive effects on
the rate of spread and intensity of COVID-19 cases, as the
rate of infection and death was higher in the more polluted
areas than other less polluted. PM2.5 has a great impact on
human health and it can carry different toxic substances,
passing through the filtrate nose hair, reaching the end
of the respiratory system with airflow, and accumulate
in the lungs causing damage in parts of the body (Xing
et al. 2016). The levels of PM2.5 among 21 cities around
the world were lower at the lockdown phase than at any
other time (Benchrif et al. 2021). In China PM2.5 levels
decreasing by 31%, 29%, 24% at southeast region, North-
ern Yangtze River Delta, Pearl River Delta, respectively,
during COVID-19 outbreak (Li et al. 2021).

Karkour and Itsubo (2020) found that decreasing in
human activities during the COVID-19 pandemic caused
an important change in PM2.5 concentration and large
reduction in mortality in the most polluted areas in the
world: China, India and Nigeria. Brunekreef et al. (2021)
showed that despite the available environmental studies on
COVID-19 and air pollution, they do not allow an accurate
estimate of the percentage of COVID-19 deaths world-
wide because of PM2.5. Tan et al. (2005) indicated that
the SARS outbreak was significantly related to changes
in temperature in some China cities. Also, a positive rela-
tionship found by Ma et al. (2020); Xie and Zhu (2020)
between COVID-19 deaths and meteorological parameters
in Chinese cities. The results of Hamd et al. (2021) showed
a relationship between meteorological parameters (temper-
ature, humidity) with the spread of COVID-19 in Egypt.

The aim of this study is to explore of association
between environment conditions including ambient pol-
lutants PM2.5 and weather variables, population, and
COVID-19 incidence/mortality in some regions in the
Middle East like Iraq (Baghdad) and Kuwait country and
made a comparison for the level of PM2.5 and COVID-19
cases during the total and partial curfew.
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Methods and modeling
Data collection

Because PM2.5 concentrations data for stations across Iraq
were not available during the Corona pandemic, hourly
PM2.5 concentration data from US Embassy air quality
station in Baghdad city is adopted in this study. This data
was measured by GAIA air quality monitoring station that
using high-tech laser particle sensors to measure in real-
time PM2.5 pollution, which is one of the most harmful
air pollutants. Hourly weather variables (temperature (T),
relative humidity (RH) and wind speed (WS)) for Baghdad
city is taken from air quality open data platform worldwide
COVID-19 dataset (https://aqgicn.org/data-platform/covid19/
verify/c0575£89-134b-4014-831¢c-298768a7411c).

Hourly PM2.5 and weather variables are provided from
Kuwait stations (Ahmadi, Manorial, Saad Al-abdulla in
addition to US Embassy station located in Kuwait city for
the period from 1 Jan to 31 July 2020.

The counts of COVID-19 cases in Baghdad city were
taken from official reports of the Iraqi Ministry of Health in
web site (https://www.facebook.com/MOH.GOV.1Q/), which
included daily positive diagnoses, recovered and deceased
of COVID-19 cases. COVID-19 incidence counts in Kuwait
country were provided by Kuwait's Ministry of Health.

The Kuwait daily case counts of positive diagnoses,
recovered and deceased of COVID-19 are taken from web
site (https://corona.e.gov.kw/Ar/Home/CasesByDate). All
these data were collected during the period from late Feb-
ruary to December 31, 2020 to describe the evolution of
COVID-19 in Baghdad city and Kuwait country.

Statistical analysis methods

Descriptive analyses were performed for PM2.5 and all
COVID-19 cases observations for Baghdad city and Kuwait
country. For almost all statistical computations, the mean
and standard deviation are used to describe the data in this
study. The mean (x) and standard deviations (STD) are
applied on hourly PM2.5 concentration measurements over
Baghdad and Kuwait stations during study period. These
also applied on the hourly meteorological elements values
such as air temperature, relative humidity and wind speed:

N
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where n=sample size, x=samples mean, STD = sample
standard deviation (Weiss 2015).

Percentage frequency is used to find the amount of a vari-
able in terms of 100, and it is mainly used to compare and
find out ratios. The percentage formula used for PM2.5 is,

Percentage of days with PM2.5 > WHO recommended
PM 2.5 level (25 ug/m?) = (no. of days where concentration
exceed the WHO standard/ Total account) x 100.

To summarize the shape of distribution and variability of
daily PM2.5 concentrations during total and partial curfew
for Baghdad and Kuwait country, Box and whisker plots by
using Origin 2019b software. This type of graph shows the
minimum, first quartile, median, third quartile and maximum
of daily PM2.5 concentrations.

The correlation coefficient () is an important tool to
measure the strength of the linear relationship between two
variables and their association with each other. To assess the
correlation between PM2.5 and Corona cases and some met-
rological variables, Person correlation coefficients is used as
follow in equation:

r: nEW-EIE)
Iz -z - @

where, n=the number of sample observed variable,
Zxy=sum of the products of paired variables, Zx=sum of
x variable, £y =sum of y variable, Xx*=sum of squared x
variable, Xy = sum of squared y variable.

This study includes three stages of analysis: first; descrip-
tive analyses were performed for all the COVID-19 cases
and PM2.5 data for Baghdad and Kuwait country, Second;
to assess the effect of total and partial curfew on air quality
indicator (PM2.5) and COVID-19 cases and third; to ana-
lyze the associations of PM2.5, population and metrological
factors with COVID-19 morbidity and mortality during the
study period from late February to 31 July 2020.

Results and discussions
Temporal evolution of the COVID-19 cases

The Coronavirus pandemic spread in Iraq, starting from
February 24, 2020 in the city of Najaf, when a sample of an
Iranian religious student was examined and the result was
positive for his infection with Corona virus disease associ-
ated with SARS-CoV-2.

Iraqi Ministry of Health registered the first case on Febru-
ary 27 2020 and designated it as “Day-zero” in the capital,
Baghdad, of a 42-year-old man who was returning from Iran
and was placed in health custody at the Euphrates general
hospital. Figure 1 presents the temporal pattern of the daily
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confirmed COVID-19 cases, recovered, deceased and cumu-
lated (cases, recovered, deceased) over Baghdad and Kuwait
during year 2020.

The cases began to increase and the first two deaths due
to the COVID-19 virus were reported on 4 March, 2020.
From official reports of Iraqi Ministry of Health for cuamula-
tive cases in Baghdad at 2020-12-31 were 180,196, of these
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96% (173,101) have recovered and about 2% (2923) were
died. Peaks in daily cases (date), recovered (date) and deaths
(date) in Baghdad were 2016 (2-Oct-2020), 1773 (10-Oct-
2020), and 111 (8-Jun-2020), respectively.

The first injury recorded by the Kuwait's Ministry of
Health was in 24 February 2020 and then the cases began
to increase. The first death due to the COVID-19 virus was
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Fig.2 Temporal variations in 500 -
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reported on 4 April 2020. As of 31 December, 2020, the
reported total confirmed COVID-19 cases to 150,585, of
these 97% (146,518) have recovered and about 1% (934)
was died. The month of May witnessed the highest number
of injuries and deaths in Kuwait country where the official
reports recorded the highest peak of daily cases reached
to 1073 on 19-May-2020 and 11 deaths, on 16-May-2020.
In year 2020 Baghdad was the city with highest cases and
deaths of COVID-19 outside of Kuwait country.

1-Feb-20 1-Mar-20 1-Apr-20 1-May-20 1-Jun-20
Days

1-Jul-20

Variations in PM2.5 concentration in Baghdad city
and Kuwait country

Figure 2a, b illustrate 24 h mean of ambient air pollutant
PM2.5 in Baghdad and four Kuwait cities (Ahmadi, Man-
souria, Sad-Al Abdulla and Kuwait) during COVID-19 pan-
demic period from 1 January to 31 July 2020 with WHO
24 h average standard (25 ug/m?). It is found that most days
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Table 1 Statistical analysis

. ; Statistic parameters Iraq Kuwait Percentage
of daily PM2.5 concentration Mean Kuwait
during the period from 1 Baghdad Ahmadi Mansouria Saad-Abdulla Kuwait-city ountry
January to 31 July 2020

Mean 36.2 48.4 31.6 92.6 45.2 54.7
Standard deviation 22.7 52.6 16.8 66.1 29.3 36
Minimum 7.9 6.2 9.0 35.0 2.7 18.2
Maximum 164.9 437.3 170.2 487.0 199.8 323.6
Count 165 200 213 213 199 213
Days of PM2.5>WHO 77% 2% 63.4% 99.5% 80% 79%

in all cities are exceeding standard WHO 24 h average expo-
sure recommended.

A statistical summary of the PM2.5 data is shown
in Table 1 for the study period. This table includes daily
measures of mean, standard deviation, minimum, maxi-
mum, count and percentage of days with PM2.5 concentra-
tion exceed the 24 h average WHO standard (25 pg/m?) as
well as the statistical summary for Kuwait country which
obtained for four stations.

In general, when comparing the cities presented
in Table 1, it’s found that the daily mean of ambient PM2.5
with standard deviations for Baghdad and Mansouria have
the lower values than for other study cities. In term of days
percentage of PM2.5 concentration exceed WHO standard,
all study cities exceed the WHO standard (25 ug/m?). Saad-
Al Abdulla, Kuwait city are considered as the most polluted
in terms PM2.5 concentration flowed by Baghdad, Ahmadi,
Mansouria cities due to many reasons such as traffic volume,
industrial emissions, oil refinery, power plants, land use and
population size can alter the concentration of PM2.5.

Variations in PM2.5 concentration during total
and partial curfew

In Baghdad the total curfew applied on days (Thursday, Fri-
day and Saturday) in Jun month 2020 and partial curfew in
hours (7 PM-5 AM) of days (Sunday to Wednesday) in Jun
month. In Kuwait the curfew applied as total curfew on days

Table 2 Population density, area and COVID-19 cases in Baghdad
and Kuwait country in 2020

Baghdad Kuwait Country
Population size (7,144,000)* (4,270,571)*
Area (Km?) (4555)* (17,818)*
People per Km? 1568 240
Total Infection 180,196 150,585
Mortality pers (number) 2% (2923) 1% (934)

*Data source United Nations—World Population Prospects (https://
population.un.org/wpp/)
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10-30 May 2020 and partial curfew hours start from 7 PM
until 5 AM of days in Jun month 2020.

The socio-economic lockdown include schools, univer-
sities, shopping centers and other large gathering places
will remain closed, as will the country’s international air-
ports. The curfew excludes employees of the Ministry of
Health, the security forces and government departments
providing essential services. It also excludes grocery,
fruit and vegetable stores, bakeries and pharmacies which
will be allowed to open from 5 AM to 7 PM when the
total curfew is in force. This lockdown resulted in a major
social and economic relapse, but on the other hand, it had
a significant positive impact on air quality and a relatively
lower prevalence of COVID-19 virus.

Substantial reduction in ground concentrations of
PM2.5 was observed during total curfew period at Bagh-
dad is clearly reflected in Fig. 3a. Significant decrease in
total curfew days of about 35% from PM2.5 mean during
the study period can be seen in Baghdad city and was less
than WHO standard by (1.5 pg/m?).

In partial curfew period in Jun month, the daily PM2.5
was decrease of about 12.4% from study period PM2.5
mean. These observed changes in PM2.5 concentrations
improved air quality of Baghdad city during total and par-
tial curfew period. This decrease of ambient air pollution
can be related to socio-economic lockdown and decreas-
ing of vehicle traffic. The decrease of ambient air pollu-
tion in Baghdad in total and partial curfew contributed
to a decrease in injuries and deaths to be 551, 26 and,
respectively.

Table 3 Minimum and maximum of PM2.5 and weather parameters

Variables Baghdad Kuwait country
Min. Max. Min. Max.
PM2.5 (ug/m?) 7.9 164.9 10 323.6
T (°C) 6 41 7.9 44.7
RH (%) 15 93 8.2 80.7
WS (m/s) 1 8.2 0.9 4.6
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The daily mean of PM2.5 concentration was calculated
for Kuwait country stations in four cities (Ahmadi, Manorial,
Saad-Al Abdulla and Kuwait). Figure 3b illustrated PM2.5
concentrations during total and partial curfew in Kuwait
country.

It is found that PM2.5 concentration in partial curfew was
less than the mean during the study period by (22.3%) but
still higher than WHO 24 h average standard.

During the total curfew, the PM2.5 concentration mean
was higher than the PM2.5 mean for study period by 38.4%
and higher than WHO 24 h average standard. However, air
quality was not improved significantly in Kuwait country. It

has improved a lot in Baghdad city but in Kuwait it did not
change at all, although absence of traffic vehicles and control
industrial activities. This strange increase in PM2.5 related
to the occurrence of burning accidents in the oil wells which
caused increase in the number of injuries and deaths during
that period.

Impact of PM2.5 concentration on infections
and mortality during COVID-19 pandemic

During the period (1 January-31 July 2020), Baghdad and
Kuwait country have high levels of PM2.5 and poor air
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Table 4 Pearson correlation

. COVID-19 Baghdad Kuwait

coefficients between COVID-19

cases and PM2.5 concentration PM2.5 WS RH Temp. PM2.5 WS RH Temp.

and weather parameters during

the period (27 Feb-31 Jul 2020) Cases 0.15 0.06 - 0.66 0.84 0.12 0.08 -0.67 0.83
Deaths 0.16 0.09 -0.53 0.66 0.09 0.16 -0.55 0.59
Cum. Cases 0.25 - 0.01 -0.58 0.80 0.06 0.11 —-0.50 0.89
Cum. Deaths 0.23 0.00 -0.57 0.80 0.05 0.14 - 0.54 0.90

quality as shown in Table 1 which are higher than WHO
24 h average standard. Our findings associations of total
infections as 31 July 2020 for Baghdad and Kuwait (42,425,
66,957), respectively, were positively related to percentage
of days with PM2.5 exceed WHO standard (77% and 79%)
during COVID-19 pandemic. The findings of most studies
demonstrate that both short term and long-term exposure to
air pollution especially PM2.5 may contribute significantly
to higher rates of COVID-19 infections and mortalities (Ali
and Islam 2020).

Correlation population density on COVID-19 cases

In this study, properties of the COVID-19 infection associ-
ated with various two population densities have examined
in two regions; Baghdad city and Kuwait country. It’s noted
that population density has a strong association with total
infection cases and mortality from the beginning of the
Corona pandemic until the end of a year 2020 which illus-
trated in Table 2. The total infection, percentage (number) of
mortality of COVID-19 in Baghdad 180,196, 2% (2923) was
higher than that recorded in Kuwait 150,585, 1% (934). This
is attributed to social affinity where the population density
in Baghdad was (1568 people per Km?) while in Kuwait was
(240 people per Km?).

There are studies in the world considered the population
size an effective parameter for evaluation and has highest
correlations were observed for COVID-19 cases (Sahin
2020). Moderate association between COVID-19 virus
spread and population density in the context of India was
found by (Bhadra et al. 2021).

Correlation of COVID-19 morbidity and mortality
with PM2.5 and metrological parameters

PM2.5 and three weather factors T, RH, WS are considered
in the study and evaluated for Baghdad and Kuwait country
during COVID-19 pandemic as for July 31, 2020. Table 3
shows the minimum and maximum of daily mean of PM2.5,
T, RH and WS during COVID-19 pandemic in 2020. It’s
noticed that each of PM2.5 and T are higher in Kuwait coun-
try than that for Baghdad city during the study period) are
higher than that for Baghdad, but the opposite was with the
RH and WS.
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Table 4 presents the result of Pearson correlation analy-
sis for daily mean of our variables of interest (PM2.5, T,
RH and WS) with COVID-19 (daily new cases, daily new
deaths, cumulative cases and cumulative deaths) during
Corona pandemic. Correlation results between pairs of vari-
ables are almost the same for Baghdad and Kuwait country
implying that all variables tend to vary in the same direc-
tion together. Values of coefficients for COVID-19 daily new
cases and deaths, cumulative cases and deaths with PM2.5
are positive, but weak. The relationship may be complex and
not linear and depends on the history period of exposure to
polluted air with the fine particulate matter that can pen-
etrate the lungs. It was found through clinical examination
in isolation hospitals for Corona patients that severe cases
and deaths are those who have a bad history of respiratory
diseases such as asthma. Another reason may be the PM2.5
particles sizes (2.5 um) were significantly larger compared
to the size of the SARS-CoV-2 virus of range (60-140 nm)
which determined under Transmission Electron Microscope
(Zoran et al. 2020). In another recent study, six virus-like
particles in patients with confirmed SARS-CoV-2 infection
were 70—-110 nm in diameter (Zhu et al. 2020b; Menter et al.
2020).

Table 4 illustrated that temperature was strongest posi-
tively correlated with daily new cases, daily new deaths,
cumulative cases and cumulative deaths. Relative humidity
was strong negatively correlated with daily new cases and
daily new deaths, cumulative cases and cumulative deaths.
Effects of daily mean temperature was positively related to
the daily new cases and daily new deaths. A 1 °C increase
in temperature was associated with a 0.6%, 0.3% increase
in daily new cases and a 0.03%, 0.003% increases in daily
new deaths. A 1% reduction in relative humidity was associ-
ated with a 0.26%, 0.15% increase in daily new cases and
a 0.01%, 0.002% increases in daily new deaths. The cases
of infection increased in Baghdad and Kuwait despite the
imposition of the curfew in summer and the number of inju-
ries increased with increasing temperatures in spring and
summer months as shown in Fig. 1. But this study consist-
ent with the results conducted by Sahin 2020; Chan et al.
2011, which shows the inverse correlation of relative humid-
ity with virus infections and may be eliminating the virus
viability.
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Wind speed has positive but weak correlation with daily
new cases, daily new deaths, cumulative cases and cumu-
lative deaths. Adekunle et al. 2020 reported a significant
positive association with wind speed, where a 1% increase
in average wind speed was associated with 11.21% increase
in COVID-19 cases in countries in Africa. Bashir et al. 2020:
Bukhari et al. 2020; Menebo 2020 and Zhu et al. 2020a did
not report a significant association between wind speed and
daily cases of COVID-19.

Conclusions

The present study investigated the effects of environment
pollutant PM2.5, metrological factors, population and the
decisions of the government policy to impose a curfew on
COVID-19 in Baghdad city and Kuwait country.

Ground-based observations indicated that air quality
by PM2.5 levels in Baghdad city and Kuwait cities have
high concentration exceed the WHO standard. Significant
improvement has been observed during total and partial
curfew in the measured concentration of PM2.5 levels con-
tributed to a decrease in injuries and deaths in Baghdad.
PM2.5 concentrations during partial curfew in Kuwait
witnessed decreasing by (22.3%) but still higher than
WHO 24 h average standard but witnessed increased in
total curfew by (38.4%) from PM2.5 mean of study period
related to occurrence of burning in accidents in the oil
wells which caused to increase in the number of injuries
and deaths during that period.

The results indicated that daily confirmed cases of
COVID-19 were significant correlated positively with
daily mean temperature and negatively with daily mean
relative humidity. It noted that weather is a significant
contributing factor to COVID-19 transmission, particu-
larly temperature and humidity while other weather and air
pollutants exhibit no significant relation with COVID-19
pandemic.

In addition to above, the correlation between the popula-
tion density and the COVID-19 total infections, mortality
in year 2020 indicate that the region with high population is
closely related to the higher number of COVID-19 infections
and percentage of mortality.

The possibility of a second or third wave of the COVID
virus may continue to arise. So there necessary to be a fur-
ther analysis of the COVID-19 pandemic to understand the
impact of weather on future outbreaks, and how helps to
take healthy prevention measures. Also it may be need a
long-term study of the extent of exposure to high levels of
pollution and to patients who have a history of asthma and
respiratory diseases.
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