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Abstract

The study aims to determine the impact of global meteorological parameters on SARS-COV-2, including population density
and initiation of lockdown in twelve different countries. The daily trend of these parameters and COVID-19 variables from
February 15th to April 25th, 2020, were considered. Asian countries show an increasing trend between infection rate and
population density. A direct relationship between the time-lapse of the first infected case and the period of suspension of
movement controls the transmissivity of COVID-19 in Asian countries. The increase in temperature has led to an increase in
COVID-19 spread, while the decrease in humidity is consistent with the trend in daily deaths during the peak of the pandemic
in European countries. Countries with 65°F temperature and 5 mm rainfall have a negative impact on COVID-19 spread.
Lower oxygen availability in the atmosphere, fine droplets of submicron size together with infectious aerosols, and low wind
speed have contributed to the increase in total cases and mortality in Germany and France. The onset of the D614G mutation
and subsequent changes to D614 before March, later G614 in mid-March, and S943P, A831V, D839/Y/N/E in April were
observed in Asian and European countries. The results of the correlation and factor analysis show that the COVID-19 cases
and the climatic factors are significantly correlated with each other. The optimum meteorological conditions for the preva-
lence of G614 were identified. It was observed that the complex interaction of global meteorological factors and changes in
the mutational form of CoV-2 phase I influenced the daily mortality rate along with other comorbid factors. The results of
this study could help the public and policymakers to create awareness of the COVID-19 pandemic.
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Introduction

The COVID-19 pandemic is triggering a crisis that chal-
lenges the governments and health care around the world.
The critical issue is to understand whether the climate fac-
tors influence the transformation of the COVID-19 pan-
demic. A strong correlation between climate and COVID-
19 was observed in Wuhan, stating that high temperatures
would suppress the virus. The preliminary investigations
reported that temperature and other meteorological varia-
bles, namely, humidity, air quality, and wind speed, would
even affect the spread of infectious diseases. In addition,
the air temperature may contribute to the transmission of
the virus (Chen et al. 2020). Few authors (Ma et al. 2020;
Poole 2020; Sajadi et al. 2020 and Wang et al. 2020) have
reported that climate indicators such as temperature and
humidity influence the seasonal spread of corona viruses
and even affect the mortality rate. Similar studies were
reported by Shi et al. (2020), Liu et al. (2020), and Qi
et al. (2020). Climate variability with extreme weather
events induces respiratory disorders (Tatyana Vitkina et al.
2019). Few studies suggested that mortality due to res-
piratory diseases increased at low temperatures (Gomez-
Acebo et al. 2013; Fallah and Mayvaneh 2016; Dadbakhsh
et al. 2017). Cold and warm arid conditions may cause
respiratory illness and have adverse impacts on mortality
(Li et al. 2018). A study of temperature fluctuations in 30
East Asian cities reported respiratory and cardiovascular
diseases with an impact of high mortality rates (Kim et al.
2017). In the cold season, the relative risk of respiratory,
cardiovascular, and non-accidental deaths was observed
to increase in Tabriz (Sharafkhani et al. 2019). Recent
studies on COVID-19 in South Korea have estimated the
decrease of daily new cases during the month of April
2020 (Petropoulos and Makridakis 2020). The persistence
of the pathogens and their invasion threshold are the main
factors to be understood for determining the geographical
distribution and transmissibility of the disease (Deredec
and Courchamp 2003). Some viruses may be more stable
in environments with different climatic factors. In addi-
tion, people are more likely to stay indoors during winter,
which leads to a decrease in vitamin D levels, thereby
lowering immunity. Such conditions may stimulate the
infection rate. Therefore, later studies confirmed that the
impact of climatic factors on the spread of SARS-CoV-2
seems plausible (Chen et al. 2021).

A subgenera SARS-CoV-2 belongs to B-coronavirus
(betaCoV), one among the four genera of ortho coronaviri-
nae subfamily (Chan et al. 2013). The infection results in a
respiratory disorder, leading to mortality of 10%, and it is
more sensitive to ultraviolet rays and temperature. When
transcription regulatory sequences are located between

open reading frames (ORFs), it leads to transcription ter-
mination and serves as templates for the development of
subgenomic mRNAs. A minimum of 6 ORF can occur in a
typical genome of CoV. The polypeptides ppla and pplab
are produced during the frame shift from ORF1a to ORF1b
(Perlman and Netland 2009). Devoted sgRNAs translate
the distinct accessory and structural proteins in various
CoVs. The disease reversion and the potential pandemic
nature depend on viral mutation (Cascella et al. 2020).

Two different types of lineage L and S were reported for
the CoV-2 in Wuhan (Tang et al. 2020), and the former was
more prevalent. Subsequent studies on the spike mutation
(Korber et al. 2020) indicated that D614G was the predomi-
nant spike protein observed globally. Apart from this, L5F
was also observed in 37 countries; Q239K, V483A, and
D839Y/N/E in Europe; G476S and V483A in the USA; and
P1263L in the UK. Though there are several spike proteins
reported, D614G has resulted in the global pandemic, lead-
ing to a great impact on potential immunity due to its struc-
ture and mutation (Korber et al. 2020).

In view of all the above-reported studies and to have a
comprehensive understanding of the transmission of the
COVID-19, the present study has focused on the impact
of meteorological parameters on COVID-19 of several
affected countries from east to west around the world under
different climatic conditions. The countries considered for
the study were South Korea, China, Malaysia, Singapore,
India, Kuwait, Italy, Spain, France, Germany, the United
Kingdom (UK), and the United States of America (USA).
Meteorological parameters (temperature, relative humidity,
dew point, wind speed, and precipitation) of the selected
countries were compared to the COVID-19 variables (total
cases, daily new cases, active cases, total death, daily death
(DD), and total recovery) to determine the influence of mete-
orological parameter toward the pandemic spread.

It also sought to understand if the influence of these
parameters varied with climatic conditions. The current
study was mainly concerned with the total number of
infected cases rather than mortality as the mortality depends
on the immunity of the population to the disease. The infor-
mation on meteorological factors could help to strengthen
the strategies of epidemiologists and health policy mak-
ers in combating and raising awareness of the COVID-19
pandemic.

Methodology
Data collection
The meteorological factors such as temperature, relative

humidity, wind speed, dew point, and precipitation were
considered for the present study (Fig. 1). The daily data
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Fig. 1 Methodology flow-
chart adopted in this proposed
research

SARS-CoV-2 phase I
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[ Targeted Countries

India, Kuwait, Italy, Spain, France, Germany,
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]

COVID Data

B

(www.worldometers.com)

Statistical and GIS analyses

Total Cases, Daily Death, Total Recovery

SARS-CoV-2 phase I - Impact Identification
(GIS and Remote Sensing)

for the above-specified parameters were collected from the
NASA website (https://power.larc.nasa.gov) for the period
from 15/02/2020 to 25/04/2020 for all selected countries
except for China (22/01/2020 to 25/04/2020), Malaysia, and
Singapore (15/02/2020 to 19/04/2020). Since the data was
available only for specific cities, an average of these daily
parameters from different stations representing all directions
of each country (geographically representing north, south,
east, west, and central regions of the country) was consid-
ered for the daily meteorological condition of the country
during the study period. The COVID-19 data was collected
for the same period from www.worldometers.com for the
respective dates of each country.

The following cities were selected for each country to
have a geographic distribution in all directions: Busan,
Seoul, Daejeon, Daegu, and Gwanju of South Korea;
Wuhan, Shanghai, Guangzhou, Lanzhou, and Beijing sta-
tion of China; Kuala Lumpur, Johour, Genting highland,
Kuching, and Sabha from Malaysia; and Changi airport,
Yishun, Jurong, Singapore city, and Choa Chu Kang of
Singapore. Similarly, for India, the data was collected from
Delhi, Ahmadabad, Nagpur, Mumbai, Kolkata, and Madurai
stations. The data considered for Kuwait was from Salmiya,
Jahara, Ahmadi, Mangaf, and Kuwait City. Italy includes

@ Springer

the cities Turin, Milan, Vinice, Bari, Rome, Caglian, and
Agrigento; Valencia, Bilbao, Salmanca, Sevilla, and Madrid
were considered for Spain. Meteorological stations of
Paris, Toulouse, Lyon, Bordeaux, Boulogne, Dijon, Brest,
and Caen from France, and Berlin, Hamburg, Dortmund,
Frankfurt, Baden, Munich, and Dresden from Germany were
accounted for. London, Belfast, Edinburgh, Norwich, Bris-
tol, and Birmingham were the selected cities of the UK, and
finally, the USA was represented by San Francisco, New
York, Minnesota, Texas, Florida (Orlando), Kansas, and
Washington (Spokane). The following discussion considered
South Korea, China, Singapore, Malaysia, India, and Kuwait
as Asian countries, whereas Italy, Spain, Germany, France,
the UK, and the USA were considered as western countries.

Data analysis

Correlation and factor analyses were performed for the
meteorological parameters and COVID-19 data from the
initiation of lockdown of each country until 25/04/2020.
Pearson correlation was adopted for the COVID-19 param-
eters and meteorological parameters of each country, where
values above 0.50-0.75 were considered as good correlation
and values above 0.75-1.00 were considered as excellent
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correlation (Vasanthavigar et al. 2013). Principal compo-
nent analysis was also performed on the selected data to
determine the factors representing COVID-19 variables and
meteorological parameters. Varimax rotation and Kaiser nor-
malization were used to extract eigenvalues greater than one
(Thivya et al. 2015). The data source for the mutation study
was acquired from GISAID based on recent data and can be
accessed at www.cov.lanl.gov.

Results

The pandemic initiated in these countries during different
time periods, and the impact varies with respect to the coun-
ties. The variations of the pandemic nature in each country
were discussed as follows.

South Korea

The data pattern indicates an exponential rise of over-
all cases; mortality and recovery rates increased after
04/03/2020. Total new cases were higher on 15/02/2020,
although the first case was reported on 19/01/2020 (Sup-
plementary Fig. S1). More new cases were reported during
the end of February and subsequently reduced since then.
The rate of recovery has significantly increased from the first
week of February. The death case fluctuated with no definite
trend. In comparison with meteorological parameters, there
is an increase in temperature observed during this study
period and a gentle decrease in humidity (Supplementary
Fig. S2). The peak of daily death cases matches with the
decrease in humidity from the first week of March to the first
week of April. A higher amount of precipitation is observed
during the study period than in any other country. The wind
did not play any significant role in the COVID-19 spread.
The daily death cases and the pandemic spread are depend-
ent on meteorological parameters, especially temperature
and humidity (Ma et al. 2020).

The correlation analysis of the data with COVID-19 and
meteorological variables shows that temperature has a good
correlation to total infected cases, active cases, total death,
and total recovery and negative correlation with daily new
cases (Supplementary Table S1). Furthermore, humidity
also showed a good correlation with total cases. The results
indicate that the effect of temperature and humidity play an
important role in COVID-19 cases in South Korea. A posi-
tive correlation was also noted between humidity, dew, and
precipitation. Humidity also correlated with decreased lung
function and increased exacerbations for COVID-19-affected
patients (Donaldson et al. 2001). The PCA analysis (Supple-
mentary Table S2) shows a representation of 5 components
from the data set, of which the first component is represented
by all COVID-19 variables and temperature along with dew

point. There are no significant representations of COVID-19
variables with other components (Qasim et al. 2020).

China

The temperature and dew point show a similar variation
trend. The lockdown was initiated in Wuhan on 26/01/2020.
The daily death cases increased slowly from 23/01/2020
to 23/02/2020 and gradually decreased (Supplementary
Fig. S1). The meteorological parameters show that there is
an increase in temperature and dew point during the study
period. Adversely, there was a moderate decrease in the
humidity during the study period. The increase in mortality
was observed since the first case was reported. The daily
death cases reduced after 10/02/2020, during which a drop
in temperature (Supplementary Fig. S2) and an increase in
precipitation were observed. Hence, it is inferred that pre-
cipitation plays a major role in controlling death cases.

A significant correlation existed between temperature and
total death, total cases, and total recovery (Supplementary
Table S1). Similarly, a good correlation between dew point
and total death, total cases, total recovery, and temperature
was observed. In China, three factors were extracted from
the data set based on eigenvalues. The first factor mainly
contributed by total death, total cases, total recovery, dew
point, and temperature (Supplementary Table S2). The
results reveal that temperature plays a significant role in pan-
demic spread (WHO, 2019). Other factors were not related
to the COVID-19 spread.

Malaysia

The first case of COVID-19 was recorded on 25/01/2020
in Malaysia, and four different trends were observed with
respect to the total cases. A steep increase was observed in
daily new cases until 17/03/2020 with minor fluctuation.
It was clearly depicted that the daily new cases were stabi-
lized from the lockdown period 18/03/2020 to 14/04/2020,
and subsequently, a drop in the infected cases was observed.
After 17/03/2020, the number of daily death cases was
fluctuating, and the maximum number of daily deaths was
observed on 29/03/2020. There was a sharp increasing trend
of total recovery cases from 15/02/2020 to 20/04/2020. The
number of recovery cases was stable, and a sudden increase
in recovery was noted after 10/03/2020.

Supplementary Fig. S1 shows that the number of daily
deaths had a similar trend with respect to temperature
before and after the lockdown period. Prior to the lockdown
period, the temperature was around 78°F, where there was
no record of death. After the lockdown period, the tempera-
ture increased to around 80°F. Temperature changes may
add to the strain of the cardiac and respiratory systems that
cause cardiopulmonary events (Sharafkhani et al. 2019). So,
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it was clear that the temperature is an important factor for
COVID-19 mortality in the country. Dew point data also
followed the same trend of temperature (Supplementary
Fig. S2). The amount of precipitation fluctuated throughout
the study period. Particularly, low precipitation was recorded
when the daily death rate was higher. Humidity is also an
important factor for respiratory diseases (Davis et al. 2016a,
2016b). Before the lockdown period, the humidity values
fluctuated around 88%, and after the lockdown period, the
value decreased to 80%. Thus, lower humidity correlates
with a high mortality rate. A few researchers have also con-
firmed that low humidity can increase respiratory infections
(Barreca 2012; Barreca and Shimshack 2012). Wind speed
values decreased after the closure period, but there was no
indication of clear positive relation to COVID-19 deaths.

The correlation coefficients between COVID-19 vari-
ables and meteorological parameters show that temperature
was positively correlated with total cases, active cases, total
deaths, and total recovery (Supplementary Table S1). Hence,
the temperature is one of the main meteorological factors
governing the pandemic spread in Malaysia. Humidity was
negatively correlated with total cases, active cases, total
deaths, and total recovery. The correlation output reveals
that lesser humidity favors COVID-19 mortality cases after
the lockdown period. Principal component analysis shows
that a total of 3 factors were extracted based on eigenvalues
(Supplementary Table S2). Factor 1 shows positive load-
ings of total cases, active cases, total deaths, daily deaths,
total recovery, and temperature. It is clearly indicated that
temperature controls most of the COVID-19 variables (Chen
et al. 2020). Humidity was negatively loaded with COVID-
19 variables, which shows humidity also plays an important
role in COVID-19 spread. There was no significant repre-
sentation of the loadings in factors 2 and 3.

Singapore

The first case of COVID-19 was recorded on 23/01/2020 in
Singapore. A total of 3 trends were observed from the total
cases from 15 to 28 February 2020; the total cases were
slowly increasing within the range of 72 to 98 (Supplemen-
tary Fig. S1); subsequently, there was a gradual increase (the
second trend) observed from 29/02/2020 to 31/03/2020, and
the values were ranging from 102 to 926, and later, there was
an increase observed from 1000 to 6588 total cases during
the period from 01/04/2020 to 19/4/2020. The public move-
ment was restricted from 07/04/2020. There was a sharp
increase in the number of infected cases from 06/03/2020,
and the numbers gradually increased until 18/04/2020. It is
interesting to note that the numbers increased exponentially
after the lockdown period. There was a sharp increasing
trend of total recovery cases from 15/02/2020 to 21/02/2020,
and the number gradually increased until 19/04/2020. It is
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observed that the recovery numbers have not significantly
increased after the lockdown period.

The temporal changes of COVID-19 daily mortality
cases and the meteorological factors such as temperature,
relative humidity, wind speed, dew point, and precipitation
were studied. The number of daily mortality increased from
02/04/2020 (Supplementary Fig. S2). The temperature was
stable around 81°F from 15/02/2020 to 30/03/2020 (before
lockdown period), and a sharp increasing trend of 85°F was
observed during the period with high mortality. It indicates
that the increase in temperature matches with the mortality
rate. The changes in temperature can enhance respiratory
problems (Sharafkhani et al. 2019). Dew point data also fol-
low the same trend of temperature. It was clearly observed
that there was a decrease in humidity during the mortality
period, which shows that low humidity matches with the
daily death cases (Barreca and Shimshack 2012), stimulating
respiration diseases. It is also interesting to observe that the
high precipitation and wind speed values correlated with the
daily death periods. Overall, the wind speed shows a declin-
ing trend from February to April, particularly a significant
drop during COVID-19 mortality periods.

The correlation between COVID-19 cases and meteoro-
logical parameters shows that temperature has a positive cor-
relation with total cases, daily new cases, active cases, total
deaths, and total recovery (Supplementary Table S1). Simi-
larly, wind speed has a good correlation with total cases,
daily new cases, active cases, total deaths, and total recovery.
Humidity and precipitation show a negative correlation with
all the COVID-19 variables except daily deaths. So, tem-
perature and humidity are the main meteorological factors
considered to increase the total cases. There is a lesser influ-
ence on precipitation and wind speed. A total of 3 factors
were extracted by PCA analysis (Supplementary Table S2);
factor 1 is positively loaded with total cases, daily new cases,
active cases, total deaths, total recovery, temperature, and
wind speed (Wu et al. 2020). Hence, it is conclusive that
temperature and wind speed control the total COVID-19
cases. Factors 2 and 3 do not show any significant loading
with most of the variables.

India

An increase of temperature from 80°F to a maximum of
about 100°F during the study period was observed. There
has been a decrease in humidity observed during this
period, especially after the lockdown (24/03/2020). The
period of decrease in humidity shows an increasing pattern
of daily death cases due to COVID-19 (Supplementary
Fig. S1). The increase of precipitation peaks is observed
during the drop in daily death cases. Cases of COVID-19
in India were reported at the end of January 2020 (Bag-
yaraj et al. 2020). The acceleration began after the first
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week of March 2020. There was a steady rate of increase
in total affected cases and those recovered since the sec-
ond week of March 2020. The mortality rate exponentially
increased after 30/03/2020.

In India, a significant correlation existed between tem-
perature and total cases, daily new cases, active cases, total
death, daily death, and total recovery. Temperature influ-
ences the pandemic spread and mortality rate (Supplemen-
tary Fig. S2). Abrupt changes in temperature can add to the
strain of the cardiac and respiratory system triggering car-
diopulmonary events, as rapid variability in daily tempera-
ture can contribute to environmental stress (Easterling et al.
1997, Sharafkhani et al. 2019). Good correlation exhibits
between precipitation and dew point; humidity with dew
point and precipitation (Supplementary Table S1). A nega-
tive correlation was observed between humidity and daily
new cases, temperature, along with daily death. The PCA
analysis extracts two major components, of which the first
component was represented by the COVID-19 variable along
with temperature and moderate positive loadings of dew
point (Supplementary Table S2). Moderate negative load-
ing of humidity in the first component (Ma et al. 2020) was
also observed. The second component does not represent the
COVID-19 variables.

Kuwait

Kuwait showed a substantial increase in total cases after
05/04/2020 and death cases after 14/04/2020. There is an
increase in the temperature from 60 to 85°F during the study
period (01/02/2020 to 25/04/2020) (Supplementary Fig. S1).
The fluctuation of humidity has influenced temperature.
Though there is no significant amount of precipitation in the
country, a 4.5 mm of rain event was observed on 15/04/2020,
followed by an increase in the amount of mortality and the
number of people infected (Supplementary Fig. S2). But
still, there has been a period of increase in temperature and
lesser humidity from 13/03/2020 to 15/04/2020 which might
have favored the pandemic spread after 15/04/2020.

The correlation analysis of the meteorological parameters
to the COVIDI19 variables reflects that the temperature has
a good correlation with total cases, daily new cases, active
cases, and even total recovery (Supplementary Table S1).
A poor negative relationship of wind and humidity was
noted with the COVID-19 variables. The rotated component
matrix with these variables extracted three factors, and the
significant first-factor loadings were represented by tempera-
ture (the only meteorological parameter) associated with the
pandemic propagation (Supplementary Table S2). It can be
inferred that temperature variations in Kuwait influenced
the spread during the study period in association with less
humidity and rainfall events (Baumgartner et al. 2012).

Italy

Initial observation in Italy shows that there has been a lapse
time of 38 days since the initial case and the lockdown
period. There was a steep increase in the total number of
new cases and mortality till 27/03/2020. Subsequently, the
slope became gentle and decreased further from 29/03/2020.
There has been an exponential increase in the total recovery
after 21/03/2020 (Supplementary Fig. S1). The tempera-
ture was observed to be around 50°F from 15/02/2020 to
10/03/2020; since then, there has been a sudden fluctuation
in temperature observed which finally rose after 05/04/2020.
The maximum temperature observed during the study period
was noted at the end of April 2020. Respiratory disorders are
less common during the warmer period (Zhang et al. 2014).
The persistence of extreme acute respiratory syndrome coro-
navirus (SARS-COV) was a reflection of temperature and
humidity variation in the atmosphere (Lisa et al. 2010). The
duration from 09/03/2020 to 05/04/2020 showed a drastic
increase in mortality and total infected case (Supplemen-
tary Fig. S2). The daily mortality matched perfectly with
the variation in humidity and fluctuation in temperature. It
was noted that prior to the increase in death rate, there has
been an increase in wind speed and precipitation. Hence, this
trend reveals the influence of meteorological parameters in
COVID-19 spread.

The dew point factor also has a correlation to the total
recovery; humidity shows a negative correlation to COVID-
19 variables. It is also inferred that the temperature and the
wind speed have a negative relationship (Supplementary
Table S1). Thus the increase of wind speed decreases the
temperature which in turn influences the COVID-19 vari-
able (Oliveiros et al. 2020). The rotated components of the
factor analysis (Supplementary Table S2) has extracted four
factors, and it shows that the first factor is loaded with tem-
perature and total case, active case, total death, and total
recovery, similar to other countries which inferred that the
humidity and wind speed as a negative representation to the
COVID-19 variables.

Spain

The COVID-19 outbreak may be affected by several param-
eters, including social and political factors, geographic fac-
tors, and climate factors (Wu et al. 2020). The temperature
and dew point show a similar trend. Likewise, the trend of
the precipitation and wind speed shows similar observations.
The temperature, humidity, precipitation, wind speed, and
dew point of meteorological parameters may cause environ-
mental stability or affect the viability of viruses. A fluctua-
tion in humidity, temperature, dew point, and precipitation
was observed during the study period. The highest humid-
ity (88.92) was recorded on 31/03/2020 (Supplementary
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Fig. S1). There was a steady increase in the total death cases
from 14/02/2020 to 01/04/2020; subsequently, there was a
drop in daily death cases due to COVID-19. In general, the
peak of death cases was observed during the period of lesser
temperature and higher humidity. It is also observed that
there is a slight decrease in death cases, followed by pre-
cipitation events after 20/03/2020. Temperatures were also
observed to have an impact on pandemic transmission (Sup-
plementary Fig. S2). In particular, the variations in tempera-
ture and humidity are important factors affecting COVID-19
mortality (Ma et al. 2020).

Temperature shows a significant correlation with total
recovery, total death, and total cases. A good correlation
was observed between temperature, dew point, total death,
and total cases (Supplementary Table S1). Three factors
were extracted by PCA analysis. Factor 1 was loaded with
COVID-19 variables, temperature, total recovery, total
death, total cases, and dew point (Supplementary Table S2).
Factor 2 was represented by daily death and daily new cases
with a negative relation to temperature and dew point.

France

There were very few cases reported till the end of Febru-
ary. An increasing trend was observed gradually, and the
number of new cases started to increase to thousands by
16/03/2020. Although the number of cases was increas-
ing, the recovery was not significant until 16/03/2020.
Then, the lockdown was functional from 17/03/2020 with
a coincidence of recovery cases. It was observed that from
11/04/2020 to 21/04/2020, the daily new cases reported
were stable, and further reduction has been observed after
21/04/2020 (Supplementary Fig. S1). The highest num-
ber of deaths was observed on 15/04/2020, with the total
count as 1438, and then the decreasing trend continued. To
understand the cause for the rise in the number of cases and
reduction, a correlation was made with the environmental
factors such as temperature, dew point, precipitation, humid-
ity, and wind speed with respect to the daily new cases and
deaths (Supplementary Fig. S2). It was noticed that from
04/04/2020, higher temperatures were observed; concur-
rently, the number of positive cases dropped from 17,355
to 6559 and slowly stabilized. The influence of temperature
played a vital role in the decrease in the number of news
cases observed, and the death rate has gradually dropped.
Higher humidity was evident to influence the pandemic
spread. The ideal humidity should be around 40-60%, as
respiratory disorders are minimized at 40-60% humidity
(Anthony et al. 1986). Initially, during the study period, the
humidity was high even though there were not many cases.
But when the cases increased, it was observed that the high-
est number of cases was recorded at 17,355 as the humidity
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was 70%. Subsequently, as the humidity started decreasing,
the number of cases also decreased.

A good correlation was observed between the tempera-
ture and the active cases as well as total cases (Supplemen-
tary Table S1). A similar observation was identified with
the deaths and recovered cases. Hence, higher tempera-
tures would reduce the spread of COVID-19 and have more
chances for recovery. Since the dew point, precipitation, and
humidity have a good correlation, these three factors which
are interrelated would definitely play a role in the pandemic
spread (Ficetola and Rubolini 2020). The rotated component
matrix (Supplementary Table S2) of the whole data indicates
that temperature, dew point, and precipitation along with
COVID-19 variables are represented in the first component
except daily new cases. The second component signifies dew
point, humidity, and precipitation, reflecting a negative influ-
ence on mortality and new cases.

Germany

Germany recorded the first case of COVID-19 on
27/01/2020. The actual rise in the cases started from March
and increased exponentially by 22/03/2020 (Supplemen-
tary Fig. S1). Although the lockdown was functional from
23/03/2020, the number was higher due to other environmen-
tal factors. There was no influence of precipitation on the
COVID-19 cases in Germany. Temperature and dew point
have a relation with the number of total cases. An increase
in temperature has decreased the number of new cases. Dew
point is one of the most important factors that has influenced
the COVID spread in Germany. Low dew point at a particu-
lar period (22/03/2020 to 02/04/2020) was identified as the
number of cases has increased and also showed a good cor-
relation in the statistical analysis. As the dew point increased
slowly, the gradual decrease was observed from 03/04/2020
(Supplementary Fig. S2). Subsequently, it was observed that
low temperatures were also recorded during the same period
which could have accelerated the spread of COVID-19 and
increased the number of cases. The total number of cases
decreased with the increase in dew point, and the number of
recovered cases increased with higher dew point. The daily
death cases decreased during the increase in temperature
and dew point, especially from 15th March. The humidity
did not play any role although observed higher during initial
days, but there is a decrease in humidity from 15/03/2020 to
10/04/2020, which coincided with the peak of daily deaths
in the country.

There was a positive correlation between temperature,
dew point, death cases, and total cases (Supplementary
Table S1). Dew point correlated with most of the COVID-
19 variables in the country. Humidity has a moderate posi-
tive correlation to total cases, and wind speed has a negative
correlation to the total cases (Ji et al. 2020). The rotated
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component matrix of the data reveals the loadings of tem-
perature and dew point along with COVID-19 variables in
the first component (Supplementary Table S2). The second
component was loaded with dew point and humidity with a
negative representation of wind speed, reflecting their influ-
ence on daily death cases. It is thus inferred that the first
component influences the total cases or the transmissibility
of the pandemic and the second reflects the influence on
death cases.

United Kingdom

The number of COVID-19 cases increased at a constant rate
until the end of February and then began to spread expo-
nentially. Daily new cases have increased drastically from
the end of February. Daily mortality also progressively
increased from 13 March to 25 April 2020 (Supplementary
Fig. S1). Total cases recovered were constant during the
months of March and April (135 to 344), and no signifi-
cant number of recovered cases were reported until the end
of the study period. On 20 March 2020, the government
announced the lockdown across the country to prevent the
further spread of the COVID-19 pandemic. Meteorologi-
cal factors can play a vital role in daily deaths. The pattern
of total death cases from 28th February onwards perfectly
matches with the fluctuation trend of humidity. Humidity
has been a significant factor in influencing the daily deaths
from the end of February to April. Though there was a drop
in humidity after the lockdown, there has been a fluctua-
tion in the average values corresponding to the variation in
temperature and precipitation (Supplementary Fig. S2).
The rapid increase in temperature and dew point in April
2020 has randomly increased the number of death cases. It
is also observed that few periods with higher wind speed has
resulted in the decrease of daily death cases.

There was a good correlation between temperature, active
cases, and daily deaths (Supplementary Table S1). Similarly,
a good correlation was found between dew point and daily
deaths, active cases, and total deaths (Wang et al. 2020).
Although three factors were extracted from the current
data, the first factor was represented by temperature and all
COVID-19 variables, reflecting the influence of temperature
on the spread of the pandemic (Supplementary Table S2).
The second factor had the negative representation of wind
speed and positive loadings of dew and temperature, which
resulted in an increase or decrease of daily new cases and
daily deaths.

United States of America
The instances of COVID-19 were reported in the USA

from the last week of January. However, the number of
COVID-19 cases had increased at a constant rate until the

end of February, and subsequently, it exploded exponentially
(Supplementary Fig. S1). Daily new cases, daily death, and
recovery rates also increased gradually from the first week
of March (04 March to 14 April). The meteorological fac-
tors may have a vital role in daily deaths (Supplementary
Fig. S2). The gradual increase in temperature and precipita-
tion in April 2020 has randomly augmented the number of
death cases. Low humidity is also an environmental impact
of the COVID-19 outbreak. At the same time, it can be per-
ceived that other factors like dew point showed no impact
on daily death. The increase in wind speed shows a negative
trend in daily death, and the daily death cases were observed
to be reduced after a few significant rain events during April
13, 15, 22, and 25.

A good correlation was observed between temperature
with total recovered cases, and humidity showed a nega-
tive correlation with total cases, active cases, and daily
deaths (Supplementary Table S1). A moderate correlation
was observed between the total cases, daily cases, active
cases, and total and daily deaths and the humidity with total
deaths and recovered cases. The rotated component matrix
of the PCA shows the positive loadings of temperature and
all COVID-19 variables with negative loading of humidity
(Supplementary Table. S2). The lung function generally in a
colder environment differs from that of the warmer environ-
ment (Joseph et al. 2018) which could have been a governing
factor for the distribution of COVID-19 in colder regions.
The second component is represented by the positive loading
of dew, temperature, and humidity with negative loading of
wind speed, reflecting a weak relation to daily death.

Discussion

The details of lockdown periods implemented in respective
countries, population density, total COVID-19 cases, and
the maximum, minimum, and average of the meteorological
parameters are depicted in Table 1. Significant influence of
population density (PD) was not observed with mortality
in Wales, England (Chowell et al. 2010), and New Zealand
(Haidari et al. 2007) during the spread of the 1918 Influ-
enza pandemic. But studies by Linder and Grove (1947)
on the mortality with respect to 1940 pneumonia spread in
the USA shows a good correlation with population density.
The discussion with respect to population density was not
appropriate when there is a non-uniform distribution of
population. Since the fear of spread is generally governed
by the population density, an attempt has also been made
to know the influence of the population density on the pan-
demic. Among the countries considered for the study, the
highest population density (http://creativecommons.org/
licenses/by/3.0/igo/) was observed in Singapore (8357.6),
followed by South Korea (527.3) and India (464.1), and
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the lowest is USA (36.2). The pandemic affected more in
the USA, followed by Spain, Italy, and France, exhibiting
regions with lesser population density. The spread was
noted in China from November 2019 and in other coun-
tries in February 2020. Hence, the period of study in China
was from 17/11/2019 to 1/2/2020 and for other countries
from 1/2/2020 to 25/4/2020. There were two definite trends
observed with respect to the population density: one with
a positive trend in the countries Malaysia, Kuwait, South
Korea, India, and Singapore (increases the infection rate
with increase in population density) and a negative trend
in the countries Italy, Germany, Spain, France, the UK, and
the USA. The approaches relating to pandemic or epidemic
disease with respect to population density have still been
inconclusive due to the variation in the spatial interval of PD
and the immunity of the population. Mathematical models
have been adopted to determine the threshold considering
the assumptions (Hu et al. 2013, Kumberger et al. 2016), but
the current study reveals that the PD also has an influence
on the pandemic. Although a negative trend with respect to
the USA, the UK, and the European countries was consid-
ered, it should be understood that the downscaling of PD
with respect to specific pandemic cities of the country will
reflect a more precise scenario (Fig. 2). The distribution of
PD is the most important factor in dispersal. The relationship
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between PD and pandemic spread (total number of cases)
shows a different trend in the Asian countries studied (Hu
et al. 2013).

The pandemic has led to focus on several dimensions:
The time period between the initial case identified and the
implementation of movement restriction (lockdown) plays
another significant role (Table 2). The detection and preven-
tion of the pandemic at the initial stages would avoid the
Allee effect. The time-lapse between the first reported case
in the country and the movement-restricted period (lock-
down) also governs the transmissibility of COVID-19. The
Asian countries show that (Fig. 2) there is a direct relation-
ship between these two factors. Although the time-lapse in
the countries of Europe, the UK, and the USA are similar to
that of the Asian countries, they do not show a direct rela-
tionship, thus revealing the influence of additional factors
in the pandemic spread in these regions (Gupta et al. 2020).

The average temperature of each country during the pan-
demic period shows a clear demarcation between the Asian
countries and the countries of Europe, the USA, and the UK,
except for China and South Korea (Fig. 2). The distribution
shows two different clusters: one with lower and other with
higher temperature regions; but it is interesting to note that
the increase of temperature has resulted in the increase of
spread. The influence of COVID-19 in humid and warmer
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Fig.2 Impact of time-lapsed period (a), average temperature (b), average humidity (c), and average precipitation (d) to the total infected cases in

different countries
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conditions was reported to spread at a lower rate though
it depends on other parameters like population density and
social distancing. The viral respiratory outbreak is more
common in cooler climates (Chew et al. 1998). The fine
droplets of submicron 100—-1000 nm sizes and contagious
aerosols have also resulted in the spread of respiratory disor-
der (Lindsley et al. 2013; Yan et al. 2020; Hicks et al. 2018).

Similar to temperature, average humidity values also
show a negative trend. An increase in humidity decreases
the spread of infection in Asian countries; although humidity
is higher in Europe, the UK, and the USA, there is no signifi-
cant effect of this parameter (Fig. 2). Variation in humidity
leads to the spread of COVID-19 (Liu et al. 2020), as res-
piratory illnesses generally increase during winter and cold
climatic conditions (Shaman and Kohn 2009, Shaman et al.
2011). The previous studies on COVID-19 show that trans-
mission is favored by low humidity and low temperatures,
which could change with higher air temperatures (Liu et al.
2020). Average precipitation shows a negative influence on
the transmissibility of the pandemic, as a higher amount
of precipitation was observed in South Korea and Malay-
sia relatively than other countries during the study period
(Fig. 2). Kuwait is an arid region and shows lesser precipi-
tation during this period, and it is a time of transition from
cooler to warmer summer (Liu et al. 2020). The countries
of Europe, the UK, and the USA reflect higher pandemic
spread with lesser precipitation. The increase in the amount
of precipitation decreases the spread of respiratory disorder
(de Souza et al 2012). Modeling of the climatic factors on
the transmissibility and mortality of COVID-19 reflects that
it is inversely related to temperature to the total cases and
precipitation as a significant factor (Sobral et al. 2020).

The major concern about the COVID-19 spread is the
total infected, daily death, and total recovery, as the other
factors like total active cases and total deaths are interde-
pendent on these factors. An inference was derived from the
study relating the meteorological parameters to these three
COVID-19 variables with respect to the selected countries.
There are still regions with specific variations influenc-
ing the spread by lesser humidity in Singapore, Malaysia,
India, and the USA, but increase with humidity in Korea.
The propagation of the COVID-19 spread is faster when
compared to the normal seasonal flu. Earlier SAR-COV
proved that temperature and humidity are the basic factors
to determine the persistence of the virus. It is also observed
that an increase in wind speed and decrease of precipitation
in Singapore promote the pandemic spread. An increase in
dew point in general increases the spread in China, India,
Spain, and France.

The daily morality was governed by the temperature in
South Korea and Kuwait. In India, it was governed by a
decrease in humidity and an increase in temperature. Spain
and France showed that the daily death case was governed

by a decrease in humidity and precipitation. In Germany, an
increase in humidity and dew point along with a decrease in
wind speed controlled the daily morality. An increase in tem-
perature and dew point along with a decrease in wind speed
governs the daily death in the UK. The mortality trend in
the USA shows that the decrease of dew point and humidity
along with the increase of temperature governs morality. No
definite relation could be generalized for China, Singapore,
Malaysia, and Italy with respect to daily morality (Liu et al.
2020).

The total recovery was reflected to be increased at high
temperatures, irrespective of the geographical location. The
recovery was also facilitated by the increase of dew points
in Kuwait, Spain, France, and Germany. The decrease of
precipitation and increase of wind speed apart from tempera-
ture has added to the recovery rate in Singapore. It is also
observed that the decrease in humidity and the increase in
precipitation facilitate the total recovery in Malaysia and the
USA, respectively, along with an increase in temperature.

The matrix of meteorological parameters to COVID-19
variables shows that temperature and humidity are the major
variables governing the pandemic spread. It was inferred
that the earlier SARS-COV virus existed in a temperature
ranging from 71.6 to 77°F and a humidity condition rang-
ing from 40 to 50%. Studies reported that the virus could
not sustain with temperatures greater than 95°F and humid-
ity above 95% (Chan et al. 2013). The trend of average
temperature and humidity for the countries measured dur-
ing the study period shows that the greater influence was
observed in countries falling between 65 and 75% humidity
and 45-55°F, especially in countries with 51-53°F (Fig. 2).
But, South Korea was reported to be less affected by the pan-
demic and observed to fall in this region. Therefore, a cross-
plot between temperature and precipitation showed (Supple-
mentary Fig. S3) that South Korea had a higher amount of
precipitation than the other countries with temperatures less
than 55°F. Hence, there is a clear demarcation that tempera-
ture greater than 65°F and precipitation above 5 mm would
have a negative impact on the COVID-19 spread (Mecenas
et al. 2020). Significant variation with respect to tempera-
ture, humidity, and precipitation was observed between the
Asian and western countries.

The study also extended the variation in the spatial
distribution of temperature and humidity with respect
to the countries considered in this study. In this regard,
temperature and precipitation data were collected for 140
locations evenly distributed throughout the world (https://
power.larc.nasa.gov), and data were extracted for the fol-
lowing dates: 15/02/2020, 15/03/2020, 15/04/2020, and
25/04/2020. The data collected for these regions were spa-
tially plotted in the world map for four different time peri-
ods. The spatial distribution maps of these time periods for
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temperature and humidity was compared to the pandemic
spread in the countries through time series (TS) analysis.

There is an increased number of cases during the study
period (15/02/2020 to 25/04/2020). The time series obser-
vation on spatial temperature distribution reflects that the
northern hemisphere had a temperature of < 51-69°F on
15 March 2020 which migrated northwards till 25 April
2020 (Fig. 3). After 25 April 2020, most of the European
countries were represented by temperature > 69°F, but few
hotspots with temperature < 51°F were still observed in
northern Europe, England, the USA, and Russia. While the
equatorial regions experienced temperature > 69°F during
March, and it further increased during April. Studies have
reported survival of COVID-19 on surfaces materials for
a period ranging from 5 to 28 days (Kampf et al. 2020)
in temperature around 68°F and proved that ora/naso
pharyngeal portions are most affected when the tempera-
ture was above 60°F (Grasmeijer et al. 2015) especially
at higher humid conditions (Golshahi et al. 2014). Most
of the southern hemisphere and the equatorial region had
a humidity < 65% during 15 March 2020. The humidity
hotspots > 85% were observed in northern Europe, China,
and the USA. This hotspot intensified during the subse-
quent periods (15 March and 15 April 2020), followed by
areduction in humidity after 25th April 2020. It should be
noted that few hotspots persisted around the USA, Malay-
sia, and Singapore and that there was a decrease in the
spatial representation of lesser humidity values near the
equatorial region, which favored the pandemic spread in
these regions (Fig. 4).

Legend
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I >200000

I 160000 - 200000
1 85000 - 160000
] 15000 - 85000 -
[ 6000 - 15000

] <6000
[] No data

I Mean Humidity
[ Mean Temperature
I Mean Precipitation

All the European countries considered for the study along
with the USA and the UK fall within 60°F with greater
humidity during the period of study could be an important
driving force for the pandemic spread. An increase in tem-
perature pattern and the reduction of humidity would help in
curtailing the pandemic spread. The impact of an increase in
optimum humidity > 65% was observed in Asian countries
on 25 April 2020, which could enhance the pandemic spread
in these regions apart from social distancing. The transmit-
tance of the virus is also facilitated by the wind pattern pre-
vailing in the region, as it shows a positive relationship in
Singapore.

The studies revealed the humidity and temperature
effects on respiratory disorders (Sarangapani and Wex-
ler 1996; Xi et al. 2015; Alexander 2019). The situation
becomes more complex when the indoor temperature is
maintained at a variation greater than 5°C than the external
environment (D" Amato et al. 2018: Vitkina et al. 2019).
The regions with higher humidity and lower temperature
play an important role in the spread of the pandemic.
There is an increase of total cases with respect to time,
and the regions with higher cases were favored by tem-
perature and humidity. Furthermore, the meteorological
variables control the density of air and the distribution
of O, and CO, in the atmosphere (Bu et al. 2020). The
temperature and humidity control the variation of CO, and
O, in the atmosphere. During summer, biologically, more
O, is evolved and it is favored by higher temperature and
lesser solubility. The abiotic and biotic variable of sea-
sonality variation promotes O, in the atmosphere during

Fig.3 Spatial variation of temperature, humidity, precipitation, and total infected cases for the selected countries studied
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Fig.4 Spatial distribution of
temperature and humidity in
relation to pandemic spread
across the affected countries
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summer. Latitudinal variation in the distribution of oxy-
gen is also observed with respect to season (Keeling et al.
1998; Keeling and Shertz 1992; Manning et al. 2003). O,
in the atmosphere is also influenced by two factors, namely
O; and UV (Olson et al. 2018). Although a conclusive
interaction of these parameters is not observed, a general
observation by Kasting and Donahue (2012) shows that O,
is also responsible for the oxygen-depleted atmosphere.
It is clear and evident that there has been a transforma-
tion and process of mutation reported from samples col-
lected globally (Korber et al. 2020). Subsequently, the
mutant forms show variation during the months of March
and April. D614G mutation hints that the samples prior to
March 1 were characteristically represented by the D614
form and there was a slow transition indicating the pre-
dominance of G614 during the 15th of March. The early
pandemic spread in Europe was initiated by D614; later,
G614 was represented in the samples from March, and it
subsequently dominated in the first week of April. Similarly,
samples from Asian countries also showed the same trend,;
prior to mid-March was dominated by D614 and later by
G614. A few mutant forms like S943P was reported on the

13th of April in Belgium, A831V and D839/Y/N/E during
April in Europe.

These transformations comply with the period of meteor-
ological changes with respect to temperature, humidity, and
precipitation. Prior to March 15, the northern hemisphere
was predominantly < 40°F temperature and the western
countries have humidity > 65% and > 85% in a few locations
with no significant rain events. Subsequently, after March
15, there was an increase in temperature of the Northern
hemisphere with drastic variation in humidity. Temperature
plays a key role in the state of the human immune system
(Guo et al. 2011, 2016; Loh et al. 2013). The sudden vari-
ation in the rapid increase in respiratory mortality is due to
an abrupt large variation in temperature (Zhan et al. 2017).
Hence, on this baseline, the frequent unstable meteorologi-
cal conditions act as a supplementary factor for the CoV-2
spread.

The mutant form of G614 was observed to dominate
D614 in different time periods and meteorological condi-
tions: During March 1-10, it was observed to dominate in
China, Italy, and France; during 11-20 March in the USA,
Germany, Spain, and Kuwait; later during March 21-31 in
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the UK; and April 1-10 in Singapore (Korber et al. 2020).
The data of the remaining countries like India and Malay-
sia was not accessible, whereas South Korea had reported
only one variant (D614) prior to March. The time series
variation of the temperature, humidity, and precipitation was
compared in relation to the mutation forms (Supplementary
Fig. S4). The values of these meteorological parameters
observed during the predominance of G614 in various coun-
tries (Table 3) show that a temperature range of 43°F to 54°F
and a humidity of 67-75% along with precipitation 2—4 mm
was inferred to be optimum for the transition of this mutant
form from D614 to G614. However, the optimum ranges var-
ied at extreme weather conditions in countries like Kuwait
(high temperature and low humidity), Singapore (high tem-
perature and high humidity), and France (higher humidity
and precipitation) during the study period.

The regional variations in meteorological parameters
could have resulted in L8V/W in Hong Kong, H49Y in
China, and recombination form of S943P in Belgium
(Rehman et al. 2020). An 81 nucleotide deletion in ORF7a
of CoV-2 was identified (Holland et al. 2020), leading to
the inference that the virus may become weak and finally
extinct. Irrespective of the changes in these facts, the
changes in the mutant forms of CoV-2 were inferred to be
chiefly influenced by global or local meteorological param-
eters apart from other factors. Attempts have also been
made to understand mortality due to COVID-19 by com-
paring premorbid conditions in relation to smoking habits
with meteorological parameters. WHO report (2017) shows

that among the countries considered for this study, western
nations including China had more smokers. An overlay of
meteorological parameters (temperature and humidity) with
the mortality rate of smokers shows that mortality in west-
ern countries was favored by lower temperatures and higher
humidity (Fig. 5).

We strongly emphasize the importance of proper quaran-
tine measures in spite of hot, humid regions where incidence
rates appear to be lower to effectively reduce COVID-19
phase 1 transmission and protect society from the result-
ing risks. Hot weather alone may not control the spread
of COVID-19. Even in hot and humid countries, if proper
safety measures are not followed, COVID-19-positive cases
continue to increase. In addition to weather, there are other
factors that may play a role in the number of affected cases
in a region, including population density, health policies,
political and social structures, quality of healthcare, health
care interventions, and global connectivity. Future studies
could incorporate these factors and use an epidemiologi-
cal, statistical model to understand the relationship between
weather and COVID-19 transmission.

Conclusion

The study has attempted to understand the influence of
meteorological parameters on the COVID-19 variables in
the selected countries. Though the initiation of the pan-
demic varies in each country, the interval between the first

Table 3 Meteorological

-~ . March 1-10 March March 20-30 April 1-10

conditions during the 11-20

predominance of G614 mutant I R

form in different countries China Italy France USA Spain Germany Kuwait UK Singapore
Temperature (°F) 47 50.5 46 52 54 47.9 70 433 84.9
Humidity (%) 67.8 72,6 82 69 75 75 45.7 69.6 72.3
Precipitation (mm) 3.3 34 55 279 33 33 0.05 0.15 2.27
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case and the movement restriction period has played a sig-
nificant role in the spread. There has been an increase of
the total cases in the Asian countries with the increase of
the lapse time, and relatively no significant variation was
observed in the western countries. The pandemic spread
has not reflected any positive relation to population den-
sity in the western countries though the cases increased
with density in Asian countries. It could be more general-
ized that the pandemic spread in the Asian countries are
more influenced by the decrease in humidity though an
increase of temperature played a key role irrespective of
the geographical distribution; still, the interplay of mul-
tiple factors was more observed in the Asian countries.
The daily death cases are more influenced by a decrease
in humidity, precipitation, and wind in the European coun-
tries, the UK, and the USA. Hence, the complex interplay
of the meteorological factors in the western countries
was observed to influence daily mortality. The pandemic
spread increased with an increase in temperature and a
decrease in precipitation in all the countries. Though
there was no significant precipitation observed in the
study period in all the countries, the time series analy-
sis shows the impact of this meteorological parameter on
the daily death cases. The study has also concluded that
the pandemic spread is more favored when temperature
ranged from 45 to 55°F, humidity from 65 to 75%, and
low precipitation conditions. It is also inferred that though
South Korea has a favorable temperature and humidity
toward the COVID-19 spread but the amount of precipita-
tion has aided a decrease in the number of infected cases.
The global spatial variation in temperature and humidity
reveals that the countries reported with more infections of
COVID-19 were represented in the regions with increased
humidity and lesser temperature. The trend of variation of
these two parameters during the study period has helped in
the persistence of the virus globally. It is also postulated
that the availability of oxygen was lesser in cold/winter
regions, especially with respect to the latitudes, which has
enhanced the impact of COVID-19 in western countries.
Predominant mutant forms of CoV-2 and their transforma-
tion showed a clear relationship with the meteorological
changes in Asian and European countries. Temperature
range of 43-54°F and a humidity of 67-75% along with
precipitation of 2—4 mm were inferred to be optimum for
the transition of this mutant form from D614 to G614.
More data on UV radiation, O5 levels, and CO, and O,
concentration in the atmosphere would reveal a clearer
picture of the pandemic spread. Hence, it is concluded
from the study that higher temperatures, optimum humid-
ity, and less precipitation serve as major meteorological
factors governing the pandemic spread apart from social
distancing and immune response of the community. Pub-
lic isolation measures, herd immunity, migration patterns,

population density, and cultural aspects may have a direct
influence on the spread of this disease. Therefore, knowl-
edge of weather conditions in the context of public health
policy is of great value to humanity at this critical time.
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