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In December 2019, a new COVID- 19 virus causing severe acute respiratory
syndrome emerged in Wuhan, Hubei Province, China, and spread rapidly to
other parts of China and other countries around the world, despite massive
government efforts to contain the disease. The purpose of this study is to
investigate the influence of temperature and population density on the
spread of the pandemic over time and geography. We used the Geographic
Information System to map confirmed cases, and Stata software to correlate
these cases with temperature over time and space. The countries of the
world affected during this period are located in temperate zones where the
temperature range from one region to another is significant in winter. Africa
is therefore ten times less exposed than Europe to the import of Covid-19
cases. An increase in temperature leads to a reduction in actual confirmed
cases and an increase in population density leads to an increase in
confirmed cases. Politicians need to make the right decisions and take
positive steps to combat this pandemic without slowing down efforts to
combat other communicable diseases such as malaria in Africa.
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A recent outbreak of severe respiratory illness has occurred
in Wuhan, China, making Wuhan as the central point of
global attention. Patients with pneumonia of unknown
etiology in Wuhan were first notified to WHO in China office
on 31 December 2019. At that time, the causative agent was
unknown. On 9th January, the Chinese Centers for Disease
Control and Prevention reported that a strain of
coronavirus (CoV) that is distantly associated with the
severe acute respiratory syndrome  (SARS)-CoV
monophyletic group might be the causative agent of the
2019 novel coronavirus disease (COVID-19). Later on, it
was established that a novel type of CoV caused the

outbreak and was named as SARS-CoV-2 (Huang et al,
2020; Bhattacharya et al., 2020).

Coronavirus 2019 (COVID-19) disease is a respiratory
disease that is spread primarily through contact with an
infected person when they cough or sneeze through
droplets of saliva or nasal secretions. When the disease can
spread so rapidly, information must flow even faster. This is
where map-based dashboards become essential.

Human to human transmission of SARS-CoV-2 has been
already reported by several scientists (Ralph et al., 2020;
Lai et al,, 2019; Riou and Althaus, 2020; Li et al., 2020).
Viruses can spread very fast, irrespective of the borders
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of the countries (Chan et al., 2011).

The pandemic status of COVID-19 caused by SARS CoV-2
has put the world in quarantine and is causing an
unprecedented economic crisis. However, COVID-19 is
spreading at different rates in different countries. Here we
have studied the influence of geoclimate on the spread of
the disease. According to Bruno in 2020, the global air
transport network could lead to the worst-case scenario of
a synchronous global pandemic if passenger screening
measures at international airports are not taken and
maintained during the pandemic. The potentially lower
growth rate of COVID-19 in tropical countries should be
taken with great caution, at the risk of disrupting a well-
established and effective policy of social isolation that could
help avoid higher mortality rates due to the collapse of
national health systems. This is the case of Brazil, a well-
connected tropical country with the second highest rate of
increase of COVID-19 and which could experience a serious
case of human-induced disasters if policy makers take into
consideration unsubstantiated claims that the growth rate
of COVID-19 may be lower in tropical countries.

The COVID-19 pandemic state caused by SARS CoV-2 has
put the world in quarantine and is causing an
unprecedented economic crisis. However, COVID-19 is
spreading at different rates in different countries. Here, we
tested the effect of three classes of predictors, namely
socio-economic, climatic and transportation, on the daily
rate of increase of COVID-19. We found that global
connections, represented by the importance of countries in
the global air transport network, are the main explanation
for the growth rate of COVID-19 in different countries.
Climate, geographic distance and socio-economic status did
not affect this global analysis. Geographic distance and
climate were important barriers in the past, but they have
been surpassed by the human engine that has allowed us to
colonize almost every corner of the Earth. Based on our
global analysis, the global air transportation network could
lead to the worst-case scenario of a synchronous global
pandemic if passenger screening measures at international
airports are not taken and maintained during this
pandemic. Despite all the limitations of a global analysis,
our results indicate that current claims that the growth rate
of COVID-19 may be lower in tropical countries must be
taken with great caution, at the risk of disrupting a well-
established and effective policy of social isolation that could
help avoid higher mortality rates due to the collapse of
national health systems.

According to the World Health Organization (2020), the
average number of people each contagious person infects is
about 1.4 - 2.5, which is higher than the seasonal influenza
viruses that spread around the world every year.

Although temperature and humidity are known to affect
the spread and survival of other coronaviruses (i.e. CoV-
SAR and CoV-MERS, Tan et al, 2005; Chan et al, 2011,
Doremalen et al., 2013; Gaunt et al., 2010), using current
CoV-SAR-2 case occurrences to construct correlative
models of climate suitability without taking into account
connectivity between different locations, geographical

distance and socio-economic conditions may be inadequate.

Many factors can influence the distribution of disease at
different spatial scales. Climate could affect the spread of
viruses as it affects many biogeographic characteristics,
including disease distribution and human behaviour (for
example, Murray et al, 2018). Geographical distance
represents the geographical space where the disease has
spread as a result of host distribution and has also been
found to explain biogeographical patterns (Poulin 2003;
Nekola and White 2004; Warren et al., 2014).

MATERIALS AND METHODS

A temperate zone, defined from a strictly geographical
point of view, includes the regions located between the
tropics (23°) and the polar circles (66°) as opposed to the
polar (glacial) and tropical (torrid) zones.

This part was approached according to the components
of the study, i.e. the direction of the monthly evolution of
the pandemic in the affected countries of the world, study
in time and space the spread of the pandemic according to
the temperate zone and the intertropical zone, then the
correlation that exists between the actual confirmed cases
and the average temperature of the affected countries.

We have not carried out a virology study. We collected
the number of people infected by COVID-19 per month
from John Hopkins (Dong et al., 2020) and World Health
Organization (WHO, 2020), the population density of each
country and collected some climatic parameters such as
temperature. These data are available for 173 countries. We
also performed the analysis considering countries with
more than 50 but this did not qualitatively change our
results. In addition, we performed the spatial distribution of
the number of cases per month using the ArcGis 10.4
mapping software. With these data, we wused the
classification method which allows us to classify numerical
fields for graduated symbology.

In our analysis, we used only the exponential part of the
time series data (i.e., the number of infected persons per
day) and excluded the days after the total number of cases
stabilized or decreased. We empirically modeled each time
series using an exponential growth model for each country
and calculated both the intrinsic growth rate (r) and the
regression coefficient of the log growth series to be used as
the response variable in our models. Since the two were
highly correlated (r of the individual = 0.97), we used only
the regression coefficient to represent the growth rate of
COVID-19 in our study.

To investigate potential correlations in the growth rate of
the virus, we downloaded climate and socio-economic data
from each country. We used climate data represented by
the monthly average of minimum and maximum
temperatures (C) and total precipitation (mm) from the
World Clim database (https://www.worldclim.org) (Harris
et al. 2014; Fick and Hijmans 2017). We used monthly data
for the most recent year available in World Clim. Climate
data for January, February, March and December were
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Figurel: Spatial distribution of confirmed cases of Covid 19 in 31 January 2020

extracted to represent the winter season in the northern
hemisphere and the summer season in the southern
hemisphere.

From these data, we calculated the mean value of the
climate variables in each country.

Finally, minimum and maximum temperatures were
combined to estimate the average monthly temperature for
December, January, February and March, which was used in
the model along with total precipitation for the same
months. However, the use of different combinations of
these variables (i.e. using means of minimum or maximum
temperatures, as well as the minimum or maximum for
each month) did not qualitatively affect our results.

We extracted socio-economic data for each country,
population size in 2015 were used in our study and
downloaded from the United Nations
(http://hdr.undp.org/en/data).

RESULTS

Spatial and temporal distribution of confirmed Covid
19 cases

In January and February, three continents are particularly
affected, notably Asia (China, Singapore) and Europe
(France, Italy). The countries affected worldwide during
this period are located in temperate zones whose thermal
amplitude from one region to another is significant in

winter, but decreases sharply in summer for most of them
but also in some parts of the intertropical environment
(Figure 1 and Figure 2). On the other hand, in March,
Covid-19 continues to wreak havoc worldwide, with
already more than 3000 deaths recorded in some countries
(Figure 3).

This distribution shows that almost all African mid-
temperate countries would have exceeded the 1,000
confirmed cases and African countries would have
exceeded 100 confirmed cases in March. From February to
March, while the balance of contaminations was only 0 to
20 affected countries on the whole African continent,
almost all the countries of the temperate environment are
entirely affected. Africa is therefore ten times less exposed
than Europe to the importation of Covid-19 cases, due to its
lower international trade. Descriptive, correlation and
regression analyses of the interaction between confirmed
cases of the disease, population density and temperature in
affected countries.

We can see a weak negative correlation (-0.18) between
the actual confirmed cases of covid19 and the temperature
in January. An increase in temperature leads to a reduction
in actual confirmed cases. With respect to population
density and actual confirmed cases, there is a weak positive
correlation. Thus an increase in density in Km2 leads to an
increase in confirmed cases (Table 1 and Table 2).

We have a statistically significant p-value, with a negative
regression coefficient of 0.48 of temperature on actual
confirmed cases. In other words, real confirmed cases
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Figure 2: Spatial distribution of confirmed cases of Covid 19 in 31 February 2020
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Figure 3: Spatial distribution of confirmed Covid 19 cases on 31 March 2020

increase by 1% of the temperature leads to a decrease of

DISCUSSION

0.48% of confirmed cases. While for population density the

p-value is above the efficiency threshold, so the regression

is not statistically significant (Table 3).

While Europe and the United States have exceeded one
million cases, the official number of contaminations

in



Table 1. Descriptive statistics of variables
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Mean Min Max
Confirmed real cases 3551.104 0 138242
Temperature (°C) 17.10332 -25.6 32.2
Density (inhabitants/Km?2) 0.0400295 0.000025 0.5585714
Table 2 Correlation between variables
Temperatures Density
Real Cas confirmed (°C) Inhabitants/Km?2
Confirmed real cases 1.0000
Temperature (°C) -0.1796 1.0000
Density en Km2 0.0590 0.0169 1.0000

Table 3. Regression of actual confirmed cases with temperature and population density

In Confirmedreal cases Coef. P>|t| [95% Conf. Interval]
InTemperature -0.480 0.046 (-0.952 -0.008)
InDensity

(inhabitants/Km?2) -0.097 0.415 (-0.332 0.138)

Africa in March is rising. In January and February, three
continents are particularly affected, notably Asia (China,
Singapore) Europe (France, Italy) and America.

In January and February, three continents are
particularly affected, notably Asia (China, Singapore),
Europe (France, Italy) and America.

This distribution shows that almost all African middle-
temperate countries would have exceeded the 1,000
confirmed cases and African countries would have
exceeded 100 confirmed cases in March. From February to
March, while the balance of contaminations was only 0 to
20 affected countries on the whole African continent,
almost all the countries of the temperate environment were
entirely affected. Africa is therefore ten times less exposed
than Europe to the importation of Covid-19 cases, due to its
lower international trade. Our results are in line with those
of Gilbert et al. (2020), Africa is ten times less exposed than
Europe to the importation of Covid-19 cases, due to its
lower international trade because of the virus which has
only one mode of transmission, human travel. Our results
are similar to those of Peter Jini, who showed that a
preliminary study suggested that latitude and temperature
could play a role, but when he repeated the study under
much more rigorous conditions, we obtained the opposite
result. Nevertheless, in their analyses they excluded data
from countries such as China, Italy, Iran and South Korea
because at the time of the study the virus was either
declining or at the peak of its evolution.

These results are consistent with the analysis of
University of Hong Kong pathologist John Nicholls, who
indicates that in cold environments, the coronavirus
COVID-2019 thrives better than in warm environments.
According to their results, the epidemic was greater in

countries where temperatures and humidity were lower,
such as Japan and Korea, as opposed to countries that were
warmer and more humid during this period, such as
Malaysia and Thailand. So the return of warm weather will
stop the spread of covid-19 because the virus seems to
survive better in cold, dry weather with less. At
temperatures below 20°C, it persists longer. Above 30°C, its
lifespan decreases sharply.

Conclusion

This study showed the heterogeneous and varied nature of
covid 19 cases worldwide. Viruses like SARS-CoV-2 know
country boundaries.To eradicate the geoclimatic spread of
Covid 19, additional and multidisciplinary interventions to
contain the pandemic should be prioritized.

Politicians need to make the right decisions and take
positive steps to combat this pandemic without slowing
down efforts to combat other communicable diseases such
as malaria in Africa.

It is highly desirable that the persistence of covid 19 does
not undermine the fight against other vector-borne
diseases and also that efforts against these diseases
progress and are successful.
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