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Abstract: Coronavirus spread through all the world in a short time. By
November 2020, approximately 46,5 million people infected and more than 1,2
million people died because of this disease. The main objective of this paper is
to answer the question that whether temperature has an effect on coronavirus
or not. For that purpose, we divided countries into 2 groups according to the
average temperatures to compare SARS-CoV-2 cases between the continents
which have the average temperature greater than 30◦C and less than 30◦C.

SARS-CoV-2 virus does not divided into subgroups in this paper. Only pos-
itive cases considered as a database. Data from 1 September 2020-27 October
2020 were obtained from WHO database.
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1. Introduction

A novel coronavirus (SARS-CoV-2) has started at the end of the December 2019
in Wuhan City, Hubei Province of China. Middle East Respiratory Syndrome
Coronavirus (MERS-CoV) and Severe Acute Respiratory Syndrome (SARS-
CoV) are two spaces of the coronavirus that belong to the Betacoronavirus
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genus that caused the SARS-CoV-2. These viruses can be spread from an
animal (like bird, swine, cattle, horses, cats, bats etc.) to a person as well
as it can be spread from person to person via coughs, sneezes, breathing, or
through contact with infected people (see [3], [4], [6], [7], [10], [11], [13], [15],
[16], [18]). Virus attacks to the respiratory system and has symptoms similar
with influenza, respiratory syncytial infection, etc. (see [23]).

After Wuhan City, the outbreak of the SARS-CoV-2 spreads through all
China in a short time and then other countries of the world such as Japan,
Thailand, Malaysia, Spain, Italy, France, Turkey, Austria, Dominican Republic
etc. The public transport and air travelling are the most potential way for the
spread of SARS-CoV-2 globally (see [9], [14]). Therefore, the airlines of the
most countries are closed in March 2020. The incubation period of the disease
depends on people as between 2-14 days (see [12], [20]).

By November 2020, more than 674,771,447 tests were made in the world
(see [10], [19]). According to WHO, 47,246,984 of people have been recorded
with cases of Covid-19 and 1,209,962 people died because of the disease. Till
recently (see [5], [21], [22]) there were no enough effective vaccines or treatments
for the Covid-19 and the cases of Covid-19 have continued to increase.

There are some discussions about the spread of Covid-19 at the warm
weather (> 30◦C) and humidity (above 10g/m3) conditions. Some studies says
that the spread of the virus in the countries with warm air condition is slower
than the cold air conditions (see [1], [2]).

In this paper, we divided countries into 2 groups by means of continents
according to the temperature and we compared SARS-CoV-2 cases between
the countries which have the average temperature greater than 30◦C and less
than 30◦C. The first group captures the continents Australia and Asia while
the other group contains the continent Europe. The first group includes the
following countries: Australia, China, New Zeland, Singapore, South Korea,
Taiwan, Thailand, and Vietnam. The second group contains Europe countries
such as Austria, France, Germany, Italy, Spain, Turkey, and United Kingdom.

2. Methods

Data from 1 September 2020 to 27 October 2020 were obtained from WHO
database. Number of incidence cases were calculated from the countries in the
continents stated above. We have considered 5,690,510 cases. The countries
were divided into 2 groups according to the average temperatures from the
beginning of September 2020 until the end of October 2020. These groups are
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continents with the temperature less than 30◦C and the continents with the
temperature greater than 30◦C.

Analysis of Variance (ANOVA) is a powerful technique that can be used
to show the difference between two or more means or components, by way of
significance tests. In this study, ANOVA tests were applied in order to com-
pare Covid-19 cases between the countries which have the average temperature
greater than 30 and less than 30. Sum of squares between these two groups
calculated by

SSB =

k∑

j=1

(X̄j − X̄)2, (1)

where X̄ = overall sample mean and X̄j = sample mean of the jth group, and
k = the number of independent comparison groups [8].

Descriptive statistics were calculated. Mean differences per 100,000 cases
among the Covid-19 cases data for each of the groups were compared using the
ANOVA test (p < 0.05). Mean squares are calculated by the following formula

MSB =
SSB

dfb
, (2)

where dfb = n− k and n = the total number of samples in a population [8].

The ANOVA test only tells whether there is a significant difference between
groups or not; it does not give the reasons for the difference. Tukey’s Honestly
Significant Difference (Tukey’s HSD) Test is a post hoc test and it used to
decide the source of differences between groups that is obtained in ANOVA Test.
The ANOVA test with the post hoc Tukey HSD test revealed the significant
differences between groups for average temperature, relative humidity, absolute
humidity, and altitude. It compares the means of groups. The formula of the
test is given as follows:

qtukey =
|X̄1 − X̄2|

SEANOVA
, (3)

where SE = standard error obtained from ANOVA [17].

The statistical analysis was performed using SPSS software (version 24.0.1,
SPSS, Chicago, Ill). Results of univariate analysis and ANOVA have shown
95% confidence intervals(CI) and 2 sided p-values. They are presented in Table
1 and Table 2.
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Table 1: 95% Confidence Intervals(CI) of Factors.

Factor Median 95% CI

Number of Cases 322 198-1678
Case Count(per 100.000 population) 98 21-323
Average Temperature 1(30 <) 32 23.6-43.7
Average Temperature 2(30 >) 9 2.12-19.2
Relative Humidity 72 32.6-80.1
Absolute Humidity 5.4 2.1-20.9
Altitude(per 200 m) 76.9 15.6-542.9
Latitude(per 200 degrees) 32.2 20.1-44.5
Sanitizing 27 84.4%
Quarantine 29 90.6%
Closure of Schools and Universities 27 84.4%
Closure of Borders 28 87.5%

Figure 1: R values are larger in the countries with the temperature
< 30◦C.

3. Results

In this paper different continents with 5,484,611 cases were analyzed. The me-
dian SARS-CoV-2 cases per 100,000 inhabitants for 15 countries was 56. In
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Table 2: 2 sided p-values of Factors.

Factor Median p-values

Number of Cases 322
Case Count(per 100.000 population) 98
Average Temperature 1(30 <) 32 < 0.03278
Average Temperature 2(30 >) 9
Relative Humidity 72 < 0.03898
Absolute Humidity 5.4 < 0.02569
Altitude(per 200 m) 76.9 < 0.04329
Latitude(per 200 degrees) 32.2 0.065
Sanitizing 27 < 0.001
Quarantine 29 0.00001
Closure of Schools and Universities 27 < 0.001
Closure of Borders 28 < 0.00001

our study, we investigated the relationship between the total number of cases
and temperature, relative humidity, absolute humidity, altitude, and latitude
based on the SARS-CoV-2 cases data until 27 November 2020. In accordance
with this purpose, we compared the countries with the temperature less than
30◦C with the selected European countries. The median temperature for these
countries is 9◦C (95%CI, 2.12-19.2). On the other hand, countries having tem-
peratures greater than 30◦C such as Australia, Saudi Arabia, etc. (selected
Australian and Asian countries) have the median temperature 32◦C. The rel-
ative humidity was 72% (95%, 32.6-89.1) and the median absolute humidity
5.4g/m3 (95%, 2.1-9.9) (see Table 1). The temperature and absolute humidity
have strongly relation in terms of with the square of latitude. However, rel-
ative humidity does not have any relation with the temperature. The graphs
in Figure 1 could reflect one that those countries with the highest temperature
(temperature > 30◦C) have lower effective reproduction number. Moreover,
linear regression analysis (R > 0.80 for both graphs) shows that the higher
temperature countries have more rapid decrease in the Covid-19 cases.

4. Discussions and conclusions

As a result of this investigation, it was found that there is a significant differ-
ences between two groups of countries in terms of temperature, relative and
absolute humidity, latitude and altitude and the transmission of SARS-CoV-2
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virus. Moreover, it was also found that effective reproductive numbers which
can be seen in Figure 1, also difference in these countries. For further study
we recommend to study this subject with dynamical modelling. Moreover, we
could consider to apply control strategies such as optimal control or adaptive
control in order to control humidity in the close areas. This is possible because
first we could apply the optimal control in order to achieve the optimality and
after that adaptive control for cost-effectiveness. This will help us to reduce
the spread of coronavirus. Beside this machine learning or artificial intelligence
both could be applied for controlling humidity. This is very important point
and the doctors and microbiologists should take this point into account very
seriously and in details.
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