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ABSTRACT
SARS-CoV-2 is a zoonotic Betacoronavirus causing the devastating COVID-19 pandemic. More 
than twelve million COVID-19 cases and 500 thousand fatalities have been reported in 216 
countries. Although SARS-CoV-2 originated in China, comparatively fewer people have been 
affected in other Asian countries than in Europe and the USA. This study examined the hypothesis 
that lower temperature may increase the spread of SARS-CoV-2 by comparing attack rate and 
case fatality rate (until 21 March 2020) to mean temperature in January–February 2020. The attack 
rate was highest in Luxembourg followed by Italy and Switzerland. There was a significant (p = 
0.02) correlation between decreased attack rate and increased environmental temperature. The 
case fatality rate was highest in Italy followed by Iran and Spain. There was no significant 
correlation between the case fatality rate and temperature. This study indicates that lower 
temperature may increase SARS-CoV-2 transmission (measured as an increased attack rate), but 
there is no evidence that temperature affects the severity of the disease (measured as case fatality 
rate). However, there are clearly other factors that affect the transmission of SARS-CoV-2, and 
many of these may be sensitive to interventions, e.g. through increased public awareness and 
public health response.
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Introduction

Emerging infectious diseases, including infections caused 
by coronaviruses, continue to pose a threat to public 
health globally in recent years. Severe acute respiratory 
syndrome (SARS) and Middle East respiratory syndrome 
(MERS) are two coronaviral diseases with demonstrated 
potential to generate significant outbreaks [1]. In parti
cular, MERS continues to pose a significant threat in the 
Middle East since its emergence in Saudi Arabia in 2012. 
SARS-CoV-2 is a zoonotic Betacoronavirus, which likely 
originated from bats and is now transmitted between 
humans. It emerged in late December 2019 in Wuhan 
in China and causes COVID-19 pandemic which is the 
first coronavirus pandemic causing global challenges. 
SARS coronavirus-2 (SARS-CoV-2) emerged in 
Wuhan, China, in late December 2019. A cluster of 
patients reported and presented with a common link in 
a seafood wholesale market (fish market with live ani
mals of different species, including wildlife being sold) in 
Wuhan (Hubei, China), with pneumonia of initially 
unknown origin, and the etiologic agent was quickly 
identified as a novel coronavirus [2,3], which was later 
designated as SARS-CoV-2 [4]. SARS-CoV-2 causes 
Coronavirus disease-2019 (COVID-19), an acute 

respiratory disease, and represents the most recent intro
duction of a high pathogenic coronavirus into the human 
population. SARS-CoV-2 is the seventh coronavirus 
known to infect humans. The emergence of SARS-CoV 
-2 as a human coronavirus came after the emergence of 
MERS-CoV in less than a 10-year period. This recent 
emergence of a previously unknown coronavirus in 
China has led to huge impacts on humans globally. 
SARS-CoV-2 and the subsequent COVID-19 pandemic 
resulted in devastating health and economic impacts on 
humans [5]. SARS-CoV-2 has caused more than twelve 
million reported and confirmed cases and more than 500 
thousands fatalities in 216 countries around the globe, 
with more than three million reported cases in the USA 
as of 9 July 2020 [6,7].

Despite recent efforts in basic and translational influ
enza and coronavirus research, there is still no vaccine 
against coronavirus for use in humans including SARS 
and MERS [1]. COVID-19 now reached the required 
epidemiological standards for a pandemic [8]. To miti
gate an emerging pandemic infectious disease like 
COVID-19, assessing transmissibility is crucial. The 
large movement of people in the Asian region and 
between China and globally due to the lunar new year 
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celebrated in China likely increased the rapid geographi
cal dispersal of infection during the initial outbreak [9]. 
Relatively low environmental temperature may have 
increased the spread of the virus in China. Similarly, 
countries with relatively low environmental temperature 
may be more affected than high environmental tempera
ture countries during the recent outbreak due to better 
viral survival. There are few studies available on global 
risk factors of COVID-19 transmission and pattern of 
spread [10,11,12,13]. Rigorous testing and case-based 
interventions have so far formed key pieces of successful 
control efforts, e.g. in Singapore and Hong Kong [14]. 
Many other countries are adopting measures termed 
‘social distancing’ or ‘physical distancing’, including clos
ing schools and workplaces, limiting gatherings, using 
face masks, avoiding physical contact when greeting, 
and implementing cough etiquette. In the initial phase, 
the infection was epidemic with an estimated basic repro
duction number (R0) of 2.2 and the case number doubled 
on average every 7.4 days [15]. China was able to reduce 
the cases more than 90% by implementing strict contain
ment measures. Other affected countries like Italy, Spain, 
and Iran have not been able to successfully replicate this 
containment strategy [16]. To further test the hypothesis 
of temperature affecting the transmission rate, the pre
sent study aimed to investigate the correlation of envir
onmental temperature to attack rate and case fatality rate 
of COVID-19.

Materials and methods

Data

We extracted population data (total population in 2019) 
for the affected countries from the world population 
review database. We extracted COVID-19 data regarding 
new cases, total cases, and total deaths from the World 
Health Organization (WHO) database [17]. We included 
WHO data from January 2020 (beginning of the out
break) until 21 March 2020. Furthermore, we extracted 
weather data (temperature) from the Trading Economics 
(monthly average temperature data by country). We used 
the mean temperature of January and February 2020 for 
each country as a measure of environmental temperature 
during the study period. There are variations in data 
recording and disease-tracking systems in different coun
tries, which we consider a limitation of the study.

Assessment of attack rate and case fatality rate

Attack rate and case fatality rate were calculated using 
the formulae [18] described below:

AR ¼
n� 100

N 

Here, AR is the attack rate, n is the number of new cases 
among the population during the period, and N is the 
population at risk at the beginning of the period.

and case fatality rate was calculated using the 
formula: 

CFR ¼
n� 100

N 

Here, CFR is the case fatality rate, n is the number 
of death due to the particular disease, and N is the 
total number of cases due to the same disease.

The attack rate was multiplied by 1000 to be 
expressed as cases per 100,000 population, while the 
case fatality rate was expressed as percent as per the 
output from the formula.

Statistical analysis

Pearson’s coefficient was calculated using the 
‘PEARSON’ formula in Excel. The t-statistic was cal
culated using the formula:

t ¼
r�

ffiffiffiffiffiffiffiffiffiffiffi
n � 2
p

ffiffiffiffiffiffiffiffiffiffiffiffi
1 � r2
p

where t = t-statistic, r = absolute value of Pearson’s 
coefficient, and n = number of observations. The 
p-value was calculated from the t-statistic in Excel 
using the ‘TDIST’ function and a two-tailed test.

Results

The environmental temperature varied markedly by 
country based on their geographical location. Some of 
the Asian countries and most of the European coun
tries and North America experienced low environ
mental temperatures during the study period. The 
attack rate (in 100,000 population) of COVID-19 in 
China was 5.67. However, outside of China, there 
were countries with markedly higher attack rates: 
78.60 in Luxembourg followed by 77.65 in Italy, 
56.33 in Switzerland, 42.75 in Spain, 32.38 in 
Norway, 29.58 in Austria, 23.69 in Iran, 21.93 in 
Germany, 21.74 in Denmark, 19.55 in Belgium, 
19.36 in France, 17.51 in the Netherlands, and 17.17 
in South Korea. It was found that the attack rate 
decreased significantly with increased temperature 
(p = 0.02, r = −0.36, t = 2.35, DF = 37) (Figure 1).

Mean temperature during January and 
February 2020, attack rate until March 21, and case 
fatality rate until March 21 are given in Table 1. The 
case fatality rate was highest in Italy (8.57%) followed 
by Indonesia (8.09%), Iran (7.29%), Iraq (7.25%), Spain 
(5.01%), the UK (4.44%), China (4.00%), France 
(3.56%), and the Netherlands (3.54%) (Table 1).
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The present analysis showed no significant correla
tion between case fatality rate and environmental tem
perature (p = 0.27, r = 0.18, t = 1.11, DF = 37) (Figure 2).

Discussion

SARS-CoV-2 which caused the COVID-19 pandemic 
originated in China, but interestingly, the neighboring 
countries with relatively high environmental temperature 

(Taiwan, Thailand, Myanmar, Nepal, Sri Lanka, and 
Bangladesh) were relatively less affected than the neigh
boring countries with low environmental temperature 
(South Korea, Iran, and Japan). Understanding the stabi
lity and transmissibility of viruses in different environ
mental temperature conditions is critical to recognize the 
transmission dynamics of a novel infectious agent includ
ing SARS-CoV-2 which caused the COVID-19 pan
demic. Temperature along with other environmental 
factors including humidity and ultraviolet radiation is 

Figure 1. The correlation between environmental temperature and attack rate in different countries. R2 = coefficient of determination.

Table 1. Attack rates and case fatality rates of countries of the continents.

Continent Countries Mean Temp (° C) of January and February 2020
Population 

in 2019 Total cases Total deaths AR CFR

Asia China −2.285 1,433,783,686 81,416 3261 5.678 4.006
India 20.485 1,366,417,754 231 4 0.017 1.732
Indonesia 26.48 270,625,568 309 25 0.114 8.091
Iran 9.205 82,913,906 19,644 1433 23.692 7.295
Iraq 12.565 39,309,783 193 14 0.491 7.254
Japan 6.67 126,860,301 1007 35 0.794 3.476
Lebanon 10.815 6,855,713 163 4 2.378 2.454
Malaysia 25.885 31,949,777 1030 2 3.224 0.194
Pakistan 13.46 216,565,318 495 3 0.229 0.606
Philippines 26.025 108,116,615 230 18 0.213 7.826
South Korea 4.8 51,225,308 8799 103 17.177 1.171

Australia Australia 27.505 25,203,198 874 7 3.468 0.801
Eurasia Turkey 4.71 83,429,615 670 9 0.803 1.343
Europe Austria 3.15 8,955,102 2649 6 29.581 0.227

Belgium 9.04 390,353 2257 37 19.559 1.639
Bulgaria 5.31 7,000,119 127 3 1.814 2.362
Denmark −2.34 5,771,876 1255 9 21.743 0.717
France 8.675 65,129,728 12,612 450 19.364 3.568
Germany 7.245 83,517,045 18,323 45 21.939 0.246
Greece 8.895 10,473,455 495 8 4.726 1.616
Ireland 8.11 4,882,495 683 3 13.989 0.439
Italy 8.295 60,550,075 47,021 4032 77.656 8.575
Luxembourg 1.25 615,729 484 5 78.606 1.033
Netherlands 2.45 17,097,130 2994 106 17.512 3.540
Norway −1.89 5,378,857 1742 7 32.386 0.402
Poland 4.895 37,887,768 425 5 1.123 1.176
Portugal 11.9 10,226,187 1020 6 9.974 0.588
Spain 9.79 46,736,776 19,980 1002 42.750 5.015
Sweden −1.845 10,036,379 1623 16 16.171 0.986
Switzerland 3.23 8,591,365 4840 43 56.336 0.888
UK 7.565 67,530,172 3983 177 5.898 4.444

North America Canada −15.08 37,411,047 971 12 2.595 1.236
Costa Rica 24.865 5,047,561 113 2 2.239 1.770
Mexico 18.095 127,575,529 203 2 0.159 0.985
USA 0.515 329,064,917 19,624 260 5.964 1.325

South America Argentina 18.79 44,780,677 158 3 0.353 1.899
Brazil 24.47 211,049,527 904 11 0.428 1.217
Ecuador 21.375 17,373,662 426 7 2.452 1.643
Peru 20.925 32,510,453 263 3 0.809 1.141

Total populations and total cases and total deaths in COVID-19 as of 21 March 2020. The mean temperature of January and February 2020 is included. 
Only countries with population more than 50,000 and at least 100 total cases with at least two total deaths are included. 

AR: attack rate; CFR: case fatality rate. 
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known to affect the transmission of infectious diseases 
(including viruses) within the community [19,20]. There 
are also differences in human behavior that likely con
tribute to the transmission of viruses; for example, spread 
is more likely in crowded indoor environments [21]. 
Further, the human immune system may become slightly 
impaired in cold weather as both vitamin D and melato
nin are depleted due to shorter daylight [22].

Early in the COVID-19 outbreak, Asian countries 
with relatively lower environmental temperature (e.g. 
South Korea, Japan, Indonesia, and Iran) had more 
severe outbreaks than warmer countries (e.g. 
Singapore, Taiwan, Malaysia, Nepal, Bangladesh, 
and Thailand). In the further spread of COVID-19 
also, other countries with low environmental tem
perature were severely affected in Europe (including 
Luxembourg, Italy, Spain, Germany, Belgium, the 
Netherlands, and the UK). Our study demonstrated 
a significant correlation between environmental tem
perature and attack rate, where a higher environmen
tal temperature is correlated to a lower COVID-19 
attack rate. However, the relatively low R2 value indi
cates that there are also other factors substantially 
affecting transmission. Temperature is a strong pre
dictor of influenza seasonality in high latitudes, sug
gesting that cold temperatures may drive seasonal 
epidemics in these regions [23,24]. Individuals in 
temperate regions spend the majority of their time 
indoors where the temperature is managed and does 
not correlate well with outdoor temperatures. 
Nevertheless, temperature may affect the timing of 
influenza epidemics through mechanisms indepen
dent of virus survival; for example, low outdoor tem
peratures may promote indoor crowding, thereby 
increasing person-to-person contact rates. As the 
temperature is now increasing in temperate countries 
in the Northern Hemisphere, and decreasing in the 
Southern, it will be interesting to follow SARS-CoV-2 
transmission over time.

The distance droplets travel depends on the velo
city and mechanism by which respiratory droplets are 
propelled from the source (coughing or sneezing), the 

density of respiratory secretions, environmental fac
tors such as temperature and humidity, and the abil
ity of the pathogen to maintain infectivity over that 
distance. The interaction between temperature and 
humidity on viral activity is challenging to assess 
[25]. The human coronavirus associated with the 
common cold was reported to remain viable only 
for 3 h on environmental surfaces after drying. 
However, it remains viable for many days in liquid 
suspension [26]. In aerosolized form, human corona
virus 229E is generally less stable in high humidity 
[27]. The virus is stable for 3 weeks at room tem
perature in a wet environment, but it is easily killed 
by heat at 56°C for 15 min [28]. SARS-CoV-2 may 
retain its infectivity up to 2 weeks at low tempera
tures and low humidity environment. This indicates 
that SARS CoV-2 may be a stable virus transmittable 
by indirect contact or fomites [29]. Thus, contami
nated surfaces may play a significant role in the 
transmission of infection in the hospital and the 
community [30].

Importantly, environmental temperature is not 
a driver of COVID-19 transmission that is possible 
to influence, and thus, it is necessary for governments 
to focus on the implementation of public health 
interventions in a timely manner. Due to the lack of 
vaccines and specific antiviral drugs against SARS- 
CoV-2, the implementation of handwashing and 
other hygiene-related interventions, restrictions of 
movements in and between countries [13], and 
avoiding mass gatherings are plausible measures. 
The implication of such basic strategies to mitigate 
SARS-CoV-2 spread may also reduce the significant 
burden on the economy created by the pandemic 
[14,31].

Conclusion

In our study, the lower environmental temperature of 
a country was correlated to a higher attack rate of 
SARS-CoV-2. This may explain some of the 

Figure 2. The correlation between environmental temperature and case fatality rate in different countries. R2 = coefficient of 
determination.
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variations of COVID-19 burden seen in different 
countries. The environmental temperature had no 
significant correlation to case fatality rate in our 
study, suggesting that environmental temperature 
affects transmission rather than disease severity. As 
the environmental temperature is not possible to 
affect transmission, other public health measures are 
imperative to mitigate the COVID-19 pandemic. 
Public awareness including personal interventions 
(movement restriction, social and physical distancing, 
and hygiene) and increased public health response 
including case detection, isolation, and contact tra
cing may help reduce the spread of the virus and 
decrease the fatalities due to this pandemic.
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