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Abstract
Background: The pandemic of coronavirus disease 2019 (COVID-19) is a global issue. The relationships between temperature and incidence,
transmission, or survival of many enveloped coronaviruses such as severe acute respiratory syndrome (SARS), and Middle East respiratory syndrome
(MERS) have been previously widely investigated. However, there has been a lively debate in the literature over whether higher temperatures modulate
coronaviruses’ infectivity and spreading, which sets a fertile ground for research on a global scale. In this study, we aimed to investigate the
relationship between day-to-day temperature variability and daily COVID-19 incidence rate, as well as the time is taken to reach the total number of
200 con�rmed COVID-19 cases within the worst-hit countries by the pandemic.

Methods: A within and among countries analysis of the relationship between daily �uctuations in the number of new con�rmed COVID-19 cases and
temperature for the period starting from 31st December 2019 to 29th March 2020, was conducted. The 46 worst-hit countries by the pandemic were
included in the analysis.

Results: What emerges from our results is that daily new COVID-19 cases were negatively correlated with daily temperature variation. Moreover, higher
temperatures were positively correlated with a longer time to reach a standard number of con�rmed COVID-19 cases within countries. Notably,
countries with daily average temperatures below 20°C had a faster transmission rate than countries with higher daily average temperatures.

Conclusions: Our study provides further insights into the hypothesis that there is an association between temperature and rate of COVID-19 spread
within a country.

Background
The present outbreak of a coronavirus-associated acute respiratory disease called coronavirus disease 19 (COVID-19) caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), is the third documented spillover of an animal coronavirus to humans in only two decades [1, 2].
On March 12th, 2020, the World Health Organization declared coronavirus a “pandemic” as worldwide deaths reached 4.616 in 126.122 reported
con�rmed cases.

A high genetic similarity has been documented between the SARS-CoV-2 identi�ed in Wuhan, Hubei, China in December 2019, and the SARS-CoV
originated in the city of Foshan, China, in November 2002. Both outbreaks started during the winter [3, 4]. In China, November to January are the
coldest months of the year with an average temperature lower than 0℃ that is getting lower from south to north of China, caused by the winter
monsoon. Moreover, a severe drought occurred in both locations at the times of the outbreaks [4–6]. The annual rainfall in Foshan in December 2002
nearly reached 0 mm [4–6]. Coincidentally, Wuhan also suffered its worst drought in almost 40 years [4–6].

The relationship between temperature and incidence, transmission, or survival of many enveloped coronaviruses such as severe acute respiratory
syndrome (SARS), and Middle East respiratory syndrome (MERS) has been previously widely investigated [7]. However, there has been a lively debate
in the literature over whether higher temperatures modulate coronavirus infectivity and spreading. Recent evidence suggests that temperatures had a
negative linear relationship with the number of con�rmed COVID-19 cases [8–10]. Conversely, other studies do not support the hypothesis that high
temperatures can reduce the transmission of COVID-19 [11]. World Health Organization supports that the COVID-19 virus can be transmitted in hot
and humid climates [12]. There is still a lack of evidence on the role that weather conditions could have on the transmission rate of COVID-19 on a
global scale, which could yield useful implications for policymakers and the interested public.

In this study, we aimed to investigate the relationship between day-to-day temperature variability and daily COVID-19 incidence rate, and time is taken
to reach the total number of 200 con�rmed COVID-19 cases within the worst-hit countries by the pandemic.

Methods
This was a within and among countries analysis investigating the association of daily �uctuations in new con�rmed COVID-19 cases and
temperature, for the period starting from 31st December 2019 to 29th March 2020. 46 countries with the largest number of COVID-19 cases (more
than 1000 con�rmed cases) were included in the analysis [13]. Data were classi�ed into three categories according to the time elapsed from the �rst
con�rmed case.

Daily 24 hourly temperature measurements from all available monitoring stations were recorded to account for differences in the temperature within
countries with a large geographic distribution, e.g., USA [14, 15]. The daily average values for temperature were found by summing the 24 hourly
measurements and dividing by the number of measurements [16]. The average temperature was measured by the formula: Average temperature = 
sum of daily measured temperatures ÷ number of measurements, where the sum of measured temperatures was found by adding up all of the daily
measurements. The average temperatures for all standard measuring stations were subsequently calculated.

Unpaired t-test was used to identify differences between two independent groups. Bivariate analyses of correlations of numerical data between
groups were tested by Pearson’s Correlation R. A result was considered statistically signi�cant when the P-value was < 0.05. Data were analyzed and
visualized using Statistical (SPSS Statistics 23) and Business Intelligence (Tableau Software LLC, Seattle, WA, USA) tools, respectively.
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Results
The analysis of the day-to-day temperature variability applied to the daily �uctuations in the number of new COVID-19 cases for the most affected
countries (with more than 1000 COVID-19 cases), is presented in Fig. 1 as well as in the interactive dashboard found on
https://public.tableau.com/pro�le/social.analytics.gr#!/vizhome/NovelCoronavirusDisease2019PandemicCasesvsTemperature/Countries1000cases.
Data were classi�ed in three categories according to the time elapsed from the �rst con�rmed case.

Notes. Comparison analysis between the number of daily new COVID-19 cases and day-to-day temperature variability from 31 December 2019 to 29th
March 2020, for the 46 countries with the highest numbers of con�rmed COVID-19 cases (> 1000 cases), by country and date of �rst con�rmed case.
The line width represents the daily average of new COVID-19 cases.

The Figure/Dashboard illustrates an impact of temperature on the rate of disease spread as countries with lower temperatures and particularly with
average temperatures below 20 °C had a faster transmission rate as indicated by the number of daily new con�rmed COVID-19 cases compared to
countries with higher average temperatures. The effect of temperature appears to be independent of the time of the �rst outbreak. Spearman
correlation coe�cients showed that the number of daily new COVID-19 cases was negatively correlated with daily average temperature (r=-0.4, p < 
0.001).

Furthermore, higher temperatures were positively correlated with a longer time to reach the targeted number of 200 con�rmed COVID-19 cases within
countries (r = 0.339, p = 0.031) (Fig. 2).

Notes. The correlation between the time elapsed from the �rst con�rmed case to reach a peak of a total of 200 con�rmed COVID-19 cases and
average temperature occurred during that individual subperiod in each country. 46 worst-hit countries by the pandemic included in the analysis.

Overall, the countries with daily average temperatures of lower than 20 °C, had shorter time to reach the targeted number of 200 con�rmed COVID-19
cases (25.31 ± 13.6 vs. 40.6 ± 24.4, p = 0.021) (Fig. 3).

Notes. The time elapsed from the �rst con�rmed case to reach a peak of a total of 200 con�rmed COVID-19 cases, according to average temperature
(< 20oC or ≥ 20OC) occurred during that individual subperiod, for each country. 46 worst-hit countries by the pandemic included in the analysis.

Discussion
This study examined the association between daily temperature variation and daily �uctuations in the number of new COVID-19 cases and on
transmission rate on a global scale. What emerges from the results is a negative correlation between day-to-day temperature variability and COVID-19
incidence. Moreover, we found that warmer temperatures slowed the transmission rate, as higher temperatures were positively correlated with a longer
time to reach a standard number of con�rmed COVID-19 cases. Especially, countries with daily average temperatures of 0 °C − 20 °C, had a faster
transmission rate compared to countries with higher daily average temperatures.

These data accord with earlier studies in this area demonstrated that ambient temperature dips increase the incidence of viral acute respiratory tract
infections [3, 4 9, 10, 17]. Our �ndings also broadly support current observations, which showed that temperatures had a negative linear relationship
with the number of con�rmed cases [8, 9].

Evidence from several experimental studies has established a relationship between temperature and viral epidemics supporting that cold temperature
usually provides a conducive environmental condition for virus survival. Existing research recognized a rapid decrease in MERS-CoV and SARS-CoV
viability at higher temperatures [18, 19], further supported that direct contact transmission via aerosols, and not fomite transmission, would be the
most likely route of zoonotic and human-to-human transmission of the viruses in outdoor settings [18, 19].

In accordance with the present results, a recent study has documented that temperature decreases spread parameters of the new COVID-19 case
dynamics [20]. Chan et al. previously supported that virus viability was rapidly lost at higher temperatures (e.g., 38 °C) [21]. Furthermore, another
study documented a relatively short survival of another type of coronavirus, Turkey coronavirus (TCoV), at room temperature as compared to a lower
temperature (4oC), claiming the limited virus survival during summer months [22]. More recently, it has been reported that �rst MERS human cases in
Saudi Arabia were more likely to occur when conditions were relatively cold and dry, which is similar to seasonal patterns described for other
respiratory diseases such as in�uenza in temperate climates [23]. A different study on this topic has shown that during the epidemic, the risk of
increased daily incidence of SARS was 18.18-fold higher in days with a lower air temperature than in days with a higher temperature, in Hong Kong
[24] and other regions [25].

Shaw Stewart proposed four mechanisms that could be the main drivers of the seasonality of viral epidemics [26]. He suggested that winter
temperatures are associated with increased crowding that might enhance viral transmission. Furthermore, he suggested that low temperatures can
increase the stability of virions outside the body, the host susceptibility, and may activate dormant virions [26].

Winter conditions suppress humans’ innate immune response leading to reduced blood supply and decreased availability of immune cells to the
nasal mucosa. Additionally, low humidity can impair mucociliary clearance as nasal mucus becomes dry, the innate immune defense, and airway



Page 4/11

cells’ ability to repair damage; thus, the nasal cavity is vulnerable to virus invasion [27]. Therefore, relative to temperature, low humidity seems to be a
critical environmental factor in�uencing the outbreak of human coronavirus disease.

The origin(s) of coronaviruses are still unknown; however, some general epidemic patterns are noticeable [5]. If bats were the natural hosts of SARS-
CoV and SARS-CoV-2, cold temperature, and low humidity in these times might provide environmental conditions favorable for prolonged viral
survival in these regions concentrated with bats [5]. The widespread existence of these bat-carried or -released viruses might have an easier time
breaking through human defenses when harsh winter makes human bodies more vulnerable [5].

Nevertheless, over the years, contradictory claims have debated the impact of temperature in coronavirus infectivity. Some studies argued that high
temperature and low relative humidity contributed to increased MERS-CoV spread [28]. The seasonal variation of MERS-CoV was inversely associated
with temperature and relative humidity among children during MERS-endemic to the Riyadh Region [5]. In experimental conditions, the survival ability
of SARS coronavirus in human specimens and environments was found to be relatively strong in various temperatures (4oC, 20oC, and 37oC) for at
least 2 hours without a remarkable change in the infectious ability in cells. Only heating and ultraviolet irradiation could e�ciently eliminate viral
infectivity [29].

Our study provides further insights into the hypothesis that there is an association between temperature and COVID-19 spreading. A limitation of the
study was that the number of con�rmed coronavirus cases reported by provinces could be profoundly affected by underreporting, low number of
people who got tested, and different measures of detection and prevention of SARS-CoV-2 as sampling strategies differ vastly between countries. Our
design is �t for hypothesis generation to be later tested in more detail in each country’s setting, taking into account other environmental parameters.

Conclusions
A debate has long prevailed as to whether lower temperatures modulate coronaviruses’ infectivity and spreading. What emerges from our results is
that day-to-day temperature variability correlates with the daily COVID-19 incidence rate. The countries with lower temperatures and particularly those
with daily average temperatures of 0 °C − 20 °C, were found to have a faster transmission rate. Moreover, higher temperatures were positively
correlated with a longer time to reach a standard number of con�rmed COVID-19 cases within countries. This knowledge provides unique
perspectives on health policy making. However, our data warrant further investigation of the relationship between viral susceptibility and
environmental parameters. Since then, precautionary measures must be adopted to block community transmission and prevent further spread of
COVID-19.
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Figures

Figure 1

Comparison analysis between the number of daily new COVID-19 cases and day-to-day temperature variability Notes. Comparison analysis between
the number of daily new COVID-19 cases and day-to-day temperature variability from 31 December 2019 to 29th March 2020, for the 46 countries
with the highest numbers of con�rmed COVID-19 cases (>1000 cases), by country and date of �rst con�rmed case. The line width represents the daily
average of new COVID-19 cases.
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Figure 1

Comparison analysis between the number of daily new COVID-19 cases and day-to-day temperature variability Notes. Comparison analysis between
the number of daily new COVID-19 cases and day-to-day temperature variability from 31 December 2019 to 29th March 2020, for the 46 countries
with the highest numbers of con�rmed COVID-19 cases (>1000 cases), by country and date of �rst con�rmed case. The line width represents the daily
average of new COVID-19 cases.
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Figure 2

Correlation between the time to reach a peak of COVID-19 cases and temperature Notes. The correlation between the time elapsed from the �rst
con�rmed case to reach a peak of a total of 200 con�rmed COVID-19 cases and average temperature occurred during that individual subperiod in
each country. 46 worst-hit countries by the pandemic included in the analysis.
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Correlation between the time to reach a peak of COVID-19 cases and temperature Notes. The correlation between the time elapsed from the �rst
con�rmed case to reach a peak of a total of 200 con�rmed COVID-19 cases and average temperature occurred during that individual subperiod in
each country. 46 worst-hit countries by the pandemic included in the analysis.
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Figure 3

The time to reach the total number of 200 con�rmed COVID-19 cases according to average temperature occurred during that period, in the 46 worst-
hit countries by the pandemic. Notes. The time elapsed from the �rst con�rmed case to reach a peak of a total of 200 con�rmed COVID-19 cases,
according to average temperature (<20oC or ≥20OC) occurred during that individual subperiod, for each country. 46 worst-hit countries by the
pandemic included in the analysis.
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The time to reach the total number of 200 con�rmed COVID-19 cases according to average temperature occurred during that period, in the 46 worst-
hit countries by the pandemic. Notes. The time elapsed from the �rst con�rmed case to reach a peak of a total of 200 con�rmed COVID-19 cases,
according to average temperature (<20oC or ≥20OC) occurred during that individual subperiod, for each country. 46 worst-hit countries by the
pandemic included in the analysis.


