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Effects of Air Temperature on COVID-19
Case Fatality Rate

Anna Saczewska-Piotrowska', Damian Piotrowski?

The aim of this study was to assess the case fatality rate (CFR) of COVID-19 by performing a meta-
analysis according to the air temperature and to determine if the temperature modifies the pan-
demic duration to the peak day for CFR of the COVID-19. A novel coronavirus spread began in De-
cember 2019 in Wuhan, China, and half a year after, more than 9 million total cases were confirmed
worldwide. Therefore, knowing the conditions favorable for the spread of the virus (including
weather conditions) is crucial from the perspective of the entire population. Using information
from the World Health Organization, subgroup meta-analysis by temperature was performed. Sur-
vival analysis using the Kaplan-Meier estimates and the Cox proportional hazards models  was
conducted. Based on the conducted analysis we can conclude that in countries with temperature
equal or lower than 14.8°C the pooled CFR of COVID-19 is higher than in countries with tempera-
ture greater than 14.8°C. Besides, in countries with lower temperature the peak of the CFR appears
after a longer time from the first case of the novel coronavirus than in countries with higher tem-
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perature.
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1. Introduction and Literature Review
The effects of global pandemics are visible in all
areas of life. The more dangerous a pandemic, the
greater the proportion of diagnosed people can die,
or in other words, case fatality rate (CFR) is higher.
Ferguson et al. (2020) emphasize that COVID-19 is
the most serious respiratory virus since the HIN1
influenza pandemic of 1918. On June 24th, 2020
there were 9,129,156 total cases and 473,797 total
deaths from COVID-19 (World Health Organiza-
tion, 2020). By performing a simple calculation,
CFR would amount to 5.19%. However, this result
should be treated with caution, as the COVID-19
pandemic is still ongoing. Therefore, the final CFR,
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after the pandemic’s end, will differ. The CFRs of dif-
ferent epidemics and pandemics vary. For example,
the CFR of the seasonal flu is about 0.1%, the Span-
ish Flu 2.5%, SARS between 9% and 11%, MERS
34.4%, Ebola (depending on the epidemc) up to 90%
(Kadanali & Karagoz, 2015; Petrosillo et al., 2020;
Shabir, 2020). The most concerning situation arises
when the CFR is high and the epidemic is spread
across a large region.

The pandemic of coronavirus disease 2019 (CO-
VID-19) began in December 2019 in Wuhan, China.
The CFR of COVID-19 is only an estimate, because
the pandemic is not over yet and new cases are occur-
ring all over the world. For most people, the disease
is asymptomatic, but for some groups of people, es-
pecially the elderly and/or those with comorbidities,
it can be fatal. The CFR of the ongoing COVID-19
has been documented in a large number of studies:

This work is licensed under a Creative Commons Attribution 4.0 International License.

53



54

| Vol.15 | Issue1 | 2021 | 53-63

cross-country comparisons of the CFR (Khafaie &
Rahim, 2020), analyses of the impact of government
health policy to the CFR (Sherpa, 2020), studies
focusing on indicating age groups with the highest
value of the CFR (Petersen et al., 2020; Verity et al.,
2020), analyses of the relationship between the CFR
and presence of comorbidities (Guan et al., 2020;
Yang et al., 2020). The aforementioned studies were
carried out at a macro and micro level - from region
and country levels to the patient level. COVID-19
is a new disease and to understand and overcome
it is in the interest of the whole world. It is crucial
to prevent the economic crisis from spreading. The
economic impact of COVID-19 is enormous, and
numerous studies were already devoted to this is-
sue (Atkeson 2020; Fernandes 2020; McKibbin &
Fernando, 2020; Nicola et al., 2020; Odhiambo,
Weke & Ngare, 2020; Sumner et al., 2020). Until a
vaccine or an effective cure are created, limitation
of economic activities in the form of lockdowns and
social isolation are probably the only solutions that
can prevent the spread of COVID-19. The effects of
the further waves of the ongoing pandemic are un-
known. Therefore, the distant consequences for the
economy also remain unknown. The main concerns
related to pandemic are associated with the severe
course of the disease and high CFR. This situation
will necessitate further lockdowns which will wors-
en the economic situation. The identification of the
factors that affect the severe course and high CFR of
COVID-19 seems to be one of the key issues. Fac-
tors which determine the variability of the CFR of
COVID-19 include weather conditions such as air
temperature or humidity.

The idea of ambient temperature related to vi-
ral infection is not new. It has been noted that vi-
ral acute respiratory tract infections (vARIs) occur
more often in winter than in summer. The authors
realize that vARIs are not a uniform group. The vi-
ruses that can cause vARIs include many unrelated
families including adenoviruses, coronaviruses, re-
spiratory syncytial virus (RSV), influenza, measles,
mumps, parainfluenza viruses, hand-foot-and-
mouth (HFMD) viruses, rhinoviruses, rubella virus.
Although the viruses differ in their physical form
(the presence or lack of the lipid envelope, DNA or
RNA as a genetic material, icosahedral, spherical, or
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filamentous shape), they share the same seasonality
in temperature regions (Stewart, 2016). For example,
in northern Europe, low temperature and low ultra-
violet indexes were correlated with peaks of influ-
enza virus activity during 2010-2018 (Ianevski et al.,
2019). Upon closer look, the SARS-CoV-2 is not the
first, but the seventh coronavirus that crossed the ge-
netic barrier and gained the ability to infect humans
(Zhu et al., 2020). Based on available sources, the
past six coronaviruses followed the seasonality and
caused most infections in the colder months (De-
cember to February in the Northern Hemisphere)
(Mania et al.,, 2020). A sharp change of ambient
temperature was associated with an increased risk of
SARS infection (Tan et al., 2005; WHO, 2020). The
ongoing epidemy caused by the seventh coronavirus
began in December 2019 (Zhu et al., 2020) in pa-
tients hospitalized in several local health facilities.
The patients were epidemiologically linked to a sea-
food and wet animal wholesale market in Wuhan,
Hubei Province, China (Zhu et al., 2020; Wuhan
Municipal Health Commission, 2019) and spread
rapidly across the countries (Li et al., 2020). The be-
ginning of the epidemy was in December which is
the typical time of the year in northern hemisphere
for increase of coronaviruses incidence (Stewart,
2016), hence the study of the temperature influence
on the course of the epidemic seems to be rational.
The aim of this study was to determine the rela-
tionship between temperature and the CFR of the
COVID-19. The results may aid to forecast the val-
ues of the CFR in the next waves of the COVID-19
and answer the question how fast the highest value
of the CFR may occur in different countries. This
knowledge allows to take appropriate actions by the
governments, including preparation of adequate
amount of personal protective equipment for health-
care professionals, preparation of places in hospitals
for potential severe patients, and introduction of re-

strictions on the economic activities.

2. Methods

2.1. Data

The data regarding cases and deaths originate from
official daily reports about COVID-19 from the World
Health Organization (2020). The temperature data
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Figure 1. The CFR of the COVID-19 from the beginning of the pandemic to May 23, 2020.

was estimated by averaging air temperature in capital
of each country in April (“List of cities by average
temperature,” 2020)

The first data about COVID-19 cases in database
of the World Health Organization (WHO) appeared
on January 21st, 2020. The analysis covers the period
to May 23rd, 2020 when there were 5,103,006 total
cases and 333,401 total deaths. Based on this data, the
simply calculated CFR was 6.53%. After conducting
the analysis, on June 24th, 2020, as was mentioned
in the Introduction, the CFR of the COVID-19 was
5.19% which means a further decrease in the CFR.
The visualization of the CFR from January 21st to
23rd May, 2020 is in the Figure 1.

217 countries and territories were identified
(after excluding the Diamond Princess cruise ship)
according to the WHO database (data as of 10 a.m.
CEST, May 23rd, 2020). In the analysis, the countries
and territories with at least 10,000 total cases of
COVID-19 on May 23rd, 2020 were included. 47
countries/territories met the selection criterium and
were included in a meta-analysis (Figure 2). The term
country will be used instead of counter/territory in
the rest of the study.

www.ce.vizja.pl

In some cases (e.g. Panama, United States — US) the
peak of the CFR of COVID-19 was visible in the
beginning of the pandemic in certain country (when
the number of cases was very low and even one death
caused rapid increase in the CFR). In these cases, we
decided to focus on the second peak of the CFR.

2.2. Statistical Analysis

A meta-analysis of prevalence data was carried
out, with pooled estimates and 95% confidence
intervals. Due to expected variation between studies,
substantial heterogeneity was expected, therefore
a random-effects meta-analysis was performed. In
the calculation process inverse variance method was
used (Borenstein et al., 2010). The DerSimonian-
Laird estimator was implemented, which allows
to calculate the between-study variance using the
tau value (DerSimonian & Laird, 1986). Between-
study heterogeneity was assessed using Higgins I’
and Cochran’s Q method. I values of 25%, 50%,
and 75% were considered low, moderate and high
heterogeneity, respectively (Higgins & Thompson,
2002). A subgroup analysis was conducted by average
temperature in April. To conduct the meta-analysis

This work is licensed under a Creative Commons Attribution 4.0 International License.
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Countries/territories identified in the
WHO database (N = 218)

Excluded: Diamond Princess
cruise ship (N = 1)

Countries/territories after cruise ships
removed (N = 217)

Countries/territories included in meta-
analysis (N = 47)

Excluded: countries/territories
having less than 10000 total cases
on May 23, 2020 (N = 170)

Figure 2. Flow-chart of country/territory selection.

in subgroups the cut-off points based on the median
and the Youden index were determined. The CFR was
dichotomized based on the median and then average
temperature in April based on the Youden index
(Heavner et al., 2010). Based on dichotomized values
of the temperature the meta-analysis in subgroups
was conducted. The results of the subgroup meta-
analysis were presented using forest plots.

Survival analyses were performed using the
Kaplan-Meier method (Kaplan & Meier, 1958),
and the log-rank test was applied to determine the
influence of temperature on the pandemic duration
to the maximum value. The Cox proportional
hazards models were used to analyze the relationship
between temperature and pandemic duration to the
maximum value of the CFR. The proportional hazards
assumption was tested by using scaled Schoenfeld
residuals (Mills, 2011).

All analyses were performed with R software. The
meta-analysis was carried out using meta package.
Survival analysis was performed with survival and
survminer packages. To determine the cut-off based
on Youden index, OptimalCutpoints package was
used.

CONTEMPORARY ECONOMICS

In all analyses a p value of less than 0.05 was
considered statistically significant.

3. Results

3.1. Subgroup Meta-analysis of the Peak of the CFR

The meta-analysis showed that the pooled peak of the
CFR was 4.63% (95% CI = 3.85% — 5.55%) The between-
study variability was high (7°=0.4308, heterogeneity
PP=100% with Cochran’s statistics Q=85546.14, degrees of
freedom df = 46 and p value = 0). The choice of the ran-
dom-effect model at the beginning of the meta-analysis
seems to be even more justified. Individual country CFR
peak estimates ranged from 0.32% to 20.04%. Subgroup
analyses of the peak of the CFR were done for the air tem-
perature (lower or equal to 14.8°C, greater than 14.8°C).
The results are shown in Figure 3.

The pooled CFR peak was 6.12% (95% CI =
4.81% - 7.77%) for countries with temperature
lower or equal to 14.8°C, 3.27% (95% CI = 2.41%
— 4.42%) for countries with temperature greater
than 14.8°C. Substantial heterogeneity (I’=100%)
was observed in the both analyses. Individual CFR
peak in countries with temperature <14.8°C ranged

DOI: 10.5709/ce.1897-9254.435
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Figure 3. Forest plot of the subgroup analysis by air temperature at the moment of the CFR peak in individual country.

from 1.02% to 20.04%, in countries with tempera-
ture >14.8°C from 0.32% to 13.57%.

The analogous calculations were made for the
last day of the analysis, namely, May 23rd, 2020,
when the most countries were after the peak of the
CFR. The results are presented in Figure 4.

As of May 23rd, the pooled CFR was 3.45% (95%
CI = 2.84% — 4.18%) The between-study variability
was high (7°=0.4884, heterogeneity ’=100% with
Cochran’s statistics Q=124894,64, degrees of free-
dom df = 46 and p value = 0). Individual country
CFR peak estimates ranged from 0.08% to 19.89%.
For countries with temperature <14.8°C the pooled
CFR was 5.60% (95% CI = 4.34% -7.19%), and for
countries with temperature >14.8°C was 1.96%
(95% CI = 1.50% - 2.57%). High heterogeneity
(PP=100%) was observed in the both analyses. Indi-

www.ce.vizja.pl

vidual CFR in countries with temperature <14.8°C
ranged from 0.55% to 19.89%, in countries with
temperature >14.8°C from 0.08% to 10.93%.

3.2. Pandemic duration to the CFR peak

Not only the CFR differ across countries, also the time
needed to reach the maximum value of the CFR in the
first wave of the pandemic may be different. In this
study the time (measured in days) needed to reach the
maximum value of CFR is called as the “pandemic du-
ration to the CFR peak” Analyzing the data from the
first case of COVID-19 in each country to May 23rd,
2020, a majority of countries have reached the peak of
the CFR. In the survival analysis there was assumed
that there is no peak, that is, no event, when the CFR
is still increasing. As of May 23rd, eight countries have
not reached the peak of the CFR: Canada, Ecuador,

This work is licensed under a Creative Commons Attribution 4.0 International License.
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Germany, Italy, Japan, Republic of Korea, and Spain. It
should be emphasized that all these countries are from
the group with average air temperature in April lower
than or equal to 14.8°C.

The survival analysis was started from the calcula-
tion of Kaplan-Meier estimates for all 47 countries
(Figure 5). The median survival was 81 days, which
means that 50% of countries reach the CFR peak after
81 or more days. Based on the Kaplan-Meier estimates
is also visible that the overall survival rates at 50, 75,
100 days were 72.3%, 53.2%, 21.2%, respectively. So it
can be said that every fifth country will survive out of
the CFR peak 100 or more days.

The comparison of the Kaplan-Meier estimates was
also made (Figure 6). For the countries with average
temperature lower or equal to 14.8°C, the estimated
median survival was 90 days, and for countries with
temperature greater than 14.8°C was 58.5 days. The
analysis showed that the survival rates at 50, 75, 100

Anna Saczewska-Piotrowska, Damian Piotrowski

days were 88%, 80%, 36.1% in countries with lower
temperatures, and 54.6%, 22.7%, 4.6% in countries
with higher temperatures, respectively. The Kaplan-
Meier survival analysis successfully demonstrated that
the survival rate of the CFR to the peak in the group of
countries with average temperature lower or equal to
14.8 was significantly greater than that of the tempera-
ture greater than 14.8 (log-rank y’=17.6, p<0.0001).

Two simple Cox proportional hazards models with
different coding of the variable temperature were es-
timated. In Model 1 the temperature is a binary vari-
able: lower or equal to 14.8°C and greater than 14.8°C.
In Model 2 the temperature is continuous variable.
These proportional hazards models were estimated,
because the assumption of proportional hazards is
supported for both versions of covariates temperature:
binary (x’=0.385, p=0.535) and continuous (x’=0.916,
p=0.338). Results of the Cox regression analysis are
shown in the Table 1.

Events per 100
Country Deaths  Cases observations CFR(%) 95% Cl
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Israel 279 16890 -] 167 [1.48; 188
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Figure 4. Forest plot of subgroup analysis by temperature on May 23, 2020.
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Figure 5. Kaplan-Meier survival curves.

In Model 1, the countries with temperature greater
than 14.8°C had 3.95 times increased risk of reach-
ing the CFR peak compared with countries with tem-
perature lower or equal to 14.8°C. Based on Model 2,
it can be stated that for every one-degree increase in
temperature, the risk of reaching the peak increases by
an estimated 6.9%.

4. Discussion

In past studies, the attention of researchers was paid
to the relationship between the various diseases prev-
alence and weather factors. We studied the associa-
tion of, among others, air temperature, humidity, and
cloud cover with the morbidity, mortality, and case
fatality rates. Previous studies have focused not only
on relationships between infectious diseases and the
weather conditions but also on non-infectious diseas-
es and the weather conditions. For example, Murphy
et al. (2004) showed that there is substantial seasonal
variation in atrial fibrillation hospitalizations and
deaths.

Focusing on the influence of the weather condi-
tions on the spread of previous epidemics/pandem-
ics, it should be mentioned that studies regarding
the relationship between meteorological factors and

www.ce.vizja.pl

infectious diseases (such as avian influenza A/HN,,
SARS-CoV, and MERS-CoV) have been conducted.
The first studies on COVID-19 and the weather con-
ditions appeared. Lin et al. (2006) stated that in days
with a lower air temperature during the epidemic,
the risk of increased daily incidence of SARS-CoV
(2003 epidemic) was 18 times higher than in days
with a higher temperature (temperature higher than
24.6°C served as the reference level). The stability of
the SARS coronavirus in different weather conditions
was also analyzed by Chan et al. (2011). They showed
that high temperature at high humidity has a syner-
gistic effect on inactivation of SARS-CoV viability
while lower temperatures and low humidity support
prolonged survival of virus on contaminated surfaces.
The environmental conditions of countries in tropical
areas (e.g. Malaysia, Indonesia, Thailand) are thus not
conducive to the prolonged survival of the virus.
Biswas et al. (2014) studied the meteorological fac-
tors (air temperature, relative humidity, cloud cover,
rainfall, wind speed) in the occurrences of highly
pathogenic avian influenza A/H5N1 in Bangladesh
between 2007 and 2011. They stated that incorpora-
tion of one or any combination of the meteorological
parameters as inputs in models did not improve the

This work is licensed under a Creative Commons Attribution 4.0 International License.
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Figure 6. Kaplan-Meier survival curves according to the temperature.

performance of any model compared with the corre-
sponding univariable model.

Doremalen and Munster (2013) showed that MERS-
CoV (epidemic in 2012) is characterized by the rapid
decrease in virus viability at higher temperatures and
higher humidity, which suggests that MERS-CoV and
SARS-CoV share relatively similar stability character-
istics.

Wu et al. (2020) based on data from 166 countries
concluded that temperature was negatively related to
the daily new cases and daily new deaths of COVID-19.
Prata et al. (2020) found that the relationship between
the annual average of temperature compensation and
COVID-19 confirmed cases was approximately lin-
ear in the range of less than 25.8°C, which became flat
above 25.8°C. When the average temperature was below
25.8°C, each 1°C rise was associated with a —4.8951%
decrease in the number of daily cumulative confirmed
cases of COVID-19. Shi et al. (2020) showed that in
China the incidence of COVID-19 decreases with the
increase of temperature. Wang et al. (2020) showed that
the increased temperate and relative humidity signifi-
cantly reduced the transmission of COVID-19 in 100
cities of China. Different results obtained authors from
China (Luo et al., 2020; Yao et al., 2020), who stated that

CONTEMPORARY ECONOMICS

the increased temperature, humidity, and UV radiation
did not reduce the incidence of COVID-19.

Our findings agree with the majority of the results
showed in the previous studies. This study showed that
the higher air temperature is associated with lower val-
ues of the CFR of COVID-19 and with shorter duration
of pandemic to the CFR peak.

The methods used in this study were employed by
researchers in few studies to analyze the pandemic of
COVID-19. The meta-analysis was used by Oke and
Heneghan (2020) to show the variation of the CFR in
the countries with 1000 and more cases of virus. This
analysis is still updating by the authors on the web-
site (last update was June 9th, 2020). The pandemic of
COVID-19 duration to the first peek of the mortality
rate was studied by Jinjarak et al. (2020). The authors
divided countries according to the time of the policy
interventions. They concluded that in countries with
early stricter policy interventions the pandemic dura-
tion to the first peak of the mortality rate is longer than
in countries without such interventions.

5. Limitations

The main limitation of this study is that COVID-19
pandemic is still ongoing, therefore the calculations of
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Table 1. Historical MSCI World Index and S&P Performance Under Epidemic Risk.

Variable Coefficient Exp (coefficient) SE (coefficient) Pvalue
Model 1 (y°=15.89, p<0.0001)
Temperature (ref. <14.8) 1.3747 3.9539 0.3473 <0.0001
Model 2 (x?=9.04, p=0.003)
Temperature (continuous) 0.06685 1.06914 0.02169 0.00205

Note: ref. - reference

the CFR may be different than in reality. Another limi-
tation is associated with air temperature. In the analysis,
due to the lack of relevant data from 2020, there were
used the data from the previous years. It means that in
the case of large deviations of temperature in 2020 from
the average values from previous years the cut-off tem-
perature may be different. Additionally, the values of
temperature included in the analysis were from capital
cities of individual countries, which means that these
values do not reflect the values of temperature from the
whole countries. The last limitation is related to clas-
sification of the deaths from COVID-19 in individual
countries. The causes of death are differently classified
in individual countries and the comparisons between
countries should be treated carefully.

6. Conclusion

The conducted research should be helpful to un-
dertake future management practices against CO-
VID-19. In the absence of effective medicine and
vaccine against virus, understanding the conditions
favorable for the virus’s spread (including weather
conditions) could be the most effective way to arrest
the further spread of COVID-19. The results of this
study should serve as a warning, especially for coun-
tries with lower values of air temperatures. There is
no doubt that the next wave of the novel coronavi-
rus will have a wider spread, as the disease is already
prevalent throughout the world. In June 2020 the
CFR has been decreasing, but the second and the
next waves of the virus may cause the problems in

www.ce.vizja.pl

health care efficiency, increase in deaths from CO-
VID-19, and increase in the CFR of COVID-19. An-
other consequence entails the deterioration of eco-
nomic stability throughout the world. Summarizing,
uncovering the favorable conditions for the virus is
crucial from the perspective of the entire population.
Additionally, further research on different factors
causing the virus’s spread should be conducted.
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