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Abstract: The climate has an influence on the COVID-19 virus lethality. The aim of this study is to
verify if the summer weather coincided with the decrease of the Case Fatality Ratio (CFR) in Europe
and if, on the contrary, an inverse trend was observed in Australia and New Zealand. To verify our
hypothesis, we considered the largest European countries (Germany, UK, France, Italy, and Spain), plus
Belgium and the Netherlands. Furthermore, we compared these countries with Australia and New
Zealand. For each country considered, we have calculated the CFR from the beginning of the pandemic
to May 6th and from May 6th to September 21st (late summer in Europe, late winter in the southern
hemisphere). The CFRs were calculated from the John Hopkins University database. According to the
results, in all European countries, a progressive decrease in CFR is observed. A diametrically opposite
result is found in Australia where, on the contrary, the CFR is much higher at the end of September (at
the end of winter) than on May 6th (mid-autumn), and the risk of dying if we count the infection is
higher in September. In New Zealand, there are no statistically significant differences between the two
surveys. The present study was based on public access macro data.
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1. Introduction
The lethality of the COVID-19 virus is affected by climate [1]. The Case Fatality Ratio
(CFR) of COVID-19 is, in fact, lower in equatorial countries than in temperate climates [2].
This phenomenon is partially independent of the different age distribution of the populations,
and it also regardless of previous exposure to the malaria of the given areas; malaria [3] and
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old age [4, 5] are in fact debated as possible determinants of lethality in the COVID-19
pandemic, the first as a possible protective, and the second as a risk factor. A low lethality is
also detectable in urban equatorials countries with high pollution rates (e.g., Singapore) [6]
while the association is less strong in equatorials countries with a high proportion of the
population living in altitude, and therefore with milder temperatures, such as in Ecuador [7].
In Europe, a relationship emerged between temperature, humidity, and incidence and mortality
from COVID [8]. While in more detail, another study found European countries with a
temperate climate with higher CFR both than European countries with a warmer Mediterranean
climate, as towards European countries with a cold climate [9]. The spread of the virus could
also be affected by the climate; however, the evidence is less convincing in this regard [10]. A
summary analysis of trends in Europe seems to highlight that in many European countries. The
so-called second wave is showing a lower CFR than the first 7].
If this were confirmed, we could hypothesize several determinants of this trend:
1) First of all, the therapeutic systems were improved, and this could lead to a lowering of the
risk of death.
2) The awareness of the importance of asymptomatic and paucisymptomatic carriers has raised
the number of diagnostic tests. This was accompanied by an improvement in the screening test
and the accessibility of it. With the result that the denominator is increased because it is much
more likely that people had no contact with the virus will be tested.
3) The first phase of the epidemic in Europe saw as focal points hospitals (often unprepared)
and nursing homes for the elderly (with the involvement of elderly people more at risk of a
fatal outcome), while the second wave in many countries exploded in summer party nights and
in schools (with the involvement of young people, less at risk of a bad outcome).
4) The virus may have lost its virulence due to natural evolution, perhaps in relation to
modulating factors such as preventive measures such as masks [11].
Although, if a reverse trend relative to the CFR may be shown in countries of the other
hemisphere where the epidemic then exploded at the end of the summer and continued in the
autumn and then in the winter (while in Europe it was summer), this could suggest that the
climate may have played an important role. However, we should consider nations that had the
majority of the population living in temperate climates, with a healthy structure similar to that
of European countries (i.e., with public national health systems) with similar income and with
similar cultural and social roots. The countries closest to this description are Australia and New
Zealand. The purpose of this study is to verify if the summer weather coincided with the
decrease of the CFR in Europe and if, on the contrary, an inverse trend was observed in
Australia and New Zealand.
2. Materials and Methods
To verify our hypothesis, we considered the largest European countries by the number
of inhabitants (Germany, UK, France, Italy, and Spain), plus Belgium and the Netherlands,
because they are particularly affected by the pandemic. We have reported the data relating to
Sweden, which, although located for most of its territory in a colder climatic zone than the rest
of the European countries considered, has the interest determined by the fact that it is the only
European country not to have operated a look down. We compared these countries with
Australia and New Zealand. For each country considered, we have calculated the CFR from
the beginning of the pandemic to May 6th and from May 6th to September 21st (late summer in
Europe, late winter in the southern hemisphere). The CFRs were calculated from the John
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Hopkins University database [7]. The difference between the two detection times in each group
was calculated on the basis of 2X2 tables that reported in the 4 cells: cases that died at time 1,
cases that did not die at time1, cases that died at time 2, cases that did not die at time2. The
differences are reported as odds ratio (OR), risk of death at t1 compared to t2, the confidence
limits were calculated with the simplified formula of Miettinen starting from the calculation of
the chi-square. To ascertain at what moment of evolution of the epidemic in the specific state
of the two surveys, we also calculated what percentage of cases had been highlighted on May
6th, compared to all cases highlighted on September 21st.
3. Results and Discussion
Table 1 shows how in all European countries, a progressive decrease in CFR is
observed, more marked in France, Belgium, The Netherlands, Spain (OR from 6.6 to 40), less
marked in Italy, Germany, and UK (OR=2.1-2.9), intermediate in Sweden (OR=4.1). However,
in all these countries, the differences between the first and second surveys are statistically
significant, with a higher CFR on the first survey (in the middle of spring) than on the second
one (in late summer). A diametrically opposite result is found in Australia where, on the
contrary, the CFR is much higher at the end of September (at the end of winter) than on May
6th (mid-autumn), and the risk of dying if we count the infection is higher in September. In
New Zealand, there are no statistically significant differences between the two surveys. At the
time of the first survey, 81% of total cases had already been detected up to September 21st in
New Zealand, 71% in Italy, and 60% in Germany. In all other states, half of the total cases that
would have been detected at the end of the research had not yet been detected on May 6th, with
lower percentages in Australia (25%), Sweden (27%), and France (33%).
Table 1. CFR in Europe, Australia, and New Zealand from the outbreak of the pandemic to May 6th and from
May 6th to September 21st.

Italy
France
Belgium
Germany
The Netherlands
Spain
UK
Sweden
Australia
New Zealand

CFR
To May 6th
13.8%
14.8%
16.4%
4.3%
11.0%
11.7%
14.9%
13.9%
1.4%
1.4%

CFR May 6thSeptember 21st
6.9%
1.6%
2.9%
1.9%
1.9%
1.1%
5.7%
3.7%
3.8%
1.2%

Chi
square
2844.6
35409.2
5778.7
1154.6
21646.3
40644.9
9634.9
3014.0
95.4
0.05*

p

OR (CI 95%)

<0.00001
<0.00001
<0.00001
<0.00001
<0.00001
<0.00001
<0.00001
<0.00001
<0.00001
0.995

2.1 (2.0-2.2)
10.1(10.4-10.7)
6.6 (6.2-7.0)
2.3 (2.2-2.4)
40 (37-43)
12.1 (11.7-12.5)
2.9 (2.8-3.0)
4.1 (3.9-4.3)
0.4 (0.3-0.5)
1.2 (3.4-3.5)

% of total cases at
the first evaluation
71.0%
33.5%
47.5%
60.2%
44.1%
31.2%
48.7%
27.2%
25.5%
81.5%

*Yates corrected

3.1. Discussion.

Our study highlighted a lowering of the CFR in all European countries from May to the
end of September, while in the southern hemisphere, an exact opposite trend is observed in
Australia, while in New Zealand, there is no difference between the two surveys. Although the
results confirm, at least in part, the initial hypothesis, it can nevertheless be affirmed that the
same data also suggest, which was also intuitive, that numerous other factors come into play
on the trend of the CFR. The same trend of the pandemic seems to be able to influence the
parameter considered, where, in all the countries in which it had a lower prevalence after the
first survey, both in the southern and northern hemispheres, the CFR has changed less. In fact,
in Europe, there is a minor change (although still present) in Italy (where after May 6th,
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positives equal to only 30% of the total will be identified) and in Germany (40% of the total).
While in the southern hemisphere, the CRF does not change at all in New Zealand, where 80%
of the cases have already been identified as of May 6th and will then be identified until
September 21st. It is possible that in countries with a better containment of the pandemic, its
evolution, relegated to outbreaks, may mainly affect clusters of vulnerable people while where
pandemic affects the entire population without control, a greater proportion of people, not at
risk, are more likely to become infected. The spreading capacity of the virus presents in the
South as in the North and at different times, a similar variability. Suffice it to say that the two
southern nations are at the extremes of the distribution of the difference in the percentage of
cases identified in the two surveys. Australia will, in fact, develop a consistent epidemic after
May 6th (only 25.5% of the cases identified before), while New Zealand will succeed to almost
totally block the spread. This suggests that the diffusivity of the virus is less affected than the
lethality by climatic conditions, and those variables such as the effectiveness of preventive
measures have greater importance on the ability of the virus to spread [12]. It is no coincidence
that in Europe, the country with the highest percentage diffusion after May 6th in Sweden, the
only country not to have instituted a lockdown. At the present time, we do not know why a
virus that appears capable of spreading in summer and winter proves less lethal when the
climate is not temperate. The phenomenon could depend on the greater incidence in winter in
temperate climates of concomitant infections that can facilitate manifestations associated with
an unfortunate outcome [13] or by the temperature can directly influence the penetration of the
virus in particular sites, and the link with particular receptors (but not with all) [14], or could
depend on the role of Vitamin D in relationship with the sun [15, 25]. It has also been
hypothesized that the widespread use of prevention devices could have attenuated the virus
regardless of the climate [16]. Many observations have reported that in Europe in the new
phase, forms with a benign course are also observed in the elderly despite very high viral loads.
Understanding these phenomena could be interesting to better manage the present epidemic
but also to better understand the ecology of the Coronavirus, considering that the two previous
epidemics also subsided in the summer. However, the evidence that the COVID-19 pandemic
may present a worsening of the CFR as occurred in Australia and that this worsening is related
to the cold season should alarm European public health experts in view of the arrival of next
winter [17, 18]. The concern would be even greater if we consider that the European population
is on average significantly older than that of Australia and New Zealand [19] and, consequently,
conditions of disability such as oncologic [20, 21], diabetes [22], cardiovascular [23] and
respiratory diseases [24] are also more frequent, and that could make the impact of the winter
wave really devastating in such countries.
4. Conclusions
The present study was based on public access macro data and, therefore, could not
consider relevant variables such as the age of infected people, environmental pollution and
could not consider specific biological parameters. Its value is, therefore, purely heuristic.
Moreover, the authors consider that this work can be used as a beginning of a new direction in
future research investigating the intensity of the link between the climate and the severity of
COVID-19.
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