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COVID-19, Seasonality, and Historical
Epidemiological Risk in Italy: Descriptive
Study and Considerations for Public Health

Alessandro Rovetta

R&C Research, Bovezzo (BS), Italy; rovetta.mresearch@gmail.com; Tel.: +39-3927112808

Abstract: (1) Background: This paper investigates the epidemiological risk related to temperature
before and during COVID-19 in Italy; (2) Methods: Deaths in 2015-2019 and temperatures were
correlated. Excess and COVID-19 deaths were examined to estimate the relationships with
temperatures; (3) Results: Annual deaths were higher during the cold months (+45,000, SD = 4,700,
S = 21). The scenario worsened during COVID-19. Mortality was higher during minimum
temperature periods, although the curve moderately rose in the warmest months (r = -0.75, 95% CI
=[-0.87; -0.56], S = 23). COVID-19 deaths showed a decreasing seasonality. Monthly excess deaths
during COVID-19 were high (+4,200, IQR =[2,800; 8,000], S=28) with a doubt of seasonality. COVID-
19 mortality was correlated with regional latitude (r = 0.86, 95% CI = [0.68; 0.94], S = 20).
Discrepancies between COVID-19 and excess deaths were found. The exposed population was
subject to aging; (4) Conclusions: The epidemiological risk in Italy is seasonal and geographically
dependent. Low and very high temperatures can lead to mortality peaks. Therefore, COVID-19 and
any other epidemiological risk must be evaluated in light of this evidence. Health systems need to
be strengthened during cold and extremely hot periods. Future research should investigate these
phenomena at the causal level.
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1. Introduction

Until October 2022, numerous studies have provided evidence supporting the impact of
environmental and seasonal factors on COVID-19 [1-6]. Various types of pollution, relative humidity,
solar radiation, wind, and temperatures, as well as people's behavior (e.g., tendency to generate
gatherings with poor air circulation in the colder months), seem to impact its virulence and/or
contagiousness significantly. However, the effect size and significance of these external influences
are currently debated [7]. Furthermore, part of the scientific community emphasizes the greater
importance of virological phenomena such as the appearance of SARS-CoV-2 variants of concern and
the duration of the population's immunological memory [8]. In this regard, the author of this
manuscript underlines some ambiguities and critical issues that must be adequately addressed in
order to establish a standard research line. The first is the definition of “seasonality.” Indeed, it is
unclear whether this term identifies the periodic annual recurrence of a specific virus behavior
regarding its contagiousness and/or its virulence and at what intensity (e.g., is the peaks' heights a
determinant?). In this manuscript, any periodic manifestation is considered seasonal regardless of its
intensity; thus, it is possible to take into account any environmental influence and its relative impact.
The second concerns the complexity of the epidemiological system to be examined since such
variables influence each other through bidirectional causality mechanisms (e.g., the immune
response of a group of individuals is altered by confounding factors such as environmental
characteristics, lifestyle, and even psychological determinants) [9,10]. This makes it difficult to
establish universal and immutable primary epidemiological causes. Furthermore, COVID-19 severity
is aggravated by a long series of known comorbidities, including obesity, diabetes, asthma, chronic
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lung disease, sickle cell anemia, and immunodeficiency [11-16]; and, as if that were not enough, these
comorbidities are in turn influenced by the above variables. Therefore, this research adopts an
observational approach to provide an overall review of the epidemiological scenario. Finally, the
third involves the purpose of epidemiological research: in fact, the scientific and ethical objective is
the analysis of the causes and determinants of public health problems in order to provide solutions
and preventive strategies. Ergo, viewing the COVID-19 health crisis as a stand-alone issue,
decontextualized from the current local situation, is highly incorrect and reckless. Indeed, even
admitting and not conceding the absence of seasonality in the infection, it is essential to evaluate
components such as spatial and temporal resilience and effectiveness of the health system, giving the
right weight to the combined action of all the other causes of hospitalization and events that are
dangerous for the collective well-being within a specific geographical region. In this regard, one large
analysis by Gasparrini et al. shows a marked increase in epidemiological risk during cold seasons
worldwide [17]. Based on this premise, the present manuscript aims to investigate this aspect of the
COVID-19 pandemic in Italy by analyzing mortality patterns nationwide and their possible
relationships with temperature. The aim is to describe historical seasonal and temperature-related
risks and look for any plausible relationship with COVID-19.

2. Results

2.1. Relationships between historical excess deaths, seasonality, and temperatures

As shown in Figure 1, the toll of total monthly deaths in Italy from 2015 to 2019 was aggravated
by the arrival of the cold season (6 months, from November to April, average temperature < 20°C),
changing from an average of about 50,000 to 57,500 (95% CI = [5,400; +inf[, Welch t-test S = 21).
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Figure 1. Deaths per month from 2015 to August 2022 in Italy.

Therefore, the average annual increase in the cold season was 45,000 deaths (standard deviation
= 4,700). During COVID-19, the figure worsened, touching 115,000 and 63,000 excess deaths in the
cold seasons of 2020 and 2021 (two extremely surprising outliers, Grubbs t-test S > 52). Furthermore,
despite the abnormal increase in mortality in July, the death toll is still higher during the cold months
in 2022 (difference = 26,500 in the first 8 months). Considering the deaths per 100,000 inhabitants in
the three main geographic macro-regions, namely North, Center, and South, the graphs in Figure 2
were obtained: in particular, we can see a marked and surprising global correlation with the average
minimum temperatures (Spearman r = -0.75, 95% CI = [-0.87; -0.56], S = 23).


https://doi.org/10.20944/preprints202303.0265.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 March 2023 doi:10.20944/preprints202303.0265.v1

@® MEZZOGIORNO 30457 + -1837x + 56.7x2, 8D=576, R* = 0.929

L @ NORD 28224 + -786x + 28.7x"2, SD=1159, R* = 0.801
30000 22300 *
o
z
% 0000
o 27500 2 00
z ® e ' 8 e %e
< 5
Z s
& 25000 . 2 17500 » -
= L ]
a (] ° - s g‘. ® ° .
a
e 50
500 15000 L]
22! ry
20000 12500
1.5 10 35 6.0 85 1.0 135 16.0 185 33 5 " 1 155 175 9 215
Temperature minime NORD (*C} Temperature minime MEZZOGIORNG (*C)
14000 1200
CENTRO 14198 + -671x + 26.3x"2, SD=461, R* = 0.838 @ NORD CENTRO @ MEZZOGIORNO TOTALE
108 + -4.17x + 0.164x*2, SD=4.3, R* = 0.799
1100
12000 2
& o 1000
5 2 .
g z so.e
= L
g 900
» ’ ] []
& 10000 ] 2 . = .
4 L]
(=] B L ==
®

8000 70.0
2 4 6 B 10 12 14 16 18 o 5 10 15 20

Temperature minime CENTRO (°C) Temperature minime shifiate (*C)

Figure 2. Mathematical relationship between deaths and mortality (2015-2019 average) with the
average minimum temperatures in Italy. The last graph sees all the North, Center, and South
temperatures shifted to have the first value fixed in 0 (respectively, +1.5, -1.5, and -5.5°C). Legend: SD
= standard deviation.

The parabolic models of the form “lalx? - |bIx + |cl” describe the trends satisfactorily
(minimum{R?} = 0.80). In all macro-regions, the curve decreases up to the fourth highest minimum
temperature and then increases. Furthermore, although the trend is similar, all three curves are
shifted to each other. This suggests that other seasonal factors may be involved in the phenomenon.
Consequently, the increase in seasonal deaths due to COVID-19 must be considered in light of this
epidemiological scenario.

2.2. Comparison between excess and COVID-19 deaths

Table 1 shows the monthly distributions of excess mortality and compares them to official
COVID-19 cases. The monthly excess deaths from March 2020 to August 2022, compared to the
average of the same months during the 2015-2019 period, has a median of 4,200 (IQR = [2,800; 8,000])
and is statistically surprising (one sample Wilcoxon signed rank test S = 28). For the mere scruple, the
annual mortality in the same years was also assessed (general and by age group, Figure Al); the
outcome confirmed the absence of trends capable of compromising the statistical significance of the
tests adopted. In 2020, there was a discrepancy of over 26,000 deaths between excess deaths and those
attributed to COVID-19 from March to December, with a monthly average of 3400 (95% CI = [-100;
+inf[) moderately surprising (one sample Welch t-test S = 4). In 2021, the overall annual discrepancy
was greatly reduced (only 170 deaths), but with two important notes to be made: the first is that, from
January to April, there was a considerable excess of deaths linked to COVID-19 (almost 18,000 official
deaths from COVID-19 more than the total surplus of deaths, one sample Wilcoxon signed rank test
S = 4); the second is that, from the summer onwards, the opposite occurred (almost 18,000 excess
deaths more than those certified by COVID-19, one sample Wilcoxon signed rank test S =7).


https://doi.org/10.20944/preprints202303.0265.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 March 2023 doi:10.20944/preprints202303.0265.v1

Table 1. Excess of deaths and official deaths from COVID-19 in Italy. Legend: E = excess deaths, C19
= deaths from COVID-19, A = difference between E and C19, N.I. = not included, N.A. = not

available.
T E20 E21 E22 C1920 C1921 C1922 A20 A21 A22
January C N.L 6226 5337 0 14357 9096 N.L -8131 -3759
February C N.L 1973 2536 29 9183 7842 N.L -7210 -5306
March C 28234 10240 3167 12399 11647 4616 15835 -1407 -1449
April C 21008 11633 4711 15539 11461 4124 5469 172 587
Maggio H 1716 4078 3796 5448 5321 3190 -3732 -1243 606
June H 88 3700 2970 1352 1438 1656 -1264 2262 1314
July H -389 1857 11918 374 497 3733 -763 1360 8185
August H 2703 5553 4296 342 1158 3509 2361 4395 787
September H 2778 4908 N.A. 411 1700 N.A. 2367 3208 N.A.
October H 8271 2873 N.A. 2724 1179 N.A. 5547 1694 N.A.
November C 27008 3408 N.A. 16958 1728 N.A. 10050 1680 N.A.
December C 16762 6968 N.A. 18583 3574 N.A. -1821 3394 N.A.
TOTAL 108178 63415 N.A. 74159 63243 37766 34048 172 964
Hot excess H 15167 22969 22980 10651 11293 3022 4516 11676 10892
Cold excess C 93012 32249 15570 63479 28410 6420 29533 3839 -862

Ergo, the apparent absence of discrepancies is linked to the opposite sign of the two halves of
the year. A similar mortality situation occurred in 2022. In this case, two differences are highlighted:
the July mortality anomaly and the decrease in swabs carried out during the year plus an increasing
positivity (until reaching values similar to spring 2020 during the summer). The difference between
cold and hot season mortalities was very marked and surprising in 2020 (mean difference = 14,000,
95% CI=[11,000, +inf[, S=13) and in 2021 (mean difference = 6,800, 95% CI = [2,600, +inf[, S=7), while
it was less so in 2022 until August (mean difference = 3,400, 95% CI = [600, +inf[, S = 5). During the
first three months of 2022, deaths from COVID-19 surpassed those in excess. The situation reversed
from April onwards.

2.3. Relationships between COVID-19 deaths, seasonality, and temperature

COVID-19 deaths also showed a pronounced seasonality, even if the latter was decreasing over
time (Figure 3). Deaths from COVID-19 in the cold months of 2020, 2021, and 2022 were aligned in
the written order, while deaths from COVID-19 in the warm months of 2022, 2021, 2020 were aligned
in the written order and positioned consecutively to those of the cold months (Figure A2). By doing
so, it was possible to evaluate the overall trend to demonstrate the lowering of the seasonal effect
with a single test, obtaining a markedly and surprisingly decreasing curve (Spearman r = -0.85, 95%
CI=[-0.92; -0.70], S = 20). Overall COVID-19 mortality was strongly and surprisingly correlated with
regional latitude (Spearman r = 0.86, 95% CI = [0.68; 0.94], S = 20). As with the mortality/temperature
relationship, the best model fitting was parabolic (Figure 4). Finally, seasonality of excess deaths
decreased until it disappeared completely during 2022 (deaths in the hot months exceeded those in
the cold months, Figure A3).


https://doi.org/10.20944/preprints202303.0265.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 March 2023 doi:10.20944/preprints202303.0265.v1

B C19 deaths hot season [l C19 deaths cold season

20000
15000
10000
5000
0 Illl IIIIII I‘l
= N R DS 0 205 555N >0 >0 >0
RE2FLZEE885 FE2FL585880EE28¢235%
>.mo.2_’—>c»EOEE>.3NQ.E_,—:mEoEE>.:mD.E_,—>m
= < =1 += [ < 5 = s—n_zq: =
T = <q;oq;q;m_o§ Z 89000 &g Z
= 50 20 30 50 =20 30
Qo ) Oggu. o 08%”'
LE [} Zz rl (%] z -

Figure 3. Trend of official monthly deaths for COVID-19 from February 2020 to August 2022 in Italy.
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Figure 4. COVID-19 cumulative mortality from February 2020 to September 2022 (certified deaths per
100,000 inhabitants) as a function of regional latitude.

2.4. Changes in the exposed population

The under-50 population dimension is linearly declining over time, while the over-50 population
dimension is linearly increasing over time (R = 0.99, 95% CI = [0.94, 1], Figure 5). As far as the
population over 50 is concerned, a growing linear trend was observed up to 2020 (+330,000/year, 95%
CI: =[290,000; 360,000], S = 22) and a slowdown from 2021 onwards. On the contrary, the population
under 50 did not change its demographical behavior, diminishing by 570,000/year (95% CI =[-540,000;
-600,000], S =25).
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Figure 5. Trend of the annual under and over 50 population in Italy from 1st January 2015 to 1st
January 2022. Legend: C19 = COVID-19.

2.5. Hypotheses supported by quantitative data

2.5.1. Hypothesis 1

The difference between excess and COVID-19 deaths from March to December 2020 probably
arises from insufficient testing capacity during the pandemic's early stages (Figure A4).

2.5.2. Hypothesis 2

The 2021 situation is surprising due to the fact that there has been a considerable increase in the
number of tests performed in the last 6 months (percentage difference = +53%, 95% CI = [27%,; +inf[,
Welch t-test S = 10) and the non-decrease of official COVID-19 cases, total (2.1 million vs 2.3 million)
and monthly (79,000 vs 88,000, 95% CI = [-48,000; +inf[, Welch S < 2).

2.5.3. Hypothesis 3

The 2022 case is plausibly due to a combination of the anomalous waves of COVID-19 and heat [23].

2.5.4. Hypothesis 4

Regarding the changes in the exposed population, although the Grubbs test found a little degree
of surprise for the two potential simultaneous anomalies (S = 3) and a moderate degree of surprise
for the single 2022 outlier (S = 5), the deviation from the line is such as to provoke the doubt that the
predictions of excess deaths for 2021 and 2022 could be partially underestimated (residual 2021 = 2.9
standard deviations, residual 2022 = 4.2 standard deviations). This could help explain the higher
number of COVID-19 deaths compared to the total excess deaths in the winter months but not the
excess summer deaths during 2021 and 2022. As for July, the model shown in Figure 2 explained
about 4,000 excess deaths but not the other half. Observing July 2015, subject to a comparable heat
wave, it was deduced that the model may have underestimated the deaths; other possible
explanations concern the underestimation of deaths from COVID-19 and the overlap of hot
temperatures and COVID-19 effects with a non-linear increase in deaths. However, according to
official data, the seasonality of COVID-19 mortality has survived, although there has been a
progressive increase in deaths during the warm seasons and a decrease during the cold ones (Figure 3).
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3. Discussion

In light of the previous literature on the topic, the findings of this research furnish solid evidence
that environmental factors play, directly or indirectly, a substantial role in mortality in Italy.
Specifically, in the five years preceding the COVID-19 pandemic, about 45,000 more deaths were
recorded in the cold seasons than in the hot ones, corresponding to 7% of total annual deaths.
Extensive SARS-CoV-2 infection further exacerbated such an epidemiological scenario, doubling this
figure between 2020 and 2021. National mortality and deaths were strongly and surprisingly
correlated with monthly minimum temperatures, although the curves showed slightly increasing
trends approaching the four highest minimum temperatures. Concerning this last point, the best
explanation is that such a rise in deaths is due to the maximum temperatures, whose growth
coincided with the growth of the minimums (which made the latter reliable to make predictions). In
this regard, it is noteworthy that the parabolic interpolation model provided an optimal
approximation of this phenomenon, explaining more than 80% of the variability. The official deaths
from COVID-19 also showed a substantial seasonality, although this has decreased over time.
Moreover, COVID-19 regional mortality was considerably and significantly correlated with latitude,
confirming its possible dependence on low temperatures and/or other closely related local factors. As
of September 2022, the estimate of excess deaths showed partial seasonality up to the beginning of
2022 and lost this property during the summer (where deaths exceeded those of the cold months).
Finally, the rapid aging of the population, in addition to a generational turnover problem, increases
the annual number of individuals exposed to health problems.

Alongside this statistically clear evidence, some anomalies were identified. COVID-19 official
deaths in the early stages of 2020 were underestimated mainly due to poor diagnostic testing
capabilities. The variability of the testing rate and methods could have even further affected the
estimate of official cases and deaths in the following years. During the winter months of 2021 and
2022, certified COVID-19 deaths surpassed the total excess deaths estimated by the comparison
model. This scenario is compatible with the following hypotheses: i) deaths linked merely to COVID-
19 have been overestimated, ii) there has been a decrease in deaths linked to other causes, iii) the
population exposed to the main mortality causes varied unexpectedly. The first two hypotheses could
concern an overlap of causes of mortality, such as the so-called “twindemic” (seasonal flu and
COVID-19 co-infection) [8]. Indeed, the population most exposed to the two diseases is similar, and
COVID-19 could have been a simple concause of death (especially during the 2021-2022 winter). This
explanation may be valid for the 2021-2022 winter but not for the 2020-2021 winter, where seasonal
flu has reached historic lows due to the health countermeasures adopted for COVID-19 [24]. In
addition, the mortality difference between vaccinated and unvaccinated underlines that, in general,
COVID-19 is a direct cause of excess mortality [25]. Finally, other combinations of diseases — not just
viral — and COVID-19 should also be considered. For instance, cold-related risk factors include
cardiovascular stress, bronchoconstriction, suppression of mucociliary defenses, and other
immunological reactions [17]. As for the third hypothesis, there is partial evidence (high effect size
but moderate significance) that the trend of the population over 50 may have changed since the
arrival of the pandemic. The correctness of the latter result is further supported by the fact that it
concerns the age group most exposed to COVID-19. In contrast, excess deaths were greater during
the summer months. This scenario is compatible with the following hypotheses: i) the molecular
swabs had a lower sensitivity to the variants of concern Delta and Omicron [26-30], ii) the testing
capabilities were not sufficient [29,30], iii) the course of COVID-19 in some of the patients recovered
has led to a progressive worsening of their conditions until death (e.g., long-COVID, overload of
health facilities, damage psychological) [31-33], and iv) an anomalous cause of mortality has occurred
(e.g., unexpectedly high temperatures) [34]. The first hypothesis is implausible since this situation
should have also happened in winter; however, the possibility of connections with subvariants
remains. On the other hand, the second hypothesis is validated by the summer drop in diagnostic
tests (especially during 2022, where the positivity rate was similar to that of the first wave). Finally,
the third and fourth hypotheses are compatible with the epidemiological situation linked to the
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extreme heat wave detected (especially during July, i.e., the month with the highest excess deaths in
2022 until September 2022).

Regardless of the causal reasons, these findings indicate that the public health risk in Italy is
much greater in the winter or during extremely hot periods. Current and future health policies must
be calibrated on this evidence. Specifically, the healthcare system must be ready not only to handle a
greater flow of patients in these specific situations but also to bear the impact of other novel diseases
and epidemiological phenomena. Indeed, although the opinion of the scientific community on the
seasonality of COVID-19 is not unanimous, up to now, the number of COVID-19 deaths in Italy has
been markedly higher in the winter periods, which, in fact, poses a risk of overcrowding hospitals
due to the combination of the novel pandemic with the other historical seasonal hazard factors.
Furthermore, even assuming constant COVID-19 mortality during the year, the risk would still be
higher during winter due to the decrease in the relative capacities of health care. Finally, this aspect
is essential for public health in light of known future emergencies such as climate change.

This study is subject to limitations. First, the semi-exploratory character prevents certain causal
conclusions from being drawn. Nonetheless, it should be remarked that the research hypotheses are
well targeted on the existing literature, which makes these statistically solid findings capable of
supporting more specific investigations. The importance of this simple approach is frequently
disregarded or undervalued, to the extent that some authors dishonestly and detrimentally claim to
have discovered substantial proof of causation even in cases where they did not [35,36]. Second, inter-
regional situations have not been included in the models. Ergo, local epidemiological features may
have partially confused the data or been overlooked. Finally, excess deaths and mortality evaluations
are based on the counterfactual scenario “What would have happened without COVID-19?" [36].
Comparing past and present periods assumes that, without the COVID-19 crisis, the two situations
would have been similar. However, even if COVID-19 suddenly disappeared, this hypothesis would
be violated since the disease has changed factors relevant to determining the epidemiological
scenario (e.g., people's behavior and attitude). Hence, it is difficult to assess how much the violation
of this assumption affected the results from 2021 onwards (2020 is undoubtedly less subjected to this
problem). In this regard, it is necessary to underline that the more the years go by, the more uncertain
the historical comparisons based on counterfactual scenarios will be.

4. Materials and Methods
Population. All subjects residing in Italy from January 2015 to August 2022 were included.

Data collection. The following data was used:

e  Total monthly and annual deaths from January 2015 to August 2022 in Italy were downloaded
from the “Tableau Public” web page and from the web page “Decessi e cause di morte: cosa
produce 'ISTAT” of the Istituto Nazionale di Statistica (ISTAT) [18,19].

e  COVID-19 new cases, deaths, and diagnostic tests from February 2020 to August 2022 in Italy
were downloaded from the “Download COVID-19 data sets” web page of the “European Centre
for Disease Prevention and Control” [20].

e  Historical average maximum and minimum temperatures in Italy were downloaded from the
“I1 Meteo” web page of “iLMeteo s.r.L.” [21].

¢ Annual demographic size by age group (data as of January 1 of the current year) was
downloaded from the “Dati ISTAT” web page of the Istituto Nazionale di Statistica (ISTAT) [22].

Study design. This study is longitudinal retrospective. The distribution of deaths based on monthly
temperatures from 2015 to 2019 was analyzed to highlight any correlations. A model was built to
estimate the average death rate as a function of temperature in Italy and the three macro-areas
“Nord,” “Centro,” and “Mezzogiorno.” The deaths during 2020, 2021, and 2022 were compared with
those of the period 2015-2019 in order to highlight any anomalies caused by the COVID-19 crisis. The
excess deaths obtained from the previous procedure were compared with COVID-19 confirmed

doi:10.20944/preprints202303.0265.v1
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deaths to highlight any discrepancies and correlations with monthly temperatures and regional
latitude (a good indicator of regional temperatures). Diagnostic swabs, positivity rate, and
demographic variations in the population were used to investigate possible causes of the
discrepancies found. Finally, the seasonality of COVID-19 confirmed deaths and excess deaths were
analyzed in order to find any seasonality.

5. Conclusions

This evidence support that the cold season constitutes a greater epidemiological risk than the
hot season. Specifically, higher mortality is associated with low average minimum temperatures,
although the death curve rises moderately in the warmer months. Mortality peaks are also detected
in the presence of very high average maximum temperatures (in particular, above 30°C). Until
August 2022, the COVID-19 pandemic caused a sharp seasonal increase in mortality, although that
seasonality is decreasing. On the contrary, the increase in general mortality due to the complexity of
the health crisis showed seasonality until 2021; in 2022, it was subject to other events, such as the
combination of strong summer heat and COVID-19 waves (Omicron variants). Moreover, COVID-19
mortality notably increases with latitude. Finally, unexpected interactions between epidemiological
variables, such as co-infections, comorbidities, and cold-induced risk factors but also reduced risk
factors (e.g., due to pandemic-related health countermeasures), and changes in the most exposed
population (e.g., due to population demographic changes, COVID-19 vaccination coverage changes,
or SARS-CoV-2 new variants), could play a relevant role in determining the severity of the health
crisis. This could also help explain the differences between COVID-19 deaths and excess deaths. For
these reasons, it is essential to consider that: i) the epidemiological risk is seasonal and cold seasons
are markedly more dangerous for public health, ii) the impact of COVID-19 on public health could
be strongly influenced by both environmental/seasonal and virological variables (e.g., mutations,
immunological memory), iii) the increase in temperatures due to climate change can create summer
mortality peaks. Health authorities are called to develop policies that take these factors into account
since the epidemiological risk cannot be disjointed from the local epidemiological context. This is
even more urgent considering the rapid annual aging of the population. In particular, health systems
need to be strengthened during cold seasons and in anticipation of heat waves during summer. At
the same time, the scientific community must interpret the debate on the COVID-19 seasonality in
light of such evidence and analyses. Future research should investigate the causal interrelation
between all these epidemiological factors, considering the system's complexity to create an all-
encompassing model for prediction and surveillance.
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Appendix A
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Figure Al. Annual deaths and mortality in Italy from 2015 to 2021.
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Figure A2. Degrowth of the seasonal effect of COVID-19 on mortality from March 2020 to August
2022.
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Figure A3. Trend of monthly excess deaths from March 2020 to August 2022 in Italy.
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Figure A4. Diagnostic tests for SARS-CoV-2 and positivity: normalized weekly values in Italy up to
July 2022. The maximum positivity was 28%, while the maximum test frequency was almost 12,900
tests per 100,000 inhabitants.
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