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ARTICLE INFO ABSTRACT

Keywords: How is the dynamics of Coronavirus Disease 2019 (COVID-19) in 2020 with an health policy of full lockdowns and
COVID'I'Q transmission in 2021 with a vast campaign of vaccinations? The present study confronts this question here by developing a
Coronav1ru‘s ) comparative analysis of the effects of COVID-19 pandemic between April-September 2020 (based upon strong
gli‘::::;:;k: illness control measures) and April-September 2021 (focused on health policy of vaccinations) in Italy, which was one
Seasonality of the first European countries to experience in 2020 high numbers of COVID-19 related infected individuals and

deaths and in 2021 Italy has a high share of people fully vaccinated against COVID-19 (>89% of population aged
over 12 years in January 2022). Results suggest that over the period under study, the arithmetic mean of
confirmed cases, hospitalizations of people and admissions to Intensive Care Units (ICUs) in 2020 and 2021 is
significantly equal (p-value<0.01), except fatality rate. Results suggest in December 2021 lower hospitalizations,
admissions to ICUs, and fatality rate of COVID-19 than December 2020, though confirmed cases and mortality
rates are in 2021 higher than 2020, and likely converging trends in the first quarter of 2022. These findings
reveal that COVID-19 pandemic is driven by seasonality and environmental factors that reduce the negative
effects in summer period, regardless control measures and/or vaccination campaigns. These findings here can be
of benefit to design health policy responses of crisis management considering the growth of COVID-19 pandemic
in winter months having reduced temperatures and low solar radiations ( COVID-19 has a behaviour of influenza-
like illness). Hence, findings here suggest that strategies of prevention and control of infectious diseases similar
to COVID-19 should be set up in summer months and fully implemented during low-solar-irradiation periods
(autumn and winter period).

Climate factors
Environmental factors
Health planning
Crisis management

1. Introduction and goal of this investigation

We are still in the throes of the pandemic of Coronavirus Disease
2019 (COVID-19) and its variants, an infectious illness generated by
mutant viral agent of the Severe Acute Respiratory Syndrome Corona-
virus 2 (SARS-CoV-2) that is generating health and social issues in
manifold countries (Anand et al., 2021; Bontempi and Coccia, 2021;
Bontempi et al., 2021; Coccia, 2020c; Johns Hopkins Center for System
Science and Engineering, 2021). COVID-19 transmission has been
investigated considering the relation with weather conditions, air
pollution factors and social activities within and between countries
(Bontempi et al., 2021; Coccia, 2020c, 2020a, 2021). Zhang et al. (2022)
apply two different approaches to analyze the impact of social activity
and climate factors on daily COVID-19 cases in the USA. The first
approach is the correlation analysis to test the relationship between
COVID-19 cases and weather variables or a social activity factor (i.e.,
social distance index); the second technique is a machine learning
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algorithm (random forest regression model) to investigate the feasibility
of estimating the number of county-level daily confirmed COVID-19
cases by using different factors (e.g., population, population density,
social distance index, temperature, humidity, solar radiation, precipi-
tation, and wind speed). Nichols et al. (2021) analyze seasonal coro-
naviruses from 2012 to 2019 and compare their temporal dynamics to
daily average weather parameters showing how coronavirus infections
had a seasonal distribution like influenza. Zoran et al. (2021) apply
descriptive statistics and regression models on geospatial daily time
series to compare incidence and mortality cases of COVID-19 waves in
Madrid (Spain) under different air quality and climate conditions. Re-
sults suggest for each of the four COVID-19 waves, anomalous anticy-
clonic synoptic meteorological patterns in the mid-troposphere and
favorable stability conditions for COVID-19 disease fast spreading.
Nicastro et al. (2021) also analyze the spatial aspects of SARS-CoV-2 in
response to UV light and solar irradiation measurements on Earth. The
“Solar-Pump” diffusive model of epidemics shows that UV-B/A photons
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have a powerful virucidal effect on the single-stranded RNA virus of the
COVID-19 and that the solar radiation that reaches temperate regions of
the Earth at noon during summers, it is a sufficient condition to inacti-
vate 63% of virions in open-space concentrations in less than 2 minutes.
Hoogeveen and Hoogeveen (2021) calculated the average annual
time-series for influenza-like illnesses based on incidence data from
2016 to 2019 in the Netherlands and compared these results with two
time-series of COVID-19 during 2020-2021 period for the same country.
Results of the time-series for COVID-19 and influenza-like illnesses were
highly significantly correlated. Instead, Baker et al. (2021) use an
epidemiological model to assess the sensitivity of SARS-CoV-2 to climate
conditions. The sensitivity depends both on the susceptibility of popu-
lation and the efficacy of non-pharmaceutical interventions in reducing
transmission. Hence, more stringent non-pharmaceutical interventions
may be required to minimize outbreak risk during the winter months in
a pre-vaccination period. In the presence of COVID-19 pandemic crisis,
just mentioned, R&D investment of nations and large corporations in
pharmaceutical sector have supported the development of new drugs,
such as different types of medicinal products (vaccines) based on viral
vector, protein subunit and nucleic acid, etc., to constrain, temporarily,
the spread of COVID-19 at national and international level (cf., Abbasi,
2020; Coccia, 2019, 2021a, 2022a, 2022b; Cylus et al., 2021; GAVI,
2021; Heaton, 2020; Jalkanen et al., 2021; Jeyanathan et al., 2020;
MAYO Clinic, 2021). Vector vaccines have the characteristic that genetic
material from the COVID-19 virus is placed in a modified version of a
different virus (called, viral vector). When the viral vector gets into
human cells, it delivers genetic material from the COVID-19 virus
directed to instruct the cells to make copies of the Spike (S) protein (the
main protein used as a target in COVID-19 vaccines). After that, human
cells display the S proteins on their surfaces and immune system re-
sponds by creating antibodies and defensive white blood cells to fight
the novel coronavirus (viral vector vaccines for COVID-19 are by Jans-
sen/Johnson & Johnson and University of Oxford/AstraZeneca). Protein
subunit vaccine includes only the parts of a virus that best stimulate the
immune system. This type of COVID-19 vaccine has harmless S proteins.
The immune system recognizes S proteins and creates antibodies and
defensive white blood cells to fight the viral agent (e.g., the vaccine
developed by Novavax, an American biotechnology company; cf., GAVI,
2021; readings Coccia, 2005, 2017a; Coccia and Rolfo, 2008). Instead,
the messenger RiboNucleic Acid (mRNA) vaccines use genetically
engineered mRNA to give to cells instructions on how to make the S
protein found on the surface of the SARS-CoV-2, creating antibodies to
fight this novel coronavirus (Mayo Clinic, 2021). The process of devel-
opment of mRNA vaccines for COVID-19 is much faster than other
vaccines to be redesigned and mass-produced (Cylus et al., 2021; Hea-
ton, 2020; Jeyanathan et al., 2020). The first path-breaking mRNA
vaccines for COVID-19 are due to premier biopharmaceutical com-
panies, Pfizer-BioNTech and Moderna (cf., Coccia, 2021a, 2022a,
2022b; Estadilla et al., 2021; Love et al., 2021; Miles et al., 2021;
Shahzamani et al., 2021; Yang and Shaman, 2021). A fundamental
question in COVID-19 pandemic crisis is to analyze the dynamics of
COVID-19 and compare the societal impact over time in the presence of
non-pharmaceutical (lockdowns) and/or pharmaceutical measures
(given by vaccines) in a same society and period. Manifold studies show
the effects of COVID-19 vaccines and lockdowns on population and
health system (Cai et al., 2021; Feng and LI, 2021; Rosenberg et al.,
2021). However, inconsistencies and ambiguities in the literature and
data about the overall effects over time of these control measures against
the novel coronavirus (SARS-CoV-2) and its variants suggest the need for
additional research. Unlike previous studies, the motivation of this study
is to clarify, using statistical analyses, the dynamics and effects of
COVID-19 in society comparing a period without vaccinations (and with
strong control measures) to the same period of the following year having
a vast vaccination campaign. In particular, the goal of this investigation
is the assessment of the impact of COVID-19 in society (considering
infected individuals, hospitalizations, ICUs, and fatality rates) by a
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comparative analysis of data between April-September 2020 and 2021
in Italy, which was one of first European countries to experience in 2020
high numbers of COVID-19 related infected individuals and deaths and
in 2021 has a high share of people fully vaccinated against COVID-19.
The results here can help scholars and policymakers to understand
factors determining the behaviour of COVID-19 in environment and
support appropriate and timing policy responses to cope with pandemic
threat.

2. Theoretical background

Because of the rapid spread of COVID-19 worldwide, how the tem-
poral dynamics and effects of COVID-19 pandemic change over time are
important aspects to clarify driving factors for controlling, with appro-
priate health planning, the transmission and impact of the novel viral
agent and its variants in environment and society (Aldila et al., 2021;
Bontempi et al., 2021; Coccia, 2021b, 2021c, 2021d; Pawelec and
McElhaney, 2021). In the presence of COVID-19 pandemic crisis, a
pharmaceutical measure is vaccinations that have the potential to keep
low basic reproduction number, to relax non-pharmaceutical in-
terventions and to support the recovery, whenever possible, of socio-
economic systems (cf., Prieto Curiel and Gonzdalez Ramirez, 2021;
Coccia, 2021b). Akamatsu et al. (2021) argue that governments have to
implement an efficient campaign of vaccinations to reduce infections
and mortality of COVID-19 in society and avoid the collapse of the
healthcare system of countries (cf., Yoshikawa, 2021; Coccia, 2022a).
Aldila et al. (2021) maintain that high levels of vaccination can eradi-
cate COVID-19 in society by achieving, as far as possible, the herd im-
munity1 to protect vulnerable individuals (Anderson et al., 2020; de Vlas
and Coffeng, 2021; Randolph and Barreiro, 2020; Redwan, 2021).
Toannidis (2021) suggests that if the vaccine efficacy decreases to 0.8,
the benefit gets eroded easily with modest risk compensation. Tran et al.
(2021) argue, in a case study of the states of Rhode Islands and Massa-
chusetts, that with vaccination coverage higher than 28% and no major
changes in non-pharmaceutical measures (e.g., social distancing,
masking, gathering size, hygiene guidelines, etc.) and in virus trans-
missibility, a combination of vaccination and population immunity may
lead to low or near-zero transmission levels by the second quarter of
2021.

However, other climatological, environmental, demographic, and
geographical factors of the total environment can influence the spread of
COVID-19 in society (Bashir et al., 2020; Coccia, 2021c, 2021d, 2021e,
2021f; Rosario et al., 2020; Sahin, 2020; Sarmadi et al., 2020). Zhong
et al. (2018) argue that static meteorological conditions associated with
high air pollution may explain the increase of bacterial communities in
environment. Coccia (2020c) reveals that, among Italian provincial
capitals, the number of infected people was higher in cities having high
air pollution, cities located in hinterland zones (i.e., away from the
coast), cities having a low wind speed (atmospheric stability) and cities
with a lower temperature (cf., Coccia, 2020a, 2021; 2021c). Rosario
et al. (2020) also reveal that high wind speed improves the circulation of
air and increases the exposure of the novel coronavirus to solar radiation
effects, a factor having a negative correlation with the environmental
diffusion of COVID-19 (cf.,, Coccia, 2020c, 2021; 2021c, 2021f).
Abraham et al. (2021) suggest the vital role of climatic factors and
seasonality in all types of epidemics and pandemics, included the
COVID-19. Zoran et al. (2021), analyzing COVID-19 waves in Madrid
(Spain), maintain that air temperature, planetary boundary layer height,
and ground level ozone have a significant negative relationship with
daily new confirmed cases and deaths of COVID-19. Zoran et al. (2022)

! Herd immunity indicates that only a share of a population needs to be
immune and consequently no longer susceptible (by overcoming natural
infection or through vaccination) to a viral agent for epidemic control and to
stop large outbreaks (Fontanet and Cauchemez, 2020; Rosen et al., 2021).



M. Coccia

also show that from January 2020 to July 2021 the favorable stability
conditions of atmosphere in Madrid (Spain) have supported COVID-19
disease fast spreading (cf., Coccia, 2021c). In general, this airborne
disease is affected by seasonal changes with a significant negative cor-
relation between air temperature, surface solar irradiance and daily new
COVID-19 cases and deaths, showing a seasonality with climate factors.
Danon et al. (2021) show that seasonal changes in transmission rate of
COVID-19 can affect the timing and size of the epidemic potential; in
particular, seasonal changes of COVID-19 shift the timing of the peak
into winter period, with important implications for healthcare capacity
planning (cf., Coccia, 2021f). Zhang et al. (2022) show that the esti-
mation of COVID-19 cases is more accurate with data including weather
variables. In particular, temperature and humidity are more vital factors
than solar radiation and wind speed. Nichols et al. (2021) argue that
seasonal coronavirus infections are due to immunological, weather,
social and travel factors. Empirical evidence on different coronaviruses
reveals that low temperature and low sunlight, such as in the UK and
countries having a similar climate during winter period, can increase
infections of airborne disease. Nicastro et al. (2021) maintain that the
seasonality by the SARS-CoV-2 mortality is associated with different
intensity of UV-B/A solar radiation hitting different Earth’s locations at
different times of the year. Hence, planning strategies of prevention of
the epidemics should be fully implemented during low-solar-irradiation
periods (Coccia, 2022a). The study by Hoogeveen and Hoogeveen
(2021) confirms that the same factors that are driving the seasonality of
influenza-like illnesses (e.g., low solar radiation, low temperature, high
relative humidity, and subsequently seasonal allergens and allergies),
they are also causing COVID-19 seasonality (cf., Erren et al., 2021; Baker
et al., 2021).

In this context, a fundamental problem in COVID-19 pandemic crisis
is to examine the evolution of COVID-19 into the same spatial area and
period in 2020 and 2021 to explain variations or similarities of the ef-
fects in society. This study confronts the problem here by developing a
comparative analysis between April-September 2020 and April-Sep-
tember 2021 in Italy, which was the first European country to experi-
ence arapid increase in confirmed cases and deaths of COVID-19 in 2020
and in 2021 is one of the world-wide countries with a widespread plan of
vaccination. The study here can clarify the behavior and effects of
COVID-19 pandemic in environment and society in the presence of non-
pharmaceutical or pharmaceutical measures of control. Lessons learned
from this study could be of benefit to countries to design effective
strategies of healthcare capacity planning to cope with and/or to pre-
vent future waves of COVID-19 and/or epidemics/pandemics of similar
infectious diseases. This study is part of a large body of research directed
to explain drivers and effects of the transmission dynamics of COVID-19
pandemic to support effective policy responses of crisis management
(Coccia, 2021b, 2022b, 2021g).

3. Materials and methods
3.1. Research questions

How is the temporal dynamics and effects of the COVID-19 pandemic
in summer season of 2020 (without vaccines) and 2021 (with
vaccinations)?

Does the behavior of COVID-19 change between summer period of
2020 (without vaccines) and 2021 (with vaccinations)?

The goal of this study is a comparative analysis of the temporal dy-
namics and effects of COVID-19 pandemic between 2020 and 2021 in
Italy in the presence of different control measures in society.

3.2. Research setting
The research setting here is a case study of Italy, the first European

country to experience a rapid increase of COVID-19 related infected
individuals and deaths in 2020 (Coccia, 2020c). Moreover, Italy on o7th
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December 2021 is one of the world-wide countries with a widespread
plan of vaccination having a share of people fully and only partly
vaccinated against COVID-19 equal to about 90% (Lab24, 2021;
Mathieu et al., 2021; Our World in Data, 2021).

In 2020, Italy applied non-pharmaceutical measures of control and
strong containment policies, such as full lockdown (Coccia, 2021b). On
March 12, 2021, Italy adopted the national strategic plan for the pre-
vention of COVID-19 based on the execution of the vaccination
campaign. Since scientific studies reveal that age and the presence of
pathologies are associated with mortality from COVID-19 (cf., Seligman
et al., 2021), these people have a priority order to be vaccinated in the
Italian campaign, such as: highly frail people, people aged between 70
and 79 years, for whom the death rate associated with COVID-19 in
those who are infected is about 10%; people between 60 and 69 years of
age, for whom the death rate associated with COVID-19 in those who
become infected is 3%; people under the age of 60 years with
co-morbidities. In addition, the following categories have also been
identified as priorities: school and university staff, teachers and
non-teachers, armed forces, police and public rescue, etc. Initially, the
vaccines administered in Italy are by the University of Oxford/As-
traZeneca, Janssen/Johnson & Johnson, Pfizer-BioNTech and Moderna.
Because of supply issues, the vaccination campaign was continued
mainly with mRNA vaccines (Pfizer-BioNTech and Moderna); on 16
December 2021, it is also started the vaccination of children with pe-
diatric Pfizer and in January-February 2022 it will be also available
Novavax vaccine.

3.3. Period, sample and source

Data from 1° April to 23™ September 2020 are compared to the same
period over 2021 in Italy, using daily data based on N = 176 days in
2020 and N = 176 days in 2021 for a total of N = 352 cases for different
variables under study (described later). Source of epidemiological data
under study is The Ministry of Health in Italy (Ministero della Salute,
2020).

3.4. Measures
The measures for statistical analyses are:

- Number of daily COVID-19 infected individuals is measured with
confirmed cases of COVID-19 per day.

= Number of daily COVID-19 swab tests verifies the positivity to the
novel coronavirus (confirmed case) by analyzing specimen of people
(LabCorp, 2020).

- Daily hospitalized people are total hospitalized patients with different
COVID-19 symptoms and patients in Intensive Care Units.

= Daily admissions to Intensive Care Units (ICUs) are the number of pa-
tients in ICUs for COVID-19.

= Number of daily COVID-19 deaths is measured with total deaths per
day.

- Daily fatality rate = ratio of deaths at (t) divided by confirmed cases at
(t-14 days). The time lag of about 14 days from initial symptoms to
deaths is based on empirical evidence of some studies (Zhang et al.,
2020).

3.5. Data analysis procedure

Firstly, the study calculates the daily contagiousness coefficient of
COVID-19 in the same period under study of 2020 and 2021, given by:
Contagiousness coefficient of COVID —19 at ¢ (CCV)

_ Confirmed cases at t
" swabtestsat t

This coefficient is used to normalize hospitalizations and admissions
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to ICUs. Moreover, to eliminate the weekly seasonal variation from
original time series yy, it is applied the method of moving averages (MM)
considering the sub-period of length r = 7 days (a week), using the
following formula of MM7:

’ :)’t—S V2 F Vo1t Yo+ Vo1 + Ver2 + Via3
! r =17 days

New time series adjusted with averaging process is given by y; =
S
3"y, that eliminates period to period weakly fluctuations and produces a
t

much smoother series than original observations.
Data of daily hospitalizations of people and admissions to ICUs are
normalized as follows:

Daily hospitalizations of people, normalized
_ daily hospitalizations of people (t)
" MM7 Contagiousness coefficient of COVID — 19(t—5 days)

Daily admissions to ICUs, normalized

_ daily admissions to ICUs (t)
~ MM7 Contagiousness coefficient of COVID — 19(t—5 days)

The time lag of about 5 days to normalize these variables is based on
an average period from diagnosis (initial symptoms and positivity to
swab test) to the hospitalizations and recovery in ICUs of patients having
COVID-19 complications (shortness of breath, loss of speech or mobility,
confusion, chest pain, etc.) as explained by specific studies (Faes et al.,
2020).

The sample of N = 352 cases is divided in two sub-samples having
similar temporal, healthcare and societal conditions for a comparative
analysis:

O group 1: data from 1% April to 23" September 2020, N = 176
O group 2: data from 1% April to 23" September 2021, N = 176

Secondly, data are analyzed with descriptive statistics given by
arithmetic mean (M) and Std. Error of mean (SEM) for a comparative
analysis between two groups just mentioned (Coccia, 2018; Coccia and
Benati, 2018).

Thirdly, follow-up investigation is the Independent Samples t-Test
that compares the means of two independent groups to determine
whether there is statistical evidence that the associated population
means are significantly different. The assumption of homogeneity of
variance in the Independent Samples t-Test — i.e., both groups have the
same variance — is verified with Levene’s Test based on following sta-
tistical hypotheses:

Hy: 612 - 652 = 0 (population variances of group 1 and 2 are equal).

Hy: 612 - 652 # 0 (population variances of group 1 and 2 are not
equal).

The rejection of the null hypothesis in Levene’s Test suggests that
variances of the two groups are not equal: i.e., the assumption of ho-
mogeneity of variances is violated. If Levene’s test indicates that vari-
ances are equal between the two groups (i.e., p-value large), equal
variances are assumed. If Levene’s test indicates that the variances are
not equal between the two groups (i.e., p-value small), the assumption is
that equal variances are not assumed.

After that, null hypothesis (H'o) and alternative hypothesis (H';) of
the Independent Samples t-Test are:

H'o: p1 = g, the two-population means are equal in 2020 and 2021.

H'y: p1 # po, the two-population means are not equal in 2020 and
2021.

Finally, trends of variables under study are visualized and analyzed
by comparing the data of COVID-10 pandemic in Italy between 2020
(with non-pharmaceutical control measures) and 2021 (with vaccinations).
Statistical analysis is based on a simple regression (linear model) in
which response variables measure the impact of the COVID-19 in
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society. Assumptions of the model of simple regression are:

e Linearity — the relationships between the predictors and the outcome
variable is linear.

e Homogeneity of variance (homoscedasticity) — the error variance is
constant.

e Normality of distributions is necessary for the b-coefficient tests, and
estimation of the coefficients requires that the errors be identically
and independently distributed.

e Independence — the errors associated with one observation are not
correlated with the errors of any other observation.

Model specification is given by using the time series y*; in 2020 and
2021 for a comparative analysis of temporal dynamics over time:

logy, =a+pt+u (€D

y*: = measure of the impact of COVID-19 pandemic in society using
MM?7 of time series (Confirmed cases/swab tests, Hospitalizations
and ICUs normalized)

t = time given by 2020 and 2021 period, as explained before

u = error term

Response variables of the indicators of COVID-19 in society depend
on time considering two periods:

O 2020, from 1° April to 23™ September 2020 when Italy applied non-
pharmaceutical measures of containment based on national lock-
down and quarantine.

0 2021, from 1% April to 23™ September 2021, when Italy adopted
mainly pharmaceutical measures for the prevention of COVID-19
based on a vast vaccination campaign.

The COVID-19 pandemic is also analyzed in December 2021 using
different datasets for assessing the effects in a central month of winter
and checking previous results to extend knowledge in these topics. Or-
dinary Least Squares (OLS) method is applied for estimating the un-
known parameters of linear model [1]. Statistical analyses are
performed with the Statistics Software SPSS® version 26.

4. Results

Table 1 shows that confirmed cases in 2020 is about 2.1%, whereas
in 2021 is 2.5%. Number of hospitalizations and ICUs in 2020 has a
slightly higher level, whereas fatality rate in 2021 is lower than 2021,
likely because of a higher numbers of swab tests in 2021 that have
detected more confirmed cases that increase the denominator of the
ratio and consequently it reduces fatality rate.

Table 2 shows the Independent Samples t-Test, as follow-up inspec-
tion, to assess the significance of the difference of arithmetic mean be-
tween groups of variables in 2020 and 2021. The p-value of Levene’s test
is significant, and we have to reject the null hypothesis of Levene’s test

Table 1
Descriptive statistics.

Description of
variables

April-September 2020 April-September 2021

M Std. Error of M Std. Error of
Mean Mean
Confirmed cases 0.021 0.002 0.0254 0.0012
normalized
Hospitalizations 556.720  94.706 406.0100  46.8410
normalized
ICUs normalized 58.850 11.076 48.0400 5.4400
Fatality rates 0.073 0.003 0.0146 0.0004

Note: M = arithmetic mean, N = 176 days in 2020 and 176 in 2021.
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Table 2
Independent samples test.
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Levene’s test for

equality of variances

t-test for equality of Means

F Sig. T df Sig. (2-tailed) = Mean Difference  Std. Error Difference

Confirmed cases 2020 vs. 2021 e Equal variances assumed 11.722 0.001 -1.631 350 0.104 —0.004 0.002

e Equal variances not assumed —1.631 276.877  0.104 —0.004 0.002
Hospitalizations 2020 vs. 2021 e Equal variances assumed 18.541 0.001 1.426 350 0.155 150.716 105.657

e Equal variances not assumed 1.426 255.784  0.155 150.716 105.657
ICUs 2020 vs. 2021 e Equal variances assumed 12.436 0.001 0.876 350 0.382 10.813 12.340

e Equal variances not assumed 0.876 254.772  0.382 10.813 12.340
Fatality rates 2020 vs. 2021 e Equal variances assumed 446.728  0.001 17.812 350 0.001 0.058 0.003

e Equal variances not assumed 17.812 180.875  0.001 0.058 0.003

and conclude that the variance in the groups under study is significantly
different (i.e., equal variances are not assumed). Table 2 also shows t-
test for equality of means. Since p-value>0.5 is higher than fixed sig-
nificance level « = 0.01, we can accept the null hypothesis, and conclude
that the mean of confirmed cases, hospitalizations of people, and ad-
missions to ICUs in 2020 and 2021 is significantly equal: there is not a
significant difference in arithmetic mean between April-September
2020 and 2021. Instead, for fatality rates, since p -value<0.001 is less
than chosen significance level a = 0.01, we can reject the null hypoth-
esis, and conclude that the mean in 2021 and 2021 is significantly
different, likely for reasons mentioned for Table 1.

Table 3 and Figs. 1-4 confirm, ictu oculi, previous results. In partic-
ular, simple regression analysis in Table 3 shows, in average, a higher
reduction of variables in 2020 than 2021, measured with coefficients of
regression (p-value< 0.001). The coefficient of determination R? in-
dicates that the variation from 24% to 70% in response variables of the
COVID-19 can be attributed (linearly) to temporal variable. F-test is
significant with p-value <0.001.

Fig. 5 shows a control analysis considering winter months from
October to December based on data and elaboration by Lab24-il Sole 24
Ore (2022). Firstly, we have to consider that:

- In 2020, during the period of first wave of COVID-19 pandemic, Italy
applied non-pharmaceutical measures of containment based on na-
tional lockdown and quarantine, which started on 8" March 2020
and ended on 18™ May 2020 directed to constrain transmission dy-
namics of the novel coronavirus (Coccia, 2021b, 2021d).

- Instead, in 2021 during the second and third wave of COVID-19, on
March 12, 2021, Italy applied mainly pharmaceutical measures for

Table 3
Estimated relationships based on model of simple regression.
Confirmed cases Hospitalizations
2020 2021 2020 2021
Constant o 0.050%** 0.066*** 1944.9
Coefficient —0.00032%** —0.00015%** —15.69
Stand. Coeff. —0.58 —0.49 —0.64
R? 0.334 0.143 0.41
Ftest 87.25%* 55.79%* 118.26%%*
ICUs Fatality rates
2021 2020 2021
Constant o K 0.14%** 0.04***
Coefficient 71% —0.001*** —0.00009%**
Stand. Coeff. g —0.594 —.84 —.78
R? 0.35 0.55 0.71 0.60
F-test 94.90*** 217.30* 416.01%** 264.00%**

Notes: Explanatory variable: Case sequence (time).
Response variables: Hospitalizations normalized, Confirmed cases normalized,
ICUs normalized, Fatality rates.

Significance: ***p-value<0.001, *p-value<0.5.

the prevention of COVID-19 based on a vast vaccination campaign
associated with a vaccine certificate (cf., Coccia, 2022a, 2022b).

Secondly, Fig. 5 seems to suggest, from October to December 2021,
that new daily cases of COVID-19 are increasing in 2021 compared to
2020, maybe because of new variants of COVID-19 for which vaccines
seem to have low effectiveness, whereas deaths and ICUs in 2021 are
lower than 2020 (until December), though trend of 2021 is increasing
over time for a likely convergence towards similar effects of the line of
2020 in the first quarter of 2022.

Overall, then, conclusion of statistical analyses here suggests that the
behavior of pandemic waves in 2020 and 2021 is rather similar,
regardless the plan of vaccination and/or control measures (e.g., full
lockdowns) implemented by Italy in the period under study. Results
seem also to reveal that the negative effects of COVID-19 in Italy are
higher in 2021 than 2020 for some variables. This finding can be
explained with highly contagious nature of new variants (e.g., Delta and
Omicron) of the novel coronavirus and limited scope of vaccines (orig-
inated to cope with the original alpha strain), because mutant SARS-
CoV-2 is also infecting people who are full vaccinated. Hence, these
new variants should open a scientific and political debate about the
appropriateness of vaccinations with current anti-COVID/19 drugs that
protect people against this infection mainly in a short run and on role of
environmental factors that guide transmission dynamics of this novel
infection disease, factors that are discussed in the following section.

5. Discussions and explanation of findings

The results of this study show a comparative analysis of the effects of
COVID-19 in 2020 and 2021 in the same socioeconomic system, given
by Italy, and same period (April-September). Results reveal a similar
behavior of COVID-19, regardless of lockdowns and/or vaccinations.
These results can be explained with theories that focus on critical role of
climatic factors and seasonality in all types of epidemics and pandemics
based on airborne diseases, such as COVID-19 (Abraham et al., 2021;
Dbouk and Drikakis, 2020; Ianevski et al., 2019; Hoogeveen and Hoo-
geveen, 2021; Nichols et al., 2021). In general, meteorological factors (e.
g., temperature and humidity) play a well-established role in the sea-
sonal transmission of respiratory viruses and influenza-like illnesses
(Chan et al., 2011; Hoogeveen and Hoogeveen, 2021; Roussel et al.,
2016). Manifold studies suggest that the spread of COVID-19 can be
influenced by climate and variation of environmental factors that induce
a seasonality (Christophi et al., 2021; Maharaj et al., 2021). In fact,
summer seasonality can reduce the spread of the novel coronavirus over
time and space and constrain the negative effects in society (Takagi
et al., 2020; Sahin, 2020). In particular, while a high absolute humidity
can support viral transmission (Islam et al., 2021), high solar radiation
and high wind speed can mitigate the spread of COVID-19 in environ-
ment (Coccia, 2021, 2021c; Rosario et al., 2020). Scholars suggest that
the effects of climate on the influenza epidemic lead to seasonal fluc-
tuations associated with latitude in the North and South Hemisphere of
the globe (Ianevski et al., 2019; Shaman and Galanti, 2020). Especially,
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scholars analyze the sensitivity of COVID-19 to meteorological factors
for explaining how changes in the weather and seasonality may
constrain COVID-19 transmission (Audi et al., 2020; Kerr et al., 2021;
Moriyama et al., 2020). The study by Liu et al. (2021, p.1ff) shows that
the cold season in the Southern Hemisphere countries caused a 59.71 +
8.72% increase of total infections, whereas the warm season in the
Northern Hemisphere countries contributed to a 46.38 + 29.10%
reduction. These results propose that COVID-19 seasonality is more
pronounced at higher latitudes, in the presence of larger seasonal am-
plitudes in atmosphere. Other studies have focused on effects of high

temperature and/or low humidity that might slow down transmission of
the novel coronavirus (Karapiperis et al., 2021; Rosario et al., 2020;
Runkle et al., 2020). Byun et al. (2021) show that manifold studies
suggest an inverse relation between temperature and humidity, and
global transmission of the viral agent of SARS-CoV-2. As matter of fact,
COVID-19 tends to be temperature-sensitive and, consequently, driven
by a seasonal viral agent (cf., Engelbrecht and Scholes, 2021). In this
context, Karapiperis et al. (2021) demonstrated that UV radiation is
strongly associated with incidence rates of COVID-19, regardless the
initial conditions of the epidemic over space (cf., Kumar et al., 2021).
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Dbouk and Drikakis (2021), applying fluid dynamics simulations, show
that weather seasonality can induce two outbreaks of the COVID-19
pandemic that are directly associated with temperature, relative hu-
midity, and wind speed of geographical regions. In brief, many endemic
human coronaviruses can be seasonally recurrent infectious diseases
(Kronfeld-Schor et al., 2021). Although a vital relationship between
weather seasonality, environmental factors, air pollution and airborne
infectious diseases exists over time and space (Coccia, 2020c), Dbouk
and Drikakis (2020) maintain that many epidemiologic models do not
include climate factors to explain the transmission dynamics of airborne
transmission opf viral agents with likely misleading results.

Hence, the empirical evidence here seems to suggest that the novel
coronavirus pandemic has a full seasonal cycle, showing a reduced rate
of diffusion with low humidity and high temperature (Karapiperis et al.,
2021): i.e., the SARS-CoV2 transmissibility seems to naturally decrease
in summer seasons, regardless of non-pharmaceutical and/or pharma-
ceutical interventions. The proposed explanation here of similar trends
of the temporal dynamics of COVID-19 pandemic in 2020 and 2021 in
Italy-based on seasonality and other environmental factors in the spread
of the novel coronavirus—is a critical result to design and implement
appropriate public health policies, timely vaccination campaigns and
other non-pharmaceutical interventions to cope with recurring waves of
COVID-19 pandemic in society.

6. Concluding observations and limitations

COVID-19 and other future pandemics can be due to human activ-
ities that are changing the globe, such as high industrialization associ-
ated with air and environmental pollution (and inter-related climate and
ecological change), bad land use, high urbanization, globalization of
trade, laboratory testing of hazardous pathogens, people who have
continuos contacts with wildlife, and in general the change on how
human society interacts with natural ecosystems (Abraham et al., 2021;
Coccia, 2005, 2015, 2017, 2020b; Coccia and Bellitto, 2018; cf. also
readings Coccia, 2017, 2021). This study reveals,—with a comparative
analysis between April-September 2020 and April-September 2021 in
Italy—, that average confirmed cases, hospitalizations of people, and
admissions to ICUs are significantly equal, corroborating the seasonal
behavior in the total environment of the COVID-19, which decreases in
summer season regardless of vaccinations and/or other
non-pharmaceutical measures of control over time and space. This
finding has a critical aspect to clarify transmission dynamics of
COVID-19 and support appropriate interventions of health policy to
cope with outbreaks of current and future (airborne) infectious diseases
(Coccia, 2021a). In fact, these results can support the implementation of
best practices of public health considering seasonal behavior of the
COVID-19 in the Northern and Southern Hemispheres that unfold
mainly over winter-fall period (cf., Bontempi et al., 2021; Coccia, 2022b;
Gozzi et al., 2021; Yoshikawa, 2021). Danon et al. (2021) show that
seasonal changes in transmission rate can affect the timing and size of
COVID-19 pandemic, shifting the peak into winter, with important im-
plications for planning the healthcare capacity and vaccination
campaign to cope with this airborne infectious disease. As a matter of
fact, Smit et al. (2020) argue that climatic factors would reduce the viral
transmission rate in boreal summer and the COVID-19 peak would
coincide with the peak of the influenza season, increasing the burden on
health systems (cf., Kronfeld-Schor et al., 2021). Nichols et al. (2021)
maintain that high level of infections is associated with reduced tem-
peratures and low solar radiations, such that measures of control for
COVID-19 have to be introduced mainly in autumn-winter months.
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Nicastro et al. (2021) also argue that the planning of strategies of
confinement for epidemics should be set up during summer months and
fully implemented during low-solar-irradiation months (autumnal and
winter period). Hence, seasonality is one of the main drivers in trans-
mission dynamics of COVID-19 and to curb the diffusion of the novel
coronavirus, it is important to apply multidisciplinary approaches, not
limited to medicine, to design and timely apply response policies of short
and long run, supporting a scaled-up health care capacity in autumnal
and winter seasons (Bontempi et al., 2021; Bontempi and Coccia, 2021;
Coccia, 2020c,a; Bontempi, 2022).

Overall, then, this statistical analysis here suggests that the behav-
iour of COVID-19 seems to be associated with seasonality of the novel
coronavirus that reduces the transmission in summer season and natu-
rally constrains the effects of this airborne disease in society, regardless
of pharmaceutical and/or other non-pharmaceutical measures of control
applied previously over time and space (cf. readings Coccia, 2020a,b).
These conclusions are, of course, tentative. Although this study has
provided some interesting, albeit preliminary results, it has several
limitations. First, COVID-19 is still progressing with new variants, and
sources understudy may only capture certain aspects of the on-going
dynamics of this pandemic, because the effects of this mutant corona-
virus are continually changing in geo-economic regions. Second, struc-
ture of population and characteristics of patients (e.g., ethnicity, type of
blood group, age, sex, and comorbidities) and new technology applied to
face this pandemic may vary between regions affecting the impact of
COVID-19 in society (Coccia, 2019a), and cf. also readings (Ardito et al.,
2021; Coccia, 2018). Third, there are multiple confounding factors that
could affect the spread of COVID-19 pandemic to be further investigated
(e.g., institutional aspects, investments in healthcare sector, etc.; cf.,
Coccia, 2018a). Finally, the statistical analyses and estimated relation-
ships in this study focus on data in a specific period and country having a
Mediterranean climate (i.e., Italy) and must be extended to other
countries to reinforce proposed results here. Thus, the generalization of
results in this research should be done with caution. Despite these lim-
itations, the results presented here clearly illustrate the seasonal
behaviour of COVID-19 and the need for more detailed examinations of
the relationship between dynamics of COVID-19, climate and environ-
mental factors to better understand transmission dynamics of this novel
coronavirus and airborne disease over time and space for applying
appropriate policy responses of crisis management to cope with
pandemic threat at country and global level (cf. reading Coccia, 2020).

To conclude, future research should consider new data when avail-
able, and when possible, it should examine new time series of different
countries with models including manifold variables to provide a
comprehensive explanation of the phenomena under study over time
and space. Therefore, this study like many studies-analyzing the
behaviour of pandemic diseases-strongly suggests an extension of the
family of epidemiologic models that should also include parameters
associated with climatological, environmental and socioeconomic fac-
tors to explain the complex aspects of this mutant SARS-CoV-2 in natural
ecosystem and support appropriate policy responses (Batabyal, 2021;
Bontempi and Coccia, 2021; Bontempi et al., 2021; Coccia, 2021e,
2021f1).
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Appendix A. Comparison of indicators concerning COVID-19 between December 2020 and 2021 in Italy
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