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Abstract

This study analyses the relation between people fully vaccinated and mortality to assess the effectiveness
of this health policy to cope with COVID-19 pandemic between a sample of 150 countries. Statistical analyses
show a positive correlation between share of people fully vaccinated and total COVID-19 mortality in early 2022
(r= 0.65, p-value <.01). These results suggest that COVID-19 vaccinations cannot be a sufficient policy
response to eradicate the overall negative impact of the new infectious disease in society. Although high levels
of vaccinations in some countries, many demographic (density of population), environmental (air pollution),
technological (equipment of non-invasive ventilators), biological (new variants), socioeconomic (health
expenditures) factors, etc., influence the diffusion and negative effects of COVID-19 pandemic society. This
study can provide new knowledge to improve crisis management and the preparedness of countries to cope
with or prevent future pandemic crisis and negative effects in socioeconomic systems.
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I. INTRODUCTION

We are still in the throes in 2022 of negative socioeconomic effects of the pandemic of Coronavirus
Disease 2019 (COVID-19), an infectious illness generated by (novel) mutant viral agent of the Severe Acute
Respiratory Syndrome Coronavirus 2/SARS-CoV-2 (Bontempi et al., 2021; Bontempi & Coccia, 2021; Coccia,
2020, 2021; Johns Hopkins Center for System Science and Engineering, 2022; Vinceti et al., 2021).
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Initially, in 2020, countries apply non-pharmaceutical interventions (e.g., lockdown and quarantine) to
cope with COVID-19 pandemic crisis; a later time, in 2021 and 2022, the most applied health policy worldwide is
the administration of new types of vaccines based on viral vector, protein subunit, and nucleic acid-RNA
(Abbasi, 2020; Coccia, 2020, 2021a; Mayo Clinic, 2021). The vaccination plans have the potential goal to
reduce the diffusion of COVID-19, to relax non-pharmaceutical measures and maintain a low basic reproduction
number, but an important problem is whether these novel types of vaccines are really effective to reduce high
numbers of COVID-19 related infected individuals and deaths between countries to control and/or eradicate the
pandemic diffusion and to reduce negative effects in society (Aldila et al., 2021; Prieto Cruriel, et al. 2021; Saadi
et al., 2021). Akamatsu et al. (2021) argue the vital role of governments to implement an efficient campaign of
vaccination to reduce infections in society, and avoid the collapse of the healthcare system (cf., Coccia, 2021,
2022). Shattock et al. (2021) argue that a rapid vaccination rollout can allow the sooner relaxation of non-
pharmaceutical interventions, but emerging viral variants of SARS-CoV-2 create new scenarios and problems
for epidemic control (Fontanet et al., 2021; Papanikolaou et al., 2021). Shattock et al. (2021) also find that a
gradual phased relaxation can reduce population-level morbidity and mortality and that a faster vaccination
campaign can offset the size of the pandemic wave, allowing more flexibility for non-pharmaceutical control
measures to be relaxed sooner. Aldila et al. (2021) maintain that higher levels of vaccination rate can eradicate
COVID-19 in the population by approaching herd immunity to protect vulnerable individuals (cf., Anderson et al.,
2020; de Vlas & Coffeng, 2021; Randolph & Barreiro, 2020).

However, Aschwanden (2020, 2021) raised many doubts about the achievement of herd immunity, which
is a “false promise” because of manifold factors affecting the transmission dynamics of COVID-19 (cf., Moore et
al., 2021). Seligman et al. (2021) analyze the COVID-19 pandemic in the United States and show that social
determinants can affect COVID-19 mortality at the individual level. Results of demographics of deaths reveal a
mean age of 71.6 years, 45.9% female, and 45.1% non-Hispanic white. They found that disproportionate deaths
occurred among individuals with nonwhite race/ethnicity, individuals with income below the median, individuals
with less than a high school level of education, and veterans (cf., Davies et al., 2021; Wolf et al., 2021). In
general, substantial inequalities in COVID-19 mortality are due to racial/lethnic minorities and poor people
having less education. Garber (2021) for the US case study maintains that mortality from COVID-19 rises
steeply with advancing age, in a pattern that parallels overall mortality. Age-specific mortality rates increased in
the US more for groups that already experienced greater mortality, such as non-Hispanic Black people, as
reflected in projections of life expectancy at birth. Ackley et al. (2022), investigating the impact of the COVID-19
pandemic in the US, show that a significant percentage of excess deaths associated with the pandemic were
not directly assigned to COVID-19. Across the U.S.A., the estimates of the model indicate about 438,386
excess deaths occurred in 2020, among which 87.5% were assigned to COVID-19. Some regions of Mideast,
Great Lakes, New England, etc. had the most excess deaths in large central metropolitan areas, whereas other
regions (Southwest, Southeast, Rocky Mountains, Great Plains, etc.) reported the highest excess mortality in
non-metropolitan areas. Stokes et al., (2021) found that direct COVID-19 death counts in the US in 2020
underestimate the total excess mortality attributable to COVID-19. Racial and socioeconomic inequities in
COVID-19 mortality also increased when excess deaths not assigned to COVID-19 were considered (cf., Stokes
et al.,, 2021a). Sanmarchi et al. (2021) argue that many countries experienced an increase in mortality during
2020. Several Latin American and East European countries exhibit a large gap between Excess Mortality (EM)
and COVID-19 Confirmed Mortality (CCM), such as Mexico; other countries showed a moderate EM beyond
CCM (e.g., Greece). Countries with negative EM also had extremely low CCM and were located in East Asia.
Islam et al. (2021) point out that about one million excess deaths occurred in 2020 in many high-income
countries. Age-standardized excess death rates were higher in men than women in all countries. Excess deaths
exceeded reported deaths from COVID-19 in many countries, indicating that determining the full impact of the
pandemic on mortality requires assessment of excess deaths. Kiang et al. (2020) argue that the true number of
deaths resulting from COVID-19, both directly and indirectly, is likely to be much higher, and correct analysis
and evaluation of excess mortality are critical goals to understanding this pandemic and its effect on human life
and overall society.

In general, these studies clearly show that the mortality of COVID-19 pandemic is a critical indicator
associated with manifold factors (Barnard et al., 2021; Garber, 2021; Islam et al., 2021; Stokes et al., 2021,
2021a; Woolf et al., 2021).
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In this context, the study aims to conduct a statistical analysis to understand the relationships between
the vaccination rates and COVID-19 mortality rates across different countries. The goal is to shed light on the
complex factors that influence the spread of the pandemic and its impact on society. The findings from this
analysis can provide valuable insights for the development of effective crisis management practices to deal with
ongoing and future pandemics similar to COVID-19. This research is part of a larger project that seeks to
explore the drivers of COVID-19 transmission dynamics and formulate policies to address and prevent
pandemic threats in society.

II. STUDY DESIGN AND METHODS

Sample

The total sample of this study is N=151 countries worldwide. For some statistical analyses based on
different confounding factors, the sample can be lower for missing data of some variables.

The study incorporates several key data sources to conduct its analysis:

e Vaccination Data: The measurement of vaccination progress is based on the percentage of
individuals who have been fully vaccinated against COVID-19 as of January 11, 2022. While the primary data
reference point is January 2022, some countries may have reported their data for December 2021 due to
challenges in data collection and reporting. However, this minor temporal variation for certain countries does not
significantly impact the statistical analyses, as the study utilizes a large sample size of more than 100 countries.
The dataset accounts for the use of various COVID-19 vaccines, including those developed by Johnson &
Johnson, Oxford/AstraZeneca, Pfizer/BioNTech, Sinopharm/Beijing, Sinovac, Sputnik V, and Moderna (Ritchie
et al., 2020). Data source: Our World in Data (2022).

e Gross Domestic Product (GDP) per Capita in 2020: GDP per capita, measured in constant 2010 US
dollars, is utilized as an economic indicator for the year 2020. This metric represents the GDP divided by the
midyear population and serves as a measure of the economic well-being and productivity of a country's
residents. GDP reflects the total value added by all resident producers within an economy, accounting for
product taxes and subsidies. The calculations are performed without deductions for asset depreciation or
natural resource depletion and degradation. Data source: The World Bank (2022).

e Total Population in 2020: The total population figures for the year 2020 are based on the de facto
definition of population, encompassing all residents irrespective of legal status or citizenship. These population
estimates are midyear values and provide insights into the demographic composition of various countries. Data
source: The World Bank (2022a).

e COVID-19 Deaths in January 2022: The dataset includes the total nhumber of deaths attributed to
COVID-19 that occurred in January 2022. These figures serve as a crucial indicator of the severity of the
COVID-19 pandemic within different socioeconomic systems. Additionally, the study calculates the mortality rate
per 100,000 individuals to facilitate comparative analyses between countries. Data source: Johns Hopkins
Center for System Science and Engineering (2022).

The combination of these diverse datasets enables a comprehensive analysis of the relationships
between COVID-19 vaccination rates, economic factors (GDP per capita), population demographics, and the
impact of the pandemic (COVID-19 deaths) across a broad spectrum of countries. These data sources are
instrumental in assessing the complex dynamics surrounding the COVID-19 pandemic and its implications for
society and public health.

Model and data analysis procedure

The study employs a systematic approach to analyze the data, beginning with descriptive statistics. The
primary statistical measures used are the arithmetic mean and the standard error of the mean. The normality of
the distribution of variables under examination is assessed using skewness and kurtosis coefficients. In cases
where the distribution of variables is found to deviate from normality, appropriate transformations are applied.
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Specifically, a logarithmic scale transformation is used to achieve normality, facilitating subsequent parametric
analyses as per established statistical practices (Coccia, 2021a).

The primary focus of this study is to calculate and analyze a specific ratio related to COVID-19 deaths,
which is computed for all countries under investigation:

Bivariate Pearson Correlation: This method is used to examine the relationship between pairs of
continuous variables. In this case, the correlation coefficient 'r' is calculated to measure the strength and
direction of the linear relationship between the percentage of people fully vaccinated against COVID-19 and the
mortality rate (expressed as deaths per population per 100,000) for all countries in the study. Partial Correlation:
This analysis goes a step further by assessing the linear relationship between the same continuous variables
(vaccination rate and mortality rate), while also accounting for the potential influence of GDP per capita. It allows
for a more nuanced understanding of these relationships while controlling for the economic factor. Multiple
Regression Analysis: In this step, a multiple regression model is employed to predict the mortality rate
(considered the dependent or response variable) based on the values of two independent variables: the share
of people fully vaccinated against COVID-19 and GDP per capita. This analysis helps in understanding how
these two predictors collectively influence the mortality rate, providing insights into their relative importance.

The specification of log-log model is given by:

log (1)

where:

e Vi« = Mortality rate of COVID-19 in January 2022.

e X;; = Share % of people fully vaccinated against COVID-19 in January 2022
e 7 1= GDP per capita in 2020

e U = Error term

country i=1, ..., n; t=time

The results of the regression analysis include several key statistical measures:

R-squared (R?): This value, also known as the coefficient of determination, represents the proportion of
variance in the dependent variable (mortality rate) that can be explained by the independent variables
(vaccination rate and GDP per capita). It measures how well the regression model fits the data, with higher R2
values indicating a better fit. Standard Error of the Estimate: This metric quantifies the accuracy of the
predictions made by the regression model. A lower standard error suggests that the model's predictions are
closer to the actual values. F-ratio (ANOVA): The F-ratio is used to test whether the overall regression model is
a good fit for the data. It assesses whether the independent variables collectively have a significant effect on the
dependent variable. Unstandardized Coefficients: These coefficients provide insights into how much the
dependent variable (mortality rate) changes when one independent variable (e.g., vaccination rate) changes
while holding the other independent variable (e.g., GDP per capita) constant. They help understand the
individual impact of each predictor. Statistical Significance: The t-tests associated with each independent
variable determine whether they are statistically significant in predicting the dependent variable. A significant
result suggests that the independent variable has a meaningful impact on the dependent variable. These
statistical analyses were conducted using SPSS version 26 to assess the relationships between vaccination
rates, GDP per capita, and COVID-19 mortality rates across different countries.
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Statistical analysis

Table 1 shows descriptive statistics and that variables with logarithmic transformation have a normal
distribution (coefficients of skewness and kurtosis have values in the correct range) to perform appropriate and
robust parametric analyses.

Table 1. Descriptive statistics

Variables N Mean Std. Error of Mean Skewness  Kurtosis
GDPPC 2020, GDP per capita $ 151 1445769 1,716.74 2.68 9.64
MOR2022, Mortality rate per 100 000 people (number) 151 11143 9.75 1.33 1.69
VAC2022, Share % of people fully vaccinated 144 4414 2.26 -0.13 -1.29
Log GDPPC2020 149  8.68 0.12 0.07 -0.90
LogMOR2022 151  3.82 0.13 -0.58 -0.68
LogVAC2022 144 3.40 0.09 -1.44 1.39

Table 2. Bivariate correlation

Pearson Correlation LogVAC2022 LogMOR2022
LogVAC2022 1 646**
N 144 144

Note: MOR2022, Mortality rate per 100 000 people in 2022, VAC2022, Share % of people fully
vaccinated in 2022; ** Correlation is significant at the 0.01 level (1-tailed).

The bivariate Pearson Correlation produces, in the sample of N=144 countries, a positive coefficient r=.65
(p-value<0.01), which indicates a strong correlation between mortality rate per 100 000 people and share % of
people fully vaccinated. This finding is confirmed in table 3 with the partial correlation that indicates the
moderate linear relationship between continuous variables just mentioned, controlling for the effect of GDP per
capita (r parial = .44, p-value=.001).

Table 3. Partial correlation

Control variable: GDPPC2020 Partial Correlation LogVAC2022 LogMOR2022
LogVAC2022 1 A43FrE
N 135 135

Note: GDPPC 2020, GDP per capita;, MOR2022, Mortality rate per 100 000 people in 2022; VAC2022,
Share % of people fully vaccinated in 2022.
*** Correlation is significant at the 0.001 level (1-tailed).

Table 4. Regression analyses of mortality rate in 2022 on people fully vaccinated in 2022 (and GDP per
capita 2020), log-log model [1]

Simple Multiple

Regression regression
Constant 0.754* 0.542
(St. Err) (0.325) (0.665)
VAC2022, Coefficient ; 0.917%** 0.713***
(St. Err.) (0.091) (0.132)
GDPPC2020, Coefficient , -- 0.228*
(St. Err.) (0.103)
R? 42 43
(St. Err. of Estimate) (1.23) (1.22)
F 101.70*** 52.80***

Note: Dependent (response) variable is: MOR2022, Mortality rate per 100 000 people in 2022;
Explanatory variables are: VAC2022, Share (%) of people fully vaccinated against COVID-19 in 2022 and
GDPPC2020, Gross Domestic Product per capita in 2020. Significance: ***p-value<0.001; p-value<0.05
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Table 4 summarizes the results of both simple and multiple regression analyses. While the outcomes are
consistent, we will focus on describing the estimated multivariate relationship using Equation [1], which includes
two explanatory variables: the percentage share of people fully vaccinated against COVID-19 in 2022 and the
Gross Domestic Product (GDP) per capita in 2020. The partial coefficient of regression (1) in the model reveals
that, while controlling for GDP per capita, a 1% increase in the share of people fully vaccinated against COVID-
19 is associated with a 0.7% increase in the expected mortality rate of COVID-19 per 100,000 people (p-value <
0.001). Conversely, the partial coefficient of regression (B2) indicates that a 1% higher GDP per capita, while
controlling for the vaccination rate, leads to a 0.2% increase in the expected mortality rate of COVID-19 per
100,000 people (p-value < 0.05). The F-test, which assesses the overall fit of the regression model, is highly
significant (p-value < 0.001), indicating that the model is a good fit for the data. The R-squared (R?) value of the
multiple regression model suggests that approximately 53% of the variation in the COVID-19 mortality rate can
be attributed, in a linear fashion, to the share (%) of people fully vaccinated against COVID-19 in 2022 and the
Gross Domestic Product per capita in 2020. Figure 1 visually represents the regression line for COVID-19
deaths per 100,000 people based on a log-log model, illustrating the relationship between the mortality rate and
the percentage of people vaccinated against COVID-19. These findings indicate that, while vaccination rates
and GDP per capita both have statistically significant associations with COVID-19 mortality rates, the direction
of their influence is counterintuitive, with higher vaccination rates associated with higher mortality rates and
higher GDP per capita associated with higher mortality rates, albeit to a lesser extent.

Response variable =Log Deaths per 100 000 people in January 2022
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Figure 1. Relation of COVID-19 deaths per 100 000 people on share of people vaccinated against COVID-19
(%) based on log-log model.

These significant findings underscore the complexity of the COVID-19 pandemic and suggest that
increasing the percentage of people vaccinated against the virus, while necessary, may not be a sufficient
measure to fully mitigate its negative impact in terms of reducing mortality. The dynamics of viral transmission
are influenced by a multitude of environmental and socioeconomic factors that extend beyond vaccination rates.

The findings suggest that controlling the pandemic and minimizing mortality rates necessitates a more
comprehensive and multifaceted approach that considers the interplay of various factors. In the following
section, we will delve into the complexities of the transmission dynamics, examining the environmental and
socioeconomic elements that contribute to the pandemic's course and impact.
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[ll. DISCUSSIONS TO EXPLAIN THE RELATION

The key findings of this study highlight a significant correlation between the mortality rate per 100,000
people and the percentage of people fully vaccinated against COVID-19, even after accounting for the influence
of GDP per capita. This result underscores the importance of COVID-19 vaccinations as a critical strategy in
reducing the pandemic's negative impact on society. However, it also emphasizes that vaccination alone is not
a sufficient solution to fully mitigate the effects of the novel coronavirus.

The study reveals that the dynamics of the pandemic are influenced by a multitude of factors beyond
vaccination rates. These factors contribute to the continued transmission and mortality of COVID-19, even in
countries with a high percentage of fully vaccinated individuals. Thus, a comprehensive approach is essential to
address the complexities of the pandemic and effectively reduce its impact on public health.

In the following section, we will explore these multifaceted factors, shedding light on the various
environmental and socioeconomic elements that play a role in the transmission and mortality dynamics of
COVID-19.

High air pollution and exposure of population to days exceeding levels of PM; 5
air pollution (e.g.. max 30 days of high levels of air pollution per year)
Factors determining high = Low wind speed, low temperature and high atmospheric humidity

mortality rates, though a
high share of vaccinated
people  (factors to be = Low health expenditure as % of GDP
considered when shaping _J
general strategies to

= New SARS-CoV-2 variants of concern (e g , Delta, etc)

= Low government health expenditure per capita

mitigate case fatality rates = Lower investments in innovative technology, such as high-tech medical
of future waves of COVID- ventilators
19 and similar pandemics) = Delayed application of containment policies

= Unsustainable policies for economic development

= High density and intensive commercial activity

Figure 2. Factors determining high mortality rates, though a high share of vaccinated people between countries. Factors to be considered to
design general guidelines to constrain pandemic crises of novel viral agents like Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2).

Determinants of the pervasive diffusion of COVID-19 in society, which vaccinations cannot stop, are: hew
variants, high air pollution and density of people in cities, intensive commercial activities of countries, low
investments in healthcare sectors and little new technology (such as non-invasive medical ventilation), etc.
(Figure 2).

e High level of air pollution

Coccia (2020, 2021) finds out, based on a case study of Italy, that the number of infected people was
higher in cities with >100 days per year exceeding limits set for PM10 or ozone and cities located in hinterland
zones (i.e., away from the coast). In hinterland cities (mostly those bordering large urban conurbations) with a
high number of days exceeding PM10 and ozone limits, coupled with low wind speed, the average number of
infected people in April 2020 more than doubled that of more windy coastal cities in Italy that had also exceeded
the air pollution limits (Coccia, 2020, 2021). These findings provide valuable insight into geo-environmental
factors that may accelerate the diffusion of COVID-19 and similar viral agents. Studies show that a sustainable
environment plays a vital role in reducing COVID-19-related infected individuals and deaths; in particular, a low
rate of fatality is associated with a low level of air pollution (Coccia, 2020a, 2021a, 2022). In fact, the average
population exposed to levels exceeding WHO guideline value (% of total) is 72% in countries with a lower level
of fatality rate, whereas in countries with a higher incidence of mortality of COVID-19, it is almost 98% (Coccia,
2020; 2021, 2022). Coccia (2020; 2021, 2022) maintains that a proactive strategy to cope with future epidemics
should concentrate on reducing levels of air pollution in hinterland and polluted cities. Copat et al. (2020),
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considering different studies about the relation between air pollution and the spread of COVID-19, suggest that
PM2.5 and NO2 can support the spread and lethality of COVID-19, but additional analyses are needed to
confirm this relation concerning transmission dynamics and negative effects of the SARS-CoV-2 in society
(Coccia, 2021).

e Climate factors: low wind speed and temperature, high humidity

Studies suggest that the concentration of atmospheric pollutants is a main driver of the spread of SARS-
CoV-2 (Coccia, 2020a), but a high wind speed sustains clean days from air pollution, reducing whenever
possible the spread of COVID-19 (Coccia, 2020a, 2021, 2021a; Caliskan et al., 2020). To put it differently, a low
wind speed in cities prevents the dispersion of air pollutants that can include bacteria and viruses, such as
SARS-CoV-2, and can increase the incidence of COVID-19, such as in some European regions (Coccia, 2020,
2020a, 2021; 2022). Rosario et al. (2020, p. 4) suggest that wind improves the circulation of air and increases
the exposure of the novel coronavirus to the solar radiation effects, a factor having a negative correlation in the
diffusion of COVID-19. 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 results of the study show that UV-B/A photons have a
powerful virucidal effect on the single-stranded RNA virus of COVID-19. Moreover, the solar radiation that
reaches temperate regions of the Earth at noon during summers is a sufficient condition to inactivate 63% of
virions in open-space concentrations in less than 2 minutes.

¢ High density of cities and intensive commercial activities

Coccia (2020a, 2022) showed, with a case study of Italy, that the average number of infected individuals
increases with the average density of people/km2. In fact, the density of the population per km2 is a principal
factor for transmission dynamics of infectious diseases, and studies confirm that high population density
increases the probability of interpersonal contacts and viral transmission of COVID-19 in cities (Coccia, 2020a,
2022). Moreover, Bontempi & Coccia (2021) and Bontempi et al. (2021) find out that intensive commercial
activity, measured by the level of import and export, can be a main predictor of the diffusion of COVID-19 in
society. In particular, the study suggests that the total import and export of Italian provinces have a high
association with confirmed cases over time, with an average r > 0.78 and a p-value < 0.001 (Bontempi &
Coccia, 2021). Another study based on three large countries in Europe (ltaly, France, and Spain) suggests a
positive association between trade and pandemic diffusion. In general, international trade data is supposed to
be a complex parameter of the transmission dynamics of COVID-19 that includes many factors related to
economic, demographic, environmental, and climate aspects (Bontempi et al., 2021).

¢ New SARS-CoV-2 variants of concern

The novel coronavirus in the environment and the human ecosystem constantly changes through
mutations. A new mutation generates a variant of the original SARS-CoV-2 virus. Fontanet et al. (2021) argue
that in December 2020, an unexpected rise in reported COVID-19 cases was attributed to the emergence of
new SARS-CoV-2 variants, including Alfa (B.1.1.7) in the UK and Beta (B.1.351) in South Africa. Both variants
had mutations in the receptor-binding domain of the spike protein that are reported to increase transmission,
ranging between 40% and 70%. Davies et al. (2021) conducted a study that revealed the Alpha variant (B.1.1.7)
of SARS-CoV-2 is more transmissible than pre-existing variants. This study estimates that the hazard of death
associated with B.1.1.7 is 61% higher than pre-existing variants. In short, the analysis suggests that B.1.1.7 is
not only more transmissible than previous SARS-CoV-2 variants but may also cause more severe illness. Other
two variants of the novel coronavirus (SARS-CoV-2) that cause coronavirus disease 2019 (COVID-19) and
subsequent health and socioeconomic problems are (Mayo Clinic, 2022):

o Delta (B.1.617.2): This variant is nearly twice as contagious as earlier variants and might cause more
severe illness. The greatest risk of transmission is among unvaccinated people. People who are fully vaccinated
can get vaccine breakthrough infections and spread the virus to others. However, it appears that vaccinated
people spread COVID-19 for a shorter period than do unvaccinated people. Research suggests that COVID-19
vaccines are slightly less effective against the delta variant (Mayo Clinic, 2022).

e Omicron (B.1.1.529): This variant might spread more easily than other variants, including delta. But it
is not yet clear if omicron causes more severe disease. It is expected that people who are fully vaccinated can
90

€0}
Creative Commons Attribution 4.0 International License


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

i
Humanities & Social

Sciences © Bulletin Social-Economic and Humanitarian Research, Ne 19 (21), 2023, e-ISSN 2658-5561

get breakthrough infections and spread the virus to others. However, the COVID-19 vaccines are expected to
be effective at preventing severe illness. This variant also reduces the effectiveness of some monoclonal
antibody treatments (Mayo Clinic, 2022).

The alpha, gamma, and beta variants of SARS-CoV-2 continue to be monitored but are spreading at
much lower levels. The mu variant is also being monitored. Of course, these variants of the novel coronavirus
change the transmission dynamics and negative effects in society (Mayo Clinic, 2022).

e Health investments and innovative technology of medical ventilators

Coccia (2022) highlights that countries with lower fatality rates allocate a substantial portion of their GDP
to healthcare, around 7.6%, and their government health expenditure per capita is approximately $2,300.
Conversely, countries with higher COVID-19 fatality rates tend to have a lower health expenditure, about 6% of
GDP, and a significantly lower government health expenditure per capita, averaging about $243 per inhabitant.
This suggests a weaker healthcare sector in these nations, making it less prepared to handle pandemics and
other healthcare challenges within their societies. Regarding COVID-19 treatment in Intensive Care Units
(ICUs), a key technology used for managing seriously ill patients is mechanical ventilation. These artificial
breathing devices, including both positive and negative mechanical ventilators, are employed in various
healthcare settings such as ICUs, neonatal care centers, and ambulances. They function by inserting a hollow
tube into the patient's trachea, establishing a stable airway, and helping maintain appropriate oxygen and
carbon dioxide levels in the body. This aids in relieving respiratory distress, reversing respiratory muscle fatigue,
and initiating lung healing (IMARC, 2022). However, prolonged use of invasive ventilation can lead to lung
problems and infections, particularly when treating COVID-19 patients. Ventilator-associated lung injury, also
known as ventilator-induced lung injury, is a condition characterized by damage to the alveoli and small airways
due to mechanical ventilation. The mechanisms involved include alveolar overdistension and shear forces
generated by the repeated opening and collapsing of alveoli. These processes lead to the release of
inflammatory mediators, resulting in increased alveolar permeability and fluid accumulation. To address these
challenges, there has been a growing shift toward Non-Invasive Ventilation (NIV) as a technological
advancement. NIV involves providing ventilatory support without the use of invasive artificial airways like
endotracheal tubes or tracheostomy tubes. The use of NIV has significantly increased over the past two
decades and has become a critical tool for managing both acute and chronic respiratory failure, both in home
settings and critical care units. This innovative technology is emerging as an alternative to invasive ventilation,
offering greater flexibility in patient management (Soo Hoo, 2020, 2010). The development of new Non-Invasive
Ventilation (NIV) technologies has brought about significant improvements in patient care. These advancements
in NIV technology include the accurate measurement of airway pressure, the use of respiratory abdominal
sensors and transducers to allow patient-triggered pressure assistance, and the provision of adequate
humidification to maintain airway clearance and optimize ventilation while enhancing patient comfort. Normal
respiratory functions involve the warming, moistening, and filtering of inhaled gases by the nasal mucosa and
upper airways before they reach the lungs. In regular respiration, these mechanisms supply 75% of the heat
and moisture required for the smaller airways and alveoli. By the time inhaled air reaches the alveoli, it warms to
37°C at 100% relative humidity. Therefore, NIV technology aims to replicate these natural processes to improve
patient outcomes. The benefits of NIV technology extend to both patients and healthcare facilities. Some
advantages include cost-effectiveness, the avoidance of sedation, patient comfort, the elimination of the need
for intubation and airway skills, and time efficiency for healthcare facilities. During the COVID-19 pandemic,
countries like Germany, which had a substantial number of medical ventilators (approximately 30,000 in 2020),
were better equipped to manage the crisis. This capacity allowed for the treatment of patients with severe
respiratory distress caused by the virus. As a result, despite Germany's larger population of 83.24 million, the
COVID-19 death toll (117,318) remained lower than in countries with fewer ventilators, such as Argentina, which
reported 120,019 deaths with a population of about 45 million. Scholars like Kapitsinis (2020) emphasize that
investments in the healthcare sector are crucial public policies for mitigating the mortality rate of COVID-19 and
addressing future public health threats. To prepare for such threats, countries should invest in healthcare
infrastructure expansion, research and development for innovative technologies, and the development of
effective vaccines, antiviral drugs, and high-tech medical devices (Ardito et al., 2021). These investments play a
critical role in bolstering healthcare systems and improving preparedness for future epidemics like COVID-19.

91

€0}
Creative Commons Attribution 4.0 International License


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

i
Humanities & Social

Sciences © Bulletin Social-Economic and Humanitarian Research, Ne 19 (21), 2023, e-ISSN 2658-5561

IV. CONCLUSIVE OBSERVATIONS

Lau et al. (2021) argue that in the presence of a continuous global COVID-19 pandemic threat, the
mortality rate is a main indicator to evaluate the real effects of COVID-19 in society (cf., Liu et al., 2021).

In this context, one of the goals of nations to cope with COVID-19 pandemic crisis is to mitigate mortality
and case fatality rate (cf.,, Coccia, 2020a, 2021e). Initially, in 2020, countries apply non-pharmaceutical
interventions (e.g., lockdown) to cope with COVID-19 pandemic crisis; a later time, in 2021 and 2022, the most
applied health policy worldwide is the administration of vaccinations on a vast population (Coccia, 2022b).

Findings here reveal that the increase of vaccinated people (%) against COVID-19 is not associated with
a reduction of mortality of COVID-19 between countries because manifold factors can affect the complex
dynamics of diffusion of COVID-19 pandemic in environment and society. Although this study has provided
interesting results, that are of course tentative, it has several limitations. First, a limitation of the study is the lack
of data about total vaccinations in manifold countries. Second, not all the possible confounding factors that
affect the diffusion of vaccination and mortality of COVID-19 are taken into consideration and in future these
factors deserve to be controlled for supporting results here. Third, the lack of integration of data with
socioeconomic aspects of countries may influence the results of mortality, making comparative analyses a
problematic approach (Angelopoulos et al., 2020). Fourth, country-specific health investments may affect the
vaccination, management of healthcare and mortality of people and have to be controlled in future development
of this study. Finally, the estimated relationships in this study focus on variables in specific months (based on
recent data available) but an extension of the period under study is needed to reinforce results here. Thus, the
generalization of this results should be done with caution. Future research should consider new data, when
available, and when possible, to examine also other variables between countries to explain the interaction
between vaccination, mortality and other socioeconomic factors between countries. Despite these limitations,
results presented here suggest that the vaccination is a health policy not enough to reduce mortality of COVID-
19, control and stop the pandemic diffusion and subsequent negative effects in society. Hence, there is need for
much more detailed research in these topics and this study encourages further investigations to clarify complex
factors driving pandemics in environment and ecosystems also considering the interaction between restrictions,
vaccinations and general investments in healthcare. To conclude, varied factors between countries that are not
only parameters related to medicine but also to social, economic and innovation studies can explain the
mortality of COVID-19 pandemic in society and should be accurately considered to control future negative
impact of pandemic crisis on public health, economy and society. Hence, results here have to be reinforced with
much more follow-up investigation concerning detailed research into the relations between negative effects of
pandemic in society, health system, public health capacity and pandemic response of countries.

Overall, then, this study suggests that an effective strategy to reduce the negative impact (in terms of
mortality) of future pandemic threats similar to COVID-19, it has to be based on high investments in the health
system and the design of comprehensive health, social, and economic policy responses of crisis management,
not only a vaccination-based approach, considering that complex environmental and socioeconomic factors
guide transmission dynamics of COVID-19 and negative effects in society. To conclude, this study here
suggests analyzing further socio-economic factors that may shape and support general health strategy, beyond
vaccinations, to cope with future pandemic crises by creating appropriate ecosystems and socioeconomic
systems of countries that improve public health and the overall well-being of people.
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AHHOTaUuA

B HacTodwem wuccnegoBaHnM MpoBedeH aHanuM3 B3auMOCBA3W MeXdy KOMMYEeCTBOM MOSIHOCTbIO
BakUMHMPOBAHHbLIX NM0AEeN U CMEPTHOCTLIO AN OUEHKM 3(PEKTUBHOCTU 3TOW MOMUTUKM 34PaBOOXPaHEHUS B
6opbbe ¢ naHaemnen COVID-19 B Bbibopke u3 150 cTpaH. CtaTUCTUYeCcKniA aHanma nokasan nosoXUTENbHYI0
KOppensumio Mexay AOoren NOMHOCTbI0 BakUMHMPOBAaHHbLIX niodert n obuen cmeptHocTbio ot COVID-19 B
Hauyane 2022 ropa (r= 0,65, p-value <.01). Nony4eHHble pe3ynbTaTbl CBUOAETENBCTBYIOT O TOM, YTO BakLUHALUS
npotus COVID-19 He moxeT ObiTb AOCTATOYHbIM MONIUTUYECKMM OTBETOM [ANA WCKOPEeHeHus obuero
HeraTMBHOIO BMWSIHUS HOBOTO WH(PEKUMOHHOro 3aboneBaHus Ha 06LecTBo. HecMOTps Ha BbICOKUA YPOBEHb
BaKLMHaUUKN B HEKOTOPLIX CTpaHax, Ha pacnpocTpaHeHue 1 HeraTuBHble nocneacteus naHgemum COVID-19 B
obLuecTBe BNUSIOT MHOTMe AeMorpaduyeckne (MNOTHOCTb HacerneHnst), 3konornyeckme (3arpsisHeHne Bo3gyxa),
TexHomnormyeckne (OCHalleHMe HeWHBa3MBHbIMW  anmnapatamy  UCKYCCTBEHHOW  BEHTUNAUMKM  Nerkux),
Guonornyeckne (HoBble BapuaHTbl), COLManbHO-IKOHOMMUYECKNe (pacxodbl Ha 34paBoOOXpaHeHwe) u apyrue
akTopbl. [laHHOe uccnegoBaHMe MOXeT AaTb HOBble 3HAHWS ANs COBEPLUEHCTBOBAHUS aHTUKPU3UCHOMO
ynpaBfeHnss W MOBblWEHUS [OTOBHOCTM CTpaH K MPeOodOoNieHVN0 WM npefoTBpalleHnio  Byaywmnx
naHOeMUYECKNX KPU3NCOB N HEraTUBHBIX NOCNEACTBUIN B COLMANbHO-3KOHOMNYECKNX CUCTEMAX.
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WHHOBALMOHHbIE TEXHOJIOMMK; CMEPTHOCTb; MOMUTMYECKUE Mepbl; 3arpsi3HEHVWE BO3dyxa; TemnepaTypa;
CKOPOCTb BeTpa; BapuwaHTbl; pacxodbl Ha 34paBOOXpaHEeHWe; MMNOTHOCTb HACENeHus; aHTUMKPU3UCHOEe
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