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Abstract: Facing the threat of SARS-CoV-2, several countries implemented protective measures to
annihilate the waves of the pandemic. Apart from quarantine, social distancing, frequent disinfection,
and the use of a face mask, vaccination against COVID-19 soon became available. The measures taken
in the workplace to inhibit the spread of the virus were important, as some controversial policies
emerged regarding the vaccination status of employees. The “health pass” changed the workplace
environment immensely, as in many job sectors vaccination became mandatory. Unvaccinated
employees were required to undergo specific COVID-19 tests to access their workplace, while other
specialized workers such as health workers were removed from their work altogether. Such measures
would be justified if it was certain that vaccinated people cannot transmit the virus, but over the course
of years this hypothesis seems to have faded. The main aim of this study is the confirmation (or the
non-validation) of this hypothesis and of the specific applied measures through the elaboration and
statistical analysis of vaccination data from 35 countries in relation to their daily announced infections
over the time frame from the forty-fourth week of 2021 to the fourth week of 2022. This is examined
from an occupational safety and health (OSH) perspective (taking into account the three pillars of
sustainability) concerning risk management and safety assessment at the workplaces of sustainable
engineering systems (SES). The findings imply that this hypothesis is contestable. Therefore, it is
doubtful whether workplace segregation measures were socially and economically sustainable. It is
deduced that (i) the complete freedom of vaccinated employees was a situation which intensified
occupational risk, degraded the safety level at the workplaces of sustainable engineering systems,
and increased the OSH risk management difficulties, and, on the other hand, (ii) the financial burden
of mandatory unemployment and frequent testing was not justified and economically sustainable for
the unvaccinated individuals in the middle of a worldwide economic crisis.

Keywords: COVID-19 transmission; workplace; measures; vaccination status; sustainability; occupational
safety and health

1. Introduction

From the beginning of the SARS-CoV-2 pandemic, workplace environments were
highly impacted by the sudden changes quarantine induced. Many organizations and
agencies published guidelines for the management of the virus in the workplace, namely,
the World Health Organization (WHO) [1,2], the Occupational Safety and Health Admin-
istration (OSHA) [3], the International Labour Organization (ILO) [4], and the European
Agency for Safety and Health at Work (EU-OSHA) [5].

Alongside the guidelines, based on Directive 2000/54/EC of the European Parliament
concerning the protection of workers from risks related to exposure to biological agents
at work [6], SARS-CoV-2 was included by the Commission Directive (EU) 2020/739 [7]
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in the list for biological agents known to infect humans, and is classified as a biological
agent in biological risk group 3. A biological agent of risk group 3 is stated in the Directive
2000/54/EC as “one that can cause severe human disease and present a serious hazard to workers;
it may present a risk of spreading to the community, but there is usually effective prophylaxis or
treatment available”. In addition, SARS-CoV-2 was added to OiRA (Online Interactive Risk
Assessment), an online EU-OSHA tool that assists risk assessment studies for the better
management of occupational risks. In conclusion, SARS-CoV-2 is considered as a potential
workplace risk factor, and measures taken in the workplace can be examined from the
scope of the science of occupational safety and health (OSH).

Some studies discussed how quarantine had negative psychosocial effects [8–10], so it
was crucial for another viable solution to emerge upon the realization that this situation
could not continue long-term. Finally, vaccines against COVID-19 were created and were
available beginning in December 2020, promising the return to normality. Mass vaccination
began in the hope of achieving a totally immune population.

As vaccination rates grew higher and most countries achieved a rate of full vaccination
higher than the 60% of population, the need for a proof of vaccination arose and led to the
creation of the Covid Certificate.

In Europe the use of the EU Covid Certificate for travelling purposes started on
June 2021 with Regulation 2021/953 [11], which permitted travelling to the EU without
restrictions for anyone with a health pass. In paragraph (7) of the same directive, it is stated
that: “Persons who are vaccinated or who have had a recent negative COVID-19 test result and
persons who have recovered from COVID-19 in the previous six months seem to have a reduced risk
of infecting people with SARS-CoV-2, according to current and still evolving scientific evidence. The
free movement of persons who, according to sound scientific evidence, do not pose a significant risk
to public health, for example because they are immune to and cannot transmit SARS-CoV-2, should
not be restricted, as such restrictions would not be necessary to achieve the objective of safeguarding
public health”.

For that era of 2021 and its existing scientific evidence, it is understood that the
common belief was that vaccinated individuals could not transmit the virus, or they had
a reduced risk of doing so. Based on this concept, several prohibiting measures were
implemented for those who didn’t possess a Covid Certificate, as they were considered
the main source of transmission. Although the restrictive measures initially concerned
travelling within the EU, most governments followed the same principle and used the
digital certificate to apply prohibitive measures for the unvaccinated. For anyone who
refused to be vaccinated, the measures in Austria included fines [12], while in Greece the
governmental stress on unvaccinated people was extremely high and a significant financial
fine was imposed for citizens over 60 years of age by a presidential decree [13].

Some of the measures applied in the labor sector selectively for the unvaccinated
individuals were: (i) the obligation of unvaccinated workers to get tested frequently for
a possible infection at their own financial expense in order to enter their workplace [14],
(ii) the non-obligation of compensation for the unvaccinated workers who, due to com-
pulsory confinement, missed work and lost their salary [15], as well as (iii) the removal of
health workers from their work until they were vaccinated [16,17]. Mandatory vaccination
was extended to other professions, such as the US military, according to the US Department
of Defense [18]. This method of mandatory checking of the Covid Certificate ultimately
proved to be a strong incentive to increase vaccination rates [19–21].

A definition of sustainability is “the capacity to maintain or improve the state and avail-
ability of desirable materials and conditions over the long term” [22]. Although the term is
usually identified with the environmental movement, it ideologically covers sociopolitical
and economic aspects of life as well as their interrelations. Sustainability is traditionally
constructed of three basic categories, namely, the “three pillars of sustainability”, which
are environmental, social, and economic. While a popular depiction of the three pillars is
a Venn diagram with sustainability being central, at the ideal intersection of these three
aspects, an alternative representation is the one shown on Figure 1 with nested circles [23].
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Figure 1. The three pillars of sustainability.

As we examine the effects of SARS-CoV-2 in the workplace, this study is mainly
focused on the economic and social pillars. “Occupational safety and health” (OSH) cer-
tainly belongs to the social pillar, among other health-related issues, whereas the economic
inequalities that emerged during the pandemic belong to the economic pillar.

Starting the analysis from the central cycle of the economy, it is crucial to emphasize
that during the pandemic a worldwide economic crisis was observed [24–28]. As a result
of this inevitable economic recession, a strong sense of financial insecurity was created
across all work sectors since no sector was left unaffected [26], making unemployment
an unfeasible scenario. A fear of losing one’s job was cultivated, as losing a main source
of income during that time was not viable for one’s survival. Therefore, it was debated
whether policies such as the OSHA mandate were sustainable solutions, while the complete
removal of workers from their workplace (mainly in the health sector) and their deprivation
of their rights to work due to their vaccination status further intensified the problem of
unemployment. Employment plays an important role in the sustainable development of
countries, while high rates of unemployment put this development at risk [29].

Furthermore, the scientific literature has commonly discussed how inadequate policies
of occupational safety and health have a major financial cost on enterprises and society in
general, as they can even influence a country’s gross domestic product [30,31]. If employ-
ees don’t operate in a safe and healthy environment, work productivity and motivation
decrease, resulting in a loss of quality and profit.

On the other hand, investment in OSH systems add value to an organization through
reduced costs, improved productivity, and a range of other benefits [32]. For COVID-19,
it is stated that increased investments in approaches such as testing and contact tracing
could have economic benefits at least 30 times higher than their estimated costs [33]. Using
methods proven to work in order to tackle the issue of workplace virus transmission
instead of imposing questionable segregating restrictions was the ideal sustainable strategy
cost-wise, and could be considered useful for a potential future pandemic crisis.

The social pillar is described as the most complicated pillar; Murphy [34] states that
its meaning and related objectives are vague, while the scientific literature gives a broad
definition of the social pillar of sustainable development. Murphy’s review of the literature
suggests four basic concepts: equity, awareness of sustainability, participation, and social
cohesion. Equity is directly connected with the human rights to employment and healthcare,
but also to the freedom from any potential discrimination; thus, it is safe to assume that
OSH issues that emerged during the pandemic belong to the social pillar spectrum rather
than the economic one. The compulsory removal of workers from their workplace and the
deprivation of their rights to employment without a substantial reason go against the idea
of equity, and consequently damage the notion of social sustainability.

Moreover, if vaccination against COVID-19 is ineffective in terms of transmission
and we cannot exclude vaccinated individuals as a possible source of transmission, the
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result of freeing the one party (vaccinated) and minimizing the freedoms of the other party
(unvaccinated) was harmful for both parties. From the OSH point of view, that could mean
that employees were not fully protected but rather exposed to a potential workplace hazard,
since for a certain time frame measures were targeted only for the unvaccinated. Due to a
false sense of safety, it is possible that the vaccinated were not as consistent with protective
measures as the unvaccinated. This situation, combined with the fact that they were not
obliged to undergo frequent testing, might have been detrimental for the health and safety
of all workers, vaccinated or not.

Lastly, dividing the population by their vaccination status was an act that created
discriminatory situations at work, prejudices, distrust, fear, hostility, alienation, and loss of
reputation. While some countries such as Italy required both unvaccinated and vaccinated
workers to test in specific work sectors, in other countries, the economic burden of repeated
testing that concerned solely the unvaccinated workers, even though they were not the only
source of transmission, was another situation that caused discrimination and a feeling of
punishment for their personal choices. These conditions further damaged social cohesion
and the idea of sustainability. While it is accepted that policies that can minimize the
spread of COVID-19 such as testing, contact tracing, and isolation have an enormous social
value [33], it is important to assess whether measures such as vaccine mandates were useful,
or even harmful to society.

On the other hand, according to the work of Magnavita et al. [35] among the social
problems, it is worth mentioning the fact that the growing hostility towards vaccinations
has given rise to anti-vaccination movements in many countries, which in many cases
resulted in violent behavior toward healthcare personnel. Caring for patients who resist
medical treatment is particularly stressful for doctors.

There have been numerous studies that analyze the data of SARS-CoV-2, yet few of
them have resulted in the conclusion that vaccine rates were unrelated to infection rates.

Subramanian and Kumar [36] used the vaccination data and numbers of cases of
68 countries and 2947 US counties for a time frame of one week to create a scatter plot. They
observed that countries with higher rates of fully vaccinated individuals also had higher
numbers of cases, as the trend line on their scatter plot indicated a positive correlation
between those two factors. They concluded that increases in COVID-19 cases were unrelated
to vaccination rates. A similar study [37] presents a scatter plot with the data of vaccination
and infections in 191 countries, and a positive correlation (+0.57) was observed between
the average cases per million and the vaccination rate (%).

Greiner and Owusu [38] performed a set of estimations, with statistical results indicat-
ing that there is a positive correlation between vaccinations (boosters as well) and infection
rates. In their conclusions they imply that vaccination against COVID-19 does not prevent
transmission of the virus.

Kampf used time series to plot vaccination rates and full vaccination in Germany and
presented some data from UK and Israel to conclude that vaccinated people should not be
excluded from the potential sources of transmission [39].

A significant increase in COVID-19 cases was detected by Brown et al. after multiple
large public gatherings in Massachusetts [40]. An important fact of their findings was that
74% of the cases were among the fully vaccinated (346 out of 469 cases), so it was concluded
that prevention strategies should be expanded regardless of vaccination status. Another
statistical analysis of infections by vaccination status was conducted for 96,201 individuals
incarcerated in the state prison system of California, with results indicating that there
was a statistically significant higher rate of infections in the vaccinated group [41]. In a
similar study of prison settings that aimed to analyze the infectiousness of different groups
according to vaccination status, it was deduced that it isn’t guaranteed that vaccinated indi-
viduals have decreased infectiousness. In some cases, it was even observed that vaccinated
individuals had a longer duration of virus positivity in contrast to some unvaccinated
individuals, and thus the authors concluded that the vaccinated are no less infectious than
the unvaccinated [42].
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Singanayagam et al. constructed an important study with the aim of investigating
the transmission of the Delta variant among unvaccinated and vaccinated individuals [43].
The results of their statistical analysis indicate that both parties have similar peak viral
loads; thus, both of them can transmit the virus to contacts in the same household set-
ting. They suggested that public health and social measures are important, even among
vaccinated individuals.

A very comprehensive study was conducted by Mavridis et al. [44], where many
important topics were discussed, such as vaccine efficacy and the negative effects of vaccine
mandates on work, health, and socially related aspects of life. After the examination of
data by the UK Health Security Agency, the Robert Koch Institute, and a scientific literature
review, they declare that vaccinated people can transmit the virus. Based on this belief,
Mavridis et al. extended their analysis to the significance of the mandate imposed for
health care workers and its financial and social consequences.

The scientific literature examining the negative effects of workplace vaccination man-
dates is scarce, mainly because they have been examined from the point of view of bioethics
rather than occupational safety and health. The aspect of sustainability is not mentioned in
any relevant paper, making our effort to connect vaccination mandates to sustainability
issues unique.

Perhaps the most analytical study of COVID-19 vaccination mandates and their
consequences is that of Bardosh et al. [45]. They analyzed how the pandemic restrictions
negatively influenced the world at a social, psychological, political, and economic level.
They also discussed the effect of mandates on workers, although briefly. Voo et al. [46]
examined the implementation of vaccination-based differentiated measures (VDMs)
taking into consideration the fact that the vaccinated can still transmit the virus. They
argued that VDMs can actually pose a threat since selectively raising the restrictions on
high-risk settings can be a dangerous situation for both vaccinated and unvaccinated
individuals. Apart from the consequences of VDMs for society, they mentioned that
VDMs for occupational safety and health can also have an impact on the employability
of unvaccinated workers.

Other studies [47–49] have analyzed the effects of COVID-19 safety measures in
the workplace, but none of them mention the vaccine factor and its relevant segregation
measures, as they were written prior to the implementation of mandates.

Taking into consideration that most studies divide vaccination status in two categories
(vaccinated and unvaccinated) even though the term “fully vaccinated” is complicated,
we decided to conduct a statistical analysis that divides the population based on vaccine
doses. By using this improved technique, we can achieve a more extensive analysis on the
effectiveness of the vaccine in terms of transmission. Since there is not an accurate time
period of full immunity due to new variants of the virus emerging, and estimations for
the duration of vaccine efficacy seem to vary, fully vaccinated does not necessarily mean
fully protected.

In agreement with other studies of the scientific literature, the results of our analysis
indicate that vaccination didn’t have an effect on restraining the transmission of the virus.
This fact reverses the commonly accepted belief regarding the measures taken in workplaces
in order to secure the occupational safety and health of workers, as the act of giving
total freedom to vaccinated individuals became a work hazard itself. Therefore, it is
considered very important to emphasize this from the OSH point of view at the workplaces
of sustainable engineering systems, as there seems to be a gap in the literature related to
heightened risks in workplaces due to the lack of obligation of the vaccinated workers to
follow public health measures.

As occupational safety and health was threatened by this situation, it is relevant to
examine it in terms of sustainability and generally from the perspective of the three pillars of
sustainability. Thus, the main intention of this study is the validation (or the non-validation)
of this situation and also of the applied particular measures during the pandemic through
the elaboration and analysis of SARS-CoV-2 data from thirty-five countries worldwide in
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the frame of occupational safety and health (OSH) assessment in sustainable engineering
systems. Creating and maintaining a safe workplace is crucial to ensure a healthy life as a
part of sustainable living.

The article is composed of five main sections: (1) Introduction, (2) Materials and
Methods, (3) Results, (4) Discussion, and (5) Conclusions.

2. Materials and Methods

Data for the daily and weekly announced cases of infection were extracted from Our
World in Data [50], and certain data gaps were completed with data from the European
Centre for Disease Prevention and Control [51].

The time frame of our research was from the forty-fourth week of 2021 to the fourth
week of 2022, a complete trimester starting from the first day of the first month (1 November)
almost to the last day of the third month (30 January). This particular trimester was chosen
because it was the turning point between the Delta and Omicron variants. Segregation
measures and mandates were already imposed in some countries, so that trimester can
illustrate the results of these policies. Another practical reason for this choice was that the
data for that trimester had a higher quality in comparison to previous trimesters for most
of the countries.

During the course of the study, the fourth dose of the vaccine was already available,
so six vaccination statuses were set:

• Vaccinated with one dose of the single dose vaccine program,
• Not vaccinated,
• Vaccinated with the first dose of a two-dose vaccination program,
• Vaccinated with two doses,
• Vaccinated with three doses,
• Vaccinated with four doses.

According to availability, daily or weekly vaccination data of these groups were
derived from several ministries of health, health agencies, and groups [52–71], as well as
the European Centre for Disease Prevention and Control [72], and the average number for
each vaccination status was used as a percentage of the population for each country. More
analytically, for the sources of vaccination, the data of 16 countries were derived from
the European Centre for Disease Prevention and Control, the data of seven countries
were taken from their ministries of health, the data of eleven countries were taken
from other governmental agencies and institutes of public health, and the data of one
country were taken from a private research group and the country’s ministry of health.
The software deployed for the processing of data was Microsoft Excel 2016. Since the
analysis demanded one representative percentage of each vaccination category for the
whole examined trimester, both weekly and daily data were acceptable to compute
the mean value of each subgroup of vaccination statuses. One main difficulty of this
analysis was the collection of vaccination data. Even though some countries uploaded
their vaccination data in data tables, a large number of them didn’t offer the option
of manageable data files such as CSV and XML. As a result, a large amount of data
was manually extracted from daily/weekly health reports of ministries of health and
organized in Excel data tables for each day (out of 91 days in total) or week (out of
13 weeks in total) for each of the six vaccination categories.

It is useful to add here that we didn’t use the numbers of “fully vaccinated” and
“unvaccinated”, because individuals classified as “fully vaccinated” in databases are not
necessarily immune to the virus. It is a commonly accepted fact that vaccine efficacy
tends to wane after some months and the “fully vaccinated” lose their immunity, but
in popular databases, the number of “fully vaccinated” never decreases. It should be
logical to expect the number of recorded “fully vaccinated” to decline and the number of
“unvaccinated” to grow, even temporarily, until individuals are vaccinated again with a
booster shot. It is possible to have a group of people that completed the full vaccination
program but never proceeded to get the booster shot. This group is statistically lost, as
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well as the “partially vaccinated” one, in this type of vaccination recording. By using
the aforementioned six groups, we aim to statistically represent as many groups of
vaccination statuses as possible.

In order to suppose that the number of vaccinated are fully immunized and affected
by the vaccine, recording of the vaccinations began two weeks before the recording of the
cases. This is explained by the fact that a vaccinated individual is not considered fully
protected immediately after vaccination, as a specific time frame must pass for the vaccine
effects to take place.

The statistical method used to process the data of the analysis is quite simple. The
first step was to find the number of cases per capita, meaning the total sum of daily
new infections per 100,000 people in each country. This per capita number was used to
objectively compare the situations in all the countries and to draw reliable conclusions.
For vaccinations, the average number of each vaccination status was calculated and was
expressed as a percentage (%). It is important to add here that in each category the
maximum number of doses is depicted. For example, in the subgroup vaccinated with two
doses the percentage of the population vaccinated only with two doses is depicted, while
the group of people vaccinated with more than two doses is excluded from it. With this
method, the whole population of each country is divided in absolute percentages according
to their vaccination status.

Subsequently, these numbers were used to plot six scatter diagrams. Each of them
depicts the percentage of each vaccination status according to the population in relation
to the total cases per capita during the aforementioned period in each country. Each
dot represents a country, with 35 countries in total. The United Kingdom was removed
from the second, third, and fourth dose scatter plots because data related to the booster
doses were unclear. Finally, it is important to note here that some countries that were
gravely impacted by the virus, with elevated infection rates in relation to the examined
countries, weren’t included in the study. Although it would be very interesting to examine
the pandemic conditions in severely affected countries, it was impossible due to a lack of
data. Table 1 clearly indicates some of the countries that could have provided interesting
information for the scatter plots had they published sufficient data with clear segregations
of each dose and type of vaccine. The table contains the daily infections per 100,000 people,
as in the scatter plots, and the average percentage of the “fully vaccinated” for the examined
period as uploaded by the Our World in Data database [50].

A trend line was added to detect possible trends in the data, and the correlation
coefficient and R2 were measured in each case to further examine the statistical relation of
the two variables of cases and vaccinations.

3. Results

The first and most important hypothesis was that vaccination had a positive role in
stopping the spread of the virus. As several official health sources stated that fully vacci-
nated individuals are less likely to be infected [73–75], measures were taken according
to these statements. If this condition was true, that would mean that in the scatter plots,
countries with a smaller percentage of vaccinated people would have higher numbers of
infections. Likewise, countries with higher vaccination percentages would have fewer
infections than countries with low percentages and little to no announced infections at
all, as sources said that high vaccination coverage would potentially eradicate the virus.

On the other hand, the scatter plots of our research depict otherwise. Initially, in
Figure 2, where the percentage of people who have not received any dose of vaccine is
portrayed, there is a clear decrease in cases as the percentage of unvaccinated people
increases. It must be noted that at that time there were very few countries that still had
large percentages of unvaccinated people and detailed records of vaccinations.

Figure 3 shows the small percentages of people who are considered “partially vacci-
nated”, having received one dose of vaccine from the complete two-dose schedule. From
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the trend line, a very small, almost imperceptible, negative slope can be observed, which
indicates that cases decreased as the percentage of the partially vaccinated increased.
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At a first glance, it can be concluded that the two factors examined are not particularly
related to each other. In contrast, the negative slope is more prominent in Figure 4, which
plots the percentages of people who have received a dose of the single-dose vaccine. It
is the only graph to indicate that vaccines had a positive impact on lowering the cases of
infection, since the trend line demonstrates that as the percentage of people vaccinated with
the single-dose vaccine increased, the number of cases decreased. However, the majority of
the countries have not used this type of vaccination at all, and the percentages in those that
have used it are too small (<14%) to draw a reliable conclusion.
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Continuing with Figure 5, which shows the percentages of people who have received
both doses of the vaccination schedule but did not proceed to the third dose, a slight
upward trend is observed. One could deduce that this result is justified since the immunity
of the double dose has started to wane, especially for those vaccinated six months before.

However, an interesting interpretation of the diagram can be achieved synergistically
with Figures 2 and 6. If it is assumed that those remaining vaccinated only with the second
dose are no longer considered immune and have lost the protection of the vaccine, this
means that they should exhibit the same characteristics as the unvaccinated in Figure 2. On
the contrary the exact opposite situation is observed, as those vaccinated with two doses
imitate the results of those vaccinated with three doses in Figure 6. Comparing Figure 5
with the results of the next diagram (Figure 6), it is clearly visible that there is a significantly
stronger positive relationship as the doses increase. There is a strong and distinct positive
trend in Figure 6, while a decrease in cases was expected in contrast to Figure 5. Therefore,
although the double vaccinated individuals cannot be considered as unvaccinated, since
they would present similar characteristics to Figure 2, they cannot be considered fully
vaccinated, since they do not have the strong positive slope of Figure 6. In addition, the
double vaccinated people are in an unclear situation similar to the partially vaccinated,
with the only difference being that in Figure 3 the cases have a small tendency to decrease,
while in Figure 5 they increase.
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Finally, the last diagram in Figure 7 presents the percentages of the fourth dose in
relation to the cases of that time, but important information cannot be extracted since the
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percentages of individuals who were vaccinated with the fourth dose at that time were
close to zero.
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of 2022.

Table 1 presents a number of notable examples of countries which were excluded from
the analysis due to a lack of data and which would otherwise have provided valuable
information. More specifically, several countries (such as Italy, Greece, Portugal, Iceland,
and the Netherlands) which were severely impacted by the virus and could have provided
interesting and valuable perspectives for our analysis unfortunately lacked available vacci-
nation data specifically divided according to doses and brands. As stated earlier, the term
“fully vaccinated” is insufficient to provide concrete evidence, but there seems to be an
underlying trend where countries with higher percentages of “fully vaccinated” individuals
also have higher number of cases per 100,000 people, as shown in Table 1.

Table 1. Examples of countries which were excluded from the study due to a lack of data. Total cases
are expressed per 100,000 people in relation to the average percentage of the “fully vaccinated” from
the forty-fourth week of 2021 to the fourth week of 2022.

Country Cases per Capita Vaccination Coverage (%)

Portugal 162.46 82.86
Iceland 151.32 76.37

Netherlands 144.26 67.65
Greece 124.02 65.47

Italy 114.15 75.13
Serbia 78.27 45.62

Lebanon 53.62 31.58
Jordan 34.16 33.59
Belarus 16.16 33.63

Azerbaijan 13.31 44.79



Safety 2024, 10, 6 12 of 19

In Table 2, the correlation coefficients and R-squared numbers of the six scatter plots
are summarized. There is a moderate negative correlation for the unvaccinated group. The
correlation coefficients are positive and tend to get higher with each dose, while in the
partially vaccinated category (“First dose”), vaccination seems unrelated to the number
of infections.

Table 2. Correlation coefficients and R-squared numbers of the scatter plot analysis.

Vaccination Status Correlation Coefficient R-Squared

Single dose −0.519 0.269
No doses −0.479 0.230
First dose −0.074 0.005

Second dose 0.135 0.018
Third dose 0.652 0.425

Fourth dose 0.205 0.042

4. Discussion
4.1. Discussion of the Results and Interpretation

As the subject of COVID-19 transmission is quite complicated, it is impossible to
deduce with certainty whether vaccination had a positive or a negative impact on this
matter. However, by taking some publications of the scientific literature into consideration,
including our own research, there are various indications that vaccination could not inhibit
the spread of the virus.

Figures 5 and 6 provide interesting information concerning the vaccinated. An intrigu-
ing example is that of Denmark, which presents the extreme scenario of having the highest
rate of infections while also having relatively high rates of vaccination. Denmark was the
first country to end COVID-19 restrictions due to high vaccination rates (80%+) [76], only
to later enforce strict measures for the unvaccinated because of too many infections [77],
as shown in our scatter plots for that time period (see Figures 2–7).The unvaccinated in-
dividuals were less than the 20% of the Danish population, or even lower if we exclude
the partially vaccinated party. Out of this group, it is reasonable for a portion of the unvac-
cinated to already have natural immunity from a previous COVID-19 infection and thus
to be unable to transmit the virus for a considerable amount of time. Taking this fact into
consideration, it is logical to assume that the percentage of the unvaccinated that was able
to transmit was even lower. This observation could only mean that it is highly unlikely
that the unvaccinated were solely responsible for the surge of cases, as the requirement of
frequent testing only for the unvaccinated people rendered the scenario of them spreading
the virus alone even more impossible. Since the vaccinated with unknown and potentially
dangerous health statuses could enter public venues and workplaces freely, the contin-
uation of the pandemic in Denmark under these conditions proves that the strategy of
segregation was inefficient and dangerous.

Similar examples resembling the case of Denmark include France, Belgium, Israel,
and Ireland.

As shown in Figure 6, even though Israel has the highest rate of vaccination with the
third dose and the unvaccinated percent is smaller than 35% of the population (Figure 2), it
has one of the highest rates of cases out of all the countries examined.

In France strict measures related to the COVID-19 pass were taken in order to restrain
the virus. By August 2021 the health pass was mandatory for citizens to access public
venues and many other settings [78], and by September 2021 health care workers were
obligated to get vaccinated to avoid losing their jobs [79]. However, for the trimester of
November 2021–January 2022 examined in Figures 2–7, France had the second highest rate
of infections and less than 25% of population was unvaccinated (Figure 2).

In Table 2, it is confirmed that, statistically, vaccination seems unrelated to the number
of cases. More specifically, the only number that supports the theory that vaccination
lowered the number of infections is the correlation coefficient of the single dose (−0.519)
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which implies a moderate negative correlation. However, the rates of vaccination with
the single dose vaccination program are too low to draw a reliable conclusion. A negative
moderate correlation is also observed in the category of the unvaccinated (−0.479), which
is in agreement with the strong positive correlation (+0.652) in the category of those
vaccinated with three doses. The group of the “partially vaccinated” (First dose) has a
correlation coefficient close to zero and is thus considered completely unrelated to the
number of infections.

Uniting all the results, one should recognize the possibility that vaccination alone
wasn’t enough to inhibit the spread of the virus. Based on this assumption, several measures
and restrictions imposed during the pandemic were implemented in vain.

First and foremost, the strategy of removing unvaccinated workers from their work-
place amidst a severe worldwide economic crisis was an injustice that further aggravated
the problem of unemployment and left this minority struggling financially and socially.
A distinct example is that of unvaccinated healthcare workers who were not allowed to
work for a long period of time, a fact that could easily lead to their financial destruction, as
Mavridis et al. debated in their study [44]. It is also important to add here that their removal
in a time of a health crisis when every worker’s contribution was crucial created under-
staffing in healthcare units. Inevitably, this lack of staff might have been responsible for the
degradation of healthcare quality, a condition that leads to more medical complications and
deaths for patients and thus more financial stress to national healthcare systems. A famous
study of Lytras and Tsiodras [80] that sparked controversy in Greece revealed that one
source of elevated COVID-19 mortality rates in Greece was regional disparities that were
caused by the chronic understaffing of hospitals (especially outside of metropolitan areas)
that couldn’t be covered successfully during the pandemic. Low-quality healthcare can lead
to complications, longer hospital stays, the need for intensive care, and eventually death.
All of these consequences negatively affect the financial situations of national healthcare
systems, as they need more resources to combat the pandemic conditions. Unvaccinated
workers, especially those in the healthcare sector, were stigmatized as irresponsible, even
though vaccination was not a matter of social responsibility after all, but rather a personal
protective measure. Moreover, the financial burden of frequent testing may have not been
felt equally among workers of various incomes, since workers with low income find it
more challenging to afford testing, a condition that can deteriorate existing socioeconomic
inequalities. Acts such as these go against the main principles of sustainability, which
aim to establish equity and social cohesion regarding prevailing and future working and
living conditions.

Another crucial matter to discuss is the failure to protect workers from a risk that
would have been otherwise easy to prevent. Since both parties could potentially transmit
the virus, regardless of vaccination status, it should have been fair and wise to oblige all
individuals to frequent testing in order to avoid further transmission in the workplace.
Naturally, individuals that recovered from the virus and obtained natural immunity would
be excluded from this obligation. From the aspect of occupational health, ensuring workers
are healthy before they enter the workplace is a strategy that could minimize the possibilities
of COVID-19 spreading to the work environment. However, since the vaccinated were able
to transmit, their non-obligation to test and their false sense of security might have caused
a hazardous situation [38]. This could potentially mean that the unvaccinated were not
to blame for the surge of cases, since they were a minority and all of them were required
to test before they entered their workplace and other public places. Instead of forcing the
unvaccinated to test regularly each week at their own expense as a punitive act, a good idea
would have been for governments or businesses to actually find a way to cover the cost
of frequent testing for both parties. Cost-wise, that investment in testing along with other
protective measures such as remote working, social distancing, and frequent disinfection
in the workplace might have been less damaging than the loss of productivity and the
costs of recurring sick leaves (and deaths) due to COVID-19. Faulty strategies that were
implemented during the pandemic should be examined in order to be better prepared for a
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possible future situation. This perspicacious behavior lies at the core of all the pillars of
sustainability and supports the aim of preparing and taking all the necessary actions to
ensure a safe and viable future.

4.2. Limitations

This study is subject to some limitations, as follows:
(i) The first and most important limitation is that the rate of positivity in relation to the

daily number of tests should not be overlooked. In our scatter plots, we use the daily new
infections announced per 100,000 people in each country, but not the positive tests from
the total tests being performed. This has been done for two reasons: accurate testing data
with no gaps are extremely difficult to find for a satisfactorily large sample of countries,
and numbers of tests don’t represent the whole population, as a person can test and state
the results almost every day. For this reason, the image of cases for each country may not
accurately represent reality, although it is expected to be approximately close.

(ii) Secondly, the transmission of the virus may be affected by several different factors
which are not mentioned in our study. Those factors could include age, gender, various
medical conditions, density of population, climatic conditions, and isolation measures
and restrictions followed in each country. In the scientific literature there are numerous
studies that examine the relations between those factors and different stages of the virus
(transmission, morbidity, mortality). Transmission of SARS-CoV-19 is a complex matter
that cannot be attributed solely to a single factor.

(iii) The fact that some states that were severely impacted by the virus with relatively
higher rates of cases are missing from the analysis (for example, Italy, the Netherlands,
Portugal, and Greece) is another limitation of the study.

(iv) A phenomenon that this study has not sufficiently investigated is the regional
difference in the spread of the pandemic in various countries. For instance, in Italy, the
first pandemic wave mainly affected the north, while there were no cases in the south. The
difference between various parts of the country remained notable throughout the pandemic
period. The north, with traditionally more efficient health services, has always had more
vaccinated people, but also more sick people than the south.

(v) The spread of the virus has acted as a push for vaccination. This article studied the
effect of vaccinations on the spread of cases. However, the opposite point of view cannot
be excluded, i.e., the number of cases can favor the number of vaccinations.

(vi) To be fully effective, different vaccines may need more than the time frame of
14 days we used, although the general guideline seems to be a two-week period. That
could possibly mean that, depending on the type of vaccine and each person’s unique
immunological response, the number of the fully immune from the vaccinated group in
our research may be slightly overestimated or underestimated.

(vii) Correlation does not mean causation, and thus we cannot be certain and draw
absolute conclusions. The scatter plots of this study require careful interpretation.

4.3. Future Research Directions

(i) Possible future research of great value would be a large-scale statistical analysis of
infections categorized by vaccination status. Data can include the total tests performed on
vaccinated and unvaccinated individuals and the positivity rate of each category. Certainly,
such analysis can only be conducted under the assumption that the required data will be
published or available to researchers in the near future. Some countries with this type of
open data are the United Kingdom, the Czech Republic, Israel, and Switzerland, with the
latter having many data gaps for tests with unknown vaccination status. An examination
based on testing data can surpass the limitations of our study and provide concrete evidence
and undeniable conclusions.

(ii) The time frame of our research (the forty-fourth week of 2021 to the fourth week
of 2022) was a turning point between the Delta variant and the gradual prevalence of
the Omicron variant, meaning another interesting development could be the examination
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and the comparison of data from different variants of the virus. The investigation of the
responses of the different variants to each vaccine and dose could be a complex process,
but it could potentially show whether the ability of the virus to be transmitted was reduced
by different vaccination statuses and segregation policies over time.

(iii) Different workplaces may have distinct characteristics that could influence the
impact of vaccination policies, and thus, taking this issue into account, future work could
benefit from an exploration of the variability in workplace environments within the sus-
tainable engineering systems sector.

5. Conclusions

Eight important conclusions can be drawn from our research:

• Indications that vaccination could not stop vaccinated individuals from transmitting
the virus should not be disregarded.

• It was crucial to control the pandemic through workplaces, since humans spend almost
half of their waking day working and they have a greater chance of getting infected in
the workplace.

• Ignoring the possibility of both parties (vaccinated and non-vaccinated employees)
transmitting the virus to the work environment, segregation measures and restrictions
taken to divide workers by their vaccination status were unjust and inefficient.

• From the OSH point of view, such behavior posed a threat and a workplace risk, as
vaccinated workers were not obligated to be tested and they entered the workplace
with an unknown and possibly dangerous health condition.

• The absolute privilege of vaccinated employees to enter their workplaces without
mandatory COVID-19 testing intensified the virus transmission, escalated occupational
risk, downgraded the safety level at the worksites of sustainable engineering systems,
and amplified the OSH risk management difficulties.

• Failure to establish efficient OSH policies to protect workers from the virus endangered
their health and well-being, their financial status, and their social life.

• The financial charge of compulsory unemployment and repeated COVID-19 testing
was not justified and economically viable for unvaccinated people in the midst of a
worldwide economic crisis.

• The topic is very complex and it is necessary to be very cautious in interpreting the
observations made from the graphs.

As a general conclusion, lessons should be learned from past mistakes with a mentality
of sustainability to focus on possible future conditions similar to the pandemic and the
right policies needed to control such crises. Thus, the mistakes in the crisis management
during the last pandemic (e.g., people discrimination in different categories, like vaccinated
and non-vaccinated, partial application of measures in association with this discrimination,
like partial virus testing, partial imposing of financial fines, etc.) must not be repeated.
Being proactive and careful to ensure a better future and more viable and efficient solutions
to possible occurring problems is always in favor of the philosophy of sustainability.
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