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Abstract
Introduction and purpose:

COVID-19, as an unknown disease until 2019, has posed and continues to pose a great
challenge to the world of science and the people facing it. The purpose of this article is to
present the possible consequences of experiencing COVID-19 disease and the pandemic itself
in light of mental health and the organism functioning in the cognitive area, taking into
account the impact of COVID-19 on the nervous system.

State of knowledge (brief description):

Coronaviruses are enveloped, positive single-stranded large RNA viruses. COVID-19 is a
disease caused by the SARS-CoV-2 virus — its first case was reported in 2019 in Wuhan,
China. Human coronaviruses can exhibit neuroinvasive, neurotropic and neurovirulent,
SARS-CoV-2 also. In addition to symptoms and complications in the respiratory system,
symptoms and complications are also encountered in the nervous system area; cognitive
functioning may also be impaired. The pandemic as a phenomenon in itself and the outbreak
of COVID-19 can carry very serious consequences from the mental health field. Among these
are the problem of social isolation and its consequences or the impact of the disease and
pandemic on well-being. Unfortunately, the time that has elapsed since the first cases of the
disease and the amount of research does not allow a clear determination of the complications
and consequences of the pandemic, but certain trends and phenomena are regularly studied
and described.
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Summary:

Existing research and the state of the art strongly underscore that COVID-19 and its pandemic
could impinge on the mental health of people around the world. Changes in the nervous
system and cognitive functioning are also observed as a result of contracting COVID-19.
Science currently has no clear answers as to how long certain complications will persist and
exactly what their genesis is — further research is recommended to explain them as precisely
as possible.
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Introduction and purpose

The COVID-19 pandemic is a time of new challenges not only for the world of science, but
also for everyone in the world. The need for sudden changes and the emergence of a new
reality undoubtedly could have put a strain on many people. The World Health Organization
considers "the spread of a new disease around the world" to be a pandemic. In the case of
COVID-19, we undoubtedly experienced such a phenomenon. COVID-19 is a disease that
poses a threat not only to the respiratory system, but also to other areas of the organism
functioning including mental health and — considering the seriousness of the disease and the
actions associated with it to, for example, prevent its spread — in the consequences also of
human functioning in society.

The main purpose of this article is to present the possible consequences of experiencing
COVID-19 disease and the pandemic itself in light of mental health and the functioning of the
body in the cognitive area, taking into account the impact of COVID-19 on the nervous
system.

State of knowledge
Characteristics of coronaviruses

Coronaviruses are enveloped, positive single-stranded large RNA viruses first described in
1966 by Tyrell and Bynoe [1]. The name “coronavirus” comes from the spikes on their
surface, noticeable by electron microscopy, which give the virus the appearance of a corona
[2]. There are four subfamilies of coronaviruses: alpha, beta, gamma and delta with alpha and
beta coronaviruses being derived from mammals (especially bats) and gamma and delta from
pigs and birds [1]. Transmission of coronaviruses can occur from animal to human, human to
animal, or animal to animal [3]. In animals, the virus mainly causes digestive, respiratory, and
nervous system diseases — moreover, coronaviruses of animal and avian origin may have a
higher mortality rate in infected animals than those of other origins [1, 4, 5]. The focus of
researcher’s attention on coronaviruses came in 2002 and 2003 with the emergence of the
coronavirus that causes severe acute respiratory syndrome (SARS-CoV) [5]. Until then, they
had been treated as the backwater of virology because they did not cause serious disease in
humans. In 2012, Middle East respiratory syndrome coronavirus (MERS-CoV) emerged in
Saudi Arabia, and bats were thought to be the source of both it and SARS-CoV, with
confirmed zoonotic reservoirs for SARS-CoV and MERS-CoV being civet cats (for SARS-
CoV) and dromedary camels (for MERS-CoV) [5]. Coronaviruses in humans are capable of
causing both mild respiratory infections and, for example, acute respiratory distress syndrome
(ARDS) [6]. The aforementioned coronaviruses SARS-CoV and MERS-CoV have a high
mortality rate — for SARS CoV it is 10-50%, depending on the age of the infected person,
while for MERS-CoV the mortality rate is approximately 35% [6, 7].
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COVID-19 is a disease caused by the SARS-CoV-2 virus — its first case was reported in 2019
in Wuhan, China [8]. By the end of 2019, 44 cases of it had been registered there, while the
first case in Europe was reported in January 2020 [9]. Studies have shown homology with the
bat SARS-like coronavirus (BatCoV RaTG13) at 96.3%, which may indicate that bats are the
natural host of COVID-19 [10]. It is assumed that the virus originated from a mutation of
viruses common among animals and spread to humans at one of the wet markets — the
presence there was a common point among the first infected with SARS-CoV-2.
Unfortunately, the current state of knowledge on the source of SARS-CoV-2 does not allow to
unequivocally confirm this assumption [11].

SARS-CoV-2 is a highly mutation-prone virus, and there are many variants. Among the
variants of concern to the WHO are the alpha, beta, gamma, delta and omicron variants [12].
COVID-19 is a highly contagious disease — the SARS-CoV-2 virus is capable of droplet
transmission, through bioaerosols, as well as direct contact with infected material [13, 14].
Symptoms of COVID-19 are varied and dependent on the virus variant. The most common
symptoms include fatigue, headache, fever, cough, shortness of breath, muscle aches,
decreased nasal patency, rhinorrhea, loss of smell, taste disturbances, sore throat, nausea,
vomiting, and diarrhea [15, 16, 17]. There is no uniform clinical picture of COVID-19. It can
occur both asymptomatically and with symptoms while they can be both mild and very severe
thus potentially leading to death. An asymptomatic course of the disease is potentially able to
significantly increase viral transmission, which is a significant obstacle to trying to control
transmission [18]. A 2021 meta-analysis of 16 studies showed that the pooled incidence of
asymptomatic cases was 48.2% [19]. It was also shown that children and women were more
likely to be asymptomatic COVID-19 patients as a result of which they could be invisible
carriers of SARS-CoV-2. Infection of others can also occur before the first symptoms appear
in an infected person. It is estimated that pre-symptomatic transmission can occur 1-3 days
before the first symptoms appear in source patients [20]. The incubation period of the virus
depends on its variant, while it is considered to range from 2 to 14 days [21]. Although
COVID-19 spreads faster than SARS-CoV and MERS-CoV, it has a lower mortality rate [22].
In the 2020 WHO report, the mortality rate for COVID-19 was about 2.5% — the worse
prognosis mainly affects the elderly and patients with comorbidities [22, 23]. Based on
previous statistics, it has been shown that more than 80% of COVID-19 deaths were in people
over 60 years of age; at the same time, more than 75% of those who died had comorbidities
such as diabetes, cardiovascular disease, or cancer [22]. Gender has also been shown to matter,
with a higher risk of death in men [24].

SARS-CoV-2 as a neuroinvasive, neurotropic and neurovirulent virus and its impact on
nervous system and cognitive functioning

Human coronaviruses can exhibit neuroinvasive (ability of the virus to enter the nervous
system), neurotropic (the propensity of a pathogen to infect cells within the nervous system),
and neurovirulent (the capacity of pathogens to cause disease of the nervous system) effects,
which in summary means that when they invade the human body, they are able to penetrate
the central nervous system and infect neurons and contribute to neurological diseases [25, 26,
27]. The virus is able to enter the nervous system through blood-borne spread or neuronal
retrograde spread. This is no different for the SARS-COV-2 virus — based on the studies, it is
concluded that SARS-CoV-2 has the potential to penetrate the central nervous system [28, 29].
Although SARS-CoV-2 is implicitly associated with its classification as a respiratory
pathogen when COVID-19 is severe, numerous neurological complications can be
encountered — orientation problems, stroke onset or neuromuscular disorders [30]. Although
this phenomenon is not new to science, as neurological changes have already been described
for other viruses affecting the respiratory system including coronaviruses, the neurological
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symptoms and complications encountered with COVID-19 have been common and severe
enough (both short-term and long-term) to garner the attention of scientists and non-scientists
alike [31]. A study conducted by Matschke and colleagues in 2020 on people who died from
severe COVID-19 showed that SARS-CoV-2 virus was detected in the brains of more than
half of the patients examined [32]. A study by Emmi and colleagues in 2022 based on
analysis of neuropathological changes in patients who died from COVID-19 and juxtaposing
them with a control group provide a kind of confirmation of the neuroinvasiveness of the
virus [33]. Neuroinvasion can lead to the death of nerve cells and brain ischemia, among other
things. The virus uses the ACE2 receptor to get inside the cells. The research team of Baig,
Khaleeq, Ali, Syeda in 2020, after analyzing data on ACE2 expression in neural tissue, linked
this to the neurotropic effects of the virus [34]. Reports from other researchers also point to
this feature of the virus. The neurovirulent potential of the SARS-CoV-2 virus is capable not
only of causing neurological diseases or increasing the risk of neurodegenerative diseases, but
also of exacerbating conditions already present in the body; examples of the neurovirulent
effects of SARS-CoV-2 include meningitis and encephalitis that occur in patients [36, 37, 38].

As already mentioned, the SARS-CoV-2 virus can cause both long-term consequences and
those acute symptoms shortly after infection. Among the many studies on SARS-CoV-2,
many classifications of symptoms can be found, one of which is to classify them based on
central nervous system, peripheral nervous system, musculoskeletal and psychiatric symptoms
[39]. The occurrence of neurological abnormalities with COVID-19 may be associated with a
cytokine storm — this is a hyperinflammatory state caused by a sudden increase in cytokines
(proteins that stimulate other immune system cells to respond in specific ways) in the body.
Their symptoms include fatigue, high fever, and nausea [40]. Stimulation of the immune
system and its overactivity is capable of leading to organ damage and neurological symptoms
with an increased risk of death for hospitalized patients [41, 42].

Central nervous system neurological disorders include headaches, strokes, cerebral
hemorrhages, acute encephalopathy, epileptic seizures, acute cerebrovascular disease, and
meningitis [42, 43, 44, 45, 46, 47, 48]. Manifestations from the peripheral nervous system
take the form of chronic pain, taste and smell sensory disturbances, and Guillain-Barré
syndrome may also occur; musculoskeletal symptoms (myalgia, joint pain) may also occur
[49, 50, 51, 52, 53].

Brain fog (also commonly referred to as covid fog) is also among the reported complications
after COVID-19. Symptoms include memory problems, difficulty concentrating and focusing,
and lack of mental clarity [39]. The current state of knowledge is that brain fog can occur with
long COVID-19 syndrome (symptoms lasting longer than 12 weeks that cannot be explained
by another diagnosis) or post-COVID syndrome [54]. A 2021 study found that 62.4% of the
patients experienced long COVID-19 syndrome with 7.2% of them struggling with brain fog
[55]. Hugon and colleagues suggest that this may be related to dysfunction in the cortex of the
cingulate gyrus [56]. Cognitive problems after COVID-19 infection are common. The 2021
Delgado-Alonso study examined 50 patients who underwent COVID-19, and they performed
worse than healthy subjects in areas such as divided attention, selective attention, executive
function, visuospatial processing, working memory and episodic memory [57]. The genesis of
cognitive problems is not fully understood, but there are several hypotheses according to
which cognitive dysfunction may, among other things, result from: direct invasion of the brain
centers in question by the virus; from hypoxia resulting from the virus invading the lungs and
bronchi, and subsequently the brain; from stroke and meningitis; from inflammation due to
SARS-CoV-2 virus infection [58, 59, 60, 61]. Among those infected with the virus,
inflammatory changes in blood vessels and arteriovenous problems can occur, which can
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impinge on the occurrence of cognitive dysfunction [62]. Ventilation and high doses of
sedative drugs are also capable of causing cognitive impairment [63, 64].

Psychological and social aspects of the pandemic and mental health problems in people
who were affected by COVID-19

Globality and longevity are characteristic features of pandemics compared to other types of
disasters If we look at history, we will be able to see that pandemics were able to cause
serious mental health consequences [65]. This can be due to a number of aspects, some of
which include illness-related health problems, unemployment, social distance or a change in
past habits. The COVID-19 pandemic is no different. The SARS-CoV-2 virus has infected
millions of people, and while originally the eyes of the world were mainly on the symptoms
and consequences associated with respiratory failure, research on COVID-19 has shown that
there are far more consequences and effects of becoming infected [66]. The uncertainty,
especially in the first year of the pandemic, also could have placed a very heavy burden on
people around the world — among its factors are the risk of infection or sudden lifestyle
changes caused by strict restrictions in many countries to prevent the spread of the virus.

The aforementioned social isolation can have a significant impact on health and well-being.
Social isolation can be defined as inadequate, insufficient interactions with other people,
including those interactions at the individual, group and community levels [68, 69, 70, 71]. It
should be noted that social isolation in the subject of measurability is a moving concept. Some
measures refer to external isolation which refers to the frequency of contact or interactions
with other people, while others focus on internal or perceived social isolation noting a
person's perception of loneliness, trust and relationship satisfaction [67]. The different
perspectives from which one looks at the phenomenon of social isolation are important and
necessary because everyone feels and experiences given events and experiences uniquely —
one can feel a sense of isolation even having frequent contact with other people, and
conversely, despite limited contact with others, one may not feel isolated [72]. Until the
pandemic, most of the existing studies were conducted on groups of elderly people; this was
due to the fact that old age is a developmental period in a person's life in which, among other
things, retirement occurs, so there is a far greater risk of external isolation [73]. During the
pandemic, the phenomenon of isolation was a common and very intense one. In many
countries, at one point only medical personnel and representatives of certain professions were
allowed to leave their homes regularly — this phenomenon has affected all age groups. In
studies on social isolation, results show that increased social isolation is associated with
decreased life satisfaction, higher levels of depression, and lower levels of psychological
well-being [74, 75, 76, 77]. A study conducted in 2020 to determine the relationship between
communication ratings (frequency and quality) and feelings of loneliness and life satisfaction
during the SARS-CoV-2 pandemic found that ratings of frequency of contact with others were
the most significant for both loneliness and life satisfaction [78]. As the authors of the study
explain, this may be due to the fact that interpersonal contacts define a person's participation
in the life of a particular social group and are a determinant of the social network to which
that particular individual belongs. At the same time, the need for affiliation is then satisfied,
which may translate into a greater sense of satisfaction with life and a better sense of its
quality. Looking at the phenomenon of social isolation from a different perspective, it is also
worth mentioning that social isolation and poor well-being can result from dissatisfaction with
the place where one lives, from lack of resources (for example, food) and problems with work
[71]. Also, studies conducted on people who were quarantined showed that psychological
stress reactions may emerge from the experience of physical and social isolation [79]. Among
the effects of quarantine may be negative symptoms such as confusion, anger or symptoms of
post-traumatic stress disorder.
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The COVID-19 pandemic, as already mentioned, triggered the need for many changes in
people's lives. One area that had to adapt very quickly to the new reality was education. In
order to prevent backlogs and discontinuity in learning, technology has proven to be a major
ally in trying to reduce the transmission of the virus, the use of which has made remote
learning possible. The use of computer technology and the Internet is considered to be the
main element of remote learning (e-learning) [80]. The way in which the Internet and the
computer were used varied from one institution to another, as each could use different
programs and applications in different ways, but the common feature of e-learning is
undoubtedly the commitment that both parties had to show [81]. It turns out, however, that
although e-learning in the context of the pandemic and reducing virus transmission has proven
to be a very important alternative to the traditional form of education, students nevertheless
prefer a form of classroom learning that allows them to acquire knowledge face-to-face. This
is mentioned, among other things, in a study conducted in late 2020 and early 2021 on a group
of 604 students [81]. Among the advantages of e-learning mentioned by the students were the
lack of the need to commute or save time, but among the disadvantages were mentioned, for
example, the lack of interaction or the lack of opportunities for practical classes which, in the
case of universities or technical schools, is a significant obstacle to the effectiveness of
learning and preparation for a profession. In addition to e-learning as a way of teaching and its
effects and results, it is worth mentioning that attending educational institutions also plays a
socialization role. This, too, was taken into account by the students in the studies cited above.
Although e-learning offers a kind of human interaction, these are interactions with specific
characteristics. One can refer here to the social isolation mentioned in earlier paragraphs
where the intensity and quality of contacts (of course, taking into account personal
preferences and perceptions of social isolation) played an important role for the well-being of
the individual. Learning from home is a significant obstacle to making new friends,
maintaining existing relationships, and creating and carrying out new or existing initiatives.
Studies have shown that students studying remotely via e-learning during the COVID-19
pandemic experienced high levels of stress and depressive symptoms [82]. Also, the
percentage of students who reported suicidal thoughts at the time is alarming. Students also
stressed that their motivation to learn was lower, and that e-learning itself had a negative
impact on their level of knowledge. Socialization plays a very important role not only in
psychological terms, but also in the implementation of joint activities and goals such as, for
example, creating and implementing projects together [83]. The results of a study focused on
the psychological and academic effects of studying from the home published in 2021 also
note that universities should take special care to foster peer communication in online learning
— as the authors note, this can be done, for example, by promoting group work and
collaborative learning, or by developing social structures [84]. Discussion groups that allow
for discussion and sharing of experiences can be helpful.

The COVID-19 pandemic affected the well-being of people around the world [85]. A group of
people who were particularly exposed to the virus were medical workers. As a result, medical
personnel at the time were exposed to a myriad of psychological stressors — among them are,
for example, fears of contracting the virus, putting their loved ones at risk, or the stress of
unfavorable patient outcomes or death [86, 87]. These factors pose a potential threat to mental
health by potentially causing depression, post-traumatic stress disorder, experiencing
psychological distress and other mental health difficulties [85]. An international study found a
link between the availability of personal protective equipment, the provision of staff training
and the provision of mental health support in the workplace and mental health during
COVID-19 [88]. Data compiled in this study from more than 2,500 people in 41 countries
around the world indicated high levels of emotional distress. The fact of feeling depressed or
hopeless at least some of the time was reported by more than 60%, and one in six people
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reported experiencing these feelings frequently or all the time [88]. What's more, according to
the study, those claiming not to have received adequate personal protective equipment were
more than twice as likely to experience depressive thoughts. Emotional distress with higher
levels was found in the UK and the US, with nearly a third of respondents reporting regular
depressive thoughts. There are also studies that report that nurses are at risk of achieving
worse mental health than doctors [89, 90, 91]. The results of a study in China report that
nurses are at significantly higher risk for severe depression and anxiety than doctors [91]. In
contrast, another study found that nurses experienced greater financial concerns and anxiety
compared to other groups [92].

In the face of the SARS-CoV-2 pandemic, science and the world are faced with a very
important question — how the pandemic, the COVID-19 infection and all the changes that
occurred during the pandemic affected and will affect our mental health. The COVID-19
pandemic resembles the SARS-CoV and MERS-CoV pandemic in its course and
psychopathological picture [93]. Therefore, based on these, researchers speculate on the
likelihood of established physical and mental health disorders in COVID-19 survivors.
Considering the available knowledge, patients in whom susceptibility to persistence of mental
health disorders after COVID-19 treatment can be observed are those treated in the intensive
care unit (especially intubated patients). In this group, symptoms of depression, PTSD,
anxiety disorders, sleep disorders, symptoms of pain syndrome and chronic fatigue syndrome
are more frequently diagnosed [93]. Considering the possibility of SARS-CoV-2 penetrating
into the central nervous system, it may contribute to the induction of neurological and
psychiatric symptoms, among other things: headaches, loss of consciousness, inappropriate
sensation of stimuli, delirium, and cerebrovascular disease may be present [94]. The sudden
need to change previous behavioral patterns may also not go unnoticed — this can impinge on
the weakened functioning of the central nervous system. Unfortunately, it is currently too
early to talk reliably about the long-term effects of the pandemic. Also, the number of
methodologically correct studies is currently too small to make reliable conclusions. Based on
the science so far in this area, it is possible to talk about some predictions and trends, as cited
above, but it is important to remember that only by addressing this topic in future studies will
it be able to tell us more about the actual effects of COVID-19 disease and the pandemic.

Summary

The COVID-19 pandemic changed the lives of the entire world in a very short period. The
need to change, to adapt quickly to the new reality undoubtedly left its mark on the lives of
many people. In medical and psychological terms, COVID-19 turned out to be a disease that
projected not only on the respiratory system, but also on many other areas of the human body.
Among them is the nervous system and cognitive functioning. As a result of the pandemic, the
mental health of those who contracted COVID-19 was also damaged, although it should be
emphasized that the peculiarities of the pandemic phenomenon may also have caused mental
problems in those who did not contract COVID-19. Reliable, methodologically correct
research will certainly yield many answers as to what the consequences of COVID-19 and its
pandemic are, but unfortunately, the current state of knowledge and the time that has passed
since the first cases of the disease do not allow definite conclusions to be drawn.
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