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ABSTRACT: The Covid-19 viral infection, which was first detected in Wuhan, China at the end of 2019, spread rapidly
around the world and turned into a major pandemic. At the time this article was written, Covid-19 has infected more
than 250 million people worldwide, causing close to 5 million deaths. In addition to the fact that Covid-19 is a lytic
infection, its easy spread through the respiratory tract required a social isolation that people were not accustomed in
the pandemic period. Social isolation and economic losses caused significant social and psychological problems in
society. On the other hand, Covid-19 also has direct effects on the central nervous system (CNS), and these effects may
be responsible for some serious early or late neuropsychic disorders. In addition, acute symptoms of infection involved
in respiratory system failure and cytokine storm, and vaccination activities were discussed detailed. Although
neurological problems such as seizure, encephalitis, anosmia, dysgeusia, stroke and delirium are discussed to a certain
extent, current data on psychological and/or psychiatric problems due to pandemic itself or the virus are remaining
limited. In this review article, it is aimed to evaluate the effects of Covid-19 on brain and mental health in the light of
current data. In addition, the literature on neuropsychiatric side effects of vaccines approved for emergency use was
also reviewed.

KEYWORDS: Adverse effects; behavior; brain; central nervous system; Covid-19; neuropsychiatric effects; SARS-
CoV-2; vaccine.

1. HISTORICAL BACKGROUND AND INTRODUCTION

Pandemic is a word of Greek origin. It is a combination of the words "Pan" meaning all and "demos"
meaning people. The word pandemic is an important public health term and is used to describe the rapid
spread of an infectious disease to large numbers of people in each population in a short period of time.
Throughout human history, many pandemics have emerged that have caused the death of many people and
have affected the economy and the political sense of balance of the world, as well as public health [1]. Since
the last century, especially influenza virus pandemics have emerged at certain intervals, causing problems.
The world has experienced many viral pandemics between 1918 and 2012, beginning with the Spanish Flu.
Except for the Spanish Flu, although they did not cause huge mass deaths, they had negative effects on public
health and the economy. The year, origin, duration, and number of deaths caused by recent viral pandemics
are shown in Table 1 [1,2].

After SARS-CoV and MERS-CoV, we encountered a new pandemic in late 2019 that started in China
(Wuhan city) and spread all over the world. This new virus, called SARS-CoV-2, belongs to the genus
Betacoronavirus and subgenus Sarbecovirus of coronaviruses. These types of viruses cause severe acute
respiratory syndrome (SARS) [2]. Thus, Covid-19 disease caused by the SARS-CoV-2 found out a major
coronavirus epidemic with fast spread and deadly symptoms. It infected more than 250 million people
worldwide and caused nearly 5 million dead as October 2021.

Covid-19 is a zoonotic disease and has transmitted from infected animals (ie. Bats and pangolin) to
humans. It has approximately 80% sequence homology with SARS-CoV. However, genome studies showed
that Covid-19 is almost 88% genetically similar to bats SARS-like coronavirus and genetically distant from the
SARS and MERS viruses. Now it is contagious from human-to-human via respiratory droplets [3-5].
Coronaviruses are viruses with the largest RNA genome, whose genome consists of single-stranded RNA.
SARS-CoV2, a novel form of coronaviruses, is ellipsoidal in shape and has a characteristic crown-shaped
appearance. Spike proteins give the characteristic appearance to the virus and the copy number of spike
proteins is 10-times higher than the influenza virus. Spikes can turn along the stalk freely. Virus's RNA is
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packed together with ribonucleoproteins in the lumen (Figure 1). The genome encodes 16 non-structural
proteins concerning viral replication and transcription such as RNA-dependent RNA polymerase and various
structural proteins such as the spike surface glycoprotein, nucleocapsid protein, and envelope and matrix
proteins [2].
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Figure 1. Typical scheme of SARS-CoV-2 virion structure and connecting with host ACE2 receptor binding
site (ACE: Angiotensin converting enzyme).

Like to SARS-CoV, SARS-CoV-2 utilizes angiotensin 2 receptor binding site (ACE2) localized in the
membrane of host for entry to the cell (Figure 1). ACE-2 receptors located on numerous distinct human cells.
Thus, in some cases, SARS-CoV-2 causes a multisystemic disease called Covid-19 with high mortality rates. It
is primarily targeted to the respiratory system and produce fatal symptoms in lungs such as acute respiratory
distress syndrome (ARDS) following cytokine storm and pneumonia. In addition, it invades to the
gastrointestinal (GIS) system, urinary system, skin, and central nervous system (CNS) and causes some other
severe symptoms [6]. Unfortunately, we do not have any effective antiviral drug against coronavirus
infections, including Covid-19, yet. Although some drugs such as lopinavir, ritonavir, favipiravir, chloroquine
and hydroxychloroquine used in the treatment help to alleviate symptoms in some patients, their effects are
controversial [7]. Wearing masks, social isolation and hygiene provide effective protection. Although vaccines
that have been approved for emergency use give us a big confidence [8,9], it seems that it will take some more
time for the pandemic to vanish completely.

There is a rapid flow of information to the literature regarding Covid-19, and a huge amount of
knowledge has been accumulated in a short time. The cardiovascular, gastrointestinal and hematological
effects of the disease, especially the respiratory system, were evaluated with detailed meta-analysis. The virus
can also enter the CNS and causes some serious symptoms. Although there are some evaluations related to
the neurological effects of the virus, the literature on its psychological and psychiatric effects is more limited.
The aim of this review is to provide information to the reader by focusing on the effects of Covid-19 on the
CNS, by evaluating the current literature related to its early and late effects.

2. COVID-19 AND CNS
2.1. Routes and mechanisms of CNS involvement by COVID-19

Numerous viruses may enter CNS by several routes involving the vasculature, the olfactory and
trigeminal nerves, the cerebrospinal fluid, and the lymphatic system. Coronaviruses have also neurotropic
and neuroinvasive capabilities in humans [10,11]. SARS-CoV-2 and other coronaviruses can enter the CNS
and may cause inflammation and demyelization during infection [12,13]. Furthermore, existence of a brain-
lung-brain axes that responsible for brain injury and neurocognitive dysfunction during lung damage has
described [14]. CNS involvement of Covid-19 may worsen the respiratory signs [15]. Recent several reports
also indicated that various neurological symptoms may appear in Covid-19 and other coronavirus infections
[15-18] and confirms that the virus has passed to the CNS. In addition, SARS-CoV-2 RNA was detected in the
cerebrospinal fluid sample of patients with Covid-19 [19,20]. Although the underlying neurotropic
mechanisms have not been fully determined yet, the mechanisms previously demonstrated for SARS-CoV and
other viruses may also apply to explain.
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Table 1. Viral pandemics in the world in the last century.

Name of Startand Region of Virus Death
disease End Year Origin (estimate)
Spanish Subtype 40-100
Flu 1918-1920 Europa 13159 million

. . Subtype s
Asian Flu 1957-1958 China HON? 1 million
Hong Hong Subtype 1-4
Kong Flu 1968-1970 Kong H3N2 million
Russian 19771977 Russia  SUCYPe 250,000
Flu . HIN1 '

. SARS-
SARS: 2002-2004 China CoV-1 774
MERs> 201 Saudi - ypRcCov 862
present Arabia
. 2019- . SARS- nearly 5

Covid-19 present China CoV-2 millione

aSevere acute respiratory syndrome
b Middle East respiratory syndrome
¢ As of October 2021

Like SARS-CoV, SARS-CoV-2 uses the angiotensin-converting enzyme 2 (ACE2) receptor to enter
human cells (Figure 1). Abundant ACE2-expressing regions are also found in neurons and glial cells [15,20,21].
The entry of SARS-CoV-2 into the CNS and its effects may be in the form of direct hematogenous or neuronal
retrograde spread. The virus can also affect the CNS indirectly. On hematogenous entry, the virus can infect
endothelial cells of the blood brain barrier or infect leukocytes to spread to the CNS [11,22,23]. The virus can
also bind to ACE2 receptors expressed in the capillary endothelium of the blood brain barrier to gain access
to the CNS [24]. As a second major route of entry into the CNS, it can use axonal transport systems to infect
peripheral neurons for entering the CNS [11,22,23]. This mechanism may be related to the entry of SARS-CoV-
2 into the CNS via the cranial nerve.

ACE2 binding sites are widely expressed in epithelial cells of the oral mucosa [25]. Furthermore, the
olfactory nerve serves as a shortcut for many viruses to enter the CNS. Dendrites originated from olfactory
neurons project into the nasal cavity and extend their axons via the cribriform plate into the olfactory bulb
[26]. Positive test results on nasopharyngeal swabs of many patients confirmed that the main routes of spread
of SARS-CoV-2 were nasal and respiratory tract [27,28]. In addition, studies in transgenic mice that mimic
human ACE2 receptors have found that SARS-CoV-2 enters the brain mainly through the olfactory bulb. Then,
it rapidly reaches other parts of the brain via transneuronal spread [29]. This information may also partially
explain the mechanism of cranial nervous system symptoms in Covid-19.

Covid-19 can also affect the CNS indirectly [30]. Intracranial cytokine storms and hypoxia that occur
during infection without a direct viral invasion may damage the blood brain barrier, facilitating virus
transmission and causing the development of acute severe neurological symptoms [31,32]. The virus that
replicates in the lungs can then travel retrogradely between neuronal synapses to infiltrate the brain stem. This
approach also explains how Covid-19 causes cardiovascular and pulmonary complications from brainstem
[33].

2.2. Neurological effects of COVID-19 infection

Once Covid-19 effects the CNS, it can cause many neurological complications. Some of these progress
as simple symptoms and are temporary. In some cases, severe and permanent disorders may occur. Some
neurological disorders may appear later and lead to permanent problems.

Covid-19 also promotes the development of Guillain-Barré syndrome, a form of paralysis in which the
body's immune system attacks the nerves [33].

In addition to the acute effects, there may be chronic neurological consequences of Covid-19 infection.
Although a direct link between Covid-19 and demyelinating disease such as multiple sclerosis has not yet
been established, there are results that imply a relationship between human coronaviruses and multiple
sclerosis (MS). MS mouse models also developed acute encephalomyelitis and a chronic demyelinating
condition when infected with the coronavirus strain [34]. The diagnosis of Covid-19 infection should be kept
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in mind when patients show specific or nonspecific neurological symptoms during the pandemic period.
Much more attention should be paid to the risk of neurological involvement in patients with Covid-19.

2.2.1. Chemosensory impairments

Some chemosensory symptoms such as anosmia and dysgeusia were reported at remarkable rates in
individuals who tested positive for Covid-19. Considering the role of the nasal cavity and olfactory bulb in the
transmission of similar viruses to the CNS [26], this is not a surprise finding, and it also confirms that Covid-
19 causes a failure in the chemosensory system. These symptoms typically appear at the onset of the disease
and growing evidence indicate that they are related to Covid-19. Thus, it has been suggested that the taste and
smell changes can be considered as an early warning for the diagnosis of the disease [35,36]. Indeed, olfactory
and/or gustatory dysfunction are the most common neurological manifestations reported in patients with
Covid-19. The pooled prevalence for olfactory and gustatory dysfunctions was found as approximately 53%
and 44%, respectively [37,38]. Recently, Mazzoli et al. [39] also reported hyposmia/anosmia in 45% of 51
Covid-19 patients. More than 80% loss of smell and taste has been reported in multicenter studies evaluating
more subjects [36,40].

The olfactory and gustatory systems, alongside with parts of the somatosensory system that
communicates chemesthesis, are distinct sensory systems with separate peripheral and central neuronal
mechanisms [41,42]. Smell, taste, and chemesthesis are often mistaken, because they appear a single experience
of flavor during eating, and patients frequently report a loss of taste when in fact they are experiencing a loss
of retronasal olfaction. By this time, the influence of Covid-19 on each of these three chemosensory modalities
remains poorly understood. The multimodal impact of Covid-19 and lack of perceived nasal obstruction
suggest that the infection may disturb sensory-neural processes [43].

2.2.2. Encephalopathy and ischemic stroke

Encephalopathy is a pathological process in the brain that typically extends over hours to days can
demonstrate as changed personality, behavior, cognition, or consciousness. It includes some serious clinical
signs such as delirium and seizures. Encephalitis is also an inflammation of the brain parenchyma, usually
triggered by an infection of the body’s immune system [44,45]. Encephalopathy or encephalitis has been
observed in some Covid-19 patients, especially those with severe illness [44,46]. In a meta-analysis study, the
incidence of encephalopathy and encephalitis among 33 patients who have neurological symptoms was
reported as 3% and 1%, respectively [47].

We do not know the mechanism of encephalopathy in patients with Covid-19 yet. According to clinical
observations, encephalopathy was more common in those who had a severe illness, comorbid other chronic
diseases, organ failure as a result of hypoxia, renal and hepatic dysfunction, and those with high systemic
inflammation markers [3]. The entrance of SARS-CoV-2 to CNS activates glial cells, increases tumor necrosis
factor-alpha (TNF-a) together with IL-6, IL-12, IL-15 and causes a severe inflammation. The virus can also
infiltrate the CNS by binding to ACE2 receptors on endothelial cells across the blood-brain barrier, or it can
directly disrupt the blood-brain barrier, leading to acute necrotizing encephalopathy. This may also be the
cause of hypoxic ischemic encephalopathy, which develops after disease onset in approximately 20% of
hospitalized patients [33]. The presence of Covid-19, which can also induce encephalitis, has been
demonstrated in the cerebrospinal fluid [48].

Ischemic stroke may occur, especially in hospitalized patients who develop coagulopathy and
coagulopathy may related to higher mortality. The coagulopathy observed in Covid-19, together with the
cytokine storm, may predispose patients to both thrombotic and hemorrhagic cerebrovascular events [49].
Besides inflammation and hypoxia, hypercoagulability was associated with an increased risk of stroke [50]. In
various clinical evaluations, the frequency of stroke in patients was found to be around 1-2% [38,44,51]. The
stroke cases were older, had more comorbidities involving hypertension, diabetes, and prior stroke history.
They also had elevated inflammatory markers such as c-reactive protein [3].

Other cerebrovascular problems such as cerebral hemorrhage have also been observed in Covid-19. A
meta-analysis found that the severity of Covid-19 was 2.5-fold higher in patients with a history of
cerebrovascular disease [52].

2.2.3. Epileptic seizures

Myoclonus [53,54], seizures [55,56], status epilepticus [57,58] and acute encephalopathic epilepsy [59]
were reported in patient with Covid-19. Most of these seizures were not associated with a previous history of
epileptic disorder. However, it can be thought that the neurological damages caused by Covid-19 may increase
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the susceptibility to epilepsy. More time is needed to understand whether the seizures observed for the first
time in Covid-19 patients can be permanent. It is also unclear whether a previous Covid-19 will lead to a later
epileptic picture in susceptible individuals.

Cheli et al. [60] suggested that there was a decrease in the outpatient or clinical applications of epilepsy
patients during quarantine periods, but there was no significant change in the number of EEG records and the
number of first-diagnosed epileptic patients compared to the pre-pandemic period.

2.2.4. Headache and migraine

Headache is one of the most common symptoms observed in patients diagnosed with Covid-19. While
the headache is mild or moderate in the beginning of the disease, severe headaches may occur in some cases
[51,61]. However, in an evaluation of 59254 cases based on a meta-analysis of 61 studies, the frequency of
headache was found to be 12% [62]. In another retrospective case-control study, the frequency of headache
was found to be 13% [63]. Extensive studies rank headache in fifth place after fever, cough, myalgia, and
dyspnea [62]. The results of two recently published studies also indicate that Covid-19 increases the frequency
of migraine attacks [64,65]. Headache and migraine-like symptoms observed in Covid-19 may be related to
the effects of the virus on the cerebrovascular system.

2.2.5. Other neurological symptoms

Neuroleptic malignant syndrome [66], post-infectious acute transverse myelitis [67], neuromuscular
dysfunction or demyelinating process [61,68], inflammatory neuropathy [51], Guillain-Barre syndrome [69]
and facial palsy [70] were also observed and reported in patients with Covid-19 as other important
neurological findings.

2.3. Behavioral and psychiatric effects of COVID-19 infection

The most stressed issue in Covid-19 patients was the serious symptoms that cause morbidity and
mortality and that occur in the acute phase of the disease, concerning the respiratory, cardiovascular and
nervous systems. Studies evaluating the effects of Covid-19 on mental state and mood apart from neurological
symptoms are extremely limited. One reason for this is that in the context of the pandemic, attention is more
focused on acute fatal effects of the disease. Another reason is that problems such as anxiety, depression, and
post-traumatic stress disorder, which are especially related to mood, may arise in the periods after the illness.
In addition, the mood problems do not concern only Covid-19 patients but also non-Covid-19 individuals. The
social isolation, fear of death, economic problems and radical changes in lifestyle brought about by the
pandemic seriously threaten the mental health of those who do not have the disease. Significant increases are
expected in the incidence of psychiatric disorders in the post-pandemic period, and related measures should
be taken now.

2.3.1. Post-COVID-19 syndrome

Some of the patients with mild/moderate Covid-19 exhibited post-or long-Covid-19 syndrome
symptoms lasting 12 weeks or longer. The most common symptoms in patients suffering from post-Covid-19
syndrome are fatigue, dyspnea, anxiety, depression and impaired attention, concentration, memory, and
sleep. The underlying biological mechanisms are unknown, but abnormal or excessive autoimmune and
inflammatory response may play an important role. Limbic brain formations such as hippocampus and basal
ganglia include more enzymes that are regarding inflammatory responses than other areas. Consequently,
there is an increased risk of emerging deficits in neurocognitive activities like emotion, attention, and memory.
Patients with chronic hypoxia as in Covid-19 related to pulmonary diseases, may have poor performance on
attention and executive functions [71].

The hippocampus, concerning learning and memory processes, is especially sensitive to
neuroinflammation. Inflammatory cytokines can impair hippocampal long-term potentiation and influence
synaptic plasticity and memory formation negatively [72]. As a matter of fact, disturbances in mood and
cognitive functions observed in prolonged Covid-19 or post-Covid-19 may be related to the effects of the virus
on the limbic system and neuroinflammation in this brain region. Emotional distress such as anxiety,
depression and insomnia could also support to subjective cognitive complaints [71]. Previously, it has been
suggested that neuroinflammation caused by non-neurotropic and neurotropic influenza viruses induced
long-lasting impairments in hippocampal neuronal morphology and cognitive functions in mice [72]. It has
been suggested that major depression, severe anxiety symptoms, insomnia and post-traumatic stress disorder
appearing in post-Covid-19 may also increase the risk of suicide [73].
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The incidence of Post Covid-19 syndrome varies between 10-65% in case groups [74,75]. Although
fatigue and neurocognitive complaints dominate, clinical manifestations are varied, fluctuating and variable.
There is no defined consensus on the post-Covid-19 syndrome and the diagnostic criteria have not been
adequately psychometrically evaluated. However, the results of a comprehensive meta-analysis, which was
published recently and evaluated 218 articles, indicate that approximately 20% of patients experience lung-
related problems. Extreme fatigue is prominent with a frequency of over 55%. In the articles evaluated, anxiety,
depression and post-traumatic stress disorder were reported at varying rates such as 20-46 %, 18-48% and 25%,
respectively in post-Covid term [76]. These observations indicate that patients should be monitored in terms
of mental health as well as lung problems and muscle pain in the post-Covid period.

2.3.2. Delirium and bizarre behaviors

Impairment of consciousness and delirium have been frequently reported in patients with Covid-19.
Some of these problems occur as a result of encephalopathy and neurological problems such as encephalitis
[51]. In addition, long-term hospital care and social isolation of the elderly people increase the incidence of
delirium. In clinical evaluations, the incidence of delirium in Covid-19 cases was reported to be between 10-
28% [77,78]. In the evaluation of a group of 817 patients who applied to the American emergency services due
to Covid-19, it was determined that 37 patients (16%) exhibited delirium as the primary symptom [77].
Delirium is a symptom that can result in death and should be taken into consideration especially in the elderly
and in long-term hospitalization. If considered, it is a preventable symptom with appropriate treatment.

A 53-year Covid-19 infected old man exhibited bizarre behavior was reported [79]. Besides, cough,
dyspnea, fewer, myalgia and headache, he exhibited dysarthria and some bizarre behaviors such as getting
naked in front of everyone and urinate in the room. CT and MRI results were normal, and encephalopathy
cannot be detected. He did not have any medical history like this. When the patient recovered after Covid-19
treatment, these symptoms disappeared like other Covid-19 symptoms. After Covid-19 treatment, symptoms
of infection as well as dysarthria and bizarre behaviors improved. Although this case implies that Covid-19
may be associated with bizarre behaviors, more cases are needed for evidence.

2.3.3. Mental problems due to chronic stress and social isolation

During the Covid-19 period, considerable increases were observed in the frequency of depression,
various anxiety disorders, sleep abnormalities and suicide attempts in the population [80,81]. These mental
problems occur not only in those who test positive for Covid-19, but also in those who have no history of
Covid-19. Social isolation-induced limitations, economic troubles and fear of death have led to chronic stress
as in other similar social and psychologic problems. Chronic stress causes continuous cortisol release by
stimulating the hypothalamo-pituitary axis in both experimental animals and human [82,83]. It is one of the
major reasons of anxiety, depression, sleep disorders and post-traumatic stress disorder. These diseases
increase the risk of suicide as well.

The pandemic has also markedly increased the tendency to abuse alcohol and other addictive drugs. In
this period, an increase was observed in the number of applications to emergency services due to problems
related to excessive alcohol consumption and other addictive substance use [84-86]. Alcohol and substance
abuse can produce a serious public health problem after the pandemic and should be monitored carefully.
Addictive substance use and disorders such as anxiety and depression can often be comorbid. They can
potentiate each other or be the cause of each other. We need more studies in this area so that we can more
reasonably assess the extent of alcohol and other addictive substance use during the pandemic.

Covid-19 is also triggering schizophrenia symptoms and causing suicidal behavior in non-Covid-19
positive individuals. The results of a multicenter study conducted in Europe during the period of intense
Covid-19 restrictions confirmed this observation [87]. There have also been reports of some suicide attempts
who were positive for Covid-19 and had no previous psychiatric history [88,89]. In addition, it has been
suggested that suicide attempts in population increased as related to economic losses or reduced social ties
during the Covid-19 outbreak [90].

Physicians must be alert of the possibility of depression, anxiety, fatigue, post-traumatic stress disorder,
psychotic signs, suicidal ideas, and other rare neuropsychiatric syndromes in the outcome.

Another important problem is the condition of children who are confined to their homes during periods
of lockdown and strict isolation. Especially in children and adolescents with diseases such as attention deficit
hyperactivity disorder (ADHD) and autism, fluctuations and increases in their symptoms emerged in this
process. This statement also negatively affected the mood of the parents and caregivers [91-93]. Sleep
disturbances in children and adolescents with ADHD were also reported [94]. The best way to benefit autistic
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children caught up in drastic changes in their routine lifestyle is to invest in a strong support system for their
parents. It was very important to support children suffering from neurodevelopmental problems and their
parents and caregivers during lockdown periods. For this purpose, a remote serve system called telehealth or
telemedicine involved in telephone calls or videoconference has been established. The system is mostly
effectively used in cases with autism and ADHD [95].

A sedentary life style that includes social isolation and inactivity or immobility are very bad for brain
health and mood. This situation is a more serious risk for elder individuals. It will aggravate dementias such
as Alzheimer's, and depression, and increase susceptibility to these diseases [96,97]. Mental health of the
elderly population has also been negatively affected by the lockdown periods during Covid-19 pandemic. It
has been reported that the behavioral, cognitive and psychological symptoms of patients with dementia and
Alzheimer's have worsened [98-100]. On the other hand, caregivers of elderly patients faced an increased stress
load during this period. This situation both affected the mental health of the caregivers negatively and caused
the quality of the care they provided to decrease and the condition of the patients to worsen accordingly
[101,102]. Remote telemedicine applications have helped especially patients with dementia and caregivers to
some extent. In addition, it reduces emergency department requirement of elderly individuals [103,104].

3. VACCINES AND CNS

Vaccine is the most important discovery of preventive medicine. The development of vaccines has been
extremely effective in preventing lethal infections and reduction their global spread. In this way, many fatal
infections such as smallpox, were eradicated [105]. After Covid-19 turned into a pandemic, the standard stages
for vaccine development were unprecedentedly accelerated and many vaccines were developed within a year.
Some of these vaccines have received emergency approval following phase studies. Information on typically
used vaccines that have received emergency approval are summarized in Table 2. Vaccination activities
continue at full speed with these vaccines in America, Europe, Russia, Israel, China, Japan, South Korea,
Turkey and many other countries. In developed countries, more than half of the population has already been
vaccinated.

Table 2. Vaccines approved for emergency use.

Name Country Mechanism Storage Efficacy (%) CAb
Pfizer & USA & Germany mRNA -20°C 95 63
Biontech

Moderna USA mRNA -20°C 95 27
Sputnik V Russia Vector +4 °C 92 9
Sinovac China Inactivated +4 °C 50-78 6
Johnson & USA Vector +4 °C 66 1
Johnson

Oxford & UK & Sweden Vector +4 °C 60-85 47

Astra Zeneca

a Modified from Burges et al., 2021 [9].
b Country number given approval.

The protection of vaccines in spreadable infections is clear and indisputable and the current vaccines
have a very high level of protection [106]. However, emergency approvals raise the question of the safety of
vaccines in terms of side effects and adverse reactions. Before Covid-19, there were live attenuated, inactivated,
toxoid, subunit, recombinant, polysaccharide and conjugated vaccine platforms. With Covid-19, mRNA
vaccines began to be used as a new platform [107,108]. Although the efforts to develop mRNA vaccines date
back to the past, they were first time used in humans during Covid-19 pandemic. Although mRNA vaccines
are the first vaccines to be approved by Food and Drug Administration (FDA) and European Medicine Agency
(EMA), have been applied in a very large population around the world and found to be safe in terms of side
effect profile in some detailed reviews in the literature [106,109], more time is needed for the definitive safety
of these vaccines. Due to the scope of this review, here the current literature regarding the side effects of
current vaccines on the CNS has been evaluated.

According to a detailed evaluation [110], though rare, mild and severe neurological side effects have
been occasionally reported after Covid-19 vaccination. Data from the mRNA vaccine clinical trials showed
that 7 cases out of 37,000 vaccine recipients developed Bell's palsy. In the DNA-based Johnson & Johnson
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vaccine trial, one patient each in the vaccinated and placebo group developed Guillain-Barre syndrome.
According to the FDA Adverse Event Reporting System (FAERS), 9442 reports of adverse reactions to the
vaccines have been submitted as of March 2, 2021. The most common neurological symptoms included
dizziness, headache, pain, muscle spasms, myalgia and paresthesia, which are expected to occur as acute,
transient effects of the vaccination. Rare cases of tremor, diplopia, tinnitus, dysphonia, seizures and
reactivation of herpes zoster have been also reported. There were also cases of stroke (n =17), Guillain Barre
Syndrome (n = 32), facial palsy (n = 190), transverse myelitis (n = 9) and acute disseminated encephalomyelitis
(ADEM) (n = 6) in the databases. In a trial with the Sinovac and Sinopharm vaccines, 68% of participants
reported post-vaccination headache and 60% had myalgia. Because deep venous thrombosis (DVT) is also a
potential risk factor for ischemic stroke, individuals exhibiting thrombosis as a potential side effect of the
vaccines should be take into consideration [110].

A case of new-onset refractory status epilepticus after injecting the first dose of the ChAdOx1 nCoV-19
(Oxford & Astra Zeneca) vaccine has recently reported. The authors attribute the occurrence of this symptom
to the vaccine due to the temporal relationship and the lack of risk factors for epilepsy in the patient [111]. This
report contributes to the extremely limited literature on potential neurological side effects of viral vector
vaccines. It also indicates that healthcare providers should be aware of the possibility of post-vaccination
epilepsy. In addition, neurologic phantosmia detecting with positive magnetic resonance imaging
radiographic findings has recently reported in a patient with documented absence of infection by Covid-19
virus or concomitant sinonasal disease following Pfizer-BioNtech vaccination [112].

Current neurologic adverse effects after the Covid-19 vaccinations are rare. Based on the existing
evidence, though more neurological adverse effects were reported with the substantial worldwide
vaccination, the causativeness is yet to be confirmed. As the vaccinated population increases, predictable more
neurological events will be seen. The link between them and the vaccine association will need to be tested by
comparing their incidence rate with epidemiological data preceding the pandemic [113].

4. CONCLUSIONS

Covid-19-mediated mental health complications and cerebrovascular conditions may cause a huge
burden on healthcare communities in the future. Anxiety and stress like mental illnesses are the common
outcomes of viral epidemics and pandemics. A large population of the world is prone to develop anxiety,
depressive disorders, and other mental abnormalities. Mental symptoms ensued by the Covid-19 pandemic
due to restricted social activities, restrictions culminating into stress and anxiety should not be ignored.
Patients with underlying neurological diseases such as stroke should be given proper attention. To cope with
the psychological consequences of the outbreak, clinical psychologists and psychiatrists should come forward
and provide their services that could help the medical staff and clinical workers to work efficiently and the
general public to stay healthy [114].

Early data indicate that vaccines will be effective in ending the pandemic. However, the use of vaccines
faster than usual and especially debates on their long-term side effects cause hesitations and decrease in
participation in the vaccine program in the population. Although the protective effects of the current vaccines
are quite clear, there is a possibility of some unpredictable side effects existing in the long term. More time is
needed to clarify such issues. However, there is also a possibility that some permanent neuropsychiatric
diseases may occur after past pandemic terms. In addition, being infected with various microorganisms and
viral infections may lead to brain dysfunction and neuropsychiatric diseases such as schizophrenia,
depression, and bipolar disorder [115-117]. Although it is unclear what kind of problems the Covid-19
infection will cause in the long run, the risk here is quite high compared to the vaccine. Therefore, getting
involved in the vaccination program and avoiding Covid-19 seems to be the best option.

The Covid-19 outbreak will eventually end, but it could cost thousands of lives and millions with severe
mental problems. Dealing properly with this critical situation, the top of the government's agenda should be
the development of a huge network of clinical psychologists and psychiatrists to assist the public, doctors,
medical assistants, technicians, and nurses working at the front line.
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