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ABSTRACT

Background: The pandemic has also resulted in the loss of livelihoods due to prolonged lockdowns, which have had a ripple 
effect on the global economy. According to the World Health Organization, the emergence of viral diseases represents a serious risk 
to public health. One of the mechanisms of action of this virus is through the ACE2 receptor. Different neurological findings caused 
by COVID-19 have been described, among which we find anosmia, ageusia, headache, stroke, altered consciousness, among others, 
as well as psychiatric symptoms.

Methodology: A systematic review was carried out through various databases; The search and selection of articles was carried 
out in indexed journals in English.

Results: The exact route by which SARS-CoV-2 can enter the CNS is still unknown, although hypotheses have been raised, among 
which we find the transsynaptic pathway, through the olfactory bulb, Regulation of ACE2-R and SIRS. Among the main psychiatric 
symptoms found in the COVID-19 pandemic are symptoms of depression, anxiety symptoms, post-traumatic stress disorder 
symptoms, and psychological distress. There is a relationship between the disturbance of the immune system and neuroinflammation 
in the emergence of psychiatric diseases and high systemic inflammation in mood disorders, anxiety and psychotic disorders.

Conclusion: This review offers up-to-date and detailed information on the mechanisms of neurovirulence, the main neurological 
complications, and neuropsychiatric mechanisms after SARS-COV-2 infection.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), the highly contagious 
infectious disease caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), has had a catastrophic effect on global 
populations resulting in more than 6 million of deaths worldwide  

 
[1]. The pandemic has also resulted in the loss of livelihoods due to 
prolonged lockdowns, which have had a ripple effect on the global 
economy. Although substantial progress in clinical research has 
led to a better understanding of SARS-CoV-2 and the management 
of COVID-19, limiting the continued spread of this virus and its 
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variants has become a matter of growing concern [2,3]. Despite the 
unprecedented speed of vaccine development against COVID-19 
prevention and robust global mass vaccination efforts, including 
vaccine boosters, the emergence of new variants of SARS-CoV-2 
threatens to reverse important progress. achieved so far to limit 
the spread of this viral disease [4]. According to the World Health 
Organization, the emergence of viral diseases represents a serious 
risk to public health. In the last two decades, several epidemics 
caused by viruses such as the severe acute respiratory syndrome 
coronavirus (SARS-CoV) from 2002 to 2003, and the H1N1 influenza 
in 2009, and the Middle East respiratory syndrome coronavirus 
(MERS-CoV) in 2012 have been described as having a significant 
impact on global health [5,6]. One of the mechanisms of action of 
this virus is through the ACE2 receptor. There is emerging evidence 
of ACE2 receptors in human and mouse brains, implicating the 
possible infection of the brain by SARS-CoV-2. Possible routes by 
which SARS-CoV-2 can invade the central nervous system are 
transynaptic transfer across infected neurons via the olfactory 
nerve, infection of vascular endothelial cells, or leukocyte migration 
through the blood brain barrier [7,8].

In addition to anosmia and ageusia, other neurologic findings 
include headache, stroke, altered consciousness, seizure disorder, 
and toxic metabolic encephalopathy. Five patients with COVID-19 
developed Guillain-Barré syndrome in a case series study [8-10]. 
In addition to the neurological effects that this disease could or 
may bring, the COVID-19 pandemic is also associated with very 
significant levels of psychological distress that, in many cases, 
would reach the threshold of clinical relevance. Mitigating the 
dangerous effects of COVID-19 on mental health is considered an 

international public health priority [11, 12]. The main psychiatric 
symptoms found in the COVID-19 pandemic are depression 
symptoms, anxiety symptoms, post-traumatic stress disorder 
symptoms, psychological distress. Timely dissemination of accurate 
and up-to-date COVID-19-related health information by authorities 
was shown to be associated with lower levels of anxiety, stress, and 
depressive symptoms in the general public [13]. Therefore, it is 
necessary to carry out this work in order to provide updated and 
accurate information on the mechanisms of neurovirulence, the 
main neurological complications and neuropsychiatric mechanisms 
after SARS-COV-2 infection.

MATERIALS AND METHODS
In this work we have carried out a systematic review, the 

databases that we implemented were PubMed, Scielo and 
ScienceDirect, among others. The English language was the main 
language on which our search was based, articles were collected 
from the year 2019 to the current date 2020. As keywords, the 
terms were used in the databases according to the DeCS and MeSH 
methodology: Complications; Neurological; Neuropsychiatric; 
SARS-COV-2; COVID-19. We have identified 213 original and review 
publications related to the subject studied, but only 34 articles met 
our inclusion criteria, such as articles that were in a range of no less 
than the year 2019, that were full-text articles and that reported on 
the theme. As exclusion criteria, it was taken into account that the 
articles did not have sufficient information and that they did not 
present the full text at the time of their review. In Figure 1, we can 
find a flowchart regarding the search.

Figure 1: Flowchart of the methodology implemented in this work.
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RESULTS
Proposed Mechanisms of Sars-Cov-2 Neurovirulence

As has been studied and as is known, coronaviruses belong to a 
family of corona virus, which consists of four genera (alpha-, beta-
, delta- and gamma-coronavirus) [14,15]. In order to develop this 
section correctly, we must ask ourselves the following question: 
How can Coronaviruses directly or indirectly affect the brain, 

developing neurological complications? To date, the vast majority 
of respiratory viruses have the ability to penetrate the central 
nervous system, causing the so-called neuro invasion, causing 
neurotropism (involvement of both neurons and glial cells) and 
thus causing various neurological pathologies (Neurovirulence) 
[16,17]. The exact route by which SARS-CoV-2 can penetrate the 
CNS is still unknown. Hypotheses have been raised. Table 1 shows 
the main proposed mechanisms [18-20].

Table 1: Main mechanisms of neuropathogenicity by SARS-COV-2.

Mechanism Synthesis

Transynaptic pathway
SARS-CoV-2 can enter the CNS via the retrograde transsynaptic pathway from peripheral nerve endings, via 

mechanoreceptors and chemoreceptors located in the lungs and respiratory tract that transmit to the nucleus of the 
tractus solitarius.

Through the olfactory bulb

SARS-CoV infection has been shown to cause neuronal death in ACE2 transgenic mice, entering the CNS via the 
olfactory bulb and spreading transneuronally to other brain regions. In fact, the human coronavirus OC43 has been 

shown to be neuroinvasive, spreading from the olfactory bulb to the brainstem and spinal cord, using the axonal 
transport system as a means of neuron-to-neuron spread, causing flaccid paralysis and demyelination. in animal 

models.

ACE2-R regulation

ACE2-R regulation is another valid pathway to facilitate cell invasion by SARSCoV-2 and its rapid replication. Indeed, 
high ACE2-R expression on blood-brain barrier endothelial cells allows for rapid viral attachment and facilitates viral 
entry into the CNS by damaging the vasculature. By invading the cerebral vascular endothelium, the virus reduces the 
functionality of the ACE2-R causing an elevation of cerebral arterial pressure and, as a consequence, the rupture of a 

blood vessel that leads to massive intracerebral bleeding.

SIRS

Another mechanism of damage is the generation of a global systemic inflammatory response (SIRS), which produces 
elevated levels of interleukin (IL)-6, IL-12, IL-15, and tumor necrosis factor alpha (TNF-α). This activates glial cells 

and produces a massive proinflammatory state of the CNS, leading to severe hypoxia and consequently cerebral 
vasodilation, cerebral edema, and ischemia.

Main Neurological Symptoms of Covid-19 Infection

One of the symptoms with the highest prevalence and 
incidence is headache. Apparently, this could be a symptom of little 
importance or relevance in some patients, but it has been shown 
that of the reported cases it was discovered that 15% of patients 
with this symptom had severe disease, 13.7% had elevated creatine 
levels kinase and in 0.2% of patients had rhabdomyolysis [21,22]. 
Smell and taste disorders may be the first neurological symptoms 
described in these patients. The underlying pathogenic mechanism 
that could explain the taste and smell disturbances in SARS-CoV-2 
infection is a trans neural penetration through the olfactory 
bulb or penetration through the ACE-R [23]. Patients with more 
severe COVID-19 symptoms are likely to have other neurological 
symptoms, such as acute cerebrovascular disease, impaired 
consciousness, and skeletal muscle injury.

Acute Complications Associated with Covid 19

Meningoencephalitis

It is defined as inflammation of the meninges. The meninges 
are the three membranes (the dura mater, the arachnoid mater, 
and the pia mater) that line the vertebral canal and the skull that 
encloses the brain and spinal cord. Meningitis can have a varied 
clinical presentation depending on the age and immune status 
of the host. Symptoms often include fever, neck pain/stiffness, 
and photophobia. More nonspecific symptoms include headache, 
dizziness, confusion, delirium, irritability, and nausea/vomiting. 
Signs of increased intracranial pressure (altered mental status, 
neurological deficits, and seizures) portend a poor prognosis. 
The first reported case was described on March 4, 2020, at Ditan 
Hospital in Beijing. Subsequently, a second case was described in 
a 24-year-old Japanese man, with SARS-CoV-2 RNA detected only 
in cerebrospinal fluid (CSF) and hyperintense areas on MRI in the 

right lateral ventricle, the mesial region of the lobe. temporal and 
hippocampus. The pathophysiological mechanism of this pathology 
is still not completely clear, but it has been suggested that it could 
be caused in two ways, the first through edema secondary to the 
inflammatory lesion and the second through a direct viral infection 
of the CNS. Another case was recorded in Los Angeles, a young 
woman with COVID-19 showed symptoms of meningoencephalitis 
without respiratory failure, and CSF was found to be positive for 
SARS-CoV-2 by reverse transcription polymerase chain reaction 
(PCR); [23].

Acute disseminated encephalomyelitis

It is an acute and rapidly progressive autoimmune process 
characterized by demyelination of the brain and spinal cord as a 
result of inflammation. The case of a 40-year-old woman with 
diffuse hyperintensities in subcortical and deep white matter has 
been reported. Also, that of a 51-year-old woman who developed 
coma and impaired unilateral oculocephalic response weeks 
after a SARS-CoV-2 infection with radiological evidence of acute 
disseminated encephalomyelitis. In addition, autopsy of a 71-year-
old patient diagnosed with COVID-19 showed scattered clusters of 
macrophages, axonal injury, and a perivascular acute disseminated 
encephalomyelitis-like appearance in the subcortical white matter 
[25]. 

Acute necrotizing encephalopathy

Acute necrotizing encephalopathy is a rare but distinctive type 
of acute encephalopathy with a global distribution. The onset of 
acute necrotizing encephalopathy is usually preceded by a febrile 
illness associated with the virus and followed by rapid deterioration 
[26]. At present, the ethology and pathogenesis of acute necrotizing 
encephalopathy remain incompletely clear. Both environmental 
factors, which may contribute to preceding infections, and host 
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factors, such as individual susceptibility or gene alterations, could 
be involved. Patients with acute necrotizing encephalopathy do not 
have specific symptoms or typical neurological signs. Comparisons 
of clinical features between Asian and non-Asian patients revealed 
the homogeneity of the disease throughout the world [27]. In 
addition to prodromal symptoms due to different viral infections, 
including fever, signs of upper respiratory tract infections, and 
gastroenteritis and erythema, patients with acute necrotizing 
encephalopathy often have signs of SIRS such as shock, multiple 
organ failure, and disseminated intravascular coagulation [28]. 
Acute Necrotizing Encephalopathy is a rare complication recently 
described in patients with COVID-19. The pathogenesis is related 
to cytokine release syndrome, a well-known manifestation of 
COVID-19. Typical MRI findings include hyperintense lesions and 
hemorrhage in the thalamus, brainstem, cerebellum, and cerebral 

white matter. Figure 2 shows the case of a 33-year-old woman 
who developed acute necrotizing encephalopathy and myocarditis 
in a previously healthy young patient with COVID-19 who was 
admitted due to generalized status epilepticus. Four days earlier 
she had developed generalized fatigue, fever, headache, and nasal 
congestion. On her arrival at the hospital she was comatose. She was 
emergency intubated and started on mechanical ventilation and 
received IV midazolam and valproic acid for seizure control. The 
CT scan of her head showed diffuse cerebral enema. On day 2, brain 
MRI showed bilateral haemorrhagic thalamic and cerebellar lesions 
[29]. On day 5 of his hospital stay, he suffered cardiopulmonary 
arrest and resuscitation attempts were unsuccessful. One day later, 
the results of her nasopharyngeal swab confirmed the detection of 
SARS-CoV2 by PCR.

Figure 2: Acute necrotizing encephalopathy and myocarditis in a young patient with COVID-19.

Epilepsy

Figure 3: Magnetic resonance imaging of the brain that showed meningoencephalitis in a six-year-old boy.

One of the serious complications of COVID-19 is epileptic 
seizures. For critically ill patients with COVID-19, new-onset 
seizures should be considered acute symptomatic seizures. Studies 
have reported focal status epilepticus as the onset of COVID-19 
in the setting of predisposing but well-controlled SARS-CoV-2-
related postencephalitic epilepsy. Janardhan report on the case 
of a 6-year-old boy, who presented with focal seizures without a 
history of epilepsy. The child had twitching movements on the right 
side of the face involving the oral cavity. Noncontract brain MRI 
showed meningoencephalitis, Figure 3. He received antibiotics, 

antipyretics, and antiepileptic drugs, but his clinical condition 
continued to deteriorate despite treatment. Oropharyngeal and 
nasopharyngeal swabs were positive for COVID-19. Thus, treatment 
for encephalitis and seizures due to COVID-19 was started with 
intravenous immunoglobulin and steroids. Seizure frequency 
decreased dramatically after steroids were started and remained 
infrequent through five days of steroid therapy. After stopping the 
steroids, the seizures returned, but they were shorter, less frequent, 
and manageable with antiepileptic drugs.
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Subacute Complications Associated with Covid 19

Myelitis

Transverse myelitis is a rare acquired focal inflammatory 
disorder that often presents with rapid-onset weakness, sensory 
deficits, and bowel/bladder dysfunction. This pathology usually 
occurs in the spinal cord at any level, but more commonly affects 
the thoracic region. The disorder traverses the spinal cord, 
causing bilateral deficiencies. However, there can only be partial 
or asymmetric involvement. The duration of this disease can be 
as short as 3 to 6 months or it can be permanently debilitating. 
At maximum deficit, 50% of patients are complete paraplegics 
and virtually all patients have some degree of bladder/bowel 
dysfunction. To date, several cases of acute transverse myelitis 
following COVID-19 infection have been reported. A study carried 
out by Chow reported on a 66-year-old man who presented acute 
flaccid paralysis of the bilateral lower limbs and urinary and 
intestinal incontinence due to multifocal transverse myelitis after 
COVID-19 infection. Similar to another study by the report on a 
69-year-old woman who was diagnosed with acute necrotizing 
myelitis based on clinical symptoms and MRI findings.

Psychiatric Complications Associated with Covid 19

One of the most complex approaches and with potentially 
devastating consequences both for the individual and for the society 
or community that surrounds them, are the mental disorders that 
this disease, COVID-19, entails. Different studies have shown that 
patients with COVID-19 exhibited higher levels of depression, 
anxiety, and PTSD symptoms, with these three being the most 
prevalent [30].

Neuropsychiatric Mechanisms After Covid-19 Infection

To date these mechanisms are not entirely clear, further studies 
are still needed to be able to clearly identify these psychological 
processes after SARS-COV-2 infection. But some mechanisms 
have been suggested that could be involved or associated with the 
development of neuropsychiatric disorders or sequelae. 

a) Somatic symptoms and medical care

b) Immune response

c) neurocognitive effects

d) Psychosocial conditions.

Social isolation and uncertainty about the future can induce or 
worsen post-infection neuropsychiatric conditions.  However, the 
biological links between SARS-CoV-2 and mental health should not 
be ignored: direct neuronal injury to the central nervous system, 
immunoinflammatory activation that induces thrombosis and 
vascular damage, and its residue after recovery, could have key 
implications for these psychiatric disorders. One of the main causes 
of cognitive and psychological deterioration is present in those 
patients who required mechanical ventilation, approximately 80% 
of patients who survive acute respiratory failure after receiving 
mechanical ventilation develop post-intensive care syndrome. 
One study reported that approximately 40 to 88% of severe 
COVID-19 patients had neurological symptoms, associated with 
neuroinflammation, demyelination, and neurodegeneration, such 
as acute cerebrovascular disease or impaired consciousness [31].

Cytokine Storm and Psychiatric Complications

SARS-COV-2 infection can cause the so-called “cytokine storm”, 

that is, the local and systemic production of cytokines, chemokines 
and other inflammatory mediators. Studies show that SARS-CoV-2 
induces high levels of interleukin (IL)-1β, IL-6, interferon (IFN)-γ, 
CXCL10, CCL2, and cytokines secreted by T-helper-2 cells such 
as IL-4 and IL-10.These highly expressed cytokines can have a 
variety of side effects, including disruption of the hypothalamic-
pituitary-adrenal and neuroendocrine axes, further compromising 
host immunocompetence. Many studies have pointed to the 
role of immune system perturbation and neuroinflammation 
in the emergence of psychiatric illnesses and of high systemic 
inflammation in mood, anxiety, and psychotic disorders.

DISCUSSION
The past two decades have been marked by three epidemics 

linked to emerging coronaviruses, severe acute respiratory 
syndrome (SARS) in 2002, Middle East Respiratory Syndrome 
(MERS) in 2012, and the ongoing coronavirus disease 2019 
(COVID) pandemic-19. Other human coronaviruses (HCoV) 
circulate ubiquitously and are responsible for mild infections of the 
upper or lower respiratory tract. The first cases of COVID-19, the 
disease related to SARS-CoV-2, were reported in China in December 
2019. Since then, the virus has continued to spread and as of March 
11, 2020, the World Health Organization (WHO) characterized 
COVID-19 as a pandemic. This pandemic has brought many adverse 
effects, both for the country’s economy and health, emphasizing 
in this work the neurological and psychiatric manifestations. In 
the systematic review conducted by Maury et al. [32] they found 
5 cohorts that provided data on the prevalence of neurological 
symptoms among a total of 2533 hospitalized patients with 
COVID-19 and articles focused on patients with COVID-19 with 
neurological manifestations that included a total of 580 patients. 
Concluding to confirm many manifestations and neurological 
diseases associated with SARS-CoV-2, including many pathogenic 
pathways that include infectious mechanisms, septic-associated 
encephalopathies, coagulopathy or enthesitis, although they do not 
affirm the direct pathogenicity of SARS-CoV-2.

Psychiatric manifestations are not only prevalent in adults, 
but also in adolescents. The study carried out by Benjamín et al. 
[33] in their systematic review of the literature, confirms that 
prolonged confinement at home, brutal mourning, violence family, 
excessive use of the Internet and social networks are factors that 
can influence the mental health of adolescents. Thus, increasing 
psychiatric disorders, such as post-traumatic stress, depression 
and anxiety disorders, as well as symptoms related to grief. As 
confirmed by the study carried out by Angelina et al. [34] in their 
cross-sectional study, of 2018 adolescent between April 22 and 28, 
2020, in which half of the adolescents experienced anguish in the 
pandemic. Although the COVID-19 pandemic is no longer in force 
and the confinement has ended in recent months, it is necessary to 
study these facts in more depth to be prepared for future diseases 
that cause mass confinements.

While these and many other studies confirm the neurological 
and neuropsychiatric findings caused by COVID-19. A strength of 
the current study is the methodology implemented, regarding the 
literature search, and steps in the selection of relevant articles, 
quality assessment, and data extraction. However, this study has 
several limitations, which should be taken into account before 
reaching a conclusion, among these are the lack of clinical trial 
analysis studies regarding management, therapeutic approaches, 
and care protocols to provide a proper care in the prevention and 
management of neurological and psychiatric manifestations, so 
more studies are needed to answer these questions.
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CONCLUSION
The exact route by which SARS-CoV-2 can enter the CNS is 

still unknown, although hypotheses have been raised, among 
which we find the transsynaptic pathway, Through the olfactory 
bulb, Regulation of ACE2-R and SIRS . One of the symptoms with 
the highest prevalence and incidence is headache, just as smell 
and taste disorders may be the first neurological symptoms 
described in these patients. Among the acute complications we find 
Meningoencephalitis, Acute Disseminated Encephalomyelitis, Acute 
Necrotizing Encephalopathy and Epilepsy. And of the subacute 
complications we find myelitis. Among the main psychiatric 
symptoms found in the COVID-19 pandemic are symptoms of 
depression, anxiety symptoms, post-traumatic stress disorder 
symptoms, and psychological distress. Although the COVID-19 
pandemic is no longer in force and the confinement has ended in 
recent months, it is necessary to study these facts in more depth to 
be prepared for future diseases that cause Re-confinement.
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