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ABSTRACT

In December 2019, a new coronavirus SARS-CoV-2 erupted in Wuhan, 
China, which caused a rapidly spreading pneumonia outbreak globally. 
In February 2020, the World Health Organization named this clinical 
manifestation as Coronavirus Disease 2019, Covid-19. As of June 21, 
2020, the global number of those infected with COVID-19 is 8’708.008, 
with 461,715 deceased, it is well known that the respiratory system 
is the most affected structure by the virus, some systematic reviews, 
numerous experimental studies, and case reports have shown the 
potential neurotropism of SARS-CoV2, which involves neurological 
complications affecting the central and peripheral nervous system. During 
the coronavirus outbreaks between 2002-2003 and 2012 (SARS-CoV-1 
and MERS-CoV), cases with neurological complications. Traditionally, 
coronaviruses affect the animal kingdom, specifically the mammalian 
species. Compromising the respiratory system and, in some cases, 
the nervous system. Mutations in the viral genome are considered to 
have allowed the virus to transcend to the human species over time. 
This transition happened due to intermediate hosts, generally mammals 
from East Asia and the Middle East. In some countries, due to their local 
customs, like the food supply or the current use of these intermediate 
hosts for mobility purposes, it has put human beings at risk. Leading 
the human species to suffer respiratory and gastrointestinal outbreaks 
throughout the years without neglecting neurological compromise. This 
review aims to analyze the neurological consequences secondary to 
SARS-CoV-2 infection, the neuroinvasive characteristics of the virus, 

RESUMEN 

En diciembre de 2019, un nuevo coronavirus SARS-CoV-2 irrumpió en 
Wuhan, China, lo que provocó un brote de neumonía de rápida propagación 
a nivel mundial. En febrero de 2020, la Organización Mundial de la Salud 
denominó a esta manifestación clínica enfermedad por coronavirus 2019, 
COVID-19. Al 21 de junio de 2020, el número global de infectados por 
COVID-19 era de 8’708,008 con 461,715 fallecidos. Es bien sabido que 
el sistema respiratorio es la estructura más afectada por el virus, algunas 
revisiones sistemáticas, numerosos estudios experimentales y los informes 
de casos han demostrado el neurotropismo potencial del SARS-CoV-2, 
que implica complicaciones neurológicas que afectan el sistema nervioso 
central y periférico. Durante los brotes de coronavirus entre 2002-2003 y 
2012 (SARS-CoV-1 y MERS-CoV), se produjeron casos con complicaciones 
neurológicas. Tradicionalmente, los coronavirus afectan al reino animal, 
concretamente a las especies de mamíferos. Comprometen el sistema 
respiratorio y, en algunos casos, el sistema nervioso. Se considera que las 
mutaciones en el genoma vírico permitieron que el virus trascendiera a la 
especie humana con el paso del tiempo. Esta transición se produjo gracias 
a huéspedes intermediarios, generalmente mamíferos de Asia Oriental y 
Oriente Medio. En algunos países, debido a sus costumbres locales, como 
el suministro de alimentos o el uso actual de estos huéspedes intermedios 
con fines de movilidad, ha puesto en peligro a los seres humanos. Han 
llevado a la especie humana a sufrir brotes respiratorios y gastrointestinales 
a lo largo de los años, sin dejar de lado el compromiso neurológico. Esta 
revisión pretende analizar las consecuencias neurológicas secundarias a 
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INTRODUCTION

Coronaviruses are a type of virus belonging to the family 
Coronavirinae that usually affect the animal kingdom. Its 
name comes from its crown-shaped structure1 because 
its ultrastructural characteristics resemble a solar corona, 
according to observations made by June Almeida in 1967 
when observing images of the avian bronchitis virus.2 Since 
then, an increasing number of coronaviruses have been 
responsible for respiratory and enteric infections in bovid, 
suid, equid, felid, canid and avian species. Coronaviruses 
have been previously known to cause nervous system 
involvement, being reported as a porcine hemagglutinating 
encephalomyelitis in 1962 in Canada that decades later 
became a worldwide endemic zoonosis reported in 
Michigan and Ohio, USA, in 2015.3

THE CORONAVIRUSES

These viruses are highly transmissible and adaptable to 
different media, achieving genetic mutations in their 
evolution that allowed them to be transmissible to humans, 
causing acute respiratory and enteric disorders, in addition 
to showing, over time, a remarkable ability to invade the 
nervous system. The evidence that supports this fact was 
observed during known outbreaks of the virus. The first 
outbreak occurred in Guangdong, China, in 2002-2003; 
the virus known as SARS-CoV-1 originated in bats and 
passed to humans through some Southeast Asian mammals, 
such as the Chinese ferret-badger, the Asian palm civet 
and the raccoon dog. A subsequent coronavirus outbreak, 
known as MERS-CoV, occurred in Saudi Arabia in 2012 
with a higher mortality than the previous virus (9.6 versus 
34.4%), also originated in bats and passed to man by camels 
and dromedaries.4

SARS-CoV-1, MERS-CoV and SARS-CoV-2 are all beta 
coronaviruses that share some interesting protein sequences 
that are considered homologous in their ultrastructure. 
The RNA genome of these viruses is the largest known 
to humankind and consists of 3 main proteins: S (spike), 
M (membrane) and E (envelope) proteins. The spike 
glycoprotein is the fusion protein that determines binding to 
the host, its potential, cellular tropism and the pathogenesis 
of the disease.5 Specifically, the spike (S) surface protein 
binds to the angiotensin-converting enzyme 2 (ACE2) 

receptor.6,7 After binding, the virus fuses its envelope to 
the host cell membrane, and its nucleocapsid is delivered 
into the cell.8

Another element that is similar among these beta 
coronaviruses is the generation of a so-called “cytokine 
storm”, which affects clinical disease severity, with 
proinflammatory cytokines IL-1B, IL-6, IL-12, IFN-γ, IP-10 
and MCP-1 predominant for SARS-CoV-1; IFN-γ, TNF-
alpha, IL-15 and IL-17 predominant for MERS-CoV; and IL-
1B, IFN-γ, IP-10 and MCP-1 predominant for SARS-CoV-2 
(in addition to T-helper-1 [Th1] and T-helper-2 [Th2], which 
are potent cytokines that suppress inflammation, which 
differs from SARS-CoV-1 and MERS-CoV). This “storm” 
triggers a cascade of pathophysiological events during acute 
illness and leads to death.9

For other authors, SARS-CoV-2 is a beta coronavirus 
whose genetic characteristics differ significantly from 
those of SARS-CoV-1 and MERS-CoV, and this is reflected 
in a mechanism of action that interestingly involves the 
nervous system.10,11 Matías considers that the presence 
of fusion (S) and ORF3b and ORF8 accessory proteins 
represent structural differences to be taken into account 
in the novel SARS-CoV-2, as these structural differences 
may be responsible for the presence of neurodegenerative 
diseases.12 Upon entering the host, the viral genome 
encodes 2 precursor polypeptide chains, which in turn 
are processed into 16 nonstructural proteins (NSP) by viral 
proteinases, playing a critical role in the replication and 
transcription of viral RNA11,13 as well as in the immune 
response (ORF3b).11,14

MECHANISMS OF NEUROINVASION

The frequency of neurological symptoms and complications 
has increased in the course of the current pandemic, and 
this is evidenced in the literature, as well as the clinical 
variety and hypotheses about its mechanisms and routes to 
reach the nervous system. On the host side, the expression 
of ACE2 receptors determines viral tropism, and its 
presence is critical in some organs and systems, such 
as the airway epithelium, small intestine, lung, kidney, 
endothelium and nervous system.6 The brain has a high 
expression of ACE2 receptors,15 and in the same sense, the 
affinity of SARS-CoV-2 for these receptors that are present 
in neurons and endothelial cells is greater than for SARS-

la infección por SARS-CoV-2, las características neuroinvasivas del 
virus, sus efectos en la pandemia actual, su presentación clínica y la 
potencial aparición de secuelas.

Palabras clave: coronavirus, enfermedad neurológica, COVID-19.

its effects in the current pandemic, its clinical presentation, and the 
potential occurrence of sequelae.

Keywords: coronavirus, neurological disease, COVID-19.
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CoV-1; therefore, its neuroinvasive capacity is greater.16 In 
the nervous system, ACE2 receptors are mainly expressed 
in neurons, oligodendrocytes and astrocytes, with high 
concentrations in the medial temporal lobe, posterior 
cingulate cortex, olfactory bulb, ventricles, substantia 
nigra, motor cortex and sympathetic pathway in the 
brainstem.17

From the pathophysiological point of view, there are 
several hypotheses that attempt to explain the dissemination 
to the nervous system. This has been demonstrated in 
animal tests after virus inoculation in various forms, with 
the transnasal form being the most widely used. Axonal 
transport and transneuronal dissemination from olfactory 
and trigeminal nerve endings in the nasal epithelium is 
one of the hypotheses.16 There are varieties of coronavirus 
with proven neuroinvasive potential (avian bronchitis, 
hemagglutinating encephalomyelitis HEV67, murine 
hepatitis, MERS-CoV, and HCoV-OCR43).18 One of 
them, HEV67, after reaching the transnasal pathway and 
infecting the nasal mucosa, respiratory epithelium and small 
intestine, disseminates from its corresponding peripheral 
nerve endings by retrograde axonal transport and reaches 
the dorsal root ganglion and, from there, the spinal cord.6,19 
In this sense, transmission from the olfactory epithelium via 
the cribriform plate to the olfactory bulb should also be 
included. Likewise, endocytic or exocytic transmembrane 
pathways facilitate the spread of the virus interneuronally.20 
At the intraneuronal level, retrograde or antegrade rapid 
transport occurs via microtubules, with which the pathogen 
reaches different levels of the central and peripheral 
nervous systems.18,21 Similar findings have been observed 
with the HIV, herpes, and HCoV-OCR43 viruses.21

During the COVID-19 outbreak, anosmia and ageusia 
with or without respiratory symptoms have been reported, 
considering that access through the olfactory membrane 
and its subsequent arrival at the nervous system through the 
lamina cribosa, as mentioned, is one of the pathways.22-25 
However, there is still debate whether this is truly a 
mechanism because there are studies that report that the 
nasal epithelium expresses ACE2 receptors, while olfactory 
sensory neurons do not.26,27 Another possible access route 
of the virus to the nervous system should be considered, 
such as through organs that normally lack a blood-brain 
barrier, such as the periventricular organs, or through the 
autonomic ganglia and the dorsal root, which also lack a 
blood-brain barrier.20,28

The vascular endothelium and its wide distribution 
throughout the body express ACE2 receptors at high levels, 
make it susceptible to SARS-CoV-2, such that infection 
and transport through its cells is a possible mechanism 
that allows the virus to reach the nervous system once 
the blood-brain barrier has been altered by the acute 
inflammatory mechanisms underlying this pathology.29 

In fact, Varga demonstrated that SARS-CoV-2 produces a 
systemic endothelial infectious state or systemic vascular 
endotheliitis characterized by endothelial microvascular 
dysfunction that leads to vasoconstriction, ischemia, edema 
and, ultimately, a procoagulatory and prothrombotic state 
relevant to the development of cerebrovascular events.30-32 
The virus packed in vesicles dilated by endocytosis or 
exocytosis thus gains access to the nervous system, and the 
infection develops in an already inflamed endothelium. On 
the other hand, infected leukocytes can cross the blood-
brain barrier and reach neural tissue by a mechanism 
known as a Trojan horse.12

Role of the renin-angiotensin-aldosterone 
system in SARS-CoV-2 infection

The renin-angiotensin-aldosterone system (RAAS) is a 
sophisticated cascade of vasoactive peptides that regulate 
a series of processes in human physiology. Severe acute 
respiratory syndrome of coronavirus 1 (SARS-CoV-1) 
and SARS-CoV-2, which have been responsible for SARS 
epidemics in 2002-2003 and the most recent and current 
COVID-19 pandemic, respectively, are interrelated with 
RAAS through angiotensin-converting enzyme 2 (ACE 2), 
an enzyme that physiologically activates RAAS but also 
functions as a receptor for both SARS viruses.33,34 The 
interaction between SARS viruses and ACE2 has been 
proposed as a potential factor of their infectivity.34,35

Renin converts angiotensin, a liver protein, into 
angiotensin I, which in turn is converted to angiotensin 
II in the pulmonary endothelium by angiotensin-
converting enzyme (ACE). Angiotensin II produces multiple 
physiological effects: it stimulates the pituitary gland to 
secrete vasopressin, thus retaining water; activates the 
AT1 receptors of vascular smooth muscle, thus producing 
vasoconstriction; and promotes the secretion of aldosterone 
in the adrenal gland, whose action is to retain water and 
sodium, eliminating hydrogen and potassium.

Recently, the discovery of a mechanism of angiotensin 
II degradation by an ACE homolog, known as ACE2, offers 
the opportunity to study another aspect of RAAS regulation. 
Angiotensin II can be degraded by at least 3 metabolites: 
a) des-aspartyl-angiotensin II (angiotensin III), which has 
similar functions to angiotensin II but is less effective due to 
its accelerated metabolism in vivo; b) angiotensin IV, which 
can cause vasodilation and natriuresis; and c) angiotensin 
1-7, which can be formed directly from angiotensin II by 
the action of ACE2 (Figure 1). Angiotensin 1-7 has opposite 
functions to angiotensin II; that is, it is a vasodilator and 
antiproliferative agent. ACE2 also degrades angiotensin I to 
angiotensin 1-9, which is an inactive peptide.36 The SARS-
CoV-1 and SARS-CoV-2 viruses bind to the ACE2 enzyme 
receptor and use it to enter the cell, causing this enzyme, 
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which also acts as a transmembrane receptor, to not 
perform its function; thus, angiotensin II and angiotensin 
I accumulate, promoting RAAS hyperactivity. This leads to 
acute lung injury, vasoconstriction and increased vascular 
permeability (effects of angiotensin II) and to a decrease 
in the effects of angiotensin 1-7, which, as previously 
mentioned, are counterregulatory to those of angiotensin II, 
all of which are associated with the systemic inflammatory 
syndrome caused by the virus alone.36

Comparatively, the subunit of the receptor binding 
domain (RBD), or S1 or spike protein, that is present in 
the virus and binds to the ACE2 receptor is quite similar 
between SARS-CoV-1 and SARS-CoV-2, having a sequence 
identity of approximately 74%. It is theorized that this 
difference of 26% is what allows SARS-CoV-2 to have 10 
to 20 times more affinity for the ACE2 receptor, explaining 
its infective capacity.37

In skeletal muscle, there is evidence of local production 
of angiotensin II from angiotensin I.38 Consistent with this, 
ACE activity has been detected in skeletal muscle; its 
expression was found in the plasma membrane of its cells 
at the level of the capillary endothelium, suggesting the 
presence of a functional RAAS in this organ.39,40 The main 
peptide generated by ACE is angiotensin II, which mediates 
its effects by binding to G protein receptors located in the 
plasma membrane. The main receptors involved in the 
effects of angiotensin II are AT-1 and AT-2 (Figure 1).41,42 
Although the evidence regarding the expression of AT-1 
and AT-2 receptors in skeletal muscle is contradictory, some 
studies have shown that their expression and regulation 
occur under normal and pathological conditions.43,44

ACE 2 constitutes an alternative step from angiotensin 
I and II, forming an intermediate component, angiotensin 
1-7, which has counterregulatory properties. The 
competitive occupation of the ACE2 receptor contributes 
pathophysiologically to the deleterious effects of COVID-19 
infection.36

Transcription of the AT-1 gene has been detected in 
human fetuses and adults, while transcription of the AT-2 
gene has been detected only in skeletal muscle of normal 
fetuses.45 These data support the presence of a classic local 
RAAS (ACE, angiotensin II and AT receptors) in skeletal 
muscle and its regulation under pathological conditions.46

NEUROLOGICAL MANIFESTATIONS

From the clinical point of view, neurological manifestations 
and complications vary between authors, but there are 
some that are essential, among which are headache, 
dizziness, anosmia, ageusia, stroke and polyneuropathies. 
Some consider that recognizing clinical neurological 
manifestations is difficult in the context of severe disease; 
therefore, it remains uncertain whether these manifestations 
are concurrent or if they are directly produced by the viral 
infection.47 Thus, it is critical to define the direct versus 
indirect neurotrophic effects induced by SARS-CoV-2 on 
the nervous system. Although neurological compromise by 
SARS-CoV-2 has been described significantly more in the 
adult population, children are also affected. In children, 
transmission occurs mainly through family, symptoms are 
milder, and their prognosis is better.48 Historically, HCoV 
has produced clinical signs in children that vary between 

Figure 1: 
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encephalitis, meningitis, Guillain-Barré syndrome and 
encephalomyelitis.40,49,50 Neurodegenerative diseases also 
coexist with HCoV infection, including Parkinson’s disease, 
Alzheimer’s disease and multiple sclerosis.11 Headache, 
anosmia and ageusia should draw attention even in the 
absence of respiratory symptoms, without forgetting other 
frequent symptoms such as CVD, impaired consciousness, 
seizures, encephalopathy and coma.6

Mao et al. classify symptoms into 3 categories, namely, 
those that affect the central nervous system (headache, 
dizziness, ataxia, impaired consciousness, seizures 
and stroke, among others), peripheral nervous system 
(changes in taste, smell and vision, neuropathic pain and 
neuropathies); and musculoskeletal system. In their study, 
they evaluated 214 patients (average age, 57.2 years; 
59.3% female) hospitalized for severe acute respiratory 
syndrome with a confirmed diagnosis of SARS-CoV-2 by 
RT-PCR in 3 hospital centers in Wuhan, China, between 
January and February 2020 (58.9% with nonsevere 
infection and 41.1% with severe infection according to 
their respiratory status). Neurological complications were 
reported in 36.4% of patients, distributed as follows: CNS, 
24.8%; PNS, 8.9%; and musculoskeletal system, 10.7%, 
with the highest proportion of neurological complications 
occurring in the severely infected group.51 The majority of 
neurological manifestations occurred early in the evolution 
of the disease (1 to 2 days) and in many cases with few 
or no typical symptoms of COVID-19, which is why in 
some cases the possibility of COVID-19 was not taken into 
account as a diagnosis, only after evolution and laboratory 
tests confirmed the infection.11,23,51

It is noteworthy that the Environmental Neurology 
Specialty Group of the World Federation of Neurology 
(ENSG-WFN) has called on neurological societies around 
the world to develop a national, regional and global neuro-
epidemiological database for patients with COVID-19, with 
the goal of promoting research that allows us to understand 
the neurological impact of this pandemic.

Manifestations in the central nervous system

Headache

It is one of the most common complaints during the initial 
stage of the disease, along with respiratory and general 
symptoms that affect these patients. The mechanism 
is not yet clear, but it has been attributed to the acute 
inflammatory cascade precipitated by the “cytokine storm” 
that is also responsible for fever, fatigue, general malaise 
and respiratory symptoms. The neuro-inflammatory 
response could be related to the activation of nociceptive 
neurons during the different stages of infection, in which 
the release of cytokines by macrophages is proposed as a 

base mechanism, and could even be responsible for pain 
in other areas of the body.52 Otherwise, it is part of the 
clinical presentation of meningitis, encephalitis, intracranial 
hypertension, vasculitis, anxiety or depression in the present 
context, and its prevalence can reach one-third in some 
studies,53 although it is variable according to each author: 
6.5%,54 8%,55 12.1%,56 and 13.1%.51 Many of the figures for 
this symptom are linked to others, such as fever or impaired 
consciousness and fatigue.

Impaired consciousness

As with headache, impaired consciousness can be 
concurrent with general symptoms or represent a specific 
neuroinfectious disease. When the latter is considered, 
possible underlying mechanisms are related to direct 
parenchymal injury, demyelinating disease, seizure 
disorder or toxic-metabolic encephalopathy.12 The acute 
inflammatory process with the abundant presence of 
cytokines is postulated to alter the permeability of the 
blood-brain barrier and cause direct viral injury. In this 
sense, the occurrence of acute hemorrhagic necrotizing 
encephalopathy demonstrated on MRI as ring hemorrhagic 
lesions in the bilateral thalamus, medial temporal and 
subinsular lobes4 or meningoencephalitis with signs 
of ventriculitis, temporal signal abnormalities and 
atrophy of the hippocampus on MRI57 are examples of 
encephalopathic processes by COVID-19. Clinically, these 
patients present with headache, fever, myalgia, seizures, 
neck stiffness, CSF pleocytosis and a range of impairment 
of consciousness from confusion and delirium, to coma. 
In encephalopathy, the level of consciousness impairment 
is very important and can be rarely accompanied by only 
some of the aforementioned manifestations, with a normal 
brain CT and an EEG showing changes typical of diffuse 
encephalopathy.58,59

Demyelinating lesions have been tested in other types 
of coronavirus, such as the murine hepatitis virus, in which 
the host that survives severe acute encephalitis exhibits 
chronic brain demyelination reminiscent of sclerosis, 
which has been used as a model of multiple sclerosis.60 
Human coronavirus RNAs have been amplified from the 
CSF and brain tissue samples from patients with multiple 
sclerosis.61-63 On the other hand, in toxic-metabolic 
encephalopathy, it is important to consider risk factors, 
including age, comorbidity (diabetes mellitus, hypertension, 
kidney or liver disease, hydroelectrolyte imbalance, and 
malnutrition), cognitive status, infection and sepsis, previous 
dementia, poor functional state and frailty. All of these 
combined with the cytokine cascade affect attention and 
consciousness, leading the patient to confusional states, 
lethargy, delirium and coma as representative abnormalities 
of encephalopathy.64,65
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Seizures

As mentioned above, seizures can lead to impaired 
consciousness, but they have also been reported in 
approximately 10% of patients with critical illness. Seizures 
occur in patients with coronavirus infection and in those 
with pre-existing epilepsy affected by SARS-CoV-2, as 
reported in the literature.66 However, the frequency of 
seizures in the present pandemic has been reported as 
isolated cases rather than as part of a specific clinical 
picture; in fact, they are reported concurrently with 
cases of encephalopathy and impaired consciousness, in 
patients generally severely affected and with associated 
fever, fatigue, general malaise and stiff neck.57 Perhaps the 
low frequency of meningoencephalitis with associated 
seizures is the result of the high mortality of patients with 
ventilator-dependent COVID-19 by direct neuroinvasion 
to the respiratory centers in the brainstem.3

Cerebrovascular disease

The procoagulatory and prothrombotic states caused by 
SARS-CoV-2 infection establish a basis for the development 
of cerebrovascular disease. Reports in the literature are 
variable, and many of them have been isolated cases. In 
their study of 214 patients, Mao et al. found an incidence 
of 2.8%, most of which was in the severely compromised 
group, the majority being large vessel ischemic stroke. It 
also reports that these cases occurred in older patients, with 
cardiovascular risk factors and higher levels of CRP and 
D-dimer.51 This procoagulatory state has been described 
in other studies, and it is very pathophysiologically 
reasonable due to endotheliitis, vasospasm, edema and 
inflammation promoted by the acute state of COVID-19 
infection.30,51,60,67 Klok et al.68 found a 31% incidence of 
thrombotic complications in a series of 184 patients in 3 
intensive care units (ICUs) in the Netherlands, including 
PTE, deep vein thrombosis, ischemic stroke and myocardial 
infarction. Venous thrombosis represented 27% and 
arterial thrombosis represented 3.7%, attributing diffuse 
intravascular coagulation, excessive inflammation, hypoxia 
and immobilization as precipitating factors. Standard doses 
of thromboprophylaxis were provided.

In a study of 221 patients in Wuhan, Li et al. reported 
a 5% incidence of ischemic stroke, mostly in the large 
vessels, with a mortality of 38%, where thrombosis was 
the predominant finding.60 Varga et al. found changes 
in endotheliitis in 3 patients in Zurich, Switzerland.30 
Therefore, the acute state with very high inflammatory and 
coagulability markers is a factor of paramount importance 
in the development of large vessel disease, in some cases 
regardless of age.69 In this regard, a study highlights that 
patients in their 50s can be affected, highlighting the 

importance of the base endothelial mechanism.70 Risk 
factors for ischemic stroke linked to SARS-CoV-2 are severe 
and critical disease in older patients with underlying vascular 
symptoms such as hypertension, diabetes, hyperlipidemia, 
smoking and history of previous stroke or TIA, with increased 
levels of D-dimer favoring thrombotic disease.71,72 Systemic 
infection of the vascular endothelium and its subsequent 
damage then promotes the risk of stroke due to endotheliitis 
itself, thrombosis and vasculitis. Regarding the latter, 
cerebral arteries and venules can be compromised, and a 
hemorrhagic event can result, although its frequency has 
been lower in all series.6 Arterial hypertension continues 
to be the most common cause of intracerebral and 
subarachnoid hemorrhage in these patients.71,72 Some 
guidelines have been developed locally, formulating early 
recognition and prevention measures as well as treatment for 
patients infected with SARS-CoV-2, including intravenous 
thrombolysis and endovascular therapy for stroke.73-75

Frontotemporal dysfunction

In their study of 58 patients severely affected by COVID-19 
and admitted to 2 ICUs in Strasbourg, France, Helms et al. 
found neurological compromise in 58% of them, manifested 
as agitation, pyramidal signs with hyperreflexia, clonus, 
bilateral extensor plantar reflex, delirium, hyperthermia 
and, in some of these cases, seizures. In addition, ischemic 
changes were observed in 3 of them on brain MRI. However, 
changes in bilateral frontotemporal hypoperfusion was 
evident in 11 patients, and 8 of them had diffuse bifrontal 
slowing on electroencephalography. Of the 45 patients who 
survived, 33% had a dysexecutive syndrome suggestive 
of frontal compromise expressed clinically by inattention, 
disorientation and poorly organized movement.76 Syndromes 
with mixed clinical presentation and related to frontal 
dysfunction with changes in behavior, in motor initiation 
and/or execution, in attention and orientation, in ideation 
and thought or in mental health may be present in patients 
affected by SARS-CoV-2. Discarding frontotemporal 
dysfunction syndrome would be appropriate.4

Myelitis

In Wuhan, China, Zhao et al. reported a case of a 66-year-
old male patient with an acute picture of fever, malaise and 
pneumonia, with laboratory studies of the acute phase of 
inflammation markedly abnormal. He presented with acute 
flaccid paralysis of the lower limbs associated with urinary and 
intestinal incontinence, with a sensitive level at T10, complete 
loss of muscle strength in the lower limbs and partial loss 
in the upper limbs, with the latter partially recovering with 
treatment. In brain studies with CT, small lacunar infarcts 
were demonstrated in the basal ganglia and paraventricular 
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nuclei. They highlighted possible infectious causes of myelitis 
(TB, Mycoplasma pneumoniae, Chlamydia pneumoniae, 
Epstein-Barr, influenza and parainfluenza viruses, adenovirus, 
coxsackievirus, cytomegalovirus and respiratory syncytial 
virus). They then considered the possibility of myelitis as a 
direct result of SARS-CoV-2 interacting with ACE2 receptors 
on the cell membrane in the spinal cord along with the 
“cytokine storm” caused by the disease.77

Manifestations in the peripheral nervous system

The information available on the involvement of the 
peripheral nervous system (peripheral nerve and muscle) 
is comparatively less with respect to the number of reports 
of CNS involvement. The vast majority of the information 
found in the literature currently corresponds to case 
reports. In the following lines, we will try to review the 
evidence found. The symptoms reported in many of the 
systematic review and meta-analysis articles correspond to 
nonspecific symptoms for peripheral involvement, such as 
the sensation of dizziness, headache and myalgia,9,55,56,78 
and some more specific symptoms, such as altered taste and 
smell (dysgeusia and anosmia/hyposmia),51,79-81 neuropathic 
pain,51 diplopia, ataxia, areflexia76 and hearing loss,82 are 
the most common neurological symptoms in patients 
with severe COVID-19.51 As previously mentioned, in the 
retrospective study of Mao et al. with 214 patients,51 10.7% 
of the patients had a peripheral nervous system lesion.

Disorders of smell and taste

The presence of olfactory (anosmia, hyposmia) or taste 
(hypoageusia, dysgeusia) alterations has been proposed 
as a common symptom among patients with COVID-19 
infections.79,80 The spread of this infection in Europe 
has revealed a new atypical presentation of the disease: 
olfactory and taste dysfunctions. Many viruses can lead 
to this type of dysfunction through inflammation of the 
nasal mucosa and the development of rhinorrhea, the 
most common agents being rhinovirus, parainfluenza, 
Epstein-Barr virus and some coronaviruses;83,84 however, 
the olfactory dysfunction linked to infection by COVID-19 
seems not to be particularly associated with rhinorrhea.79 
Additionally, it has not been presented with other 
symptoms, such as fever or cough, which makes it difficult 
to suspect COVID-19 infection.

Faced with numerous reports from otolaryngologists 
throughout Europe, the YO-IFOS (Young-Otolaryngologists 
of the International Federation of Oto-rhino-laryngological 
Societies) decided to conduct an international 
epidemiological study (France, Spain, Italy and Belgium) 
to characterize the olfactory and taste disorders of patients 
infected with COVID-19 and to establish the prevalence of 

these symptoms. A total of 417 patients from 12 European 
hospitals were recruited by completing questionnaires 
based on smell and taste (National Health and Nutrition 
Examination Survey) and a short version of the sQOD-
NS (Questionnaire of Olfactory Disorders-Negative 
Statements). This study showed that 85.6% reported 
olfactory dysfunction and 88.0% reported taste dysfunction. 
Olfactory symptoms appeared before other symptoms in 
11.8% of cases; another significant finding was that among 
18.2% of patients without nasal obstruction or rhinorrhea, 
79.7% had hyposmia or anosmia. With this high prevalence, 
it was suggested that sudden anosmia or ageusia needed to 
be recognized by the international scientific community as 
an important symptom of COVID-19 infection.79

Anosmia seems to be not only an indicator of the 
presence of the disease but also a prognostic indicator. 
Yan CH et al.85 reported a series of 169 patients with a 
positive test for SARS-CoV-2, of which 128 had provided 
information on olfactory and taste involvement. An adjusted 
analysis showed an inversely proportional relationship 
between the presence of these symptoms and the need 
to hospitalize the patient: those who reported anosmia/
hyposmia were 5 times more likely to be managed on an 
outpatient basis, and those without olfactory symptoms 
were 10 times more likely to need hospitalization. Thus, 
anosmia/hyposmia could be considered a clinical marker 
inversely related to disease severity. In general, the 
prevalence of anosmia was 75 of 128 patients (58.6%).

The pathophysiological mechanisms that lead to these 
alterations remain unknown; however, some explanations 
have emerged, the first of which proposes that it is the 
effects of generalized inflammation of the olfactory 
apparatus. Another theory is based on data obtained with 
viruses that cause injury to olfactory neurons by infection 
of nerve endings, transport in vesicular structures and 
transsynaptic passage.21,86,87 In a study conducted in mice 
and published by ACS Chem Neuroscience,88 it was shown 
that the ACE2 receptor that is essential for viral infection is 
expressed in the support cells located on the apical side of 
the olfactory epithelium, being absent or present in a very 
small proportion in the sensory neurons of said epithelium. 
The olfactory epithelial support cells, as well as glial cells, 
provide an anatomical and physiological substrate for 
neurons, containing Lrp2/Megalin proteins necessary for 
the internalization of odoriferous particles and their rapid 
clearance in the microenvironment of olfactory receptors.89 
This process, affected by the virus, could be one of the 
causes of the olfactory decrease in COVID-19 patients.

Guillain-Barre syndrome

Acute demyelinating inflammatory polyneuropathy (AIDP), 
also known as Guillain-Barré syndrome, is a potential 
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and emerging complication of COVID-19. Under usual 
conditions, in approximately 2/3 of Guillain-Barré 
syndrome cases, neurological symptoms appear after a 
transient infectious process of either the respiratory tract 
or less commonly of the gastrointestinal system. Infectious 
agents associated with this syndrome include HIV,90 
Herpes Zoster,91 hepatitis B,92 West Nile,93 Campylobacter 
jejuni94 and ZIKA.95 Neurological complications, including 
Guillain-Barré syndrome, have also been reported in 
other beta coronaviruses, such as SARS and MERS.96 It is 
believed that this occurs through mechanisms of molecular 
mimicry in which infecting viruses share epitopes similar 
to the components of peripheral nerves, which stimulates 
autoreactive T or B cells. The antibodies produced by the 
immune system against the viruses cross-react and bind 
to components of the peripheral nervous system, causing 
neuronal dysfunction,6 or do so as part of an inflammatory 
response syndrome.97 However, the mechanism by which 
SARS-CoV-2 produces neuropathy still needs to be clarified.

Zhao et al.98 reported the first case of Guillain-Barré 
syndrome associated with COVID-19 in a 61-year-old 
woman who had returned from Wuhan to Shanghai, China. 
Her reason for consultation was lower limb weakness and 
severe fatigue, and she reported no fever or respiratory 
symptoms. The physical examination showed symmetric 
weakness and areflexia of both lower limbs that progressed 
from 4/4 to 3/5 in 3 days. Laboratory tests showed the 
presence of lymphocytopenia and thrombocytopenia. CSF 
analysis showed a normal cell count with an increase in 
proteins (124 mg/dL). Neuroconduction studies showed 
slowing of distal latencies and absence of late responses (F 
wave) consistent with demyelinating neuropathy.

Since then and until the time of this review, 12 cases 
of Guillain-Barré syndrome in patients with COVID-1998-102 
have been reported in the literature, some of which 
required mechanical ventilation. The interval between the 
onset of viral disease and the development of peripheral 
neurological symptoms was on average 10 days. Many 
patients present with paresthesias and associated progressive 
flaccid quadriparesis,7,103 Toscano,100 in the first series of 
patients with this complication in Italy, reported 5 patients 
with Guillain-Barré syndrome from 3 hospitals in northern 
Italy during the present pandemic. Neurophysiological 
studies were consistent with axonal-type Guillain-Barré 
syndrome in 3 cases and demyelinating-type Guillain-Barré 
syndrome in 2 cases.

Miller-Fisher syndrome/cranial polyneuritis

Miller-Fisher syndrome is characterized by the presence 
of an acute onset of external ophthalmoplegia, ataxia and 
decreased tendon reflexes. Gutiérrez-Ortiz et al.76 reported 
2 patients with clinical manifestations of COVID-19 with 

an associated severe acute respiratory syndrome. The 
first patient was a 50-year-old man who presented with 
anosmia, ageusia, right internuclear ophthalmoparesis, 
right fascicular oculomotor nerve palsy, ataxia, areflexia, 
albuminocytological dissociation and a positive test for 
GD1b-IgG antibodies. Five days later, he developed a 
cough, general malaise, headache, low back pain and 
fever. The second patient was a 39-year-old man who 
presented with ageusia, bilateral abductor paralysis, 
areflexia and albuminocytological dissociation. Three 
days later, he developed diarrhea, fever and poor general 
condition. The oropharyngeal smear test for coronavirus 
(reverse polymerase transcriptase - PCR) was positive in 
both patients; tests using CSF were negative.

Similar cases were reported by researchers from Weill 
Cornell Medical College in New York, USA,104 describing 
2 cases. The first was a 36-year-old man with left ptosis, 
diplopia and bilateral distal paresthesia in the lower limbs 
who developed fever, cough and myalgia 4 days later. The 
diagnostic tests were positive for COVID-19. MRI showed 
T2 hyperintensity and thickening of the left oculomotor 
nerve. The second case was a 71-year-old woman with 
painless diplopia who had developed cough and fever 
days prior to admission. MRI showed thickening of both 
optic nerves. CSF analysis was normal. A growing body of 
evidence shows that neurotropism is a common feature 
in coronaviruses.7 Animal models show that SARS-CoV 
and MERS-CoV can enter the CNS possibly through the 
olfactory nerves and rapidly spread to specific areas of 
the brain, including the thalamus and brainstem.7 This 
may explain the symptoms of anosmia in many patients 
with SARS-CoV105 and could be applied in this case to the 
optic nerve.

Myopathies

Skeletal muscle involvement as a peripheral complication 
of SARS-CoV-19 infection has been suggested106 due 
to the presence of symptoms of fatigue (26-51%) and 
myalgia (36%) associated with the increase in creatine 
phosphokinase (CPK) in 33% of cases;107,108 however, there 
are no reports of EMG or histopathological studies that 
corroborate it. Mao et al.51 reported muscle injury in 17 
(19.3%) severely compromised patients and in 6 (4.8%) non 
severely compromised patients. They defined muscle injury 
as a patient who had myalgia and high CPK levels (> 200 
U/L). Rhabdomyolysis was reported in patients with renal 
failure during the SARS-CoV epidemic in 2003,108 and there 
are 2 reports109,110 of this complication during COVID-19 
infection. An important aspect to take into account because 
no electrophysiological or histopathological studies were 
reported is that it is difficult to exclude that these patients 
could have a critical illness neuropathy or myopathy in 
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addition to their muscle damage.111 It is not clear whether 
muscle damage is due to the direct effect of the virus on 
muscle tissue or due to the immune response mediated by 
the infection that causes an increase in proinflammatory 
cytokines as a result of muscle damage. It is important to 
note that patients in the severely compromised group in the 
Mao study additionally showed an increase in liver enzymes 
and renal function tests, which could have contributed to 
this presentation.51

We should not overlook the importance of the 
RAAS in skeletal muscle function. As we have already 
expressed, there is evidence on the expression of RAAS 
in skeletal muscle; therefore, ACE receptors at this level 
could affect activity in normal tissues or in pathological 
states. An example of this is the increased expression of 
these receptors, which has been demonstrated in muscle 
biopsies of patients with Duchenne muscular dystrophy, 
or the functional improvement seen in response to ACE 
inhibition in dystrophic monkeys.112,113

LABORATORY FINDINGS

Regarding laboratory tests related to the group of patients 
with neurological manifestations, it is reported that those 
with CNS complications have lower lymphocyte and 
platelet levels along with higher urea nitrogen levels 
than those without CNS involvement. For the group of 
patients affected in the PNS, no specific data were found, 
except general laboratory data for the disease. Those with 
lesions of the skeletal muscle system report significantly 
higher levels of creatine kinase with high neutrophilia and 
lymphocytopenia along with markedly increased C-reactive 
protein and D-dimer. In addition, muscle involvement is 
associated with a greater likelihood of multiorgan injury 
with serious hepatic involvement (lactic dehydrogenase, 
elevated alanine amino transferase and aspartate amino 
transferase) and renal involvement (increased ureic nitrogen 
and creatinine).30,51

CONCLUSION

It is clear that the information on neurological involvement 
in patients with COVID-19 is heterogeneous; currently, 
this information is based on case reports because it comes 
from a pandemic outbreak. However, as evidenced in the 
literature, neural injury impacts mortality and the possible 
generation of sequelae and disability. This makes it necessary 
to conduct epidemiological studies that provide more solid 
information that allows us to understand the neuroinvasive 
potential of SARS-CoV-2 and the frequency and severity of 
complications of this nature. Undoubtedly, this will serve as 
a basis for the approach to take with these patients from the 
neurological and rehabilitation points of view.

REFERENCES

    1. 	Henry R. Etymologia: coronavirus. Emerg Infect Dis. 2020; 26 (5): 
1027. Available in: https://dx.doi.org/10.3201/eid2605.et2605

    2. 	Almeida JD, Tyrrell DA. The morphology of three previously un-
characterized human respiratory viruses that grow in organ cultu-
re. J Gen Virol. 1967; 1: 175-178.

    3. 	Román GC, Spencer PS, Reis J et al. The neurology of COVID-19 
revisited: registries. J a proposal from the environmental neurolo-
gy specialty group of the world federation of neurology to imple-
ment international neurological. Neurol Sci. 2020; 414: 116884. 
doi: 10.1016/j.jns.2020.116884.

    4. 	Alagaili AN, Briese T, Mishra N et al. Middle East respiratory syn-
drome coronavirus infection in dromedary camels in Saudi Ara-
bia. mBio. 2014; 5 (2): e00884-14.

    5. 	Qiang X, Xu P, Fang G, Liu WB, Kou K. Using the spike protein 
feature to predict infection risk and monitor the evolutionary dy-
namic of coronavirus. Infect Dis Poverty. 2020; 9: 33. Available 
in: https://doi.org/10.1186/s4029-020-00649-8

    6. 	Zubair AS, McAlpine LS, Gardin T, Farhadian S, Kuruvilla DE, Spu-
dich S. Neuropathogenesis and neurologic manifestations of the 
coronaviruses in the age of coronavirus disease 2019: a review. 
JAMA Neurol. 2020; 77 (8): 1018-1027. doi: 10.1001/jamaneu-
rol.2020.2065.

    7. 	Li YC, Bai WZ, Hashikawa T. The neuroinvasive potential of SARS-
CoV2 may play a role in the respiratory failure of COVID-19 pa-
tients. J Med Virol. 2020; 92 (6): 552-555. Available in: https://
doi.org/10.1002/jmv.25728

    8. 	Belouzard S, Millet JK, Licitra BN, Whittaker GR. Mechanisms of 
coronavirus cell entry mediated by the viral spike protein. Viruses. 
2012; 4 (6): 1011-1033.

    9. 	Huang C, Wang Y, Li X et al. Clinical features of patients infected 
with 2019 novel coronavirus in Wuhan, China. Lancet. 2020; 395 
(10223): 497-506. doi: 10.1016/S0140-6736(20)30183-5.

  10. 	Rong Y, Wei F, Tang F, Tonhui W. Concomitant neurological symp-
toms observed in a patient diagnosed with coronavirus disease 
2019. Journal of Medical Virology. 2020; 92 (10): 1782-1784. 
doi: 10.1002/jmv.25888.

  11. 	Matías-Guiu J, Gomez-Pinedo U, Montero-Escribano P, Gomez-
Iglesias P, Porta-Etessam J, Matias-Guiu JA. Should we expect 
neurological symptoms in the SARS-CoV-2 epidemic? Neurologia 
(Engl Ed). 2020; 35 (3): 170-175.

  12. 	Desforges M, Le Coupanec A, Brison E, Meessen-Pinard M, Talbot 
PJ. Neuroinvasive and neurotropic human respiratory coronaviru-
ses: potential neurovirulent agents in humans. Adv Exp Med Biol. 
2014; 807: 75-96.

  13. 	Narayanan K, Ramirez SI, Lokugamage KG, Makino S. Corona-
virus nonstructural protein 1: Common and distinct functions in 
the regulation of host and viral gene expression. Virus Res. 2015; 
202: 89-100.

  14. 	Chan JF, Kok KH, Zhu Z et al. Genomic characterization of the 
2019 novel human-pathogenic coronavirus isolated from a pa-
tient with atypical pneumonia after visiting Wuhan. Emerg Micro-
bes Infect. 2020; 9: 22136, Available in: http://dx.doi.org/10.108
0/22221751.2020.1719902

  15. 	Li, W, Moore, M, Vasilieva N et al. Angiotensin-converting enzy-
me 2 is a functional receptor for the SARS coronavirus. Nature. 
2003; 426: 450-454. Available in: https://doi.org/10.1038/natu-
re02145

  16. 	Natoli S, Oliveira V, Calabresi P, Maia LF, Pisani A. Does SARS-
CoV-2 invade the brain? Translational lessons from animal models. 
Eur J Neurol 2020; Review. Available in: https://doi.org/10.1111/
ene.14277

  17. 	Chen R, Wang K, Yu J et al. The spatial and cell-type distribution 
of SARS-CoV-2 receptor ACE2 in the human and mouse brains. 
Front Neurol. 2021; 11: 573095.



Benavides-Hinestroza J et al. COVID-19: neurological manifestations and complications

193Neurol Neurocir Psiquiatr. 2023; 51 (4): 184-195

  18. 	Dube M. Axonal transport enables neuron-to-neuron propagation 
of human coronavirus OC43. J Virol. 2018; 92 (17): e00404-18.

  19. 	Li YC, Bai WZ, Hirano N, Hayashida T, Taniguchi T, Sugita Y, 
Tohyama K, Hashikawa T. Neurotropic virus tracing suggests a 
membranous-coating-mediated mechanism for transsynaptic 
communication. J Comp Neurol. 2013 Jan 1;521(1):203-12. doi: 
10.1002/cne.23171. PMID: 22700307; PMCID: PMC7162419.

  20. 	Li YC, Bai WZ, Hirano N, Hayashida T,Hashikawa T. Coronavirus 
infection of rat dorsal root ganglia: ultrastructural characterization 
of viral replication, transfer, and the early response of satellite 
cells. Virus Res. 2012; 163 (2): 628-635. doi: 10.1016/j.virus-
res.2011.12.021.

  21. 	Berth SH, Leopold PL, Morfini GN. Virus-induced neuronal dys-
function and degeneration. Front Biosci (Landmark Ed). 2009; 14: 
5239-5259. doi: 10.2741/3595.

  22. 	Giacomelli A, Pezzati L, Conti F et al. Self-reported olfactory and 
taste disorders in patients with severe acute respiratory coronavi-
rus 2 infection: a cross-sectional study. Clin Infect Dis. 2020; 71 
(15): 889-890.

  23. 	Gautier JF, Ravussin Y. A new symptom of COVID-19: loss of taste 
and smell. Obesity. 2020; 28: 848. doi: 10.1002/oby.22809.

  24. 	Matsuda K, Park CH, Sunden Y et al. The vagus nerve is one route 
of transneural invasion for intranasally inoculated influenza-     a 
virus in mice. Vet Pathol. 2004; 41 (2): 101-107. doi: 10.1354/
vp.41-2-101.

  25. 	McCray PB Jr, Pewe L, Wohlford-Lenane C, et al. Lethal infection 
of K18-hACE2 mice infected with severe acute respiratory syn-
drome coronavirus. J Virol. 2007; 81 (2): 813-821. doi: 10.1128/
JVI.02012-06.

  26. 	Brann DH, Tsukahara T, Weinreb C et al. Non-neuronal expres-
sion of SARS-CoV-2 entry genes in the olfactory system suggests 
mechanisms underlying anosmia in COVID-19 patients. Sci Adv. 
2020; 6 (31): eabc5801. [Accessed May 18, 2020]. https://www.
biorxiv.org/content/10.1101/2020.03.25.009084v2

  27. 	Fodoulian L, Tuberosa J, Rossier D, Landis BN, Carleton A, Ro-
driguez I. SARS-CoV-2 receptor and entry genes are expressed 
by sustentacular cells in the human olfactory neuroepithelium. 
iScience. 2020; 23 (12): 101839. [Accessed May 18, 2020] Avai-
lable in: doi: 10.1016/j.isci.2020.101839.

  28. 	Bentivoglio M, Kristensson K, Rottenberg ME. Circumventricular 
organs and parasite neurotropism: neglected gates to the brain? 
Front Immunol. 2018; 9: 2877.

  29. 	Dropulic B, Masters CL. Entry of neurotropic arboviruses into the 
central nervous system: an in vitro study using mouse brain en-
dothelium. J Infect Dis. 1990; 161 (4): 685-691. doi: 10.1093/
infdis/ 161.4.685.

  30. 	Varga Z, Flammer AJ, Steiger P et al. Endothelial cell infection 
and endotheliitis in COVID-19. Lancet. 2020; 395 (10234): 
1417-1418. Available in: https://doi.org/10.1016/S0140-
6736(20)30937-5

  31. 	Bonetti PO, Lerman LO, Lerman A. Endothelial dysfunction: a 
marker of atherosclerotic risk. Atherosc Thromb Vasc Biol. 2003; 
23 (2): 168-75.

  32. 	Flammer AJ, Anderson T, Celermajer DS et al. The assessment of 
endothelial function: from research into clinical practice. Circula-
tion. 2012; 126: 753-767.

  33. 	Li W, Moore MJ, Vasilieva N et al. Angiotensin-converting enzyme 
2 is a functional receptor for the SARS coronavirus. Nature. 2003; 
426 (6965): 450-454.

  34. 	Hoffmann M, Kleine-Weber H, Schroeder S et al. SARS-CoV-2 
Cell Entry Depends on ACE2 and TMPRSS2 and is blocked by a 
clinically proven protease inhibitor. Cell. 2020; 181 (2): 271-280.
e8.

  35. 	Li W, Zhang C, Sui J, et al. Receptor and viral determinants of 
SARS-coronavirus adaptation to human ACE2. EMBO J 2005; 24: 
1634-43.

  36. 	Soler MJ, Lloveras J, Batlle D. Enzima conversiva de la angioten-
sina 2 y su papel emergente en la regulación del sistema renina-
angiotensina [Angiotensin converting enzyme 2 and its emerging 
role in the regulation of the renin angiotensin system]. Med Clin 
(Barc). 2008; 131 (6): 230-236. doi: 10.1157/13124619.

  37. 	Wrapp D, Wang N, Corbett KS et al. Cryo-EM structure of the 
2019-nCoV spike in the prefusion conformation. Science. 2020; 
367: 1260-1263.

  38. 	Danser AH, Koning MM, Admiraal PJ et al. Production of angio-
tensins I and II at tissue sites in intact pigs. Am J Physiol. 1992; 
263 (2 Pt 2): H429-437.

  39. 	Reneland R, Lithell H. Angiotensin-converting enzyme in human 
skeletal muscle. A simple in vitro assay of activity in needle biopsy 
specimens. Scand J Clin Lab Invest. 1994; 54 (2): 105-111.

  40. 	Johnston AP, Baker J, De Lisio M, Parise G. Skeletal muscle myo-
blasts possess a stretch-responsive local angiotensin signalling sys-
tem. J Renin Angiotensin Aldosterone Syst. 2011; 12 (2): 75-84.

  41. 	De Gasparo M, Catt KJ, Inagami T, Wright JW, Unger T. Interna-
tional union of pharmacology. XXIII. The angiotensin II receptors. 
Pharmacol Rev. 2000; 52 (3): 415-472.

  42. 	Miura S, Imaizumi S, Saku K. Recent progress in molecular me-
chanisms of angiotensin II type 1 and 2 receptors. Curr Pharm 
Des. 2013; 19 (17): 2981-2987.

  43. 	Zhang L, Du J, Hu Z, Han G, Delafontaine P, Garcia G, Mitch WE. 
IL-6 and serum amyloid A synergy mediates angiotensin II-indu-
ced muscle wasting. J Am Soc Nephrol. 2009; 20 (3): 604-612.

  44. 	Painemal P, Acuna MJ, Riquelme C, Brandan E, Cabello-Verrugio 
C. Transforming growth factor type beta 1 increases the expres-
sion of angiotensin II receptor type 2 by a SMAD- and p38 MAPK 
dependent mechanism in skeletal muscle. Biofactors. 2013; 39 
(4): 467-475.

  45. 	Malendowicz SL, Ennezat PV, Testa M, Murray L, Sonnenblick EH, 
Evans T, LeJemtel TH. Angiotensin II receptor subtypes in the ske-
letal muscle vasculature of patients with severe congestive heart 
failure. Circulation. 2000; 102 (18): 2210-2213.

  46. 	Cabello-Verrugio C, Morales MG, Rivera JC, Cabrera D, Simon 
F. Renin- angiotensin system: an old player with novel functions 
in skeletal muscle. Med Res Rev. 2015; 35 (3): 437-463. doi: 
10.1002/med.21343.

  47. 	Asadi-Pooya AA, Simani L. Central nervous system manifesta-
tions of COVID-19: a systematic review. J Neurol Sci. 2020; 413: 
116832. doi: 10.1016/j.jns.2020.116832.

  48. 	Su L, Ma X, Yu H et al. The different clinical characteristics of 
corona virus disease cases between children and their families in 
China - the character of children with COVID-19. Emerg Micro-
bes Infect. 2020; 9: 707-713.

  49. 	Li Y, Li H, Fan R et al. Coronavirus infections in the central ner-
vous system and respiratory tract show distinct features in hospi-
talized children. Intervirology. 2016; 59: 163-169. Available in: 
http://dx.doi.org/10.1159/000453066

  50. 	Yeh EA, Collins A, Cohen ME, Duffner PK, Faden H. Detection 
of coronavirus in the central nervous system of a child with acute 
disseminated encephalomyelitis. Pediatrics. 2004; 113: e73-76.

  51. 	Mao L, Jin H, Wang M et al. Neurologic manifestations of hospi-
talized patients with coronavirus disease 2019 in Wuhan, China. 
JAMA Neurol. 2020; 77 (6): 683-690.

  52. 	Ye Q, Wang B, Mao J. The pathogenesis and treatment of the 
`Cytokine Storm’ in COVID-19. J Infect. 2020; 80 (6): 607-613. 
doi: 10.1016/j.jinf.2020.03.037.

  53. 	Jin X, Lian J-S, Hu J-H et al. Epidemiological, clinical and viro-
logical characteristics of 74 cases of coronavirus-infected disease 
2019 (COVID-19) with gastrointestinal symptoms. Gut. 2020; 69 
(6): 1002-1009. doi: 10.1136/gutjnl-2020-320926.

  54. 	Tian S, Hu N, Lou J, et al. Characteristics of COVID-19 infection 
in Beijing, J. Inf. Secur. 2020; 80: 401-406. Available in: https://
doi.org/10.1016/j.jinf.2020.02.018.



Benavides-Hinestroza J et al. COVID-19: neurological manifestations and complications

194 Neurol Neurocir Psiquiatr. 2023; 51 (4): 184-195

  55. 	Chen N, Zhou M, Dong X et al. Epidemiological and clinical cha-
racteristics of 99 cases of 2019 novel coronavirus pneumonia in 
Wuhan, China: a descriptive study. Lancet. 2020; 395 507-513.

  56. 	Li LQ, Huang T, Wang YQ et al. COVID-19 patients’ clinical cha-
racteristics, discharge rate, and fatality rate of meta-analysis. J Med 
Virol. 2020; 92: 577-583. Available in: https://doi.org/10.1002/
jmv.25757

  57. 	Moriguchi T, Harii N, Goto J et al. A first case of meningitis/en-
cephalitis associated with SARS-Coronavirus-2. Int J Infect Dis. 
2020; 94: 55-58. doi: 10.1016/j.ijid.2020.03.062.

  58. 	Filatov A, Sharma P, Hindi F et al. Neurological complications of 
coronavirus disease (COVID-19): encephalopathy. Cureus. 2020; 
12 (3): e7352. Available in: https://doi.org/10.7759/cureus.7352.

  59. 	Ye M, Ren Y, Lv T. Encephalitis as a clinical manifestation of CO-
VID-19. Brain Behav Immun. 2020; 88: 945-946. doi: 10.1016/j.
bbi.2020.04.017.

  60. 	Li Y, Li M, Wang M et al. Acute cerebrovascular disease following 
COVID-19: a single center, retrospective, observational study. 
Stroke Vasc Neurol. 2020; 5 (3): 279-284. doi: 10.1136/svn-
2020-000431.

  61 	 Matthews AE, Weiss SR, Paterson Y. Murine hepatitis virus— A 
model for virus induced CNS demyelination. J Neurovirol. 2002; 
8 (2): 76-85.

  62. 	Cristallo A, Gambaro F, Biamonti G, Ferrante P, Battaglia M, Ce-
reda PM. Human coronavirus polyadenylated RNA sequences in 
cerebrospinal fluid from multiple sclerosis patients. New Micro-
biol. 1997; 20 (2): 105-114.

  63. 	Murray RS, Brown B, Brian D, Cabirac GF. Detection of corona-
virus RNA and antigen in multiple sclerosis brain. Ann Neurol. 
1992; 31 (5): 525-33.

  64. 	Frontera JA. Metabolic encephalopathies in the critical care 
unit. Continuum (Minneap Minn). 2012; 18 (3): 611-639. doi: 
10.1212/01.CON.0000415431.07019.c2.

  65. 	Ahmed S, Leurent B, Sampson EL. Risk factors for incident deli-
rium among older people in acute hospital medical units: a syste-
matic review and meta-analysis. Age Ageing. 2014; 43 (3): 326-
333. doi: 10.1093/ageing/afu022.

  66. 	Lau SK, Woo PC, Yip CC et al. Coronavirus HKU1 and other co-
ronavirus infections in Hong Kong. J Clin Microbiol. 2006; 44 (6): 
2063-2071. doi: 10.1128/JCM.02614-05.

  67. 	Zhang Y, Xiao M, Zhang S et al. Coagulopathy and Antiphospho-
lipid Antibodies in Patients with Covid-19. N Engl J Med. 2020; 
382 (17): e38. Available in: NEJM.org https://doi.org/10.1056/
NEJMc2007575

  68. 	Klok FA, Kruip MJHA, van der Meer NJM et al. Incidence of 
thrombotic complications in critically ill ICU patients with CO-
VID-19. Thromb Res. 2020; 191: 145-147. Available in: https://
doi.org/10.1016/j.thromres.2020.04.013.

  69. 	Zhang G, Zhang J, Wang B, Zhu X, Wang Q, Qiu S. Analysis of 
clinical characteristics and laboratory findings of 95 cases of 2019 
novel coronavirus pneumonia in Wuhan, China: a retrospective 
analysis. Respir Res. 2020; 21 (1): 74. doi: 10.1186/s12931-020-
01338-8.

  70. 	Oxley TJ, Mocco J, Majidi S et al. Large-vessel stroke as a presen-
ting feature of COVID-19 in the young. N Engl J Med. 2020; 382 
(20): e60. doi: 10.1056/NEJMc2009787.

  71. 	Guan WJ, Ni ZY, Hu Y, Liang WH et al. Clinical characteristics 
of coronavirus disease 2019 in China. N Engl J Med. 2020; 
382: 1708-1720. Available in: https://doi.org/10.1056/NEJ-
Moa2002032

  72. 	Oudit GY, Kassiri Z, Jiang C et al. SARS-coronavirus modulation 
of myocardial ACE2 expression and inflammation in patients with 
SARS. Eur J Clin Investig. 2009; 39: 618-625.

  73. 	Christopher SYH, Carol TH, Wong YL. Challenges in adapting 
existing hyperacute stroke protocols by a tertiary neuroscien-
ce centre for patients with COVID-19 in Singapore. Int J Ce-

rebrovasc Dis Stroke. 2020; 3: 125. Available in: https://doi.
org/10.29011/2688-8734.000025

  74. 	Bhatia R, Sylaja PN, Padma Srivastava MV et al. Consensus sta-
tement – suggested recommendations for acute stroke manage-
ment during the COVID-19 pandemic: expert group on behalf of 
the Indian Stroke Association. Ann Indian Acad Neurol. 2020; 23 
(Suppl 1): S15-S23.

  75. 	Helms J, Kremer S, Merdji H, et al., Neurologic features in severe 
SARS-CoV-2 infection. N Engl J Med. 2020; 382 (23): 2268-2270. 
Available in: https://doi.org/10.1056/NEJMc2008597

  76. 	Gutiérrez-Ortiz C, Méndez A, Rodrigo-Rey S et al. Mi-
l ler Fisher syndrome and polyneuritis cranialis in CO-
VID-19. Neurology. 2020; 95 (5): e601-e605. doi: 10.1212/
WNL.0000000000009619S.

  77. 	Zhao K, Huang J, Dai D, Feng Y, Liu L, Nie S. Acute mye-
litis after SARS-CoV-2 infection: a case report. medRxiv 
Prep. (2020). [Accessed 4/24/2020] Available in: https://doi.
org/10.1101/2020.03.16.20035105

  78. 	Yanga J, Zhenga Y, Goua X et al. Prevalence of comorbidities and 
its effects in coronavirus disease 2019 patients: a systematic re-
view and meta-analysis. Int J Infect Dis. 2020; 94: 91-95. doi: 
10.1016/j.ijid.2020.03.017.

  79. 	Lechien JR, Chiesa-Estomba CM, De Siati DR et al. Olfactory and 
gustatory dysfunctions as a clinical presentation of mild-to-mode-
rate forms of the coronavirus disease (COVID-19): A multicenter 
European study. Eur Arch Otorhinolaryngol. 2020; 277 (8): 2251-
2261. doi: 10.1007/s00405-020-05965-1.

  80. 	Xydakis MS, Dehgani-Mobaraki P, Holbrook EH et al. Smell and 
taste dysfunction in patients with COVID-19 [published online 
ahead of print. Lancet Infect Dis. 2020; 20 (9): 1015-1016. doi: 
10.1016/S1473-3099(20)30293-0.

  81. 	Bagheri SHR, Asghari AM, Farhadi M et al. Coincidence of CO-
VID-19 epidemic and olfactory dysfunction outbreak. medRxiv; 
2020. doi: 10.1101/2020.03.23.20041889.

  82. 	Sriwijitalai W, Wiwanitkit V. Hearing loss and COVID-19: a note. 
Am J Otolaryngol. 2020; 41 (3): 102473. doi: 10.1016/j.amjo-
to.2020.102473.

  83. 	Suzuki M, Saito K, Min WP et al. Identification of viruses in pa-
tients with postviral olfactory dysfunction. Laryngoscope. 2007; 
117 (2): 272-277.

  84. 	Van Riel D, Verdijk R, Kuiken T. The olfactory nerve: a shortcut 
for influenza and other viral diseases into the central nervous sys-
tem. J Pathol. 2015; 235 (2): 277-287. Available in: https://doi.
org/10.1002/path.4461

  85. 	Yan, CH, Faraji, F, Prajapati, DP, Ostrander, BT, DeConde, AS. 
Self-reported      olfactory loss associates with outpatient clini-
cal course in COVID-19. Int Forum Allergy Rhinol. 2020; 10 (7): 
821-831.

  86. 	Netland J, Meyerholz DK, Moore S, Cassell M, Perlman. Severe 
acute respiratory syndrome coronavirus infection causes neuronal 
death in the absence of encephalitis in mice transgenic for human 
ACE2. J Virol. 2008; 82: 7264-7275.

  87. 	Maximova OA, Bernbaum JG, Pletnev AG. West Nile virus spreads 
transsynaptically within the pathways of motor control anatomical 
and ultrastructural mapping of neuronal virus infection in the pri-
mate central nervous system. Plos Negl Trop Dis. 2016; 10 (9): 
e00004980.

  88. 	Bilinska K, Jakubowska P, Von Bartheld ChS, Butow R. Expression 
of the SARS-CoV-2 entry proteins ACE2 and TMPRSS2, in cells 
of the olfactory epithelium: identification of cell types and trends 
with age. ACS Chem Neurosci. 2020; 11 (11): 1555-1562. doi: 
10.1021/acschemneuro.0c00210.

  89. 	Heydel JM, Coelho A, Thiebaud N et al. Odorant binding proteins 
and xenobiotic metabolizing enzymes: implications in olfactory 
perireceptor events odorant-binding proteins and metabolizing 
enzymes. Anat Rec. 2013; 196: 133-134.



Benavides-Hinestroza J et al. COVID-19: neurological manifestations and complications

195Neurol Neurocir Psiquiatr. 2023; 51 (4): 184-195

  90. 	Cornblath DR, McArthur JC, Kennedy PGE, Witte AS, Griffin JW. 
Inflammatory demyelinating peripheral neuropathies associated 
with human T-cell lymphotropic virus type III infection. Ann Neu-
rol. 1987; 21: 32-40.

  91. 	Ormerod IE, Cockerell OC. Guillain-Barré syndrome after herpes 
zoster infection: a report of 2 cases. Eur Neurol. 1993; 33 (2): 
156-158. doi: 10.1159/000116924.

  92. 	Hartung HP, Pollard JD, Harvey GK, Toyka KV. Immunopathoge-
nesis and treatment of the Guillain-Barré syndrome--Part I. Mus-
cle Nerve. 1995; 18 (2): 137-153. doi: 10.1002/mus.880180202.

  93. 	Ahmed S, Libman R, Wesson K, Ahmed F, Einberg K. Guillain-
Barré syndrome: An unusual presentation of West Nile virus 
infection. Neurology. 2000; 55 (1): 144-146. doi: 10.1212/
wnl.55.1.144.

  94. 	Sheikh KA, Nachamkin I, Ho TW et al. Campylobacter jejuni lipo-
polysaccharides in Guillain-Barré syndrome: molecular mimicry 
and host susceptibility. Neurology. 1998; 51 (2): 371-378. doi: 
10.1212/wnl.51.2.371.

  95. 	Parra B, Lizarazo J, Jiménez-Arango JA et al. Guillain-Barré syndro-
me associated with Zika virus infection in Colombia. N Engl J Med. 
2016; 375 (16): 1513-1523. doi: 10.1056/NEJMoa1605564.

  96. 	Kim JE, Heo JH, Kim HO et al. Neurological complications du-
ring treatment of middle east respiratory syndrome. J Clin Neurol. 
2017; 13 (3): 227-233. doi: 10.3988/jcn.2017.13.3.227.

  97. 	Virani A, Rabold E, Hanson T et al. Guillain-Barré syndrome asso-
ciated with SARS-CoV-2 infection. IDCases. 2020; 20: e00771.

  98. 	Zhao H, Shen D, Zhou H, Liu J, Chen S, Guillain-Barré syndro-
me associated with SARS-CoV-2 infection: causality or coinci-
dence? Lancet. 2020; 19 (5): P383-384. Available in: https://doi.
org/10.1016/S1474-4422(20)30109-5

  99. 	Tsai L, Hsieh S, Chao C et al. Neuromuscular disorders in severe 
acute respiratory syndrome. Arch Neurol. 2004; 61 (11): 1669-
1673. doi: 10.1001/archneur.61.11.1669.

100. 	Toscano G, Palmerini F, Ravaglia S et al. Guillain-Barré syndrome 
associated with SARS-CoV-2. N Engl J Med. 2020; NEJMc2009191. 
Available in: https://doi.org/10.1056/NEJMc2009191.

101. 	Sedaghat Z, Karimi N. Guillain Barre syndrome associated with 
COVID-19 infection: A case report. J Clin Neurosci. 2020; 76: 
233-235. doi: 10.1016/j.jocn.2020.04.062.

102. 	Holshue ML, Debolt C, Lindquist S et al. First case of 2019 novel 
coronavirus in the United States. N Engl J Med. 2020; 382: 929-936.

103. 	Montalvan V, Lee J, Bueso T, De Toledo J, Rivas K. Neurological 
manifestations of COVID-19 and other coronavirus infections: a 
systematic review. Clin Neurol Neurosurg. 2020; 194: 105921. 
doi: 10.1016/j.clineuro.2020.105921

104. 	Dinkin M, Gao V, Kahan J et al. COVID-19 presenting 
with ophthalmoparesis from cranial nerve palsy. Neuro-
logy. Neurology. 2020; 95 (5): 221-223. doi: 10.1212/
WNL.0000000000009700.

105. 	Vaira LA, Salzano G, Deiana G, De Riu G. Anosmia and ageusia: 
common findings in COVID-19 patients. Laryngoscope. 2020; 
130 (7): 1787.

106. 	Wang C, Horby PW, Hayden FG, Gao GF. A novel corona-
virus outbreak of global health concern. Lancet. 2020 Feb 
15;395(10223):470-473. doi: 10.1016/S0140-6736(20)30185-
9. Epub 2020 Jan 24. Erratum in: Lancet. 2020 Jan 29;: PMID: 
31986257; PMCID: PMC7135038.

107. 	Yang X, Yu Y, Xu J et al. Clinical course and outcomes of critica-
lly ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a 
single-centered, retrospective, observational study. Lancet Respir 
Med. 2020; 8 (5): 475-481. Available in: https://doi.org/10.1016/
S2213-2600(20)30079-5.

108. 	Chen LL, Hsu CW, Tian YC, Fang JT, Rhabdomyolysis associated 
with acute renal failure in patients with severe acute respiratory 
syndrome, Int. J. Clin. Pract. 2005; 59:1162.1166.

109. 	Jin M, Tong Q. Rhabdomyolysis as potential late complication as-
sociated with COVID-19. Emerg Infect Dis. 2020; 26 (7): 1618-
1620. doi:10.3201/eid2607.200445

110. 	Suwanwongse K, Shabarek N, Rhabdomyolysis as a presentation 
of 2019 novel coronavirus disease. Cureus J Med Sci. 2020; 12: 
e7561. Available in: https://doi.org/10.7759/cureus.7561

111. 	Ahmad I, Rathore FA. Neurological manifestations and complica-
tions of COVID-19: a literature review. J Clin Neurosci. 2020; 77: 
8-12. doi: 10.1016/j.jocn.2020.05.017.

112. 	Sun G, Haginoya K, Dai H et al. Intramuscular renin-angiotensin 
system is activated in human muscular dystrophy. J Neurol Sci. 
2009; 280 (1-2): 40-48. doi: 10.1016/j.jns.2009.01.020.

113. 	Morales MG, Cabrera D, Cespedes C et al. Inhibition of the an-
giotensin-converting enzyme decreases skeletal muscle fibrosis in 
dystrophic mice by a diminution in the expression and activity of 
connective tissue growth factor (CTGF/CCN-2). Cell Tissue Res. 
2013; 353 (1): 173-187.


