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A B S T R A C T   

Since the coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), a growing body of evidence indicates that besides common COVID-19 symptoms, pa-
tients may develop various neurological manifestations affecting both the central and peripheral nervous systems 
as well as skeletal muscles. These manifestations can occur prior, during and even after the onset of COVID-19 
general symptoms. In this Review, we discuss the possible neuroimmunological mechanisms underlying the 
nervous system and skeletal muscle involvement, and viral triggered neuroimmunological conditions associated 
with SARS-CoV-2, as well as therapeutic approaches that have been considered for these specific complications 
worldwide.   

1. Introduction 

The first reports of an atypical pneumonia epidemic emerged out of 
Wuhan, China in December 2019, and by early January 2020 the World 
Health Organization (WHO) started reporting on the issue (World 
Health Organization (WHO), 2020). Cases were associated with a novel 
strain of coronavirus, retrieved from lower respiratory tract samples of 4 
cases on 7 January 2020, which is from the same family of viruses that 

are associated with severe acute respiratory syndrome (SARS) and 
Middle East respiratory syndrome (MERS) (Zhu et al., 2020). Subse-
quently the virus was named as severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) (Gorbalenya et al., 2020), and the disease 
was classified as coronavirus disease 2019 (COVID-19), with clinical 
manifestations which ranged from asymptomatic to severe symptomatic 
disease, and a case fatality rate of 2.3% (Novel Coronavirus Pneumonia 
Emergency Response Epidemiology Team, 2020). 
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1.1. General virology 

Coronaviridae family consists of corona viruses that can infect both 
animals and birds. α- and β-Coronaviruses subfamilies only infect 
mammals (Cui et al., 2019). Other sub-families are γ-coronaviruses and 
δ-coronaviruses that generally infect birds but some of the have the 
possibility to infect mammals too. Both α- and β-coronaviruses usually 
cause respiratory infections in humans and gastroenteritis in other ani-
mals. So far, all human coronaviruses have originated from animals. 
Among them SARS-CoV, SARS-CoV-2 and MERS-CoV most likely origi-
nated from bats. Generally, bats are the largest reservoir for α and β 
coronaviruses (Cui et al., 2019; Woo et al., 2012). The most common old 
known coronaviruses were causing the common cold. In 2002, SARS- 
CoV emerged for first time as a cause of a severe respiratory disease 
and it was followed by the appearance of MERS-CoV in 2013 and now 
SARS-COV-2 in 2019. They have gradually evolved to have a stronger 
affinity to their receptor and having higher pathogenicity. SARS-CoV-2 
is a 29,903 bp positive-sense single-stranded RNA (ss-RNA) which is 
79.5% identical to SARS-CoV and 96% identical to the bat coronavirus 
(Baig et al., 2020; Lu et al., 2020; Wu et al., 2020a; Wu et al., 2020b). It 
belongs to β-corona subgroup along with SARS-CoV and MERS-CoV, and 
they have the largest genome among RNA viruses with genome width of 
26 to 32 kbp. 

Common symptoms of COVID-19 have been reported to be dry 
cough, fever, fatigue, and shortness of breath (Centers for Disease 
Control and Prevention (CDC), 2020). Anosmia (Centers for Disease 
Control and Prevention (CDC), 2020, Moein et al., 2020) and ageusia 
(Centers for Disease Control and Prevention (CDC), 2020) were also 
later added as distinguishing symptoms. While the majority of cases of 
COVID-19 have mild symptoms, some cases lead to a cytokine storm 
followed by acute respiratory distress syndrome (ARDS) (Ye et al., 
2020b), blood clots, septic shock, multiorgan failure, and ultimately the 
demise of the patient (Bikdeli et al., 2020; Cascella et al., 2020; Murthy 
et al., 2020). Viral exposure to the onset of symptoms is delayed by an 
average of five days, which may range from two to 14 days (Centers for 
Disease Control and Prevention (CDC), 2020). 

1.2. Epidemiology and transmission mode 

On 11 March 2020 the WHO declared COVID-19 as a pandemic. As of 
the date of finalizing this review, on 21 October 2020, 188 countries and 
territories have reported in excess of 41.07 million cases, which have 
resulted in more than 1,128,000 deaths, and about 28 million people 
who have recovered (Dong et al., 2020), as well as the effects on billions 
of livelihoods with widespread social and economic ramifications in 
every continent around the globe. 

Early in the pandemic SARS-CoV-2 was thought to be spread through 
droplets and contaminated surfaces, while evidence aerosolized spread 
was limited (Pyankov et al., 2018). Later evidence emerged, suggesting 
that the pathogen may also be spread through aerosols (van Doremalen 
et al., 2020). The primary mode of transmission of SARS-CoV-2 is from 
person to person during close contact. Transmission is most often via 
micro-droplets, which are produced while coughing, sneezing, or talking 
(Centers for Disease Control and Prevention (CDC), 2020). Infection 
through contaminated surface contact followed by touching the face is 
now known to be less common (Centers for Disease Control and Pre-
vention (CDC), 2020). Most micro-droplets fall to the ground or surfaces, 
and are not airborne over long distances (Centers for Disease Control 
and Prevention (CDC), 2020). The first three days after the onset of 
symptoms is the period in which SARS-CoV-2 is most contagious, how-
ever, transmission can occur prior to when symptoms appear, and 
people who do not show symptoms may be contagious (Centers for 
Disease Control and Prevention (CDC), 2020). The most common diag-
nosis of COVID-19 is via detecting the SARS-CoV-2 ribonucleic acid 
(RNA) through a real-time reverse transcription polymerase chain re-
action (rRT-PCR), which is collected via a nasopharyngeal swab 

specimen (World Health Organization (WHO), 2020). Chest computer-
ized tomography (CT) images have also been a reliable source for 
diagnosis, especially when infection is highly suspected based on 
symptoms and risk factors (Salehi et al., 2020). 

While the primary mode of attack of the SARS-CoV-2 is reported to 
be through respiratory pathways, early in the pandemic, reports from 
Wuhan, China showed that some patients with COVID-19 also showed 
neurologic symptoms, such as headache, dizziness, and myalgia (Li 
et al., 2020). Ever since, a growing number of epidemiologic clinical 
studies as well as case series and reports worldwide have demonstrated 
that a considerable number of patients with COVID-19 may develop 
neurological symptoms and complications affecting both central and 
peripheral nervous system (CNS and PNS, respectively) as well as skel-
etal muscles. In this Review, we discuss possible mechanisms underlying 
the nervous system and skeletal muscle involvements in COVID-19 pa-
tients and neurological manifestations that can occur prior, during, and 
even after the onset of common COVID-19 symptoms. We also highlight 
therapeutic approaches that have been considered for management of 
these neurological complications, and the functional outcome in such 
patients. 

2. Route to the nervous system 

Previous studies on other coronaviruses suggest that neuronal 
retrograde, transcribrial, and hematogenous dissemination can be the 
possible pathways for SARS-CoV-2 to enter the central nervous system 
(CNS). Motor proteins (e.g. dynein and kinesins) moving along micro-
tubules are shown to be involved in either retrograde or anterograde 
transportation of viruses (e.g. adenovirus and α-herpes viruses) through 
the sensory or motor nerve endings (Dodding and Way, 2011). 

2.1. Olfactory pathway 

The olfactory pathway is an example of such a neuronal pathway, 
which provides a unique and directly accessible gate of entry to the CNS 
from the periphery for a spectrum of viral families (e.g. Herpesviridae, 
Coronaviridae, Flaviviridae, Togaviridae, Bornaviridae, Bunyaviridae, 
Orthomyxoviridae, Paramyxoviridae, and Rhabdoviridae families) 
(Koyuncu et al., 2013). Olfactory nerves have bipolar neuronal structure 
that connects the nasal epithelium to CNS regions such as cortex, basal 
ganglia, and midbrain, which can be affected by the viruses (Netland 
et al., 2008). Notably, a recent multi-center study on 417 European 
patients with mild to moderate COVID-19 found olfactory dysfunction in 
85.6% of the patients, of which 11.8% appeared before the other 
symptoms (Lechien et al., 2020). The onset of hyposmia and other 
neurological symptoms in patients with COVID-19 suggests the effect of 
SARS-CoV-2 on the olfactory system. A recent early postmortem study 
also revealed that SARS-CoV-2-related olfactory impairment seems to be 
restricted to olfactory bulbs (Coolen et al., 2020). Other viruses of the 
coronavirus family are also shown to involve the CNS through the ol-
factory tract in earlier stages of the infection (Desforges et al., 2019; 
Mori, 2015). SARS-CoV-2 attachment to olfactory receptor neurons may 
also trigger cytokine storm from accessory cells in olfactory system and 
exaggerated immunological response. Cytokine release might be 
contributing to the damage to olfactory sensory neurons (Jakhmola 
et al., 2020; Netland et al., 2008). 

Contrasting evidence suggests that SARS-CoV-2 may not directly 
enter olfactory sensory neurons, but instead may target sustentacular, 
mucosal cells, Bowman’s cells and olfactory stem cells in the human 
olfactory epithelium (Brann et al., 2020). Single cell transcriptional 
analysis demonstrated absence of angiotensin-converting enzyme 2 
(ACE-2) receptors on multiple olfactory cells including glial cells and 
olfactory sensory neurons. Olfactory receptor neurons (ORN) and ol-
factory endothelia (OE) seem to be the point of viral entrance by 
anterograde vesicular axonal pathway (Jakhmola et al., 2020; Murthy 
et al., 2020). Infection of these non-neural cell types may be responsible 
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for olfactory dysfunction in COVID-19 patients (Brann et al., 2020). 

2.2. Pathways through other cranial nerves 

Among other cranial nerves, trigeminal nerve and vagal nerve could 
be more plausible way of transmission. While SARS-CoV-2 involves lung 
and gastrointestinal tract very commonly, neuro-invasion through 
retrograde neuronal transport within vagal nerve afferents (Li et al., 
2020; Toljan, 2020) has been postulated. Local peripheral nerves 
located in the enteric nervous system, may also get infected by other 
cells in the gastrointestinal tract (Bostancıklıoğlu, 2020; Lima et al., 
2020; Wong et al., 2020b). Experimental studies have demonstrated this 
retrograde route for the influenza virus (Matsuda et al., 2004) and 
hemagglutinating encephalomyelitis virus (HEV) (Andries and Pensaert, 
1980b). Moreover, trigeminal nerve, which usually supplies nociceptive 
cells in nasal cavity as well as sensory fibers in conjunctiva, might be a 
potential source of CNS involvement. Accordingly, SARS-CoV-2 RNA has 
been found in patients with conjunctivitis (Lima et al., 2020; Sun and 
Guan, 2020). 

2.3. Hematogenous pathway 

Hematogenous spread, through the destruction of the blood-brain 
barrier (BBB), has been proposed as yet another pathway of viral inva-
sion to the brain, as found in influenza and other coronaviruses (Des-
forges et al., 2019; Koyuncu et al., 2013; Wang et al., 2010). This can be 
through the direct invasion of the CNS by SARS-CoV-2 or infected leu-
kocytes entering the CNS (Bostancıklıoğlu, 2020). Additionally, SARS- 
CoV-2 can attack angiotensin-converting enzyme 2 (ACE-2) receptors 
that are present in the endothelial cells of blood vessels in the brain, 
disrupting the BBB and increasing the BBB permeability (Hamming 
et al., 2004), which ultimately encourages penetration into the CNS. The 
ability of the coronavirus to cross the BBB and infect mice and even 
primate CNS has been previously described in mouse hepatitis virus 
(MHV) models (Bleau et al., 2015; Cabirac et al., 1994; Cowley and 
Weiss, 2010). MHV studies demonstrated that coronaviruses might be 
capable of disrupting tight junctions of brain microvascular endothelial 
cells, leading to increase in permeability. MHV can cause myelitis, en-
cephalitis and CNS demyelinating disease. Interestingly, MHV infected 
mice can be used as an experimental mouse model mimicking multiple 
sclerosis (Mecha et al., 2013) and causing demyelination in both brain 
and spinal cord. Viral-like particles of SARS-COV-2 were also found in 
post mortem brain endothelial capillary pericytes, supporting hema-
togenous CNS infection in COVID-19 patients. Moreover, the presence of 
SARS-CoV has been confirmed in the cerebrum of patients with SARS 
(Ding et al., 2004). 

3. Mechanisms of CNS involvement 

3.1. Direct infection 

The first and foremost important indication of viral infectivity is 
receptor recognition and presenting a combination of amino acids for 
the strongest binding of virus-host receptor. If a new virus makes a 
stronger bond than a prior one, it would be chosen by natural selection. 
RNA viruses generally adapt to their hosts more rapidly, due to high 
mutation rates. Their high adaptation capacity favors them for trans-
mitting between animals to humans (Wu et al., 2012). Coronavirus 
family are all spherical or oval and have spike (S) glycoproteins 
throughout their envelope, which gives them the shape of a crown under 
electron microscopy. Hence, they are named as Corona (crown) Viridae 
(Schoeman and Fielding, 2019; Wu et al., 2020b). The trimeric S pro-
teins and their receptor biding domains have a similar 3D structure and 
homology in both SARS-CoV and SARS-CoV-2. They both have strong 
affinity toward the human ACE-2 receptor (Chen et al., 2020b; Li et al., 
2005; Ziegler et al., 2020). A series of mutations led to a different affinity 

of SARS-CoV receptor domains toward human ACE-2 receptor. For 
example, there is a salt bridge between Lys31 and Glu35 under hydro-
phobic environment in human ACE-2 hot spot 31 (Yin et al., 2020). First 
in the civet SARS-CoV receptor binding domain, the 479 residues that 
counter reacts with hot spot 31 in ACE-2 was also a lysine (Yin et al., 
2020). Lysine in both sides causes steric and electrostatic interference 
with civet-SARS-CoV and ACE-2 salt bridge counterpart. Later as result 
of a point mutation (K479N) at lysine residue was substituted by 
asparagine, which guaranteed a stronger interaction between SARS-CoV 
and ACE-2 and facilitated transmission of SARS-CoV to human. As such 
mutations happened through coronaviruses evolution, some of them 
were more advantageous for human-SARS-CoV-2 host interaction while 
still some are in favor of human-SARS-CoV. However, generally 
speaking, all the selected mutations in human-CoV enhance their 
interaction with human ACE-2 comparing to civet-CoV (Yin et al., 
2020). 

ACE-2 receptor is expressed in multiple tissues within human body 
including the CNS and skeletal muscle (Hamming et al., 2004). It is 
mainly detected over glial cells and neurons (Baig et al., 2020; Palasca 
et al., 2018). Thus, if the virus reaches out to CNS or PNS, neurons and 
glial cells would be potential targets. Within the brain, ACE-2 receptors 
are particularly present in the brainstem and medulla as part of reticular 
activating system function involved in regulation of cardiovascular 
system (Xia and Lazartigues, 2008). Interestingly though, expressing 
virus receptors, like ACE for SARS-CoV or dipeptidyl peptidase 4 (DPP4) 
for MERS-CoV, did not seem to be the only mechanism for the host cell 
infection with coronavirus family. It was first postulated that the level of 
receptor expression in the cell is the determinant factor for its infect-
ability but marked infection of liver by coronavirus despite very low to 
undetectable level of ACE receptor suggested other mechanisms than 
ACE theory (Prabakaran et al., 2004; To and Lo, 2004). Another pro-
posed pathway is through synaptic routes of nerve cells. HEV, which is 
also a member of β-Coronaviridae seems to infect CNS retrogradely via 
peripheral sensory nerves (Andries and Pensaert, 1980a; Hara et al., 
2009). After infecting nerve cells HEV particles bud from endoplasmic 
reticulum-Golgi intermediate compartments. Afterward they form into 
virion vesicles through Golgi apparatus and finally are secreted into the 
surrounding matrix. Virions would then be up taken by adjacent nerve 
cells (Fig. 1) (Hara et al., 2009; Li et al., 2012; Steardo et al., 2020). Viral 
transport through olfactory nerve seems to be a feasible channel for 
introducing the virus from endothelium to olfactory nerves and bulb and 
finally passing to brain. Olfactory epithelial cells also express ACE-2. 
This pathway also explains the anosmia caused by SARS-CoV-2 infec-
tion. But whether interacting with ACE-2 receptor is the primary 
mechanism for anosmia commonly found in SARS-CoV infection or 
disruption of ciliary nasal epithelium similar to HCoV-229E is key, and is 
yet to be determined (Koyuncu et al., 2013; Lechien et al., 2020; Troyer 
et al., 2020; Wu et al., 2020b). Notably, when transgenic mice 
expressing human ACE-2 were infected intranasally by SARS-CoV, the 
viruses were found to enter the brain by day 4 post infection primarily 
via the olfactory bulb resulting in a rapid, transneuronal spread to the 
connected areas of the brain (Netland et al., 2008). Another coronavirus, 
HCoV-OC43, has demonstrated a similar behavior (Dube et al., 2018). In 
this case, the virus spreads to the piriformis cortex, brain stem, and 
spinal cord by day 4 post infection. Interestingly, administration of zinc 
sulfate, that causes degeneration of the olfactory sensory neurons, 
almost completely stopped the virus to gain entry to the CNS (Dube, Le 
Coupanec, 2018). Moreover, when transgenic mice expressing human 
DPP4 were infected intranasally by MERS-CoV, brain disease was 
observed, with the greatest involvement noted in the thalamus and brain 
stem (Li et al., 2016). The temporal course of brain tissue infection 
suggested retrograde virus spread from olfactory neurons. Altogether, 
these data support the critical role of the olfactory pathway and ACE-2 in 
the neuroinvasion process. 

To date, the full pathway for nerve and glial cells infections is not 
convincingly explained. However, in prior case reports and autopsies, 
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SARS-CoV and MERS-CoV particles were found within neurons and glial 
cells as well as the cerebrospinal fluid (CSF) proving that cells in the 
nervous system can be infected (He et al., 2003; Lau et al., 2004; Li et al., 
2016; Xu et al., 2005). After cell infection with coronavirus, the cell 
ultimate endpoint is death whether it would happen through autophagy, 
apoptosis, pyroptosis, elimination through innate immune cells, or other 
pathways (Varga et al., 2020; Yang and Shen, 2020). Viral antigens were 
detected in respiratory brain stem centers like nucleus of the solitary 
tract and nucleus ambiguous. Damage to these centers may be a 
contributor to cardiac or respiratory arrest (Li et al., 2020; Steardo et al., 
2020; Xia and Lazartigues, 2010). 

3.2. Neuroinflammation 

Additional effect of SARS-CoV-2 on CNS is through systemic and 
local inflammatory response causing cytokines storming and immune 
cells reactivation (Shi et al., 2020; Steardo et al., 2020). Earlier epide-
miologic studies showed that about 15% of cases might advance to se-
vere disease and the rate is higher in people older than 65 years of age 
(Sun and Guan, 2020). Later some European countries like Italy showed 
higher case fatalities from what China and most of other countries 
witnessed (Onder et al., 2020). The determinant factors for progressing 
to severe stages are not completely understood; and is the most striking 
question. 

There is always a tug-of-war between viruses and host immune 
response. Through years the host immune system either succeeds in 
clearing the pathogen or adapts in a way causing chronic viral in-
fections. When a virus surpasses a species after years of co-evolution, the 
new host would respond to it with a more severe immune reaction that 
can even damage host tissues. Accordingly, possible severe immune 
response to SARS-CoV-2 is expected (Fung et al., 2020; Rahman et al., 
2011; Wagstaff et al., 2013). There are several pathways proposed to be 
involved in human immune response toward SARS-CoV-2, and all 
include two general phases, innate and adaptive immune responses 
(Fig. 1). Innate immune response includes activation of neutrophils, 
macrophages and natural killer cells and adaptive response involves 
cytotoxic CD8+ cells, CD4+ T helper cells and B cells (Steardo et al., 
2020). What has been observed so far in severe and fatal COVID-19 
infection is a reduction in the absolute number of T cells as well as 
monocytes, eosinophils, and basophils. At the same time neutrophilic 
response is enhanced, leading to increased neutrophil-lymphocyte ratio. 
Despite absolute reduction in total number of T cells, including both 
CD4+ and CD8+ cells, the main reduction is among memory T helpers 
and regulatory cells, while naïve T cells and pro-inflammatory T helper 
17 cells were even boosted in number (Karakike and Giamarellos- 
Bourboulis, 2019; Lagunas-Rangel, 2020; Qin et al., 2020; Xu et al., 
2020e). Because of this pro-inflammatory cell shift, immune cells hyper- 
react by producing excess levels of inflammatory cytokines. Whether the 
cytokine storm is a part of the “cytokine release syndrome (CRS)”, or the 
“secondary haemophagocytic lymphohistiocytosis (sHLH)” also called 
“macrophage activation like syndrome (MAL)”, the outcome is a robust 
increase in the highly inflammatory cytokines such as interleukin (IL)-6, 
IL-2, IL-7, granulocyte-colony stimulating factor (GMCSF), and tumor 
necrosis factor-α (TNF-α) (Mehta et al., 2020; Zhang et al., 2020a). 

CRS is commonly seen after car T cell therapy and sepsis following 
organ transplantation and is also reported after viral infections. Clinical 
features of CRS include headache, fever, encephalopathy, hypotension, 
coagulopathy, cytopenia and multiorgan failure (Le et al., 2018; Zhang 
et al., 2020a). Most of these features are shared with MAL, which also 
could occur secondary to infections and hematological malignancies 
(Karakike and Giamarellos-Bourboulis, 2019). One of the main out-
comes commonly found in both CRS and MAL is an upsurge in IL-6, 
which is reported to be also augmented in moderate to severe cases of 
SARS-CoV-2 infection (Wan et al., 2020). Inflammatory conditions 
leading to increased IL-6 and TNF-α also might facilitate disruption of 
BBB (Ichiyama et al., 2002; Linker et al., 2008) which in turn might be 
responsible for encephalitis, acute necrotizing encephalopathy and 
demyelination in the CNS and even Guillain-Barré syndrome (GBS) in 
the PNS. There are several case reports of such complications due to 
SARS-CoV-2 infection as we discuss in the next sections (Alberti et al., 
2020; McAbee et al., 2020; Moriguchi et al., 2020; Poyiadji et al., 2020; 
Zanin et al., 2020; Zhang et al., 2020c). Interestingly, tocilizumab (a 
recombinant, humanized monoclonal antibody against the IL-6 recep-
tor), which is an FDA approved medication for treatment of T cell 
induced CRS, also showed some benefit over severe cases of COVID-19 
infection (Le et al., 2018; Xu et al., 2020a). However, as of yet, there 
is not sufficient evidence to clarify the exact role of systemic inflam-
mation versus local inflammation due to the direct viral infection or 
hypoxia, which is a common complication of SARS-CoV-2 infection. 

3.3. Other mechanisms 

The brain and the lungs have a close inter-relation. A disease process 
in one would potentially cause complications of the other (Abdennour 
et al., 2012). Brainstem centers for respiratory and cardiovascular sys-
tems are potential targets of SARS-CoV-2 and neural cell death in these 
centers might be responsible for a central cause of respiratory/cardio-
vascular arrest (Li et al., 2020; Steardo et al., 2020; Xia and Lazartigues, 
2010). SARS-CoV-2 lung infection has been reported to cause an atypical 
form of ARDS, while patients usually show relatively well-preserved 
lung mechanics not matching the severity of hypoxemia. This may be 
due to the dysregulation of lung perfusion and hypoxic vasoconstriction, 
which may have a central cause as well (Gattinoni et al., 2020). On the 
other hand, through a process called “infectious toxic encephalopathy” 
usually seen in toxic metabolic disorders or acute infections, alveolar gas 
exchange problem might lead to anaerobic metabolism in brain cells, 
and cause CNS hypoxia. The hypoxemia and increased acidity within the 
brain causes cell swelling, interstitial edema, obstructive hydrocephalus, 
and increased intracranial hypertension leading to an altered mental 
status and even coma (Abdennour et al., 2012; Wu et al., 2020b). 
Hypoxic injury to the brain also may cause cerebrovascular accidents 
like stroke or seizures, and again would activate the loop of both local 
microglial activation and systemic inflammation (Liu and Mccullough, 
2013; Wu et al., 2020b). 

Another clinical and scientific significance of SARS-CoV-2 infection 
is widespread observation of hypercoagulable state indicated by 
elevated D-dimer level, prolongation of prothrombin time (PT), acti-
vated partial thromboplastin time (aPTT), and thrombocytopenia (Violi 

Fig. 1. A schematic neural network and synaptic space as well as pathways for intracellular SARS-CoV-2 cycle and its effect on both innate and advance immune 
response. (A) Neural network and main 3 parts of a neuron (cell body, dendritic branches and axon); (B) Synaptic space and transmission of neurotransmitters and 
SARS-CoV-2 viruses in similar manner; and (C) Pathways for viral fusion, viral RNA replication and assembly and finally excretion in any cell type including neurons. 
Virus enter the cell via endocytosis and then are lysed to their protein particles and nucleic acid through endosomal acidification. Viral genome is both replicated and 
translated to have all parts needed for reassembly of virions and excretion. RNA is replicated by help of RNA-dependent RNA polymerase (RdRP) and replication 
complex, which is made up from viral protein particles and viral replicase polyprotein. There are different medications blocking each step of the cascade which are 
outlined in red. (D) Depiction of the mechanisms of viral effects on both innate and advance immune response. There is an interplay between all immune cells types 
which leads to rapid increase in pro-inflammatory cytokine release and cytokine storm. As the initial immune response neutrophil number raise and macrophages as 
antigen presenting cells activate T helper and T cytotoxic cells via MHC class II and I respectively. T helper cells also help activating B cells and T cytotoxic cells. All 
these activated cells secrete pro-inflammatory cytokines including IL-6 and TNF-α. GMCSF, granulocyte-macrophage colony stimulating factor; TMPRSS2, trans-
membrane protease, serine 2. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

K. Keyhanian et al.                                                                                                                                                                                                                             



Journal of Neuroimmunology 350 (2021) 577436

6

et al., 2020b). Coagulopathy was previously observed in infection with 
other Coronoviridae viruses including SARS and MERS (Giannis et al., 
2020; Merad and Martin, 2020). Although there are some prospective 
studies currently looking at incidence of thrombotic events, early studies 
have already confirmed increased frequency of intravascular thrombosis 
leading to pulmonary embolism, myocardial infarction, ischemic 
strokes, and even cerebral venous sinus thrombosis. A thrombotic event 
was sometimes reported as the first presentation of COVID-19 infection 
(Hughes et al., 2020; Klok et al., 2020). In a retrospective study on 214 
COVID-19 patients, about 6% presented with acute cerebrovascular 
events, mainly ischemic strokes (Cantador et al., 2020). A small number 
of stroke patients with COVID-19 infection presented with cerebral 
hemorrhage (Cantador et al., 2020). Recent investigation has also found 
that COVID-19 patients have increased serum Nox2 overactivation, 
which is an important trigger for vascular dysfunction through excess 
production of reactive oxygen species (Violi et al., 2020a). Interestingly, 
it was more up-regulated in more severe COVID-19 cases and also those 
with thrombotic complications (Violi et al., 2020a). One possible un-
derlying mechanism is the reduced expression and function of ACE-2 in 
SARS-CoV-2 infected cells. ACE-2 regulates the cerebral blood flow and 
its altered signaling can lead to subsequent hypertension and predis-
position to developing hemorrhagic stroke from arterial wall rupture 
(Sharifi-Razavi et al., 2020). Another possible mechanisms is the un-
derlying coagulopathy induced by the infection with thrombocytopenia 
(Wang et al., 2020b). 

4. Neurologic manifestations 

Since the early phases of the global pandemic, numerous studies 
have demonstrated clinical symptoms and signs of COVID-19 which 
mainly include fever, cough, sore throat, dyspnea, diarrhea, nausea, 
vomiting, anorexia, and fatigue (Table 1). Accumulating evidence also 
indicates that patients with COVID-19 may variably develop neurolog-
ical symptoms and complications (Table 1). An early study on 214 pa-
tients in Wuhan, China, found that about 36% of patients with COVID- 
19 had neurological manifestations including dizziness (16.8%), head-
ache (13.1%), skeletal muscle injury (myalgia plus elevated creatinine 
kinase [CK], 10.7%), impaired consciousness (7.5%), ageusia (5.6%), 
anosmia (5.1%), stroke (2.8%), nerve pain (2.3%), visual impairment 
(1.4%), seizure (0.5%), and ataxia (0.5%) (Mao et al., 2020). An 
important finding was the significantly higher rate of neurological 
manifestations (in general) and impaired consciousness, stroke and 
skeletal muscle injury (in particular) in patients with severe COVID-19 
infection than those with non-severe infection (Mao et al., 2020). 
Another study demonstrated that the major factor associated with 
neurologic complications was age over 60, which was also a strong risk 
factor for mortality (Xiong et al., 2020). When patients with COVID-19 
infection were compared at the same level of severity, new-onset of 
neurologic critical events (e.g. impaired consciousness and stroke) was 
later found to increase the risk of death by six-fold (Xiong et al., 2020). 
Overall, the most common neurological symptoms described in COVID- 
19 patients are fatigue/malaise, myalgia, headache, impaired con-
sciousness, dizziness, ageusia, and anosmia; and less common reported 
symptoms include visual impairment, nerve pain, occipital neuralgia, 
ataxia, tremor, and tic. Growing number of case reports and/or series 
indicate that a variety of neurological conditions and post-viral trig-
gered autoimmune complications, as we discuss below, occur in asso-
ciation with SARS-CoV-2 infection which mainly include Guillain-Barré 
syndromes (GBSs) (Table 2), myopathy and rhabdomyolysis (Table 2), 
encephalopathy, meningoencephalitis, encephalomyelitis, and myelitis 
(Table 3). 

4.1. Guillain-Barré syndromes 

GBSs characteristically manifest with acute (< 4 weeks) ascending 
muscle weakness accompanied by decreased/absent deep tendon 

reflexes, mild-moderate sensory loss, occasionally cranial nerve 
involvement, and radicular or muscle pain. Although GBSs are 
commonly demyelinating (i.e. acute inflammatory demyelinating poly-
neuropathy [AIDP]), primary axonal injury may occur, known as acute 
motor and sensory axonal neuropathy (AMSAN) or acute motor axonal 
neuropathy (AMAN). Miller-Fisher syndrome (MFS) is another GBS 
variant which is characterized by the triad of ophthalmoplegia, gait 
ataxia, and areflexia (Rocha Cabrero and Morrison, 2020). GBS is 
considered as an autoimmune neurologic disease that can be triggered 
by a variety of viruses. About 70% of cases may have a viral illness 1–3 
weeks prior to neurologic symptoms (Wakerley and Yuki, 2013). GBS 
outbreak has been observed with viral epidemics including those with 
coronaviruses (i.e. MERS-CoV and SARS-CoV) (Kim et al., 2017; 
Wakerley and Yuki, 2013). The first case of SARS-CoV-2 related GBS was 
reported from the major COVID-19 hotspot, Wuhan, China (Zhao et al., 
2020a). The patient was a 61 years old woman who, one week after her 
trip from Wuhan, developed rapidly progressive ascending limb weak-
ness over 3 days accompanied by areflexia and later distal sensory 
changes. The CSF study (day 4) revealed albuminocytologic dissociation 
and electromyography/nerve conduction study (EMG/NCS) on day 5 
showed a demyelinating neuropathy at early stage. Laboratory results 
on admission were notable for lymphocytopenia and thrombocytopenia. 
She was treated with intravenous immunoglobulin (IVIG). Notably, she 
developed fever, cough, and pneumonia eight days after the onset of 
neurological symptoms. The SARS-CoV-2 rRT-PCR was positive in 
oropharyngeal swabs at that time. The patient had a full recovery after 3 
weeks and the repeat test for COVID-19 was negative (Zhao, Shen, 
2020a). 

Overall 30 cases of GBS variants have been reported worldwide in 
patients with confirmed COVID-19 since the pandemic (Table 2), with 
mostly typical manifestation of rapidly progressive flaccid limbs weak-
ness and areflexia, with and without facial muscle weakness, and distal 
paresthesia or numbness. Cranial nerve involvements have been 
observed in 5 (17%) cases (Bigaut et al., 2020; Gutiérrez-Ortiz et al., 
2020; Reyes-Bueno et al., 2020; Sancho-Saldaña et al., 2020). Either 
unilateral or bifacial weakness was present in 12 (40%) cases. In 28 
patients, COVID-19 symptoms were variably present between 26 and 2 
days prior to the onset of GBS symptoms, including cough (70%), fever 
(57%), gastrointestinal symptoms (e.g. diarrhea, nausea and vomiting, 
33%), dyspnea (17%), myalgia (17%), ageusia (20%), anosmia (20%), 
fatigue/malaise (13%). Ageusia and anosmia were also present on 
admission in 17% and 10% of these cases, respectively. Three cases (all 
from Spain) had MFS (Gutiérrez-Ortiz, Méndez, 2020, Reyes-Bueno, 
García-Trujillo, 2020). Among 26 patients that underwent CSF study, 
elevated protein levels (44 to 313 mg/dL) with normal leukocyte counts 
(i.e. albuminocytologic dissociation) were found in 22 (85%) patients. 
Positive serum anti-GD1b IgG antibody was reported in one patient with 
MFS (Gutiérrez-Ortiz, Méndez, 2020). However, serum and CSF anti- 
ganglioside antibodies (including anti-GM1, GQ1b, and GD1b anti-
bodies) checked in 10 and 2 cases, respectively, were negative (Table 2). 
Variable degrees of leukocytopenia (mainly lymphocytopenia; 40%) and 
elevated acute phase reactants (e.g. erythrocyte sedimentation rate 
[ESR], C-reactive protein [CRP], ferritin, or fibrinogen; 40%) were also 
reported among these 30 cases. Except for five patients (two with MFS) 
that did not undergo EMG/NCS, 20 cases (including one with MFS) 
(80%) had demyelinating features (i.e. AIDP), 4 (16%) had AMSAN, and 
one (4%) had AMAN in EMG/NCS. This implies that different GBS 
variants could occur in association with SARS-CoV-2. Except for 4 pa-
tients (including one MFS and one AIDP case who received plasma ex-
change therapy), all other patients received a 5-day course of IVIG (0.4 
mg/kg/day, one patient received only one dose) with an additional cycle 
for 2 patients. Overall, the outcome was favorable with partial to com-
plete recovery in 18 (60%) cases. Two patients passed away due to se-
vere, progressive respiratory failure within 24 h after initiation of IVIG 
(Alberti, Beretta, 2020, Marta-Enguita et al., 2020). 

An important finding in these reported cases is that COVID-19 rRT- 
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Table 1 
Neurological symptoms and signs of COVID-19 in clinical studies.  

Region Patients Median 
(IQR) age, 
yr 

Gender 
F (%) 

Neurological Symptoms (%) Other Symptoms (%) Abnormal lab results (%) CSF (% of cases) Results of nervous system 
imaging or EEG (% of cases) 

Ref 

Wuhan, China 
(total 799) 

113 
death 

68 (62–77) 30 (27) Myalgia (19), headache (10), 
dizziness (9), impaired 
consciousness (22) 

Fever (92), cough (70), 
fatigue (57), anorexia (27), 
dyspnea (62), chest tightness 
(49), pharyngalgia (4), 
hemoptysis (4), nausea (7), 
vomiting (5), abdominal 
pain (10) 

Leukocytosis (50), 
lymphocytopenia (39); albumin 
(65) & ↓ K+ (12); ↑ AST (52), ALT 
(27), K+ (22), Na+ (18), D-dimer 
(35), LDH (82), CRP (60), IL-1β 
(9), IL-2R (81), IL-6 (100), IL-8 
(28), IL-10 (70), TNF-α (77), pro- 
BNP (85) & cardiac troponin I 
(72). 
Higher ESR, ferritin & PT, and 
lower TSH in this group. 

NR NR (Chen et al., 
2020b) 

161 
recovery 

51 (37–66) 73 (45) Myalgia (24), headache (12), 
dizziness (7), impaired 
consciousness (1) 

Fever (90), cough (66), 
fatigue (45), anorexia (22), 
dyspnea (31), chest tightness 
(30), pharyngalgia (5), 
hemoptysis (2), nausea (10), 
vomiting (6), abdominal 
pain (12) 

Leukocytosis (4), 
lymphocytopenia (5), ↓ albumin 
(14) & K+ (11), ↑ AST (16), ALT 
(19), K+ (4), Na+ (2), D-dimer (2), 
LDH (14), CRP (14), IL-1β (12), IL- 
2R (37), IL-6 (60), IL-8 (8), IL-10 
(19), TNF-α (47), pro-BNP (18) & 
cardiac troponin I (14). 

NR NR 

Wuhan, China 214 Mean (SD) 
52.7 (15.5) 

127 
(59.3) 

Dizziness (16.8), headache 
(13.1), skeletal muscle injury 
(10.7), impaired 
consciousness (7.5), ageusia 
(5.6), anosmia (5.1), stroke 
(2.8, ischemic [66.3], 
hemorrhagic [16.7]), nerve 
pain (2.3), visual change (1.4), 
ataxia (0.5), seizure (0.5) 

Fever (61.7), cough (50), 
anorexia (31.8), diarrhea 
(19.2), throat pain (14.5), 
abdominal pain (4.7) 

Lower lymphocyte & platelets, & 
higher BUN levels in cases with 
CNS symptoms; no differences in 
cases with PNS symptoms; higher 
CK, CRP, D-dimer & neutrophils 
with lower lymphocytes in cases 
with skeletal muscle injury. 

NR NR (Mao, Jin, 
2020) 

Wuhan, China 41 49 (41–58) 11 (29) Headache (8), myalgia or 
fatigue (44) 

Fever (98), cough (76), 
hemoptysis (5), diarrhea (3), 
dyspnea (55) 

Leukopenia (25), 
lymphocytopenia (63), 
thrombocytopenia (5), ↑ AST 
(37), creatinine (10), CK (33), 
LDH (73), troponin I (12) & 
procalcitonin (8); overall ↑ IL-1β, 
IL-1Rα, IL-7, IL-8, IL-9, IL-10, FGF, 
GCSF, GMCSF, IFNγ, IP10, MCP1, 
MIP1A, MIP1B, PDGF, TNFα, & 
VEGF. 
Higher PT & D-dimer in ICU cases 
than non-ICU. 

NR NR (Huang et al., 
2020b) 

Wuhan, China 
(total 710) 

52 
critical ill 

Mean (SD) 
59.7 (13.3) 

17 (33) Headache (6), myalgia (11.5), 
malaise (35) 

Fever (98), cough (77), 
dyspnea (63.5), rhinorrhea 
(6), arthralgia (1), chest pain 
(2), vomiting (4), ARDS (67) 

AKI (29), cardiac injury (23), liver 
dysfunction (29), hyperglycemia 
(35) 

NR NR (Yang et al., 
2020b) 

Wuhan, China 138 56 (42–68) 63 
(45.7) 

Fatigue (69.6), myalgia (34.8), 
dizziness (9.4), headache (6.5) 

Fever (98.6), cough (59.4), 
anorexia (39.9), dyspnea 
(31.2), pharyngalgia (17.4), 
diarrhea (10.1), nausea 
(10.1), vomiting (3.6), 
abdominal pain (2.2), ARDS 
(19.6) 

Acute cardiac injury (7.2), AKI 
(3.6). 
Higher WBCs, neutrophils, D- 
dimer, CK, & creatine in ICU cases 
than non-ICU. 

NR NR Wan et al., 
2020; Wang 
et al., 2020a) 

Wuhan, China 99 Mean (SD) 
55.5 (13.1) 

32 (32) Myalgia (11), confusion (9), 
headache (8) 

Fever (83), cough (82), 
dyspnea (31), sore throat (5), 

Leukocytosis (24), 
lymphocytopenia (35), 

NR NR (Chen et al., 
2020a) 

(continued on next page) 
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Table 1 (continued ) 

Region Patients Median 
(IQR) age, 
yr 

Gender 
F (%) 

Neurological Symptoms (%) Other Symptoms (%) Abnormal lab results (%) CSF (% of cases) Results of nervous system 
imaging or EEG (% of cases) 

Ref 

rhinorrhea (4), chest pain 
(2), diarrhea (2), nausea/ 
vomiting (1), ARDS (17) 

thrombocytosis (4), 
thrombocytopenia (12), anemia 
(51), ↓ albumin (98), ↑ 
neutrophils (38), aPTT (6), PT (5), 
D-dimer (6), ALT (28), AST (35), 
BUN (6), CK (13), LDH (76), 
myoglobin (17), procalcitonin (6), 
IL-6 (52), ESR (23.4), ferritin (63) 
& CRP (86); hyperglycemia (51), 
AKI (3). 

Wuhan, China 452 58 (47–67) 217 
(48) 

Myalgia (21.4), confusion 
(0.7), headache (11.4), 
dizziness (8.1), fatigue (46.4) 

Fever (92.6), cough (33.3), 
hemoptysis (2.6), dyspnea 
(50.8), rhinorrhea (1.8), 
pharyngalgia (4.8), anorexia 
(21), nausea/vomiting (9.2), 
diarrhea (26.7), abdominal 
pain (5) 

Most cases: lymphocytopenia, ↑ 
procalcitonin, ESR, ferritin, CRP, 
TNF-α, IL-2R, & IL-6. ↓ helper T 
cells (CD3 + CD4+) and 
suppressor T cells (CD3 + CD8+). 

NR NR (Qin, Zhou, 
2020) 

Wuhan, China 140 Median 
(range): 57 
(25–87) 

69 
(49.3) 

Fatigue (75) Fever (91.7), cough (75), 
chest tightness/dyspnea 
(36.7), nausea (17.3), 
diarrhea (12.9), anorexia 
(12.2), abdominal pain (5.8), 
belching (5), vomiting (5) 

Leukocytosis (12.3), leukopenia 
(19.6), lymphocytopenia (75.4), ↑ 
D-dimer (43.2), CRP (91.9), 
amyloid A (90.2), procalcitonin 
(34.7) & CK (6.7). 

NR NR (Zhang et al., 
2020b) 

Wuhan, China 
(fatal cases) 

85 Mean (SD): 
65.8 (14.2) 

23 
(27.1) 

Fatigue (58.8), myalgia (16.5), 
headache (4.7) 

Fever (91.8), dyspnea (70.6), 
anorexia (56.5), cough 
(22.4), diarrhea (18.8), 
vomiting (4.7), abdominal 
pain (3.5), chest pain (2.4), 
pharyngalgia (2.4), ARDS 
(74.1) 

Leukocytosis (44.7), leukopenia 
(11.8), ↑ neutrophils (60), 
neutropenia (12.9), 
lymphocytopenia (77.6), 
thrombocytosis (7.1), 
thrombocytopenia (41.2), ↓ 
albumin (78.8), ↑ D-dimer (65.9), 
aPTT (25.9), PT (25.9), fibrinogen 
(47.1), ALT (16.5), AST (32.9), 
BUN (49.4), creatinine (18.8), CK 
(36.5), LDH (82.4), procalcitonin 
(22.4) & CRP (91.8); 
hypoglycemia (3.5), 
hyperglycemia (78.8). 

NR NR (Du et al., 
2020) 

Wuhan, China 221 Median 
(range): 55 
(39–66.5) 

113 
(51.1) 

Fatigue (70.6), headache 
(7.7), 

Fever (90.5), cough (61.5), 
anorexia (36.2), dyspnea 
(29), diarrhea (11.3), 
pharyngalgia (10), 
abdominal pain (2.3), ARDS 
(21.7) 

Leukocytosis (10.4), leukopenia 
(33), lymphocytopenia (17.6), 
thrombocytosis (5.4), 
thrombocytopenia (13.4), ↑ 
procalcitonin (5.9). 

NR NR (Zhang et al., 
2020d) 

Sichuan, 
Wuhan & 
Chongqing 
in China 

917 Mean 48.7 
(17.1) 

417 
(44.8) 

Impaired consciousness (2.7), 
stroke (1.1), muscle cramp 
(0.2), headache (0.2), 
occipital neuralgia (0.1), 
tremor/tic (0.2) 

NR NR 3 cases: normal Head CT scan (28 cases): new 
abnormal findings (32.1) 
including stroke (25%), brain 
tumor (3.6) & traumatic brain 
injury signs (3.5) 

(Xiong, Mu, 
2020) 

Zhejiang, 
China 

645 NR 317 
(49.1) 

Myalgia (11), fatigue (18.3), 
headache (10.4) 

Fever (83.7), cough (65.9), 
sputum (34.9), hemoptysis 
(1.7), sore throat (15.04), 
dyspnea (4). diarrhea (8.2), 
nausea or vomiting (3.4) 

NR NR NR (Zhang et al., 
2020e) 

91 NR NR 

(continued on next page) 
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Table 1 (continued ) 

Region Patients Median 
(IQR) age, 
yr 

Gender 
F (%) 

Neurological Symptoms (%) Other Symptoms (%) Abnormal lab results (%) CSF (% of cases) Results of nervous system 
imaging or EEG (% of cases) 

Ref 

Zhejiang, 
China 

50 
(36.5–57) 

54 
(59.34) 

Fatigue (44), headache (7.7), 
myalgia (5.5), back discomfort 
(3.3) 

Fever (71.4), cough (60.4), 
sputum (33), dyspnea (11), 
anorexia (25.3), diarrhea 
(23.1), nausea (12.1), 
vomiting (6.6) 

Leukocytosis (4), leukopenia 
(15.4), lymphopenia (31.8), 
thrombocytopenia (11), ↑ CRP 
(53.8), procalcitonin (15.4), 
fibrinogen (24.2), D-dimer (24.2), 
ALT (7.7), AST (9.9) 

(Qian et al., 
2020) 

Zhejiang, 
China 

62 41 (32–52) 27 
(43.5) 

Headache (34), myalgia or 
fatigue (52) 

Fever (77), cough (81), 
sputum (56), diarrhea (8), 
hemoptysis (3), dyspnea (3) 

Leukopenia (31), 
lymphocytopenia (42), ↑ AST 
(16), procalcitonin (11) 

NR NR (Xu et al., 
2020c) 

Guangdong, 
China 

90 Mean 
(range): 50 
(18–86) 

51 
(56.7) 

Fatigue/weakness (21), 
myalgia (28), headache (4) 

Fever (78), cough (63), 
sputum (12), sore throat 
(26), chills (7), diarrhea (6), 
nausea (6), vomiting (2) 

Leukocytosis (3), leukopenia 
(21),↑ CRP (42) 

NR NR (Xu et al., 
2020b) 

Wenzhou, 
China 

149 Mean (SD): 
45.11 
(13.35) 

68 
(45.6) 

Headache (8.7), myalgia (3.4) Fever (76.5), cough (58.4), 
sputum (32.2), dyspnea 
(1.3), sore throat (14.1), 
snotty (3.4), chest pain (3.4), 
chest tightness (10.8), chill 
(14.1), diarrhea (7.4), 
nausea or vomiting (1.3) 

Leukocytosis (1.34), leukopenia 
(24.2), neutropenia (28.2), 
lymphocytopenia (35.6), 
thrombocytosis (5.4), 
thrombocytopenia (13.4), ↑ D- 
dimer (14.1), ALT (12.1), AST 
(18.1), LDH (30.2), CRP (23) & 
creatinine (28.9), & prolonged PT 
(11.4) or aPTT (26.9) 

NR NR (Yang et al., 
2020a) 

Hubei, China 137 Median 
(range): 57 
(20–83) 

76 
(55.5) 

Myalgia or fatigue (32.1%), 
headache (9.5) 

Fever (81.8), cough (48.2), 
dyspnea (19), diarrhea (8), 
palpitation (7.3) 

Leukocytosis (19), 
lymphocytopenia (72.3), ↑ CRP 
(83.9) 

NR NR (Liu et al., 
2020a) 

Beijing, China 13 34 (34–48) 3 (23.1) Myalgia 3 (23.1), headache 
(23.1) 

Fever (92.3), cough (46.3), 
upper airway congestion 
(61.5), diarrhea (7.7), 
rhinorrhea (7.7) 

Lymphocytosis & ↑ CRP (some 
cases) 

NR NR (Chang et al., 
2020) 

Beijing, China 262 Median 
(range): 
47.5 
(1–94) 

216 
(82.4) 

Fatigue (26.3), headache 
(6.5), 

Fever (82.1), cough (45.8), 
dyspnea (6.9) 

NR NR NR (Tian et al., 
2020) 

China 1099 47 (35–58) 459 
(41.9) 

Headache (13.6), fatigue 
(38.1), myalgia/arthralgia 
(14.9) 

Admission fever (43.8), in- 
hospital fever (88.7), 
conjunctival congestion 
(0.8), nasal congestion (4.8), 
cough (67.8), sore throat 
(13.9), hemoptysis (0.9), 
dyspnea (18.7), nausea/ 
vomiting (5), diarrhea (3.8), 
chills (11.5), tonsil swelling 
(2.1), ARDS (3.4) 

Leukocytosis (5.9), leukopenia 
(33.7), lymphocytopenia (83.2), 
thrombocytopenia (36.2), AKI 
(0.5), DIC (0.1), rhabdomyolysis 
(0.2); ↑ CRP (most cases) & ↑ AST, 
ALT, CK & D-dimer (some cases). 

NR NR (W-J and Z-Y, 
2020) 

China 50 Mean 
(range): 
43.9 
(3–85) 

21 (42) Headache (10), myalgia (16), 
fatigue (16) 

Fever (76), cough (40), 
sputum (14), sore throat (8), 
dyspnea (8), diarrhea (2) 

Lymphocytopenia (28), ↑ CRP 
(52) 

NR NR (Xu et al., 
2020d) 

South Korea 28 Mean 
(range): 
42.6 
(20–73 

13 
(46.1) 

Myalgia (14.3), fatigue (10.7) Fever (32.1), sore throat 
(32.1), cough (17.9), chills 
(17.9) 

NR NR NR (2020) 

New Delhi, 
India 

21 Mean 
(range): 

7 (33.3) Headache (14.3) Fever (42.9), cough (42.9), 
sore throat (23.8), dyspnea 
(4.8) 

Leukopenia (4.8) NR NR (Gupta et al., 
2020) 

(continued on next page) 
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Table 1 (continued ) 

Region Patients Median 
(IQR) age, 
yr 

Gender 
F (%) 

Neurological Symptoms (%) Other Symptoms (%) Abnormal lab results (%) CSF (% of cases) Results of nervous system 
imaging or EEG (% of cases) 

Ref 

40.3 
(16–73) 

South Iran 113 Mean 
(range): 
53.75 
(20–99) 

42 
(37.2) 

Fatigue (66.4), myalgia/ 
arthralgia (61.1), headache 
(53.1), dizziness/vertigo 
(39.8), 

Fever (59.3), cough (64.6), 
sputum (21.4), dyspnea 
(51.3), chest pain (38.1), 
sore throat (31.9), 
hemoptysis (6.2), chills 
(59.3), rhinorrhea (23), 
abdominal pain (21.2), 
diarrhea (22.1), nausea 
(42.5), vomiting (25.7), 
anorexia (66.4) 

Leukocytosis (10.8), leukopenia 
(9), lymphocytopenia (12.6), 
thrombocytosis (11), 
thrombocytopenia (15.6), ↑ CRP 
(25), ESR (15.9), creatinine 
(35.5), & prolonged PT (77.9) or 
aPTT (45.8) 

NR NR (Shahriarirad 
et al., 2020) 

Istanbul, 
Turkey 

27 cases 
with 
brain 
MRI * 

Median 
(range): 63 
(34–87) 

6 (22) Not specified NR NR 5 cases: ↑ protein 
(80), normal WBC, 
glucose, IgG index & 
albumin (100), 
negative RT-PCR for 
SARS-CoV-2 (100) 

Brain MRI: abnormal (44.4); 
cortical FLAIR signal 
abnormality (37), increased 
cortical DWI with 
corresponding low ADC 
values (26), subtle 
leptomeningeal enhancement 
(18), punctate cortical 
blooming artifact (11). 

(Kandemirli, 
Dogan, 2020) 

Strasbourg, 
France 

58 63 NR On ICU admission (14); After 
neuromuscular blockers/ 
sedations hold (67): agitation 
(69), confusion (65), 
corticospinal tract signs 
(hyperreflexia, ankle clonus & 
Babinski signs) (67), 
dysexecutive syndrome (36) 

Fever (16), ARDS (100) NR 7 cases: 0 WBC (100), 
+ oligoclonal band 
with the same pattern 
in serum (29), ↑ IgG 
& protein (14), ↓ 
albumin (57), 
negative RT-PCR for 
SARS-CoV-2 (100) 

Brain MRI (13 cases): 
leptomeningeal enhancement 
(62), bilateral frontotemporal 
hypoperfusion (11 cases, 
100), ischemic stroke (23). 
EEG (8 cases): diffuse 
bifrontal slowing consistent 
with encephalopathy (12.5) 

(Helms, 
Kremer, 2020) 

ADC, Apparent diffusion coefficient; AKI, acute kidney injury, ALT, alanine aminotransferase; ARDS, acute respiratory distress syndrome; AST, aspartate aminotransferase; BNP, B-type natriuretic peptide; BUN, blood urea 
nitrogen; CK, creatine kinase; CNS, central nervous system; CRP, C-reactive protein; DIC, disseminated intravascular coagulation; EEG, electroencephalography; ESR, erythrocyte sedimentation rate; F, female; FGF, 
fibroblast growth factors; GCSF, granulocyte colony-stimulating factor; GMCSF, granulocyte-macrophage colony-stimulating factor; ICU, intensive care unit; IFN-γ, interferon-γ; IL, interleukin; IP, induced protein; IQR, 
interquartile range; LDH, lactate dehydrogenase; MCP, monocyte chemoattractant protein; MIP, macrophage inflammatory protein; PDGF, platelet derived growth factor; pro-BNP, pro-brain natriuretic peptide; PT, 
prothrombin time; RANTES, regulated on activation and normally T-cell expressed; SD, standard deviation; TNF-α, tumor necrosis factor-α; TSH, thyroid stimulating hormone; VEGF, vascular endothelial growth factor; 
WBC, white blood cell. 

* This is out of 50 of 235 (21%) ICU patients who developed neurological symptoms. 
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Table 2 
Case reports of Guillain-Barre syndrome (GBS) variants and skeletal muscle injury related to COVID-19.  

Region Age,  
Gender 

Neurological symptoms 
on admission (day from 
admission) 

Other symptoms (onset 
day prior neurologic 
symptoms) 

Admission serum labs (or 
day from admission) 

CSF (day from admission) Imaging or NCS/EMG 
(day from admission) 

Treatments received Outcome Ref 

Miller-Fisher Syndrome 
Madrid, Spain 50, M Two-day anosmia, 

ageusia, right INO, right 
fascicular oculomotor 
palsy, perioral 
paresthesia, ataxia, & 
areflexia 

Fever, cough, malaise, 
headache & lumbar pain 
(5 days prior) 

Lymphocytopenia, ↑ CRP; 
positive anti-GD1b IgG 
antibody 

↑ Protein (80 mg/dL), 
0 WBC, normal glucose, 
negative culture / 
COVID-19 rRT-PCR 

Head CT scan: normal 
EMG/NCS: NR 

IVIG (0.4 g/kg/day 
for 5 days) 

Favorable; recovery 
in 2 weeks with 
residual anosmia & 
ageusia 

(Gutiérrez-Ortiz, 
Méndez, 2020) 

Madrid, Spain 39, M Same-day ageusia, 
bilateral abducens palsy, 
& areflexia 

Low-grade fever & 
diarrhea (3 days prior) 

Leukopenia; normal LFT, 
RFT & cardiac enzymes 

↑ Protein (62 mg/dL), 2 
WBC, normal glucose, 
negative culture / 
COVID-19 rRT-PCR 

Head CT: normal. 
EMG/NCS: NR 

Supportive care Favorable, complete 
recovery in 2 weeks 

(Gutiérrez-Ortiz, 
Méndez, 2020) 

Malaga, Spain 51, F Eleven-day radicular 
thoracic/lumbar back & 
all limbs pain; 7-day 
rapidly progressive lower 
limb weakness & 
binocular diplopia, left 
external rectus muscle & 
bifacial weakness, 
areflexia, & autonomic 
dysfunction (dry eyes/ 
mouth, diarrhea, labile 
blood pressure) 

Diarrhea, odynophagia & 
cough (15 days prior) 

Positive SARS-CoV-2 IgG, 
negative COVID-19 rRT- 
PCR 

↑ Protein (70 mg/dL), 5 
WBC, negative 
antiganglioside 
antibodies 

EMG/NCS (day 4): 
asymmetric prolonged F 
wave latency for the 
lower limbs, low A-wave 
amplitude on the left leg, 
altered bilateral R1 
responses in the Blink- 
Reflex, ↓ poor activity in 
right rectus-anterior 
femoral muscle & little 
spontaneous denervation 
activity in left rectus- 
anterior femoral (RAF) 
muscle on EMG, overall 
suggestive of 
demyelination in early 
stage. 
Repeat EMG/NCS (day 
20): low F-wave 
amplitude & 
disintegrated 
morphology, similar 
alteration of Blink-Reflex 
& spontaneous 
denervation activity in 
bilateral RAF & left 
anterior tibialis. 

IVIG (0.4 g/kg/day 
for 5 days), 
gabapentin (total 
900 mg/day) 

Favorable (Reyes-Bueno, 
García-Trujillo, 
2020)  

Acute Inflammatory Demyelinating Polyneuropathy (AIDP) 
Jingzhou, China 61, F One-day rapidly 

progressive ascending 
paraparesis & areflexia; 
evolving to tetraparesis & 
distal numbness (day 3) 

No prior symptoms (had 
trip to Wuhan 7 days 
prior), later fever & 
cough (admission day 8) 

Lymphocytopenia, 
thrombocytopenia, 
positive COVID-19 
nasopharyngeal swab. 

Day 4: ↑ protein level 
(124 mg/dL), 5 WBC, 
negative COVID-19 rRT- 
PCR. 

EMG/NCS (day 5): 
prolonged left ulnar & 
bilateral tibial/peroneal 
distal motor latencies, 
absent ulnar/tibial/ 
peroneal F waves, normal 
left median/ulnar & 
bilateral sural/superficial 
peroneal SNAPs, overall 
suggestive of 
demyelination. 

IVIG (0.4 g/kg/day 
for 5 days); Day 8: 
arbidol, lopinavir & 
ritonavir 

Favorable; complete 
recovery within 1 
month 

(Zhao, Shen, 2020a) 

Northern Italy 76, M One-day lumbar pain 
followed & rapidly 

Lymphocytopenia, ↑ CRP, 
ketonuria; positive serum 

Brain/Spine MRI: 
normal. 

IVIG (0.4 g/kg/day 
for 5 days) 

Incomplete recovery, 
upper limb 

(Toscano et al., 
2020) 

(continued on next page) 
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Table 2 (continued ) 

Region Age,  
Gender 

Neurological symptoms 
on admission (day from 
admission) 

Other symptoms (onset 
day prior neurologic 
symptoms) 

Admission serum labs (or 
day from admission) 

CSF (day from admission) Imaging or NCS/EMG 
(day from admission) 

Treatments received Outcome Ref 

progressive paraparesis; 
evolving tetraplegia, 
areflexia, & ataxia (day 
4) 

Cough & 
anosmia (5 days prior), 
fever (prior IVIG) 

SARS-CoV-2 IgG (64.59 
AU/mL), positive COVID- 
19 nasopharyngeal swab. 

Day 5: normal with 
negative COVID-19 rRT- 
PCR. 

EMG/NCS (day 2): 
prolonged tibial /ulnar 
distal motor latencies, ↓ 
tibial/ulnar CMAP 
amplitudes, slow tibial/ 
ulnar motor conduction 
velocities, prolonged 
tibial F wave, normal 
sural/ulnar SNAPs, 
normal EMG, overall 
suggestive of 
demyelination. 

improvement but 
unable to stand (one 
month later) 

Northern Italy 61, M One-day rapidly 
progressive paraplegia, 
lower limb paresthesia & 
areflexia; evolving to 
tetraplegia, bifacial 
weakness & dysphagia 
(day 3), & respiratory 
failure (day 4) 

Cough, ageusia, & 
anosmia (7 days prior) 

Lymphocytopenia, ↑ CRP, 
LDH & AST; ketonuria; 
negative anti-GM1, GQ1b 
& GD1b antibodies; 
positive serum SARS- 
CoV-2 IgG (50.92 AU/ 
mL), negative COVID-19 
nasopharyngeal swab. 

Day 3: normal protein 
(40 mg/dL), 3 WBC, 
negative COVID-19 rRT- 
PCR and viral/bacterial 
panel. 

EMG/NCS (day 3): 
prolonged tibial and 
normal ulnar distal motor 
latencies, ↓ tibial/ulnar 
CMAP amplitudes, slow 
tibial/ulnar motor 
conduction velocities, 
absent tibial F wave, ↓ 
ulnar SNAP amplitude 
with sural sparing, 
fibrillation potentials on 
EMG, overall suggestive 
of demyelination. 

IVIG (0.4 g/kg/day 
for 5 days) & plasma 
exchange 

Poor, prolonged ICU 
stay (> 1 month), 
bacterial 
pneumonia during 
IVIG therapy 
delaying plasma 
exchange 

(Toscano, Palmerini, 
2020) 

Monza, Italy 71, M Three-day rapidly 
progressive distal 
paresthesia, lumbar pain, 
tetraparesis & areflexia 

Low-grade fever (7 days 
prior), severe hypoxia on 
admission 

Positive COVID-19 
nasopharyngeal swab. 

Admission: ↑ protein (54 
mg/dL), 9 WBC, negative 
COVID-19 rRT-PCR. 

Head CT scan: normal. 
EMG/NCS (on 
admission): absent 
bilateral sural SNAPs & 
tibial CMAP, prolonged 
peroneal motor distal 
latency, slow conduction 
velocity, & ↓ amplitude 
with temporal 
dispersion/conduction 
block, ulnar/radial CMAP 
temporal dispersion, slow 
radial CMAP conduction 
velocity, ↓ ulnar SNAP 
amplitude, normal radial 
SNAP, overall suggestive 
of demyelination. 

IVIG (0.4 g/kg/day; 
only received one 
dose), lopinavir, 
ritonavir, 
hydroxychloroquine 

Death within 24 h 
due to progressive 
respiratory failure 

(Alberti, Beretta, 
2020) 

Trento, Italy 66, F Three-day rapidly 
progressive paraplegia, 
upper limb distal & 
unilateral facial 
weakness, gait 
instability, & areflexia 

Self-resolved mild fever 
& cough (10 days prior) 

↑ CRP (70.6 mg/L) & D- 
dimer (506 μg/L); normal 
CBCdiff, LFT, RFT, CK, PT, 
INR & LDH; positive 
COVID-19 
nasopharyngeal swab 

↑ Protein (108 mg/dL), 
0 WBC 

EMG/NCS (day 7): 
diffuse prolonged left 
tibial/common peroneal 
& right median distal 
motor latencies, reduced 
distal CMAP amplitudes 
& slight slow conduction 
velocities, absent left 
tibial/common peroneal 
& right median F-waves, 
absent right median/ 
ulnar/radial/sural 

IVIG (0.4 g/kg/day 
for 5 days); lopinavir, 
ritonavir, 
hydroxychloroquine 

Poor, progressive 
weakness, 
dysesthesia, 
intermittent 
confusion / 
psychomotor 
agitation, intubation 
due to respiratory 
failure, multiorgan 
failure, leg DVT & 
pneumonia 

(Ottaviani et al., 
2020) 

(continued on next page) 
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Table 2 (continued ) 

Region Age,  
Gender 

Neurological symptoms 
on admission (day from 
admission) 

Other symptoms (onset 
day prior neurologic 
symptoms) 

Admission serum labs (or 
day from admission) 

CSF (day from admission) Imaging or NCS/EMG 
(day from admission) 

Treatments received Outcome Ref 

SNAPs, overall suggestive 
of demyelination. 

Ravenna, Italy 70, F One-day progressive 
limbs weakness, distal 
limb paresthesia, gait 
instability, areflexia; 
evolving to respiratory 
failure & intubation (day 
4) 

Fever & cough (24 days 
prior) 

Prior admission: positive 
COVID-19 
nasopharyngeal swab. 
Admission: mild 
leukocytosis, normal D- 
dimer, CK, LFT, RFT, 
ESR, & CRP. 

Day 4: mild ↑ protein (48 
mg/dL), 1 WBC; COVID- 
19 rRT-PCR not done. 

EMG/NCS (day 4): 
prolonged left median/ 
right ulnar/bilateral 
tibial distal latencies, 
absent right median 
CMAP, slow median/ 
ulnar/tibial motor 
conduction velocities, 
absent median/ulnar/ 
tibial F waves, absent left 
median/left ulnar/ 
bilateral superficial 
peroneal SNAPs, ↓ right 
ulnar/sural SNAP 
amplitudes, neurogenic 
pattern on EMG, overall 
suggestive of 
demyelination 

IVIG (0.4 g/kg/day 
for 5 days) 

Poor, ICU stay & 
intubation due to 
respiratory failure 

(Padroni et al., 2020) 

Milan, Italy 60s, M Three-day progressive 
tetraparesis, distal 
paresthesia, areflexia; 
evolving to bifacial 
weakness, hypophonia 
and dysarthria (day 8) 

Self-resolved fever, 
headache, myalgia 
followed by anosmia & 
ageusia (20 days prior) 

↑ IL-6, ferritin, LDH & 
fibrinogen; normal 
CBCdiff, CRP, CK, LFT & 
RFT; negative 
antiganglioside 
antibodies; negative 
COVID-19 
nasopharyngeal swab, 
positive SARS-CoV-2 IgG. 

Day 3: normal protein & 
WBC, negative COVID-19 
rRT-PCR & other viral / 
bacterial panels. 

Cervical spine MRI: 
normal 
EMG/NCS (day 5): 
prolonged right 
peroneal/median motor 
distal latencies, slow left 
tibial/bilateral peroneal/ 
right ulnar motor 
conduction velocities, ↓ 
right median CMAP 
amplitude, abnormal 
temporal dispersion of 
peroneal CMAP, absent F 
waves, absent median/ 
ulnar SNAPs with sural 
sparing, overall 
suggestive of 
demyelination. 

IVIG (0.4 g/kg/day 
for 5 days) 

Incomplete with slow 
recovery 

(Riva et al., 2020) 

Zaragoza, Spain 56, F Acute hand paresthesia & 
gait instability; evolving 
to lumbar pain, 
progressive proximal 
paraparesis & areflexia 
(within 2 days of 
admission); following by 
tetraparesis, bifacial & 
bulbar weakness on IVIG. 

Fever, cough & dyspnea 
(15 days prior) 

Positive COVID-19 
nasopharyngeal swab. 

↑ Protein (86 mg/dL), 3 
WBC, negative COVID-19 
rRT-PCR. 

Spine MRI: brainstem and 
cervical meningeal 
enhancement. 
EMG/NCS (day 11): 
prolonged distal latencies 
and absent F waves, 
suggestive of 
demyelination. 

IVIG (0.4 g/kg/day 
for 5 days) 

Initial worsening on 
IVIG but partial 
recovery in 7 days 

(Sancho-Saldaña, 
Lambea-Gil, 2020) 

Ciudad Real, 
Spain 

43, M Acute rapidly progressive 
tetraparesis, distal 
paresthesia & areflexia; 
evolving to bifacial 
paresis & dysphagia (day 
2) 

Self-resolved diarrhea & 
cough (10 days prior) 

Positive COVID-19 
nasopharyngeal swab 

Not done EMG/NCS: prolonged 
distal motor latencies & 
slow sensory conduction 
velocities, prolonged F 
waves for right L5 and S1 
roots, overall suggestive 
of demyelination 

IVIG (0.4 g/kg/day 
for 5 days), 
hydroxychloroquine, 
lopinavir, ritonavir, 
amoxicillin, 
corticosteroids 

Favorable (Velayos Galán et al., 
2020) 

(continued on next page) 
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Table 2 (continued ) 

Region Age,  
Gender 

Neurological symptoms 
on admission (day from 
admission) 

Other symptoms (onset 
day prior neurologic 
symptoms) 

Admission serum labs (or 
day from admission) 

CSF (day from admission) Imaging or NCS/EMG 
(day from admission) 

Treatments received Outcome Ref 

Paris, France 64, M Four-day rapidly 
progressive paraparesis, 
areflexia, distal 
hypoesthesia 

Cough, dyspnea, diarrhea 
& fever (26 days prior) 

Prior admission: positive 
COVID-19 
nasopharyngeal swab. 
Admission: negative 
antiganglioside & anti- 
neuronal antibodies 

Day 6: ↑ protein (165 mg/ 
dL), normal WBC, 
negative COVID-19 rRT- 
PCR 

Head CT scan: normal. 
EMG/NCS (day 2): 
prolonged bilateral 
median & ulnar/left 
peroneal motor distal 
latencies, slow median/ 
ulnar/peroneal/tibial 
motor conduction 
velocities and normal 
CMAP amplitudes, 
conduction blocks in 
bilateral peroneal/tibial 
CMAPs, absent SNAPS 
except for radial/ left 
median at palm, overall 
suggestive of 
demyelination. 

IVIG (0.4 g/kg/day 
for 5 days) 

Favorable (Arnaud et al., 2020) 

La Tronche, 
France 

43, M Four-day progressive 
ascending paraparesis, 
areflexia, limbs 
paresthesia & 
ataxia; evolving to right 
facial weakness 
(admission day) 

Self-resolved cough, 
asthenia, leg myalgia, 
acute anosmia, ageusia & 
diarrhea (21 days prior) 

Normal CBCdiff & CRP; 
negative antiganglioside 
antibodies; positive 
COVID-19 
nasopharyngeal swab 

Admission: ↑ protein (94 
mg/dL), 1 WBC, negative 
COVID-19 rRT-PCR. 

Brain/spine MRI (day 3): 
multiple cranial neuritis 
(III, V, VI, VII, & VIII), 
radiculitis, & brachial/ 
lumbar plexitis. 
EMG/NCS (day 5): 
bilateral peroneal 
conduction blocks, tibial/ 
peroneal slow motor 
conduction velocities, 
sural sparing pattern, 
absent H-reflex, mildly 
prolonged F-waves, 
overall suggestive of 
demyelination 

IVIG (0.4 g/kg/day 
for 5 days) 

Favorable, rapid 
improvement 

(Bigaut, Mallaret, 
2020) 

La Tronche, 
France 

70, F Three-day rapidly 
progressive tetraparesis, 
areflexia, forelimb / 
perioral paresthesia; 
evolving to respiratory 
failure (admission day) & 
left facial weakness (day 
6) 

Self-resolved diarrhea, 
mild asthenia & myalgia 
with continuous anosmia 
and ageusia (10 days 
prior) 

Prior admission: positive 
COVID-19 
nasopharyngeal swab. 
Admission: ↑ CRP (22 
mg/L); negative 
antiganglioside 
antibodies 

Admission: ↑ protein 
(106 mg/dL), 6 WBC, 
negative COVID-19 rRT- 
PCR. 

EMG/NCS (day 4): left 
median conduction block 
& temporal dispersion, 
prolonged median/ulnar 
motor distal latencies, 
diffuse slow, motor/ 
sensory conduction 
velocities, neurogenic 
pattern on EMG, overall 
suggestive of 
demyelination. 

IVIG (0.4 g/kg/day 
for 5 days) 

Slow recovery (Bigaut, Mallaret, 
2020) 

Lausanne / 
Geneva, 
Switzerland 

52, F Acute lumbar pain, 
rapidly progressive 
proximal limb weakness, 
ataxia, distal paresthesia, 
dysgeusia & cacosmia; 
evolving to respiratory 
failure, dysautonomia & 
tetraplegia with areflexia 
(day 4) 

Fever, cough, 
odynophagia, arthralgia 
& diarrhea (15 days 
prior) 

Admission: normal 
CBCdiff, LFT & RFT, 
negative anti-GM1, GQ1b 
& GD1a antibodies. 
Day 14: positive serum 
SARS-CoV-2 IgM, 
positive COVID-19 
nasopharyngeal swab 
(4th test) 

Day 2: 
↑ protein (60 mg/dL), 3 
WBC, negative COVID-19 
rRT-PCR. 

Spine MRI: normal. 
EMG/NCS (day 4): 
prolonged tibial/ 
peroneal/median/ulnar 
distal motor latencies & 
slow conduction 
velocities, absent F 
waves, no sural sparing, 
overall suggestive of 
demyelination 
Repeat EMG/NCS (days 7 

IVIG (0.4 g/kg/day 
for 5 days) 

Favorable, initially 
worsening (day 4) 
while on IVIG, but 
recovery within  
5 weeks 

(Lascano  
et al., 2020) 

(continued on next page) 
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Table 2 (continued ) 

Region Age,  
Gender 

Neurological symptoms 
on admission (day from 
admission) 

Other symptoms (onset 
day prior neurologic 
symptoms) 

Admission serum labs (or 
day from admission) 

CSF (day from admission) Imaging or NCS/EMG 
(day from admission) 

Treatments received Outcome Ref 

& 14): slower conduction 
velocities & temporal 
dispersions. 

Lausanne / 
Geneva, 
Switzerland 

63, F Acute lower limb pain & 
weakness with normal 
reflexes; evolving to 
tetraparesis, distal 
paresthesia & areflexia 
(day 5) 

Cough, shivering, 
odynophagia, dyspnea & 
chest pain (7 days prior) 

Admission: negative 
COVID-19 
nasopharyngeal swab; 
Day 7: positive COVID-19 
nasopharyngeal swab. 
Mild lymphocytopenia, 
mild ↑ AST (65 U/L), 
normal RFT. 

Day 6: normal protein (40 
mg/dL), 2 WBC; COVID- 
19 rRT-PCR not done. 

EMG/NCS (day 9): 
conduction block in 
tibial/peroneal/ulnar 
CMAPs, absent F waves, 
normal insertional/ 
spontaneous activity on 
EMG, overall suggestive 
of demyelination. 

IVIG (0.4 g/kg/day 
for 5 days), 5-day 
amoxicillin & 
clarithromycin 
(pneumonia) 

Favorable, complete 
motor recovery 
residual distal 
paresthesia & 
areflexia (5 weeks) 

(Lascano, Epiney, 
2020) 

Lausanne / 
Geneva, 
Switzerland 

61, F Four-day rapidly 
progressive lower limb 
weakness, distal 
paresthesia, dizziness, 
dysphagia, bifacial 
weakness & areflexia; 
evolving to 
dysautonomia (one day 
prior admission) 

Fever, cough, myalgia, 
headache, vasovagal 
syncope, diarrhea, 
nausea & vomiting (22 
days prior) 

Prior to admission: 
positive COVID-19 
nasopharyngeal swab. 
Admission: 
lymphocytopenia, 
hyponatremia, normal 
LFT & RFT. 

Day 1: ↑ protein (140 mg/ 
dL), 4 WBC, negative 
COVID-19 rRT-PCR. 

Brain MRI: normal. 
Spine MRI: lumbosacral 
nerve root enhancement. 
EMG/NCS (day 4): 
prolonged peroneal/ 
median motor distal 
latencies, slow tibial/ 
peroneal/median/ulnar 
conduction velocities, ↓ 
tibial/peroneal/median 
CMAP amplitudes, absent 
F waves, overall 
suggestive of 
demyelination. 

IVIG (0.4 g/kg/day 
for 5 days), 
duloxetine 

Favorable, residual 
allodynia & mild 
lower limb weakness 
after 5 weeks 

(Lascano, Epiney, 
2020) 

Geneva, 
Switzerland 

70s, M Four-day rapidly 
progressive paraparesis, 
distal allodynia & 
areflexia; evolving to 
voiding problem & 
constipation 

myalgia, fatigue & cough 
(6 days prior) 

Prior admission: positive 
COVID-19 
nasopharyngeal swab. 

Day 1: ↑ protein, normal 
WBC, negative COVID-19 
rRT-PCR, negative 
antiganglioside 
antibodies. 

Spine MRI: normal. 
EMG/NCS (day 1): 
sensorimotor 
demyelinating 
polyneuropathy with 
sural sparing pattern, 
absent or prolonged F 
waves in tested nerves. 

IVIG (0.4 g/kg/day 
for 5 days) 

Favorable within 11 
days 

(Coen et al., 2020) 

Selters, Germany 54, F Ten-day progressive 
proximal>distal 
paraparesis, four limbs 
numbness & paresthesia, 
gait instability, & 
areflexia; evolving to 
paraplegia & dysphagia 
(day 2). 

No symptoms; transient 
anosmia/ageusia (14 
days prior); exposed to a 
case with PCR-positive 
COVID-19 

Prior admission: positive 
COVID-19 
nasopharyngeal swab (3 
weeks prior), Admission: 
normal CRP, CBCdiff, 
TSH, electrolytes & 
vitamin B12 level; 
negative repeat COVID- 
19 nasopharyngeal swab. 

↑ Protein (140 mg/dL), 
normal WBC; negative 
serology, Lyme antibody 
& COVID-19 rRT-PCR 

Cervical spine MRI: 
normal. 
EMG/NCS (admission 
day): prolonged distal 
motor latencies and 
temporal dispersion of 
bilateral common 
peroneal nerve CMAPs, 
normal bilateral tibial 
nerve F wave latencies 
with pathological 
intermediate latency 
responses (complex A 
waves), overall 
suggestive of 
demyelination. 

IVIG (0.4 g/kg/day 
for 5 days) 

Favorable, complete 
recovery, unchanged 
repeat EMG/NCS 
(14 days later) 

(Scheidl et al., 2020) 

Pittsburgh, USA 72, M One-day rapidly 
progressive ascending 
weakness, areflexia, 
distal paresthesia; 
evolving to respiratory 

Self-resolved diarrhea, 
anorexia & chills (7 days 
prior) 

Admission: leukocytosis, 
normal LFT, RFT, CK, & 
Lyme antibody; negative 
anti-GM1, GD1b, GQ1b 
and acetylcholine 

Day 8: ↑ protein (313 mg/ 
dL), 1 WBC, negative 
COVID-19 rRT-PCR & 
other viral / bacterial 
panels. 

Head CT scan: normal. 
EMG/NCS (day 13): 
prolonged right ulnar & 
bilateral tibial/peroneal 
motor distal latencies 

IVIG (0.4 g/kg/day 
for 4 days) 

Poor, prolonged ICU 
(> 1 month) stay 

(Su et al., 2020) 

(continued on next page) 
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Table 2 (continued ) 

Region Age,  
Gender 

Neurological symptoms 
on admission (day from 
admission) 

Other symptoms (onset 
day prior neurologic 
symptoms) 

Admission serum labs (or 
day from admission) 

CSF (day from admission) Imaging or NCS/EMG 
(day from admission) 

Treatments received Outcome Ref 

failure and intubation 
(day 3), dysautonomia 
with labile blood pressure 
& tachycardia (day 4) 
with tetraplegia (day 6) 

receptor binding, 
voltage-gated Ca2+

channel, ANA, & ANCA 
antibodies; positive 
COVID-19 
nasopharyngeal swab. 
Day 8: SIADH with 
hyponatremia 
Day 28: negative COVID- 
19 nasopharyngeal swab. 

with slow conduction 
velocities, absent F 
waves, ↓ right ulnar/ 
peroneal CMAP 
amplitudes, absent right 
ulnar/bilateral sural 
SNAPs, normal EMG with 
poor effort, overall 
suggestive of 
demyelination. 

Bursa, Turkey 53, F 3-day history of 
dysarthria associated 
with progressive 
weakness and numbness 
of the lower extremities 
3-day history of 
dysarthria associated 
with progressive 
weakness and numbness 
of the lower extremities 
Three-day dysarthria & 
progressive lower limbs 
weakness & numbness, & 
areflexia 

No symptoms prior, mild 
fever (day 5 after 
neurological symptoms) 

Admission: mild 
neutropenia, normal 
electrolytes, LFT, RFT & 
CRP. 
Day 5: mild 
lymphocytopenia, ↑ CRP, 
positive COVID-19 
nasopharyngeal swab. 

Day 7: normal protein 
(32.6 mg/dL), 0 WBC, 
negative COVID-19 rRT- 
PCR. 

Thoracic/lumbar spine 
MRI: asymmetrical 
thickening and 
hyperintensity of post- 
ganglionic roots 
supplying the brachial 
and 
lumbar plexuses in STIR 
sequences. 
EMG/NCS: conduction 
blocks and temporal 
dispersion in right 
median/ulnar/peroneal 
CMAPs, normal right 
median/ulnar/peroneal F 
waves with decreased 
persistence, normal right 
sural/median/ulnar 
SNAPs, overall suggestive 
of demyelination. 

Plasma exchange (5 
sessions every other 
day), 
hydroxychloroquine 

Favorable, recovery 
within 2 weeks 

(Oguz-Akarsu et al., 
2020)  

Acute Motor and Sensory Axonal Neuropathy (AMSAN) 
Northern Italy 77, F Same-day rapidly 

progressive tetraplegia, 
facial weakness, 
areflexia, upper limb 
paresthesia (36 h later), 
& respiratory failure (day 
6) 

Fever, cough & ageusia 
(7 days prior) 

Lymphocytopenia, ↑ CRP 
& LDH, ketonuria; 
negative anti-GM1, GQ1b 
& GD1b antibodies; 
positive COVID-19 
nasopharyngeal swab. 

Day 2: normal. 
Day 10: ↑ protein (101 
mg/dL), 4 WBC, negative 
COVID-19 rRT-PCR in 
both days. 

Brain MRI: normal. 
Spine MRI: caudal nerve 
roots enhancement. 
EMG/NCS (day 3): ↓ 
tibial/ulnar CMAP 
amplitudes, absent tibial/ 
ulnar F waves, ↓ ulnar 
SNAP amplitude with 
sural sparing & 
fibrillation potentials on 
EMG, overall suggestive 
of AMSAN. 

2 cycles of IVIG (0.4 
g/kg/day for 5 days) 

Poor; persistent 
tetraplegia & 
dysphagia 

(Toscano, Palmerini, 
2020) 

Northern Italy 23, M Two-day progressive 
bifacial weakness & 
areflexia, evolving to 
lower limb paresthesia, 
ageusia & sensory ataxia 

Fever & sore throat (10 
days prior) 

Lymphocytopenia, ↑ CRP, 
ferritin, LDH & AST; 
positive COVID-19 
nasopharyngeal swab 

Day 3: ↑ protein (123 mg/ 
dL), 0 WBC, negative 
COVID-19 rRT-PCR. 

Brain MRI: focal contrast 
enhancement at the 
internal 
acoustic meatus (bilateral 
facial nerve). 
Spinal MRI: normal. 
EMG/NCS (day 12): ↓ 
tibial/facial but normal 
ulnar CMAP amplitudes, 
prolonged ulnar distal 
latency, absent tibial F 
waves, ↓ ulnar SNAP 

IVIG (0.4 g/kg/day 
for 5 days) 

Favorable; residual 
ataxia & facial 
weakness 

(Toscano, Palmerini, 
2020) 

(continued on next page) 
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Table 2 (continued ) 

Region Age,  
Gender 

Neurological symptoms 
on admission (day from 
admission) 

Other symptoms (onset 
day prior neurologic 
symptoms) 

Admission serum labs (or 
day from admission) 

CSF (day from admission) Imaging or NCS/EMG 
(day from admission) 

Treatments received Outcome Ref 

amplitude with sural 
sparing, & fibrillation 
potentials on EMG, 
overall suggestive of 
AMSAN. 

Casablanca, 
Morocco 

70, F Ten-day rapidly 
progressive tetraplegia, 
distal limbs paresthesia, 
areflexia 

Self-resolved cough (3 
days prior) 

Lymphocytopenia, 
positive COVID-19 
nasopharyngeal swab. 

↑ protein (100 mg/dL), 
normal WBC, COVID-19 
rRT-PCR not done. 

EMG/NCS (day 10): 
markedly ↓ or absent 
motor and sensory nerve 
amplitudes in all four 
limbs, relatively normal 
conduction velocities and 
latencies, fibrillation 
potentials on EMG, 
overall suggestive of 
AMSAN. 

IVIG (0.4 g/kg/day 
for 5 days), 
hydroxychloroquine, 
azithromycin 

No improvement 
after one week 

(El Otmani et al., 
2020) 

Sari, Iran 65, M Five-day rapidly 
progressive ascending 
tetraparesis, bifacial 
weakness, areflexia, & 
distal limbs numbness 

Fever, cough, 
intermittent dyspnea (14 
days prior) 

↑ ESR & CRP, normal 
LFT, RFT & electrolytes, 
positive COVID-19 
nasopharyngeal swab 

Not done Cervical spine MRI: only 
mild herniation of 2 
intervertebral discs. 
EMG/NCS (day 9): ↓ 
bilateral median/ulnar/ 
tibial CMAP amplitudes, 
absent bilateral peroneal 
CMAP, absent tibial F 
waves, absent bilateral 
median/ulnar/right sural 
SNAPs, ↓ recruitment on 
EMG, overall suggestive 
of AMSAN. 

IVIG (0.4 g/kg/day 
for 5 days) 

NR (Sedaghat and 
Karimi, 2020)  

Acute Motor Axonal Neuropathy (AMAN) 
Northern Italy 55, M Two-day rapidly 

progressive tetraparesis, 
limb paresthesia, neck 
pain, & areflexia; 
evolving to bifacial 
weakness & respiratory 
failure (day 5) 

Fever & cough (12 days 
prior) 

Lymphocytopenia, ↑ CRP, 
LDH, AST & GGT, 
ketonuria; negative anti- 
GM1, GQ1b & GD1b 
antibodies; positive 
serum SARS-CoV-2 IgG 
(32.5 U/mL), positive 
COVID-19 
nasopharyngeal swab. 

Day 3: ↑ protein (193 mg/ 
dL), 0 WBC, negative 
COVID-19 rRT-PCR. 

Brain MRI: normal. 
Spinal MRI: contrast 
enhancement of caudal 
nerve roots. 
EMG/NCS (day 11): ↓ 
tibial/ulnar CMAP 
amplitudes, absent tibial/ 
ulnar F waves, normal 
ulnar/sural SNAPs, & 
fibrillation potentials on 
EMG, overall suggestive 
of AMAN. 

2 cycles of IVIG (0.4 
g/kg/day for 5 days) 

Poor; prolonged (> 1 
month) ICU stay due 
to neuromuscular 
respiratory failure & 
tetraplegia 

(Toscano, Palmerini, 
2020)  

Unspecified GBS variant (No EMG/NCS available) 
Madrid, Spain 61, M Same-dame right facial 

weakness; evolving to 
bifacial weakness next 
day 

Fever & cough (10 days 
prior) 

Prior admission: positive 
COVID-19 
nasopharyngeal swab. 

Mild ↑ protein (44 mg/ 
dL), 0 WBC, negative 
COVID-19 rRT-PCR. 

Head CT scan & Brain 
MRI: normal. 

Low dose oral 
prednisone, 
hydroxychloroquine, 
lopinavir, ritonavir 

Favorable, recovery 
after 2 weeks 

(Juliao Caamaño and 
Alonso, 2020) 

Pamplona, Spain 76, F Ten-day radicular lumbar 
pain, progressive 
tetraparesis, distal 
hypoesthesia, areflexia; 
evolving to bulbar 
weakness & respiratory 
failure within 4–12 h of 
admission 

Fever & cough (8 days 
prior) 

Prior admission: positive 
COVID-19 
nasopharyngeal swab. 
Admission: mild 
thrombocytopenia, ↑ 
fibrinogen & D-dimer 

Not done Head/cervical spine CT 
scan: only vertebral 
bodies degenerative 
signs. 

Supportive Death within 12 h of 
admission due to 
respiratory failure 

(Marta-Enguita, 
Rubio-Baines, 2020) 

(continued on next page) 
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Table 2 (continued ) 

Region Age,  
Gender 

Neurological symptoms 
on admission (day from 
admission) 

Other symptoms (onset 
day prior neurologic 
symptoms) 

Admission serum labs (or 
day from admission) 

CSF (day from admission) Imaging or NCS/EMG 
(day from admission) 

Treatments received Outcome Ref 

Pittsburgh, USA 54, M Two-day rapidly 
progressive ascending 
paraparesis & numbness, 
lower limbs areflexia, 
upper limbs hyporeflexia, 
later urinary retention 

Fever & cough (7 days 
prior), Clostridium difficile 
colitis diarrhea (2 days 
prior), dyspnea & 
intubation 

Normal CBCdiff & 
electrolytes, positive 
COVID-19 
nasopharyngeal swab 

Not done Thoracic/lumbar MRI: 
normal. 

IVIG (0.4 g/kg/day 
for 5 days), 
hydroxychloroquine 

Favorable, residual 
lower limb weakness 

(Virani et al., 2020)  

Skeletal Muscle Injury 
Wuhan, China 60, M Admission day 9: 

proximal lower limb 
weakness, myalgia & 
tenderness 

Fever & cough (6 days 
prior), continued fever 
till admission day 6 

Admission: leukopenia, ↑ 
CRP (111 mg/L), ↑ LDH 
(280 U/L), normal CK, 
LFT, RFT, positive 
COVID-19 
nasopharyngeal swab. 
Day 7: ↑ CRP (206 mg/L). 
Day 9: ↑↑ myoglobin 
(>12,000 μg/L), CK 
(11,842 U/L), LDH 
(2347 U/L), ALT (111 U/ 
L) & AST (213 U/L), 
normal RFT & 
electrolytes. 
Day 12: negative COVID- 
19 nasopharyngeal swab. 

NR NR Admission: opinavir, 
moxifloxacin & 
interferon 
nebulization; Day 6: 
meropenem & 
methylprednisolone 
Day 9: IV fluid, 
plasma transfusion, 
IVIG & supportive 
care 

Favorable; recovery 
within few days 

(Jin and Tong, 2020) 

New York, USA 88, M Acute progressive 
proximal lower limb 
weakness & myalgia 

Low-grade fever & 
tachypnea (on admission) 

↑↑ CK (13,581 U/L), ↑ 
LDH (364 U/L), positive 
COVID-19 
nasopharyngeal swab; 
AKI (day 7) 

NR NR IV fluid, 
hydroxychloroquine 

Favorable; ↓ CK 
within 6 days (368 
U/L) 

(Suwanwongse and 
Shabarek, 2020) 

New York, USA 75, F Four-day generalized 
weakness; evolving to 
lethargy, acute 
encephalopathy, & 
respiratory distress 
requiring ICU admission 
(day 3) 

Concurrent ↓ appetite Admission: ↑ CK (2767 
U/L), ↑ troponin (0.663 
ng/mL), normal EKG, 
hypernatremia (152 mM/ 
L), AST (198 U/L), ALT 
(63 U/L), BUN (31 mg/ 
dL) & creatinine (1.2 mg/ 
dL); normal CBCdiff. 
Day 2: positive COVID-19 
nasopharyngeal swab, ↑ 
LDH (497 U/L), CRP (37 
mg/L), D-dimer (573 μg/ 
L) & ferritin (2134 μg/L) 

NR NR Day 2: azithromycin, 
hydroxychloroquine, 
vancomycin & 
cefepime. 
Day 3: IV fluid, 
supportive care in 
ICU 

Favorable (Chan et al., 2020) 

New York, USA 71, M On admission: 
intermittent leg twitching 
with tingling/numbness 
at the lateral upper thigh 
radiating down to the 
posterior mid-calf. 

No prior symptoms, fever 
on admission; Day 2: 
spike fever and AKI 
Day 3: tachypnea, 
tachycardia, AF with 
RVR, AKI & ARDS 
requiring intubation 

Admission: ↑ CK (1859 
U/L), BUN (78 mg/dL), 
creatinine (3.6 mg/dL), 
troponin (0.249 ng/mL), 
LDH (538 U/L), CRP 
(18.8 mg/L), D-dimer 
(989 μg/L) & ferritin 
(1003 μg/L); normal 
CBCdiff; EKG: new AF, 
positive COVID-19 
nasopharyngeal swab. 
Day 2: ↑↑ creatinine (5.6 
mg/dL) 

NR Head CT scan: old right 
lacunar infarct. 

Admission: 
doxycycline, 
ceftriaxone, 
hydroxychloroquine, 
IV fluid; heparin and 
metoprolol for new 
AF. 
Day 3: hemodialysis 
for AKI 

Poor, prolonged ICU 
stay & intubated. 

(Chan, Farouji, 
2020) 

(continued on next page) 
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PCR was negative in all those 23 checked CSF samples, indicating no 
active intrathecal SARS-CoV-2 replication or root infection. This finding 
combined with relatively favorable outcome post-IVIG therapy and 
positive anti-GD1b antibody in one case may suggest an underlying 
autoimmune process triggered by post-SARS-CoV-2 viral infection in 
these cases. There is evidence that the SARS-CoV-2 S protein can bind to 
sialic acid-containing glycoprotein and gangliosides on cell surfaces 
(Fantini et al., 2020), increasing its viral transmissibility. Therefore, it is 
possible that cross-reactivity between epitopes within the SARS-CoV-2 S 
protein-bearing gangliosides and surface peripheral nerve glycolipids 
may occur, serving as an underlying mechanism in SARS-CoV-2 trig-
gered autoimmune GBS. Accordingly, most GBS variants (AIDP, AMAN, 
AMSAN, and MFS) have been reported in SARS-Cov-2 patients (Table 2). 
Checking anti-ganglioside antibodies in future cases may provide more 
detailed information about this hypothesis. It is also noteworthy that 
some of the reported GBS cases received hydroxychloroquine in addition 
to IVIG or plasma exchange therapy. Chloroquine is shown to bind to 
sialic acids and GM1 gangliosides preventing binding to SARS-CoV-2 S 
protein, thereby inhibiting virus entry to the cells. Therefore, adjunctive 
therapy with chloroquine in SARS-CoV-2-associated GBS could be an 
interesting consideration in future studies. 

4.2. Skeletal muscle injury 

An early clinical study from Wuhan (Mao, Jin, 2020) reported that 
skeletal muscle injury, defined as myalgia plus hyperCKemia, were 
present in about 11% of patients with COVID-19. Although case reports 
of rhabdomyolysis with CK levels as high as >11,000 U/L have been 
reported in COVID-19 patients (Table 2) (Gefen et al., 2020; Jin and 
Tong, 2020; Suwanwongse and Shabarek, 2020), association of SARS- 
CoV-2 with either viral or necrotizing autoimmune myositis is still 
elusive. Two reported cases may indirectly suggest a SARS-CoV-2 trig-
gered necrotizing autoimmune myositis (Jin and Tong, 2020, Suwan-
wongse and Shabarek, 2020). The first case is a man, aged 88 years, from 
New York, presenting with acute, painful bilateral proximal lower limb 
weakness and hyperCKemia (13,581 U/L) (Suwanwongse and Shabarek, 
2020) who was found COVID positive and started on hydroxy-
chloroquine, and his weakness and CK levels improved one week later. 
The second case is a man, aged 60 years, from Wuhan, with 6-day 
COVID-positive pneumonia and fever who 7 days later, despite 
improvement in his clinical condition, developed painful proximal 
muscle weakness with hyperCKemia (11,842 U/L) and elevated CRP, 
and benefited from IVIG therapy (Jin and Tong, 2020). A more recent 
study also reported six intensive care unit (ICU)-admitted cases (age 
between 51 and 72 years old) with COVID-19 who had acute flaccid 
quadriplegia (Madia et al., 2020). EMG/NCS showed myopathic features 
in all of these patients and CK levels were normal to mildly elevated 
(highest level of 1274 U/L), suggesting the presence of critically illness 
myopathy (Madia, Merico, 2020). Overall, these observations may 
necessitate pursuing more investigations such as muscle biopsy and 
antibody screening in some COVID-19 patients with signs of skeletal 
muscle injury, as treatment with IVIG may potentially improve func-
tional outcomes in these patients. Notably, ACE-2 is shown to be 
expressed in skeletal muscles (Cabello-Verrugio et al., 2015); thus, 
evaluation of direct SARS-CoV-2 infection of skeletal muscle fibers 
would be a highly interesting topic for future studies. 

4.3. Encephalopathy 

Human coronavirus infections have been associated with encepha-
lopathies in the past and are known to have human neurotropic and 
neuroinvasive potentials, mainly through the olfactory bulb or hema-
togenous route, causing inflammation, and demyelination (Desforges, 
Le Coupanec, 2019). The underlying pathophysiology is still not well 
understood, and includes abnormal host immune responses with auto-
immunity and/or direct CNS damage due to viral replication and Ta
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Table 3 
Case reports of seizure, encephalitis, meningoencephalitis, and CNS demyelination related to COVID-19.  

Region Age, Gender Neurological symptoms 
on admission (day from 
admission) 

Other symptoms 
(onset day prior 
neurologic 
symptoms) 

Admission serum 
labs (or day from 
admission) 

CSF (day from 
admission) 

Imaging or EEG (day 
from admission) 

Treatments received Outcome Ref 

Seizure 
Madrid, Spain 26 days, M Two paroxysmal 

episodes: 1st, several- 
minute upward eyes 
rolling & generalized 
hypertonia associated 
with a feeding; 2nd, 
several-minute 
generalized hypertonia & 
facial cyanosis during 
sleep. No abnormal 
movements. 

12-h fever, 
rhinorrhea, & 
vomiting 

Mild ↑ CK (380 U/L), 
LDH (390 U/L) & 
fibrinogen (4.18 mg/ 
dL); normal CBCdiff, 
BMP, LFTs, CRP, & 
BCx/UCx; positive 
COVID-19 
nasopharyngeal 
swab 

Normal Cranial ultrasound: 
normal. 
cEEG: continuous 
background patters with 
sleep-wake cycles 
without electrical and 
clinical seizures. 

Six-day hospitalization 
with supportive care 

Favorable (Chacón-Aguilar 
et al., 2020) 

New York, USA 6 weeks, M Two brief 10–15 s 
episodes of upward gaze 
& bilateral leg stiffening. 
No abnormal movements. 

Fever & cough Leukopenia (5.07 K/ 
μL), ↑ procalcitonin 
(0.21 ng/mL), 
normal BMP; positive 
for rhinovirus / 
enterovirus PCR; 
positive COVID-19 
nasopharyngeal 
swab 

Normal Brain MRI: normal. 
cEEG: Excess of temporal 
sharp transients for age & 
intermittent vertex delta 
slowing with normal 
sleep-wake cycling. 

One-day hospitalization Favorable (Dugue et al., 2020) 

Brooklyn, USA 72, M Altered mental status 
requiring intubation 
(admission); followed by 
multiple episodes of 
generalized tonic colonic 
movements (day 3) 

Dyspnea Lymphocytopenia 
(0.5 K), leukopenia 
(4 K), ↑ CRP (61 mg/ 
L) & LDH (230 U/L), 
negative 
nasopharyngeal 
swab for influenza A 
and B, positive 
COVID-19 
nasopharyngeal 
swab 

NR Head CT scan: chronic 
microvascular ischemic 
changes with no acute 
changes. 
Brain MRI: not done due 
to patient unstable 
condition. 
cEEG: Six left temporal 
seizures & left temporal 
sharp waves which were 
epileptogenic. 

Transient oseltamivir; 
hydroxychloroquine, 
azithromycin, 
vancomycin, piperacillin 
tazobactam, versed & 
levetiracetam with 
additional valproate 

Death due to cardiac 
arrest (day 5) 

(Sohal and 
Mossammat, 2020)  

Encephalitis / Meningoencephalitis 
Yamanashi, 

Japan 
24, M Multiple generalized 

seizures, unconsciousness 
& neck stiffness 

Fever & generalized 
fatigue (9 days 
prior); headache & 
sore throat (5 days 
prior) 

↑ WBC (mainly 
neutrophils) & CRP; 
negative HSV1/VZV 
IgM; negative 
COVID-19 
nasopharyngeal 
swab 

Day 3: ↑ pressure 
(320 mmH2O), 12 
WBC (10 
mononuclear), 
positive COVID-19 
rRT-PCR 

Head CT scan: normal. 
Brain DWI MRI: 
hyperintensity along the 
wall of inferior horn of 
right lateral ventricle; 
FLAIR MRI: hyperintense 
signal changes in the 
right mesial temporal 
lobe & hippocampus with 
slight hippocampal 
atrophy with no contrast 
enhancement, suggestive 
of right lateral 
ventriculitis & 
encephalitis mainly on 
right mesial lobe & 
hippocampus; T2- 

Transient ceftriaxone, 
vancomycin, acyclovir & 
steroids; levetiracetam; 
favipiravir 

Poor; ongoing (>15 
days) ICU stay due to 
encephalitis & 
bacterial pneumonia 

(Moriguchi, Harii, 
2020) 

(continued on next page) 
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Table 3 (continued ) Region Age, Gender Neurological symptoms 
on admission (day from 
admission) 

Other symptoms 
(onset day prior 
neurologic 
symptoms) 

Admission serum 
labs (or day from 
admission) 

CSF (day from 
admission) 

Imaging or EEG (day 
from admission) 

Treatments received Outcome Ref 

weighted image: pan- 
paranasal sinusitis. 

Wuhan, China NR, M Acute confusion, nuchal 
rigidity, Kernig, 
Brudzinski & Babinski 
signs. 

Fever, dyspnea & 
myalgia (12 days 
prior) 

↓ WBC 
(lymphocytopenia), 
positive COVID-19 
nasopharyngeal 
swab. 

Mild ↑ pressure (220 
mmHg), normal 
protein (80 mg/dL), 
1 WBC, negative 
COVID-19 rRT-PCR, 
IgM & IgG 

Head CT scan: normal. Supportive care, 
mannitol infusion 

Favorable; complete 
recovery within 14 
days 

(Ye, Ren, 2020a) 

Nanjing, China 64, M Acute lethargy & 
unresponsiveness, 
positive ankle clonus 
(left>right), left Babinski 
& Chaddock signs, & mild 
neck stiffness 

Fever, cough (13 
days prior), insomnia 
& myalgia (11 days 
prior) 

↑ CRP (10.74 mg/L), 
normal WBC, 
positive COVID-19 
nasopharyngeal 
swab. 

Day 6: pressure (200 
mmH2O), normal 
protein (27.5 mg/ 
dL), 1 WBC, negative 
COVID-19 rRT-PCR 

Head CT scan: normal. NR Favorable; recovery 
within 14 days 

(Yin, Feng, 2020) 

Brescia, Italy 60, M Five-day progressive 
irritability, confusion, 
asthenia, cognitive 
fluctuations; evolving to 
severe akinetic mutism, 
positive palmomental & 
glabella reflexes, & 
nuchal rigidity 

Fever & cough (3 
days after onset of 
neurologic 
symptoms) 

↑ D-dimer (968 μg/ 
L); normal CBCdiff, 
CRP, fibrinogen & 
ferritin; negative 
autoimmune 
encephalitis 
antibody panel; 
positive COVID-19 
nasopharyngeal 
swab 

Admission: ↑ protein 
(69.6 mg/dL), 18 
WBC (100% 
lymphocytes), 
negative culture/ 
viral/COVID-19 rRT- 
PCR. 
Repeat one day after 
steroid: ↑protein 
(127.2 mg/dL), 18 
WBC (100% 
lymphocytes); ↑ IL-6, 
IL-8, TNF-α & β2- 
microglobulin; 
normal tau & 
neurofilament light; 
negative culture / 
viral / COVID-19 
rRT-PCR 

Head CT scan: normal. 
Brain MRI: normal. 
EEG: generalized slowing 
with decreased reactivity 
to acoustic stimuli. 

Lopinavir, ritonavir, 
hydroxychloroquine, 
ampicillin & acyclovir, 5- 
day methylprednisolone 
(1 g/day), post-discharge 
oral prednisone with 
rapid taper 

Favorable; residual 
mild disinhibition & 
fluctuating alertness; 
normal exam on day 
11 

(Pilotto, Odolini, 
2020) 

Varese, Italy 22, F Admission: acute loss of 
consciousness, 
hypocapnia & hypoxia, 
requiring intubation. 
Day 15: acute flaccid 
paraparesis, lower 
hyperreflexia, urine/ 
bowel incontinence, & 
lower limbs hypoesthesia 

Dyspnea & fever 
(concurrent) 

Leukocytosis (28.7 
K), ↑ CRP (136.1 mg/ 
L), D-dimer (>9000 
μg/L), glucose (744 
mg/dL), LDH (729 
U/L) & AST (144 U/ 
L); normal RFT; 
positive COVID-19 
nasopharyngeal 
swab 

Day 18: mild ↑ 
protein (53 mg/dL), 
normal WBC, 
negative COVID-19 
rRT-PCR. 

Head CT / CT angiogram 
(admission): a tiny right 
frontal parenchymal 
hemorrhage; no vascular 
malformations. 
Brain & Spine MRI: Only 
a late subacute phase tiny 
frontal hemorrhage 
(8mm of maximum 
diameter) 

Antiviral & 
immunomodulatory 
therapies 

Favorable; recovery 
after 15 days 

(Giorgianni et al., 
2020) 

Barcelona, Spain 25, M One-day headache, left- 
sided paresthesia, & 
ipsilateral paresis, 
evolving to confusion & 
agitation (12h) 

Concurrent fever Mild ↑ D-dimer (600 
μg/L), normal CBCdiff 

↑ protein (105.5 mg/ 
dL), IL-1β (14.8 pg/ 
mL), IL-6 (190 pg/ 
mL) & ACE (15.5 U/ 
L); normal WBC, 
negative COVID-19 
rRT-PCR. 

Head CT scan / brain 
MRI: normal. 

Acyclovir, ampicillin, & 
ceftriaxone 

Favorable, recovery 
within 1 day 

(Bodro et al., 2020) 

Barcelona, Spain 49, M 7-day myalgia with acute 
difficulty naming objects, 
temporospatial 
disorientation, confusion, 
& agitation 

Persistent fever, 
myalgias & cough (7 
days prios) 

Mild 
lymphocytopenia, 
mild ↑ D-dimer (600 
μg/L), LDH (254 U/ 

↑ protein (115.5 mg/ 
dL), IL-6 (25 pg/mL) 
& ACE (10.9 U/L); 
normal WBC, 

Head CT scan / brain MRI 
(day 2): normal. 

Acyclovir, ampicillin, & 
ceftriaxone 

Favorable, 
recovering within 3 
days 

(Bodro, Compta, 
2020) 

(continued on next page) 
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Table 3 (continued ) 

Region Age, Gender Neurological symptoms 
on admission (day from 
admission) 

Other symptoms 
(onset day prior 
neurologic 
symptoms) 

Admission serum 
labs (or day from 
admission) 

CSF (day from 
admission) 

Imaging or EEG (day 
from admission) 

Treatments received Outcome Ref 

L) & ferritin (428 μg/ 
L) 

negative COVID-19 
rRT-PCR. 

Lausanne, 
Switzerland 

64, F Acute psychosis, tonic- 
clonic seizure followed 
by disorientation, 
attention deficit, verbal 
and motor 
perseverations, bilateral 
grasping, alternating 
with psychotic symptoms 
(hyper-religiosity with 
mystic delusions, visual 
hallucinations). 

Mild fatigue, 
myalgia, cough (5 
days prior) 

Positive COVID-19 
nasopharyngeal 
swab 

↑ Protein (466 mg/ 
dL), 17 WBC, 
negative culture, 
viral PCR & COVID- 
19 rRT-PCR & anti- 
NMDA 
antibody 

Brain MRI: normal. 
Admission EEG: 
nonconvulsive, focal 
status epilepticus 
(abundant bursts of 
anterior low-medium 
voltage irregular spike- 
and waves superimposed 
on an irregularly slowed 
theta background) 
Repeat EEG at 56 h: 
normal. 

IV clonazepam & 
valproate 

Favorable; recovery 
within 96 h 

(Bernard-Valnet, 
Pizzarotti, 2020) 

Lausanne, 
Switzerland 

67, F Intense wake-up 
headache followed by 
drowsiness and 
confusion, motor 
perseverations, bilateral 
grasping, aggressiveness 
and left hemianopia and 
sensory hemineglect 

Mild respiratory 
symptoms with 
confirmed COVID-19 
(17 days prior) 

Positive COVID-19 
nasopharyngeal 
swab 

↑ Protein (461 mg/ 
dL), 21 WBC, 
negative culture, 
viral PCR & COVID- 
19 rRT-PCR 

Brain MRI: normal. Transient ceftriaxone, 
amoxicillin & 
acyclovir 

Favorable; recovery 
within 24 h 

(Bernard-Valnet, 
Pizzarotti, 2020) 

Istanbul, Turkey 6 cases (22–59 
age range), one F 

Encephalopathy, failure 
in gaining consciousness, 
developing agitation & 
delirium upon extubation 

ARDS requiring 
intubation 

Leukocytosis (11–42 
K); ↑ CRP (32–732 
mg/L), D-dimer 
(730–7930 μg/L), 
LDH (271–1110 U/ 
L), ferritin 
(555–5235 μg/L), ↑ 
IL-6 (3 patients 
checked, 481–9192 
pg/mL) 

↑ Protein (5 cases, 
57–131 mg/dL), 
0 WBC, normal 
glucose, ↑ IgG (5 
cases checked), 
negative oligoclonal 
bands & culture / 
viral PCR / COVID- 
19 rRT-PCR. 

Brain MRI (3 cases): 
cortical/white matter 
hyperintensities, contrast 
enhancement, and sulcal 
hemorrhagic features, 
compatible with 
meningoencephalitis. 
Brain MRI (3 cases): 
normal 

Plasmapheresis Early gain of 
consciousness in 4 
patients; one death 
due to COVID-19 
worsening & cardiac 
arrest; prolonged ICU 
stay in one case due 
to CMV infection 

(Dogan, Kaya, 2020) 

Boca Raton, USA 74, M (originally 
from 
Netherland) 

Headache & progressive 
altered mental status 

Fever & cough (one 
day prior) 

Negative blood 
culture, urinalysis & 
Influenza A and B 
tests; positive 
COVID-19 
nasopharyngeal 
swab 

Mild ↑ protein (68 
mg/dL), 4 WBC; 
negative culture, 
viral panel & COVID- 
19 rRT-PCR negative 

Head CT scan: a left 
temporal region 
encephalomalacia, 
related to prior history of 
embolic stroke. 
EEG: bilateral slowing & 
focal slowing in the left 
temporal region with 
sharply countered waves. 

Hydroxychloroquine, 
lopinavir, ritonavir, 
vancomycin, meropenem 
& acyclovir. 

Poor; critically ill (Filatov, Sharma, 
2020) 

Telford, UK 40, M (originally 
from Nigeria) 

On admission day 3: gait 
instability; evolving to 
diplopia, oscillopsia, limb 
ataxia, right arm 
numbness, hiccups, 
bifacial/tongue 
weakness, upbeat 
nystagmus & normal 
reflexes (day 4) 

Fever, dyspnea & 
malaise (10 days 
prior) 

Admission: 
marginally ↑ CRP 
(50 mg/L), ALT (88 
U/L) & GGT (107 U/ 
L); normal CBCdiff; 
positive COVID-19 
nasopharyngeal 
swab. 
Later: ↑ LFTs; Liver 
ultrasound: an 
inflammatory 
diffusely hypoechoic 

Normal protein 
(42.3 mg/dL), 
0 WBC; COVID-19 
rRT-PCR not done 
(low volume tap) 

Brain/cervical spine MRI: 
hyperintensity in the 
right inferior cerebellar 
peduncle, extending to 
involve a small portion of 
the upper cord, 
measuring 13 mm in 
maximum cross-sectional 
area and 28 mm in 
longitudinal extent, 
swelling at the affected 
tissue and associated 

Supportive care, 
gabapentin (300 mg 
twice daily) 

Favorable; recovery 
with residual 
oscillopsia & ataxia 

(Wong, Craik, 
2020a) 

(continued on next page) 
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Table 3 (continued ) 

Region Age, Gender Neurological symptoms 
on admission (day from 
admission) 

Other symptoms 
(onset day prior 
neurologic 
symptoms) 

Admission serum 
labs (or day from 
admission) 

CSF (day from 
admission) 

Imaging or EEG (day 
from admission) 

Treatments received Outcome Ref 

liver with a raised 
periportal & 
pericholecystic 
echogenicity. 

microhemorrhage; 
suggestive of 
inflammatory 
rhombencephalitis & 
myelitis. 

New York, USA 74, M Acute confusion 
following falls; evolving 
to combative behavior in 
hospital. 

Admission: fever 
Day 5: new atrial 
fibrillation 

Admission: 
thrombocytopenia 
(122K), positive 
COVID-19 
nasopharyngeal 
swab. 
Day 3: ↑ D-dimer 
(740 μg/L) 
Day 7: ↑ CRP (183.5 
mg/L), ferritin 
(2837 μg/L) 
Day 10: ↑ D-dimer 
(5850 μg/L) 

NR Head CT scan: unchanged 
nonspecific patchy 
subcortical & 
periventricular 
hypodensities. 
Brain autopsy: 80 to 110 
nm viral particles in 
frontal lobe brain 
sections with 
Pleomorphic spherical 
viral-like particles 
observed in small vesicles 
of endothelial cell, 
distended cytoplasmic 
vacuoles containing 
enveloped viral particle 
in neural cell bodies, 
positive COVID-19 rRT- 
PCR. 

Admission: 
Hydroxychloroquine (4 
days), enoxaparin S.C. 
Day 5: tocilizumab & 
metoprolol 

Death at day 1 due to 
pneumonia and 
respiratory failure 
related to COVID-19 

(Paniz-Mondolfi 
et al., 2020) 

Los Angeles, USA 41, F Same-day headache, new 
onset seizure, lethargy, 
neck stiffness & 
photophobia 

Admission: fever ↑ lactic acid (4.8 
mM/L); normal 
WBC, CK, LFT & RFT; 
negative 
nasopharyngeal 
swab for influenza A 
and B viruses; 
positive COVID-19 
nasopharyngeal 
swab. 

↑ Protein (100 mg/ 
dL), 70 WBC (100% 
lymphocytes), 
negative culture & 
viral PCR, positive 
COVID-19 rRT-PCR, 

Head CT scan: normal. 
EEG: generalized slowing 
with no epileptic 
discharges. 

Transient ceftriaxone, 
vancomycin & acyclovir; 
levetiracetam; 
hydroxychloroquine 

Favorable; recovery 
within 12 days 

(Duong et al., 2020, 
Huang, Jiang, 
2020b)  

Acute necrotizing hemorrhagic encephalopathy 
Detroit, USA Late 50, F Three-day altered mental 

status 
Fever & cough 
(concurrent) 

Positive COVID-19 
nasopharyngeal 
swab 

Limited data due to 
traumatic LP, 
negative culture & 
viral PCR; unable to 
test COVID-19 rRT- 
PCR. 

Head CT scan: symmetric 
hypoattenuation within 
the bilateral medial 
thalami. 
Head CT angiogram / 
venogram: normal. 
Brain MRI: hemorrhagic 
rim enhancing lesions 
within the bilateral 
thalami, medial temporal 
lobes, and subinsular 
regions. 

IVIG NR (Poyiadji, Shahin, 
2020)  

Acute CNS demyelination: Brain and/or Spinal Cord 
Wuhan, China 66, M Same-day rapidly 

progressive paraparesis, 
hyporeflexia, bladder & 
bowel incontinence, 

Fever & fatigue (6 
days prior) 

Prior admission: 
positive COVID-19 
nasopharyngeal 
swab. 

Not done Head CT scan: bilateral 
basal ganglia and 
paraventricular lacunar 
infarction & brain 

Ganciclovir, lopinavir, 
ritonavir, moxifloxacin, 
meropenem, glutathione, 
dexamethasone, IVIG (15 

Favorable; partial 
recovery after 7 days 

(Zhao et al., 2020b) 

(continued on next page) 
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Table 3 (continued ) 

Region Age, Gender Neurological symptoms 
on admission (day from 
admission) 

Other symptoms 
(onset day prior 
neurologic 
symptoms) 

Admission serum 
labs (or day from 
admission) 

CSF (day from 
admission) 

Imaging or EEG (day 
from admission) 

Treatments received Outcome Ref 

sensory loss below T10 
level 

Admission: 
Leukocytosis (11.8 
K), 
lymphocytopenia; ↑ 
IL-6 (56.7 pg/mL), 
CRP (278 mg/L), 
amyloid (1844 mg/ 
L), procalcitonin 
(4.33 ng/mL), AST 
(50 U/L) & ALT 
(56.4 U/L); normal 
CK, LDH, troponin & 
RFT 

atrophy. 
Brain MRI: not done. 

g/day for 7 days), 
mecobalamin & 
pantoprazole 

Denmark 28, F Severn-day persistent 
lumbosacral pain, 
progressive ascending 
paresthesia/sensory loss 
mid-chest below the 
nipple line, bilateral 
upper extremities, and tip 
of tongue; evolving to 
urinary retention, nausea 
& vomiting in 48 h; 
Lhermitte’s sign & wide- 
based gait 

Cough, fever, lumbar 
pain, myalgias & 
rhinorrhea (7 days 
prior) 

Prior admission: 
positive COVID-19 
nasopharyngeal 
swab 

↑ Protein (60 mg/dL) 
& 125 WBC; 

Spine MRI: Widespread 
elongated signal changes 
throughout the spinal 
cord to the conus 
medullaris and involving 
the medulla, overall 
suggestive of 
longitudinally extensive 
acute transverse myelitis 

Prednisone & 2 
plasmapheresis sessions 

Favorable; 
improvement within 
8 days 

(Sarma and Bilello, 
2020) 

Marseille, France 54, F Admission: altered 
mental status 
Day 10: slight 
improvement in mental 
status, but right 
hemiplegia 

Fever, asthenia, 
dyspnea (8 days 
prior) 

Admission: ↑ CRP 
(346 mg/L), LFTs & 
ferritin, positive 
COVID-19 
nasopharyngeal 
swab 

Admission: traumatic 
LP but normal 
protein and WBCs, 
negative culture/ 
viral/ COVID-19 rRT- 
PCR. 
Repeat (day 9): 
Unchanged. 

Head CT scan (day 2): 
hypodense lesions 
involving supratentorial 
white matter & pallidum 
bilaterally. 
EEG: slowed background 
activity. 
Brain MRI (day 7): 
Multiple supratentorial 
punctiform and 
tumefactive lesions 
involving the white 
matter bilaterally and 
showing hypersignal on 
coronal FLAIR, axial T2- 
weighted, & DWI with 
low ADC. Some 
periventricular lesions or 
involving the corpus 
callosum with a mass 
effect on the left lateral 
ventricle. No intracranial 
vessels abnormalities. 
Repeat MRI (day 10): 
unchanged, but all 
homogenous contrast 
enhancement without 
any sign of hemorrhage 

Hydroxychloroquine, 
azithromycin, 
amoxicillin/clavulanic 
acid; Day 12: steroid 
therapy after negative 
COVID-19 
nasopharyngeal swab 

NR (Brun, Hak, 2020) 

(continued on next page) 
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Table 3 (continued ) 

Region Age, Gender Neurological symptoms 
on admission (day from 
admission) 

Other symptoms 
(onset day prior 
neurologic 
symptoms) 

Admission serum 
labs (or day from 
admission) 

CSF (day from 
admission) 

Imaging or EEG (day 
from admission) 

Treatments received Outcome Ref 

in all lesions. 
Spine MRI: normal. 

Brescia, Italy 54, F Acute unconsciousness at 
home; evolving to 
hypoxia & intubation 

No symptoms; 
anosmia & ageusia 
(several days prior) 

Lymphocytopenia, ↑ 
CRP (41.3 mg/L) & 
fibrinogen (520 mg/ 
dL); positive COVID- 
19 nasopharyngeal 
swab 

Normal, negative 
COVID-19 rRT-PCR 

Head CT scan: normal. 
EEG: two seizures 
starting from right 
frontotemporal region & 
diffusing in homologous 
contralateral hemisphere. 
Brain MRI: numerous 
periventricular white 
matter alterations, 
confluent with each other 
& compatible with 
demyelinating lesions, 
adjacent to the temporal, 
frontal & occipital horns 
& to the trigones, 
hyperintense in T2, 
without restriction of 
diffusion & without 
contrast enhancement. 
Cervical/thoracic spine 
MRI: numerous focal 
hyperintense 
intramedullary signal 
alterations in T2 & 
without contrast 
enhancement, located at 
the bulb-medullary 
junction, at C2 and from 
C3 to T6 levels. 

Hydroxychloroquine, 
lacosamide, 
levetiracetam, phenytoin, 
dexamethasone (10-day 
20 mg/day & 10-day 10 
mg/day) 

Favorable, recovery 
after 12 days 

(Zanin, Saraceno, 
2020) 

Genova, Italy 64, F Acute bilateral vision 
impairment, right leg 
numbness, headache, 
mild irritability, bilateral 
RAPD, ageusia & 
anosmia, right abdominal 
sensory level, left lower 
limb hyperreflexia & 
Babinski sign. 

Flu-like symptoms, & 
persistent ageusia & 
anosmia (25 days 
prior) 

Negative COVID-19 
nasopharyngeal 
swab, positive anti- 
SARS-CoV-2 IgG, 
negative AQ4 & anti- 
MOG antibody 

Mild ↑ protein (45.2 
mg/dL), 22 WBC (T- 
lymphocytic), 
negative COVID-19 
rRT-PCR 

Brain/spine MRI: 
multiple T1 post-contrast 
enhancing lesions of the 
brain, associated with a 
single spinal cord lesion 
at T8 level & with 
bilateral optic nerve 
enhancement, suspicion 
about ADEM. 
Follow-up MRI: a partial 
improvement with a 
reduction in the number 
of contrast-enhancing 
lesions. 

Methylprednisolone (1 g/ 
day for 5 days) oral 
prednisone (75 mg/day), 
IVIG (2 g/kg for 5 days) 

Favorable; 
improvement after 
14 days of treatment 

(Novi, Rossi, 2020) 

Esslingen, 
Germany 

60, M Two-day urinating 
problem, progressive 
spastic paraparesis, 
hypesthesia below T9 
level & Babinski’s sign 

Respiratory 
symptoms (8 days 
prior) 

Prior admission: 
positive COVID-19 
nasopharyngeal 
swab 
Admission: normal 
CRP, negative 
COVID-19 

Admission: ↑ protein 
(79.3 mg/dL), 16 
WBC (lymphocytic), 
no oligoclonal band. 
Repeat: ↑ protein 
(117.7 mg/dL), 27 
WBC (lymphocytic); 
negative COVID-19 

Brain MRI: normal. 
Spine MRI: T2 signal 
hyperintensity of the 
thoracic spinal cord at T9 
level, suggestive of acute 
transverse myelitis. 
Spine MRI (day 6): 
patchy hyperintensity of 

Transient acyclovir & 
ceftriaxone; Day 7: 
methylprednisolone 
(100 mg/day) with taper 
after discharge 

Favorable; recovery 
within 13 days with 
slight spastic 
paraparesis & 
hypesthesia below 
T9 level 

(Munz, Wessendorf, 
2020) 

(continued on next page) 
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Table 3 (continued ) 

Region Age, Gender Neurological symptoms 
on admission (day from 
admission) 

Other symptoms 
(onset day prior 
neurologic 
symptoms) 

Admission serum 
labs (or day from 
admission) 

CSF (day from 
admission) 

Imaging or EEG (day 
from admission) 

Treatments received Outcome Ref 

nasopharyngeal 
swab 

rRT-PCR both times, 
negative SARS-CoV-2 
IgG. 
Day 12: ↑ protein 
(73.4 mg/dL), 3 WBC 

the thoracic myelin at T9- 
T10 & T3-T5 level, 
suggestive of transverse 
myelitis. 

Ann Arbor, USA 61, F Two-day progressive 
distal limbs paresthesia & 
paraparesis; evolving to 
sensory loss till abdomen 
level, constipation & 
lower hyporeflexia on 
admission 

Rhinorrhea & chills 
(5 days prior) 

Lymphocytopenia, 
positive COVID-19 
nasopharyngeal 
swab 

Day 11: ↑ Protein (87 
mg/dL), 3 WBC, no 
oligoclonal band, 
negative encephalitis 
antibody panel, 
negative COVID-19 
rRT-PCR. 
Day 20 (repeat): ↑ 
Protein (153 mg/dL), 
1 WBC, negative 
COVID-19 rRT-PCR. 

Spine MRI: Extensive ill- 
defined patchy 
hyperintense signal 
throughout the central 
aspect of the spinal cord 
on STIR, T2-weighted 
axial indicating mild 
enlargement of the spinal 
cord caliber & 
hyperintense signal 
without contrast 
enhancement. 

Methylprednisolone (1 g/ 
day for 5 days) & 
plasmapheresis (5 
sessions) 

Poor, incomplete 
recovery 

(Valiuddin, Skwirsk, 
2020) 

Dubai, UAE 32, M One-day progressive 
paraparesis, lower 
hyporeflexia & urinating 
problem 

Fever & flu-like 
symptoms (2 days 
prior); PE (one day 
after admission) 

Normal ESR, WBC & 
ferritin; ↓ Hgb (10.7 
g/dL); ↑ CRP (42 mg/ 
L), D-dimer (2000 
μg/L) & 
procalcitonin (0.13 
μg/L); mild ↑ CK 
(252 U/L), prolonged 
PT (16.8 s), aPTT 
(51.3 s) & INR 
(1.33), positive 
Lupus anticoagulant 
antibody; positive 
COVID-19 
nasopharyngeal 
swab 

NR Spine MRI: Diffuse 
hyperintensity 
predominantly in 
cervical, dorsal, & 
lumbar gray matter, mild 
enlargement & swelling 
of cervical cord, no cord 
or nerve root 
enhancement; DWI & 
ADC showing restricted 
diffusion, overall 
suggestive of acute 
myelitis. 

Methylprednisolone (1 g/ 
day for 5 days), acyclovir, 
& enoxaparin 

Favorable; 
improvement after 
steroid therapy 

(AlKetbi, AlNuaimi, 
2020)  

Acute Necrotizing Myelitis 
Terrassa, Spain 68, F Seven-day radicular neck 

pain, left hand 
numbness/weakness, & 
imbalance; evolving to 
both hand weakness / 
numbness & paraparesis 
with sphincter 
incontinence (few days 
after steroid therapy) 

Fever & cough (8 
days prior) 

Negative AQ4 & anti- 
MOG antibody; 
positive COVID-19 
nasopharyngeal 
swab 

↑ Protein (283 mg/ 
dL), 75 WBC (98% 
lymphocytes), no 
oligoclonal bands, 
negative neuronal 
surface antibodies, 

Brain MRI: normal. 
Spine MRI: T2- 
hyperintensity extending 
from the medulla 
oblongata to C7, 
involving most of the 
cord with diffuse patchy 
enhancing lesions, 
suggesting acute 
transverse myelitis. 
Repeat MRI (7 days): 
transversally & caudally 
progression until T6 level 
with similar 
enhancement & a new 
area of central necrosis at 
the T1 level with 
peripheral enhancement. 
Repeat MRI (after 

2 cycles of 
methylprednisolone (1 g/ 
day for 5 days) with oral 
prednisone taper, plasma 
exchange 

Favorable; slow 
recovery 

(Sotoca and 
Rodríguez-Álvarez, 
2020) 

(continued on next page) 
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infiltration (Desforges, Le Coupanec, 2019). More in details, ACE-2 and 
transmembrane protease, serine 2 (TMPRSS2) are documented co- 
receptors for SARS-CoV-2 entry and they are expressed in the oligo-
dendrocytes, suggesting a direct involvement of white matter in case of 
encephalitis related to COVID-19 infection (Needham et al., 2020; 
Sellner et al., 2020). A retrospective study from Turkey (Kandemirli 
et al., 2020) included 235 patients in ICU, 50 of which (21%) developed 
neurological symptoms. The authors collected MRI data from 27/50 
patients to show neurotropism related to COVID-19. The findings 
included cortical FLAIR (fluid attenuated inversion recovery) abnor-
malities (37%) with cortical diffusion restriction, leptomeningeal 
enhancement, or cortical blooming artifact in a non-specific pattern. 
Less frequently subcortical and deep white matter FLAIR lesions were 
reported. Unfortunately, the findings were not correlated with the pa-
tients’ symptomatology. CSF data were also obtained in half of the pa-
tients with cortical FLAIR abnormalities, showing elevated proteins, 
normal cell count, glucose level, IgG index, oligoclonal bands and al-
bumin as well as negative rRT-PCR for SARS-CoV-2 (Kandemirli et al., 
2020). Another report from UK described a patient with fever and res-
piratory symptoms who developed progressive unsteady gait, diplopia, 
limb ataxia, altered sensation in the right arm, hiccups, and dribbling 
when eating, found to have a rhomboencephalitis in the MRI with 
involvement of the right inferior cerebellar peduncle (Table 3). CSF 
showed normal protein, normal white blood cell (WBC) counts and 
negative bacterial culture (Wong et al., 2020a). Unfortunately, the 
SARS-CoV-2 PCR test was not administered, and there were no results 
for the myelin oligodendrocyte glycoprotein and aquaporin 4 antibodies 
sent as part of the workup. 

The presence of brain inflammatory changes related to COVID-19 
was also confirmed by neuropathology findings of foci of perivascular 
lymphocytes, focal leptomeningeal inflammation in brain specimens of 
18 encephalopathic patients, although these findings were reported as 
rare and did not support an underlying diagnosis of encephalitis. 
Immunohistochemical analyses to detect SARS-CoV-2 by rRT-PCR per-
formed in the tissues were negative, and the virus was detected at low 
levels in only 5 patients, possibly as a result of viral direct infiltration in 
the brain or viral RNA coming from blood (Solomon et al., 2020). 

Increasing evidence indicates that encephalopathy is one of the 
several presenting symptoms or complications of COVID-19. Encepha-
litis represents an inflammatory process of the brain and surrounding 
tissues and its symptomatology can include altered mental status, 
headache, behavioral changes, psychiatric disturbances in association 
with focal neurological signs (e.g. paresthesia, weakness, etc.). On the 
other end, meningitis is an inflammatory process of the meninges and 
spinal cord and gives typical symptoms such as fever, headache, 
photophobia, phonophobia and neck stiffness. Seizures could also be 
part of the encephalitis and meningitis presentation (Asadi-Pooya, 2020; 
Sohal and Mossammat, 2020). The severity of the above symptoms can 
vary and sometimes it is difficult to make a proper diagnosis particularly 
in patients with mild symptoms. To add complexity in the diagnosis and 
management of encephalopathies, there is the inability to distinguish 
the underlying process (infectious or toxic-metabolic) only based on the 
symptoms. Indeed, many patients with severe COVID-19 infection may 
present with altered mental status from the toxic metabolic processes 
due to hypoxia, electrolyte derangements, metabolic disturbances, and 
multiorgan failure, without necessarily presenting involvement of the 
CNS. Moreover, two cases of acute necrotizing encephalopathy (ANE) in 
patients with COVID-19 positivity from nasopharyngeal and oropha-
ryngeal swab, but without CSF PCR for SARS-CoV-2 data, were reported 
in the literature (Poyiadji, Shahin, 2020, Radmanesh et al., 2020). ANE 
is characterized by neuroinflammation secondary to cytokine storm 
with multifocal symmetric lesions in the gray and white matter without 
direct viral damage. In addition, there is a report of possible demye-
linating lesion in the white matter and globus pallidus in a 54-year-old 
woman admitted initially for respiratory distress due to COVID-19 
infection with only history of mild elevated blood pressure under Ta

bl
e 

3 
(c

on
tin

ue
d)

 

Re
gi

on
 

A
ge

, G
en

de
r 

N
eu

ro
lo

gi
ca

l s
ym

pt
om

s 
on

 a
dm

is
si

on
 (

da
y 

fr
om

 
ad

m
is

si
on

) 

O
th

er
 s

ym
pt

om
s 

(o
ns

et
 d

ay
 p

ri
or

 
ne

ur
ol

og
ic

 
sy

m
pt

om
s)

 

A
dm

is
si

on
 s

er
um

 
la

bs
 (

or
 d

ay
 fr

om
 

ad
m

is
si

on
) 

CS
F 

(d
ay

 fr
om

 
ad

m
is

si
on

) 
Im

ag
in

g 
or

 E
EG

 (
da

y 
fr

om
 a

dm
is

si
on

) 
Tr

ea
tm

en
ts

 r
ec

ei
ve

d 
O

ut
co

m
e 

Re
f 

pl
as

m
ap

he
re

si
s)

: 
si

gn
ifi

ca
nt

 d
ec

re
as

es
 o

f 
bo

th
 m

ye
lit

is
 e

xt
en

si
on

 &
 

en
ha

nc
em

en
t, 

w
ith

 
ne

cr
os

is
 a

re
a 

in
 

ev
ol

ut
io

n.
 

A
CE

, a
ng

io
te

ns
in

-c
on

ve
rt

in
g 

en
zy

m
e;

 A
D

C,
 a

pp
ar

en
t d

iff
us

io
n 

co
ef

fic
ie

nt
; A

D
EM

, a
cu

te
 d

is
se

m
in

at
ed

 e
nc

ep
ha

lo
m

ye
lit

is
; A

LT
, a

la
ni

ne
 a

m
in

ot
ra

ns
fe

ra
se

; a
PT

T,
 a

ct
iv

at
ed

 p
ar

tia
l-t

hr
om

bo
pl

as
tin

 ti
m

e;
 A

Q
4,

 a
nt

ia
qu

ap
or

in
- 

4;
 B

Cx
, b

lo
od

 c
ul

tu
re

; A
RD

S,
 a

cu
te

 re
sp

ir
at

or
y 

di
st

re
ss

 sy
nd

ro
m

e;
 A

ST
, A

sp
ar

ta
te

 tr
an

sa
m

in
as

e;
 C

BC
di

ff
, c

om
pl

et
e 

bl
oo

d 
co

un
t w

ith
 d

iff
er

en
tia

l; 
CK

, c
re

at
in

e 
ki

na
se

; C
O

VI
D

-1
9,

 c
or

on
av

ir
us

 d
is

ea
se

 2
01

9;
 C

RP
, C

-r
ea

ct
iv

e 
pr

ot
ei

n;
 D

W
I, 

di
ffu

si
on

-w
ei

gh
te

d 
im

ag
in

g;
 E

EG
, e

le
ct

ro
en

ce
ph

al
og

ra
ph

y;
 E

SR
, e

ry
th

ro
cy

te
 se

di
m

en
ta

tio
n 

ra
te

; F
, f

em
al

e;
 F

LA
IR

, fl
ui

d 
at

te
nu

at
ed

 in
ve

rs
io

n 
re

co
ve

ry
; H

SV
, h

er
pe

s s
im

pl
ex

 v
ir

us
; I

CU
, i

nt
en

si
ve

 c
ar

e 
un

it;
 IL

, 
in

te
rl

eu
ki

n;
 IN

R,
 in

te
rn

at
io

na
l n

or
m

al
iz

ed
 ra

tio
; I

VI
G

, i
nt

ra
ve

no
us

 im
m

un
og

lo
bu

lin
; L

D
H

, l
ac

ta
te

 d
eh

yd
ro

ge
na

se
; L

FT
, l

iv
er

 fu
nc

tio
n 

te
st

; L
P,

 lu
m

ba
r 

pu
nc

tu
re

; M
, m

al
e;

 R
A

PD
, r

el
at

iv
e 

af
fe

re
nt

 p
up

ill
ar

y 
de

fe
ct

; M
O

G
, 

m
ye

lin
 o

lig
od

en
dr

oc
yt

e 
gl

yc
op

ro
te

in
; N

R,
 n

ot
 re

po
rt

ed
; R

FT
, r

en
al

 fu
nc

tio
n 

te
st

; r
RT

-P
CR

, r
ea

l-t
im

e 
re

ve
rs

e 
tr

an
sc

ri
pt

io
n 

po
ly

m
er

as
e 

ch
ai

n 
re

ac
tio

n;
 S

A
RS

-C
oV

-2
, s

ev
er

e 
ac

ut
e 

re
sp

ir
at

or
y 

sy
nd

ro
m

e 
co

ro
na

vi
ru

s 2
; T

N
F-

α,
 

tu
m

or
 n

ec
ro

si
s 

fa
ct

or
- α

; U
Cx

, u
ri

ne
 c

ul
tu

re
; V

ZV
, v

ar
ic

el
la

 z
os

te
r 

vi
ru

s.
 

K. Keyhanian et al.                                                                                                                                                                                                                             



Journal of Neuroimmunology 350 (2021) 577436

28

treatment. Her Glasgow Coma Scale score was 14 with altered sensorium 
but her neurological exam was non-focal on admission, then rapidly 
deteriorated and required endotracheal intubation and received 
hydroxychloroquine in addition to azithromycin and amoxicillin/clav-
ulanic acid. Sedation was discontinued two days later but the patient 
remained obtunded for a long period afterwards, and this prompt neu-
roimaging and further investigations. Brain MRI eventually revealed 
bilateral asymmetric restricted diffusion lesions without hemorrhage or 
enhancement in the supratentorial periventricular white matter and 
globus pallidus, without involvement of the thalamus, striatum and 
posterior fossa. Subsequent MRI obtained 2 days later showed homo-
geneous contrast enhancement of the lesions, brain vascular images 
were negative. CSF studies, performed twice (on admission and 9 days 
after), were reportedly unremarkable, including rRT-PCR for SARS-CoV- 
2. The patient was treated with steroid for suspected demyelination 
twelve days later after her hospitalization upon negative nasopharyn-
geal PCR. The patient reported residual right-side hemiplegia and there 
are no data about her response to steroids, which could be supportive of 
the diagnosis of demyelination (Brun et al., 2020). Despite that, the 
images were suspicious of demyelination, which has been described 
associated with coronavirus, both in murine animal models (Wu et al., 
2000), and in a pediatric patient with acute disseminated encephalo-
myelitis (ADEM) (Yeh et al., 2004). However, other diagnoses could not 
be completely excluded in the case described above. 

In a retrospective observational case series from Wuhan (Mao, Jin, 
2020) that collected data from 214 patients with laboratory-confirmed 
diagnosis, 36.4% had neurological manifestations. More in detail, CNS 
manifestation was present in 24.8% of the patients, and in particular 
7.5% had encephalopathy. The authors noticed that CNS manifestation 
were significantly more common in patients with severe infection 
compared to non-severe infection, with encephalopathy present in 
14.8% of cases versus 2.4% (P < 0.001), respectively. The patients with 
severe infection were older, with higher blood pressure and with less 
typical symptoms such as fever or cough on admission. Furthermore, 
those patients were more prone to develop neurological symptoms few 
days after the admission, with associated higher mortality rate. They 
also had a marked inflammatory response with higher levels of WBC 
counts, neutrophil counts, blood urea nitrogen, D-dimer and CRP, and 
reduced lymphocyte and platelet counts than in those with less severe 
infection, pointing to a multiorgan involvement and immunosuppres-
sion as underlying pathogenic mechanism for the neurological mani-
festations. The study did not further investigate the etiology of the 
encephalopathy, either toxic-metabolic or infective. Other case reports 
described encephalopathic patients who first presented to the hospital 
with new onset of seizure as manifestation of underlying meningoen-
cephalitis in the setting of COVID-19 infection (Asadi-Pooya, 2020, 
Moriguchi, Harii, 2020, Sohal and Mossammat, 2020). 

As of now, there are no CSF or serologic biomarkers available 
worldwide to help diagnosing cases of COVID-19 with CNS involvement 
(Baig, 2020, Kandemirli, Dogan, 2020); therefore, proper neurological 
evaluation of encephalopathic COVID-19 patients can help early diag-
nosis, better tailor the treatment, and possibly improve the outcome. 
The workup for encephalopathic patients should not only include 
detailed documentation of the neurological symptoms but also electro-
physiological studies (i.e. electroencephalography or EEG), CSF anal-
ysis, and perhaps brain imaging (Asadi-Pooya and Simani, 2020; Liu 
et al., 2020b; Oxley et al., 2020). Moreover, seizures should be suspected 
in case of altered mental status in patients with COVID-19 since cases 
with clinical or subclinical seizures or status epilepticus have been re-
ported, either as a direct consequence of the brain damage from the virus 
or secondary toxic-metabolic derangements (Asadi-Pooya, 2020). Anti- 
epileptic drugs (AEDs) should be administered in patients with seizure 
as initial presentation, to prevent further episodes, for a period of 6 
weeks and then taper and discontinue the AED in 1–2 weeks (Asadi- 
Pooya, 2020). Since these COVID-19 patients are usually critically ill, 
intravenous formulations and AEDs with less side effect on respiratory 

and cardiac status are recommended, such as levetiracetam and bri-
varacetam. Moreover, since some patients may require extracorporeal 
membrane oxygenation which affects the pharmacokinetic of highly 
protein-bound AEDs, phenytoin and valproic acid should be avoided 
(Asadi-Pooya, 2020). 

4.3.1. Viral vs autoimmune meningoencephalitis 
The diagnosis of COVID-19 meningoencephalitis is based on clinical 

and laboratory studies such as CSF characteristics and possibly detection 
of the virus in the CSF. The first case of COVID-19 with associated 
laboratory-confirmed viral encephalitis was reported in Beijing in a 
patient with altered mental status, seizures, persistent hiccups, hyper-
reflexia, meningeal irritation and slow pupillary response (Table 3). 
Notably, CSF studies showed normal range WBC, glucose and protein, 
but an increased opening pressure and positive PCR for SARS-CoV-2 
(Oxley, Mocco, 2020, Sun and Guan, 2020). This case report was pub-
lished in Chinese and it seems to lack further clinical and laboratory data 
to corroborate the diagnosis. A recent paper discussed about a woman 
with encephalitis and no respiratory symptoms with SARS-CoV-2 posi-
tivity in both nasopharyngeal swab and CSF (Huang et al., 2020a). 
Another case of meningoencephalitis from COVID-19 in Japan (Mor-
iguchi, Harii, 2020) described a young patient who presented with 
headache, fatigue, fever and few day later was found unconscious with 
an episode of generalized tonic seizure while transported to the hospital. 
He had clear meningeal signs, pleocytosis in the blood, negative CT scan 
of the head, with SARS-CoV-2 detected only in the CSF but not in the 
nasopharyngeal swab. Interestingly CSF showed elevated opening 
pressure and 12 WBC mainly mononuclear; MRI showed DWI (diffusion- 
weighted imaging) positivity along the wall of the inferior horn of the 
right ventricle and FLAIR abnormalities in the right mesial temporal 
lobe and hippocampus. These are the only three encephalitis cases based 
on our knowledge that were associated with CSF viral detection. It is 
noteworthy that false positivity of the PCR has been reported given the 
risk of sample contamination from shed airborne virus with this diag-
nostic technique (Needham, Chou, 2020). 

On the contrary, there is also a case report of a patient who presented 
with fever, cough and typical multiple ground-glass opacities on CT of 
the lungs, who later developed focal neurological symptoms and altered 
mental status suggestive of meningoencephalitis (Yin et al., 2020). 
Notably, the throat swab was positive for COVID-19 but the CSF PCR 
was negative (Yin et al., 2020). Other CSF results suggestive of viral 
infection were the elevated opening pressure and proteins(Yin et al., 
2020). The patient was monitored, treated with antivirals and sup-
portive care. Over time the lung infections improved, he started 
requiring less oxygen supplementation and concomitantly his neuro-
logical exam improved consistently. At that time two further throat 
swab were done and resulted negative. Other case reports of patients 
with suspected viral meningoencephalitis with positive nasopharyngeal 
swab but negative CSF PCR for SARS-CoV-2 have been reported in the 
literature. In the majority of the reports, CSF showed increased cells, 
mainly lymphocytes, and elevated protein levels (Bernard-Valnet et al., 
2020; Dogan et al., 2020). More in details, a case series of 53 ICU pa-
tients reported 29 subjects intubated for severe ARDS and no improve-
ment of their mental status or agitated delirium after extubation with 
subsequent neurological workup (Dogan et al., 2020). Neurological 
involvement was diagnosed in 6 of the 29 intubated patients (20.6%). 
These patients had increased levels of acute-phase reactants such as 
ferritin, CRP, IL-6, fibrinogen. MRI findings showed white matter and 
cortical abnormalities and contrast enhancement compatible with 
meningoencephalitis in 3/6 patients. CSF data revealed elevated pro-
teins without pleocytosis in all cases with negative PCR for viruses 
including SARS-CoV-2. An underlying autoimmune etiology was sus-
pected for both MRI positive and negative patients, and they underwent 
treatment with plasmapheresis. Improvements of the clinical status were 
observed in 5/6 patients, and MRI findings were reversible in all 3 pa-
tients with positive MRI. Another case from Italy (Pilotto et al., 2020) 
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described a 60-year old man with mild respiratory symptoms that 
developed akinetic mutism and nuchal rigidity. MRI and EEG were 
negative for any abnormalities. CSF showed elevated protein level and 
lymphocytic pleocytosis, as well as increased IL-6, IL-8 and TNF-α but 
negative for SARS-CoV-2 and for other neurotropic viruses. COVID-19 
infection was established by nasopharyngeal swab. The patient was 
started on antibiotic and antiviral coverage initially, as well as 
hydroxychloroquine. An improvement was seen after high dose of ste-
roids were initiated. Patient was discharged after 5 days of IV steroids 
with oral prednisone taper with normal neurological examination. 

Although the exact pathogenetic mechanism of autoimmune en-
cephalitis in the setting of COVID-19 is unclear, it may be related to 
cytokine storm with direct damage to the BBB and increased leukocyte 
migration to the brain (Sohal and Mossammat, 2020), as well as dys-
regulation of viral immunity mediated by molecular mimicry (Pilotto 
et al., 2020). A trial with immunomodulatory therapies can be crucial to 
diagnose autoimmune encephalitis. Further case reports of patients with 
suspected viral or autoimmune meningoencephalitis and detailed 
description of their presentation and workup are also needed. The cases 
reported above showed that CSF PCR may be not reliable for the diag-
nosis since SARS-CoV-2 dissemination in the brain can be transient and 
its CSF titer may be extremely low (Ye et al., 2020a). Furthermore, the 
test is not widely available. A proper neurological examination, EEG, 
CSF studies, and brain imaging are for now the only tools that can guide 
to the diagnosis of COVID-19-associated meningoencephalitis, and 
appropriate treatment should be initiated promptly. 

4.3.2. Toxic metabolic encephalopathy 
A retrospective study of 799 patients with COVID-19 (Chen, Wu, 

2020b) reported altered mental status on hospital admission in 22% of 
patients who expired and 1% among those who recovered from the 
infection. This hints toward a possible negative prognostic factor related 
to encephalopathy as initial presentation. Headache without associated 
neurological symptoms or signs was reported in 10% of the deceased 
patients, versus 12% of the recovered patients. Metabolic derangements 
were more common in deceased patients than in recovered patients, and 
20% of the deceased patients suffered from what was classified as 
hypoxic encephalopathy related to pulmonary inflammation. In this 
study neurological symptoms other than headache, neurological signs, 
and seizures were not reported or considered as possible manifestation 
of the disease. Furthermore, no laboratory studies were carried to rule 
out a viral encephalitis/meningitis, underlying seizures, and non- 
convulsive status epilepticus. It is possible that some of the cases 
described to have toxic encephalopathy were indeed suffering from a 
viral encephalitis. 

One of the first case reports published at the beginning of the 
pandemic (Filatov et al., 2020) reported the case of a 74-year old man 
with chronic obstructive disease (COPD), atrial fibrillation and prior 
cardioembolic stroke in the left posterior cerebral artery. He presented 
to the emergency department with fever and cough, initial negative 
workup for pneumonia, and initially discharged with possible COPD 
exacerbation. He was readmitted to the emergency department after 24 
h with severe altered mental status and headache. Neurology was con-
sulted at that time and a full work up included a CT scan of the head, 
EEG and CSF studies were conducted. The head CT scan showed the old 
stroke, related encephalomalacia; and CSF was not suggestive for 
infection, although SARS-CoV-2 PCR was not performed. EEG showed 
diffuse slowing and focal sharply contoured waves in the left temporal 
region which raised the suspicion for subclinical seizures. He eventually 
tested positive for COVID-19. He was treated with AEDs as well as 
hydroxychloroquine, lopinavir, and ritonavir. Unfortunately, there is no 
follow-up report about his response to the treatments. This case report is 
an example of COVID-19 related toxic metabolic encephalopathy and 
epileptic activity from lowered seizure threshold secondary to severe 
underlying metabolic process (Delanty et al., 1998). 

Another study from France (Helms et al., 2020) showed that 84% of 

patients with ARDS and COVID-19 presented with neurological signs 
such as agitation (69%), corticospinal tract signs (67%) and dysex-
ecutive syndrome with inattention, disorientation, or poorly organized 
movements in response to command (36%). MRI of the brain was per-
formed in 13 of the 54 patients reported in the study. Notably, these 
patients did not have any focal signs suggestive for stroke, although 23% 
had an underlying ischemic stroke, 62% had leptomeningeal enhance-
ment, and all the patients who underwent perfusion imaging (11; 100%) 
had bilateral frontotemporal hypoperfusion. A small proportion of the 
patients (8 out of 54) had an EEG that showed non-specific changes or 
bilateral frontal slowing; and a smaller proportion (7) had CSF studies 
showing no cells or other signs of infection as well as negative RT-PCR 
assays for SARS-CoV-2 in all the samples. It is unclear which patients 
underwent CSF analysis. Unfortunately, this report lacks a detailed 
description of the patients and their workup, and it is possible that some 
of them, particularly those with focal neurological symptoms and lep-
tomeningeal enhancement on MRI, were experiencing a viral involve-
ment of the CNS. 

4.4. Acute myelitis 

Acute myelitis is a known complication of viral infections, mainly 
attributed as an autoimmune response, although it could also be an early 
manifestation of other neuro-immunological disorders such as multiple 
sclerosis and neuromyelitis optica spectrum disorders. Little is known 
about association between SARS-CoV-2 and acute myelitis. Up to date, 7 
cases of acute myelitis, alone (4 cases) or combined with brain 
involvement (3 cases), have been reported in relation to COVID-19 
(AlKetbi et al., 2020, Munz et al., 2020, Novi et al., 2020, Sarma and 
Bilello, 2020, Valiuddin et al., 2020, Wong, Craik, 2020a, Zanin, Sar-
aceno, 2020). Six patients (28–64 years age range, 57.1% female) var-
iably had symptoms of COVID-19 (fever, dyspnea, malaise, chills, and 
rhinorrhea) 25 to 2 days prior the onset of neurologic symptoms of 
myelitis (Table 3). SARS-CoV-2 rRT-PCR were checked in the CSF of 5 
patients and all were negative. Overall, the functional outcome was 
favorable in 6 (85.7%) patients after treatment with either steroids or 
plasmapheresis. Additionally, a recent case report from Spain (Sotoca 
and Rodríguez-Álvarez, 2020) has presented a 68 years old woman who 
developed a 7-day radicular neck pain, right facial numbness, left hand 
numbness and weakness, gait instability, and general hyperreflexia. She 
had fever and cough 8 days prior these symptoms. The cervical spine 
demonstrated a T-2 hyperintensity extending from the medulla oblon-
gata to C7, suggestive of acute transverse myelitis. She had negative 
blood testing for anti-antiaquaporin-4 (AQ4), − myelin oligodendrocyte 
glycoprotein (MOG), and antiphospholipid antibodies, but had elevated 
protein level and pleocytosis in the CSF study with no oligoclonal band, 
normal IgG index, no anti-neuronal surface antibody, and negative 
SARS-CoV-2 PCR. However, nasopharyngeal swab for SARS-CoV-2 rRT- 
PCR was positive. She was treated with 5-day methylprednisolone (1 g/ 
day). Few days later her symptoms worsened, and she developed 
bladder/bowel incontinence, bilateral hands weakness and paresthesia, 
and paraparesis. The repeated spinal MRI showed a new area of central 
necrosis at the T1 level with peripheral enhancement. This case was 
indeed the first case of acute necrotizing myelitis in association with 
COVID-19. She was additionally treated with plasmapheresis and 5-day 
methylprednisolone (1 g/day) followed by slow tapering oral predni-
sone with favorable outcome after 4 weeks. The exact underlying 
mechanism in acute necrotizing myelitis is still elusive; however, a post- 
viral triggered autoimmune cytokine storm has been suggested (Kan-
sagra and Gallentine, 2011). Thus, this may imply in the case of SARS- 
CoV-2, especially with observed clinical improvement after steroid 
and plasmapheresis therapy. 

5. Psychiatric manifestations 

There is growing evidence about psychiatric manifestations as 
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potential complication of SARS-CoV-2 infection. Accordingly, a world-
wide exacerbation of mental health disorders during the pandemic has 
been reported, which includes but not limited to delirium, cognitive 
impairment, mood alterations, psychosis and suicide (Orsini et al., 
2020). More in details, delirium has been noticed more in 90% of 
COVID-19 patients whose conditions require ICU level of care versus 
70–75% rates documented in the past (Kotfis et al., 2020). Cognitive 
dysfunctions have been reported to be possibly a direct consequence of 
COVID-19 infection to the CNS, and in particular to the hippocampus, 
which appears to be vulnerable to coronaviruses infections, with 
possible acceleration of hippocampal degeneration as occurs in Alz-
heimer’s disease (Ritchie et al., 2020). Cognitive impairment can be also 
a consequence of acute respiratory syndrome and relative hypoxia 
which have been associated to cerebral atrophy and ventricular 
enlargement (Hopkins et al., 2006) and worsening attention, executive 
functions and verbal memory (Hopkins et al., 2005). Anxiety, depres-
sion, post-traumatic stress disorder, insomnia and obsessive-compulsive 
symptomatology appear to be very common in COVID-19 survivors, 
particularly in females, and with worsened scores on psychopathological 
measures in those with previous psychiatric comorbidities (Mazza et al., 
2020). A recent study (Brown et al., 2020) reports an incidence of psy-
chosis in infected patients between 0.9% and 4% versus a median value 
of 15.2 (7.7–43.0) per 100,000 previously described (McGrath et al., 
2004). Increased rates of suicide have been also reported, with possible 
contributing factors found in the social isolation/distancing, economic 
recession and social discrimination (Thakur and Jain, 2020). 

It is unclear whether the above psychiatric symptoms are a direct 
consequence of the CNS viral infection (i.e. viral meningoencephalitis), 
cerebrovascular accidents, hypoxia, and the immunological and in-
flammatory responses, which may play important roles in major 
depressive disorder (Ghasemi et al., 2019; Wohleb et al., 2016) and 
psychosis (Ferrando et al., 2020), or whether they are related to 
increased psychosocial stress of this severe and potentially fatal disease 
and difficulties accessing to health care related to the pandemic infec-
tion (Zhou and Yao, 2020). This has been posing increased challenges in 
the treatment of infected patients, especially those in the ICU, requiring 
accurate multidisciplinary approaches and early interventions to 
decrease overall morbidity and mortality (Ojeahere et al., 2020). 

6. Therapeutic strategies 

As described in above sections, several treatment approaches have 
been used to treat manifestations or consequences of the SARS-CoV-2 −
related nervous system injury, such as IVIG for GBS and skeletal muscle 
injury, IV/oral steroids and plasmapheresis for autoimmune encephali-
tis and acute myelitis, and AEDs for seizures. With regards to medica-
tions aimed to modulate the immune response to viral infection and to 
induce viral clearance, antimalarial drugs (e.g. hydroxychloroquine), 
dexamethasone, RNA-dependent RNA polymerase inhibitors (e.g. 
remdesivir), HIV-1 protease inhibitors (lopinavir/ritonavir), and bio-
logical agents like tocilizumab, interferons and convalescent plasma 
have shown some beneficial effects (Chibber et al., 2020). Among these, 
the FDA granted Emergency Use Authorization for remdesivir as an 
emergency medication for severely ill hospitalized adult and pediatric 
patients with proved or suspected SARS-CoV-2 infection (Lamb, 2020). 
This drug, which has a broad-spectrum antiviral activity against several 
RNA viruses, can inhibit SARS-CoV-2 replication, alleviate symptoms, 
fasten the recovery rate, and reduce mortality rate (Frediansyah et al., 
2020). More in details, the final report of the Adaptive Covid-19 
Treatment Trial (ACTT-1), a double-blind randomized placebo- 
controlled trial of intravenous remdesivir in affected adults with evi-
dence of lower respiratory tract infection, showed a median recovery 
time of 10 days (95% confidence interval [CI], 9 to 11) versus 15 days 
(95% CI, 13 to 18) in those in the placebo group. Mortality estimates by 
day 15 were 6.7% with remdesivir versus 11.9% with placebo and those 
by day 29 were 11.4% with remdesivir and 15.2% with placebo 

(Paladugu and Donato, 2020). Given the lack of head to head compar-
ison, it is unclear if remdesivir offers a superior benefit over dexa-
methasone, which is widely available and less expensive (McCreary and 
Angus, 2020). The Randomized Evaluation of Covid-19 Therapy (RE-
COVERY) trial has shown that dexamethasone resulted in lower 28-day 
mortality in COVID-19 patients receiving either invasive mechanical 
ventilation or oxygen alone at randomization but not in those receiving 
no respiratory support (Horby et al., 2020). The authors of the ACTT-1 
trial also adjusted the data for glucocorticoid use suggesting that the 
benefit of dexamethasone may be additive to that of remdesivir (Beigel 
et al., 2020). However, it is still unclear whether remdesivir or dexa-
methasone have beneficial effects on the neurological manifestation of 
COVID-19. 

With regards to possible therapeutic strategies aimed to ameliorate 
the neuronal damage mediated by COVID-19, high doses of melatonin 
seem promising in immunomodulation and reducing neuro-
inflammation, with no direct effect on viral replication or transcription. 
Melatonin seems to act via an anti-inflammatory, anti-oxidative and 
immune-enhancing mechanism with ability to restore the BBB hemo-
stasis (Romero et al., 2020). 

There are ongoing worldwide clinical trials for the development of a 
vaccine to prevent COVID-19, which is not currently available and that 
poses some challenges due to safety, efficacy, and long-lasting effects 
without further risks of re-infection, particularly in the elderly popula-
tion (Jamwal et al., 2020). The COVID-19 pandemic with its variety of 
manifestations, not only pulmonary or neurological, is an international 
public health emergency that requires efforts from all countries to 
develop effective drugs and vaccines as early as possible. 

7. Conclusion 

Evolving data indicates that patients with COVID-19 may variably 
develop neurologic manifestations prior, during and even after the onset 
of common COVID-19 symptoms. The commonly reported neurological 
symptoms and signs include dizziness, headache, myalgia, fatigue, 
impaired consciousness and confusion, ageusia, anosmia, neuropathic or 
radicular pain, occipital neuralgia, visual impairment, seizure, and 
ataxia. Based on a growing number of case reports and series, both the 
CNS, PNS and skeletal muscles can be involved in COVID-19 presenting 
with a variety of neuroimmunological conditions including GBSs, 
myopathy and rhabdomyolysis, encephalopathy, meningoencephalitis, 
encephalomyelitis, and acute myelitis. The exact etiology of these 
complications remains to be fully elucidated. However, suggested 
mechanisms are direct SARS-CoV-2 infection to the nervous system, 
neuroinflammation, post-viral triggered autoimmune response, hyper-
coagulability, and metabolic or hypoxic injury. In general, therapeutic 
strategies for COVID-19 are based on three main directions: (i) targeting 
SARS-CoV-2 with antivirals, neutralizing antibodies or convalescent 
plasma therapy, (ii) targeting inflammatory storm using immunomod-
ulatory medications and cytokine inhibitors, and (iii) developing vac-
cines to prevent the disease manifestation (for comprehensive review 
see (Vabret et al., 2020)). However, it is still too early to find out 
whether even with successful treatment of the active infection, post-viral 
triggered autoimmune neurological complications of COVID-19 (e.g. 
GBS, myositis, CNS demyelination, and myelitis) will be also lowered in 
frequency and/or severity. Additional studies are clearly needed to 
address this issue. 
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