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Introduction

An important medical axiom is that the host’s immune 
response to the pathogen often determines the clinical outcome 
more than the pathogen itself-especially for viral illnesses. The 
immune system is tasked with distinguishing self from foreign 
antigens then mounting a proportionate response to would-be 
invaders such as bacteria and viruses. A novel virus officially 
known as severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has resulted in a worldwide pandemic of a disease 
designated as coronavirus disease or COVID-19; the term that 
will be used in this manuscript [1]. Coronaviruses are enveloped 
RNA viruses found in mammals and birds [2]. One source opined 
that they originated from a common ancestor that affected bats 
[3]. A more recent publication bolstered this hypothesis in that a 
phylogenetic analysis indicated that SARS-CoV-2 is similar to the 
coronavirus circulating in Rhinolophus (horseshoe bats) [4] Given 
the findings of these genomic investigations and the presence of 
some bats and live animals in the seafood market in Wuhan, China, 
it has been hypothesized that COVID-19 may have originated from 
bats or their guano associated with contaminated materials in a 
wet market or its environs [5,6]. This current global pandemic 
has resulted in nearly 1,092,815 infections and over 64,283 
deaths in the United States including the 50 states, District of 
Columbia, Guam, the Northern Mariana Islands, Puerto Rico, and  

 
the U.S Virgin Islands as of May 3, 2020; numbers that are likely to 
increase [7]. Globally, as of that date, 3.6 million confirmed cases 
were reported with over 247,705 deaths representing a mortality 
rate of approximately 7% [8]. However, worldwide mortality rates 
have a wide range from 0.2% reported in Bahrain to 21.4% in 
Nicaragua [9]. While usually presenting as a respiratory infection, 
COVID-19 can lead to a variety of complications including acute 
respiratory failure, pneumonia, Acute Respiratory Distress 
Syndrome (ARDS), acute organ damage (liver, kidney and cardiac), 
septic shock, Disseminated Intravascular Coagulation (DIC), 
thrombosis and rhabdomyolysis[10]. Presenting neurological 
symptoms, comprising 23% of patients in one report, were non-
specific myalgias and headaches [11]. In a retrospective review 
of 214 patients diagnosed with COVID-19, Mao et al reported 
anosmia in 11 people (5.1%) patients and ageusia in 12 (5.6%) 
[12]. Other neurological manifestations, which tend to be 
significantly more prevalent with severe disease, include acute 
cerebrovascular disease (0.8 % in non-severe infections, 5.7% in 
severe), impaired consciousness (2.4% in non-severe and 14.% in 
severe), and skeletal muscle injury (4.8% in non-severe infections, 
19.3% in severe)[13]. Another publication summarized the 
neurological complications of COVID-19 to include headache, 
dizziness, myalgia and anosmia, as well as cases of encephalopathy, 
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encephalitis, necrotizing hemorrhagic encephalopathy, stroke, 
epileptic seizures, rhabdomyolysis and Guillain-Barré syndrome 
[14]. Thus, it is likely that other neurological complications 
may arise through the pathophysiology of one or more of the 
following; molecular mimicry, hypercoagulability, and cytokine 
storm. This review article will summarize the currently known 
neurological complications and speculate on additional potential 
complications of this evolving pandemic.

Methods

The keywords neurological complications, hypercoagulability, 
molecular mimicry, COVID-19, coronavirus, cytokine storm, 
stroke and Guillain-Barré were used for a database review. The 
databases queried included Medline, PubMed, Ovid, MedlinePlus, 
and Google Scholar. These resources were utilized to assesses 
major complications of COVID-19 to include hypercoagulability, 
molecular mimicry, and cytokine storm.

Hypercoagulability

Viral infections are associated with all aspects of coagulation 
disorders including primary hemostasis, coagulation and 
fibrinolysis leading to complications including thrombosis, 
disseminated intravascular coagulation and hemorrhage 
singularly or in combination [15]. A small case series of COVID-19 
associated hypercoagulability resulting in widespread thrombosis 
including limb ischemia and multiple territory cerebral infarction 
was reported [16]. A subsequent publication reported that a 
seven-fold increase in acute, large vessel strokes were observed 
in young adults affected with COVID-19 [17, 18]. Coagulopathy 
and vascular endothelial dysfunction have been hypothesized 
to be the responsible mechanisms [19]. Given the association of 
increased arterial and venous hypercoagulability with COVID-19, 
a consensus statement was published that provided guidelines 
for the treatment of these disorders but did not make evidence-
based recommendations specific to COVID-19 [20]. In the absence 
of prospective trials to guide therapy, the authors recommend 
using current standards of care with a lower threshold for 
antithrombotic and anticoagulant therapies.

Molecular Mimicry

Molecular mimicry occurs when peptides from pathogens 
share a sequence or structural similarities with self-antigens [21]. 
Several autoimmune diseases have been postulated to occur from 
molecular mimicry including the Guillain-Barré syndrome, chronic 
inflammatory demyelinating polyradiculoneuropathy [CIDP] 
neuromyelitis optica spectrum disorder and multiple sclerosis 
[22-25]. Perez noted that coronaviruses, including COVID-19, have 
neuroinvasive potential such that encephalitis as well as post-
infectious, immune-mediated complications in the convalescent 
period might ensue [26]. Other authors prognosticated that 
COVID-19 induced multiorgan dysfunction with encephalopathy, 
with or without encephalitis, might engender diverse types of 

neuropsychiatric symptoms, such as encephalopathy, mood 
changes, psychosis, neuromuscular dysfunction, or demyelinating 
processes [27]. However, a recent review did not find evidence 
to support an increased incidence of COVID-19 associated 
autoimmune disorders [28]. Nonetheless, sporadic associations 
have been reported including one case of a COVID-19 associated 
acute motor axonal neuropathy presentation of the Guillain-Barré 
syndrome [29]. A subsequent publication reported two Guillain-
Barré variants associated with COVID-19 including Miller Fisher 
syndrome and polyneuritis cranialis [30]. Other neuromuscular 
disorders associated with COVID-19 were summarized in a recent 
review, which also made treatment recommendations based 
upon available literature [31]. A similar publication regarding the 
treatment of multiple sclerosis during the COVID-19 epidemic 
suggested that it was safe to initiate treatment with interferon 
beta and glatiramer acetate, and that is was “perhaps safe to 
start teriflunomide and dimethyl fumarate in children and young 
adults who are otherwise healthy”[32]. These authors further 
recommend starting or switching to natalizumab in patients with 
more severe disease rather than using alemtuzumab, cladribine or 
ocrelizumab, “… because the risk of systemic immunosuppression 
is lower and prolonged lymphocyte depletion does not occur” 
and concluded with a statement that a risk to benefit assessment 
should be conducted for other agents [33]. Moreover, these authors 
further stated that disease modifying therapy could generally be 
continued but that corticosteroids for acute exacerbations be 
used more judiciously. Notwithstanding these observations and 
recommendations, the COVID-19 pandemic has not resulted in 
a statistically significant increase in either peripheral or central 
nervous system demyelinating diseases.

Cytokine Storm

Cytokine storm is the deadly uncontrolled systemic 
inflammatory response resulting from the release of large 
amounts of pro-inflammatory cytokines (IFN-α, IFN-γ, IL-1β, IL-
6, IL-12, IL-18, IL-33, TNF-α, TGFβ, etc.) and chemokines (CCL2, 
CCL3, CCL5, CXCL8, CXCL9, CXCL10, etc.) by immune effector cells 
in SARS-CoV infection [34]. Primary infection is first countered by 
the innate immune system that has no immunological memory 
followed by recruitment of the adaptive immune system capable 
of distinguishing foreign from autoantigens [35]. With any viral 
infection, including COVID-19, excessive viral replication leads to 
cell death enabling the release of viral particles, which may incite 
an immune response. Infection of monocytes/macrophages and/
or recruitment of uninfected immune cells can result in massive 
inflammatory responses later in the disease characterized by 
uncontrolled production of pro-inflammatory mediators which 
may induce a cytokine storm and its complications including 
ARDS [36]. This is a complex process in which there is an excessive 
immune response to external stimuli and has been linked to rapid 
clinical deterioration in patients infected with COVID-19 resulting 
in acute respiratory distress syndrome [ARDS] and multiorgan 
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failure [37]. These authors noted that most of the affected patients 
had mild symptoms on presentation but would have an abrupt 
deterioration including during the recovery phase of the illness. 
Optimal treatment of cytokine storm has yet to be determined 
although one publication recommended consideration of the 
following: steroids, intravenous immunoglobulin, selective 
cytokine blockade (e.g. anakinra or tocilizumab) [38]. These 
authors recommended assessing for a subgroup of COVID-19 
infected patients with hyperinflammation using laboratory trends 
(e.g. increasing ferritin, decreasing platelet counts, or erythrocyte 
sedimentation rate) and a scoring system originally designed 
to detect Secondary Hemophagocytic Lymphohistiocytosis 
(sHLH); a hyperinflammatory syndrome characterized by a 
fulminant and fatal hypercytokinemia with multiorgan failure 
[39]. Those COVID-19 affected patients with evidence of an 
incipient cytokine storm should be considered for treatment with 
immunomodulatory agents.

Reducing the Probability of Neurological Complica-
tions

The probability of encountering neurological complications 
is predicated upon reducing the probability of initial COVID-19 
infection, methods designed to attenuate viral replication, and 
immunomodulatory treatments. Given the paucity of prospective 
randomized trials, expert opinion based on past experiences 
currently guides treatment recommendations. Reducing person-
to-person transmission by social distancing, proper hygiene 
and the use of facemasks has been advocated [40]. Numerous 
treatments for those infected with COVID-19 have been proposed 
such that the National Institute of Health [NIH] recently published 
treatment guidelines for COVID-19 infection [41]. NIH stated 
that no medication has been proven safe and effective for the 
treatment of COVID-19 and that testing within the context of a 
clinical trial is recommended. NIH further recommended that 
patients who were previously prescribed antihypertensive agents, 
statins and corticosteroids should continue these medications but 
they should not be given de novo save for the possible role of low 
dose corticosteroids in “refractory shock” and in specific cases 
of preterm birth. Subsequent to this, preliminary results from a 
trial sponsored by the National Institute for Allergy and Infectious 
Diseases (NIAID), hospitalized patients with advanced COVID-19 
treated with remdesivir had a 31% faster time to recovery than 
those who received placebo (p<0.001). Specifically, the median 
time to recovery was 11 days for patients treated with remdesivir 
compared with 15 days for those who received placebo. Results 
also suggested a survival benefit, with a mortality rate of 8.0% 
for the group receiving remdesivir versus 11.6% for the placebo 
group (p=0.059) although the latter did not achieve statistical 
significance [42]. The results of this study prompted the Food 
and Drug administration to authorize remdesivir for emergency 
use in patients with suspected or laboratory confirmed COVID-19 
and severe disease defined as SpO2 ≤ 94% on room air, requiring 

supplemental oxygen, mechanical ventilation, or extracorporeal 
membrane oxygenation (ECMO) [43]. However, a contemporary 
study published in the Lancet found no statistically significant 
benefit from remdesivir [44]. In the absence of specific evidence 
based recommendations, clinicians are advised to address 
individual patients based on currently available treatment 
guidelines for patient’s diseases that exist concurrently with a 
supervening COVID-19 infection.

Conclusion

COVID-19 is a novel disease that results from an infection 
with a coronavirus, an enveloped RNA virus that likely originated 
in bats. The primary infection is transmitted from person to 
person as an upper respiratory infection resulting in a continuum 
of clinical illness ranging from an asymptomatic carrier state 
to a hyperinflammatory immune dysregulatory state resulting 
in a cytokine storm leading to complications including ARDS 
to multiorgan failure. Notwithstanding, the evolving medical 
literature has not seen a significant increase in neurological 
complications aside from reports of an increased risk of stroke 
and the encephalopathy that often accompanies multiorgan 
dysfunction and systemic inflammation. Although no specific 
treatment has been found to be effective for COVID-19, the FDA 
has approved the use of remdesivir in critically ill patients. 
Providers who encounter neurological comorbidities in COVID-19 
infected patients should treat these illnesses in accordance with 
current evidence-based medicine guidelines.
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