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Introduction
• “Humanity has but 

three great enemies: 
fever, famine, and war; 
of these by far the 
greatest, by far the 
most terrible, is fever.”
Sir William Osler, 1896

Epidemiology for Neurologic 
Complications of COVID-19

• Neurologic complications are common in hospitalized COVID-19 patients.
• >80% of hospitalized COVID patients may have neurologic symptoms 

during the course of their disease.
• Myalgias, Headaches, Encephalopathy and Dizziness are most common, 

occurring in about a third of patients from China, Europe and the US 
studies below.

• Stroke, Movement Disorders, Motor and Sensory Deficits, Ataxia and Sz 
are less common.

• Critically ill patients have a higher proportion of neurologic complications 
that those with less severe illness. 
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Source: Orsucci, D et al., Neurological features of COVID-19 and their treatment: a review, Drugs in Context 2020; 9:2020-5-1.



10/30/21

4

Source: https://pubmed.ncbi.nlm.nih.gov/33446327/
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Source: https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-021-06185-6/figures/2

Source: https://bmcinfectdis.biomedcentral.com/track/pdf/10.1186/s12879-021-06185-6.pdf
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Source: 
https://bmcinfectdis.
biomedcentral.com/tr
ack/pdf/10.1186/s12
879-021-06185-6.pdf

Source: 
https://bmcinfectdis.bio
medcentral.com/track/p
df/10.1186/s12879-021-

06185-6.pdf
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Source: https://bmcinfectdis.biomedcentral.com/track/pdf/10.1186/s12879-021-06185-6.pdf
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The most common neurological 
symptoms in children included

• Headache (n = 12, 34 %)

• Fatigue or malaise (n = 9, 25 %), 

• Altered Mental Status (n = 8, 23 %), 

• Weakness (n = 5, 14 %), and 

• Seizure (n = 4, 11 %). 

• Of note, 3 patients presented with Cranial Nerve VI palsy and 

2 of these patients also had Intracranial Hypertension. 

• Only 2 patients reported Dysgeusia or Ageusia and only 1 

patient suffered from a Stroke. 

• It should be noted that the median patient age was 9 years

Source: https://www.spo-dz.com/wp-content/uploads/2021/01/Neurological-issues-in-children-with-COVID-19.pdf

Neuropathogenesis
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Source: https://www.frontiersin.org/files/Articles/565521/fimmu-11-565521-HTML/image_m/fimmu-11-565521-t001.jpg

Major entry routes taken by viruses to reach the CNS. The schematic is describing two major transmission routes taken by viruses to reach the 
CNS: hematogenous transmission route and olfactory neuronal transport route. Respiratory viruses may infect the lower respiratory tract and 

lung epithelia, which are in close contact with fine blood capillaries for oxygen transport. Viruses travel toward the basolateral side of lung 
epithelia, enter the bloodstream, and eventually infect monocytes/macrophages in blood capillaries. As a “Trojan Horse” route, these infected 

monocytes can travel to the CNS. In the olfactory neuronal transmission route, viruses travel from one neuron to another via synaptic endings by 
using cell motor proteins to ultimately reach the CNS.

Source: https://www.frontiersin.org/articles/10.3389/fimmu.2020.565521/full
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Source: 
https://www.patentdocs.org/202
1/01/going-from-bad-to-worse-

evidence-for-neuro-covid-
infections.html

Source: file:///C:/Users/George/Downloads/jamaneurology_zubair_2020_rv_200003_1596744508.28889.pdf
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Source: file:///C:/Users/George/Downloads/jamaneurology_zubair_2020_rv_200003_1596744508.28889.pdf

Source: file:///C:/Users/George/Downloads/jamaneurology_zubair_2020_rv_200003_1596744508.28889.pdf
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Source: 
https://pubmed.ncbi.nlm.nih.gov/32661794

/#&gid=article-figures&pid=fig-1-uid-0

Source: https://www.spo-dz.com/wp-content/uploads/2021/01/Neurological-issues-in-children-with-COVID-19.pdf
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Source: https://els-jbs-prod-cdn.jbs.elsevierhealth.com/cms/attachment/c18c261e-c3fe-43ae-9c44-
24993153b2e9/gr1.jpg

Neuropathogenesis

a) Neurologic Injury from Systemic Dysfunction
b) Renin-angiotensin System Dysfunction
c) Immune Dysfunction

a) Proinflammatory State
b) Para infectious and Pro infectious Triggers

d) Direct Viral Invasion of the Nervous System
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a) Neurologic Injury from Systemic 
Dysfunction

• Hypoxemia—encephalopathy
• Metabolic derangements due to organ failure

ØRenal Impairment
ØHepatic Impairment
ØMultiple Organ Failure

• Medication effects. 

b) Renin-Angiotensin System 
Dysfunction (RAS)

• Maladaptive activity of the RAS
• SARS-CoV-2 utilizes ACE2, a membrane-bound protein, as its 

point of entry into cells. 
– ACE2 functions to convert angiotensin II into angiotensin 

which as vasodilator, antiproliferative and antifibrotic 
properties.

• SARS-CoV-2 virus via ACE2 may damage vascular endothelial 
cells by inhibiting mitochondrial function and endothelial 
nitric oxide synthetase activity.
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c) Immune Dysfunction

• Proinflammatory State-critical ill patients may 
develop signs of severe systemic inflammation 
with cytokine release syndrome—causing 
fever, elevated inflammatory markers) and 
proinflammatory cytokines.
– Confusions and AMS
– Endotheliitis
– Thromboinflammation

• Para-infectious and Post-infectious Triggers

Para-infectious Conditions
• Anecdotal reports of other diseases and conditions that may be triggered by the 

immune system response to COVID-19 include para-infectious conditions that 
occur within days to a few weeks after infection:
Ø Multi-system inflammatory syndrome - which causes inflammation in the body's blood vessels
Ø Transverse myelitis - an inflammation of the spinal cord
Ø Guillain-Barré syndrome (sometimes known as acute polyradiculoneuritis) - a rare neurological 

disorder which can range from brief weakness to nearly devastating paralysis, leaving the person 
unable to breathe independently

Ø Dysautonomia - dysfunction of the autonomic nerve system, which is involved with functions such a 
breathing, heart rate, and temperature control

Ø Acute disseminating encephalomyelitis (ADEM) - an attack on the protective myelin covering of 
nerve fibers in the brain and spinal cord

Ø Acute necrotizing hemorrhagic encephalopathy - a rare type of brain disease that causes lesions in 
certain parts of the brain and bleeding (hemorrhage) that can cause tissue death (necrosis)

Ø Facial nerve palsies (lack of function of a facial nerve) such as Bell's Palsy
Ø Parkinson's disease-like symptoms have been reported in a few individuals who had no family history 

or early signs of the disease
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Source: https://worldneurologyonline.com/article/covid-19-a-neurologists-perspective/

d) Direct Viral Infection of COVID-
19 in the Nervous System 

• Some reports provide evidence for direct viral 
invasion of the nervous system. 

• In some postmortem case series, SARS-CoV-2 
was detected in most brain specimens, but 
these findings were unrelated to the severity 
of neuropathological findings. This suggests 
that neural injury may be due to a systemic 
inflammatory response triggered by the SARS-
CoV-2 virus rather than the infection itself.
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Source: https://onlinelibrary.wiley.com/doi/full/10.1002/ana.25807

Source:https://www.ninds.nih.gov/Current-Research/Coronavirus-and-NINDS/nervous-system
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Source: https://onlinelibrary.wiley.com/doi/epdf/10.1002/ana.25807

What are the immediate (acute) effects of 
SARS-CoV-2 and COVID-19 on the brain?

• Most people infected with SARS-CoV-2 virus will have no or mild to 
moderate symptoms associated with the brain or nervous system. 

• However, most individuals hospitalized due to the virus do have symptoms 
related to the brain or nervous system, most commonly including muscle 
aches, headaches, dizziness, and altered taste and smell.

• Some people with COVID-19 either initially have, or develop in the 
hospital, a dramatic state of confusion called delirium.

• Although rare, COVID-19 can cause seizures or major strokes.
• Muscular weakness, nerve injury, and pain syndromes are common in 

people who require intensive care during infections.
• There are also very rare reports of conditions that develop after SARS-CoV-

2 infection, as they sometimes do with other types of infections. These 
disorders of inflammation in the nervous system include Guillain-Barré 
syndrome (which affects nerves), transverse myelitis (which affects the 
spinal cord), and acute necrotizing leukoencephalopathy (which affects 
the brain).Source: https://www.ninds.nih.gov/Current-Research/Coronavirus-and-NINDS/nervous-
system#complications
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Other Acute Neurologic 
Manifestations with COVID-19

• Meningoencephalitis
• Rhomboencephalitis
• Acute Disseminated 

Encephalomyelitis 
(ADEM) and Acute 
Hemorrhagic 
Necrotizing 
Encephalopathy

• Multisystem 
Inflammatory Syndrome 
in Children

• Seizures and Status 
epilepticus

• Generalized Myoclonus
• Posterior Reversible 

Encephalopathy 
Syndrome (PRES)

Fatigue
• The most common persistent symptom weeks and months after COVID-19 

infection is fatigue.
• The fatigue is similar to what one experiences with many viral infections such as 

the flu. 
• The sense of fatigue can be brought on by both physical and mental activity. Some 

people are unable to return to work or school after COVID-19 due to fatigue, while 
others find it extremely difficult to accomplish their normal level of activity. 

• COVID-related complications such as depressed heart, lung, or kidney function, 
poor sleep, or muscle deconditioning are known to cause fatigue and affect the 
ability to exercise.

• Fatigue is very common in most inflammatory conditions. The cause(s) of fatigue in 
many of those suffering weeks and months after COVID-19 is not known.

• Post-exertional malaise (PEM) is a condition in which otherwise usual activities are 
followed by a period of very severe fatigue and sense of feeling sick.

• PEM can occur with a delay after the activity, but can last for days thereafter.
Source: https://www.ninds.nih.gov/Current-Research/Coronavirus-and-NINDS/nervous-
system#complications
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Headaches secondary to COVID-19
• Usually occur at the beginning of COVID-19 Infection.

• Usually last 3 to 5 days
• 70% of adults, 60% of children experience headaches

• About 15%, state that their only symptom with COVID-19 was headache
Source: https://www.medicalnewstoday.com/articles/covid-headache#is-it-a-symptom

• Be moderately to severely painful
• Feel ‘pulsing’, ‘pressing’ or ‘stabbing’
• Occur across both sides of the head (bilateral) rather than in one area

• Last for more than three days
• Be resistant to regular painkillers

• In some patients, the severe headache of COVID-19 only lasts a few days, 
while in others, it can last up to months. It is presenting mostly as a whole-
head, severe-pressure pain. It's different than migraine, which by 
definition is unilateral throbbing with sensitivity to light or sound, or 
nausea.

Source:https://headachejournal.onlinelibrary.wiley.com/doi/epdf/10.1111/head.14197 

https://www.medicalnewstoday.com/articles/covid-headache
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Source: https://headachejournal.onlinelibrary.wiley.com/doi/epdf/10.1111/head.14197

Encephalopathy

Risk factors for encephalopathy include the 
following: 

ØOlder age 
ØVision impairment 
ØHistory of Parkinson disease 
ØHistory of stroke 
ØPrior psychoactive medication use
Source: https://www.uptodate.com/contents/covid-19-neurologic-complications-and-management-of-
neurologic-conditions
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Source: https://www.ccjm.org/content/early/2020/08/20/ccjm.87a.ccc058 

Source: Orsucci D et al., Drugs in Context 2020; 9: 2020-5-1.
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Stroke-Risk Factors
• Most patients are older patients with vascular 

risk factors.
• Patients with a Hx of CVD, including stroke are 

at risk of worse outcomes due to COVID-19
• Traditional Risk Factors: 

ØHTN
ØHyperlipidemia
ØAtrial Fibrillation
ØDiabetes mellitus
ØObesity

Source: https://www.ccjm.org/content/early/2020/08/20/ccjm.87a.ccc058
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Source: https://www.ccjm.org/content/early/2020/08/20/ccjm.87a.ccc058

Source: https://www.ccjm.org/content/early/2020/08/20/ccjm.87a.ccc058
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Source: https://practicalneurology.com/articles/2021-jan/neuromuscular-medicine-covid-19

Source: https://practicalneurology.com/articles/2021-jan/neuromuscular-medicine-covid-19
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Source: https://www.ccjm.org/content/87/12/729

Source: https://www.ccjm.org/content/early/2020/08/20/ccjm.87a.ccc058
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Source: 
https://www.healio.com/news/ne

urology/20210915/covid19-
vaccine-exhibits-minimal-risk-for-

recurrent-guillainbarr-
syndrome?utm_source=selligent&
utm_medium=email&utm_campai
gn=news&M_BT=1969458496999
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Nerve Damage including Peripheral 
Neuropathy In COVID-19

• Motor 
• Sensory
• Autonomic

Focal and Multifocal Neuropathies 

secondary to COVID-19 infection

• Facial Nerve Palsy
• Ocular Motor Neuropathies
• Lower Cranial Neuropathy (vagus, accessory, 

and hypoglossal; Tapia syndrome-synchronous 
paresis/paralysis of the Vagus and Hypoglossal 
nerves)

• Multiple Cranial Neuropathies
• Neuralgic Amyotrophy
Source: https://www.uptodate.com/contents/covid-19-neurologic-complications-and-management-of-neurologic-

conditions?search=covid-19-neurologic-

complications&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
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Psoas Muscle Histopathology
Source: Joome Suh et al., Neurology 2021;97:e849-e858

Femoral Nerve Histopathology
Source: Joome Suh et al., Neurology 2021;97:e849-e858
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Source: https://www.ccjm.org/content/early/2020/08/20/ccjm.87a.ccc058

Prolonged/lingering loss of smell 
(anosmia) or taste

• Some people who have had COVID-19 may lose or experience a 

perturbation of their sense of taste or smell, or the sensation of flavor. 

• The loss of sense of taste or smell is characteristic of COVID-19 because 

the SARS-CoV-2 virus infects the tissue that forms the lining in the nose. 

• The virus has been found to target certain cells in the nose that support 

the nerve cells. Those nerve cells detect odors and send that information 

to the brain. Damage to these supporting cells can cause smell or taste 

loss that can continue for weeks or months as these cells repair 

themselves or are replaced by new cells. 

• During the recovery period some odors may smell different—even 

sometimes unpleasant or foul—than people remember prior to being 

infected.
Source: https://www.ninds.nih.gov/Current-Research/Coronavirus-and-NINDS/nervous-
system#complications
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Smell/Taste Dysfunction
• Smell and taste loss is highly prevalent in COVID-19 

of all levels of severity.
• Most patients recover fast, but one out of ten have not 

recovered in two months. 
• The recovery rates up to two months do not correlate 

with the COVID-19 and chemosensory loss severity.
• The time from chemosensory loss to recovery for the 

patients who recover is associated with the severity of 
impairment.

• Less severe hyposmia tends to resolve quicker.
Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7957474/

Source: Thomas Laurendon et al. Neurology 2020;95:224-225
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Source: https://www.ccjm.org/content/87/12/729

Cognitive Impairment/Altered 
Mental Status

• People with severe acute COVID-19 illness may develop 
confusion, delirium, and a depressed level of consciousness. 

• Those suffering from post-acute sequelae of COVID-19 
frequently have difficulty concentrating and memory 
problems, sometimes called “brain fog.” This impairment is a 
common symptom in those with severe fatigue of any cause. 

• A variety of immune, metabolic, or blood vessel abnormalities 
or drug effects can contribute to the dramatic effects on 
cognitive function in the acute infection. Whether these also 
underlie the problems experienced weeks or months after 
mild or moderate illness is not known.

Source: https://www.ninds.nih.gov/Current-Research/Coronavirus-and-NINDS/nervous-
system#complications
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Source: https://www.nature.com/articles/s41591-021-01283-z/figures/1
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Long-Haul COVID-19
Also known as the 
following:
• Long COVID
• Long-haul COVID
• Long-term COVID
• Post-COVID Syndrome
• Post-acute Sequelae of 

SARS-COV-2 Infection
• Post-COVID Conditions

What are possible long-term neurological 
complications of COVID-19?

Researchers are following some known acute effects of the virus 
to determine their relationship to the post-acute complications 
of COVID-19 infection. These post-acute effects usually include 
fatigue in combination with a series of other symptoms. These 
may include trouble with concentration and memory, sleep 
disorders, fluctuating heart rate and alternating sense of feeling 
hot or cold, cough, shortness of breath, problems with sleep, 
inability to exercise to previous normal levels, feeling sick for a 
day or two after exercising (post-exertional malaise), and pain in 
muscle, joints, and chest.#1
Headache is also a long-haul COVID symptom in some 
patients.#2
Source#1: https://www.ninds.nih.gov/Current-Research/Coronavirus-and-NINDS/nervous-system#complications
Source#2: Source: Sampaio Rocha- Filho PA, Voss L. Persistent headache and persistent anosmia associated with COVID- 19. 
Headache. 2020;60(8):1797- 1799.

https://www.ninds.nih.gov/Current-Research/Coronavirus-and-NINDS/nervous-system
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A prospective study of long-term outcomes among hospitalized 
COVID-19 patients with and without neurological complications

Results: 
• Of 606 COVID-19 patients with neurological complications, 395 

survived hospitalization and were matched to 395 controls; N = 196 
neurological patients and N = 186 controls completed follow-up. 

• Overall, 346/382 (91%) patients had at least one abnormal outcome: 
56% had limited ADLs (walking, feeding, dressing/grooming, 
toileting, bathing, transferring), 50% impaired cognition, 47% could 
not return to work and 62% scored worse than average on ≥1 
Neuro-QoL scale (worse anxiety 46%, sleep 38%, fatigue 36%, and 
depression 25%).

• In multivariable analysis, patients with neurological complications 
had worse 6-month mRS (median 4 vs. 3 among controls, adjusted 
OR 1.98, 95%CI 1.23–3.48, P = 0.02), worse ADLs (aOR 0.38, 
95%CI 0.29–0.74, P = 0.01) and were less likely to return to work 
than controls (41% versus 64%, P = 0.04). Cognitive and Neuro-
QOL metrics were similar between groups.

Source: https://www.jns-journal.com/article/S0022-510X(21)00180-5/fulltext

A prospective study of long-term outcomes among hospitalized COVID-19 patients with and without neurological complications

A prospective study of long-term outcomes 
among hospitalized COVID-19 patients with and 

without neurological complications

• Abnormalities in functional outcomes, ADLs, 
anxiety, depression and sleep occurred in over 
90% of patients 6-months after hospitalization 
for COVID-19.

• In multivariable analysis, patients with 
neurological complications during index 
hospitalization had significantly worse 6-
month functional outcomes than those 
without. Source: https://www.jns-journal.com/article/S0022-510X(21)00180-
5/fulltext
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Sleep Disturbances
• Some people with long-term neurological effects from the 

SARS-CoV-2 infection report having trouble falling asleep or 
staying asleep (insomnia), excessive daytime sleepiness 
(hypersomnia), unrefreshing sleep, and changes in sleep 
patterns. It may be difficult for some people to wake up and 
fall asleep at their regular times. Depression, anxiety, and 
post-traumatic stress disorder (PTSD) can negatively affect 
sleep. Sleep disorders can contribute to fatigue and cognitive 
troubles. Some people report an increase in pain, headache, 
and stress because of lack of sleep. Continued loss of sleep 
also negatively affects attention and mood.

Source: https://www.ninds.nih.gov/Current-Research/Coronavirus-and-NINDS/nervous-system#complications 

Does the COVID-19 Vaccine cause 
Neurological Problems?

• Almost everyone should get the COVID-19 vaccination. It will help protect you 
from getting COVID-19. The vaccines are safe and effective and cannot give you 
the disease. Most side effects of the vaccine may feel like flu and are temporary 
and go away within a day or two. In early vaccine development, there were 
extremely rare reports of unexplained neurological illness following COVID-19 
vaccination, but regulators found no evidence the vaccines caused the illness. The 
U.S. Food and Drug Administration (FDA) continues to investigate any report of 
adverse consequences of the vaccine and none have appeared as of yet. Consult 
your primary care doctor or specialist if you have concerns regarding any pre-
existing known allergic or other severe reactions and vaccine safety. Scientists are 
studying the risk to benefit ratio of the vaccine in someone who previously 
developed Guillain Barré syndrome after a vaccination. The general sense is the 
COVID-19 vaccine is safe in individuals whose Guillain-Barré syndrome was not 
associated with a previous vaccination.

• The U.S. Centers for Disease Control and Prevention (CDC) site offers information 
on vaccine resources. The National Institutes of Health (NIH) has information on 
vaccines for the coronavirus.

https://www.coronavirus.gov/
https://covid19.nih.gov/
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Prevention for COVID-19

• Wash your hands
• Wear facial masks
• Social Distancing
• Mitigate risk factors
• Utilization of Telemedicine where applicable 
• Vaccinations 

ØmRNAs (Pfizer and Moderna)
ØJohnson & Johnson vaccine

Key Points
• Human coronaviruses, including SARS-CoV-2 

can affect the nervous system.
• Neurologic complications include 

encephalopathy, neuromuscular disorders, 
and acute cerebrovascular disorders.

• Postinfectious demyelination, encephalitis and 
Sz are likely underreported.

• Long-term neurological sequelae do occur.
Source: https://www.ccjm.org/content/87/12/729
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Source: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428451/
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