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Worldwide COVID-19 Cases >171 million 

Deaths Related to COVID-19 > 3.5 million

Vaccine Doses Administered > 1.9 billion 

https://coronavirus.jhu.edu/map.html; Data as of June 2 2021
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Critical Knowledge Gaps and Areas of Active 

Scientific Investigation Underlying Neurological 

Symptoms in COVID-19

Farhadian, Seilhean, and Spudich, Current Opinion in Neurology, 2021
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What are common neurological symptoms in 
hospitalized COVID-19?
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Moro E et al, Eur J Neurol 2020
Beghi E et al, Eur J Neurol 2021

Frontera J et al, Neurocrit Care 2020
McNett N et al, Neurocrit Care 2020

Cohort 
Descriptions

• Case ascertainment by a trained  

neurologist

• Consecutive patients with or without 

neurological manifestations over 

3mo. 

• Cases collected did not require a 

neurologist
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Acute encephalopathy (delirium) remains the most 

reported neurological sign, while meningitis, 

encephalitis and myelopathy are rare
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Slide Courtesy of Dr. Sherry Chou (first author)
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What is the hospital course for people with 
neurological disease and acute COVID-19?
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In the 226 patients with delirium, 37% lacked typical symptoms of 

fever or shortness of breath.
* Next most frequent neurological symptom

Delirium is a common presenting symptom in COVID-

19, underreported in hospitalized settings and 

associated with poor outcomes

Kennedy M et al JAMA Network Open 2020
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Delirium is a common presenting symptom in COVID-19, 

underreported in hospitalized settings and associated with 

mortality and rehab needs 

In a hospitalized COVID-19 dataset of 1985 patients, a natural language processing tool identified 1117 (57%) patients

who did not have a delirium ICD code but had other indicators suggesting a patient experienced delirium (e.g.,

medications related to delirium, restraints; verified by manual review). This highlights the low sensitivity of delirium ICD

codes relative to manual chart review. *unpublished data (Ge, Westover)

Modified Slide Courtesy of Dr. Sherry Chou, UPMC
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Acute ischemic stroke is infrequent in COVID-19, but 

when present is associated with negative outcomes

1.3% 1.0%

COVID + Stroke were more likely to have 
cerebral edema, intracerebral hemorrhage 
or MI compared to those without Stroke.
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Despite low prevalence of clinical seizures, electrographic 
abnormalities are common in COVID-19 and associated 

with poor outcomes 
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Summary
• Multiple studies estimate that neurological symptoms or clinical findings will 

occur in most patients hospitalized with COVID-19’

• The most common neurological sign in acute, hospitalized COVID-19 is 

delirium or encephalopathy

• The presence of neurological signs like delirium, stroke or seizures are 

associated with worse outcomes during the acute period (long-term / post-

hospital sequelae remain to be defined)

Take Away
• Low threshold for investigating neurological symptoms or signs in people 

hospitalized with COVID-19 and if present, anticipate increased rehab needs
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What are neuroradiographic findings in acute COVID-19?
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Slide Courtesy of Dr. Otto Rapalino, MGH 

Diffuse, confluent, symmetric white matter 

involvement is more commonly reported in people 

with severe COVID-19 than mild COVID-19 disease

Rapalino O,. et al. AJNR Am J Neuroradiol. 2021
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Microhemorrhages in Severe COVID-19

Conklin, John, et al. 2021

Radmanesh, Alireza, et al. Radiology 297.1 (2020); Agarwal, Shashank, et al. Stroke 51.9 (2020); Vattoth, Surjith, et al. The 

Neuroradiology Journal 33.5 (2020); Dixon, Luke, et al. Stroke and Vascular Neurology 5.4 (2020);Conklin, John, et al. Journal of 

the neurological sciences (2021)



www.mghcme.org

What are cerebrospinal fluid findings in acute COVID-19?
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CSF profile during acute COVID-19

Slide Courtesy of Dr. Shelli Farihadian, Yale 

Meta-analysis of 430 patients with COVID-
19 associated neurological symptoms

• CSF pleocytosis is uncommon during acute 

COVID-19 (~15%)

• SARS-CoV-2 RNA *rarely* found in CSF(~5%)

• note high CT values (low viral copy 

number)

• Increased CSF protein in 40%

• CSF antibodies to SARS-CoV-2 frequent 

(~72%), but the source of these Ab not clear
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Viral and immune profiling in CSF rarely identifies 

viral RNA after acute COVID-19, but potentially 

compartmentalized immune responses

Katie Holroyd, MD 
Erica Normandin, PhD
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Viral and immune profiling in CSF rarely identifies 

viral RNA after acute COVID-19, but potentially 

compartmentalized immune responses

Katie Holroyd, MD 
Erica Normandin, PhD

Song and Bartley et al, Cell Reports Medicine, In Press
Remsik et al Cancer Cell 2021
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CSF-derived monoclonal antibodies or autoantibodies are 
present in the CSF of some COVID-19 patients with 
neurological symptoms
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Mouse Brain Immunostaining with COVID-19 CSF

Mouse Brain Immunostaining with CSF-derived mAbs

Michael Wilson, MD 
Eric Song
Shelli Farihadian, MD

Sam Pleasure, MD PhD
Chris Bartley, MD PhD
Steve Kleinstein, PhD

Roy Jiang

Modified Slide Courtesy of Dr. Shelli Farihadian, Yale 
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Summary
• In severe or critically ill patients, MRI brain findings may show white matter 

disease and microhemorrhages

• CSF in acute COVID-19 does not show inflammation in the spinal fluid in 

most cases and does not consistently show viral nucleic acid.  Some people 

may have elevated CSF cytokines or antibodies (performed as part of 

research)

Take Away
• MRI brain imaging could be useful to understand sequelae in people with 

COVID-19, particularly those with severe or critical illness.  The utility for mild 

disease remains to be defined.

• No guidelines currently recommend testing for SARS-CoV-2 RNA in CSF 
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What are common neurological findings in non-
hospitalized COVID-19?
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• Patients with COVID-19 can present a sudden 
onset of anosmia without any other symptoms 
and can occur in the absence of nasal 
congestion (Dawson et al CID 2021; Leichien et 
al Annals 2020).

• Majority of people with anosmia were not 
hospitalized with acute COVID-19

• Before the onset of anosmia, often 
accompanied by dysguesia, other mild 
symptoms such as a dry cough and headache 
can also be present.  

COVID-19 and the Loss of Smell
Added to CDC Guidelines in April 2020

Headache and muscle pain are also on CDC guidelines for diagnostic testing

Modified Slide Courtesy of Dr. Mark Albers, MGH 
Leichien et al Annals of Internal Medicine 2020
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Smell Loss and Recovery in COVID-19

About a third recover function in 1-14 days
About a third recover function in 15-60 days
At 6 months, 5% had residual smell dysfunction 

Cooper et al Neuron 2020
Brann et al Science Advances 2020.

ACE2 and TMPRSS2 are expressed in support 
cells, not olfactory neurons
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Brain fog includes attention and working memory deficits 

and are common in people with persistent neurological 

symptoms after non-hospitalized COVID-19 infection

Overall
(n=100)

SARS-CoV-2+
(n=50)

SARS-CoV-2-
(n=50)

Age 43.2 (11.3) 43.7 (11.8) 42.6 (10.8)

Female Sex 70 (70) 33 (66) 37 (74)

White Race 88 (88) 44 (88) 44 (88)

Latinx 12 (12) 6 (12) 6 (12)

Testing in Clinic:
• ANA > 1:160: 11/33 (1/3 had preexisiting immune 

mediated disease)
• Abnormal MRI brain: 9/48 (majority were nonspecific 
white matter changes)
• EEG: no abnormalities in 5 patients 

No current FDA-approved therapies for 
cognitive impairment in COVID-19
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Thank you
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Slides not shown during the talk
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Incidence of Neurological Manifestations with 

COVID-19 in Hospitalized Settings 

(March - October 2020)

Pezzini, A. Lifting the mask on neurological manifestations of COVID-19. Nat Rev Neurol (2020)
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• History of ischemic stroke (10%)
• History of hemorrhagic stroke (2.0%)

• People with cerebrovascular disease were 
more likely to have tobacco use and higher 
burden of medical comorbidities

• Admission median D-dimer, troponin and PTT 
were higher in people with cerebrovascular 
disease than without (p <0.01)

• 1.6 [1.1-2.36] aOR of critical illness or death  
in people with a history of cerebrovascular 
disease than without

Mukerji, Das, Albasi et al Front. Neurol 2021

• 39/1128 (3.5%) people had a stroke after COVID-19 diagnosis of which 22/36 (56%) had a past history of cerebrovascular disease. 
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• Over a 45-day observation window, 
patients with cerebrovascular disease had a 
longer intubation time compared to 
patients without cerebrovascular disease

• ~4 days -5 days added time on mechanical 
ventilation
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