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Disclosures

None



Attempts at 
Defining 
Long-COVID
(Diagnostic criteria)

Long-COVID:   
    
      Patients

PASC (Post-acute sequelae of COVID-
19)    
      National Institutes of Health 

Post-COVID-19   
                                                   

      World Health Organization



WHO definition of Post-COVID-19

The continuation or development of new symptoms 3 months 

after the initial SARS-CoV-2 infection, with these symptoms 

lasting for at least 2 months with no other explanation.

Dec 7, 2022
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new symptoms



All adults in US All adults with prior COVID

All Long-COVID

MMWR Aug 2023 (CDC)



Balcom, et al., Brain 2021

Post-Intensive Care 
Syndrome



Neurologic Postacute Sequelae of SARS-CoV-2 Infection (Neuro-PASC)

Yair Mina et al. Neurol Neuroimmunol Neuroinflamm 2023;10:e200097



Bohelken et al., J Alzheimers Dis Rep 2022
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Reactivation of EBV in Long-COVID: Antibody responses to EBV

Klein et al., Nature 2023
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Images: McQuaid et al., 2021 DOI: 10.1186/s12987-021-00267-y; 
Brann et al., 2020 DOI:10.1126/sciadv.abc5801

13

Can the virus enter the brain through the olfactory pathways?

Images: Meinhardt et al., 2020 DOI:0.1038/s41593-020-00758-5

Virus infects Sustentacular cells



Research Gate 2021

     



Yao Q,----Egan JM. NEJM Evidence 2023

SARS-CoV-2 in taste papillae

Spike protein: green
Nucleocapsid: Red



Swank et al., CID 2022

Detection of Spike protein in blood of patients with PASC (Long-COVID): Restricted viral 
replication

60% positive with PASC 
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Diffuse microglial cell activation in Long-COVID

Visser et al., Med Rxiv 2022 Fernandez-Castaneda et al., Cell, 2022



Perivascular fibrinogen leakage indicates vascular injury

Olfactory bulb

Lee et al., NEJM 2021; Brain 2022



NY4 midbrain



Lee et al. Brain 2022

Lee et al., NEJM 2021

50 µm

CD68: Macrophages GFAP: Astrocytes CD3 T cells CD61: Activated platelets 

Platelets are sticking to 
endothelial cells and 
forming clots

Perivascular activated 
macrophages

Perivascular activated 
astrocytes

Very few T cells and 
confined to the blood 
vessels

Microvascular disease





Control

COVID-19
Activation of endothelial cells 
(PECAM-1)

Deposition of complement

Deposition of IgG and IgM

Lee at al., Brain 2022

Antibody mediated complement dependent microvascular disease



Mina et al., 2023

Increased plasma B cells in Long-COVID



Anti-idiotypic 
antibody that mimics 
Spike protein

Antibody to spike protein
Spike protein

Brain endothelial cells





Loss of Purkinje cells in cerebellum
Control cerebellum COVID-19

Lee et al., Brain 
2022
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Vagus N
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Pre-Botzinger complex

Post-mortem MRI 
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100 micron sections

Neuronal Injury in 
Brainstem

Lee et al., NEJM 2021
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Lee et al., NEJM 2021 https://en.wikipedia.org/wiki/Central_hypov
entilation_syndrome

Ondine’s 
Curse



Can SARS-CoV-2 infection accelerate Brain 
atrophy and Alzheimier’s Disease pathology?



Douaud et al., 2022
COVID cases: 401
Controls: 384



• Reviewed 95 million health records in US
•  6.2 Million >65 yrs with medical 

encounters 2/2020-5/2021



Hospitalized patients with COVID

Fonterra et al., J Alz Dem 2022

TME=toxic 
metabolic 
encephalopathy



Ziff et al., J Neurochem 2021

MARKERS OF NEURONAL INJURY and ALZHEIMER’s DISEASE
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Acceleration of Amyloid fibril formation with Spike protein 
fragment

Cao et al., ACS Appl Mater Interfaces 2023

Spike 1058-68: HGVFLHVTYV



Pretangle and neuropil threads

50 µm

Neurofibrillary tangles 
and neuropil threads



Neuritic cluster



Symptomatic therapy
(assuming that other underlying causes have been excluded)

• Brain fog: Cognitive therapy
• Dysautonomia: Mineralocorticoids, compression stocking, IV fluids
• Sleep disruption: Sleep studies and treat accordingly
• Mood disorders: anxietolytic, anti-depressive agents
• Pain: Gabapentin; Nortryptiline
• Tinnitus: Hearing aids
• Fatigue: Pacing
• Functional disorders



Immunomodulatory therapy 
(Need Clinical Trials)

• Non-specific immunomodulatory agents
• Corticosteroids
• Intravenous Immunoglobulin
• Plasmapheresis

• Innate immune system
• IL-1, IL-6 and TNF-alpha antagonists
• JAK-STAT inhibitors
• BTX inhibitors

• Reversal of immune exhaustion
• Checkpoint inhibitors



Feb 2023

Prevention
with 
Vaccination



• Natural History Study

• Viral Reservoir Study (in development)

• Clinical Trial (placebo vs IVIG)

Clinical Protocols on Neuro-COVID at NIH



Conclusions

• Direct invasion of the brain by SARS-CoV-2 is rare and may not explain 
the neurological complications

• Neuroimmune dysfunction is driven by activation of innate immunity, 
immune exhaustion and antibody mediated phenomenon

• Clinical trials with immunotherapies could be considered in patients 
with Long-COVID
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