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Educational Objetives

• To understand  the central and peripheral nervous system 
pathophysiology of Covid-19 infection

• To understand the main acute manifestations and 
complications of Covid-19

• To understand the neurologic complications of the Post-Covid 
Syndrome (Long Covid)  
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1. SARS-CoV-2 Virus



CORONAVIRUS 

• According to Henry , the name “coronavirus,” from 
the Latin corona(crown), was coined in 1967 by June 
Almeida  based on ultrastructural images resembling 
the solar corona that she obtained of human cold 
viruses and the avian infectiou bronchitis virus 
enteric diseases  

• J.D.Almeida, D.A.Tyrrell. J.Gen.Virol.1(1967)175–178.



CORONAVIRUS: Original Contribution

• J.D.Almeida, D.A.Tyrrell. J.Gen.Virol.1(1967)175–178.



CORONAVIRUS

• The coronaviruses (CoV) are members of the 
Coronavirinae sub-family. The Torovirinae plus the 
coronaviruses comprise the Coronaviridae family in 
the order Nidovirales 

• Cui et al. Nat.Rev.Microbiol.17(2019)181–192.



COV

• CoVs are classified in four different genera: alpha, 
beta, gamma, an delta-CoV according to their 
phylogenetic links and genomic structures. The 
Coronaviridae members MERS-CoV, SARS-CoV-1, and 
SARS-CoV-2 all belong to the beta-coronavirus(β-
CoV)genus and share highly homologous genomic 
sequences 



Clasification



Genomic Organization



Replication Mechanism



SARS-CoV-2 Structure



CORONAVIRUS ORIGEN

» Cui et al. Nat.Rev.Microbiol.17(2019)181–192.



2. Pathophysiology



Immune Response



Cytokine release syndrome



Metabolic Syndrome y la eNOS

• Metabolic Syndrome: Visceral adiposity, Insulin 
resistance and  Endothelial dysfunction 

• Huang et al Stem Cells Dev. 2010 Oct;19(10):1617-26. 





Endothelial dysfunction 
• Endothelial dysfunction represents a reduction on 

the nitric oxide-dependent-vascular dilatation and 
can be described as an imbalance between 
vasodilatation and vasoconstriction produced by the 
endothelium and predict disease with family history 
of essential hypertension or risk factors for 
atherosclerosis 

Moncada S, Higgs A, New England Journal of Medicine 1993;329:2002–2012.

Moncada S, Higgs EA. Handbook of Experimental Pharmacology. 2006; (176 Pt 1):213- 254.

Moncada S, Higgs EA.  British Journal of Pharmacology. 2006;147 (Suppl 1):S193-201.



O2 Endothelial Cells and

 H2O2 Vascular Smooth Muscle

Oxidative Stress: Endothelial 
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Nitric Oxide

• Nitric oxide (NO) has a fundamental role in 
neurovascular homeostasis. In endothelial cells, NO 
regulates vascular tone, platelet aggregation, 
leukocyte adhesion, and endothelial junctional
permeability.

Moncada S, Higgs EA. Handbook of Experimental Pharmacology. 2006; (176 Pt 1):213- 254.

Moncada S, Higgs EA. British Journal of Pharmacology. 2006;147 (Suppl 1):S193-201.



EDRF (Endothelial-derived relaxing factor)

• Furchgott and Zawadski Nature 1980:288:373-376



EDRF and Nitric Oxide (1987)

• Palmer, Ferrige, Moncada Nature 1987;327:524-526



Neuropathophysiology 

Illness from SARS-CoV-2 can provoke states that 
increase risk of neurological disease. The 
pathophysiology of the various neurological 
manifestations of COVID-19 is currently unknown

Wu, Brain Behav Immun, 2020

Roman et al JNS, 2020



Pathogenesis

Neurological associations of COVID-19

Mark A Ellul et al.Lancet Neurology

DOI: 10.1016/S1474-4422(20)30221-0



Anosmia and Probable cell targets: Respiratory 
epithelium, Olfatory epithelium and Olfatory bulb



Pathophysiology

• 6. Endotheliopathy (endothelitis)

• 7. Prothrombotic state /Embolism

Roman et al JNS, 2020



Pathophysiology

1. Direct viral invasion of the nervous system

2. Autoimmune sequelae

3. Hypoxia-mediated injury

4. Sequelae of the systemic proinflammatory state

5. Theoretical possibility of blood-brain barrier
disruption secondary to SARS-CoV-2 binding to 
angiotensin-converting enzyme 2 (ACE2)

Roman et al JNS, 2020



Angiotensin-Coverting Enzyme 
expression in the Brain



Cerebral Endothelium (BHE)

• Chow BW, Gu C. The Molecular Constituents of the Blood-Brain Barrier. Trends in Neurosciences 2015; 38:598-608.



3. Acute Manifestations and 
Complications of Covid-19



Incidence

• Neurologic manifestations may occur in 
36.4%-69% of hospitalized COVID-19 patients

Mao, JAMA Neurology, 2020

Helms, NEJM, 2020. 



Acute neurologic manifestations 

1. Delirium, confusion, or executive dysfunction
(Helms, NEJM, 2020).

2. Smell or taste abnormalities (5-98%)

3.  Headache (6.5-71%,)

4. Corticospinal tract signs (67%) (Helms, NEJM, 
2020)

5. Dizziness (16.8%) (Mao, JAMA Neurology, 2020)
https://covidprotocols.org/protocols/neurology/



Acute neurologic complications

6. Stroke (2.5-5%) 

7. GBS, Miller Fisher syndrome

8. Encephalitis, acute necrotizing encephalopathy, 
myelitis, CNS demyelinating lesions

https://covidprotocols.org/protocols/neurology/



Acute Neurologic Manifestations

• Roman et al. Journal of the Neurological Sciences 2020



Cerebro vascular disease and 
Frontotemporal hypoperfusion

• Roman et al. Journal of the Neurological Sciences 2020



Thrombosis, Subarachnoid Hemorrhage and Acute Hemorrhagic 
Necrotizing Encephalopathy

• Roman et al. Journal of the Neurological Sciences 2020



Neurologic Complications

Roman et al. Journal of the Neurological Sciences 2020



Neurologic Complications 

• Roman et al. Journal of the Neurological Sciences 2020



Neurologic Complicactions

Roman et al. Journal of the Neurological Sciences 2020



Encephalitis COVID 19

Ellul et al. Lancet Neurol 2020DOI:https://doi.org/10.1016/S1474-4422(20)30221-0



Acute Necrotizing encephalitis COVID 
19



COVID 19 Stroke 



4. Neurologic manifestations of the 
Long Covid Syndrome

• Post-Covid Fatigue Syndrome (63%) and Mild 
cognitive impairment 



Post-Covid Fatigue Syndrome and postural tremor (63 y/o 
Honduran male)



Post-Fatigue Covid Syndrome and Mild 
Cognitive Impairment, a 43 y/o female



Conclusions

• 1. Several  neuropathologic mechanisms  are 
associated with the Covid-19 infections ( for 
example vascular damage, direct, para and post-
infection involvement)

• 2. The neurologic complications of Covid-19 are 
heterogeneus and have high incidence ( 30 to 69%)

• 3. Post-covid fatigue syndrome represents 63% of 
the Long Covid -19 manifestations. 


