SINDROME
LONG COVID COMPLICANZE

NEUROLOGICHE




COMPLICANZE
NEUROLOGICHE

LO STATO DI ENDEMIA DI VARIANTI DEL COVID IL NUOVO COVID E LE CAMPAGNE DI
VACCINAZIONE INDEBOLISCONO IL NOSTRO SISTEMA IMMUNITARIO E SI FANNO
SEMPRE PIU’ PRESENTI E PERICOLOSE LE COMPLICANZE NEUROLOGICHE ANCHE UN
COVID LIEVE LASCIA PROBLMI NEUROLOGI




MODALITA’ DI INGRESSO DEL VIRUS NELLA
CELLULA



Host cell SARS-CoV-2
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MODALITA’ DI TRASMISSIONE DELLA
INFEZIONE DA CORONAVIRUS
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NEUROINVASIONE ED EMATOINVASIONE DEL
CORONAVIRUS



1) Neuroinvasive via
retrograde axonal transport

A Transcribrial neurcinvasive route

SARS-CoV-2 could reach the CNS
via cranial nerves:

ACE2 expression found in
olfactory bulb and olfactory
neuroepithelium

B Ocular surface route

The ccular surface is susceptible
to viral infections

2) Hematogenous
neurainvasive route

C Virus across the BBB

Fossible mechanism of
hematogenous roule:

ACEZ2 and TMPRSS2 axprassion
found in endothadian cells



LLO

—
4
|1

RV

—
L
.

!

T
11

T

—
Ly
|1

ANNI

AUTOPSIA POLMON.

BAMBNO DI 14



IMMAGINE DEI TIPI DI CELLULE COINVOLTE NEL
PROCESSO DI NEUROINFIAMMAZIONE






NEURONS AND NEUROGLIAL CELLS
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IMMAGINI DELLE CONSEGUENZE DELLA
NEUROINFIAMMAZIONE
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DIDASCALIA DELLE FIGURE PRECEDENTI

LA MICROGLIA REATTIVA (ROSSO)INDUCE UNA DISREGOLAZIONE CELLULARE CHE COLPISCE
NEURONI E OLIGODENDROCITI COME RIDUZIONE DEGLI OLIGODENDROCITI (BLU) E DEGLI ASSONI
MILEINIZZATI EVIDENZIANDO L'OMEOSTASI DELLA MIELINA (BLU) INTERROTTA

LA MICROGLIA REATTIVA PUO’ INDURRE UNA REATTIVITA’ NEUROTOSSICA DEGLI ASTROCITI .

GLI ASTROCITI REATTIVI NEUROTOSSSICI (VERDE) UCIDONO GLI OLIGODENDROCITI E | NEURONI (
LAVANDA )

VENGONO POTATE LE SINAPSI O ALTERARE LA ECCITABILITA’ NEURONALE

LE INTERLEUCHINE DERIVATE DALLA MICRIGLIA INFIAMMATA COMPROMETTONO LA
NEUROGENESI IPPOCAMPALE



TAC DELLA ENCEFALOPATIA ACUTA

NOTARE LA DIMINUZONE DELLA SOSTANZA GRIGIA
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IL PLESSO COROIDEO E’ LA PORTA DI
INGRESSO AL CERVELLO



PLESSO COROIDEO
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SOSTANZA BIANCA




MICROGLIA
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INVECCHIAMENTO CEREBRALE






NEUROINFIAMMAZIONE
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NEUROINFLAMMATION

1. Microglia activation 2. Recruitment of peripheral A 3. Chronic
(releas of pro-inflammatory cytokines ) : immune cells o inflammation
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4. Neuronal damage
and death




Adobe Stock | #1297854223

Myelination in the Central Nervous System

Myelin sheath

Nucleus

Oligodendrocyte

Myelination in the Peripheral Nervous System

MNucleus

Schwann cell
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Microglia
activation

Neuroinflammation

Recruitment of peripheral Chronic
immune cells inflammation

- Neuronal damage
and death



INFEZIONE DIRETTA



INFEZIONE DIRETTA SNC

Healthy SARS-CovV-2




In vitro In vivo
Human brain organoids SARS-CoV-2 mouse model

SARS-CoV-2

MNeuroinvasion

1. ACEZ dependent

2. Metabolic changes

3. Local vascular alteration

Post mortem
COVID-19 patient brain samples
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DEFINIZIONE DI ORGANOIDE

 Un Organoide e una versione semplificata e miniaturizzata di un
organo prodotto in vitro in tre dimensioni che mostra caratteristiche
microanatomiche realistiche. Vengono create a partire da poche
cellule di tessuto, come cellule staminali embrionali o cellule staminali
pluripotenti che si possono auto-organizzare in una coltura
tridimensionale. La tecnica per la crescita degli organoidi si e
rapidamente evoluta dal 2010 in poi ed e stata nominata da The
Scientist come uno dei piu grandi avanzamenti scientifici del



ORGANOIDE DI FEGATO




IMMUNOCOLORAZIONE
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RIATTIVAZIONE DI VIRUS DI EPSTEIN BARR E
HERPES ZOSTER
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NFURONOFAGIA
NEUROINFLAMMATION

Damage
Infection
Stress

1. Microglia activation 2. Recruitment of peripheral e 3. Chronic : 4. Neuronal damage
(release of pro-inflammatory cytokines ) immune cells inflammation - and death
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Neuroinflammation

Microglia ~ Recruitment of peripheral ~. Chronic . Neuronal damage
activation immune cells " inflammation W and death



Microglia

Cytotoxicity

Potassium channel

Mitochondria

Nucleus

Endoplasmic reticulum

Microbes

Cellular debris
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HEALTHY NEURON

Microtubule

Neurofibrillary
tangles %

The microtubules

disintegrate

ALZHEIMER'™S DISEASE



MICROGLIAL ACTIVATION







Healthy brain Alzheimer's disease
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PARKINSON



Gut lumen




SARS-CoV-2 infection ﬁﬁﬁlﬂ 1 Parkinson's disease

Cortical functinning

Frevalence of cognitive

b e S e . Prevalence of cognitive decline in up
decline in up to 5% ?RA“'"'STE“ el to 15-45%

Cortical fun:tinning
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Hit and run hypothesis Nigrostriatal degeneration

Putative inflammatory damage of
dopaminergic neurons of the

nistrostriatal pathway. Not OLFACTORY BULEB
demonstrated

Progressive loss of dopaminergic
neurons and LB accumulation

Virus root entry MNeurons degeneration

Hyposmia affects up to 65% of
patients and it may persist in 10-20%
of cases. Olfactory epithelium

Hyposmia is found in up to 90% of
patients. Progressive loss of olfactory
neurons, LB deposition and amygdala

damage degeneration
VAGUS NERVE/GI TRACT

Virus root entry - : Progressive damage

Constipation may persist in up to 80% : Constipation is found in up to 60% of

of patients as a part of long-COVID ] patients. Presence of LB in the esophagus,

syndrome . : small intestine and the colon thorughout

the Auerbach and Meissner plexuses















SUBSTANTIA NIGRA
Parkinson’s disease
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Cytokine storm
Inmate and Adaptive Immune response

% Autophagy deficiency
- Endoplasmic reticulum stress
aggregation? Loss of proteostasis

Mitcochondrial dysfunction

-* Lysosome

BEBE ’ Mitochondrion
{,, Endoplasmic reticulum

- SARS-CoWV-2
** Cytokines
"I" ACEZ Receptor




BIOLOGIA DEL PARKINSON

A

B _ Homeostatic
microglia

Reactive
microglia:
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BIOLOGIA DEL PARKINSON RUOLO DELLA
SINUCLEINA E DEI C DI LEWY
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PARKINSON RUOLO DELLA CASPASI

INJURED DOPAMINERGIC NEURON
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CASPASI
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COVID - DANNO CEEREBRALE
A B

Spike prolein

Membrane
protein

Envelope
protein

Nucleocapside
protein

RNA viral genome
20 9kb

- Lipid bilayer




1) Neuroinvasive via
retrograde axonal transport

A Transcribrial neurcinvasive route B oOcular surface route

Conjunctiva
COcwlar surface

SARS-CoV-2 could reach the CNS
via cranial nerves:

The ocular surface is susceptible
to viral infections

ACE2 expression found in:

- trabecular meshwork
- ocular choroid cells
ACE2 expression found in - ogptic nerve
olfactory bulb and olfactory - geniculocalcarine fract

neuroepithelium

Z2) Hematogenous
neuroinvasive route

C Virus across the BBB

Arferioies

Possible mechanism of
hematogenous route:

- Transcellular migralion
- Paracellular migration
- The “Trojan horse” sirategy

ACEZ and TMPRSS2 expression
found in endothelian cells



Environmental factors

Trauma, infections, metabolic disease, stress, lifestyle

- ROS accoumoilstion
= Lipid pearoxidation
= Mitrafion profeins

- ONA darmage

-— Age ———»
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infection

—

- Gfia activation
= AMicrogiia aclivaltion
= Cytokineg release
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Nanoparticelle di chitosano
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Tight
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Microglia




Valeriana e parkimson







autofagia

Autofagia cellulare:

meccanismo
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