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Neuroimmunology

• An increasing array of pathogenic 
neuronal autoantibodies are 
being identified and thought to 
cause specific clinical syndromes, 
but they are now associated also 
with different phenotypes 
beyond encephalitis (cognitive 
impairment, movement 
disorders, seizures,…). 

• Their relevance beyond the 
encephalitis spectrum  is still not 
clear, but the possibility of
specific immunotherapies
warrants evaluation. 

Autoimmunity has been increasingly acknowledged as a cause of a wide array of neurological 
syndromes in recent years. 

Dalmau et al, 2018



Immune privilege or 
privileged immunity?

As an immune privileged site, CNS is 
vulnerable to autoimmune attack, as 
demonstrated by various neurological and 
psychiatric diseases

Both astrocytes and microglia contribute to
CNS autoimmunity and clinical manifestations
result from a complex interplay between CNS 
and the immune system

Autoimmune responses can be triggered by
infectious pathogens, possibly through
molecular mimicry and breakdown of
physiological barriers
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What about COVID-19?
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Alleged neurotropic pathways of SARS-CoV-2 
(via olfactory bulb, blood circulation, lymphatic
vessels, retrograde  and trans-synaptic
transmission)

Cataldi et al, 2020
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Neuroinflammation Epilepsy



Pavlov et al, 2015

Van Gool et al, 2010





CSF analysis

Lumbar puncture as a key 
tool in the diagnostic
workup, especially
considering: 

• the astounding number of
confounding factors

• the paucity of radiological
clues

• the new work environment



Rovereto COVID-Hospital experience

LP: 24% pts that were referred to the neurologist (2020) 

• Cell count: 1 / uL (0-87)

• Protein level: 65 mg/dl (33-608)

• Glucose level: normal

Microbiological assays: 

SARS-CoV-2 was never identified (RT-PCR)

No sovrainfections (culture, PCR and antibody testing for common 
neurotropic pathogens)

Few data about serum/CSF comparison:

• Albumin ratio: extreme variability

• IgG index: negative - borderline

• Oligoclonal bands (rare patients): type 1 – type 4
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Profile of CSF inflammatory markers & 
plasma biomarkers of CNS injury

Garcia et al, 2021



Profile of CSF inflammatory markers & 
plasma biomarkers of CNS injury

Kanberg et al, 2020





Anti-spike antibodies

In-house CBA  using HEK293 cells detected anti-spike IgGs in the CSF of most COVID patients
that were referred to the neurologist.



Signs of CNS 
invasion?

Is there a specific
intrathecal
response?

Is it just a matter of 
BBB disruption ?

(Image credit: Shutterstock)



IHC on rat brain section

69% of the samples
exhibited
hippocampal
reactivity



Screening for known antigens

NEURONAL 
SURFACE 

ANTIBODIES

NMDAR, CASPR2, AMPA1/2, LGI1, 
DPPX, GABABR 

ONCONEURAL 
ANTIBODIES

Tr, GAD65, Zic4, Titina, SOX1, 
Recoverina, Hu, Yo, Ri, 
Ma2, CV2, amfifisina

(Euroline, DL 1111-X G)

ANTI-MOG 
ANTIBODIES

(CBA)(BIOCHIP FA 112d, Euroimmun, Luebeck)



Testing on neurons and astrocytes



Preliminary results

70% of the samples showed CNS 
reactivity with both IHC and 
neuronal testing.

•No clinical correlation (beside 
GBS)

•Female predominance

•Regardless of BBB permeability

•No significant association with 
plasma inflammatory biomarkers 
and COVID-19 severity

LIMITS
• Low number of samples
• Absence of real negative controls
• heterogeneity (different neurological

features, timing of the lumbar puncture, 
treatments, COVID-19 severity,…)



• Garcia et al, 2021: 

• 77% samples with anti-spike IgGs (but no 
viral RNA) >> anti-spike IgAs

• Titer do not correlate with COVID-19 
severity, neurological symptoms nor their
onset

• Alexopoulos, et al, 2020: 

• all encephalopathy patients had anti-
SARS-CoV-2 antibodies on ELISA testing, 
but 50% of them had high CSF antibody 
titers and disrupted BBB or increased 
intrathecal IgG synthesis.

• there is also evidence of ongoing 
neurodegeneration in some of our 
encephalopathic patients (14-3-3 CSF 
positivity in patients with poor outcome)



Loss of tolerance & cross-reactivity

• High reactivity against hippocampus, 
somatosensory cortex, thalamus, 
basal ganglia

• Good response to plasma exchange

• High levels of autoantibodies against
endothelial, glial and neuronal
antigens

• With signs of BBB dysfunction
and/or neuronal injury



• Anti-Gangliosidi (Dalakas et al, 2020; 
Guilmot et al, 2020): spike protein can 
bind gangliosides on cellular surfaces

• IFT88 e THAP3 as potential targets

• A  subset of high affinity neutralizing
antibodies can recognize CNS (Kreye et al)

• Infections can break self-tolerance

• Autoantibodies can be transient and 
without clinical correlate, but they can 
also trigger autoimmune diseases (post-
herpetic NMDAR encephalitis)



• Immune cell scRNA-seq showed divergent T cell
activation in the CNS during COVID-19

• Individuals with COVID-19 had a  
compartmentalized cytokine response in the 
CNS

• All individuals with COVID-19 had anti-SARS-
CoV-2 antibodies in their CSF

• Five of seven individuals with COVID-19 had 
antineural autoantibodies in their CSF

• CSF  show high IL-12 and IL-1b levels

• Enrichment in CSF B cells

• CSF anti-SARS-CoV-2 antibodies recognize
specific epitopes (serum antibodies have
different targets); in rodent models (hACE2) 
mice display CSF antibodies only after 
neuroinvasion

• 80% CSF antibodies exhibited CNS 
immunoreactivity (cortical neurons, olfactory
bulb, thalamus, CA3, cerebellum, brainstem, 
cerebral vessels)

• CSF mabs were derived from a COVID-19 
patient; they recognized viral (spike) and 
neural antigens, while serum antibodies did
not react with brain tissues



3 months later



● Standard CSF analysis is often fairly normal in pts with COVID-19

● SARS-CoV-2 has rarely been identified in the CSF (and in autopsy case series)

● High frequency of CSF anti-SARS-CoV-2 antibodies

● Antibodies can be present regardless of BBB integrity

● This could suggest disimmune pathogenetic mechanisms

● Is there a common target?

● Are the antibodies clinically relevant?  Can they predict the so-called “Neuro-Covid”?

● What about pathogenetic mechanisms? 

● Could they warrant immunological treatment? 

Take home message



“The molecular biology of Neurocovid”

Thanks for your attention!

To be continued…


