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• NIH/NIA R01AG077422 (mPI: Frontera, Ge, Wisniewski) “Alzheimer’s Disease Related Biomarkers 
following SARS-CoV-2 Infection” Role:  PI 

• NIH/NCATS UL1TR001445  (PI: Frontera) “Study of Cognitive and Functional Outcomes in Patients 
with or without Convalescent Plasma during COVID-19 Hospitalization (SCAFOLD-COVID)”  Role: PI

• NIH/NHLBI grant 1OT2HL161847-01 (mPI: Katz, Horwitz, Troxel). “RECOVER:  Post-Acute Sequelae 
of SARS-CoV-2 Infection Initiative:  NYU Langone Health Clinical Science Core”.  Role: Co-
Investigator 

• NIH/NINDS grant 3U24NS11384401S1 (mPIs: Troxel, Petkova).  “EPICCNet COVID databank, 
NeuroCOVID databank and biobank”. Role:  Co-Investigator

• NIH/NIA grant 3P30AG066512-01, (PI: Wisniewski).  “Identification of Plasma Biomarkers in Older 
COVID-19 Symptomatic Adults with and without AD that Predispose to More Severe Disease and 
Neurological Symptoms” Role:  Co-Investigator

• WHO Brain Health COVID-19 Task Force Member
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MECHANISMS OF 
ACUTE NEURO INJURY 
WITH SARS-COV-2
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Lee Brain 20224
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5
Fernandez-Castaneda Cell 2022

CCL 11 recruits eosinophils and related to allergic reactions BUT also affects 
microglia and is elevated in neurodegenerative disorders (Nazarinia Acta Neurol Belgica 2022)

1. Inflammation:  Cytokine and Chemokine Elevations in 
CSF and blood at 7 days and 7 weeks in Mice with mild 
COVID
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Fernandez-Castaneda Cell 20226

1. Clinical Correlate:  Elevated CCL11 in COVID Patients 
with Brain fog
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IL-6 (pg/mL) CRP (mg/L) Ddimer (ng/mL) Ferritin (ng/mL)

Encephalopathy

No Encephalopathy

N=375 N=537 N=518 N=529N=2322 N=3341N=3536 N=3500

P=0.018

P=<0.001

P<0.001

P<0.001

Frontera Neurocrit care 2021

1. Clinical Correlate:  Inflammation and Encephalopathy 
in hospitalized COVID patients
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Lee NEJM 20218

2. Acute Microvascular Injury, BBB disruption in humans
Green=fibrinogen 
staining
In parenchyma of 
olfactory bulb (B)
And pons (D)

B1 shows fibrinogen 
staining in parenchyma
B2 show thinning of 
basal lamina (arrow)
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Lee Brain 2022
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2.  Microthrombi and Microvascular injury, Complement 
deposition in cerebral endothelial cells in humans 
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2. Brown staining = SARS-COV2 S protein in endothelial cells 
in humans

Meinhardt Nature Neuroscience 2020

COVID non-ischemic brain tissue COVID ischemic brain tissue
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2. Cerebral Microvascular Injury and  BBB disruption in 
humans

Kirschenbaum Neuropathol Appl Neurobiol 2020
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Fitsiori J Neuroimaging 2020, 
Conklin J Neurol Sci 2021
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2. Unusual microhemorrhage pattern post COVID

APOE𝛆4 increases 
risk of cerebral 
microhemorrhages 
and post COVID 
cognitive 
abnormalities (Kurki
Acta Neuropath Comm
2021)
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2. Hypoxia and Hemorrhagic Conversion of Ischemic strokes

Thakur Brain 2021
13

N=41 post-mortem 
brains

100% with hypoxic brain 
injury 
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Fernandez-Castaneda Cell 2022 and Lee Brain 202214

3. Microglial Activation in mild and severe COVID in 
humans
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LINK BETWEEN 
INFECTION, 
INFLAMMATION AND 
ALZHEIMER’S

15

Created in BioRender16

Viral hypothesis of Alzheimer’s Disease
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Walker ACS Chem Neurosci 2019
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Systemic Inflammation and Alzheimer’s Disease Pathology
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Neurodegeneration due to Hypoxia, BBB disruption, inflammation

Frontera 2021

HYPOXIA

• ↓ amyloid precursor protein 
cleavage by ADAM10 ⟹ ↑ 
amyloid

• HIF-1a increases in β-
secretase (BACE1) and Ɣ-
secretase ⟹ ↑ amyloid

• ↓ metalloprotease (neprilysin) 
⟹ ↓  β-amyloid breakdown 

Shi Brain Res 2000, Webster Brain Res 
Mol 2004, Sun Proc Natl Acad Sci 2006, 
Kerridge Front Neurosci 2015
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Elevated Neurodegenerative biomarkers in patients 
with Toxic-Metabolic Encephalopathy

N=251
SIMOA 
Serum Samples

Frontera Alzheimer’s Disease and Dementia 2022
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COVID patients have higher neurodegenerative 
biomarkers than Alzheimer’s Disease COVID negative 
controls

Excludes patients with history of dementia or cognitive disorder

Frontera Alzheimer’s Disease and Dementia 2022

20



7/21/22

11

21

Frontera Alzheimer’s 
Disease and 
Dementia 2022
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Frontera unpublished22

Neurodegenerative biomarkers and 6- and 12-month 
outcomes

NFL significantly 
associated with 
12 month mRS 4-6 after 
adjusting for age, sex, 
ventilator status:

aOR 1.012 (1.00-1.023) 
P=0.045

Excludes patients with 
h/o cognitive impairment
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Fernandez-Castaneda Cell 202223

Decreased hippocampal neurogenesis at 7 days and 7 
weeks in Mice with mild COVID 

7 days post COVID

7 weeks post COVID

23

Douaud Nature 202224

Brain Atrophy- Neurodegeneration, De-afferentation in 
humans? N=501 COVID (15 hospitalized)

N=384 control
Imaged pre and post-COVID (avg 141 d apart)
Percent change in controls and COVID modest:
0.2%-2%

Issue:  no data on clinical correlates with anosmia
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Brain hypometabolism correlates with symptoms in 
humans

N=45 participants with persistent 
symptoms for median of 3 months 
(range 26-155 days) after onset 
acute COVID-19 à regional 
hypometabolism on 18F- FDG PET 
compared to 44 healthy controls.

Guedj et al, European J Nucl Med & Mol Imaging, 
2021

PET metabolism  inversely 
associated with symptoms 
(memory loss, pain, anosmia)
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https://recovercovid.org/26

Ongoing Studies

ADULT 
COHORT

AUTOPSY 
COHORT

ELECTRONI
C HEALTH 
RECORD 
STUDY

PEDS 
COHORT
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• Hyperinflammation and Hypoxia during acute COVID-19 lead to:
– endothelial injury, microthrombi, microhemorrhages

– Leaky Blood Brain Barrier

– Microglial activation> Astrocyte activation> Neuronophagia

• Downstream increased amyloid plaque and NFT formation may occur as in other 
infectious models of AD

• Clinical correlates of encephalopathy, “brain fog” with elevated cyto/chemokines

• Radiographic correlates of atrophy, hypometabolism with neuropsych testing
• Stay tuned!
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Summary
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Thank You Team!
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THANK YOU
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