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• 9,764 Participants

• PASC Prevalence -10%

• 4 PASC subgroups 

• Higher PASC in

– Unvaccinated 

– Reinfected

• 12 Symptoms differentiating 

infected vs uninfected were 

identified using LASSO 



• 130 LC patients followed by 

JH LC clinics, with 

neuropsychiatric symptoms

• 60 SARS-CoV-2-infected 

fully recovered 

– Long COVID Screener 

• LC cohort had
– Mean age of 47.2 yr

– 72% Female

– 79% White 

– 77% More than 16 yr of education

• Controls matched for 

demographics and time since 

index infection

Putting the PASC Score to the Test



Putting the PASC Score to the Test 

(Results)

PASC score Demonstrated:

– 100% Specificity 

– 80% Sensitivity

– PPV = 100%

– NPV = 70%

7

Evaluation of the performance of triplets of symptoms:

Loss of smell/taste + Post-exertional malaise + Lack of sexual desire or capacity 

–  94% sensitivity, 92% specificity

– PPV = 96%, NPV = 87%, F1 score of 0.949.
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Proposed mechanisms of 

Neuro-long COVID
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Persistent viral antigen, inflammation, and tissue 

damage. 
• Peluso et al – T cell activation in tissues 

• Rong et al – Persistent spike protein in skull and 

meninges.  

• Chaudhary et al - genetic polymorphisms in the immune 

system

Autoimmunity
• Seibert et al - Severity of neuro-LC symptoms correlates 

with auto-Ab targeting vasoregulatory and autonomic 

receptors 

• Chen & Wüst et al- IgG from pwLC induces 

symptomatology in mice.

Neuroinflammation
• VanElzakker et al - PET with radioligand for TSPO 

showing upregulation in pw LC (glial activation)

Proposed mechanisms of 

Neuro-long COVID
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Neurotransmitter dysfunction
• Bizjak et al - Elevated levels of kynurenine, blood and saliva

• Wong et al - Low serum serotonin 

• Goldstein et al - Catecholamine deficiency in CSF at 1yr 

post-infection

Endothelial damage and Neurovascular coupling 
• Horowitz et al - Hypometabolism in the cortex, brainstem 

and cerebellum of pwLC

BBB Dysfunction
• Chaganti et al – BBB disruption at 3- and 12-months post-

infection (LC=14, HC=10)

• Invasive MRI techniques 

Proposed mechanisms of 

Neuro-long COVID



Objectives 

• Investigate BBB permeability in LC patients using WEPCAST MRI.

• Compare the LC group to the SARS-CoV-2-infected recovered 
controls.

• Correlate BBB disruption with cognitive function
– Multidomain cognitive battery

• We hypothesized that greater permeability in those with LC would be 
associated with poorer cognitive function.



Astrocyte

Labeled Water

Unlabeled Water

Venous BloodArterial Blood

Water-extraction-with-phase-contrast-arterial-spin-tagging 
(WEPCAST) MRI 

Lin Z, et al. Magn. Res. Med. 2018Dr. Hanzang Lu



Water-extraction-with-phase-contrast-arterial-spin-tagging 
(WEPCAST) MRI 

Labeling

Permeability Surface-Area Product (PS)

 
𝑃𝑆 = − ln 1 − 𝐸 × 𝑓 

cerebral blood flow

per unit mass of tissue

Lin Z, et al. Magn. Res. Med. 2018Dr. Hanzang Lu



Results 

• LC group higher rates of

– MDD, PTSD & panic 

disorders

– Childhood trauma 
• Emotional abuse & neglect

– Autoimmune disease

– Asthma

– Hypertension
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Long 

COVID 

(LC)

Controls P

N 97 31

Age 47 yr 
(SD = 13)

39 yr 
(SD = 13)

0.003

Female 76% 55%
0.04

Education 17 yr 18 yr
0.02

Index infection 34.6 mo 
(SD =11.6)

30.1 mo 
(SD =13.7)

Hospitalized for 

Acute COVID
15% 0% 0.02

Vaccination Status 96% 97% 0.99

PASC Score + 78% 1% <0.001
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Results 
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• Disability: 45% of LC participants

• Of those with disability:

– 81% had difficulty concentrating, remembering, or 

making decisions

– 73% had serious difficulty walking or climbing stairs

– 73% had difficulty performing errands alone

– 45% had difficulty dressing or bathing



Results
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disruption in long COVID and cognitive correlates: A cross-sectional MRI study. Brain, Behavior, and Immunity.
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Results

PS is significantly higher in LC group vs. controls

– Adjusting for age and sex (P = 0.003).

– COVID-19 hospitalization (B = 16.47, P = 0.009)

• Acute symptoms (nausea, loss/altered 
taste, confusion) (P = 0.035)

• Within LC Group:

– Higher PS correlated with poorer motor function 
(P=0.02)

• After adjusting for age, sex, race, and 
education.

– No associations between PS and other cognitive 
domains.
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Results 



Conclusion & Implications

• Study supports BBB involvement in Long COVID.

• Motor function may be more sensitive to BBB breakdown.

• WEPCAST MRI is a promising, non-invasive method for future LC 
diagnostics.

• Supports use of BBB permeability as a potential LC biomarker.



Study Limitations

• Cross-sectional design limits causality inference.

• Global (not regional) BBB measurements via WEPCAST.

• Sample size limits subgroup analysis.

• Convenience sampling may limit generalizability.



Next Steps 

• Analysis of blood samples for immune signatures 

• Adding pre-pandemic ME/CFS cohort 

• Refine the WEPCAST technique to allow for the assessment of 
regional disruption of the BBB
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