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RESULTS
1. Mouse Anatomical Brain staining showed no differences in staining patterns between n-LC, 
healthy pre-pandemic controls , and post-COVID controls without any LC symptoms
14/39 n-LC samples showed positive staining on mouse brain sections, with moderate to strong 
cytoplasmic and nuclear staining, specifically in the thalamus, cortex, hippocampus, and brainstem. 15/24 
never-COVID and 3/3 post-COVID controls displayed similar cytonuclear staining patterns in mostly all 
brain regions. The figure depicts the hippocampal region of mouse brain sections stained with control and 
n-LC CSF, all exhibiting similar staining patterns.
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BACKGROUND 
A subset of people who recover from acute COVID-19 
develop a range of emergent or persistent symptoms lasting 
months to years, collectively termed Long COVID (LC). We 
investigated whether autoimmune antibodies in the CNS 
associate with neurologic Long COVID symptoms (n-LC).

METHODS
Participants with LC (WHO criteria) and cognitive symptoms 
or headache enrolled in The COVID Mind Study (n-LC, 
n=39). Controls (n=25) were healthy pre-pandemic 
participants (n=22) or post-COVID without any LC 
symptoms (n=3). Cerebrospinal fluid (CSF) was collected 
for research. Mouse brain sections were immunostained 
with CSF from n-LC and controls at 1:4 dilution and 
visualized with anti-human IgG to screen for anti-neural 
autoantibodies. CSF IgG was incubated with a human 
proteome-wide phage display library (PhIP-Seq; Donovan et 
al., Brain Communication 2020) to identify candidate 
antibody targets enriched in n-LC compared to controls 
(enrichment threshold of sum rpk>100, fold change>10, z-
score>3), with the minimum patient cutoff of two, to identify 
enriched peptides in the neuro-PASC patients compared to 
controls. We orthogonally validated candidate autoantigen 
by split-luciferase-binding assay (SLBA) and HEK293T cell 
overexpression.
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Logistic Regression comparison between
 positively stained vs negatively stained neuro-PASC CSF 

Min RPK= 500
Iterations= 100

2. PhIP-seq comparison between 
positively stained n-LC cases vs 
controls yielded neuronal peptides as 
top hits
Analysis identified human peptides in n-LC 
CSFs with positive staining in mouse brain 
sections, compared to the negatively 
stained n-LCs and controls leading to the 
selection of SOX5 for further investigation 
due to its role in immune cells, memory B 
and TH17 cell differentiation, neuronal 
signaling, and enrichment in neuro-PASC 
cases.

3. Logistic regression analysis showed 
SOX5 as the most discriminatory peptide 
between Neuro-PASC samples that did or 
did not have mouse brain 
immunostaining with 100 iterations, and 
area under the curve of 0.95.

4. Orthogonal validation of the PhIP-seq 
hit Sox5 via the Split-Luciferase binding 
assay
Peptide tiling across SOX5 was inserted into 
a luciferase construct with a HiBiT tag. 
Translated peptides were measured for 
relative luciferase units, then incubated with 
neuro-PASC and control CSFs, followed by 
immunoprecipitation. However, the 
orthogonal validation of SOX5 IgG with SLBA 
did not yield any differences between neuro-
PASC and control CSFs. 
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5. PhIP-seq and Logistic Regression comparison between 
all n-LC cases vs all never- COVID pre-pandemic controls 
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JARID2_275168
MAST2_380675
GTSE1_45852
LOC101927509_131387
HSD11B1L_561265
HSD11B1L_561266
MCTP1_189024
HRNR_560943
HDAC9_203769
HDAC9_612001
ZNF133_482458
ZNF133_482459
RP1L1_548485
RP1L1_548486

type type
PASC
HC

−1

0

1

2

3

4 C14orf180 0.09257328279379750
SORBS2 0.09199526139530330
LOC105369276 0.09136577588294490
DDX17 0.08860526801575060
CD163L1 0.08657218130706140
UBE2E1 0.08075258349482180
SPATA31C1 0.07958974114159950
PPP1R13B 0.07867048528777430
C16orf86 0.07726232692604480
LMOD1 0.07646794558579290
TOX3 0.07486754598385610
POGK 0.07407268638498320
GPSM1 0.07308669348835860
QTRT1 0.07027994567446240
NEURL1B 0.0701190199866757
SOX5 0.06913378176235780

PhIP-Seq Logistic Regression

6. HEK293T overexpression assay did not validate 
SORBS2 in n-LC patient CSF

The figure shows that n-LC CSF did not co-localize with anti-
FLAG SORBS2 in HEK293T cells overexpression assay.

CONCLUSIONS
• Whole human proteome antigen discovery with CSF 

from individuals with and without n-LC did not identify 
a shared autoantigen in n-LC post-orthogonal 
validations.

• Our current observations suggest that autoantibody 
signatures are against multiple cytoskeletal proteins, cell 
adhesion molecules, and ubiquitinases. 

• There was no difference in the frequency and pattern of 
immunostaining on rodent brain slices between n-LC and 
controls.

•  Our preliminary work did not identify a 
unified autoantibody signature in the 
CSF of patients with n-LC.

CSF Anti-FLAG Merged


