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Although primarily targeting the respiratory system, coronavirus disease 2019 (COVID-19)
affects the CN'S in up to 80% of patients." Yet, findings on COVID-19 neuropathology have
been conflicting: autopsy reports range from inflammatory CNS syndromes, cerebrovascular
events," and endothelial damages” to no COVID-19-specific brain pathologies.” Little is known
about the clinical course of neurologic autoimmune diseases and concurrent severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) infection. Limited evidence suggests no
difference in the incidence of hospitalization in patients with COVID-19 with autoimmune
diseases as compared to the general population.‘"S Therefore, further in-depth pathologic
investigations of patients with COVID-19 with autoimmune comorbidities are needed.

MS is the most frequent autoimmune disease of the CNS with inflammatory demyelination and
blood-brain barrier (BBB) disruption being typical pathologic hallmarks.® However, whether
MS renders patients more susceptible to CNS involvement during SARS-CoV-2 infection or
worsens MS-related disease activity remains elusive. In this study, we performed a compre-
hensive histologic and spatial transcriptomic assessment of a patient with MS deceased of
COVID-19-associated respiratory failure in comparison with a non-MS patient with COVID-
19 to address (1) whether an impaired BBB in MS facilitates viral entry to the CNS and (2)
whether COVID-19-associated immune dysregulation leads to MS lesion (re)activation.

The decedent was a 67-year-old woman diagnosed with relapsing MS in 1990. Brain MRI
revealed multiple white matter lesions including gadolinium-enhancing lesions in MS-typical
locations. An immunomodulatory therapy with interferon beta-1b was started in 1996 and
discontinued for the past 3 years. Gradual clinical worsening eventually led to the diagnosis of
secondary-progressive MS with superimposed relapses. Her most recent MRI scan from 2009
showed residual disease activity with 2 gadolinium-enhancing lesions. She was initially admitted
to the hospital in March 2020 for respiratory tract infection presenting with cough, intermittent
tever, and dyspnea. SARS-CoV-2 infection was confirmed by nasopharyngeal swab testing, and
COVID-19 was diagnosed on CT scan and accompanied by laboratory signs of systemic
inflammation (elevated C-reactive protein and neutrophils) and lymphopenia. She was treated
experimentally with hydroxychloroquine and cefepime for bacterial superinfection. After her
denial of mechanical ventilation, she died from respiratory failure 13 days after COVID-19
onset.
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Figure 1 Histopathologic Assessment of MS COVID-19 Brain
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(A-B) Macroscopically visible lesions were assessed by (A) H&E, LFB staining, and MBP, Iba1, CD45, and (B) dysferlin immunohistochemical evaluation. Given
the lack of ongoing myelin phagocytosis presence of Iba1™ macrophages, all examined lesions were staged as chronic-inactive. Scale bar indicates 100 pm. (C)
Assessing the presence and spatial distribution of severe acute respiratory syndrome coronavirus-2 (SARS-COV-2) transcripts by in situ hybridization in MS
COVID-19 compared with non-COVID-19 tissue, we found presence of SARS-CoV-2 transcripts (pink arrows) in lung tissue, ependymal cells, and choroid plexus
(CP) epithelial cells from MS-COVID-19 in comparable amount with non-MS COVID-19 CP epithelial cells with some coexpression of ACE2 (white arrows).
Notably, SARS-CoV-2 transcripts were not present in MS lesions areas, suggesting CP epithelial cells as a key constraint of viral CNS entry. Arrows indicate
positive cells. Left and right panel show different areas of the respective tissue section. Scale bar indicates 20 um. COVID-19 = coronavirus disease 2019; H&E =
hematoxylin and eosin; LFE = luxol fast blue; MBP = myelin basic protein; PV = periventricular; WM = white matter.

The postmortem gross examination of the brain revealed
pronounced frontotemporal atrophy and at least 12 macro-
scopically visible lesions at MS-typical locations. Routine
histologic examination (e-methods, links.lww.com/NXI/
A402) of lesion areas revealed demyelination based on Luxol
fast blue and antibody stains against myelin basic protein with
relative axon preservation in lesion areas (figure 1A, figure e-1,
A and B, links.lww.com/NXI/A400). Based on routine
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hematoxylin and eosin stain, we could rule out vascular and
hypoxic pathologic changes focusing on hypoxia-sensitive
areas, such as the hippocampus and cerebellum (figure e-1C).
To assess BBB disruption and inflammatory lesion activity,
brain tissue samples were further assessed with antibodies
against dysferlin, Ibal, and CD4S (figure 1, A and B, figure
e-1, A and B). Dysferlin staining indicated low-grade residual
BBB leakage through weak to moderate endothelial
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expression within or nearby MS lesions (figure 1B). All
assessed lesions were classified as chronic inactive with low
numbers of perivascular CD45" leukocytes and only weak
Ibal” microglia activation particularly at lesion rims (figure
1A, figure e-1B). We did not find signs of active de-
myelination in the form of myelin phagocytosis or presence
of foam cells (figure 1A, figure e-1, A and B). Hence, absence
of inflammatory immune infiltrates and myelin phagocytosis
confirmed that systemic SARS-CoV-2 infection did not re-
sult in MS lesion (re)activation. To complement our pre-
vious quantitative reverse transcription (qRT)-PCR findings
in COVID-19 demonstrating low-level presence of viral
transcripts in the olfactory bulb® (table e-2), we next
assessed the presence and spatial distribution of SARS-CoV-2
RNA by multiplex in situ hybridization (ISH, e-methods).
We used ISH probes targeting the S gene encoding the viral
spike protein and ACE2 as a viral entry target. Lung tissues
from both the MS and non-MS patients with COVID-19
(figure e-1D) were used as a positive control (figure 1C,
figure e-2B, links.Ilww.com/NXI/A401). Although no SARS-
CoV-2 transcripts were present in the examined lesion areas
(figure 1C), SARS-CoV-2 and ACE2 transcripts were con-
sistently detected in epithelial cells of the choroid plexus
(CP) and ependymal cells of the CSF-brain interface in both
cases, often in co-presence (figure 1C, figures e-1E and e-2).
Notably, SARS-CoV-2 transcripts were regularly found in
lung tissues in conjunction with ACE2 transcripts in the
same cells (figure 1C, figure e-2B). In summary, we found no
direct evidence for neuronal or glial cell infection neither in
healthy nor demyelinated areas (figure 1C, figure e-2A)
despite evidence for residual BBB leakage in MS COVID-19
(figure 1B).

The differential detection of viral transcripts in the CP, but its
absence in the brain parenchyma suggests that the BBB is a
key restraint of viral entry into the CNS (figure-1E, links.lww.
com/NXI/A400). This is in line with recent data examining
the SARS-CoV-2 infection route in brain organoids indicating
that the CP as a prime CNS entry site.” Furthermore, damage
of the BBB itself is an alternative CNS entry point, and, in-
deed, endothelial damage has been reported in COVID-19
neuropathology.2 However, in our case, although we observed
some focal signs of BBB leakage, we did not detect SARS-CoV-
2 RNA in MS lesion and adjacent normal-appearing tissue
areas by in situ assessment. The absence of viral RNA in the
brain parenchyma, yet positive qRT-PCR results from the
nasopharyngeal swab and olfactory bulb, could be indicative
of previous CNS clearance because the deceased patient was
in the late/postinfectious stage of COVID-19. Indeed, signs of
viral clearance at autopsy were seen in the corresponding lung
tissue showing low transcript load both by spatial tran-
scriptomic assessment (figure 1C) and by qRT-PCR (table
e-2, links.lww.com/NXI/A402).

Although this is a single case of a COVID-19-affected patient
with a long-standing history of progressive MS, our findings
provide no evidence for MS disease exacerbation or lesion
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(re)activation. These results are in line with recent clinical
studies on stable disease in patients with COVID-19 with
other autoimmune diseases.”® Importantly, our study
highlights the significance of CNS barriers, such as the CP,
as a critical entry point for SARS-CoV-2 and calls for fur-
ther studies to provide more insight into the underlying
mechanisms. Because our study reports on a chronic dis-
ease course, future studies will need to shed light on SARS-
CoV-2-associated pathologies in patients with active dis-
ease activity in MS and other underlying autoimmune CNS
diseases.
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