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ARTICLE INFO ABSTRACT

Keywords: We reviewed the literature on cerebrospinal fluid (CSF) studies in patients who had a seizure in the setting of
CQVID-19 COVID-19 infection to evaluate for evidence of viral neuroinvasion. We performed a systematic review of
Sp'llepsy Medline and Embase to identify publications that reported one or more patients with COVID-19 who had a
elzure

seizure and had CSF testing preformed. The search ranged from December 1st 2019 to November 18th 2020. We
identified 56 publications which described 69 unique patients who met our inclusion criteria. Of the 54 patients
whose past medical history was provided, 2 (4%) had epilepsy and 1 (2%) had a prior seizure in the setting of
hyperglycemia, but the remaining 51 (94%) had no history of seizures. Seizure was the initial symptom of
COVID-19 for 15 (22%) patients. There were 26 (40%) patients who developed status epilepticus. SARS-CoV-2
PCR testing was performed in the CSF for 45 patients; 6 (13%) had a positive CSF SARS-CoV-2 PCR, only 1 (17%)
of whom had status epilepticus. The cycle thresholds were not reported. Evaluation for CSF SARS-CoV-2 anti-
bodies (directly or indirectly, via testing for CSF oligoclonal bands or immunoglobulins) was performed in 26
patients, only 2 (8%) of whom had evidence of intrathecal antibody synthesis. Of the 11 patients who had CSF
autoimmune antibody panels tested, 1 had NMDA antibodies and 1 had Caspr-2 antibodies. Detection of SARS-
CoV-2 in the CSF of patients with seizures who have COVID-19 is uncommon. Our review suggests that seizures
in this patient population are not likely due to direct viral invasion of the brain.

Status epilepticus
Cerebrospinal fluid

1. Introduction

Since the onset of the pandemic, there have been innumerable re-
ports of neurologic manifestations of COVID-19, the most common of
which are anosmia, ageusia, dizziness, encephalopathy, and headache
[19-21]. Seizures have also been described in patients with COVID-19,
but studies of patients with COVID-19 who had neurological events
found that only 0.51.6% of patients had seizures [19,20]. However,
given the magnitude of the pandemic and the number of people infected
worldwide, this relatively rare neurologic manifestation has been re-
ported a myriad of times.

There have been several mechanisms proposed to explain the
occurrence of seizures in COVID-19 patients. While some suggest sei-
zures in this population may be related to hypoxia or proinflammatory
cytokines, it has also been hypothesized that seizures may be the result

of viral neuroinvasion [22-24].

Review of cerebrospinal fluid (CSF) is one way to evaluate for viral
neuroinvasion. There have been multiple reports of electroencephalog-
raphy (EEG) findings in patients with COVID-19 [3]; however, the CSF
findings in COVID-19 patients with seizures have not been systemati-
cally examined. Herein, we systematically review the CSF results in
published case reports and case series of patients with COVID-19 who
had seizures to evaluate for evidence of viral neuroinvasion.

2. Methods

As part of a larger review of published reports of patients with
COVID-19 who had neurological symptoms prompting CSF testing, we
identified 1,182 unique publications from December 1, 2019 and
November 18, 2020 by searching Medline and Embase using the

* Corresponding author at: Department of Neurology, NYU Langone Medical Center, 530 1st Ave, HCC-5A, NY, NY 10016, USA.

E-mail address: Elizabeth.carroll@nyulangone.org (E. Carroll).

https://doi.org/10.1016/j.seizure.2021.05.003

Received 26 March 2021; Received in revised form 30 April 2021; Accepted 4 May 2021

Available online 17 May 2021

1059-1311/© 2021 British Epilepsy Association. Published by Elsevier Ltd. This article is made available under the Elsevier license (http://www.elsevier.com/open-

access/userlicense/1.0/).


mailto:Elizabeth.carroll@nyulangone.org
www.sciencedirect.com/science/journal/10591311
https://www.elsevier.com/locate/seizure
https://doi.org/10.1016/j.seizure.2021.05.003
https://doi.org/10.1016/j.seizure.2021.05.003
https://doi.org/10.1016/j.seizure.2021.05.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.seizure.2021.05.003&domain=pdf
http://www.elsevier.com/open-access/userlicense/1.0/
http://www.elsevier.com/open-access/userlicense/1.0/

E. Carroll et al.

population search terms “COVID-19” or “SARS-CoV-2” and the inter-
vention search terms “cerebrospinal fluid” or “csf” or “spinal puncture”
or “spinal tap” or “lumbar puncture” or “meningitis” or “encephalitis” or
“encephalomyelitis” or “seizure” or “encephalopathy” or “myelitis” or
“Guillain Barre” or “polyradiculitis” or “Miller Fisher” [25]. Two neu-
rologists (AL and KM) independently screened these references using
Covidence Systematic Review Software and performed full-text review
to identify documents that were written in English and provided details
on at least one unique patient with COVID-19 diagnosed based on pos-
itive SARS-CoV-2 PCR or serologic testing who had a neurological
symptom and CSF testing [26]. We excluded publications that described
patients who had an acute neurological diagnosis that could potentially
impact CSF results (such as subarachnoid hemorrhage or another
intracranial infection) and added additional relevant publications based
on review of references and other sources. This resulted in identification
of 242 publications.

Two neurologists (EC and AL) reviewed all 242 publications to
identify publications that described a patient with COVID-19 who had
CSF obtained and had a seizure. This resulted in identification of 56
publications. Cases were reviewed and organized based on CSF findings.
If a patient had more than one lumbar puncture, we included the results
from the CSF that was acquired closest to the time of the first reported
seizure. CSF results were converted to a common unit to facilitate
comparison. This search was performed in accordance with PRISMA
guidelines (Fig. 1).

3. Results

Our systematic review identified 69 unique patients who had a
seizure in the setting of COVID-19 and had CSF studies available for
review (Supplemental Table 1) [1-18,27-64]. Patients ranged in age
from 6-weeks to 96-years-old. The majority of patients had no history of
seizures, and had moderate or severe COVID-19 symptoms (based on
WHO guidelines [66]). Seizures were the initial symptom of COVID-19
in 15/69 (22%) patients. The majority of patients (42/69, 61%) had
generalized seizures, and 26/69 (40%) patients had status epilepticus
(clinical or subclinical). The time between seizure onset and lumbar
puncture was specified for 15/69 (22%) patients (median of 1 day with
interquartile range of -3- 4). Although the outcome for 13/69 (19%)
patients remained unknown at the time of their respective article pub-
lication, the majority of patients recovered and were discharged from
the hospital (43/56, 77%), but 13 (23%) died (Table 1).
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Table 1
Patient characteristics.

Patient age range

6-weeks to 96-years-old

History of seizure, n= 54

Reported history of epilepsy

Prior seizure not related to underlying
epilepsy

No prior seizure history

COVID severity of disease, n = 44

Mild COVID symptoms

Moderate COVID symptoms

Severe COVID symptoms

Number of days between onset of COVID-
19 symptoms and seizure n = 58

Seizure as the presenting symptom, n = 69

Seizure semiology, n = 69

Generalized seizure

Focal seizure

Generalized and focal seizures

Unspecified semiology

EEG findings, n = 41

Normal

Abnormal, but without seizure or
epileptiform discharges

Abnormal with epileptiform discharges or
other patterns at high risk for seizure, but
without seizure

Seizure

Status epilepticus (clinical or subclinical),
n =69

Neuroimaging results, n = 65

Normal

Abnormal, but with no discrete lesion

Abnormal, with a discrete lesion

Outcome, n = 69

Recovered

Dead

Unknown

2 (4%)
1 (2%)

51 (94%)

8 (18%)

18 (45%)

18 (45%)

0-52 days [median 4 days,
interquartile range (IQR) 0-10
days]

15 (22%)

42 (61%)
8 (12%)
2 (3%)
17 (26%)

5 (12%)
16 (39%)

9 (22%)

11 (27%)
26 (40%)

24 (37%)
9 (14%)
32 (49%)

43 (62%)
13 (19%)
13 (19%)

3.1. CSF pleocytosis

Though the CSF red blood cell count (RBC) was reported for only 19/
69 (28%) patients [2-4,13,16,18,29,31,35,41,42,45,47-49,53-55,671,
the CSF white blood cell (WBC) count was reported for 67/69 patients
(97%). The CSF WBC count ranged from 0 to 350 cells/uL; one-third of
patients (22/67 patients, 33%) had pleocytosis (CSF WBC count of >5
cells/pL) [6,8-10,14-16,30,31,34-36,38,42,44,48,50,53,54,56,58], but

( \ Population search terms: “Covid-19” and “SARS-CoV-2”
Intervention search terms: “cerebrospinal fluid,” “CSF,” “spinal puncture,” “spinal tap,” “lumbar puncture,” “meningitis,” “encephalitis,”

Publications “encephalomyelitis,” “encephalopathy,” “myelitis,” “seizure,”“Guillain Barre,” “polyradiculitis,” “Miller Fisher” Publications
identified via identified via
Embase Publications identified via Medline
search: Embase/Medline search: search:

1,035 1,771 736
@ J -589 duplicates J
M

Publications screened via full text review for
description of a unique patient diagnosed with COVID-19 via SARS-CoV-2 PCR or serology who had a neurologic symptom and had
cerebrospinal fluid obtained:
1,182

Publications identified via review of
references and other sources:
O

-949 excluded due to language other than English (n=18), no details about
a unique human diagnosed with COVID-19 via SARS-CoV-2 PCR or serology
who had a neurologic symptom (n=751), absence of CSF data (n=165), or
neurologic diagnosis other than COVID-19 that could impact CSF results
(n=15)

242

Publications screened via full text review:

J -186 excluded because they did not describe a patient who had a seizure

Figure 1: Publication Selection

56

~

Publications included in review:

Fig. 1. Publication selection.

100
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the remainder of patients had a normal CSF WBC count. Only 8/22
(36%) patients with pleocytosis also had a CSF RBC count reported, all of
whom had a CSF WBC:RBC ratio >1:500 [16,30,31,35,42,48,50,53,54].
Of the 24 patients who were in status epilepticus at some point during
their clinical course whose CSF WBC count was reported, 10 (42%) had
pleocytosis; the CSF WBC count ranged from 0 to 76 cells/uL (Fig. 2) [6,
8,14,15,34,35,44,54,56].

The patient with the highest CSF WBC count (350 cells/uL) was re-
ported by Rebeiz et al; the CSF RBC count was not provided, but the CSF
protein was 297 mg/dL [58]. The patient was a man in his 30s who
presented with fever and encephalopathy, then developed seizures a few
weeks later and was found to have diffuse cortical, basal ganglia, and
corpus callosum diffusion weighted imaging (DWI) changes on his MRI,
felt to be consistent with encephalitis, and ultimately progressed to brain
death.

3.2. CSF Protein

The CSF protein was reported for 64/69 (93%) patients [1-6,8-18,
27-35,37-42,44-55,57-59,61-65] and ranged from 15 to 541 mg/dL.
There were 27 patients (39%) with CSF protein >60 mg/dL [3,4,9,11,
13-15,17,18,27,30,34,35,37,39,40,42,43,47-50,54,57,58,63]. Half of
the patients (13/26, 48%) who were in status epilepticus at some point
during their clinical course had a CSF protein >60 mg/dL (Fig. 3) [3,4,8,
11,13-15,27,34,35,37,40,44,54,571].

The patient with the highest CSF protein (541 mg/dL) was a 33-year-
old woman with generalized status epilepticus reported by Elkady et al
[8]. Her CSF was also notable for a WBC count of 26 cells/uL and neu-
roimaging showed diffuse brain swelling with bilateral hemorrhagic
thalamic and cerebellar lesions, which were attributed to acute necro-
tizing encephalopathy. Despite treatment with high-dose steroids, she
had a cardiac arrest five days after admission and died.

3.3. CSF SARS-CoV 2 PCR

SARS-CoV-2 PCR testing was performed in the CSF for 45/69 (65%)
patients [3-7,10-16,18,28,31-37,39,41,42,45,50-53,55,56,59,60,63,
64]. Of these, 6/45 (13%) had a positive CSF SARS-CoV-2 PCR, 1 (17%)
of whom was in status epilepticus at some point during their clinical
course [16,42,50,55,56,59,63]. The cycle threshold (the number of
amplification cycles required for the target gene to exceed the threshold,
which is inversely related to viral load) was not reported for any of these
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patients. Of the four patients with a positive CSF SARS-CoV-2 PCR whose
severity of COVID-19 was noted, 2 (50%) had moderate COVID-19. EEG
results were only provided for two patients with a positive CSF
SARS-CoV-2 PCR; one had a normal EEG and the other had an abnormal
EEG, but no epileptiform activity. The majority (4/6, 66%) of patients
with a positive CSF SARS-CoV-2 PCR had abnormal neuroimaging
(Table 2).

3.4. CSF SARS-CoV-2 antibody testing

SARS-CoV-2 antibody testing was reported in the CSF for 2/69 (3%)
patients [2,17]; both were positive.

Song et al. evaluated CSF and serum SARS-CoV-2 antibodies in a 60-
year-old man who had a seizure [17]. Though details of his clinical
course were not available for review, his CSF analysis revealed a WBC
count of 2 cells/uL, protein of 66 mg/dL, and positive SARS-CoV-2 an-
tibodies. A SARS-CoV-2 epitope Luminex panel was used to compared
CSF and serum SARS-CoV-2 antibodies. This demonstrated there were
unique antibodies specific to different regions of the spike protein in
both compartments. Though his individual CSF biomarkers were not
provided, they were included in a cumulative analysis of six patients
with COVID-19 who had CSF testing, and when compared to controls,
the patients with COVID-19 had elevated CSF Interleukin-8 (IL-8),
Interleukin-1p (IL-1f), Interleukin-12 (IL-12) and Fibroblast Growth
Factor-2 (FGF-2). These biomarkers were all normal in plasma,
prompting the authors to conclude patients with COVID-19 have an
immunologically distinct response in the central nervous system. Clin-
ical outcome was not reported.

Benameur et al reported a 34-year-old man with hypertension who
presented with fever, shortness of breath, and cough [2]. Nasopharyn-
geal SARS-CoV-2 PCR was positive. His respiratory status declined and
he required intubation, after which he developed encephalopathy with
myoclonus on hospital day nine. EEG suggested that the myoclonus was
“seizure-related.” MRI on hospital day 15 showed a non-enhancing
hyperintense lesion within the splenium of the corpus callosum. CSF
analysis revealed an elevated opening pressure of 48 cm H»0, no pleo-
cytosis, and mildly increased protein. CSF SARS-CoV-2 PCR was nega-
tive, but CSF SARS-CoV-2 antibody testing was positive. No further
testing was performed to distinguish intrathecal antibody synthesis from
transudation of antibodies, or antibody-secreting cells, into the CSF via a
damaged blood-brain barrier. Several CSF biomarkers were sent; while
Interleukin-10 (IL-10) was normal, Interleukin-6 (IL-6), IL-8, Interferon

Cerebrospinal Fluid White Blood Cell Count

M Status Epilepticus

WBC 0 cells/uL

WBC:RBC <1000

"Normal WBC"

WBC 6-10 cells/uL

WBC 11-20 cells/uL

WBC >20 cells/uL

Not reported ==

0% 5% 10%

M No Status Epilepticus

I
.
|
——
e 1 el —
e
i
R —

15% 20% 25%

Fig. 2. CSF white blood cell count results.
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Cerebrospinal Fluid Protein

Status Epilepticus

M No Status Epilepticus

Protein 15-60 me/dl or Normalt —

Protein "increased"

Protein 61-100me/dt i
Protein 101-150mg/dL _

Protein >200mg/dL ;
Not reported h

0% 5% 10%

15%

20% 25% 30% 35% 40% 45%

Fig. 3. CSF protein results.

Gamma Induced Protein-10 (IP-10), Tumor Necrosis Factor-a (TNF-a),
and IL-1p were all elevated compared to healthy controls. Serum in-
flammatory markers were not sent. Clinical outcome was not reported.

3.5. Oligoclonal bands

CSF oligoclonal bands were tested in 22/69 (31%) patients [1,4-6,
8-16,18,28]. One patient had oligoclonal bands specific to the CSF [10],
and one patient had positive oligoclonal bands in the CSF, but it was not
delineated if these were matched or unmatched in the serum [6].

Guilmot et al reported an 80-year-old patient who presented with
two weeks of asthenia and weight loss, followed by paroxysmal episodes
of dysarthria, a generalized tonic-clonic seizure, and neuropsychiatric
symptoms [10]. He had no respiratory symptoms. MRI was unremark-
able, and EEG demonstrated generalized slowing. CSF analysis was
notable for a WBC count of 9 cells/pL, protein of 46 mg/dL, CSF-specific
IgG oligoclonal bands, and positive anti-contactin-associated-protein 2
(Caspr2) IgG antibodies, which were also present in the serum. The
authors did not mention whether an oncological workup was performed.
The patient was treated with levetiracetam, methylprednisolone, and
plasmapheresis, and had no additional seizures.

Dono et al reported an 81-year-old man with hypertension who
presented with fever, dyspnea, and cough for seven days [6]. On day 14,
he became mildly confused. EEG at that time showed no epileptiform
discharges, but on day 16, his mental status worsened, and he developed
myoclonic jerking; EEG was consistent with status epilepticus, and he
required aggressive escalation of anti-seizure medications including a
midazolam infusion. On day 23, MRI showed multiple non-enhancing
hyperintense areas in the bilateral parietal cortex, left temporal cor-
tex, and right cingulate cortex. CSF examination showed a WBC count of
26 cells/uL, normal glucose, protein of 47 mg/dL, and positive oligo-
clonal bands. However, it was not noted whether these bands were
matched in the serum. He had a cardiac arrest and died 45 days after
admission.

3.6. CSF Immunoglobulins

Of the 60 patients who had seizures in the setting of COVID-19 and
did not have a positive CSF SARS-CoV-2 PCR, CSF SARS-CoV-2

102

antibodies or CSF-specific oligoclonal bands, 6 had CSF immunoglobu-
lins measured, only 1 of which was elevated [2,4,7,12-14,45,58]. Ghosh
et al reported a 44-year-old woman who developed fever, myalgias,
cough, and hypogeusia 10 days prior to hospital admission [9]. She
became encephalopathic 7 days after symptom onset, then presented to
the hospital 3 days later after she had a generalized tonic-clonic seizure.
MRI brain revealed a frontoparietal hyperintense lesion with sur-
rounding edema and a focus of hemorrhage. Her CSF analysis was
notable for pleocytosis with WBC count of 20 cells/uL, normal protein,
and an elevated IgG index (no value provided), with no evidence of
oligoclonal bands. The authors did not conclude these findings were
consistent with intrathecal antibody synthesis.

3.7. Autoimmune antibodies

In addition to the aforementioned patient reported by Guilmot et al
who had Caspr2 IgG antibodies in the CSF, there were 10 other patients
(11/69; 16%) whose CSF results included an autoimmune antibody
panel [3,4,6,10,11,13-16,18,34]. Though the majority (9/11, 82%) of
these were negative, a patient described by Monti et al had N-Methyl--
D-aspartate (NMDA) antibodies in the CSF [14].

The patient was a 50-year-old man who had new psychiatric symp-
toms for four days then began having focal motor seizures with impaired
awareness. He went on to develop refractory status epilepticus which
lasted for 47 days. Initial CSF analysis was notable for WBC count of 76
cells/uL and slightly elevated protein. Repeat lumbar puncture one week
later showed CSF WBC count of 25 cells/uL and normal protein. Oligo-
clonal bands were present, but matched in serum, and IgG index was
normal. NMDA antibodies were present in the CSF, but not serum. CSF
and serum IL-6 were elevated (4.58 pg/mL with normal not reported and
52 pg/mL with reported normal <10 pg/mL, respectively). CSF IL-8 was
also elevated (40.1 pg/mL; normal not reported), but TNF-a and IL-1§
were normal. One month later, the CSF WBC count was 16 cells/uL and
the protein was 105 mg/dL, oligoclonal bands were no longer present,
the IgG index was elevated (1.45 with reported normal <0.7) and NMDA
antibodies were still present in the CSF, but not the serum. CSF and
serum IL-6 increased further to 5.75 pg/mL and 206 pg/mL, respec-
tively, as did CSF IL-8 (744 pg/mL). Oncologic workup was unrevealing.
After a four-month hospital course, during which he was treated with
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Table 2

Patients with Positive SARS-CoV-2 CSF PCR.

Imaging findings Outcome

CSF

CSF CSF SARS- CSF CSF

CSF

EEG findings

Status

Number of

History Severity
days

Age/
Sex

Author

autoimmune
antibody
panel

Oligoclonal
Bands

WBC protein CoV-2 SARS-
CSF

epilepticus RBC

of COVID-
19

CoV-2
Ab

(mg/dL)

count

count

between

epilepsy

PCR

(cells/
uL)

(cells/
uL)

onset of

illness and
seizure

Recovered

Normal CT

NR

NR

NR

100

65 70

Abnormal, but

w/0

NR

Mild

41F

Duong et al.

[28] and
Huang et
al [42]

epileptiform
activity

NR

Recovered

Acute strokes in the left
middle cerebral artery

NR

NR

21 NR

100

NR

12M

Mirzaee et al

[55]

territory with associated

microhemorrhages

Unknown

Hyperintense signal along
the wall of the lateral
ventricle and in the

temporal lobe,

NR NR

NR

12 NR

NR

NR

9

Moderate

24M

Moriguchi

et al [56]

hippocampal atrophy,

pan-paranasal sinusitis

Normal CT

Recovered

NR

+ NR NR

Normal Normal

NR

Normal

NR

60M

Rifino et al

[59]
Sattar et al

Recovered

Bifrontal hyperintensities

NR 1685 11 39 NR

27

Severe

44M

[16]

Westhoff et

Recovered

Meningeal enhancement
and white matter edema
without mass effect

NR

NR

NR

110

NR

NR

Moderate

69M

al [63]
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plasma-exchange and two rounds of intravenous immunoglobulin, he
was discharged in good condition.

3.8. Other CSF biomarkers

In addition to the aforementioned patients described by Song et al,
Benameur et al, and Monti et al, CSF biomarkers were tested in the CSF
of 3 or 4 other patients (Keller at al described 5 patients with COVID-19
who had neurological symptoms, only 1 of whom had seizures, and re-
ported 4/5 had elevated CSF IL-6, but it is not clear if the patient with
seizures was amongst those with elevated CSF IL-6) [2,4,7,12-14,45].

Le Guennec et al and Delorme et al described a 69-year-old man who
developed status epilepticus following five days of cough, fever, and
anosmia [4,13]. CSF analysis was notable for a WBC count of 1 cell/uL,
protein of 66 mg/dL, and normal glucose. IL-6 was elevated in both the
CSF and serum (16 pg/mL in CSF with reported normal <2.5 pg/mL and
28.8 pg/mL in serum with reported normal <6.5 pg/mL). Tau was also
markedly elevated (>2,000 pg/mL, normal range 150-450 pg/ml); the
authors suggested that this could be secondary to a pre-existing neuro-
degenerative process but may also reflect neuronal damage in the setting
of encephalitis/status epilepticus. Several additional CSF biomarkers
were sent, including IL-10, which was normal; p-amyloid, which was
low (570 pg/ml, normal range 650-2000 pg/ml); and Interferon-o
(INF-a), which was negative. The patient improved following treatment
with intravenous immunoglobulin and was successfully extubated one
week after admission.

Farhadian et al reported a 78-year-old kidney transplant recipient on
tacrolimus and mycophenolate mofetil who presented with 3 days of
moderate COVID-19 symptoms and confusion, then had a generalized
tonic-clonic seizure on the day of admission [45]. CSF analysis revealed
RBC count of 350 cells/uL, WBC count of 1 cells/uL, and normal protein.
IL-6, IL-8, Interleukin-17A (IL-17A), and IP-10 were elevated in both the
serum and CSF when compared to control patients. IL-10 was normal in
both the serum and CSF. Monocyte Chemoattractant Protein-1 (MCP-1)
was uniquely elevated in the CSF. MRI brain revealed generalized at-
rophy and patchy subcortical white matter disease. She was treated with
tocilizumab and hydroxychloroquine and was discharged after one
month.

Eden et al reported a 60-year-old man with cardiac disease, diabetes
mellitus, hypertension, and obesity, who developed severe COVID-19
requiring intubation [7]. He later had multiple seizures, but the semi-
ology was not noted, and it was not mentioned if he met criteria for
status epilepticus. NCHCT was normal, and EEG was remarkable only for
generalized background slowing. CSF analysis revealed a normal WBC
count (<3cells/uL), negative SARS-CoV-2 PCR, and normal IgG index,
but elevated Neopterin (>40 nmol/L; reported normal 5.8 nmol/L) and
p2-microglobulin (>2.5 mg/L; reported normal 1.8 mg/L). Serum Neo-
pterin and p2-microglobulin were also elevated. The authors attributed
these findings to indirect effects of systemic infection and immune
activation on the central nervous system. Outcome was not noted.

4. Discussion

There are a number of reasons why patients with COVID-19 may
develop seizures including, but not limited to: hypoxia, electrolyte de-
rangements, systemic infections, hypo- or hyperglycemia, acute kidney
injury, cytokine storming, shock, medications, or stroke [21,68]. How-
ever, it has also been hypothesized that seizures in this patient popula-
tion could be the result of viral neuroinvasion [20,68-70]. Though
neuropathological studies are the most definitive way to evaluate for
viral neuroinvasion, CSF results can also demonstrate evidence of viral
neuroinvasion. Thus, in this systematic review, we reviewed the CSF
results for patients with COVID-19 who had a seizure.

After identifying 69 patients who had a seizure in the setting of
COVID-19 and had CSF studies available for review [1-18,27-65], we
found that 6/45 (13%) had a positive CSF SARS-CoV-2 PCR (though
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cycle threshold was not reported for any of them) [3-7,10-16,18,28,
31-37,39,41,42,45,50-53,55,56,59,60,63,64]; 2/26 (8%) demon-
strated evidence of intrathecal antibody synthesis (though one had
Caspr2 IgG in the CSF in addition to CSF-specific oligoclonal bands, so
their bands may have been demonstrative of those antibodies rather
than SARS-CoV-2 antibodies) [1-18]; and 2 of the remaining 24 patients
who had direct or indirect testing for intrathecal antibodies had possible
evidence of intrathecal antibody synthesis, but the data provided did not
allow for distinction between intrathecal antibody synthesis and tran-
sudation of antibodies, or cells that secrete antibodies, to the CSF via
breakdown of the blood-brain barrier [2,6]. Thus, these findings suggest
that detection of SARS-CoV-2 in the CSF of patients with seizures who
have COVID-19 is uncommon.

Though CSF SARS-CoV-2 PCR and antibody testing were positive in
only a few cases, CSF pleocytosis and elevated protein were more
common. One-third of patients had CSF pleocytosis and nearly half had
hyperproteinorachia. The reported incidence of postictal pleocytosis is
4-30% and elevated CSF protein is seen relatively frequently following a
seizure; some studies have reported hyperproteinorachia after seizure in
up to 60% of patients [71-73]. The presence of elevated CSF protein is
thought to be related to a transient disturbance of the blood-brain bar-
rier which allows for extravasation of small molecules (such as albu-
min), but generally prohibits transudation of larger blood components
(such as white blood cells) [71,74]. The mechanism behind postictal
pleocytosis is uncertain, but it has been noted that the CSF WBC count
varies based on the duration of time that elapses between the seizure and
CSF collection [73]. As such, it is feasible that CSF pleocytosis and/or
elevated protein in the patients included in this review may be sec-
ondary to the seizure itself, as opposed to a separate intrathecal process
related to COVID-19.

CSF biomarkers were tested for a small number of patients, but all of
them had at least one elevated biomarker [2,4,7,12-14,45]. Increased
serum and CSF biomarkers, in particular IL-6, have also been reported
postictally in patients with epilepsy without underlying infection
[74-76]. The degree of elevation has been noted to be dependent on
seizure type, duration, and frequency [74,75]. Patients with generalized
tonic-clonic seizures have relatively higher postictal CSF IL-6 than those
who have other seizure types [74,75]. This is attributed to the wide-
spread epileptic activity not restricted to a solitary focus during gener-
alized tonic-clonic seizures, so there is a greater degree of leakage
through the blood-brain barrier [75,76]. Animal studies examining the
impact of intranasal IL-6 administration prior to induction of seizures
via systemic injection of pentylenetetrazole also suggested that it is
proconvulsant, and induces longer seizures with higher mortality [77].
Therefore, it is unclear whether elevated CSF biomarkers, particularly
IL-6, in our patients developed due to 1) systemic infection and
inflammation which then lowered the seizure threshold; 2) the seizure
itself; or 3) both.

Of the 11 patients whose CSF was evaluated for autoimmune anti-
bodies, 2 (18%) were positive [3,4,6,10,11,13-16,18,34]. A multitude
of neural-specific autoantibodies in both the serum and CSF have been
linked to seizures and status epilepticus [78]. The most common anti-
bodies are NMDA antibodies and antibodies against the voltage-gated
potassium channel (VGKC) complex, such as leucine-rich, glioma inac-
tivated 1 (LGI1) and Caspr2 [78]. Accordingly, one of the patients we
identified who had COVID-19 and positive CSF autoimmune antibodies
had NMDA antibodies and the second had Caspr2 antibodies [10,14].
NMDA encephalitis is paraneoplastic in up to 50% of cases (dependent
upon age and gender); the most common underlying tumor is an ovarian
teratoma. In contrast, limbic encephalitis due to LGI1 antibodies is
rarely paraneoplastic, and Caspr2 encephalitis is associated with a
tumor in only 30% of cases (most typically a thymoma) [78]. In patients
with autoimmune encephalitis secondary to an underlying tumor,
autoimmunity is attributed to ectopic tumor expression of neuronal
autoantigens. In non-paraneoplastic cases of autoimmune encephalitis,
it has been suggested that a preceding infection may trigger
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autoimmunity, as these patients frequently present with prodromal
flu-like symptoms [79]. Infection with Herpes Simplex encephalitis has
also been associated with autoimmune encephalitis [80]. However, the
immunological mechanism that explains the relationship between in-
fections and autoimmune encephalitis is poorly understood [79]. Of the
two patients we identified who had COVID-19 and autoimmune anti-
bodies in the CSF, one had a 3-week history of asthenia and weight loss
before onset of seizure and neuropsychiatric symptoms, but the second
did not have any systemic symptoms [10]. It is unclear if their auto-
immune antibodies were related to COVID-19 or if the infection was
merely coincidental, and while neither was noted to have cancer, un-
derlying undiagnosed tumor cannot be ruled out; additionally, their HLA
haplotypes were not reported, but some HLA haplotypes have been
associated with autoimmune encephalitis, suggesting the potential for
genetic susceptibility [79].

Our findings are limited both by publication bias and our search
methodology. There are likely additional patients who had seizures in
the setting of COVID-19 and had CSF results that were not included
herein because 1) the seizure was not clinically recognized or was non-
convulsive or 2) there was no published report of the clinical details of
their case during our search period so they were not captured by our
search. It is also important to note that while CSF is one technique to
evaluation for viral neuroinvasion, neuropathological studies can pro-
vide more definitive data. In addition, though our results suggest that
the majority of patients included in this review did not have CSF evi-
dence of viral neuroinvasion, lack of access to detailed clinical infor-
mation for each patient precluded us from systematically evaluating for
other causes of seizure such as hypoxia, metabolic derangements, acute
kidney injury, cytokine storming, or medications. Lastly, very few au-
thors specified the timing of CSF collection in relation to seizure onset.
Because of this, it is important to note that CSF could be falsely negative
if there was a delay between seizure onset and lumbar puncture.

5. Conclusion

Detection of SARS-CoV-2 in the CSF of patients with seizures who
have COVID-19 is uncommon, and even when there is evidence of SARS-
CoV-2 in the CSF, the significance of this finding is unknown. Neuro-
pathological studies are needed to further investigate the impact of viral
neuroinvasion on development of seizures in patients with COVID-19.
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