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A B S T R A C T

Background: Limited literature exists on Cerebrospinal fluid (CSF) findings in COVID-19 patients with
neurological symptoms. In this review, we conducted a descriptive analysis of CSF findings in patients
with COVID-19 to understand prognosis and explore therapeutic options.
Methods: We searched PubMed, Google Scholar, and Scopus databases using the keywords “SARS-CoV-2
in cerebrospinal fluid” and “SARS-CoV-2 and CNS Complications”" for reports of CSF findings in COVID-19
related neurological manifestations. Descriptive analyses were conducted to observe the CSF protein and
cell counts based on age, gender, severity, fatality of COVID-19, and whether central (CNS) or peripheral
nervous system (PNS) was associated.
Results: A total of 113 patients were identified from 67 studies. Of these, 7 patients (6.2%) were fatal
COVID-19 cases and 35 patients (31%) were considered severe COVID-19 cases. CSF protein was elevated
in 100% (7/7) of the fatal cases with an average of 61.28 mg/dl and in 65.0% (52/80) in non-fatal cases with
an average 56.73 mg/dl. CSF protein levels were elevated in 74.5% (38/51) patients with non-severe
COVID-19 and 68.6% (24/35) in those with a severe COVID-19 infection. CSF cell count was increased in
43% of fatal cases, 25.7% severe cases, and 29.4% of non-severe cases.
Conclusion: Our analysis showed that the most common CSF findings situation in COVID-19 infection is
elevated protein with, very occasionally, mild lymphocyte predominant pleocytosis. Further studies to
elucidate the pathophysiology of neurological complications in COVID-19 are recommended.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

The novel Coronavirus disease 2019 (COVID-19) pandemic
continues to present clinical challenges worldwide. Since the
beginning of the pandemic, neurological manifestations have been
vastly described in patients with COVID-19 (Li et al., 2020; Huang
et al., 2020a; Munhoz et al., 2020).

In addition to specific central nervous system (CNS) and

Abbreviations: nCov, NovelCoronavirus; COVID-19, Coronavirus infectious
disease-2019; MERS, MiddleEast Respiratory Syndrome; SARS-CoV-2, Severe Acute
Respiratory Distress Syndrome coronavirus 2; CSF, Cerebrospinal fluid; CNS, Central
Nervous System; PNS, Peripheral Nervous System; NFL, Neurofilament Light Chain;
RT-PCR, Reverse Transcription Polymerase Chain Reaction; GBS, Guillain-Barre
Syndrome; IDSA/ATS, Infectious Diseases Society of America/American Thoracic
Society.
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peripheral nervous system (PNS) symptoms, nonspecific neuro-
logical manifestations such as headache, myalgia, anosmia,
hypogeusia, and myopathy have been reported in patients with
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OVID-19 (Iadecola et al., 2020). The spectrum of neurologic
omplications ranges from CNS involvement like meningitis/
ncephalitis, encephalopathy, and stroke to PNS involvement like
uillian-Barre Syndrome (GBS) (Moriguchi et al., 2020; Virhammar
t al., 2020; Koralnik and Tyler, 2020; Helms et al., 2020a; Al Saiegh
t al., 2020; Berger, 2020; de Melo Espíndola et al., 2020;
fefferkorn et al., 2020; Toscano et al., 2020; Mozhdehipanah
t al., 2020; Lascano et al., 2020). The severity of the disease varies
ased on the virus nervous tissue tropism. Positive nasal swab test
or the virus has not been correlated with the presence or absence
f the virus in the CSF in patients with neurologic manifestations.
herefore, CSF analysis via lumbar puncture (LP) should be
onsidered in patients with confirmed COVID-19 in order to
urther understand the virus pathology (Moriguchi et al., 2020; de
elo Espíndola et al., 2020; Khodamoradi et al., 2020; Lu et al.,
020) In general, neurologists tend to avoid doing an invasive and
xpensive procedure such as LP in patients with non-specific
OVID-19 neurological symptoms.
It is currently not clear whether the mechanism of injury is due

o direct viral invasion into the CNS or inflammatory cytokine
elease induced by the virus leading to a cascade of immune cells
ithin the CNS (Li et al., 2020; Wang et al., 2020; Xu et al., 2005;
aig et al., 2021; Chu et al., 2020). The virus is potentially
eurotropic, spreading via the systemic circulation or across the
ribriform plate (Baig et al., 2021; Wu et al., 2020). ACE-2 receptors
n the capillary endothelium may be the target for the SARS-CoV-2
pike protein facilitating viral entry into the nervous system (Baig
t al., 2021). Infection of the CNS can cause manifestations such as
nosmia, dysgeusia, and, in more severe cases, encephalitis (Baig

et al., 2021; Mao et al., 2020). In addition to direct viral invasion,
the brain may be affected secondarily due to extensive endothelial
dysfunction from cytokine storm that predisposes to arterial/
venous thrombosis or hemorrhage and resultant stroke (Wu et al.,
2020; Umapathi et al., 2004). Parainfectious complications
secondary to dysregulated immunity may lead to antibody-
mediated damage to the CNS or PNS leading to Bickerstaff’s
encephalitis and GBS that was described in MERS-CoV. Prolonged
ICU stay and mechanical ventilation may lead to critical care
neuropathy/myopathy (Kim et al., 2017; Peeri et al., 2020).

Other coronaviruses that have been studied demonstrated a
combination of invasion of the CNS, damage to the neurons, and a
cascade of inflammatory cycle (Xu et al., 2005; Lau et al., 2004;
Hung et al., 2003) SARS-CoV-1 in mice showed expression of
human ACE2 which was also found in human brain autopsies of
infected patients (Xu et al., 2005) The same receptor specifically
found in neurons has also been implicated in the pathogenesis of
SARS-CoV-2, emphasizing a possible invasion of the CNS (Baig
et al., 2021)

A review by Espíndola, Otávio de Melo et al. found a total of
seven cases of autoimmune encephalitis and meningoencephalitis
which underwent CSF analysis. Interestingly, only one case had
positive CSF RT-PCR for COVID-19, while the rest had negative CSF
RT-PCR. Elevated CSF protein, lactate, or WBCs with a negative
COVID-19 PCR may indicate inflammatory changes seen in
autoimmune encephalitis (de Melo Espíndola et al., 2020). A
recent correspondence by Lucchese G. highlights that many recent
systematic reviews of CSF analysis in patients with COVID-19
resulted in negative CSF RT-PCR, most likely due to autoimmunity
igure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram showing criteria for article selection.
 = number of articles.

391



M. Tandon, S. Kataria, J. Patel et al. International Journal of Infectious Diseases 104 (2021) 390–397
(Lucchese, 2020). The high frequency of anti-neuronal and anti-
glial antibodies is remarkable. However, larger cohorts are needed
to establish an understanding of these connections.

CSF analysis can be of utmost importance in patients with
confirmed COVID-19 for further understanding virus pathology
and for ruling out other infectious or inflammatory pathologies.
We performed a literature review of CSF analysis in COVID-19
patients with neurological manifestations to understand if there is
a common pattern of CSF findings. We tried to elucidate if there is a
difference in pattern of CSF findings when looking at CNS
versus PNS manifestations. We also explored the differences in
CSF findings based on demographic characteristics and severity
of COVID-19 to prognosticate patients with neurological compli-
cations.

Methods

Study Design

We conducted a thorough literature review in August 2020
using the terms “SARS-CoV-2 in cerebrospinal fluid” and “SARS-
CoV-2 and CNS Complication”. We searched  PubMed, Google
Scholar, and Scopus databases for identifying case series and
case reports published between December 01, 2019, to
September 15, 2020 (Figure 1). Review articles and consensus
statements were excluded from the analysis. We used the
preferred reporting items for systematic reviews and meta-
analyses (PRISMA) for relevant inclusions and exclusions
(Moher et al., 2021). Based on our search criteria, we found
126 articles from PubMed, 3646 articles from Google Scholar,
and 110 articles from Scopus. Of the final pool of studies, 236
were identified as duplicates and were thus excluded. Finally,
we screened 1076 articles for title and abstracts and reviewed
full-text literatures in accordance with our study objective after
removing 2570 articles which were either missing clinical
information, CSF data, or did not meet our study objective.
We included 67 articles for review for observational analysis
(Figure 1) based on data availability.

Inclusion criteria

The inclusion criteria for the published studies comprised 1)
Patient age �18 years; 2) COVID-19 diagnosis confirmed by RT-PCR
nasopharyngeal or serum IgG antibody test; and 3) CSF study
findings available in COVID-19.

Exclusion criteria

The exclusion criteria for the studies comprised 1) Duplicate
studies which involved repetition of cases; 2) Articles in languages
other than English; 3) Studies that had no available individual
patient’s data; and 4) Editorials.

Quality assessment

The critical appraisal checklist for case reports provided by the
Joanna Briggs Institute (JBI) was used to perform assessment of
overall quality of case series and case reports (Joanna Briggs, 2019)

Data acquisition

protein, IL-6, and severity of COVID-19 (based on IDSA/ATS criteria)
(Metlay et al., 2019)

Data Analysis

We reported demographics including age and gender, severity
of COVID-19 cases, and fatality of the cases. Pooled descriptive
analyses were conducted to assess differences in CSF protein and
cell count markers based on demographic characteristics, COVID-
19 severity, fatality, and whether CNS or PNS.

Results

A total of 67 articles describing 113 patients were examined.
There were 57 males and 29 females; sex was not reported for 27
patients. The mean age for the patients was 57.0 (SD = 14.3). The
baseline characteristics for the patients are shown in Table 1.
Serum COVID-19 IgG Antibody test was reported for all patients
except eight and was positive for all except one. CSF RT-PCR for IgM
and IgG antibodies were reported for 78 patients and was positive
for only 12 patients. One patient with a negative CSF-RT-PCR and
negative nasopharyngeal swab RT-PCR showed positive IgM and
IgG CSF COVID-19 antibodies. Aside from this, two other patients
showed positive IgG antibodies against COVID-19 in their CSF. The
following inflammatory markers for CSF were considered—CSF cell
count, CSF proteins, and elevated CSF lymphocytes percentage. Cell
count >5 cells/mL and CSF proteins >45 mg/dl were considered
elevated. We considered patients only with elevated cell counts for
analysis of lymphocytes percentage.

Based on IDSA/ATS criteria of either requiring vasopressor for
septic shock or mechanical ventilation, 35 patients were consid-
ered to have a severe COVID infection. In our observational study,
there were seven fatal cases. Elevated cell counts (>5 cells/mL)
were found in 43% (3/7) of the fatal cases, 25.7% (9/35) of severe
cases, and 29.4% (15/51) of non-severe cases. Of the patients who
had a CNS neurological symptom, 43.2% (19/44) had elevated cell
counts while 16.7% (9/54) patients with PNS symptoms had
elevated cell counts. CSF protein was elevated in 100% (7/7) of the
fatal cases, with an average of 61.28 mg/dl, and in 65.0% (52/80) in
non-fatal cases, with an average 56.73 mg/dl. CSF protein levels

Table 1
General characteristics of SARS-CoV-2 (n = 113) patients with CSF study and
neurological manifestation.

Characteristics N (%)

Mean Age in years, SD 57 (SD = 14.3)
*Gender
Male 57 (50.40)
Female 29 (25.66)
Neurological manifestation
GBS and its variants 55 (48.67)
Encephalopathy 14 (12.39)
Meningoencephalitis 11 (9.73)
Seizure 11 (9.73)
Ischemic stroke 5 (4.42)
Hemorrhagic stroke 3 (2.65)
CNS demyelinating disorder 3 (2.65)
Cranial nerve enhancement 3 (2.65)
**Others 8 (7.08)
�Severity of COVID-19
Severe 35 (30.97)
Non-Severe 78 (69.03)

Outcomes
Fatal 7 (6.19)
Non-fatal 106 (93.81)

* 27 cases gender not available
** Other includes neuropsychiatric manifestations and delirium
� Severity based on Infectious Disease Society of America/American Thoracic Society
IDSA/ATS criteria
From the selected articles, we extracted the following data for
our analysis: study type, date of publication, age, gender, clinical
presentation of COVID-19, diagnostic tests for SARS-CoV-2
infection including RT-PCR nasopharyngeal and serum antibodies,
and CSF markers including cell count, lymphocytes percentage,
392
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ere elevated in 74.5% (38/51) patients with non-severe COVID-19
nd 68.6% (24/35) of those with a severe COVID-19 infection. In
ddition, 59.1% (26/44) of the patients with CNS complications and
7.8% (42/54) of the patients with a PNS manifestation showed
levated protein levels (refer Table 2).
Cell count in CSF analysis was reported in 97 patients. We only

onsidered the lymphocyte percentage in patients who had a cell
ount of >5 cells/mL. The value was reported in nine patients. Only
ne patient reported lymphocyte percentage of 10%, whereas the
est of the eight patients had lymphocyte percentage >80%. Out of
hese eight patients, six had CNS manifestations, one had PNS
anifestations, and one patient did not report any manifestation.
ll except for one case were non-severe, and none of the eight
ases where the outcome was reported were fatal.
The other CSF marker that we studied for the purpose of this

tudy was IL-6 level. This was reported in five patients. It was found
o be elevated in two non-severe cases and three severe cases. Only
ne out of five fatal cases showed elevated IL-6 levels, and three out
f five non-fatal cases reported this finding. None of the cases with
NS manifestation had elevated IL-6 in their CSF, while all five
ases reported elevated IL-6 with CNS manifestation.

iscussion

The novel coronavirus has been associated with predominant
espiratory symptoms which have proved to be fatal in nature.
everal studies describing the neurological manifestations of the
isease have been published recently showing its potential to
nvade the PNS as well as the CNS and manifest as isolated
yndromes (Helms et al., 2020a; Berger, 2020) Moriguchi et al.
eported a first case of meningitis associated with SARS-CoV-2.
his case put forward the neuroinvasive nature of the SARS-CoV-2
s the RT-PCR test using the nasopharyngeal swab was negative but
he disease was detected in the CSF (Moriguchi et al., 2020).
owever, there are only limited data available that can help us
oint to a specific biomarker for the CNS manifestations of this
irus. This may be due to the risk of cross-infection from invasive
rocedure and the risk of complications including bleeding as
any patients are on anticoagulant therapy. The technique could
e also technically challenging due to the severity of underlying
llness of COVID-19 patients. However, CSF analysis can be a very
seful indicator of neurological involvement. CSF analysis can be
onsidered as a venue to look for biomarkers and inflammatory
arkers which may be of diagnostic or prognostic use.

Of the limited available studies that include CSF analysis as an
investigation for patients with neurological manifestation, most
CSF analyses showed no presence of SARS-CoV-2 RNA (Helms et al.,
2020a; Pfefferkorn et al., 2020; Scheidl et al., 2020; Yin et al., 2020).
However, there was a small fraction of case reports and studies
that showed its presence in CSF RT-PCR (Moriguchi et al., 2020;
Virhammar et al., 2020; Khodamoradi et al., 2020; Lau et al.,
2004; Domingues et al., 2020; Helms et al., 2020b; Fadakar et al.,
2020; Sun and Guan, 2020; Huang et al., 2020b; Westhoff et al.,
2020; Mardani et al., 2020; Cebrián et al., 2020) but were either
absent or not available in nasal swab RT-PCR (Moriguchi et al.,
2020; Khodamoradi et al., 2020; Lau et al., 2004; Domingues et al.,
2020; Sun and Guan, 2020). Only a few studies showed the
concurrent presence of the virus in nasal swabs as well as CSF RT-
PCR (Virhammar et al., 2020; Helms et al., 2020b; Fadakar et al.,
2020; Huang et al., 2020b; Westhoff et al., 2020; Mardani et al.,
2020; Cebrián et al., 2020)

In our study, we reported four cases in which CSF IGM was
positive (Wang et al., 2020; Benameur et al., 2020) whereas Wang
et al. reported a case where both IgG and IgM antibodies against
COVID -19 were positive (Wang et al., 2020). In addition, CSF IGG
was positive for COVID-19 in 2 cases (Virhammar et al., 2020; Lu
et al., 2020) A study by Karima et al. reported the presence of IgM in
CSF analysis of these patients with elevated cell count and
protein content in only one patient. They concluded that a negative
CSF RT-PCR does not rule out CSF neuroinvasion by the virus in
these patients and recommended CSF analysis in such patients
(Benameur et al., 2020). However, the antibody COVID tests
performed were performed solely for research purposes and were
not available for commercial use at this time. Guilmot et al.
reported cases of limbic encephalitis and a patient with para-
infectious polyradiculitis. Six cases had equal numbers of
oligoclonal bands in CSF and serum, whereas one patient had a
CSF-specific antibody. One case had positive Anti-caspr2 positive
in CSF (Guilmot et al., 2020). Franke et al. reported the presence of
several antibodies such as anti-neuronal antibodies, anti Yo
antibodies, anti-myelin antibodies, and anti-NMDAR antibodies.
The presence of these antibodies in the CSF hints at the multi-
organ involvement of those infected with the novel coronavirus
and may prove to play a significant role in creating immunothera-
peutic guidelines for these patients in the future (Franke et al.,
2020) (refer Table 3).

In this systematic review, we describe findings of CSF analysis in
COVID-19 patients with neurological manifestations. Our analysis

able 2
emographic characteristics of 104 patients for CSF observational study on COVID-19-associated neurological complications*.

CSF high protein** CSF normal protein CSF Elevated cell count *** CSF normal cell count

Age(year)mean � SD 56.9 � 15.0 57.3 � 12.6 54.6 � 17.9 58.0 � 12.6
Gender (%) Female 21 (33.9) 8 (33.3) 10 (41.7) 19 (30.7)
Male 41 (66.1) 16 (66.7) 14 (58.3) 43 (69.4)

COVID-19 Severity
Non-Severe 38 (74.5) 13 (25.5) 15 (29.4) 36 (70.6)
Severe
Fatality

24 (68.6) 11 (31.4) 9 (25.7) 26 (74.3)

Non-fatal 52 (65.0) 28 (35.0) 23 (28.7) 57 (71.3)
Fatal 7 (100.0) 0 (0.0) 3 (42.9) 4 (57.1)

Outcome

CNS Manifestationa 26 (59.1) 18 (40.9) 19 (43.2) 25 (56.8)
PNS Manifestationb 42 (77.8) 12 (22.2) 9 (16.7) 45 (83.3)

Severity was not reported in 27 cases, fatality was not reported in 26 cases, CNS status or PNS status was not reported in 15 cases
*Cerebrospinal fluid
*Cerebrospinal fluid cell count
a Central nervous system
b Peripheral nervous system
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Table 3
CSF Findings of COVID-19 and related Neurological manifestation (for published case reports and case series).

Author/Country All studies
from year/year published
2020

No. of patients
included in the
study

Neurological
manifestation
CNS = 1, PNS = 2

CSF findings Severity of COVID-19*
(Non-severe = 1,
Severe = 2)

Outcome (Non-fatal = 1,
fatal = 2)

Toscano et al. Italy 2020 5 Patients 1 to 5 = 2 Patient 1 to 3: High protein,
Albuminocytological dissociation Patient 4 to 5:
Normal CSF findings

Patient 1 = 2 Patient
2 = 1 Patient 3 = 2
Patient 4 = 1 Patient
5 = 2

Patient 1 = 1 Patient
2 = 1 Patient 3 = 2
Patient 4 = 1 Patient 5
= 1

Paybast, Sepideh Iran 2020 3 Patients 1 to 3 = 2 Patient 1 to 3: High protein,
Albuminocytological dissociation

Patient 1 = N/A
Patient 2 = 2 Patient
3 = 1

Patient 1 = 1Patient
2 = 2 Patient 3 = N/A

Agustina M. Lascano
Switzerland 2020

3 Patients 1 to 3 = 2 Patient 1 and 3: High protein,
Albuminocytological dissociation Patient 2:
Normal CSF findings

Patient 1 = 1 Patient
2 = 1 Patient 3 = 2

Patient 1 = 1Patient 2
= 1Patient 3 = 1

Otávio de Melo Espíndola
Brazil 2020

8 Patient 1 = 1 Patient
2 = 1Patient 3 =
1Patient 4 =
2Patient 5 = N/A
Patient 6 = N/A
Patient 7 = 1Patient
8 = 2

Patient 1=High Protein, Low Sugar, Cell = 18
(100% Lymphocytes) Patient 2 = Normal Patient
3 = Normal Patient 4 = Normal Patient 5=High
Protein, Cells = 3 (100% Lymphocytes) Patient
6= High Protein, Cells = 3 (100% Lymphocytes)
Patient 7 = Normal Patient 8 = Normal

Patient 1 = 1 Patient
2 = 1Patient 3 =
2Patient 4 = 1Patient
5 = 1 Patient 6 =
2Patient 7 = 1Patient
8 = 1

Patient 1 = 1 Patient
2 = 1 Patient 3 = 2
Patient 4 = 1 Patient 5
= 1 Patient 6 = 2
Patient 7 = 1 Patient
8 = 1

Karima Benameur USA
2020

3 Patient 1 to 3 = 1 Patient 1= High opening pressure; High Protein;
Low Sugar; Cells = 115; Lympho = 10%,
Macrophages = 39%, Neutro = 51%; IL-6,8,10:
elevated; Anti-S1 IgM, Anti-E IgM Positive
Patient 2= High opening pressure; IL-8, 10:
elevated; Anti-S1 IgM Positive Patient 3= IL-8,
10: elevated; Anti-S1 IgM Positive

Patient 1 = 2Patient
2 = 2 Patient 3 = 2

Patient 1 = 2 Patient 2
= N/A Patient 3 = N/A

Antoine Guilmot Belgium
2020

15 Patient 1 = 2Patient
2 = 2Patient 3 =
1Patient 4 =
1Patient 5 = N/A
Patient 6 = N/A
Patient 7 = N/A
Patient 8 = N/A
Patient 9 = N/A
Patient 10 = N/A
Patient 11 = N/A
Patient 12 = N/A
Patient 13 = 1
Patient 14 = 1
Patient 15 = 1

Patient 1= High Protein; Cells = 101; Lympho =
95%; anti-GD1b IgG Positive Patient 2 = Normal
Patient 3=elevated Qalb Patient 4=elevated
Qalb Patient 5= High Protein; Cells = 9; Lympho
= 100%; Anti-Caspr2, anti-GD1b IgG Positive
Patient 6= High Protein; elevated Qalb Patient
7= Normal Patient 8= Normal Patient 9=
elevated Qalb Patient 10= Normal Patient 11=
Normal Patient 12= Normal Patient 13= High
Protein Patient 14= High Protein Patient 15=
Normal

Patient 1 = 1Patient 2
= 1Patient 3 = 2
Patient 4 = 2Patient
5 = 1Patient 6 =
2Patient 7 = 1 Patient
8 = 1Patient 9 = 2
Patient 10 = 2 Patient
11 = 2 Patient 12 = 2
Patient 13 = 2 Patient
14 = 1 Patient 15 = 2

Patient 1 = 1Patient
2 = 1Patient 3 =
1Patient 4 = 1Patient
5 = 1 Patient 6 = 1
Patient 7 = 1 Patient
8 = 1 Patient 9 = 1
Patient 10 = 1 Patient
11 = 2 Patient 12 = 1
Patient 13 = N/
APatient 14 = N/A
Patient 15 = N/A

Christiana Franke, MD
Germany 2020

11 Patient 1 = 1Patient
2 = 1Patient 3 = 2
Patient 4 = N/A
Patient 5 = 1Patient
6 = 1 Patient 7 = 1
Patient 8 = 1 Patient
9 = 1 Patient 10 = N/
A Patient 11 = 1

Patient 1= High Protein; Cells = 8; OCBs; High
NfL; High lactate Patient 2= OCBs; High NfL;
High lactate Patient 3= High lactate; OCBs
Patient 4= High lactate; OCBs Patient 5= High
Protein; Cells = 117; High lactate; OCBs; High
NfL Patient 6= High lactate Patient 7= High
lactate Patient 8= High Protein; High lactate;
OCBs; High NfL Patient 9= High Protein; High
lactate Patient 10= High lactate Patient 11= High
lactate

N/A Patient 1 to 11 = 1

Duong L, Xu P, Liu A USA
April 2020

1 1 Cells high 100% lymphocytes, Protein high,
Glucose normal

1 1

Moriguchi T, Harii N, Goto J,
et al Japan 2020

1 1 Cells high 90% mono. 2 1

Xiang P. Et al China 2020 1 1 N/A N/A N/A
Huang YH, Et al USA 2020 1 1 SARS Positive N/A 1
Färber K Et al Germany
2020

1 1 SARS-CoV-2 positive N/A 1

Kremer S France 2020 37 31 HAS LP 1 Only one positive for SARS-COV-2 21= HIGH
PTN, CELLS,

N/A N/A

Domingues RB BRAZIL 2020 1 2 SARS COV-2 POSITIVE Normal protein, cells, and
glucose

1 1

Westhoff TH, et al Germany
2020

1 1 Cells normal, protein high normal glucose high
oligoclonal IgG SARS-CoV-2 RNA positive

1 1

Mardani M Et al Iran 2020 1 1 Cells high 90% polymorphs, glucose low, High
protein, Negative PCR

2 N/A

Fadakar N Et al Iran 2020 1 1 Cells high mainly lymphocytic High protein
SARS-CoV-2 RNA positive

1 1

Helms J, Kremer S, France
2020

58 1 Cells high mainly lymphocytic High protein
SARS-CoV-2 RNA positive

1 1

Cebrián J Et al spain 2020 1 1 OCB = 2 Positive High protein = 1 Low albumin =
4Negative SARS = 7

N/A N/A

Cebrián J Et al spain 2020 1 1 Normal csf 1 1
Virhammar J Et al Sweden
2020

1 1 the cell normal, IgG high, protein normal
negative autoantibodies negative PCR for HSV,
VZV, and SARS-CoV-2

2 1

M. Tandon, S. Kataria, J. Patel et al. International Journal of Infectious Diseases 104 (2021) 390–397
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eveals that the most common CSF situation in COVID-19 infection
s elevated protein with very occasionally mild lymphocyte
redominant pleocytosis. Interestingly, based on our analysis, all
atal cases had elevations of CSF protein. However, elevated CSF
rotein was also noted in almost three-quarters of patients with
oth severe and non-severe presentations. Similar findings were
lso noted in cell counts, and one-fourth of patients with both
evere and non-severe presentation had elevation in cell count. We
ound that 55 patients (55/113, 48.6%) (please refer Table 1)
ncluded in our review had GBS associated with COVID-19
nfection, and all of them had elevated protein which helps to
nderstand the etiology behind the observed elevated protein
evels due to albumino-cytologic disproportion secondary to
emyelination. The AIDP variant of GBS is one of the most
ommon PNS manifestation of COVID-19 according to recent
tudies and can thus point toward the observed elevated protein
evel in our study. A recent study by Sriwastava et al. highlighted
hat the most common PNS manifestation associated with COVID-
9 is GBS and its variants (Sriwastava et al., 2020).
Antoine Guilmot et al. reported CSF findings of 15 COVID-19 cases

ith neurologicalmanifestations,amongwhich, 6 hadequal number
f oligoclonal bands in CSF and serum, while one case had a specific
levated oligoclonal band with neuropsychiatric manifestation with
OVID-19. Among the 15 cases, 5 had elevated CSF protein, out of
hich 2 had neuropsychiatric manifestation, 2 had cranial
europathy, and 1 had acute cerebrovascular disease (Guilmot
t al., 2020). Virhammar J. et al. reported a case of acute necrotizing
ncephalopathy that who had elevated protein and elevated
ligoclonal bands (Virhammar et al., 2020). Christian Franke et al.
oundthatCSFproteinwaselevatedin4 of their11 reportedcases and
ligoclonal bands were detected in 6 out of 9 patients. The diagnosis
f these patient varied with neurological manifestation ranging from
own beating nystagmus to myoclonus (Franke et al., 2020). IgG

of COVID-19 especially when the CSF findings are similar between
CNS and PNS manifestations. Because of limited therapeutic
options in COVID-19, CSF markers and protein levels could be used
as a future guiding marker for treatment initiation with a higher
dose of steroids or another immunotherapy.

A recent study of 5 patients with persistent encephalopathy
showed significant improvement with high dose steroids, but their
CSF findings did not show elevated protein or cell count (Pugin
et al., 2020). The trends noted in our observational study suggest
that presence of SARS-CoV-2 in the CSF is highly variable and may
depend on the turnover of the virus and the level of neuroinvasion.
CSF IgM testing has shown variable results and cannot be relied
upon as the sole marker for SARS-CoV-2 presence.

In our entire cohort, we found a total of 17 cases in which MRI
imaging of brain and cranial nerves was reported. Among them, 6
(35%) had abnormal findings that were inclusive of cranial nerve CN
III, CN VI, and CN VII enhancement (Toscano et al., 2020; Bigaut et al.,
2020; Chan et al., 2020; Lantos et al., 2020; Dinkin et al., 2020;
Hutchins et al., 2020). Apart from these, one case of leptomeningeal
enhancement of brainstem and cervical spine was noted (Bigaut
et al., 2020). Moreover, MRI of the lumbar spine was also performed
in 36% of the cases (18/50), out of which 5 (27%) were found to have
abnormal lumbar spine nerve root enhancement and the remaining
73% (13/18) had normal spine imaging (Pfefferkorn et al., 2020;
Toscano et al., 2020; Lascano et al., 2020; Bigaut et al., 2020).

Our study had several limitations. First, the CSF analysis
reported in the studies can be highly variable due to different
timing of lumbar puncture from timing of infection or positive
serum test. As this is a systematic review of all case reports and
case review studies, there is likely a presence of differences in
demographics data, treatment methods, and management proto-
cols of patients from different studies. Second, in order to account
for smaller sample size and avoid spurious associations with a

able 3 (Continued)

Author/Country All studies
from year/year published
2020

No. of patients
included in the
study

Neurological
manifestation
CNS = 1, PNS = 2

CSF findings Severity of COVID-19*
(Non-severe = 1,
Severe = 2)

Outcome (Non-fatal = 1,
fatal = 2)

Khodamoradi Z, Iran 2020 1 1 Cells high, mononuclear 100% Protein normal
Glucose normal COVID 19 positive

1 1

Yin R, Feng W, China 2020 1 1 Opening pressure high Cells high Protein high
Glucose normal

1 1

Destras G, Bal A, Escuret
France 2020

578 N/A Only 2 COVID-19 positive N/A N/A

Espíndola OM, Siqueira M
Brazil 2020

8 Patient 1 = 1 Patient
2 = 1 Patient 3 = 1
Patient 4 = 1 Patient
5 = 2Patient
6 = 2Patient 7 = 1
Patient 8 = 1

Patient 1= Cells high, protein high Patient 2=
normal Patient 3= normal Patient 4= normal
Patient 5= normal Patient 6= Only protein high
Patient 7= Normal Patient 8= Normal

N/A N/A

Wang M, Li T, Qiao F China
2020

1 1 Cells no, protein high, IgM and IgG high PCR
negative

1 1

Lu S, Wei N, Jiang J, et al.
China 2020

1 1 Cells high Protein normal IgG POSITIVE PCR
negative

1 1

NS manifestation includes -stroke (ischemic, hemorrhagic, dural sinus venous thrombosis, meningoencephalitis, encephalitis, encephalopathy, seizure, ADEM, acute
emorrhagic necrotizing, CNS vasculitis, transverse myelitis.
NS manifestation includes-GBS, polyneuritis cranialis, facial nerve palsy
Severity based on Infectious Diseases Society of America/ American Thoracic Society
IDSA/ATS) guidelines
egend: CNS, Central Nervous system, CSF; CSF, Cerebrospinal fluid; PNS, Peripheral Nervous System; GBS, Guillain-Barre Syndrome; ADEM, Acute Disseminated
ncephalomyelitis
ndex details were not available in any of these cases (Refer Table 3).
As the elevated protein is noted in all spectra of neurological

anifestations including fatal, it cannot be used as a marker of
rognosis. However, the similarity of the CSF situation indicates
hat there might be only one common neuro-inflammatory
athophysiology responsible for the neurological manifestations
39
limited literature on the emerging topic of COVID-19, we decided
to avoid reporting p-values. Given the heterogeneity of samples
and the cases coming from different sources, reporting a p-value
would be erroneous as there would be a lack on internal validity in
the merged group of subjects from different sources. Third, we only
included studies reported in English language which might have
5
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led to interesting CSF findings having been missed. Our study
might also suffer from a final limitation of lack of search from
EMBASE and other databases. Despite these limitations, we believe
the data considered in our study are truly representative of CSF
findings in COVID-19 patients and help provide a more compre-
hensive picture of this understudied topic.

Conclusion

More severe and fatal cases with neurological complications
were associated with elevated protein as compared to non-severe
and nonfatal cases, which can be a marker for CNS involvement.
In patients with COVID-19 with neurological manifestations, a
combination of SARS-CoV-2 serum and CSF RT-PCR, CSF IgM
testing, and specific CNS targeting antibodies can be used together
to guide diagnosis, management, and outcomes. The most
common finding of CSF analysis was elevated CSF protein with
occasionally elevated, predominantly lymphocytic cell count. CSF
protein was elevated across all severities of neurological illness.
This may be indicative of only one common pathophysiological
mechanism of neurological illness. However, SARS-CoV-2 CSF RT-
PCR, CSF IgM testing, and CNS-targeting antibodies should be
further studied to understand the pathophysiology of neurological
complications in COVID-19.
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