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Cerebrospinal Analysis in Patients With COVID-19
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Background. Assessment of the impact of cerebrospinal fluid (CSF) analysis including investigation for the presence of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is essential for the optimization of patient care.

Methods. In this case series, we review patients diagnosed with SARS-CoV-2 undergoing lumbar puncture (LP) admitted to
Columbia University Irving Medical Center (New York, NY, USA) from March 1 to May 26, 2020. In a subset of patients, CSF SARS-
CoV-2 quantitative reverse transcriptase polymerase chain reaction (QRT-PCR) testing is performed.

Results. The average age of 27 patients who underwent LP with definitive SARS-CoV-2 (SD) was 37.5 (28.7) years. CSF profiles
showed elevated white blood cell counts and protein in 44% and 52% of patients, respectively. LP results impacted treatment deci-
sions in 10 (37%) patients, either by change of antibiotics, influence in disposition decision, or by providing an alternative diagnosis.

CSF SARS-CoV-2 qRT-PCR was performed on 8 (30%) patients, with negative results in all samples.

Conclusions.

Among patients diagnosed with SARS-CoV-2, CSF results changed treatment decisions or disposition in over one-

third of our patient cohort. CSF was frequently abnormal, though CSF SARS-CoV-2 qRT-PCR was negative in all samples. Further

studies are required to define whether CSF SARS-CoV-2 testing is warranted in certain clinical contexts.
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The global pandemic of the novel coronavirus severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) has resulted
in >34 million cases worldwide, with >1 million deaths as of
October 2, 2020 [1]. There are growing reports of neurological
symptoms and conditions seen in the context of coronavirus
disease 2019 (COVID-19), including headaches, encephalop-
athy, seizures, cerebrovascular accidents, acute hemorrhagic
necrotizing encephalopathy (AHNE), and Guillain-Barre syn-
drome (GBS) [2-15]. A major knowledge gap exists with re-
gards to the frequency and mechanisms of neurological injury
in COVID-19 patients. Whether these conditions are due to
systemic effects of COVID-19 including multiorgan damage,
coagulopathy, and systemic inflaimmation or whether direct
viral neuroinvasion contributes remains unknown [16].

Little is known regarding the role of lumbar puncture (LP)
in COVID-19 patients with neurological symptoms. Few case
reports have identified SARS-CoV-2 in the cerebrospinal fluid
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(CSF) by quantitative reverse transcriptase polymerase chain
reaction (qQRT-PCR) or sequencing techniques [14, 17, 18].
There are several recent case studies of presumed meningoen-
cephalitis, GBS, AHNE, and strokes in COVID-19 patients who
had negative CSF SARS-CoV-2 qRT-PCR results [6, 10, 12, 19].
This may represent a lack of viral presence in CSF or may be
impacted by factors such as timing of testing within the natural
course of COVID-19 and CSF sampling techniques.

The clinical indications for performing LPs in patients with
SARS-CoV-2 infection remain unclear, and decisions are compli-
cated by limitations in personal protective equipment (PPE) during
hospital surges in cases and the potential exposure of health care
workers. Additionally, how clinicians can use information gained
from LPs, such as cell counts and infectious workup, in the man-
agement of COVID-19 and neurological symptoms has not been
established. Here, we describe how results of LP influence clinical
decision-making in a case series of patients with COVID-19 and
assess whether SARS-CoV-2 is detected in the CSF by qRT-PCR in
a subset of patients undergoing LP for clinical purposes.

METHODS

Patient Consent Statement

Before initiation of data collection, the study was approved
by the CUIMC Institutional Review Board. The study was ap-
proved as medical chart review and CSF collection and CSF
testing for SARS CoV-2 rtPCR on CSF specimens obtained for
clinical purposes, and the requirement for obtaining written in-
formed consent was waived.
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We performed a retrospective analysis of patients admitted
to New York Presbyterian-Columbia Irving Medical Center
(CUIMC; New York, NY, USA) between March 1, 2020, and May
26, 2020. All patients meeting Centers for Disease Control and
Prevention (CDC) criteria for confirmed COVID-19 infection
(ie, patients with a positive SARS-CoV-2 RNA amplification
test via nasopharyngeal swab) who underwent lumbar puncture
during the same admission were included [20]. Patients were
excluded if LP was therapeutic (ie, intrathecal chemotherapy)
or if LP was carried out during a different admission from naso-
pharyngeal (NP) SARS-CoV-2 qRT-PCR-positive testing result.
Demographic, clinical, and laboratory data including indica-
tion for LP and CSF results, treatment, and patient outcome
(alive, deceased, or remains admitted) were collected through
electronic medical record (EMR) review. The patient cohort in-
cluded adults (>18 years of age) as well as pediatric patients. The
effect of LP on clinical management was determined by clini-
cian review of change in antimicrobials (addition or removal),
ordering of additional tests, and change in disposition in direct
response to LP results by review of an infectious diseases physi-
cian (E.H.M.) and a neurologist (K.T.T.).

CSF samples were collected by clinical teams performing LPs
for clinical purposes. For qRT-pCR testing, DNA/RNA Shield
(Zymo) was added in a 1:1 ratio to CSF after collection to inacti-
vate any virus that could have been present. RNA from samples
was extracted using the RNeasy Mini Kit (Qiagen). Quantitative
RT-PCR was performed on extracted RNA using Tagman 4X
master mix and SARS-CoV-2 primer/probe sets (IDT) to detect
presence of virus [21, 22]. Each assay included a standard curve
to determine the viral load (log , copies/mL).

Patient characteristics were summarized using frequency and
percentage for categorical variables and mean/standard devia-
tion or median/range for continuous variables when evaluating
the characteristics of the entire population.

RESULTS

During the study period, 27/3598 (1%) patients admitted with
COVID-19 underwent LP at our institution. The average age
of patients (SD) was 37.5 (28.7) years, with 10 pediatric pa-
tients (70% <3 months of age) (Table 1). Twenty-one (78%)
were male, and 11 (41%) were Hispanic. Five (19%) had neu-
rological comorbidities including prior stroke (1, 4%), epilepsy
(3, 11%), and cognitive impairment (1, 4%). On admission,
fever was the most common presenting symptom, occurring
in 13 patients (48%), followed by altered mental status (22%),
headache (15%), dyspnea (7%), anosmia (6%), and psychosis,
occurring in 1 patient (4%). Eleven (41%) patients, including
1 pediatric patient, presented with predominately neurological
symptoms, including altered mental status, focal motor or sen-
sory deficits, and seizures. Six (22%) patients presented with
symptoms consistent with COVID-19 including fever, cough,

and/or shortness of breath. Within the pediatric patient cohort,
the most common presenting symptom was fever (8, 80%).
COVID-19 testing was done on all patients being admitted to
the hospital at this time, regardless of presenting symptoms.

LPs were performed due to clinical concern for central
nervous system (CNS) infection given clinical symptoms of
altered mental status (5, 19%), clinical symptoms or signs of
meningitis or encephalitis (6, 22%), and seizures/status epilep-
ticus (3, 11%). The remaining 13 patients had LPs performed
for a variety of indications including EVD placement/concern
for ventriculitis (3, 11%), other neurological symptoms such as
transverse myelitis and flaccid quadriplegia (3, 11%), fevers in
neonates or young children (6, 22%), and multisystem inflam-
matory syndrome in children (1, 4%) (Table 1). In adult pa-
tients, the average duration of symptoms (neurological and/or
systemic) before LP (range) was 11.5 (2->30) days. In the adult
cohort, duration of symptoms before presentation could not be
obtained for 3 patients due to altered mental status at the time of
presentation with no documentation of collateral history. Five
adult patients had >30 days between reported onset of symp-
toms and LP, as 4 (22%) patients initially presented with pre-
dominately COVID-19-related respiratory symptoms. For all
patients included in the study, the average time from last posi-
tive NP swab for SARS-CoV-2 to LP (range) was 8 (0-38) days.
In the majority of pediatric patients (8, 80%) who presented
with fevers, LP was performed on the same day as the positive
SARS-CoV-2 test and on the same day as symptom onset.

Neuroimaging was performed in 18 cases (67%), with 5 cases
(27%) notable for acute or subacute ischemic strokes (1 with
hemorrhagic conversion), 6 (33%) with intracranial hemor-
rhages, 2 (11%) with microhemorrhages, 1 (6%) with evidence
of kinking of the orbital nerves, 2 (11%) with evidence of focal
parenchymal FLAIR/T2 hyperintensities, 2 (11%) with dural
enhancement, and 1 (6%) with leptomeningeal enhancement
(Figure 1; Supplementary Table 1). Continuous electroencepha-
logram (EEG) was performed in 14 (52%) patients, with diffuse
slowing recorded in 11 (79%) and focal slowing in 1 (7%), and 2
(14%) had evidence of electrographic seizures.

One patient who presented with occipital headache and
fever was positive on the Biofire meningitis-encephalitis (ME)
PCR panel for Streptococcus pneumoniae (Table 2) as well as for
COVID-19 on NP swab [23]. Ten patients (37%) had bloody
CSF samples with >1000 red blood cells (RBC)/mm’, including
4 patients found to have intracranial hemorrhages using CSF
from 3 of the patients drawn from external ventricular de-
vices (EVDs). An elevated CSF white blood cell (WBC) count
>5/mm? after correction for CSE RBCs was seen in 12 (44%)
patients, including the 3 patients for whom CSF was sampled
from an EVD. Of the remaining 9 patients with elevated CSF
WBC count on LP, 4 are pediatric patients (3 presented with
fever, 1 presented with seizures). The remaining 4 patients
are adults, 3 of whom presented with primarily neurological
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Jaundice, lethargy

Cough, fever

Race/Ethnicity Symptoms on Presentation
Fever

Other
Caucasian

Caucasian

A a
6d
17d
1d
3 mo
15d

Sex
M
M
M

Table 1. Continued

pt.®
16
18
19

Discharged
Discharged
Discharged

Fever

None

CRP 0.4

None

Lethargy, fever

Caucasian
Other

20
22

Fever in neonate

None

Not sent

None

Fever, nasal congestion

Concern for elevated intra-

None

Ferritin 379, CRP 0.7, D-dimer

None

Fever, rash, swollen lips

Caucasian

26

cranial pressure in setting

of MIS-C

0.8

Abbreviations: AMS, altered mental status; CAD, coronary artery disease; CKD, chronic kidney disease; CNS, central nervous system; CRP, C-reactive protein; DM, diabetes mellitus; ESR, estimated sedimentation rate; HLD, hyperlipidemia; HOCM, hyper-

trophic obstructive cardiomyopathy; HTN, hypertension; IL6, interleukin-6; MIS-C, multsystem inflammatory syndrome in children; NASH, nonalcoholic steatohepatitis; NR, not reported.

“In years unless otherwise indicated.

°As of June 15, 2020.

°IL6: pg/mL; ferritin: ng/mL; ESR: mm/h; CRP: mg/L; D-dimer: pg/mL.

symptoms including weakness, slurred speech, and altered
mental status. The final patient presented with symptoms con-
sistent with COVID-19, including abdominal pain, cough, and
fever. Protein was also elevated above normal range (>45 mg/
dL) in 14 (52%) patients. CSF glucose (corrected for serum glu-
cose) was low (<50 mg/dL) in 2 patients including the patient
with S. pneumoniae meningitis who had a CSF glucose of 8 mg/
dL. CSF was available for SARS-CoV-2 qRT-PCR in 8 (30%)
COVID-19 patients who underwent LP, with negative results
in all samples. CSF SARS-CoV-2 testing was performed on 3
additional patients meeting possible or probable criteria for
COVID-19, with negative results (Supplementary Table 2). LP
analysis resulted in a change in treatment or disposition in 10
(37%) of the patients. This included 4 pediatric cases for fever
in an infant where negative cultures and ME panel from LP al-
lowed antibiotics to be stopped and the infants to be discharged
shortly after LP results were obtained. In the remaining 6 cases,
the LP resulted in change or removal of antibiotic therapy or, in
the case of the patient with S. pneumoniae meningitis, a defini-
tive diagnosis for the presenting symptoms being made.

COVID-19 directed experimental and off-label therapies
were used in a number of adult patients (n = 18). Four (22%)
received hydroxychloroquine, 2 (11%) received remdesivir (ei-
ther via compassionate use or through clinical trial), 4 (22%)
received off-label tocilizumab, 4 (22%) received 5-day courses
of methylprednisolone, and 2 (11%) patients received intrave-
nous immunoglobulin (IVIG). Within this group, 5 (27%) were
treated with multiple COVID-19 directed therapies during
their hospitalization. Of all patients included in the study, 3
(11%) died, 3 (11%) are still admitted in critical condition due
to complications of COVID-19 (1) or complications from intra-
cranial hemorrhage (2), and 21 (78%) were discharged. Of the
3 patients who died, 2 died from complications of intracranial
hemorrhages, and 1 died after a prolonged course complicated
by hypoxemic respiratory failure due to COVID-19.

DISCUSSION

Here, we describe a case series of COVID-19 patients who un-
derwent LP as part of diagnostic workup at a single academic
medical center. A subset of patients had CSF tested for SARS-
CoV-2 by qRT-PCR; all of these tests were negative. Most LPs
were performed for altered mental status and concern for CNS
infection—both viral and bacterial. Many patients included
in this case series had complicated and prolonged hospital
courses. Most pediatric patients were under 3 months of age
and had an LP performed early in their course in the context
of fever to rule out bacterial or viral meningoencephalitis. LP
results changed management in 10/27 patients. In 1 case, LP
provided an alternative diagnosis of S. pneumoniae meningitis
and thus need for continued and targeted antibiotic therapy. In
the other cases where LP changed treatment, antibiotics and
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Figure 1. Select neuroimaging findings. A, Patient 2: MRI of the brain without contrast, axial DWI image showing diffusion restriction in the right middle cerebral arteries
and left posterior cerebral artery territories. B, Patient 5: MRI of the brain with and without contrast, axial T2 weighted image showing left frontal parenchymal hemarrhage
with surrounding mass effect and nonspecific mild diffuse dural thickening. C, Patient 7: MRI of the brain with and without contrast, axial fluid attenuated recovery image
showing left parietal juxtacortical white matter hyperintensity. D, Patient 17: MRI of the brain with and without contrast, axial T1 postcontrast image showing multifocal
hypointensities with surrounding enhancement in the left frontal lobe, right temporoparietal lobe, and inferior right frontal lobe with surrounding vasogenic edema. E, Patient
23: MRI of the brain with and without contrast, axial DWI image showing subacute infarct in the left frontal centrum semiovale. F, Patient 25: CT of the head without contrast,
axial image showing right thalamic intraparenchymal hemorrhage with associated mass effect on the right lateral ventricle. G, Patient 26: Axial MRI orbits with and without
contrast: T2 weighted image showing mild kinking of the intraorbital optic nerves and mildly distended optic nerve sheaths bilaterally. H, Patient 27: Axial MRI of the brain
without contrast: susceptibility weighted imaging showing hemorrhagic infarct of the left perirolandic region. Subacute subdural hematoma at the right frontoparietal lobe.

Abbreviations: CT, computed tomography; DWI, diffusion weighted imaging; MRI, magnetic resonance imaging; SWI, susceptibility weighted imaging.

antivirals were either able to be stopped completely or nar-
rowed to no longer include CNS coverage. In pediatric patients,
LP data often helped facilitate a rapid discharge by ruling out
bacterial or viral meningoencephalitis.

In this case series, a subset of patients had CSF tested for the
presence of SARS-CoV-2 by qRT-PCR, and all samples tested
were negative for the virus. This is consistent with recent case
series, which included CSF testing for SARS-CoV-2 by qPCR,
in which samples also largely tested negative [18, 24, 25].
Combined, these results suggest that SARS-CoV-2 is unlikely to
be present in CSF in the majority of patients. However, several
factors may have precluded detection of the virus in CSF. First,
the duration of viral illness before LP may be a factor. Prior
studies have shown that in the respiratory tract viral levels are
highest in the first week of infection [26]. If virus is present in
the CSE it may be present very early on in the disease when viral
loads are highest, and therefore timing of the LP would be es-
sential to detect virus in CSF. In the case series from Neumann
et al,, the average time from positive nasopharyngeal SARS-
CoV-2 test to LP (SD) was 5.9 (9.8) days [18]. In this case series,
3 patients had an LP performed within 5 days of their reported
onset of symptoms, but the remaining patients tested had a
longer time period between reported symptom onset and LP.
CSF samples may have been falsely negative for SARS-CoV-2
due to extended periods of time between onset of symptoms

and performance of LP, as the viral kinetics in CSF are currently
unknown and require further study. Presenting symptoms in
many cases are not classic COVID-19-related symptoms (ie,
fever, cough, dyspnea); many adult patients present with neu-
rological symptoms such as weakness. Some patients in this
study had symptoms that could overlap with both COVID-19
and a primary neurological condition such as headache or fever.
Additionally, several patients presented with altered mental
status, making it difficult to determine how long symptoms had
been present before presentation. Many of these patients had
predominately neurological rather than respiratory symptoms
at the time of LP, raising the concern for possible COVID-19-
related neurological diseases or that neurological symptoms
may mask more typical symptoms of COVID-19. In these pa-
tients, CSF profiles were abnormal in a majority; however, the
role of LP in the diagnosis of potential COVID-19-related CNS
disease remains unclear.

Other factors that could have contributed to the negative CSF
findings may be related to the test itself. Degradation of viral
particles and RNA before qRT-PCR testing could be a factor.
CSF for this study was placed in DNA/RNA stabilizing buffer,
to preserve any viral RNA present, but time from sample col-
lection to addition of stabilizing buffer varied from case to case.
While qRT-PCR is a validated and widely used test for detection
of virus in respiratory samples, its use in CSF samples is less
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Table 2. Continued

CSF Culture/ME Panel and

Protein, mg/dL  CSF Glucose, mg/dL® CSF COVID-19 PCR  Other Etiological Investigations®

CSFWBC/mm?®°©
Differential (%)

Days From Symptom

Onset to LP

Days From Last +

CSF RBC, /mm?®

COVID NP PCR

Pt No.
16

Negative/negative

N/A

55

64

6N, 94M

Negative/negative

N/A

48

51

61

18

4N, 52L, 44M

Negative/negative

50 N/A

129

6000

19

19N, 38L, 41M, 2E

Negative/negative

N/A

71

44

20

100M

Negative/negative

N/A

50

41

28

22

2N, 23L, 75M

Negative/negative

Negative

56 16 68

13

26

12N, 60L, 28M

Abbreviations: B, basophils; CSF, cerebrospinal fluid; COVID-19, coronavirus disease 2019; E, eosinophils; L, lymphocytes; M, monocytes; ME panel, BioFire Meningitis/Encephalitis PCR Panel; N, neutrophils; NP nasopharyngeal; PCR, polymerase chain

reaction; RBC, red blood cells; WBC, white blood cells.

2CSF sample taken from external ventricular drain.

°CSF glucose corrected for serum glucose.

°CSF WBC corrected for CSF RBC (1 WBC:700 RBC).

d0ther CSF studies negative unless otherwise indicated.

well defined. It is possible that an alternative test, such as SARS-
CoV-2 antibody testing in CSF, may be a better test of prior viral
presence in the CSE, though this remains to be defined. At the
time of the study, we did not have the ability to perform CSF
antibody testing. Absence of virus in the CSF does not rule out
neurotropism of the virus. Recent neuropathological studies of
COVID-19 patients have identified viral RNA by qRT-PCR in
the brain, though inconsistently, and typically with low viral
loads of uncertain clinical significance when reported [27-29].

While SARS-CoV-2 was not detected in CSF samples by qRT-
PCR in our small cohort, many patients included in this study
had abnormal CSF profiles. In the majority of adult cases, the in-
fectious workup done on the CSF (bacterial gram stain and cul-
ture, Biofire ME panel, and other CSF studies) was negative. In
these cases, the inflammatory nature of the CSF profile is of par-
ticular interest. A significant number of patients had ischemic
strokes or intracerebral hemorrhages (ICHs) with history or
radiographic pattern concerning for possible CNS infection.
Patients presenting with ischemic or hemorrhagic stroke typ-
ically have LPs if there is radiographic or clinical concern for
vasculitis/vasculopathy or the patient is immunocompromised
[30]. Though data are limited, in patients with ischemic strokes,
the CSF WBC count can be mildly elevated in the first week with
elevated protein, though rarely above 100 mg/dL, in about half
of cases [30]. In patients with ICH, CSF profiles can vary signif-
icantly and can show a neutrophilic pleocytosis and highly el-
evated protein, up to 2000 mg/dL, based on limited data [30].
Three patients in this case series had EVDs placed for ICH.
Collection of CSF from EVDs may lead to an elevated WBC in
CSF and may have accounted for some of the observed increases.

A subset of patients with COVID-19 go on to develop a sys-
temic hyperinflammation syndrome [31]. It is possible that the
inflammatory profile of the CSF seen in some of these patients
indicates COVID-19-related inflammation. This continues to
leave open the possibility that COVID-19 infection may have
contributed to the neurological symptoms seen in these patients.
As virus was not detected in the CSE other tests, such as presence
of other inflammatory markers in the CSE, may help elucidate the
role SARS-CoV-2 may play in these neurological findings.

The strengths of this study include the ability to collect detailed
clinical, imaging, laboratory, and EEG data for all patients, pre-
senting a more comprehensive picture of COVID-19 patients
undergoing LP. We also report results of 8 SARS-CoV-2 CSF
qRT-PCRs from patients who had LPs for a variety of reasons.
Additional qRT-PCRs were unable to be performed due to the
challenging nature of collecting and preserving samples for re-
search at the height of the COVID-19 surge in New York City and
the retrospective case series nature of this type of study. Limitations
include that this was a single-institution retrospective case series
with a relatively small samples size of LPs compared with the total
number of COVID-19 patients admitted to the institution over
this time. During this time, the ability to perform LPs was limited
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due to the clinical volume during the COVID-19 surge in New
York City. Additionally, neurological manifestations of COVID-
19 may be difficult to detect in patients who are intubated and
sedated, leading to fewer LPs being done. A larger evaluation for
the extent of possible neurological manifestations of COVID-19
patients in the full patient cohort is needed. Elevated WBC counts
were seen in the CSF of 12 patients; however, 3 of these (25%) were
taken from external ventrticular drains, the presence of which
may have resulted in CSF leukocytosis. Additionally, SARS-CoV-2
qRT-PCR was unable to be performed on CSF samples from all
patients included in this case series.

Given the broad spectrum of neurological findings described
in this case series, the question of when to obtain an LP in
COVID-19 patients remains important. Prior recommenda-
tions suggest that LPs be performed in COVID-19 patients
where there is concern for encephalitis or neurological findings
such as new deficits, CVAs, seizures, or delirium that cannot be
explained by other causes, but indications for LP in COVID-19
patients remain challenging [32]. Our data do not support the
routine testing of CSF for the presence of SARS-CoV-2; how-
ever, this case series shows that LPs were helpful in ruling out
other possible causes of neurological findings in patients, spe-
cifically bacterial and viral infections. In our clinical experience,
LPs may be considered if (1) there is a lack of a direct trigger for
a neurological finding (ie, ICH in a patient on anticoagulation),
(2) neurological findings cannot be explained by systemic in-
fection, (3) physical examination findings are suggestive of CNS
infection (ie, AMS in conjunction with meningismus), (4) spe-
cific neuroradiographic patterns are concerning for infectious
or postinfectious immune-mediated process (ie, new focal flair
signal in brain parenchyma and/or spinal cord or findings sug-
gestive of vasculopathy on neuroimaging). We recommend con-
sultation with neurology and infectious diseases services when
considering LP in these patients for aid with decision-making
regarding the necessity of testing and for assistance with man-
agement changes based on LP results. More studies need to be
done to better characterize neurological conditions in the con-
text of COVID-19 and to better understand which CSF profiles
and studies may help in the diagnosis of COVID-19, including
CSF antibody testing and inflammatory biomarkers.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
corresponding author.
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