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Serum and cerebrospinal fluid biomarker
profiles in acute SARS-CoV-2-associated
neurological syndromes
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Preliminary pathological and biomarker data suggest that SARS-CoV-2 infection can damage the nervous system. To understand
what, where and how damage occurs, we collected serum and CSF from patients with COVID-19 and characterized neurological
syndromes involving the PNS and CNS (#z = 34). We measured biomarkers of neuronal damage and neuroinflammation, and com-
pared these with non-neurological control groups, which included patients with (7 =94) and without (»=24) COVID-19. We
detected increased concentrations of neurofilament light, a dynamic biomarker of neuronal damage, in the CSF of those with CNS
inflammation (encephalitis and acute disseminated encephalomyelitis) [14 800 pg/ml (400, 32 400)], compared to those with en-
cephalopathy [1410 pg/ml (756, 1446)], peripheral syndromes (Guillain—-Barré syndrome) [740 pg/ml (507, 881)] and controls
[872 pg/ml (654, 1200)]. Serum neurofilament light levels were elevated across patients hospitalized with COVID-19, irrespective
of neurological manifestations. There was not the usual close correlation between CSF and serum neurofilament light, suggesting
serum neurofilament light elevation in the non-neurological patients may reflect peripheral nerve damage in response to severe ill-
ness. We did not find significantly elevated levels of serum neurofilament light in community cases of COVID-19 arguing against
significant neurological damage. Glial fibrillary acidic protein, a marker of astrocytic activation, was not elevated in the CSF or
serum of any group, suggesting astrocytic activation is not a major mediator of neuronal damage in COVID-19.
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ADEM =acute demyelinating encephalomyelitis; CRP =C-reactive protein; GFAp =glial fibrillary acidic protein;

NfL =neurofilament light; PCR =polymerase chain reaction
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Introduction series have reported neurological and neuropsychiatric

syndromes associated with SARS-CoV-2.%*> Neuroimaging

SARS-CoV-2, causing COVID-19, may damage the ner- and neuropathological studies have demonstrated a range
vous system. Following an initial report,' several case of abnormalities, including multi-territory infarcts,
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CSF and serum biomarkers in acute COVID-19

cerebral microbleeds and white matter lesions.” The
pathogenic mechanisms are unclear but may include direct
viral CNS infection, para- and post-infectious inflammation,
hypercoagulability and the consequences of critical illness.’

Biomarkers of infection, neuronal injury and astrocytic
activation are a means of understanding brain pathobiol-
ogy in vivo. In particular, neurofilament light chain pro-
tein (NfL) is a dynamic marker of active neuronal
damage.®” Glial fibrillary acidic protein (GFAp), highly
expressed in astrocytes, is a biomarker of astrocytic acti-
vation/injury® and Neopterin is a marker of immune acti-
vation with prognostic value.” Sampling biomarkers in
different biological compartments (CSF and blood) permit
further anatomical localization.

Recent blood biomarker studies reported elevated con-
centrations of plasma GFAp and NfL, in severe but
neurologically uncharacterized COVID-19 cases compared
to controls.'® As yet, it is unclear whether neuronal dam-
age is restricted to SARS-CoV-2-associated neurological
syndromes, and if so which clinical syndromes, or
whether neuronal damage occurs as part of the syndrome
of COVID-19 more generally.

Sampling CSF gives a much more direct approach to
measuring biomarkers of CNS injury than sampling
blood; typically they are 10-100 fold higher. As yet, few
case reports/series of CSF in acute SARS-CoV-2 infection
are available.

The aims of this study were to (i) evaluate if SARS-
CoV-2 damages the nervous system in individuals who mani-
fest clinical neurological syndromes; (ii) compare neuronal in-
jury markers in individuals with SARS-CoV-2 with and
without clinically apparent neurological involvement; and (iii)
compare biomarker signatures in CSF and blood.

Materials and methods

We prospectively recruited patients presenting to our hos-
pitals between March and June 2020 with probable/con-
firmed COVID-19.'"'? Confirmed cases were diagnosed
by polymerase chain reaction (PCR) test for SARS-CoV-2
on nasopharyngeal swab or positive IgG SARS-CoV-2.
Participants had new neurological signs or symptoms
according to standardized definitions'' within 40 days of
respiratory or systemic COVID-19 symptoms (COVID-
neurological). Additional blood and CSF samples were
collected alongside samples collected as part of standard
clinical care with written informed consent. Serum bio-
markers of neuronal damage and astrocytic activation
[ie. NfL, total tau (T-tau), phosphorylated tau (P-tau)
glial fibrillary acidic protein (GFAp)], were compared
with levels in two separate control groups. The first, indi-
viduals who presented to University College Hospital
with probable/confirmed COVID-19 between March and
June 2020 without neurological signs/symptoms or
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history of major neurological disease (COVID hospital-
ized). The second cohort comprised individuals with posi-
tive SARS-CoV-2 PCR who did not require hospital
admission (COVID non-hospitalized), and had serum
samples collected in a previously described study.'?> CSF
biomarkers were compared to neurologically healthy
amyloid, tau and translocator protein (TSPO) PET-nega-
tive controls (7=24) from a healthy ageing study, col-
lected prior to the COVID-19 pandemic (non-COVID
controls).

We further classified COVID-neurological cases as (i)
‘central’: encephalitis; encephalopathy; acute disseminated
encephalomyelitis (ADEM) or stroke; (ii) ‘peripheral’:
Guillain—Barré syndrome (GBS); or (iii) other according
to clinical consensus criteria as previously described.”

Clinical data were extracted retrospectively and blindly
from electronic records (EPIC, Madison, WI, USA).
Clinical outcomes were determined based on electronic
notes review January 2021 based on the most recent clin-
ical correspondence, as previously described.” All individ-
uals have been followed up after discharge for between 1
and 9 months. Potential confounders and effect modifiers
including age, sex, full blood count, C-reactive protein
(CRP), D-dimer, minimum percentage oxygen saturation,
timing of symptom onset to biomarker sampling and co-
morbidities were determined. The earliest available blood
result was taken, and the lowest oxygen saturation was
recorded.

Subject’s consent was obtained according to the
Declaration of Helsinki. This study was approved by the
Queen Square ethics committee and the Canada Research

Ethics Board.

The data that support the findings of this study are avail-
able from the corresponding author, upon reasonable
request.

Serum NfL and GFAp concentrations in the COVID-
neurological, COVID hospitalized and non-COVID con-
trol groups were measured by Single molecule array
(Simoa),'* using a single batch of reagents; intra-assay
coefficients of variation were <10% for both analytes.
COVID non-hospitalized serum was analysed using the
Simoa NF-light assay (Quanterix, Billerica, MA) at a dif-
ferent laboratory; 23 independent samples were analysed
across both sites and a correction factor used for stand-
ardization. CSF NfL and GFAp concentrations were
measured using in house ELISAs, as previously described
in detail."”>'® T-tau, P-tau181, amyloid  1-40 and 1-42
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(Ap40 and Af42, respectively) were analysed by
Lumipulse assays (Fujirebio, Ghent, Belgium). All meas-
urements, except serum NfL, were performed using a sin-
gle batch of reagents (intra-assay coefficients of variation
were <10%), on randomized samples without informa-
tion on clinical data. Positive brain amyloid status was
defined as AB42/Af40 ratio <0.065 based on local clinic-
al cut points, to determine whether amyloidosis could be
a confounding factor in neurodegenerative biomarker
interpretation.

Two radiologists, blinded to biomarker data, assessed
scans using standardized visual rating scales to quantify
ischaemic stroke (ASPECTS),"” pc-ASPECTS'® and white
matter hyperintensities (ARWMC)."” ARWMC scores
were categorized as normal (0), intermediate (1-9) or se-
vere (>10). Discrepancies were resolved by consensus.

Continuous variables were summarized using means and
medians and compared using Student’s independent-sam-
ples ttest or Mann—Whitney U-test as appropriate.
Categorical data were represented as percentages and
compared using chi-squared test. The CSF and serum
measures required common logarithm transformation to
normalize the distributions for subsequent analysis so
that assumptions would be met. Linear correlations be-
tween common logarithm-transformed CSF/serum NfL
and other markers, were analysed by Pearson’s product
moment correlation, after transforming them using the
common logarithm. The strength and direction of rela-
tionships was measured using simple linear regression,
with examination of residuals to ensure fulfilment of lin-
ear regression assumptions. Individuals with missing data
were excluded from that analysis. All statistical analyses
and graphs were generated using Stata 14 (College
Station, TX, USA) and Prism 8.3.1 (GraphPad, La Jolla,
CA, USA); P <0.05 was considered significant. We report
medians/interquartile range.

Results

A total of 152 individuals were included in this study
(Fig. 1). Thirty-four COVID-neurological cases (70% la-
boratory confirmed; 15% probable, 15% possible), 51
COVID hospitalized (78% laboratory confirmed, 16%
probable, 6% possible), 43 COVID non-hospitalized
(100% laboratory confirmed) and 24 non-COVID con-
trols were included. The COVID-neurological group con-
sisted of CNS (n=21): encephalopathy (n=28; 6/8 with
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Figure | Cohort overview. Flowchart describing cohorts.

CSF); encephalitis (n=3; 3/3 with CSF); ADEM (n=3;
2/3 with CSF); stroke (z=7; no CSF), PNS (z=10; 9/10
with CSF) and other syndromes (n =3, 2/3 with CSF).

Comparing the COVID-19 groups, the COVID-neuro-
logical group was younger than either the COVID hospi-
talized or the non-COVID control groups (Table 1).
There were more males in the COVID-neurological group
compared to the COVID non-hospitalized or non-COVID
control groups. There were significantly more non-white
individuals in the COVID hospitalized group (P=0.038).
Furthermore, CRP (P<0.001) and lymphocyte count
(P=0.002) were significantly higher, while oxygen satur-
ation (P=0.001) and haemoglobin (P=0.001) were sig-
nificantly lower in the COVID hospitalized than the
COVID-neurological group (Table 1). ~80% of the
COVID hospitalized group required intensive care sup-
port, compared with only ~15% of the COVID-neuro-
logical group. 66% of the COVID CNS neurological
group made a complete recovery.

In the COVID-neurological group, CSF samples were
acellular [<5 white cells (WC)/ul] in all CSF except for a
case of encephalitis (95 WC/ul) and a case of GBS (12
WC/ul). CSF protein was normal in all cases (<0.5g/dl)
except in two cases of GBS (0.6 and 1.2g/dl) and in one
individual with encephalopathy (1.0g/dl). All CSF sam-
ples were SARS-CoV-2 PCR-negative.

We first determined whether CSF and serum NfL were
correlated, in the two groups of subjects that had CSF
available. In the COVID-neurological group, CSF and
serum NfL concentrations were not correlated (#> = 0.12,
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Table | Demographic information for the COVID-neurological, COVID hospitalized, COVID non-hospitalized and

Non-COVID control groups.

COVID-neurological COVID hospitalized CoviD Non COVID-19 P
(N=34) (N=51) non-hospitalized  controls (N = 24)
(N=29)

Median age (IQR), years 45.5 (38, 58) 57 (50, 65) 43 (38, 52) 68 (66, 71) 0.000

Male Sex (%) 18 (60) 39 (78) 13 (45) 5@31) 0.003

Ethnicity
Non-white, % 14 (47) 35 (70) NA NA 0.038
White, % 16 (53) 15 (30)

Lowest oxygen saturation (IQR), % 96 (93, 97) 87 (77, 96) NA NA 0.007
Hypertension 6 (20) 17 (34) NA NA 0.180
Diabetes 6 (20) 12 (24) NA NA 0.109
Median BMI (IQR) 25.1 (22.6,29.9) 24.7 (21.5,29.6) NA NA 0.781
D-dimer, ng/l 1305 (855, 4210) 3665 (1700, 6430) NA NA 0.070
Haemoglobin, g/l 133 (118, 149) 108 (89, 129) NA NA 0.001
Lymphocyte 10%/1 1.68 (1.14, 2.35) 0.87 (0.64, 1.33) NA NA 0.002
Platelet 10°/1 267 (204, 369) 240 (207, 359) NA NA 0.560
Creatinine pmol/l 71 (67,91) 76 (63, 109) NA NA 0.535
CRP pg/ml 19 (6,94) 182 (65, 310) NA NA <0.001
Time from COVID-19 symptom onset 14 (10, 30) 25 (14, 33) NA NA 0.222
to blood sampling (days)

Radiological burden of microhaemorrhage
Lobar 1 (3) NA NA NA
Deep 1 (3)

Corpus Callosum 1 (3)
Significant P-values (defined as <0.05) are in bold.
BMI, body mass index; CRP, C-reactive protein; IQR, interquartile range; NA, not available.
P=0.63), while in the non-COVID control group they COVID controls [9917.0pg/ml  (8160.0, 13600)]:

were (r* = 0.63, P=0.002) (Fig. 2). We then compared
CSF NfL between different neurological clinical presenta-
tions and controls. Median NfL was higher in the
COVID-neurological group with CNS presentations
[1510 pg/ml (IQR; 857, 14800)] compared to non-
COVID controls [872 pg/ml (654, 1200)]; P=0.0477.
Whereas, there were no differences between CSF NIfL
non-COVID controls compared to PNS cases [739 pg/ml
(IQR; 507, 881)]: P=0.5083. To illustrate which clinical
syndromes were driving this trend we provide boxplots
of CSF NfL concentration by clinical syndrome (Fig. 2)
which show highest levels of CSF NfL in ADEM fol-
lowed by encephalitis groups. There was no significant
difference between CSF NfL in the CNS and PNS groups
(P=0.112). Two individuals had missing CSF values.
Serum NfL levels were elevated in COVID CNS neuro-
logical syndromes [51.0 pg/ml (IQR; 20.7, 187)], COVID
PNS neurological syndromes [122 (25.7, 293)] and
COVID hospitalized [66.3 pg/ml (IQR; 28.2, 171.0)]
P=0.001, compared to COVID non-hospitalized [6.7 pg/
ml (5.5, 8.6)] and non-COVID controls [16.7 pg/ml (11.6,
24.5)] P=0.001. Six individuals had missing values.

CSF and serum GFAp were not correlated in either the
COVID-neurological group (R* 0.19, P=0.42) or the
Non-COVID controls (R2 0.19, P=0.39). CSF GFAp
concentrations were lower in COVID CNS neurological
syndromes [3753 pg/ml (517, 7660)] compared to non-

P=0.002. CSF GFAp concentrations were also lower in
COVID PNS neurological syndromes [2234.0 pg/ml
(2060, 6440)] compared to non-COVID controls
(P=0.003). There was no significant difference in GFAp
between CNS and PNS cases in CSF (P=0.804). One in-
dividual had missing values.

Serum GFAp was higher in COVID CNS neurological
conditions [112.0 pg/ml (53.9, 402)], COVID PNS cases
[110 pg/ml (77.2, 251.2)] and COVID hospitalized cases
[125.8 pg/ml (90.0, 171.0)] compared to COVID non-hos-
pitalized cases (P=0.0171). Five individuals had missing
values.

We explored the relationship between serum neuronal in-
jury biomarkers and age, time from COVID-19 infection
to sampling, disease severity (CRP) and hypoxia across
all individuals with COVID-19. No association was
observed between serum NfL and age (R*=0.0,
P=0.886), CRP (R*=0.01, P=0.472), hypoxia
(R?=0.03, P=0.122). There was a weak association be-
tween timing of blood sampling and serum NfL (R* =
0.07, P=0.027). There were no differences in timing of
blood sampling between the COVID neurological and
COVID hospitalized groups (P=0.222). No association
was observed between serum GFAp and age (R* = 0.03,
P=0.094), time from COVID-19 infection to blood
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Figure 2 NfL and GFAp: scatter plot graphs of CSF against serum and boxplots by clinical groups. (i) Scatter plot graphs of
serum NfL against CSF NfL for COVID-neurological cases and non-COVID controls (A); Scatter plot graphs of serum GFAp against CSF
serum GFAp for COVID-neurological cases and non-COVID controls (B); (ii) Boxplots of CSF NfL (C) and GFAp (E) for neurological groups;
and (iii) Boxplots of serum NfL (D) and GFAp (F) for neurological group. Serum and CSF NfL and serum and CSF GFAp are log'®
transformed. GFAp, glial fibrillary acidic protein; NfL, neurofilament light. ¥<0.05, **P < 0.01, ***P < 0.001, ****P < 0.000, ns, non-significant.
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sampling (R*> = 0.04, P=0.108), CRP (R* = 0.04,
P=0.092) or lowest percentage oxygen saturation (R* =
0.00, P=0.756).

Brain imaging was available for twenty-six individuals in
the COVID-neurological group (MRI, »=21; CT, n=235).
Alberta stroke program early CT score (ASPECTS),
pcASPECT and age-related white matter changes
(ARWMC) scores were calculated for each and microhae-
morrhages were identified in three (anatomical localiza-
tion provided in Table 1). We explored associations
between imaging abnormalities and neuronal damage bio-
markers in the COVID-neurological group. There was a
significant association between severe white matter dis-
ease (AMWRC) and serum NfL (P=0.024) (Fig. 3) but
not serum GFAp (P=0.157). No association was
observed between ASPECTS scores, serum NfL or serum
GFAp.

We explored associations between clinical outcome and
biomarkers of neuronal damage in CSF and serum in
individuals with COVID-neurological CNS syndromes.
Raised CSF NfL concentrations were associated with in-
complete recovery and death (Fig. 3), but numbers were
small and did not reach statistical significance. We did
not observe associations with either serum NfL or GFAp.

To understand the relationship between Alzheimer’s dis-
ease pathology and the neurological manifestations of
acute SARS-CoV-2 infection, CSF ApB42/40 ratio, T-tau
and P-tau were measured and compared with local clinical
cut-points. Five individuals in the COVID-neurological
group had CSF biomarkers suggestive of amyloidosis (3/10
GBS and 2/8 encephalopathy). None of these individuals
had CSF biomarker evidence of elevated T-tau or P-tau or
NfL. Two individuals had missing values.

CSF T-tau was higher in COVID-neurological CNS cases
[585 (IQR; 220, 1788)] compared to COVID-neurological
PNS cases [127 (IQR; 98, 162)] P=0.009, but not sig-
nificantly higher than non-COVID controls [289 (243,
356)]; P=0.7491.

CSF P-tau was not elevated in COVID-neurological
CNS [585 (IQR; 220, 1788)], COVID-neurological PNS
[127 (IQR; 98, 162)] or non-COVID control groups [33
(27.8, 37.9)]. Two individuals had missing values.
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Discussion

This is the largest prospective biomarker study of careful-
ly clinically characterized patients with neurological mani-
festations of COVID-19. It includes controls with and
without COVID-19, covering the full spectrum of disease
severity. We tested biomarkers in two compartments:
CSF, most sensitive to reflect CNS pathobiology, and
blood, a downstream repository of CNS derived bio-
markers, which will also contain biomarkers released
from the PNS and other organs. This has provided us
with further insight into the localization and mechanisms
of neuronal damage in acute COVID-19 disease. As well
as relating these biomarkers to clinical syndrome, we
have also been able to correlate these fluid biomarkers
with imaging, neurodegenerative pathological biomarkers
and clinical outcomes.

One of the major findings of this study is that CSF
NfL is higher in patients with COVID-19 related neuro-
logical diseases of the CNS, but more specifically it was
highest in individuals with ADEM and encephalitis. NfL
is a cytoskeletal protein, expressed mainly in large fibre
myelinated axons®’ which is thought to be passively
released into CSF in response to neurological insults
including head trauma,”' neuroinflammatory relapses in
multiple sclerosis,’ and a range of neurodegenerative dis-
eases, reflecting disease intensity.>* It is therefore not sur-
prising to see significant elevation in CSF NfL in those
with severe CNS syndromes causing significant neuro-
logical disability with imaging changes involving the
white matter. Levels were higher than in many neurode-
generative diseases and stroke.® It is also not surprising
to see CSF NfL linked with clinical outcome.

Conversely, it was reassuring to observe only modest,
non-significant elevations in CSF NfL in COVID enceph-
alopathy. Encephalopathy has emerged as a frequent
complication of acute SARS-Cov2 infection and is associ-
ated with a poorer functional outcome, independent of
respiratory disease severity.”> The mechanism of disease
is not clear. Few cases have SARS-CoV-2 RNA in CSF,**
and current thinking is that encephalopathy may reflect
microvascular change, endothelial activation and local in-
flammation.>® NfL is elevated in many neurological con-
ditions and  correlates with  the intensity of
neurodegeneration. The lack of CSF NfL elevation in en-
cephalopathy cases without white matter involvement on
imaging provides some evidence to suggest that these
cases do not have excess neurodegeneration implying no
significant long-term neurological deficit.

It was unexpected to observe a loss of the normally
very close correlation between CSF and serum NfL® in
acute SARS-CoV-2 infection. It is not clear how NIfL
released from the CNS passes into peripheral blood. In
one study, elevated serum NfL started to be detected an
hour after injury in concussed hockey players,”® and fol-
lowing minimal surgical brain injury, NfL levels in these
two Dbiofluids follow each other closely.”” A close
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Figure 3 Boxplots of CSF and serum NfL for CNS group, radiological subtype and clinical outcome. Boxplots of CSF and
serum NfL for (i) CNS group (clinical subtype: encephalopathy; encephalitis; ADEM) and non-COVID controls; (i) radiological subtype
(AMWRC); and (iii) clinical outcome. The boxplots show the median and interquartile range (lower QI and upper Q3 quartiles) and the
whiskers represent the entire range. Serum and CSF NfL are log'® transformed. ADEM: acute disseminated encephalomyelitis; ARWMC, age-
related white matter scale category; NfL; serum neurofilament light.
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correlation is typically seen between NfL in these two
compartments in steady disease states.”® In this study, the
loss of correlation is partly driven by peripheral nerve
syndrome cases, where there is elevated serum NfL but
normal concentrations of CSF NfL. This implies that NfL
is released from peripheral nerves into blood, and does
not freely pass back into CSF.

We also observed no correlation between serum and CSF
NfLL in CNS cases, with high CSF NfL not necessarily
reflected in peripheral blood. One possible explanation is the
timing of sampling; it may take longer than previously
thought for NfL levels to reach a steady state in blood. In
vivo studies of NfL kinetics are under way to understand the
kinetics of NfLL and this will be critical for NfL interpretation
in blood. The poor correlation between serum and CSF has
important implications for future biomarker studies in the
acute setting, suggesting that serum NfL may not be a reliable
marker of CNS disease, and that CSF may be required to reli-
ably detect or track neuronal damage in acute COVID-19.

Like others, we also observed elevated serum NfL levels in
the hospitalized COVID-19 cohort.'™* This group was com-
posed of individuals with moderate to severe COVID-19 who
did not have pre-existing neurological disease/recognised
neurological sequelae. Other biomarker studies have detected
evidence of neuronal damage in those with moderate to severe
COVID-19 without clinically-manifest neurological disease.'®'*
Pathological studies have shown a range of pathological
changes ranging from microinfarcts™ to relatively mild
neuropathological changes,’®*! with no evidence of encephal-
itis or vasculitis®® leaving some doubt as to whether elevated
neuronal damage markers are derived from brain. The major-
ity (~80%) of the COVID hospitalized cohort were managed
in intensive care settings, where the median admission for
COVID-19 is ~10days™ we postulate that elevated serum
NfL may be a consequence of prolonged immobility causing
critical care neuromyopathy or a combination of peripheral
and central neuronal damage and not necessarily a reflection
of subclinical CNS disease. Future studies incorporating per-
ipheral neurophysiology are needed to confirm this.

Low CSF Nfl in PNS COVID-19 cases implies that
CNS neuronal damage is not evitable in acute SARS-
CoV-2 infection. Further reassurance is provided by
serum NfL concentration in the non-hospitalized COVID
cohort. This cohort consisted of individuals with con-
firmed SARS-CoV-2 who were under regular surveillance
during the first peak of the pandemic, but did not require
admission to hospital. Acknowledging the caveats in
serum NIfL interpretation discussed above, serum NfL lev-
els were extremely low in this group, making it unlikely
that this cohort sustained significant CNS or PNS dam-
age during the acute illness. Since this is a cross-sectional
study with biomarker collection during the acute illness,
we cannot predict whether this will predispose to longer
term neuronal damage.

This is the largest study to show that standard CSF
markers of CNS infection/inflammation (white cell count
and total protein) are not altered in SARS-CoV-2
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infection and confirms the findings of a number of other
smaller studies. We were not able to detect direct evi-
dence of SARS-CoV-2 RNA by PCR in CSF. A small
number of cases have demonstrated positive SARS-CoV-2
in CSF at low levels, including a small detailed case series
which identified positive CSF PCR in three individuals
with encephalopathy/meningism.”** A lack of consistent
evidence of viral RNA in CSF across a wide range of
neurological presentations suggests that direct CNS inva-
sion is not the major mechanism for neurological mani-
festations.’ Low/normal GFAp in serum and CSF argues
against astrocytic activation. However, it is possible that
GFAp will not detect all forms of astrocyte reactivity.’*
Elevated CSF GFAp was detected in another cohort of
acute COVID-19 patients, although this trend was driven
by high levels in critically unwell patients.>’

In our cohort, a slightly larger number of individuals
than expected had CSF biomarker evidence of amyloid-
osis. Three of these individuals had GBS, an acute
demyelinating disease of the PNS. A causative association
with CNS amyloid deposition is therefore unlikely. CSF
biomarker evidence of amyloidosis was seen in isolation,
without biomarker evidence of tau pathology (phosphory-
lated tau) or neurodegeneration (NfL). Based on this
small samples size, we did not see evidence to suggest
that COVID-neurological syndromes were more common
in those with underlying AD pathology.

A strength of this study is that participants were pro-
spectively recruited and clinically classified according to
agreed case definitions. We also had access to radiologic-
al and clinical data that allowed us to adjust for disease
severity. The hospitalized COVID group had more severe
COVID-19 infections than the COVID-neurological
group, based on higher CRP and lower oxygen satura-
tions, but disease severity, timing of sampling or medical
co-morbidities did not
concentrations.

There are a number of limitations to this study.
Numbers are still relatively small, even though favourable
when compared to existing studies. We did not have ac-
cess to a control group with a different infection, there-
fore we cannot say how specific these findings are to
SARS-CoV-2 infection. Samples could not be collected
according to usual strict pre-handling standard operating
procedures due to the clinical context. We know from a
variety of CSF handling studies that this is important for
measuring amyloid concentration, but less important for
tau, NfL and other less hydrophobic proteins.>® The non-
COVID controls were older than the COVID-neurological
group, although as serum NfL rises with age this if any-
thing strengthens our findings.

In conclusion, CNS biomarkers of neuronal injury are
highest in ADEM and encephalitis, and correlated with
white matter abnormalities on imaging and incomplete
clinical recovery. There is only weak evidence for signifi-
cant neuronal damage in COVID encephalopathy. CSF
and serum NfL are not correlated in acute SARS-CoV-2

influence biomarker
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infection: blood measures of NfL may not be a reliable
measure of CNS dysfunction in COVID-19, and where
this is suspected CSF evaluation should be considered. In
non-neurological, hospitalized COVID-19 patients, sub-
clinical neuronal PNS or CNS damage maybe occurring
but needs further investigation.
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