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Abstract 

The magnitude of the COVID‑19 pandemic will result in substantial neurological disease, whether through direct 
infection (rare), para‑infectious complications (less rare), or critical illness more generally (common). Here, we raise 
the importance of stringent diagnosis and data collection regarding neurological complications of COVID‑19; we 
urge caution in the over‑diagnosis of neurological disease where it does not exist, but equally strongly encourage the 
concerted surveillance for such conditions. Additional to the direct neurological complications of COVID‑19 infection, 
neurological patients are at risk of harm from both structural limitations (such as number of intensive care beds), and 
a hesitancy to treat with certain necessary medications given risk of nosocomial COVID‑19 infection. We therefore also 
outline the specific management of patients with neuroinflammatory diseases in the context of the pandemic. This 
article describes the implications of COVID‑19 on neurological disease and advertises the Neurocritical Care Society’s 
international data collection collaborative that seeks to align data elements.
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Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
is a rampant pandemic characterized predominantly by 
lower respiratory tract involvement. While coronavi-
ruses are not a common cause of neurological disease, 
they have been reported to cause direct central nervous 
system (CNS) infection, as well as presumed para-infec-
tious disorders [1–3]. Over a million cases of confirmed 
COVID-19 have been reported worldwide, and while 
definitive evidence is sparse, emerging publications and 
preprints justify careful consideration of the neurological 
associations with COVID-19 infection (Fig. 1).

A preprint describes neurological manifestations in 
36.4% of 214 patients with confirmed COVID-19 [4]. 
However, the symptoms described [dizziness (not fur-
ther defined), headache, and impaired consciousness] are 
commonplace in many severe infections and represent 

disturbances in neurological function rather than neuro-
logical disease per se. Anosmia and ageusia have received 
much attention, but are ubiquitous in other common 
upper respiratory tract infections. While a reported 
increased risk of cerebrovascular disease [4] was repli-
cated in a further preprint [5], the incidence was simi-
lar to that in critical illness more broadly [6]. A further 
case report [7] documents necrotizing encephalopathy 
in association with COVID-19, but without evidence of 
viral isolation from cerebrospinal fluid (CSF).

Indeed, to date, there are no definitive reports of 
SARS-CoV-2 detection in CSF. The only available report 
of CSF findings describes no abnormalities in a patient 
with encephalopathy during their COVID-19 illness [8]. 
Recent correspondence provides a secondary (Chinese 
language) citation of CSF positivity for SARS-CoV- 2 [9], 
but no clinical or laboratory details were provided, and 
polymerase chain reaction (PCR) techniques are at risk of 
sample contamination from shed airborne virus. A con-
certed effort by the international Human Cell Atlas com-
munity (yet to be published, but presented online at https 
://www.youtu be.com/watch ?v=gHqBo U4s63 U&featu 
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re=youtu .be) has documented the relative expression of 
the two key co-receptors for SARS-CoV-2 entry, ACE2, 
and TMPRSS2, across multiple tissues, and highlights 
that (in health) there is minimal expression in brain tis-
sue, suggesting that direct brain infection would not be a 
common phenomenon. The one brain cell type which did 
express both genes was the oligodendrocyte, and there-
fore, SARS-CoV-2 encephalitis might be expected to be a 
predominantly white-matter disease where it does occur.

Given high rates of COVID-19 infection in the general 
population, coincidental occurrence of neurological dis-
eases is likely, and we must be cautious about inferring 
causal linkages. However, we must also recognize that 
in a pandemic, neurological manifestations of COVID-
19 may be overlooked. This dilemma predicates a low 
threshold for imaging and CSF analysis in COVID-19 
patients displaying unexpected neurological symptoms 
(recognizing that magnetic resonance imaging may be 
challenging in this context).

A greater concern than direct viral invasion of the CNS 
may be para-infectious neurological diseases such as 

Guillain–Barré syndrome, transverse myelitis, or acute 
disseminated encephalomyelitis, such as seen in the 
2015–2016 Zika virus epidemic, but on a much greater 
scale given the numbers of people infected. It is reassur-
ing that, despite the peak onset of para-infectious condi-
tions typically occurring within 4 weeks, there has been 
no clear signal from countries affected early in the pan-
demic course. However, such associations may emerge 
over time and have clear clinical relevance. Patients 
with neurological complications may require protracted 
intensive care stays and represent an additional strain on 
already overstretched facilities.

Further considerations relate to patients with neurolog-
ical conditions requiring treatments that could worsen 
outcome from COVID-19, such as immunosuppres-
sant medication for autoimmune neurological diseases. 
Although recent reports suggest some benefit in the most 
severe cases of COVID-19-related ARDS [10], evidence 
from previous coronavirus outbreaks suggests that viral 
shedding may be prolonged in patients treated with corti-
costeroids [11], and their routine use is currently avoided. 

Fig. 1 Putative mechanisms underlying neurological consequences of COVID‑19
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Table 1 Tiered approach to facilitate parallel development and rapid deployment of investigations of neurologic manifestations of COVID-19. Centers can elect 
to participate in Tier 1, Tiers 1 + 2 or 1 + 3, or Tiers 1 + 2 + 3

Design considerations Common data elements Ethical board considerations Participating centers Implementation considerations

Tier 1 Prospective Registry
 Simple inclusion and exclusion criteria
 Small # of core data elements => Low 

burden to research team
 Low data granularity, capture basic 

groups
 Outcomes: acute phase outcome, e.g., 

mortality

Core Qualifies for expedited review
Qualifies for waiver of consent

All centers
 All centers able to participate regardless 

of resource levels
Many centers
Large sample size

Practical in COVID‑19 pandemic and com‑
patible with infection containment:

 No direct contact with study subjects
 All data can be collected remotely from 

electronic health records or via telecom‑
munication with clinical team

 Highly pragmatic (lean) workflow

Tier 2 More detailed clinical and neurodiag‑
nostic data collection. Examples:

 Detailed neuroexam
 Clinical laboratory data
 Clinical imaging/neurophysiologic data
 Outcome: global Functional out‑

come assessment beyond mortality. 
Acute + subacute phase outcomes

Basic Likely require full board review
Likely require informed consent

Able/willing centers participate
Smaller # of sites compared to Tier 1
Smaller overall sample size but more 

granular outcome

May require contact with study sub‑
jects—possibly utilize telecommunica‑
tion tools to reduce exposure risk

More onerous and granular data collec‑
tion

Standardization considerations in clinical 
laboratory, imaging, and electrodiag‑
nostic data

Missing data considerations

Tier 3 Advanced, nonstandard neurodiagnos‑
tics (e.g., advanced MR imaging)

Prospective biospecimens collection 
(CSF, blood, other) for experimental 
biomarkers investigation

Possible postmortem tissue study
Longitudinal study to capture subacute 

and long‑term events

Supplemental Requires full board review
Requires written informed consent

Small # of centers with necessary 
resources participate

Smaller # of sites
Smaller overall sample size but with 

longitudinal data and biomarker data

Requires direct contact with subject or 
specimen, higher risk for exposure

 Biospecimens will need biocontainment 
facilities for banking/storage

 Advanced neurodiagnostics resources 
available at participating centers

 Standardization considerations in 
experimental biomarkers (molecular 
and imaging)



Typical second-line treatments for neuroinflammatory 
crises, intravenous immunoglobulins (IVIg) or plasma 
exchange (PLEX), are less likely to delay viral clearance 
in COVID-19, and given some reports of benefit in sepsis 
[12, 13], they may even be of potential benefit. However, 
IVIg is associated with an increased risk of thrombo-
embolism [14], a particular issue given the reports of 
increased D-dimer levels [10] and (as yet unquanti-
fied) concerns regarding the risk of microthrombosis in 
COVID-19 infections.

Third-line therapies for neuroinflammatory conditions 
such as cyclophosphamide or rituximab are likely to rep-
resent the highest risk treatments with regard to subse-
quent COVID-19 infection, but are already only used 
when less toxic medications have failed. We would advo-
cate that those not currently infected with SARS-CoV-2 
should receive any treatment required to treat their 
neurological condition, but in a positive-pressure room 
where possible (in order to provide against acquiring 
nosocomial COVID-19 infection). For those who develop 
contemporaneous COVID-19 infection, we would sug-
gest temporizing with second-line treatments (IVIg/
PLEX) until the active infection has cleared, and ensuring 
meticulous monitoring and prophylaxis for thromboem-
bolism if IVIg is used.

Our last concern is around the potential chronic neu-
rological consequences of this pandemic. The sheer vol-
ume of those suffering critical illness is likely to result in 
an increased burden of long-term cognitive impairment 
[15]. In addition, there also remains the as yet unquan-
tified risk of both “common” para-infectious processes 
such as acute disseminated encephalomyelitis, as well as 
atypical disorders akin to encephalitis lethargica, which 
continues to be linked to the 1918 H1N1 pandemic [16], 
though this link remains unproven.

Given that the scale of this pandemic is likely to result 
in a significant burden of neurological disease, we advo-
cate a unified approach to reporting COVID-19 patients 
who develop neurological complications, and where pos-
sible compiling a repository of biological samples. The 
Neurocritical Care Society (margin note: https ://www.
neuro criti calca re.org/home) is leading a multicenter, 
international collaborative effort to develop guidelines 
and tools to align data and sample collection protocols 
so that individual centers can undertake standardized 
data collection which can eventually be integrated into 
a harmonized larger dataset that is widely available for 
analysis.

Such an effort must cater to different granularities 
of data collection, using the Common Data Elements 
(CDEs) approach espoused by the National Institute for 
Neurological Diseases and Stroke (Table  1) [17]. At the 
most basic level, Core CDEs may be eligible for expedited 

ethical board review and waived consent. The collection 
of such pragmatic data should be feasible in a global pan-
demic, with incorporation into wider pandemic research 
efforts, which currently collect some limited neurological 
data [18]. They could also provide a basis for retrospec-
tive clinical record review in cohorts of patients affected 
earlier in the pandemic, looking for neurological associa-
tions with COVID-19 infection. More specialized units 
could seek to collect more detailed basic CDEs, which 
require more effort and pose a greater regulatory burden. 
Finally, supplemental CDEs (e.g., neuroimaging, biospec-
imens, and postmortem brain examination) would only 
be collected by centers that had appropriate resources. 
One key (but organizationally demanding) supplemental 
CDE would be the long-term follow-up of survivors of 
the COVID-19 pandemic, to allow effective monitoring 
of late neurological sequelae.
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