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SARS-CoV-2

e  Worldwide COVID-19 Cases >171 million
Deaths Related to COVID-19 > 3.5 million =4
Vaccine Doses Administered > 1.9 billion ==z

~20um

COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU)
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Critical Knowledge Gaps and Areas of Active
Scientific Investigation Underlying Neurological

Symptoms in COVID-19

eget
Viral s, Systemic
neuroinvasion? inflammation?
. oy \P«VV,-,/‘/} B ‘
Autoimiiiess CNS-specific
U Immune activation?
Small vessel thrombosis? Endothelial damage?

y 4

Toxic metabolic encephalopathy?
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What are common neurological symptoms in
hospitalized COVID-19?
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JAMA Neurology | Original Investigation
Neurologic Manifestations of Hospitalized Patients

With Coronavirus Disease 2019 in Wuhan, China

Ling Mao; Huijuan Jin; Mengdie Wang: Yu Hu; Shengcai Chen; Quanwei He; Jiang Chang; Candong Hong:

Yifan Zhou; David Wang; Xiaoping Miao; Yanan Li, MD, PhD; Bo Hu, MD, PhD

Table 1. Clinical Characteristics of Patients With COVID-19

No. (%)
Total Severe Nonsevere
Characteristic (N = 214) (n=88) (n=126) P value®
Nervous system symptoms
Any 78 (36.4) 40 (45.5) 38 (20.2) .02
LNS 53 (24.8) 27 (30.7) 26 (20.b) .09
Dizziness 36 (16.8) 17(19.3) 19 (15.1) A2
Headache 28 (13.1) 15(17.0) 13 {10.3) .15
Impaired consciousness 16 (7.5) 13(14.8) 3(2.4) < 001
Acute cerebrovascular disease 6 (2.8) L{5.7) 1(0.8) 03
Ataxia 1(0.5) 1(1.1) 0 NA
Seizure 1{0.5) 1(1.1) 0 NA
PNS 19 (8.9) 7(8.0) 12 (9.5) .60
Impairment
Taste 12 (5.8) 3(3.4) 9(7.1) .24
Smell 11 (5.1) 3(3.4) 8(6.3) 34
Vision 3(1.4) 2(2.3) 1(0.8) 37
Nerve pain 5(2.3) 4(4.5) 1(0.8) 07
Skeletal muscle injury 23 (10.7) 17(19.3) 6 (4.8) <.001
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Original Investigation | Neurology o)
May 11, 2021

Global Incidence of Neurological Manifesta-
tions Among Patients Hospitalized With
COVID-19—A Report for the GCS-NeuroCOVID

}".
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3 )
= Consortium and the ENERGY Consortium ?
Sherry H.-Y. Chou, MD, MSc'2; Ettore Beghi, MD3; Raimund Helbok, MD#; et al ’ :
» Author Affiliations | Article Information ’ ° ° ' @

JAMA Netw Open. 2021;4(5):e2112131. doi:10.1001/jamanetworkopen.2021.12131

Table 2. Neurologic Manifestations in Study Population, Stratified by Cohort®

Patients, No./total No. (%)

GCS-NeuroCOVID Cohort
EAN ENERGY Registry COVID-19 neurological All COVID-19

Manifestation (n=214) (n = 475) (n = 3055)
Neurological manifestations
Any neurological manifestation® 169/214 (79) 475/475 (100) 2439/3054 (80)
Clinically captured signs or 151/169 (89) 385/475 (81) 1628/3055 (53)
syndromes®

Self-reported neurological symptoms

Headache 56/204 (27) 164/475 (35) 1165/3053 (38)
Anosmia or ageusia 46/199 (23) 91/449 (20) 840/3052 (28)
Syncope 4/212 (2) 58/475 (12) 152/3054 (5)
« Case ascertainment by a trained * Consecutive patients with or without
neurologist neurological manifestations over
3mo.
* Cases collected did not require a
_sl gﬁg%’iﬁflﬂ%g%%m Cohort Moro E et al, Eur J Neurol 2020 Frontera J et al, Neurocrit Care 2020 neurologist

NEUROSCIENCE Descriptions  Beghi E et al, Eur J Neurol 2021 McNett N et al, Neurocrit Care 2020 www.mghcme.org



Acute encephalopathy (delirium) remains the most
reported neurological sign, while meningitis,
encephalitis and myelopathy are rare

Encephalopathy

Coma

Abnormal Brain Stem Reflex
Aphasia

Abnormal Tone
Movement Abnormality
Stroke

Plegia

Sensory Symptoms
Seizure

Dysautonomia
Meningitis

Myelopathy
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What is the hospital course for people with
neurological disease and acute COVID-19?
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Delirium is a common presenting symptom in COVID-
19, underreported in hospitalized settings and
associated with poor outcomes

Original Investigation | Emergency Medicine

November 19, 2020

60% Delirium in Older Patients With COVID-19
Presenting to the Emergency Department

45%

28%

COVID-19 (n=817)
(]
S
X

15%

Symptoms and Signs at ED
presentation in Older Adults with

0%

L
<
QQT\ =)

In the 226 patients with delirium, 37% lacked typical symptoms of

/e‘l gﬁﬁ%ﬁ?ﬂ%&%mfever or shortness of breath. Kennedy M et al JAMA Network Open 2020

" NEUROSCIENCE * Next most frequent neurological symptom www.mghcme.org




Delirium is a common presenting symptom in COVID-19,
underreported in hospitalized settings and associated with
mortality and rehab needs

Adjusted Odds Ratios for Discharge Outcome

_ Frequent neurologic manifestations and -
encephalopathy-associated morbidity in Covid-19 patients ™ ™= "°°
Eric M. Liotta®(2), Ayush Batra®(2), Jeffrey R. Clark, Nathan A. Shlobin, Steven C. Hoffman, . e % i
Zachary S. Orban & Igor J. Koralnik |
Ken & Ruth Davee Department of Neurology, Northwestern University Feinberg School of Medicine, Chicago, lllincis Severs COVID-19 0.06,
Disease 013 026 <0.001 | oo

0.11,

Table 1. Patient characteristics by presence of neurologic manifestations and encephalopathy. Encephalopatny 022 g4 oot | Fe

No Neurologic  Any Neurologic No
Overall Manifestation  Manifestation P Encephalopathy  Encephalopathy P 020,
Male Sex 0.52 089 0.02 [
n 509 90 419 347 162 i
Age, years (mean (SD)) 58.51(1693) 6298(18.97) 57.53(16.31) 0.005  55.22 (16.10) 65.51 (16.54) <0.001
Male, n (%) 281 (55.2) 50 (55.6) 231 (55.1) 1 180 (51.9) 101 (62.3) 0.034 Academic Medical 1.08, i
Female, n (%) 228 (44.8) 40 (44.4) 188 (44.9) 167 (48.1) 61(37.7) Center Hospitalzatin 58 331 003
Patient outcomes i
Hospital length of stay, days 7.00 5.00 8.00 <0.001 5.00 17.00 <0.001 Hisory of Any 028,
(median [IQR]) [3.24,13.00]  [2.00, 8.00] [4.00, 14.00] [3.00, 8.00] [11.00, 25.00] Neurological Disorcer 099 0.046 *
Modified Rankin Scale Score at 0.093 <0.001
Hospital Discharge, n(%) e 007 i
0 to 2: Looks after own affairs 362 (71.1) 63 (70.0) 299 (71.4) 310(89.3) 52(32.1) Transplantation 027 100 0.06 —
without assistance
3: Ambulates unassisted, needs 47 (9.2) 5(5.6) 42 (10.0) 18 (5.2) 29(17.9) i
some help with own affairs :::r;a"”'e w e |_._,|
4 to 5: Unable to ambulate 57 (11.2) 9(10.0) 48 (11.5) 8(23) 49 (30.2)
unassisted, needs assistance j
with own bodily care ;i:‘;:’;”’com 099, |‘|
6: dead 43 (8.4) 13(14.4) 30(7.2) 11(3.2) 32(19.8) Hosplatzatin, days 1.05 1.10 010
30-day mortality, n (%) 46 (9.1) 13(14.4) 33(79 0.079 11(3.2) 35(21.7) <0.001
- 085, j
Modified Slide Courtesy of Dr. Sherry Chou, UPMC srenatisey 1S a0 08
0 o 05 1 15 3 25 3

Favors Favarstie Outcoms (modified Rankin 0-2)

In a hospitalized COVID-19 dataset of 1985 patients, a natural language processing tool identified 1117 (57%) patients
who did not have a delirium ICD code but had other indicators suggesting a patient experienced delirium (e.g.,
medications related to delirium, restraints; verified by manual review). This highlights the low sensitivity of delirium ICD
codes relative to manual chart review. *unpublished data (Ge, Westover)
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Acute ischemic stroke is infrequent in COVID-19, but
when present Is associated with negative outcomes

Acute Ischemic Stroke and COVID-19
An Analysis of 27 676 Patients

Adnan l. Qureshi, William |. Baskett, Wei Huang, Daniel Shyu, Danny Myers, Murugesan Raju, Iryna Lobanova =], M. Fareed K. Suri,
S. Hasan Naqvi, Brandi R. French, Farhan Siddiq, Camilo R. Gomez, Chi-Ren Shyu

Originally published 4 Feb 2021 | https://doi.org/10.1161/STROKEAHA.120.031786 | Stroke. 2021;52:905-912
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54 Facilities
27,676 Patients
COVID Positive + COVID Positive + COVID Negative +
No New Stroke Acute Ischemic Stroke Acute Ischemic Stroke
n=7606 n=103 1 3% n=199 1 0%

Ischemic Stroke vs, No Stroke COVID Positive vs. Negative

Older

Mot aph
Desmographic T African Amenican

™ Mrican American

Hypertension
Mypedipidemia
Diabetes Mellitus
Arial Fibrdiation
Congestive Heart Failure

Comorbidities No differences

T Non-Routine Discharge

Oulcomes
T Hospatal Moctality

T Non-Routine Discharge

COVID + Stroke were more likely to have
cerebral edema, intracerebral hemorrhage
or Ml compared to those without Stroke.

Acute Ischemic stroke was
infrequent in patients
with Coronavirus disease
2019 and usually occurs in
presence of other
cardiovascular risk factors.
The risk of discharge to
destination other than
home or death increased
two folds with occurrence
of acute lschemic stroke in
patients with Coronavirus
disease 2019

www.mghcme.org



Despite low prevalence ot clinical seizures, electrographic
abnormalities are common in COVID-19 and associated
with poor outcomes

Electroencephalographic Abnormalities are Common in A 100
COVID-19 and are Associated with Outcomes

Lu Lin MD, PhD, Abrar Al-Faraj MD, Neishay Ayub MD, Pablo Bravo MD, Sudeshna Das PhD,
Lorenzo Ferlini MD, loannis Karakis MD, PhD, Jong Woo Lee MD, PhD, Shibani S. Mukerji
MD, PhD, Christopher R. Newey DO, MS, Jay Pathmanathan MD, Myriam Abdennadher MD,
Charles Casassa MD, Nicolas Gaspard MD, PhD, Daniel M. Goldenholz MD, PhD, Emily J.
Gilmore MD, Jin Jing PhD, Jennifer A. Kim MD, PhD, Eyal Y. Kimchi MD, PhD, Harshad S.
Ladha MD, Steven Tobochnik MD, Sahar Zafar MD, Lawrence J. Hirsch MD, M. Brandon
Westover MD, PhD &, Mouhsin M. Shafi MD, PhD &« ... See fewer authors ~

Survival probability (%)
8

t
TABLE 1. Characteristics of Evaluated Cohort
25
Characteristic All Patients (n = 197) sl
elzures
— Absent
— Present
Age, yr 65 (57-73)
0
0 10 20 30 40 50
Male sex, n (%) 118 (59.9) o Length of Stay (days)
u i
. . 8 Avsent{ 178 121 72 44 28 12
Past medical history & Sl
& Present| 19 9 6 4 1 1
Prior epilepsy, n (%) 32 (16.2) 0 10 20 30 0 50
Days since Admission
Prior CNS disorders, 67 (34.0)
including epilepsy, n (%) B Epileptiform Abnormalities Nonconvulsive status epilepticus
EEG Finding Variable Odds p Prevalence of EEG
Ratio Finding, n/Total n (%) 05 05
5 8
s ®
Epileptiform 0ld intracranial lesion on 2.34 0.03 Yes 23735 (65.7) %] 5
2 04 2 04
abnormalities imaging e [a]
No 734162 (45.1) <] -
8 8
Maximal CRP during hospital 1.48 0.01 - - 3 0.3 é 0.3
course E g
S £
2 o
Time from admission to first 1.46 <0.05 - - & 02 =
=1 ® 02
positive COVID test E g
2 3
0.1
— - epileptiform abnormalities 0 . R i
=~ + epileptiform abnormalities i oo o i
| MASSACHUSETTS — + nonconwulsive status epilepticus
A 0.0
Y GENERAL HOSPITAL T % & = & & o

0 10 20 30 40 50
NEUROSCIENCE KT Length of stay (days) 1cme.org




Summary

 Multiple studies estimate that neurological symptoms or clinical findings will
occur in most patients hospitalized with COVID-19’

* The most common neurological sign in acute, hospitalized COVID-19 is
delirium or encephalopathy

* The presence of neurological signs like delirium, stroke or seizures are
associated with worse outcomes during the acute period (long-term / post-
hospital sequelae remain to be defined)

Take Away

» Low threshold for investigating neurological symptoms or signs in people
hospitalized with COVID-19 and if present, anticipate increased rehab needs
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What are neuroradiographic findings in acute COVID-19?
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Diffuse, confluent, symmetric white matter
mvolvement IS more commonly reported Iin people

Case 1 Case 2 Among those with leukoencephalopathy +
- diffusion restriction vs diffusion restriction

SETT, \}0 X alone, patients were more obese, lower
;. hemoglobin levels and had a trend towards

. o :
- B o \/' 1 3 R . ) ¢ ‘ | t A increased frequency of acute renal failure
‘ L . 3 LY a2 ¢ 3

- ~ $ .2
.s/ o 8 A

' Y m \ O
$D

b

. ' . Prolonged intubation, renal failure requiring
:lyg%)izrgﬁ s;es;.:;;:ator)tllfallﬁre Eecondary CVVH, transaminitis, Gl bleeding. Lower extremity
= LRSS PTG U.S weakness on exam but alert following commands

Slide Courtesy of Dr. Otto Rapalino, MGH

) CENERAL Hoorn Rapalino O,. et al. AINR Am J Neuroradiol. 2021
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Microhemorrhages in Severe COVID-19

Gross Pathology Luxol Hematoxylin and Eosin

Radmanesh, Alireza, et al. Radiology 297.1 (2020); Agarwal, Shashank, et al. Stroke 51.9 (2020); Vattoth, Surjith, et al. The
Neuroradiology Journal 33.5 (2020); Dixon, Luke, et al. Stroke and Vascular Neurology 5.4 (2020);Conklin, John, et al. Journal of
the neurological sciences (2021)
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What are cerebrospinal fluid findings in acute COVID-19?
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CSF profile during acute COVID-19

Contents lists available at ScienceDirect

Journal of the Neurological Sciences

o5

ELSEVIER journal homepage: www.elsevier.com/locate/jns

Review Article

Cerebrospinal fluid in COVID-19: A systematic review of the literature

Ariane Lewis >, Jennifer Frontera ®", Dimitris G. Placantonakis ", Jennifer Lighter €,
Steven Galetta “, Laura Balcer »®¢, Kara R. Melmed "

Meta-analysis of 430 patients with COVID-
19 associated neurological symptoms

Dysarthria or Dysphagia or Dysphonia
1%

Paresis of One Limb
0.2%

Paraparesis/Hemiparesis
8%

* CSF pleocytosis is uncommon during acute
T COVID-19 (~15%)

 SARS-CoV-2 RNA *rarely* found in CSF(~5%)
» note high CT values (low viral copy

Quadriparesis
18%

number)
* Increased CSF protein in 40%
. e siare/myodonus/ * CSF antibodies to SARS-CoV-2 frequent
(~72%), but the source of these Ab not clear
| MASSACHUSETTS
! GENERAL HOSPITAL

W

NEUROSCIENCE Slide Courtesy of Dr. Shelli Farihadian. Yale www.mghcme.org




Viral and immune profiling in CSF rarely identifies
viral RNA after acute COVID-19, but potentially
compartmentalized immune responses

I WBC > 5 (cell/ul)
I Total Protein > 55 (mg/dL)
I Normal Total Protein and WBC

CSF Parameters

y GENERAL HOSPITAL _ _
© NEUROSCIENCE Erica Normandin, PhD www.mghcme.org




Viral and immune profiling in CSF rarely identifies
viral RNA after acute COVID-19, but potentially
compartmentalized immune responses

SARS-CoV-2 copies per L

1825

Pathogen read pairs per million

2044

9857

4503

2230

5225

7889

8374

6975

6429

100 2969

27

3362

6548

6257

1620

8744

6146

3477

10 1688

9146

6844

HEEEEEEEEE

1642

8606

2716

3876

38444

10° 9644

N1
N2

HSV-1
HSV-2

sars-Cov-2 [ 1 ]
Enterovirus
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10°

CSF IL-6 (log10)

CSF IL-15 (log10)

2

0.0013

0.0097

Song and Bartley et al, Cell Reports Medicine, In Press

0.0207 0.0063
0.0192 5- 0.0048
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g ?
IL-6 IL-8 CXCL1
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Remsik et al Cancer Cell 2021
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CSF-derived monoclonal antibodies or autoantibodies are
present in the CSF of some COVID-19 patients with

neurological symptoms

= Nuclei [[] = Human IgG

Roy Jiang

Steve Kleinstein, PhD
Chris Bartley, MD PhD
Sam Pleasure, MD PhD
Michael Wilson, MD
Eric Song

Shelli Farihadian, MD
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Mouse Brain Immynostaining with CSF-derived mAbs

CASE7 CASES5 CASE1

Patient 1 PBMC Patient 1 CSF
(] (]
503 503
[} o
o o
Q0.2 Q0.2
s k]
>
801 80.1
3 @
=] -
§ 0.0 +——+—— E 0.0 +——F 5
) NA D> H
& @ L L L
S c}°° o\°° c}°(\ o\°°

<< <I

13 TI e 0

L N“0OONOQAIUNS
ike . W
id |
Avg Net MF1 - Fold Change over Negative Controls

Nucleocapsid
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S 818455
$_793836
§_552589
N_A3ATY
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N_210-247
N_362399/
3a_172:209)

.......

SARS?.S

Mouse Brain Immunostaining with COVID-19 CSF
Hippocampus (CA3) Cerebrovasculature Olfactory Bulb Cortex

Modified Sllde Courtesy of Dr. Shelli Farihadian, Yalg



Summary

* In severe or critically ill patients, MRI brain findings may show white matter
disease and microhemorrhages

* CSF in acute COVID-19 does not show inflammation in the spinal fluid in
most cases and does not consistently show viral nucleic acid. Some people
may have elevated CSF cytokines or antibodies (performed as part of
research)

Take Away

* MRI brain imaging could be useful to understand sequelae in people with
COVID-19, particularly those with severe or critical iliness. The utility for mild
disease remains to be defined.

* No guidelines currently recommend testing for SARS-CoV-2 RNA in CSF
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What are common neurological findings in non-
hospitalized COVID-19?
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COVID-19 and the Loss of Smell
Added to CDC Guidelines in April 2020

e Patients with COVID-19 can present a sudden
onset of anosmia without any other symptoms ... S\
and can occur in the absence of nasal =
congestion (Dawson et al CID 2021; Leichien et
al Annals 2020).

e Majority of people with anosmia were not
hospitalized with acute COVID-19

e Before the onset of anosmia, often
accompanied by dysguesia, other mild
symptoms such as a dry cough and headache
can also be present.

Olfactory bulb

Trigeminal nerve (V)

Facial nerve (VII)

Glossopharyngeal
nerve (IX)

Vagus nerve (X)

Characteristic All Patients
(n = 2013)
Median age (SD), y 39.50(12.10)
Male sex 34.0
Generatsymptoms . .

Headache 204 Olfaction == B airborn odors

Myalgia 61.8

Coush raste MY see sou sy,

Loss of appetite 2730 Cranial nerves VII, IX  bitter, umami

Dyspnea 46.2

Diarrhea, abdominal pain 423 . . 7

Fever (temperature >38 °C) 406 Chemesthesis Trigeminal nerve  spicy, pungent, cooling

Arthralgia 39.0

Nausea, vomiting 18.7

Sticky mucus/phlegm 14.4

Chest pain 9.2

Leichien et al Annals of Internal Medicine 2020

| MASSACHUSETTS Modifi .
‘ odified Slide Courtesy of Dr. Mark Albers, MGH
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Smell Loss and Recovery in COVID-19
: J I M i:'i%ﬁ%i E&:dicine

. __________ __ ________________________________________
ri @ Free Access H
ARG EL IS ACE2 and TMPRSS2 are expressed in support
Prevalence and 6-month recovery of olfactory
dysfunction: a multicentre study of 1363 COVID-19 CE"S, nhot olfactory neurons
patients
Olfactory bulb Olfactory bulb
J. R. Lechien®x, C. M. Chiesa-Estomba, E. Beckers, V. Mustin, M. Ducarme, F. Journe, A. = 1 Granule cell
Marchant, L. Jouffe, M. R. Barillari, G. Cammaroto, M. P. Circiu, S. Hans, S. Saussez « ™ Mitral/tufted cell
= DorAL) ) Mitral/tufted cell
All Patients L ‘;\’ : J‘(C‘(—:AI :\:V ] ?T:;:r:;lli:;cj" 1]
Characteristics (N=1363) o g
Onset of smell dysfunction N=1339 N @D AN rizontal basal c
Before the other symptoms 225 (16.8) | /Ov W / 6 e e i
Concomitant with other symptoms 439 (32.8) [0) K? \@ /‘l« ) '
Md "‘;}/ 1 L«-#A Bowman’s gland
After the other symptoms 599 (44.7) i S, .
Did not remember/Missing data 76 (5.7) _ Respiratory epithelium
(o me o i) uml]  Ciliat
Smell dysfunction duration Iyl ‘“:‘ e . ;. s
1-4 days 157 (1 17) vj’,’b]. \‘L !}' éésal cel‘l '
5_8 days 213 (15'9) I Expresses ACE2 and TMPRSS2
9-14 days 172 (12.8) Cooper et al Neuron 2020
15-30 days 186 (13.9) Brann et al Science Advances 2020.
31-45 days 152 (11.4)
45-60 days 131 (9.8 H H H
y ©8 = About a third recover function in 1-14 days
Unresolved 328 (24.5)

Mean duration (Mean, SD, days) 216 + 170 About a third recover function in 15-60 days
F7M Temale /male: N mamber, SD. standard devianon~ At 6 months, 5% had residual smell dysfunction

' GENERAL HOSPITAL
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Brain fog includes attention and working memory deficits
and are common in people with persistent neurological
symptoms after non-hospitalized COVID-19 infection

Persistent neurologic symptoms and cognitive dysfunction in non-hospitalized

. " . SARS-CoV-2+ [l SARS-CoV-2-
Covid-19 “long haulers
>4 Symptoms
Edi . . . . Brain Fog
ith L. Graham, Jeffrey R. Clark, Zachary S. Orban, Patrick H. Lim, April L. Szymanski, Carolyn Taylor,
Rebecca M. DiBiase, Dan Tong Jia, Roumen Balabanov, Sam U. Ho, Ayush Batra, Eric M. Liotta, Headache
Igor J. Koralnik i ... See fewer authors ~ Numbness/tingling
Insomnia
Fatigue
0 225 45 67.5 90
Age 43.2 (11.3) 43.7 (11.8) 42.6 (10.8)
Female Sex 70 (70) 33 (66) 37 (74)
White Race 88 (88) 44 (88) 44 (88) p, against p, against
normative normative
Latinx 12 (12) 6 (12) 6 (12) i population i population | p, between
SARS-CoV-2 median T- SARS-CoV-2 median T- SARS-CoV-2
Assessment Domain T-score score of 50 T-score score of 50 groups
PROMIS Quality of Life
(median (IQR))
. . . e Cognition 38 (30, 41) <0.001 33 (31, 37.5) <0.001 0.24
Testlng in Clinic: Fatigue 64 (55, 69) <0.001 69 (61.25, 74) <0.001 0.15
L . NIH Toolbox (median (IQR))
® ANA > 1:160: 1]_/33 (1/3 had preexisiting immune Processing Speed 44.5(35.5,59) |0.28 415(33,53.75) | 0.25 0.61
. . Attention 41.5(37,48.25) |<0.001 41.5(38.5,47) 0.15 0.64
mediated dlsease) Executive Function 45.5 (40, 60) 0.71 46.5 (28.75, 53.25) | 0.22 0.49
Working Memory 43 (37.5,48.75) | 0.007 49.5 (42, 53.5) 0.53 0.19

e Abnormal MRI brain: 9/48 (majority were nonspecific
white matter changes)
* EEG: no abnormalities in 5 patients

v
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Implications of COVID-19 sequelae for health-care personnel W

The COVID-19 pandemic caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) was
initially described as causing a severe acute respiratory
syndrome. Clinical studies have since shown that
COVID-19 is a systemic illness with the potential for
multiorgan complications. As the pandemic unfortunately
continues, COVID-19 has the potential for a broader and
more insidious effect, including the loss of skilled health-
care personnel to post-COVID-19 disabilities.

Persistent and diverse postviral symptoms have been
described in survivors of COVID-19, including those
with a mild initial disease course.’ The development of
neuropsychiatric disturbances following a viral infection
is well known to health-care providers (ie, postviral
syndrome or in this case, so-called long COVID). Postviral
neurological sequelae have been described following
infections such as with influenza virus,’ West Nile virus

the resolution of their respiratory illness. The barriers
to returning to work are often low energy, cognitive
symptoms, and affective symptoms. For example,
a middle-aged, critical care nurse with years of both
clinical and academic experience described having poor
focus during patient encounters, forgetting names
of essential medications, and debilitating fatigue
after a typical workday. She is but one example of the
many health-care providers who, like their patients,
are struggling with residual postviral neurocognitive
symptoms.*

The prevailing cultural framework in health care has
long valued hard work at the expense of self-care, which
now prompts calls for medical institutions to safequard
the wellness of their workforce.”” In our experience,
health-care personnel who want to return to work b

who _have no changes in workflow or support, even
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Incidence of Neurological Manifestations with

COVID-19 in Hospitalized Settings
(March - October 2020)

Clinical Feature or

Diagnosis

COVID-19 (total # of

Mao et al.

Romero-
Sanchez et
al.

Pinna et
al.

Karadas et
al.

Xiong et
al.

Helms et
al.

Benussi et
al.

Paterson et
al.

Chen et al.

Liotta et
al.

e 214 841 650 239 917 58 56 43 274 509
COVID-19 with
ma"nﬁ:;g:glc:s' 78(36.4) | 483(57.4) | 50(7.7) | 83(34.7) | 39(4.2) | 49(84.4) | 56(100) 43(100) | 78(28.4) | 319(62.7)
(number (%) of
CNS Manifestations - |SEuEEI. NR NR NR NR NR NR 35 (31.4) NR
(Overall)
Dizziness | 36(46.1) | 51(10.5) NR 16 (19.2) NR NR NR NR 21(7.6) | 151(29.7)
Headache | 28(35.9) | 119(24.6) | 12(24) 64 (77.1) 2(5.1) NR NR NR 31(11.3) | 192(37.7)
Impaired consciousness 16 (20.5) 165 (34.1) 30 (60) 23 (27.7) 25 (64.1) NR NR 7 (16.2) 26 (9.5) 162 (31.8)
Acute Stroke | 6 (7.7) 14 (2.9) 20 (40) 9(10.8) | 10(25.6) NR 43 (76.8) 8 (18.6) NR 8 (1.6)
Encephalitis NR 1(0.2) NR NR 0(0.0) NR NR 12 (27.9) NR 1(0.2)
PNS Manifestations | g 54 3) NR NR 53 (22.1) NR NR NR 8 (18.6) NR NR
(Overall)
Anosmia | 11 (14.1) 41 (8.5) 3(6) 18 (21.7) NR NR NR NR NR 58 (11.4)
Dysautonomia NR 21 (4.3) 6(12) NR NR NR NR NR NR 16 (3.1)
ADP | 1(0.2) 0(0) 1(1.2) NR NR NR NR 7(16.2) NR 0(0)
skeletal Muscle |53 595) | 253(523) | 6(12) | 36(433) | 2(5.) NR NR NR NR 228 (34.8)

Manifestations (Overall)
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Prolonged Intubation in Patients With Prior
Cerebrovascular Disease and COVID-19

ORIGINAL RESEARCH article
Front. Neurol., 09 April 2021 | https://doi.org/10.3389/fneur.2021.642912

A B
300 q 70 4
[ Hospitalized (n=1128) [ CeVD+ & Hospitalized (n=177)
=3 Critically Il (n=350) [ CeVD+ & Critically lll (n=69) ° Hlstory Of |schemlc Stroke (10%)
Il Death (n=127) 6o 1 HEE CeVD+ & Death (n=37) . . o
250 1 mEE CMO within 48 hours (n=35) EEE CeVD+ & CMO within 48 hours (n=11) e History of hemorrhagic stroke (2.0%)
200 201 * People with cerebrovascular disease were
P more likely to have tobacco use and higher
c
2 40 1 burden of medical comorbidities
o
« 1504
=]
3 301 e Admission median D-dimer, troponin and PTT
Q . . .
100 were higher in people with cerebrovascular
20 1 disease than without (p <0.01)
50 4 g .
101 ¢ 1.6 [1.1-2.36] aOR of critical illness or death
7 in people with a history of cerebrovascular
0 . . , 0l = =i disease than without
18-29 30-39 40-49 50-59 60-69 70-79 80-89 =90 18-29 30-39 40-49 50-59 60-69 70-79 80-89 =90
- Aae (Yrs) Aae (Yrs)

® 39/1128 (3.5%) people had a stroke after COVID-19 diagnosis of which 22/36 (56%) had a past history of cerebrovascular disease.
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Prolonged Intubation in Patients With Prior
Cerebrovascular Disease and COVID-19

ORIGINAL RESEARCH article
Front. Neurol., 09 April 2021 | https://doi.org/10.3389/fneur.2021.642912
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e Over a 45-day observation window,
patients with cerebrovascular disease had a
longer intubation time compared to
patients without cerebrovascular disease

e ~4 days -5 days added time on mechanical
ventilation

20 30
Days Since Intubation

10

Number of patients intubated

Cerebrovascular Disease 49 36 23 13

No Cerebrovascular Disease 244 176 76 31
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