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Abstract
Acute and post-acute neurological symptoms, signs and diagnoses have been documented in an increasing number of patients
infected by the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), which causes Coronavirus Disease

2009 (COVID-19). In this review, we aimed to summarize the current literature addressing neurological events following

SARS-CoV-2 infection, discuss limitations in the existing literature and suggest future directions that would strengthen our
understanding of the neurological sequelae of COVID-19. The presence of neurolog

manifestations (symiploms, higllh or
diagnoses ) both at the onset or during SARS-CoV-2 infection is associated with a more severe disease, as demonsiraied by
a longer hospital stay, higher in-hospital death rate or the continued presence of sequelae at discharge. Although biological
mechanisms have been postulated for these findings. evidence-based data are still lacking to clearly define the incidence,
range of characteristics and outcomes of these manifestations, particularly in non-hospitalized patients. In addition, data from

low- and middle-income countries are scarce, leading to uncertainties in the measure of neurological findings of COVID-19,

A with reference to geography. ethnicity, socio-cultural settings, and health care arrangements. As a consequence. at present a
& Oworak[’].Hgta'Ltn :-|k.'ci1ic phenatype that wort]d !-|'K:L‘i|._§' a [)s:.\l-f.‘{']\”D for Iung-f'('l\qnl |'|ull1‘u|lr-=:i|::l] syndrome has not yet heen identified.
o A Global COVID-19 Clinical Platform

Case Report Form (CRF) for Post COVID conditions (Post COVID-19 CRF”) Keywords COVID-19 - SARS-CoV-2 - Neurological diseases - Post-COVID

Changes in cognitive functioning after COVID-19: A systematic review and meta-

The WHO has established a Global Clinical Data Platform’ of COVID-19 and invites all Member States and health vei
analysis

facilities to report anonymised patient-level clinical information to the WHO platform using standardized Case Report

Form (CRF):

o Core CRF captures clinical information of individuals hospitalized for COVID-19

o Core-P CRF has information of pregnant women hospitalized for COVID-19

o MIS-CRF has information related to multisystemic inflammatory syndrome in children and adolescents temporally
related to COVID-19

o Post COVID-19 CRF, designed to build upon the Core CRF and assess the medium- and long-term sequelae of
COVID-19
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prepare for large investigational studies.
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Incidence and risk factors for persistent symptoms in adults
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GRAPHICAL ABSTRACT
Word cloud showing persistent symptoms 6-8 months since
hospital discharge in people previously hospitalised with COVID-19.

Results: 2,649 of 4755 (56%) discharged patients were successfully evaluated, at
median 218 (IQR 200, 236) days post-discharge. COVID-19 diagnosis was clinical in
1291 and molecular in 1358. Most cases were mild, but 202 (34%) required supple-
mental oxygen and 68 (2.6%) needed ventilatory support. Median age was 56 years
(IQR 46, 66) and 1,353 (51.1%) were women. Persistent symptoms were reported
by 1247 (47.1%) participants, with fatigue (21.2%), shortness of breath (14.5%) and
forgetfulness (9.1%) the most common symptoms and chronic fatigue (25%) and res-
piratory (17.2%) the most common symptom categories. Female sex was associated
with any persistent symptom category OR 1.83 (95% Cl 1.55 to 2.17) with associa-
tion being strongest for dermatological (3.26, 2.36 to 4.57) symptoms. Asthma and
chronic pulmonary disease were not associated with persistent symptoms overall, but
asthma was associated with neurological (1.95, 1.25 to 2.98) and mood and behav-
ioural changes (2.02, 1.24 to 3.18), and chronic pulmonary disease was associated
with chronic fatigue (1.68, 1.21 to 2.32).

KEY MESSAGES

* H-8 months after hospital discharge, around a half of pa-
tients with Covid-19 experienced persistent symptoms

» Chronic fatigue and respiratory problems were the com-
monest persistent symptoms, with 11.3% having multi-
system involvement

= Female sex was associated with higher risk of persistent
symptoms



Post-COVID syndrome. A case series and comprehensive review
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Fatigue
Headache

Myalgia

Arthralgia

Dry cough

n: 100
Sex =
Female 53 (53.0%)
Male ) 47 (47.0%) Respiratory Gastrointestinal
Age (Median -IQR) 40 (37.8-55.3)
Body mass index (Median -[QR) 28.1 (25.1-30.4)
Post-COVID time (days, Median -IQR) 219 days (143-258)

* Musculoskeletal, digestive (i.e., diarrhea)
and neurological symptoms including
depression (by Zung scale) were the most
frequent observed in PCS patients.

* A previous hospitalization was not
associated with PCS manifestation.

» Arthralgia and diarrhea persisted in more Musculoskeletal
than 40% of PCS patients.

Dyspnea
Ageusia
Anosmia
Pharyngitis
Diarrhea
Dizziness
Rhinorrhea
Neurological Impaired visual acuity

Edema

Acute COVID-19 Post-COVID
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Post-COVID syndrome. A case series and comprehensive review
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Frequency bar plot for pooled prevalence of post-
COVID manifestations in meta-analysis. Error bar
represents the estimated 95% confidence interval.
Only those clinical manifestations reported in more
than 4 articles were included in this graph.

ost-COVID manifestations: meta-analysis
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A Neurological Outpatient Clinic for
Patients With Post-COVID-19
Syndrome — A Report on the Clinical
Presentations of the First 100
Patients
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TABLE 1 | Characteristics of patients presenting to the neurclogical

Post-COVID-19 outpatient clinic.

MNumber of patients
Mean age (years)
Range

Mean time between positive
SARS-CoV-2 testing and
prasentation in outpatient clinic
(days)

- Hange (days)

Mild COVID-19 course

Severe COVID-19 course

TABLE 2 | Evaluation of self-questionnaires and results of MoCA of patients
presenting to the neurological post-COVID-19 outpatient clinic,

Frontiers in Neurology 2021 Volume 12 Article 738405

Symptoms
Cognitive impairment
Fatigue

Headache

Myalgia

Limb pain

Other pain

Hyposmia

Vertigo

&7
45.2
21-68
186.9

85-426
61 (91.0%)
6 (9.0%])

45 (67.2%)
49 (73.1%)
24 (35,8%)
15 (22.4%)
5 (7.5%)
12 (17.9%)
27 (40.3%)
15 (22.4%)

91-369
28 (84.8%)
2 (15.2%)

o7 (81.8%)
18 (54.5%)
12 (36.4%)
6 (18.2%)
4(12.1%)
5 (15.2%)
9 (27.3%)
5 (15.2%)




Moscow Research and Clinical Centre for
Neuropsychiatry: Post-COVID Program

Staged approach

* Telemedicine

- Outpatient clinics

- Day hospital

* Inpatient department

Multidisciplinary team

* Neurologist

* Psychiatrist

* Psychotherapist

* Psychologist

* Internal medicine

* Physical medicine and

rehabilitation

Non-pharmaceutical
interventions

* Psychotherapy

* Psychoeducation

- Biofeedback

- tDCS

* Physical therapy

« Acupuncture

* Hyperbaric oxygen therapy



Moscow Research and Clinical Centre for Neuropsychiatry:
Assessment of Post-COVID patients

i . Cognitive evaluation
: gar:gsg:ned'cal exam Mental health assessment - Executive function (verbal fluency)
: y - STAI (anxiety) - Memory (auditory verbal learning
: (Ezr?cr:l(g)lzﬁne - BDI (depression) test, digit span)
_Other - IES-R (PTSD) - Attention (trial making test, symbol
- SITBI (suicide ideation and behavior) digit modality test)
- Visuo-Spatial (Benton test)

* Neurological exam - Mental Processing Speed (trial

- Autonomic testing making test, symbol digit modality
- COMPASS - 31 test)
- HR-variability

- Cardiovascular tests

S

Follow-up evaluation”
(*modified WHO CREF)



Moscow Research and Clinical

Post-COVID Cohort
Centre for Neuropsychiatry;

. COVID-19 onset .
Self-reported severity of COVID-19 2053 patients

= Mild-to-moderate
COVID-19

m Severe COVID-19

m Critical COVID-19

Number of symptoms

= <3 months prior
to admission

1%

= 3-6 months prior
to admission

= >6 months prior
too admission

= Did not recall the
COVID-19 time
period

Number of affected systems

= No symptoms
= No symptoms

= 1 system
= 1 symptom
= 2 systems

\. = 2 symptoms ‘
= 3 systems

= >3 symptoms

m 4 systems
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40%

35%
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25%

20%

15%

10%

Post-COVID-19 Autonomic Symptoms

Disorders of
sweating

Orthostatic
intolerance

Pupillomotor
disorders

Bladder problems

N=2

Diarrhea

053

Syncope

M.Zinchuk et al.,

in prep
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Post-COVID-19 symptoms: time since acute iliness

Sleep
disorders

50%
40%
30%
20%
10%

0%

COVID-19
m <3 months prior to admission
(n=234)
| 3 6 months prior to admission
(n=583)
O >6 months prior to admission
(n=598)

Fatigue Attention Depression Anxiety
disorders
Disorders of Dizziness Balance Vision/hearing Headache

. M.Zinchuk et al., in pre
sweating problems problems brep



Headache as an acute and post-COVID-19 symptom In Eur J Neurol. 2021:28:3820-3875.
COVID-19 survivors: A meta-analysis of the current literature ’
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» The prevalence of post-COVID
headache ranged from 8% to 15%
during the first 6 months after the
acute infection (vs around 50%
during hospitalization.

* The time course of post-COVID
headache seems to be stable
during the first 180 days, but =
longitudinal studies are needed.

 |dentification of risk factors :
associated with post-COVID g
headache will ensure immediate
action and counselling of this
patient population.

FIGURE 2 Time course trend of
post-COVID headache from the onset of
the symptoms/hospital admission to 30,
60, 90, and 2180 days after discharge.
*Statistically significant effect (p < 0.001)
showing a time trend during the different o noL T
follow-up periods. [Colour figure can be E;u'._.p




Post-COVID neurological manifestations: mechanisms?
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Acute and post-acute neurological manifestations of COVID-19:
present findings, critical appraisal, and future directions
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| Deaths by 283787 704 811 143
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Brain Health Unit = Follow-up and long-term impact
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* Are there neurological symptoms, signs or
diagnoses occurring after the acute phase of COVID-19
symptoms that can be interpreted as ?

* Are there neurological symptoms, signs or diagnoses that
of COVID-19?

* What are and/or
any new-onset post-acute neurological manifestations?
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REVIEW DRAFT INTERSECTORAL GLOBAL ACTION PLAN ON EPILEPSY
AND OTHER NEUROLOGICAL DISORDERS 2022-2031

Acute and post-acute neurological manifestations of COVID-19: BACKGROUND

present findings, critical appraisal, and future directions
1. In November 2020, the Seventy-third World Health Assembly adopted resolution WHA73.10
requesting the Director-General of WHO, inter alia, to develop a 10-year intersectoral global action plan
on epilepsy and other neurological disorders, in consultation with Member States, in order to promote
and support a comprehensive, coordinated response across multiple sectors.

Ettore Beghi'® - Giorgia Giussani' - Erica Westenberg? - Ricardo Allegri® - David Garcia-Azorin® - Alla Guekht'
Jennifer Frontera® - Miia Kivipelto’® - Francesca Mangialasche’ - Elizabeta B. Mukaetova-Ladinska® -
Kameshwar Prasad'® - Neerja Chowdhary'' - Andrea Sylvia Winkler?'?

2. The intersectoral global action plan on epilepsy and other neurological disorders 2022-2031 aims

@)y pear . to improve access to care and _trcalmcut for people living with ncurolt_agical disorders, while preventing

e eam yn - Follow-up and ong-ferm mpact . " new cases and promoting brmp ‘llea!th and de\-'eloplqellt across the l]fe‘ course. l‘[‘seeks to support _[he

S, Are the re S peCIfI C n eW—1 recovery, well-bel_ng and participation of pgople 11\-'1ng_ with neurolpglcal conditions, ‘wlnle_reducmg

WHO Technical offcer Neerja Choweihary associated mortality, morbidity and disability, promoting human rights, and addressing stigma and
discrimination through interdisciplinary and intersectoral approaches.

2 World Health
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Erausquin, Erika Fink, Abdallah Foad, Jennifer Frontera, Giorgia Giussani, Wouter De
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3. The intersectoral global action plan on epilepsy and other neurological disorders 2022-2031
. builds on previous global resolutions, decisions, reports and commitments, including resolution

Sym pto m S th at Ca n be I WHAG68.20 on the global burden of epilepsy and the need for coordinated action at the country level to
address its health, social and public knowledge implications. A number of preventive, pharmacological

and psychosocial approaches are shared by epilepsy and other neurological disorders. This sharing of
strategies and approaches (i.c., synergies) can serve as valuable entry points for accelerating and

d Are th e re n e u ro I Og i Ca I f strengthening services and support for epilepsy and other neurological disorders.

arise during and persist after the acute phase of COVID-19?

* What are the factors associated with the persistence and/or
any new-onset post-acute neurological manifestations?
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