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Resumo

A sindrome respiratéria aguda grave (SARS) é desencadeada por infec¢éo viral
do coronavirus 2 (SARS-CoV-2), também conhecida como COVID-19. A literatura
demonstra que as sequelas desencadeadas pela COVID-19 podem atingir diferentes
partes do sistema nervoso central, podendo contribuir para o desenvolvimento ou
agravamento de processos degenerativos. O objetivo desta dissertacao foi realizar
uma revisdo sistematica da literatura para investigar a relagdo entre COVID-19 e
doencas neurodegenerativas, englobando individuos com diagnéstico prévio de
doenca de Parkinson ou de doenca de Alzheimer e individuos sem diagnéstico prévio
de doencas neurodegenerativas. Esta dissertacdo inclui um manuscrito em lingua
inglesa, no qual foi realizada uma revisdo sistematica de literatura. A pesquisa foi
realizada em trés bancos de dados, onde 39 artigos foram incluidos. Os nossos
resultados mostraram aumento do desenvolvimento dos sintomas de Parkinson e
Alzheimer apds a COVID-19 em individuos sem um diagnéstico neurodegenerativo
prévio. Em individuos previamente diagnosticados com Parkinson ou Alzheimer foi
evidenciado: a) aumento da mortalidade, b) pacientes com Parkinson ou Alzheimer
sdo mais vulneraveis a serem infectados com COVID-19, c) a COVID-19 agravou 0s
sintomas neurodegenerativos de pacientes diagnosticados previamente com doenca
de Parkinson ou doenca de Alzheimer. De acordo com 0s nossos resultados, a
COVID-19 pode estar associada ao inicio ou no agravamento do processo
degenerativo. Aléem disso, as doencas neurodegenerativas tornam os individuos
vulneraveis a infeccdo de SARS-CoV-2. E por fim, a COVID-19 aumenta a taxa de
mortalidade em pacientes com a doenca de Parkinson ou doenca de Alzheimer.

Palavras chave: SARS-CoV-2; COVID-19; Neurodegeneracdo; doenca de

Parkinson; doenca de Alzheimer.



Abstract

Severe acute respiratory syndrome (SARS) is triggered by coronavirus 2 viral
infection (SARS-CoV-2), also known as COVID-19. Current literature data show that
the sequelae triggered by COVID-19 can affect different parts of the central nervous
system, and may contribute to the development or worsening of degenerative
processes. The aim of this dissertation was to conduct a systematic literature review
to evaluate the relationship between COVID-19 and neurodegenerative diseases,
comprising individuals with a previous diagnosis of Parkinson's disease or Alzheimer's
disease and individuals without a previous diagnosis of neurodegenerative diseases.
This dissertation includes an English-language manuscript in which a systematic
literature review was conducted. The search was conducted in three databases, where
39 articles were included. Our results showed an increase in the development of
Parkinson's and Alzheimer's symptoms after COVID-19 in individuals without a
previous neurodegenerative diagnosis. In individuals previously diagnosed with
Parkinson's or Alzheimer's disease it was evidenced: a) increased mortality, b) patients
with Parkinson's or Alzheimer's disease are more vulnerable to be infected with
COVID-19, c¢) COVID-19 aggravated neurodegenerative symptoms in patients
previously diagnosed with Parkinson's disease or Alzheimer's disease. According to
our results, COVID-19 may be associated with the initiation or in the aggravation of the
degenerative process. In addition, neurodegenerative diseases make individuals
vulnerable to SARS-CoV-2 infection. And finally, COVID-19 increases the mortality
rate in patients with Parkinson's disease or Alzheimer's disease.

Key words: SARS-CoV-2; COVID-19; neurodegeneration; Parkinson's

disease; Alzheimer's disease.



Lista de abreviaturas

COVID-19: Doenca Coronavirus de 2019

DP: Doenca de Parkinson

DA: Doenca de Alzheimer

ACEZ2: Enzima conversora da angiotensina 2

SNC: Sistema Nervoso Central

SNP: Sistema Nervoso periférico

SARS: Sindrome Respiratdria Aguda Grave
SARS-CoV-2: Sindrome Respiratoria Aguda Grave Coronavirus 2
TMPRSS2: Serina protease transmembrana 2
INF-y: Interferon-y

PCR: Proteina C-reativa

G-CSF fator estimulador de colbnias de granulécitos
CXCL10- Ligante de quimiocina de motivo C-X-C 10
TNF-a: Fator de necrose tumoral-a

18F-FDG PET- 2-18F-fluoro-2-desoxi-D-glicose
PET: Tomografia por emissao de pésitrons

SN- Substancia Nigra



1 Introducéo
1.1 COVID-19 e o sistema nervoso central

A doencga do coronavirus (COVID-19) € altamente infecciosa causada pelo
virus da Sindrome Respiratdria Aguda Grave Coronavirus 2 (SARS-CoV-2) que desde
dezembro de 2019 atingiu propor¢des pandémicas causando milhdes de mortes no
mundo todo (LEON et al., 2020). A COVID-19 é facilmente transmissivel, patogénica
e por apresentar estas caracteristicas € uma ameacga a salde dos seres humanos
(DAVIES et al., 2021; PERAMO-ALVAREZ et al., 2021). A gravidade da doenca
depende das condic¢des prévias de saude do individuo que foi infectado, assim como
as sequelas da doencas que poderao ocorrer de modo agudo ou crbnico. Dentre as
sequelas mais comuns estéo a fadiga, dificuldade para respirar, fibrose pulmonar e
renal, perda de paladar e olfato, que podem ser temporéarias ou duradouras (DAVIES
et al., 2020; PERAMO-ALVAREZ et al., 2021).

Apesar dos sintomas respiratorios serem predominantes na COVID-19, muitos
pacientes relatam cefaleia, dor abdominal, diarreia, perda do paladar e do olfato,
lesbes cutaneas, encefalopatia, delirio e agitacdo (BOLAY et al., 2020; LUERS et al.,
2020; MEINHARDT et al., 2021). A diminui¢céo da responsividade, como nos casos de
anosmia, hiposmia, hipogeusia e disgeusia sao sintomas iniciais frequentes de
infeccdo por coronavirus e sdo considerados indicadores iniciais de potencial
envolvimento neurologico (KIM et al., 2022). As sequelas no sistema nervoso central
(SNC) que permanecem, apos a aparente melhora do quadro sistémico ainda sao
desconhecidas, porém dependo da condicdo de saude prévia do infectado as
sequelas podem ser mais graves, podendo ser o inicio ou agravamento de um

processo neurodegenerativo (HADAD et al., 2022).



Alguns estudos mostraram que o SARS-CoV-2 pode infectar diretamente o
encéfalo, através do tronco cerebral, ou através dos nervos olfativos, e essa infeccao
ocorre mesmo sem nenhum envolvimento pulmonar prévio (BECKMAN et al., 2022).
Meinhardt e colaboradores (2021), avaliaram a mucosa olfativa e suas projecoes
nervosas no SNC em individuos infectados pelo SARS-CoV-2. Foi identificada a
superxpressdo de Enzima conversora da angiotensina 2 (ACE2) no bulbo olfativo,
tubérculo olfativo, mucosa oral, ganglio trigeémeo, medula oblongata, e cerebelo
(MEINHARDT et al., 2021). Os danos encontrados no bulbo olfatério levantaram a
hip6tese de um possivel neurotropismo do SARS-CoV-2 (MEINHARDT et al., 2021).
Guedj e colaboradores (2021), utilizando a tomografia por emissdo de positrons- 2-
18F-fluoro-2-desoxi-D-glicose (18F-FDG PET) identificaram hipometabolismo
energético principalmente bulbo olfatério (GUEDJ et al., 2021). A 18F-FDG PET vem
sendo sugerido como biomarcador quantitativo para avaliar zonas neurotrépicas do
virus (GUEDJ et al., 2021). Utilizando docking molecular foi demonstrado que o
SARS-CoV-2 pode induzir desequilibrios no sistema monoaminérgico, ligando-se as
enzimas monoaminoxidase, (MAO A e MAO B), com afinidades comparaveis as de
seu receptor (ACE2), causando assim uma desregulacao significativa na forma como
0s MAOs interagem com seus substratos fisioldgicos (HOK et al., 2022).

O sistema vascular também pode ser afetado pela infeccao viral, o que também
desencadeia  complicacbes neuroldgicas, visto que disfuncbes na barreira
hematoencefalica leva a vulnerabilidade das células do sistema nervoso central. O
impacto da SARS-CoV-2 no cérebro pode ocorrer de diferentes formas para cada
individuo, ou seja, ndo existe um padréo. De fato, as manifestacdes neurologicas sao
comuns naqueles individuos infectados pelo SARS-CoV-2, independente da
gravidade da infeccdo. Em uma amostra com 214 pacientes, 88 (41,1%)
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apresentavam infeccao grave e 126 (58,9%) infeccdo ndo grave. A analise neurolégica
destes individuos demonstrou que 36,4% dos individuos apresentaram alteracdes
neuroldgicas, sensério-motoras e com comprometimento da consciéncia, além disso,
no SNP e nos musculos esqueléticos também foram evidenciadas alteracdes,
independente da gravidade da infeccdo (MAO et al., 2020).

Andlises post mortem de individuos que morreram por complicagbes da
COVID-19 evidenciaram que o bulbo olfatério/giro reto, giro frontal superior, lobo
temporal mesial, o hipocampo, amigdala, cerebelo e medula desses individuos
apresentavam reducdo de area cerebral (DOUAUD et al., 2022). Outros dados
interessantes destacam que 81% dos encéfalos infectados pelo SARS-CoV-2
apresentavam regides com indicadores elevados de dano hipdxico, os tecidos
apresentavam caracteristicas de Infartos agudos, subagudos ou crdnicos, assim como
alteracdes aterosclerdticas, reatividade microglial difusa e com agregados de células
T CD3*/CD8* (DOUAUD et al., 2022; MAO et al., 2020; THAKUR et al., 2021). Baya
e colaboradores (2022), demonstraram que o0 SARS-CoV-2 induz alteracdes
fenotipicas caraterizadas por reducao das projecbes celulares de microglia e
astrocitos, além da reducdo na densidade celular de ambos tipos celulares (BAYAT et
al., 2022).

Esses dados corroboram com as analises realizadas por Thakur e
colaboradores (2021), e caracterizam o envolvimento de células do sistema imune
acompanhadas por sua reatividade. Estes dados convergem para vias de ativacéo de
piroptose, necrose e até mesmo autofagia, neste sentido colaborando ou até mesmo
induzindo a morte neural (THAKUR et al., 2021).

A recuperacdo da COVID-19 parece ser muito mais complexa do que
clinicamente é possivel constatar, visto que danos ao endotélio e consequentemente
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as células da glia e neuronais pode ser um inicio silencioso e indetectavel do processo

degenerativo.

1.2 Doencas Neurodegenerativas

A génese das doencas neurodegenerativas ainda é inconclusiva, e deste modo
até o momento ndo existe cura (LAMPTEY et al., 2022). O que dificulta muito o
entendimento das neurodegenerativas é o fato de que cada doenca apresenta
fisiopatologia especifica e além disso dentro da fisiopatologia caracteristica de cada
doenca existe um amplo espectro heterogénico com alteracdes fenotipicas que podem
ser sutis ou até mesmo completamente distintas, o que faz com que cada paciente
possua sintomas distintos (BOEVE et al., 2007). Supde-se que a maioria dos casos
de doenca neurodegenerativa seja multifatorial, dos quais os fatores genéticos, as
comorbidades, o estilo de vida, aidade e os fatores ambientais, tem destaque neste
contexto degenerativo. Recentemente as evidencias cientificas tém demonstrado que
a infeccdo viral ou bacteriana também pode fazer parte da gama de agentes
desencadeadores das doencas neurodegenerativas, como no caso da doenca de
Alzheimer (DA) e doenga de Parkinson (DP) (FRONTERA et al., 2022; LI et al., 2022;
TAQUET et al., 2021).

A doenca de Alzheimer é um distlrbio neuroldgico progressivo mais prevalente
na populacdo mundial (KNOPMAN et al., 2021). Esta doenca leva a atrofia do encéfalo
decorrente da morte neuronal de regides encefalicas relacionadas com o
processamento de memoérias. A doenca de Alzheimer € a causa mais comum de
deméncia — um declinio continuo no pensamento, nas habilidades comportamentais
e sociais que afeta a capacidade de uma pessoa funcionar de forma independente

(KNOPMAN et al., 2021). A doenca de Alzheimer € biologicamente definida pela
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presenca de placas contendo o peptideo B-amildide e emaranhados neurofibrilares
contendo a proteina tau (JACK et al., 2018).

A doenca de Parkinson é a segunda doenca neurodegenerativa com maior
prevaléncia (YANG et al., 2017). Dentre as principais caracteristicas neuropatolégicas
da doenca estdo a morte dos neurdnios dopaminérgicos na regido pars compacta da
substancia negra (SN) até o nucleo caudado e no putamen do corpo estriado dorsal
(eixo nigroestriatal) e a presenca de inclusdes citoplasmaticas de polimeros insolaveis
de a-sinucleina que formam agregados toxicos chamados de corpos de Lewy nos
neurdnios dopaminérgicos remanescentes (GUZMAN et al., 2010; YANG et al., 2017).
A presenca dos corpos de Lewy representam a assinatura neuropatolégica da doenca
(ENGELHARDT; GOMES, 2017; WU et al., 2022).

O estagio inicial da DP apresenta um conjunto de sinais e sintomas ndo motores
gue prenunciam alteracdes fisioldgicas no individuo (periodo prodrémico), como a
perda de olfato, disfuncdo do sono, distarbios do humor, constipacdo e depressao
(POEWE et al., 2017; ZAFAR; YADDANAPUDI, 2022). Quando h& a diminuicdo de
cerca de 50% dos neurbnios dopaminérgicos surgem os sintomas motores classicos,
como a bradicinesia, tremores e rigidez muscular em repouso (MICHEL et al., 2016;

VAN DEN EEDEN et al., 2003).

1.3 COVID-19 e Doencas Neurodegenerativas

A ocorréncia de uma série de sintomas neurolégicos que vao desde confuséo
mental, comprometimento cognitivo, comprometimento, e delirio foi constatado entre
0s pacientes com COVID-19 (HAMPSHIRE et al., 2021). Levando isso em conta é
possivel analisar a hipétese que as sequelas a nivel celular podem ser cronicas e sem
recuperacdo. Algumas evidencias associam processos infecciosos com o processo
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neurodegenerativo (DE CHIARA et al., 2012; ZHOU et al., 2013), somado a isso, 0
SARS-CoV-2 possui alta capacidade replicativa e capacidade de infectar diretamente
neurénios (BECKMAN et al., 2022; PLANTONE et al., 2022).

De acordo com a 'teoria da infeccéo direta’, o virus infecta as células do sistema
nervoso central e causa a morte neuronal ou ativa respostas antivirais. Nessas
condicbes ocorre neuroinflamacdo, o que desencadearia a morte celular. Neste
contexto supfe-se que a reinfec¢do periddica corresponda a um dano cumulativo
servindo para acelerar o processo neurodegenerativo (ABATE et al., 2020).

O SARS-CoV-2 se propaga facilmente infectando mdltiplas células, causando
alteracdes nas células imunes periféricas, provocando uma cascata de respostas
imunes, resultando finalmente em uma tempestade de citocinas pro-inflamatorias
(BAYAT etal., 2022; LI et al., 2020). O dano ao SNC ¢é também atribuivel a inflamacao
sistémica, disfuncdo de Orgdos periféricos e alteracbes cerebrovasculares. Essa
resposta pro-inflamatéria crénica danifica a barreira hematoencefélica, permitindo a
entrada indesejada de moléculas neurotoxicas, assim como células natural killers (NK)
e linfécitos T CD8*. Tal mecanismo induz nas células nervosas a sinalizacdo de morte
celular (GLASS et al., 2010; HUANG et al., 2021; WALKER, 2018).

Desse modo as células neuronais e gliais se tornam suscetiveis a presenca do
virus, o que poderia ser um mecanismo inicial de morte celular. Os mecanismos
subjacentes a patogénese viral aléem de incluir um mecanismo direto, também pode
ocorrer de modo indireto, através de inflamacédo periférica acompanhada por
disfuncéo/lesdo da barreira hematoencefalica (BHE), e disfuncdo de orgaos
periféricos (pulmao, rim e figado) que contribuiriam para a génese das doencas

neurodegenerativas, ou entédo contribuir para acelerar processo neurodegenerativo.



2 Justificativa

A realizacdo desta dissertagao justificasse por:

1- A possibilidade de reunir dados recentes da literatura para compreender e
aprimorar o conhecimento sobre a acédo da infeccdo pelo SARS-CoV-2 sob as
doencas de Parkinson e Alzheimer em uma literatura ainda escassa.

2- Além disso a realizacdo deste trabalho possibilita a elaboracdo de novas
hip6teses que podem vir a contribuir para a realizacdo de novos estudos e ampliar o

entendimento entre a infeccéo viral e o desenvolvimento da neurodegeneracéo.

3 Objetivos

O objetivo deste trabalho é realizar uma revisdo sistematica da literatura para
elucidar a relacdo entre COVID-19 e doencas neurodegenerativas, englobando
individuos com diagndstico prévio de doenca de Parkinson ou doenca de Alzheimer e

individuos sem diagndstico prévio de doencas neurodegenerativas.

3.1 Objetivos especificos

o Analisar a relacdo entre a infeccado viral e o desenvolvimento de sintomas
relacionados com a doenca de Parkinson e doenca de Alzheimer em
pessoas sem diagndéstico prévio de doencas neurodegenerativas.

o Investigar os efeitos da COVID-19 nos sintomas dos individuos
previamente diagnosticados com doenga de Parkinson ou doenga de
Alzheimer.

o Investigar os efeitos da infec¢cdo por SARS-CoV-2 na taxa de mortalidade
em individuos previamente diagnosticados com doenca de Parkinson ou

doenca de Alzheimer.
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Analisar a suscetibilidade de infeccdo por SARS-CoV-2 em individuos
previamente diagnosticados com doenca de Alzheimer ou doenga de

Parkinson.
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4 Metodologia

Este estudo é uma revisdo sistematica da literatura. A pesquisa incluiu artigos
publicados entre Janeiro de 2020 e Agosto de 2022. A pesquisa foi realizada em trés
bases de dados: PUBMED, Springer Link e SCOPUS. A pesquisa nas bases de dados
foi realizada entre Agosto e Setembro de 2022. A estratégia de pesquisa utilizada para
compor a pesquisa nas bases de dados foi definida a partir de consultas nas Medical
Subject Headings (MeSH) e entre os Health Desriptors (DeCS), utilizando diferentes
combinagbes das seguintes palavras-chave: “Alzheimer disease”, “COVID-19”
“Idiopathic” “Parkinson disease”, “SARS-CoV-2”, “neurodegeneration”, “viral infection”,
‘risk” “symptoms”, “susceptibility” e “mortality”. Os estudos selecionados foram
revisados e os procedimentos de extracdo de dados incluiram a compilacdo dos
seguintes critérios de inclusdo: Estudos transversais que mostraram individuos
saudaveis apresentando sintomas semelhantes aos da doenca de Parkinson e da
doenca de Alzheimer apés a infeccdo de SARS-CoV-2; estudos contento casos de
COVID-19 confirmados em individuos que tinham um histérico de Parkinson idiopatico
ou doenca de Alzheimer; além disso foram incluidos estudos que mostraram
alteracdes sintomaticas em individuos que ja tinham as doencas. Aqui foram incluidos
0s seguintes estudos: case-control, retrospective case-control, cross-sectional, Case
report, mutiple case report, observational, prospective cohort study.

Os critérios de exclusdo foram: estudos experimentais; artigos disponiveis em
outras linguas além do inglés; Grey literature; artigos abordando apenas o sistema
nervoso central e COVID-19, sem correlacdo com a doenca Parkinson ou com a
doenca de Alzheimer. Os artigos foram cegamente avaliados na plataforma rayyan,

disponivel em: https://www.rayyan.ai/.
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Extraimos dados relativos a: tamanho da amostra, concepc¢do do estudo,
doenca, primeiro autor, ano de publicacdo, sexo, idade, pais de origem, pacientes com
COVID-19, sintomas neurodegenerativos ou diagnosticados com DP ou DA, desfecho,
e principais resultados. Trés investigadores avaliaram os registos independentemente
através da leitura do titulo, resumo e textos completos para selecionar os estudos.
Quaisquer discordancias foram resolvidas por um quarto revisor. A avaliacdo da
qualidade foi conduzida por 2 autores, que independentemente confirmaram o
diagndstico de DP ou DA ou COVID-19.

Uma ferramenta foi elaborada para obtencéo da fonte de evidéncia, a qual foi
aplicada através de formulario online do google (Google Docs) para extracdo de
dados, e foi composto com os seguintes critérios:

Ferramenta de obtencéo da fonte de evidéncia

1. Qual foi 0 MEIO que permitiu a OBTENCAO da fonte de evidéncia?

( ) Acesso aberto. ( ) Acesso institucional. ( ) Nao consegui. ( ) Outro.

2. Primeiro autor: 3. NUmero de autores:

4. Ano de publicacéo: 5. Titulo: (Texto em inglés, salvo se nédo

houver a opg¢éao).

6. Palavras-chave: 7. Periddico: (Nome completo - nao

resumido).

8. Pais em que foi realizada a pesquisa: | 9. Idioma da publicacao:

10. Sexo: 11. O conteudo do artigo pertence a qual
area do conhecimento?

() Fisiologia. () Bioquimica. () Biologia
Molecular. () Neuroquimica. () Outro.

12. Abordagem da pesquisa: 13. Tamanho da amostra:
() Quantitativo. () Qualitativo. () Misto.
() Nao relatado.
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14. Concepcéao do estudo:

15. Duracdo da estratégia: Indique o
namero e a unidade (ex. 10 dias, 3

meses).

16. Diagnoéstico prévio de DA ou PD:

17: Doenca:

18. Diagnodstico de COVID-19: Outros

achados importantes relacionados a

pergunta de pesquisa:

19. Com base na leitura e avaliacéo
completa da fonte vocé a classifica
como:

() Irrelevante e deve ser EXCLUIDA. ()
Relevante e deve ser INCLUIDA.
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5 Resultados

Os resultados desta dissertacdo sédo apresentados neste capitulo, em formato
de um manuscrito de artigo cientifico, o qual sera submetido ao periddico “Journal of
Clinical  Neuroscience”  https://lwww.sciencedirect.com/journal/journal-of-clinical-
neuroscience . Este manuscrito ja esta formatado para submissdo neste periédico.
(status do artigo: a ser submetido).

Artigo: COVID-19 and neurodegenerative diseases: a systematic review

focused on Parkinson's and Alzheimer's disease
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Abstract

Background: Coronavirus disease 2019 (COVID-19) is an infectious disease
caused by the SARS-CoV-2 virus. SARS-CoV2 is currently responsible for a
severe global pandemic. Several neurological manifestations associated with
SARS-CoV-2 infection have been described. This process occurs because of its
ability to infect central nervous system cells. Once SARS-CoV-2 infects neurons
and glial cells, there is increased inflammation and oxidative stress, which may
occur in neurodegenerative disorders as Parkinson's and Alzheimer's disease.
Objective: The aim of this work was to perform a systematic literature review to
evaluate the relationship between COVID-19 and neurodegenerative diseases,
comprising individuals with no previous Alzheimer’s or Parkinson’s diseases or
prodromal symptoms reported, and individuals with previous diagnosis of
Alzheimer’s or Parkinson’s diseases.

Methods: This study is a systematic review of the literature. The search included
articles published between 2020 and august 2022. The search was carried out in
three databases: PUBMED, Springer Link and SCOPUS. Three investigators
independently evaluated the records by reading the title, abstract and full texts to
select the studies. Any disagreements were resolved by a fourth reviewer.
Results: Our results showed increased Parkinson's and Alzheimer's symptoms
post SARS-CoV-2 infection in individuals without a previous neurodegenerative
diagnosis. In individuals previously diagnosed with Parkinson's or Alzheimer's
were evidenced: a) increased mortality, b) increased vulnerability to being
infected with SARS-CoV-2, c) worsened pre-neurodegenerative symptoms after
SARS-CoV-2 infection.

Conclusion: According to this systematic review, COVID-19 is associated with
the onset or worsening of the degenerative process, and the neurodegenerative
disease is a risk for infection and increased mortality in persons infected with
SARS-CoV-2.

Keywords: COVID-19; Parkinson  disease;  Alzheimer  disease;

neurodegeneration
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1. Introduction

The coronavirus disease 2019 (COVID-19) is a severe acute respiratory
syndrome (SARS) caused by the SARS-CoV-2 coronavirus that has reached
pandemic proportions since December 2019, causing millions of deaths
worldwide [1]. The Central nervous system (CNS) sequelae that remain after the
apparent improvement of the systemic symptoms are still unknown. However,
depending on the previous health condition of the infected patient, the sequelae
can be severe, which includes triggering or aggravating a neurodegenerative
process [2]. Brain analyses of individuals who died from SARS-CoV-2 infection
showed that the olfactory bulb/rectal gyrus, superior frontal gyrus, mesial
temporal lobe, hippocampus, amygdala, cerebellum, and medulla showed
reduced brain area, with astrocytosis, and eosinophilia [3]. In addition,
neurofibrillary tangles, with and without amyloid plaques, and Lewy bodies were
also identified [3].

Recent studies have shown that viral or bacterial infection can also be part
of the range of triggering agents for neurodegenerative diseases, as in the case
of Alzheimer's disease (AD) and Parkinson's disease (PD) [4; 5; 6]. Parkinson's
disease is the second most prevalent neurodegenerative disorder [7]. Among the
main neuropathological features of the disease are the decrease of dopaminergic
neurons in the pars compacta region of the substantia nigra (SN) to the caudate
nucleus and in the putamen of the dorsal corpus striatum (nigrostriatal axis) and
the presence of cytoplasmic inclusions of insoluble polymers of a-synuclein that
form toxic aggregates called Lewy bodies in the remaining dopaminergic neurons
[8]. Lewy bodies' presence represents the disease's neuropathological signature
[8].

Alzheimer's is the progressive neurological disorder most prevalent
worldwide [9]. Alzheimer's disease is biologically defined by plaques containing
the B-amyloid peptide and neurofibrillary tangles containing the tau protein [10].
This disease leads to atrophy of the brain resulting from neuronal death in brain
regions related to the processing of memories [9].

Viruses induce alterations and degenerations of neurons due to their ability
to attack the host immune system and nervous tissue regions, implying that they
can interfere with the same pathways involved in classical neurodegeneration in

humans [11]. SARS-CoV-2 has a high replicative capacity and can directly infect
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neurons [12; 13]. Upon infecting those of the central nervous system, glial cells
and neurons become susceptible to viral responses, which can trigger the
reactivity of glial cells resulting in reactive oxygen species and neuroinflammation
leading to neuronal death [14]. According to this context, it is possible to analyze
the hypothesis that the sequelae of COVID-19 at the cellular level may be chronic,
and without recovery.

The mechanisms underlying viral pathogenesis, besides including a direct
mechanism, may also occur indirectly through peripheral inflammation
accompanied by the blood-brain barrier (BBB) dysfunction/lesion and peripheral
organ dysfunction (lung, kidney and liver) that would contribute to the genesis of
neurodegenerative diseases [15]. In this context, it is assumed that frequent
reinfection corresponds to cumulative damage serving to accelerate the
neurodegenerative process [14].

This work aims to perform a systematic literature review to elucidate the
relationship between COVID-19 and neurodegenerative diseases, covering
individuals with a previous diagnosis of Parkinson's or Alzheimer's disease and
individuals with no previous diagnosis of neurodegenerative diseases in order to
provide an overview of the interface between viral infection and

neurodegenerative processes.

2. Methods

This study is a systematic review of the literature. The search included
articles published between January-2020 and august-2022. The search was
carried out in three databases: PUBMED, Springer Link, and SCOPUS. The
database search was conducted in August and September 2022. The strategy
used to compose the search in the databases was defined from consultations in
the Medical Subject Headings (MeSH) and between Health Descriptors (DeCS),
using different combinations of the following keywords: “Alzheimer disease”,
“‘COVID-197, “Control”, “ldiopathic” “Parkinson disease”, “SARS-CoV-27,

“neurodegeneration”, “viral infection”, “risk” “symptoms”, “susceptibility” and
“mortality”.

The selected studies were reviewed, and the data extraction procedures
included the compilation of the following inclusion criteria: Cross-sectional studies

which showed healthy individuals presenting symptoms similar to those of
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Parkinson's and Alzheimer's disease after COVID-19; Studies with confirmed
COVID-19 who had a history of Idiopathic Parkinson or Alzheimer disease and
studies that have shown symptom changes in individuals who had previous
diagnosis of these diseases. In addition, the following study designs were
included: case-control, retrospective case-control, cross-sectional, case report,
multiple case report, observational, and prospective cohort study.

Exclusion criteria were: experimental studies; articles in languages other
than English; grey literature; and articles regarding only the central nervous
system and COVID-19, with no correlation with neurodegeneration. The articles
were blindly evaluated in the rayyan platform, available at: https://www.rayyan.ai/.

We extracted data regarding sample size, study design, disease, first
author, publication year, sex, age, country of origin, patients with COVID-19,
neurodegenerative symptoms or diagnosed with PD or AD, outcome, and manly
results. Three researchers evaluated the records independently by reading the
title, abstract and full texts to select studies. Any disagreements were resolved
by a fourth reviewer (J.G). Finally, a quality assessment was conducted by two
authors, who independently reviewed and confirmed the cases of COVID-19 and
neurodegenerative diseases in articles. Due to clinical heterogeneity it was not

possible to perform a meta-analysis.

3. Results

A total of 39 studies were included from a set of 2139 screened. A flow
chart based on the PRISMA Statement is provided in Figure 1.

Significative results were reported if they had a result of at least 10% or of
statistic difference. In the tables, these results are described in the form of
"Increased symptoms", "increased mortality", or "increased susceptibility".

The association between the impact of COVID-19 and Parkinson's and
Alzheimer's disease were divided as follows (detailed in figure 2):

(a) effects of COVID-19 in individuals with no previous diagnosed AD or
PD or no reported prodromal symptoms (Table 1). Seven articles were included.
Of these, 6 are case studies, while one is a population-based cohort study. These
studies suggest an association between SARS-CoV-2 infection and an increased
risk of developing or accelerating chronic neurodegenerative neurological

conditions.
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b) effects of COVID-19 in individuals previously diagnosed with AD or PD
(Table 2, 3, and 4). Thirty-two articles were incorporated into this issue.

Table 2 shows the mortality risk after COVID-19 in patients with previously
diagnosed AD or PD. Of the nine articles included, 7 highlighted increased
mortality in people with PD or AD, and AD was associated with severe COVID-
19 complications, especially with mortality. Conversely, two articles described no
difference in mortality rate.

Table 3 shows the risk for SARS-CoV-2 infection in patients with previously
diagnosed AD or PD. Among the eight articles included, 6 highlighted the
increased SARS-CoV-2 infection susceptibility in patients having previous PD or
AD. Both diseases seem to induce a higher vulnerability or susceptibility to
SARS-CoV-2 infection in these individuals. Conversely, two articles rule out the
influence of pre-existing AD or PD with COVID-19 infection susceptibility.

Table 4 shows the worsening of the neurodegenerative symptoms in
individuals with previously diagnosed AD or PD after SARS-CoV-2 infection.
Among the 15 articles, 12 highlight worsening of neurodegenerative symptoms
after COVID-19. The main worsening happens at a motor level in PD. Two articles
show no effects on symptoms after infection.

According to the terms used for this work, the prevalence of changes
associated with Parkinson's and Alzheimer's disease after infection with SARS-
CoV-2 was found. Among the 39 articles selected, only seven demonstrate no
changes associated with PD or AD. Therefore, based on the search performed
for this article, COVID-19 appears to be associated with the onset or worsening
of the degenerative process, and the neurodegenerative disease is a risk for
infection and increased mortality in persons infected with SARS-CoV-2.

4. Discussion

To our prior knowledge, this is the first systematic review evaluating the
relationship between COVID-19 and the development or worsening of symptoms
related to Parkinson's or Alzheimer's disease. Furthermore, we also show that
people with PD or AD can be more susceptible to SARS-CoV-2 infection, which
contributes to the risk of infection compared to people not diagnosed with

neurodegenerative diseases.
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Many neurological symptoms have been reported following the COVID-19
cases, and in this paper, we sought to include only the neurological symptoms
associated with and evidenced in PD and AD. Neuroimaging and motor
evaluation analyses demonstrate central nervous system changes consistent
with Parkinson's disease or at least with parkinsonism [16; 17; 18]. Likewise,
neuroimaging and cognitive testing analyses demonstrate changes in individuals
with AD after a diagnosis of COVID-19 [18; 19].

According to our review in Table 1, some individuals began to exhibit
cognitive, motor and non-motor symptoms related to Parkinson's or Alzheimer's
disease after COVID-19. Notably, such individuals underwent genetic testing to
rule out the genetic effects of these diseases. Therefore, COVID-19-positive
outpatients have an increased risk of neurodegenerative disorders compared to
individuals who have tested negative for the virus. According to Zarifkar et al.,
2022, Alzheimer's and Parkinson's disease were, respectively, 3.4 and 2.2 times
more frequent in COVID-19 positive patients, 12 months after testing, than in
COVID-19 negative individuals. [20].

The mechanism for the rapid development of PD- or AD-related symptoms
in patients infected with SARS-CoV-2 without prior diagnosis is uncertain, as are
the worsening of symptoms and the increased mortality in people with AD or PD.
However, some patterns are present in these cases. The inflammatory process
triggered by COVID-19 may contribute to accelerating the development of
neurodegenerative disorders. Forty-three patients who died from COVID-19 in
hospitals, nursing homes or at home showed regions of ischemic lesions (14%),
and 86% of patients showed astrogliosis in all regions evaluated. Microglial
reactivity and infiltration by cytotoxic T lymphocytes were more pronounced in the
brainstem and cerebellum (79%) [21].

The SARS-CoV-2 can bind and enter human microglia without viral
replication. This interaction of virus and microglia directly induced robust
inflammasome activation, even without another priming signal. SARS-CoV-2
spike glycoprotein activated the NLRP3 inflammasome in an ACE2-dependent
manner [22]. SARS-CoV-2 and spike protein-mediated microglial inflammasome
activation was significantly enhanced in the presence of a-synuclein fibrils and
was entirely ablated by NLRP3-inhibition [22]. Bioinformatics analysis confirmed
favourable binding affinity between alfa-synuclein and SARS-CoV-2 spike (S)
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and nucleocapsid (N) proteins, and direct interactions were further verified in
HEK293 cells. The expression of alfa-synuclein was upregulated, and its
aggregation was accelerated by S and N proteins [23].

The hypothesis that neuroinflammation can induce a toxic cycle of
accumulating B-amyloid and a-synuclein peptides has been well explored in the
literature for a long time, not only related to COVID-19 but to other viruses as well
[24; 25; 26; 27]. In the context of COVID-19, infection would be the mechanism
of neuroinflammation, and the triggered immune response would culminate in the
modification of peptides, as in the case of B-amyloid and a-synuclein protein.
These alterations could be responsible for inducing or accelerating the
degenerative process. Immunohistochemical staining for focal (-amyloid
deposits in the neocortex was positive in 10 out of 10 autopsies of hospitalized
COVID-19 patients younger than 60 years [28]. Similarly, inflammation and
reactive oxygen species can induce alpha-synuclein alteration. Brain
inflammation and intracellular a-synuclein aggregates were evaluated in
Macaques after SARS-CoV-2 infection. Postmortem analysis demonstrated T-
cell infiltration and high microglia reactivity in the parenchyma of all infected
animals. In addition, intracellular a-synuclein aggregates were found in the brain
[29].

Given our current knowledge of neurodegenerative processes, it is
possible to state that both Alzheimer's and Parkinson's diseases take many years
before neurological and motor symptoms appear, so they are chronic
pathologies. Although our review (table 1) shows the onset of AD or PD-related
symptoms after COVID-19, this does not demonstrate a causal relationship
between SARS-CoV-2 infection and neurodegenerative disease.

Since these are chronic diseases, it is difficult to state that it would be
possible to develop the pathologies in such a short time after the infection. So, it
must be taken into account that perhaps the patients could have a pre-disposition
to develop the diseases and, in this case, the infection by SARS-CoV-2 may have
accelerated the pre-existing process. In addition, the degenerative process would
hardly be induced or accelerated only by a single factor, such as
neuroinflammation. On the other hand, some combined factors seem to converge

to the negative outcome of SARS-CoV-2 infection, e.g. blood-brain barrier
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damage accompanied by cellular invasion, hypercoagulable state, elevated
systemic pro-inflammatory cytokines and microbiota dysbiosis [30; 31; 32].

The most susceptible groups of COVID-19-positive patients with a history
of PD and AD are older men with ten or more years of disease duration and other

comorbid conditions [33].

5. Limitations

First, it was not possible to analyze the duration of PD and AD symptoms
after COVID-19. Second, information about the severity of COVID-19 is not
reported in most articles, which makes it difficult to associate the severity of
infection with neurodegenerative diseases. Third, there is a lack of case-control
study to investigate the incidence of neurodegeneration after COVID-19. Finally,
the reviewed studies had a high degree of heterogeneity due to differences in
clinical characteristics, which could only be partly explained by study design. Due

to clinical heterogeneity it was not possible to perform a meta-analysis

6. Conclusion

This systematic review demonstrates the incidence of PD- and AD-related
symptoms in individuals after SARS-CoV-2 infection. Furthermore, we find an
increased susceptibility of individuals with PD or AD to contract it. In addition, we
show increased worsening of symptoms and mortality in people diagnosed with
AD and PD. It is not yet clear how SARS-CoV-2 affects the long-term health of
the central nervous system. One possible explanation is that the SARS-CoV-2
neuropathological potential occurs through reactivity caused in immune cells,
such as microglia. This effect leads to activation of the NLRP3 inflammasome
and cell death. Indeed, the increased mortality and the worsening of symptoms
in individuals with a prior history of PD or AD after SARS-CoV-2 infection highlight
the neuropathological potential of this virus. Further studies need to be performed
to clarify the mechanism of the virus that could be related to the development of

neurodegenerative diseases.
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Table 1. No previous Alzheimer’s or Parkinson’s diseases or prodromal symptoms reported before COVID-19

Authors & Stu_dy Purpose of the study Disease Sample/age Outcome and Main Results

Country design
Diagnosis of PD after COVID-19.

, L Neuroimaging: Microvascular changes; Mild bilateral

[16]. Evaluation of a casual association : . . . . i

Case ; : 67-year-old man. reduction in presynaptic dopaminergic uptake;
report | O @ possible second hit on PD 45-year-old male Decreased dopamine transporter density in both

Italy. b neurodegeneration. y P P y
putamen.

Motor Symptoms: Resting tremor and bradykinesia.

[17] Diagnosis of parkinsonism after COVID-19.

' Case | Evaluation of Parkinson's disease Neuroimaging: Decreased "®F-FDOPA uptake in both
infecti PD 45-year-old male

Israel report | after SARS-CoV-2 infection putamen. o o

' Motor symptoms: bradykinesia and rigidity.
Diagnosis of parkinsonism after COVID-19.
[18] Report a case of a patient infected Neuroimaging: dopamine transporter (DaT)-SPECT
' Case | with SARS-CoV-2 who acutely imaging confirmed bilateral asymmetric presynaptic
o PD 58-year-old man . : :
Spai report | developed a  hypokinetic-rigid dopamine uptake involving both putamen.
pain. ) X S
syndrome. Motor symptoms: an asymmetric hypokinetic-rigid
syndrome with ocular abnormalities.
Diagnosis of parkinsonism after COVID-19.
Neuroimaging: Abnormal dopamine transport scan
[34]. c Evaluation of a patient presenting and levodopa enhancement. Decreased left putamen
ase . . . ) :
report with parkinsonism after infection PD 35-year-old female uptake.

Brazil. P with COVID-19. Motor symptoms: Right rigidity, bradykinesia and
hypophonia, hypomimia, slow saccades and gait
difficulty.

Alzheimer's disease-related symptoms following

[35]. Case Report a patient with cognitive COVID-19.

report symptoms that started immediately AD 67-year-old woman Detailed evaluation combining clinical, cognitive and

Spain. P after COVID-19. biomarker studies. Cerebrospinal fluid biomarkers
suggest Alzheimer's disease.

[20]. To c_haracterlz_e the frequency and 43,375 individuals AD and PD related after COVID-19.

Cohort | relative risk (RR) of | AD and h f Alzheimer's di d i .

Denmark study | neurodegenerative PD Age 18 >80. . T. e RR o Az eimer's disease and Parkinson's

' ' . Sex: not detailed disease was increased 6 and 12 months after a
cerebrovascular, and immune-
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mediated diseases in COVID-19
patients and to compare the risk of
being diagnosed with a
neurological disease after COVID-
19.

positive test in COVID-19 positive compared to
COVID-negative individuals.

Alzheimer's disease was 3.4 times more frequent, and
Parkinson's disease was 2.2 times more frequent in
COVID-19-positive than COVID-negative individuals
12 months after a COVID-19 test.

[36].

Brazil.

Case
report

Assessing the incidence of
Neurodegenerative Diseases after
Acute  Respiratory  Syndrome
Coronavirus 2 Infection

AD and
dementia

75-year-old man - case of
Creutzfeldt—Jakob.
69-year-old female - with
rapidly progressive
Alzheimer's Disease
55-year-old man- a patient
with frontotemporal
dementia.

This report suggests an association between SARS-
CoV-2 infection and a higher probability of developing
or accelerating neurodegenerative chronic neurologic
conditions.
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Table 2. Previous diagnosis of Alzheimer’s or Parkinson’s diseases. Risk of mortality after COVID-19

Authors & Stu_dy Purpose of the study Disease Sample/age Outcome and Main Results
Country design
. . . Increased mortality.
[37] Case- Assessmg the susceptibility of 117 patients (43 women and The cohort of PD patients with COVID-19 showed
control. | people with PD who have been PD 74 males). ; _—
' : . overall mortality of 20%, confirming the role of known
Italy Cohort | infected with COVID-19. Age: 71.4 £ 10.8 years. . .
risk factors such as advanced age and hypertension.
[38] 78,355 (female 55.3% vs. | Increased mortality.
' Observat Evaluate case fatality rate PD 39.8%, age: 50-70), patients | Among 78,355 COVID-19 patients without PD, 4290
USA ional y with COVID-19. died compared to 148 of 694 patients with PD (5.5%
' 694 PD. without PD vs. 21.3% PD).
Among 195,643  study
[39]. Retrospe Investigated whether Alzheimer's participants, 5,725 | Increased mortality.
ctivep disease (AD) patients are more AD participants had AD, and | AD was not associated with increased susceptibility to
Republic stud susceptible to COVID-19 7,334 participants were | COVID-19 infection but with severe complications of
of Korea. y infection diagnosed with COVID- COVID-19, especially with mortality.
19.
. 204 patients (119 female | Increased mortality.
Aimed to ev_aluate the frequenqy and 85 males, age: 63-89), | Patients with AD showed a higher risk of death in
[40]. and mortality of COVID-19 in . ; ) _
Case- . . et 15.2% were diagnosed with | COVID-19 than patients with frontotemporal
patients with Alzheimer's disease AD . . : .
. control COVID-19, and 41.9% of | dementia. Differences in age and rate of arterial
Spain. (AD) and frontotemporal . . . . . .
d . patients with the infection | hypertension are two well-known risk factors for
ementia. ; ,
died. severity.
Evaluated the ApoE e4 allele . Increased mortality.
[41]. Case- association with COVID-19 test r2nle9an74;7ep$ggmggn2ts.e;:lse ApoE eded genotype was associated with a 4-fold
. positivity and all-cause mortality AD . 9 <y ' | increase in mortality after testing positive for COVID-
United control following test-confirmed COVID- with  174.667  females 19
Kingdom. 19 9 (55%). '
Evaluate the impact and .
[42]. Observat outcomes of COVID-19 disease ]%?:;rlglé 15 males, 12 Increased mortality.
. : on people admitted to hospital PD . High rate of deaths in hospitalized patients with iPD
United ional . - . . \ PD: 8 males, 5 females . . )
. with  idiopathic = Parkinson’s : during the pandemic period.
Kingdom. : . Age: 70-90
disease (iPD).
[43]. Case Outcome of Parkinson’s Disease PD 10 patients — 60% male and Increased mortalit
series Patients Affected by COVID-19. 40% female. Y.

35



666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685

Italy. Age: 61-94 PD patients of older age are particularly susceptible
to COVID-19, with a substantially high mortality rate
(40%).
Worsening of motor symptoms and anxiety.
. No difference in the mortality rate
[44] Case- Evaluate t.he r.'Sk . factors for 1486 patients Mortality in patients with mild to moderate PD does
COVID-19 infection in PD PD . . . ! .
control . Patient decryption is not | not differ from the general population.
Italy. Patients. .
available.
No difference in mortality rate.
Analyze the clinical 296 patients with COVID-19 | There was no significant difference in overall mortality
[45] Case- characteristics, outcomes, and Age: 72.10 = 11.46. (10 PD | between PD and non-PD patients with severe COVID-
Chiné report risk factors affecting the PD patients, 3 male and 7 | 19.
' P prognosis of PD patients with female). PD patients with older age, longer PD duration, and

severe COVID-19 infection.

late-stage PD may be highly susceptible to critical
COVID-19 infection.
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Table 3 — Previous diagnosis of Alzheimer’s or Parkinson’s diseases. Risk of being infected by SARS-CoV-2.

Agéﬁ?]rt?y& dsetg%{] Purpose of the study Disease Sample/age Outcome and Main Results
Increased risk of SARS-CoV-2 infection.
Retros 211 patients with PD (33 | Institutionalization and oncologic comorbidity, rather
[46]. ectivep Compare patients with PD and were COVID-19 positive, | than PD-related variables, increased the risk of
case- COVID-19 and patients with PD PD and 172 were COVID-19 | developing COVID-19 and impacted its severity.
Spain. control without COVID-19. negative. 59% male and | These findings suggest that epidemiological factors
41% female. Age: 73-76. and frailty are key drivers of COVID-19
morbidity/mortality in PD.
Increased risk of SARS-CoV-2 infection.
, o o Regarding individual diagnoses of the study
[5]. Retr_osp Es'umate_s of incidence rates and Cohort size: 236.379 (Male outcomes, the COVID-19 cohort had estimated
ective | relative risks of neurological and | PD and | 104.015. incidences of 0.11% for parkinsonism. and 17.39 %
. study. | psychiatric diagnoses in patients | dementi | Female 131.460. . 270 P ’ ' 0
United ; . for dementia.
. case- |in the 6 months following a a Other 904). . - . o
Kingdom. control | COVID-19 diagnosis In the group with ITU admission, estimated incidences
g ' were 0.26% for parkinsonism, and 19.15% for
dementia.
. . COVID-19 .(f? = 8’070_) Increased risk of SARS-CoV-2 infection.
[47] Aimed to determine whether control ~participants (n = COVID-19 infection was significantly associated with
. Case- patients with AD/PD had a higher AD and 32,280). AD= 309 COVID- a pre-existing AD dia nosisgbut not v}\;ith a pre-existin
likelihood of contracting COVID- 19 positive, and 647 P 1Sting 9 . ap 9
South Control L PD : _ | diagnosis of PD. Patients with pre-existing AD had
19 and experiencing worse COVID-19 negatives. PD= | . -
Korea. o higher odds of developing severe COVID-19 and
outcomes. 52 COVID-19 positive and dvin
109 COVID-19 negative. ying.
[48]. i . Increased risk of SARS-CoV-2 infection.
Crogs Evaluate the |mpact' of the 5’2.10'432 (64,434  PD The COVID-19 infection rate was significantly higher
German section | COVID-19 pandemic on PD patients, ~_Male ~ 60.5%, in PD patients than in non-PD patients (1.1% vs. 0.6%
Y- | al study | hospitalized PD patients. famale 39.5% age: 70-90) p<0801 P 7O VS: H00,
[49] Prospec E;(sg]cligtee d r\:\a\t,r\: C?\qu'g risli Increased risk of SARS-CoV-2 infection.
' tive and adherence to COVID-19 Dementi | 3257 patients, 57.94% | Older adults with dementia have a higher risk for
cohort L . a female. Age: 68-86 years. COVID-19.
USA. stud mitigation behaviours and
Y| whether mitigation behaviours
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mediate the relationship between
dementia and COVID-19 risk

96.275 participants (2617
(2.7%) had a pre-pandemic

[50] Evaluate infection susceptibility AD PD diagnosis of | Increased risk of SARS-CoV-2 infection.
' Case- | to COVID-19 in ahd neurodegenerative Pre-existing diagnosis of neurodegenerative disease
China control | neurodegenerative disease. others Disease. 53.0% male and | was associated with a subsequently increased risk of
) 47.0% female). COVID-19, especially COVID-19-related death.
Age between 66 and 76
years.
[51]. . . 18 patients (13 PD- 5 non- | No influence of pre-existent neurodegenerative
Case- To evaluate .'f PD patients are PD). disease with COVID-19 susceptibility.
more susceptible than non-PD to PD . . .
Italy. control : , Male 8, Female 5. Age: (47- | PD does not seem to be a risk factor for taking SARS-
take COVID-19 infection. ; .
76) COV2 infection.
696 subjects with
Parkinson’s disease (409 | No influence of pre-existent neurodegenerative
52] Risk of Hospitalization and Death male and 287 female) and | disease with COVID-19 susceptibility. Parkinson's
’ Case- | for COVID-19 in People with PD 184 with parkinsonism (105 | disease, per se probably is not a risk factor for COVID-
Italy control | Parkinson’s Disease or male and 287 female). 19 hospitalization. Conversely, parkinsonism is an

Parkinsonism

Control cohort: 8590

subjects

independent risk factor probably because of a more
severe health status.
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Table 4. Previous diagnosis of Alzheimer’s or Parkinson’s diseases. Worsening of neurodegenerative symptoms after COVID-19

Authors & Stu_dy Purpose of the study Disease Sample/age Outcome and Main Results
Country design
Worsening pre-neurodegenerative symptoms (motor
' o 1,072 cases of COVID. and non-motor) after COVID-19.
[53]. Describe the characteristics and
Cross- . : . (65% men, mean age 53.2 = - L
: predictors for developing in-| PD and . Pre-existing neurologic disorders were more frequent
. sectional . . 13 years), 71 patients had | . . )
Mexico. hospital neurologic | others o .| in those who developed neurologic events during
. . pre-existing neurologic S . !
manifestations. . hospitalization. Most common neurologic symptoms:
diseases. One PD case. . . )
Headache, myalgia, dysgeusia, and Anosmia.
Analyze transcriptomic  and 7 controls and 9 patients Wors?’ﬁ'”g pre-neurodegenerative symptoms
. ! . . (cognitive) after COVID-19.
interactome profiles comparing died of COVID-19.
[54]. Cohort .
the COVID-19 cohort against the . S
case- | coh dth h AD in . b SARS-CoV-2 increased the oxidative stress that
Italy control con'gro cohort and the AD cohort No information a (.)I.Jt sexor culminated in enhanced beta-amyloid neurotoxicity. In
' against the AD+COVID-19 other  comorbidities  is I .
- addition, the study revealed reduced apoptosis that
cohort. available . S
leads to prolonged viral replication.
6.537 COVID-19 patients Worsening pre-neurodegenerative symptoms (motor
. - (42.3 % female and 57.7% gp g ymp
[55] Aimed to assess thg clinical male) and non-motor) after COVID-19.
' Case- | relevance by evaluating real- | AD and The .ma'orit of patients
control | world data from a multinational PD jority P Hospitalized COVID-19 patients show that prior
Germany. . were between 46 and 85 ) . . .
registry. neurodegenerative disease increases the risk of an
years old. 9.6% present
. ) unfavourable short-term outcome.
neurodegenerative disease.
[56]. Evaluate the similarity between i 5 Worsening pre-neurodegenerative symptoms (motor
Case COVID-19 and Parkinson’s PD 83-year-old man. and non-motor) after COVID-19.
report : A 73-year-old woman.
France. disease symptoms.
57] Worsening pre-neurodegenerative symptoms after
' Case Evaluate symptoms of PD after PD 56-vear-old male COVID-19.
Kuwai report | COVID-19 infection. y ' The patient presented severe rigidity, dystonic
uwait. : i
posturing of both feet, and confusion for 4 days.
58] Observa Present the prevalence of post— 16 males. Worsening pre-neurodegenerative symptoms (motor
' tional COVID-19 syndrome in patients PD 11 females. and non-motor) after COVID-19.
with PD. Age: 50-63.
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United

Kingdom.
[59]. 12 cases
Case- | Evaluate the effects of COVID-19 ' Worsening pre-neurodegenerative symptoms (motor
PD 36 controls.
Italy and control | on PD. ; and non-motor) after COVID-19.
Age: 57-74
others.
5,429 people with PD and | Worsening pre-neurodegenerative symptoms (motor
[19] Case Survey to assess COVID-19 1,452 without and non-motor) after COVID-19.
' report - symptoms and the pandemic’s PD PD. COVID-19 diagnoses | Complications were more frequent in people with
USA Sl,l?rve effect among those with and were reported by 51 people | longer PD duration. People with PD and COVID-19
' Y | without COVID-19. (27 women) and 26 without | experienced symptoms of new or worsening motor
PD. Age: 30-95. (63%) and nonmotor (75%).
Worsening pre-neurodegenerative symptoms (motor
[60]. Multiple | COVID-19 in Parkinson’s 3 females. and non-motor) after COVID-19.
cases disease: Report on prevalence PD 5 males. 50% worsening of PD symptoms.
Italy reports | and outcome Age: 63-81 High rate of mortality among PD patients.
[61] OtE)Osr(la;;/a ;Ir':lsa;tudgf alTﬁs tocoligg\gvi::i 568 patients. Worsening pre-neurodegenerative symptoms (motor
: ’ np Age: 30-92. and non-motor) after COVID-19.
cross- | disease 2019 (COVID-19) PD . . .
. : . . . 53.0% females. More than half experienced worsening of their
Spain sectional | pandemic on Spanish patients
- : o symptoms.
study. | with Parkinson's disease
Worsening pre-neurodegenerative symptoms (motor
[62] Investigate susceptible to and non-motor) after COVID-19.
' Case 9 >CEptit After the diagnosis of COVID-19, this PD patient had
novel coronavirus disease 2019 PD 83-year-old woman. . i d with
China. report (COVID-19) worsening motor symptoms, complicated with acute
hypoxemic respiratory failure, urinary tract infection,
and acute encephalopathy.
Er:aasrcar::?:ristictze d?ergggiggg:]c Worsening pre-neurodegenerative symptoms (motor
[63]. Retrosp management ,and poutcome 0% 36 patients (23 men and 13 | and non-motor) after COVID-19.
ective PD zgtients i’nfected by COVID- PD women). In patients with movement disorders, the likelihood of
USA. study 19 P Y Age: median of 74.5 years. | hospitalization and death after contracting COVID-19
) was more significant than in the general population.
[64]. Case PD could influence the course 5 patients. . .
report and the result of COVID-19. PD 82-year-old woman. Few effects on symptoms after infection.
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704

Italy. 72-year-old man. COVID-19 may not necessarily be associated with
95-year-old woman. poor outcomes in patients with parkinsonism
56-year-old man.

[65]. Report a retrospective analysis 19 AD patients (1.3 female_). . .

Retrosp - - 23 non-AD patients with | No effects on symptoms after infection.
. of the clinical characteristics of . . ) R "
China ective AD Dpatients with COVID-19 AD novel coronavirus | AD patients with COVID-19 were in milder conditions
' analysis patie pneumonia (9 female). Age: | with a better prognosis than non-AD patients.
neumonia
P ' 65—-100 years.
To evaluate the prevalence, 7 cases (3 female and 4 PD patients did not experience a subjective worsening
[66] male)
' Case- | mortality and case-fatality of PD 14 coﬁtrol (6 females and 8 of symptoms or mortality.
Ital control | COVID-19 in a PD cohort, also males) A higher prevalence of COVID-19 was found in the PD
Y- exploring possible risk factors Age: 6%-84 population.
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6 Discusséo
6.1 Relacao entre COVID-19 e desenvolvimento de neurodegeneragéo

Nesta dissertacao investigamos a associacao entre a infeccdo de SARS-CoV-
2 no desenvolvimento ou agravamento de processos degenerativos. Analisamos 0s
efeitos da infeccédo pelo SARS-CoV-2 no desenvolvimento de sintomas relacionado
com DP ou DA em pacientes que nao apresentavam diagnéstico prévio destas. Além
disso, analisamos os efeitos da infeccdo pelo SARS-CoV-2 em pacientes que ja
tinham o diagnostico precoce de PD ou DA. Outra analise realizada foi a constatagéo
que individuos diagnosticados com PD ou DA tem maiores risco de serem infectados
pelo SARS-CoV-2 em relagéo a pessoas que nao possuem doenga de Parkinson ou
doenca de Alzheimer.

Em individuos que ndo apresentavam sintomas prodromais, foi evidenciado
alteracdes como hipomimia, hipofbnica, tremores nas maéos durante repouso,
movimentos involuntarios, bradicinesia e rigidez bilateral e alteracdo de marcha ap6s
alguns meses da infeccdo por SARS-CoV-2 (COHEN et al., 2020). Apds analise
neurolégica foi evidenciado o parkinsonismo. As analises por imagem encefélica
demonstraram que naqueles individuos diagnosticados com Parkinsionismo apés a
infeccdo grave de SARS-CoV-2, ocorreu redugcdo no metabolismo do sistema
dopaminérgico em todo eixo nigroestriatal, essa caracteristica foi correlacionada com
condicdo semelhante daquela encontrada em pessoas diagnosticas com doenca de
Parkinson (BRUNDIN et al., 2020).

Uma das principais caracteristicas da DP e da DA é a perda progressiva de
células neuronais do sistema nervoso central ou periférico (NELSON et al., 2022). A
disfuncéo olfativa € um sintoma caracteristico da COVID-19 e ocorre devido a morte
dos neurdnios olfativos (DOTY, 2022; HO et al., 2022). A degeneracao inicial nas
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regides olfativas e limbicas do cérebro desencadeado pela COVID-19, sugerem um
padrdo de degeneracdo semelhante ao observado nos estagios iniciais da doenga de
Alzheimer, doenga de Parkinson e deméncia por corpos de Lewy (MEINHARDT et al.,
2021). Bayat e colaboradores (2020), utilizaram amostras de hipocampo post mortem
de pessoas que faleceram em decorréncias das complicagbes da COVID-19, neste
trabalho, os autores demonstram a degeneracao de células neuronais e mudancas na
morfologia das células gliais, além da presenca elevada de marcadores de apoptose,
gueda nos marcadores de neurogénese e mudanca na distribuicdo espacial de
neurbnios na camada piramifecional e granular, concluindo que a COVID-19 pode
alterar as caracteristicas morfologicas e a distribuicdo de astrécitos e microglias
(BAYAT et al., 2022).

E importante destacar que hipomimia minima, bradicinesia e rigidez,
consistentes com o diagnostico de Parkiosinismo e alguns casos, doenca de
Parkinson, seria improvavel de ocorrer em tao pouco tempo (entre 4 a 10 meses apés
infeccdo) (MAKHOUL; JANKOVIC, 2021). Desse modo, a hipétese é que a COVID-19
poderia acelerar um processo pré-existente, onde ainda ndo havia a manifestacéao
clinica evidente. Essa hipétese se baseia nas evidencias que demonstram que a
diminuicdo da inervacéo dopaminérgica nos ganglios basais ocorre antes do inicio dos
sintomas motores e que é de dificil diagnéstico clinico (MAKHOUL; JANKOVIC, 2021).

O estudo de Zarifkar e colaboradores (2022), avaliou a influéncia da COVID-19
em doencgas neurolégicas através da analise de registros de saude de 2.972.192
individuos dinamarqueses. Foi evidenciado que o0 risco de disturbios
neurodegenerativos e cerebrovasculares, aumentou entre pacientes que testaram
positivo para COVID-19 em comparacao com pacientes ambulatoriais que testaram
negativo para COVID-19. Os individuos positivos para COVID-19 apresentaram maior
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frequéncia de delirium, e o relative risk (RR) elevado para doenca de Alzheimer
(ZARIFKAR et al., 2022).

Muitos estudos tem sido realizados para entender o mecanismo pelo qual o
SARS-Cov-2 infecta as células do SNC e como o virus pode estar desencadeando
processos neurodegenerativos. A enzima conversora de angiotensina 2 parece estar
associada com o inicio ou agravamento do processo degenerativo. ACE2 é uma
protease transmembrana que cliva a Angiotensina | e Il em peptideos menores Ang
(1-9) e Ang (1-7). As ACE?2 estdo presentes no epitélio das vias aéreas, parénquima
pulmonar, endotélio vascular, rim, intestino delgado e cérebro (BAYAT et al., 2022).
ACE2 atua como receptor de entrada para a invasao patogénica de SARS-CoV-2. A
ligacdo entre a proteina spike do virus e ACE2, possibilita que o SARS-CoV-2 infecte
as células do hospedeiro (YAN et al., 2020). ACE2 sao amplamente encontrados no
cérebro, com destaque nas regibes dopaminérgicas, as quais sdo acometidas na
doenca de Parkinson (BAYAT et al., 2022). Deste modo a maior densidade de ACE2
em determinadas regides encefalicas pode determinar locais de maior vulnerabilidade
para a infeccdo do SARS-CoV-2, as quais em modelos resultam em apoptose e
necrose (BAYAT et al., 2022; SOTOCA; RODRIGUEZ-ALVAREZ, 2020; SUN et al.,
2022).

Uma caracteristica do SARS-CoV-2 diretamente relacionada com doencas
neurodegenerativas é sua capacidade de se ligar a uma série de proteinas que tem
conexao com o0s processos degenerativo. Através de docking molecular foi calculado
a probabilidade de ligacéo proteina-proteina do SARS-CoV-2 S1 com o peptideo -
amiloide (BA), a-sinucleina, tau, prion e proteina tar de ligacdo ao DNA que possui 43
kDa (TDP-43). Os resultados demostraram que a interacdo do S1 com o BA e com a-
sinucleina é mediada por ligacdes de hidrogénio e que a formacao do complexo S1-
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a-sinucleina tem maior afinidade e maior probabilidade de ocorrer em relagéo a
formagdo do complexo S1-BA (IDREES; KUMAR, 2021). Interessantemente, a
presenca de a-sinucleina fosforilada foi constatada em amostras de bidpsia de em
cinco pacientes jovens com sequelas pés COVID-19, mas sem caracteristicas
prodromicas de doenca neurodegenerativa (MIGLIS et al., 2022). A presenca de a-
sinucleina fosforilada cutanea é incomum, o que pode ser um indicador bioquimico e
molecular das altera¢gBes induzidas pela COVID-19 sob esta proteina. Em outro
estudo foi demonstrado que um paciente que desenvolveu sintomas cognitivos
imediatamente apds a COVID-19, apresentou biomarcadores no liquido
cefalorraquidiano altamente sugestivos de doenca de Alzheimer (DA) (MATIAS-GUIU
et al., 2021).

Outro maneira que o SNC poderia ser afetado pela COVID-19 é de modo
indireto, através da inflamacdo sistémica. A alta concentracdo de citocinas pro-
inflamatoérias como, interleucina-1B (IL-1B), interferon-y (INF-y), proteina C-reativa
(PCR), fator estimulador de coldnias de granulécitos (G-CSF), Ligante de quimiocina
de motivo C-X-C 10 (CXCL10), proteina de monécitos 1-a e fator de necrose tumoral-
a (TNF-a) foi constatada durante a infeccdo por SARS-CoV-2 (PIMENTEL et al.,
2022). Os disturbios inflamatérios tem sido associados com elevado risco de
desenvolvimento de DP a DA, portanto a inflamacao sistémica causada pela COVID-
19 pode ser um importante fator na desenvolvimento da neuroinflamacéo e da morte
de neurdnios dopaminérgicos nigrais e dos neurdnios hipotalamicos (BRUNDIN et al.,
2020; WALKER, 2018).

De acordo com nossa revisao sistematica, a maioria dos artigos encontrados,
a partir de nossos termos de busca, destacam que existe risco entre a infecgao por

SARS-CoV-2 e o desenvolvimento dos sintomas relacionados com a DP ou DA. O
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gue necessita de esclarecimentos relacionados a estes dados, é a condi¢do de saude
dos pacientes antes da infeccdo por SARS-CoV-2, pois os individuos talvez ja
apresentavam o processo degenerativo, onde a COVID-19 apenas acelerou o
inevitavel. Cabe ainda investigacbes para esclarecer se o desenvolvimento de
processos degenerativos esta condicionado a infec¢des virais sequencias ou
cumulativas ao longo dos anos, causando sobrecargas metabdlicas, e alteracdes

epigenéticas nas células imunes e neuronais.

6.2 Doenca neurodegenerativa existente pré-COVID-19

Nossas analises de individuos que possuiam diagndstico prévio de PD ou DA
demonstraram alta taxa de mortalidade ap6s infeccdo por SARS-CoV-2. No Reino
Unido a andlise de uma coorte de 502.507 participantes demonstrou que individuos
com doencas neurodegenerativas pré-COVID-19, apresentaram maior risco de morte
relacionada a COVID-19 do que outros grupos, sendo os pacientes com DA os mais
propensos a 6bitos (FATHI et al., 2022; HU et al., 2022; KIM et al., 2022).

A taxa de letalidade pela COVID-19 em pacientes com comorbidades
neuroldgicas pré-existentes € superior em relacdo aos individuos sem
comprometimento neuroldégico (ROMAGNOLO et al., 2021). O risco de mortalidade
em individuos do sexo masculino, em individuos com deméncia e doenca de
Parkinson é cerca de 19 vezes maior quando comparado com pessoas sem COVID-
19 (KLEINEBERG et al., 2021; RUTTEN et al., 2021). Durante a pandemia obteve-se
a maior taxa de Obitos em pacientes hospitalizados com a doenca de Parkinson
idiopéatica do que em outras épocas (KOBYLECKI et al., 2020; MATIAS-GUIU et al.,

2021).
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Nesta dissertacdo também evidenciamos grande numero de artigos indicando
gue a infeccédo por SARS-CoV-2 causa a piora nos sintomas da doenga de Parkinson
e doenca de Alzheimer. No texto a seguir, as duas doengas foram descritas

separadamente para melhorar a compreensao de cada no contexto da COVID-19.

6.2.1 Infeccdo por SARS-CoV-2 em individuos previamente diagnosticados
com a doenca de Parkinson

De acordo com nossa revisdo sistematica existem mais artigos abordando os
efeitos da infecgdo de SARS-CoV-2 em individuos com a DP do que na DA. Esses
resultados podem ser interpretados de dois modos: a) Pacientes com DP sdo mais
suscetiveis aos efeitos da COVID-19, ou b) Devido as caracteristicas patofisiol6gicas
da DP, principalmente de sintomas motores, essa doenca pode ser mais facil de
analisar pela comunidade cientifica, permitindo o nimero maior de estudos.

Nesta dissertacédo constatamos diversos estudos demonstrando a influéncia da
COVID-19 na piora dos sintomas motores e ndo-motores relacionados com a doenga
de Parkinson, por exemplo: rigidez severa, bradicinesia, distonia bilateral, alteracdes
comportamentais e caracteristicas psicéticas na forma de alucinacdes e delirios séo
acentuadas. De acordo com Kamel e colaboradores (2021), apés um més da infeccao
alguns sintomas tendem a melhoram, porém néo atingem a pontuacéo basal de antes
da COVID-19 (KAMEL et al., 2021). Outros estudos também demonstraram que a
COVID-19 agravou a capacidade locomotora, seguido por quedas, instabilidade
postural, disfagia orofaringea grave, dificuldade de mastigacdo e degluticdo,
pneumonia aspirativa, sem alteracéo cognitiva (HAINQUE; GRABLI, 2020; LEE et al.,
2021). O disturbio do sono REM (rapid eye moviment) € um sintoma prodromal da

doenca de Parkinson e foi evidenciado que houve aumento de 2,9 vezes nos casos
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de distarbios do sono REM em individuos infectados por SARS-CoV-2 (LIU et al.,
2022).

Leta e colaboradores (2021), demonstraram que a infecgcdo de SARS-CoV-2
em individuos com a DP acelera os sintomas associados com a doenga, onde foram
constatados a piora da fungdo motora (51,9%) e o aumento dos requisitos de dose
diaria levodopa (48,2%), seguidos de fadiga (40,7%), distlrbios cognitivos (22,2%),
incluindo dificuldade de concentracdo e déficits de memdria; e distdrbios do sono
(22,2%) (LETA et al., 2021).

As taxas metabdlicas cerebrais de hiposmia de pessoas com COVID-19 foram
comparadas com pessoas diagnosticadas com a doenca de Parkinson por Morbelli e
seus colaboradores. Os resultados demonstraram que existe muita semelhanga entre
a hiposmia persistente apés a COVID-19 daquela evidenciada na doenca de
Parkinson, assim como o hipometabolismo energético de regides dopaminérgicas
(MORBELLI et al., 2022).

Uma dos possiveis explicagdes bioquimica possiveis para entender a influéncia
do SARS-CoV-2 na piora dos sintomas da DP pode ser através do envolvimento da
proteina a-sinucleina. A andalise de como a presenca do fragmento de nove residuos
SFYVYSRVK localizado no terminal C da proteina do envelope do SARS-CoV-2 pode
afetar o conjunto conformacional de monémeros de a-sinucleina e a sua estabilidade
foi desenvolvida por Jana e colaboradores (2022). O fragmento de proteina viral SK9
pode alterar a conformagao da a-sinucleina possibilitando que a estrutura da proteina
de trés dominios assuma a conformacao mais propensa a agregacao atraves de seus
motivos, e principalmente leva uma preferéncia conformacional pela formacéo de

fibrilas (JANA et al., 2022). Outra possivel explicacdo € que a expressao dos genes
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receptores de SARS-CoV-2 em pacientes com DP poderia diferir dos individuos

saudaveis (PAVEL et al., 2020; SORBERA et al., 2021).

6.2.2 Infeccdo por SARS-CoV-2 em individuos previamente diagnosticados
com a doenca de Alzheimer

Em nosso trabalho constatamos poucos estudos descrevendo a relacdo entre
DA e COVID-19, porém dos estudos coletados, destaca-se a associacdo entre
infecgdo por SARS-CoV-2 e mortalidade. A piora dos sintomas né&o foi tdo evidente
nos casos de DA quanto nos casos de PD. Acreditamos que essa discrepancia possa
ser devido as caracteristicas patofisiologicas da DA, de poucas alteracdes motoras,
portanto dificultando o diagnéstico.

Déficits progressivos na funcéo cognitiva sdo sintomas comuns da DA, levando
ao comprometimento da qualidade de vida diaria (DEVLIEGER et al., 2022).
Patologicamente, os cérebros com DA sao identificados pela deposi¢cao do peptideo
B-amildide em placas senis e pela formagdo de emaranhados neurofibrilares
compostos de proteina tau hiperfosforilada (p-Tau). Isso resulta na perda de sinapses
e neurodegeneracdo que, em Ultima andlise, leva a sintomas associados a DA
(DETURE; DICKSON, 2019).

A infeccdo pelo SARS-CoV-2 esta associada a sobrecarga oxidativa
intracelular, onde as vias neuropatologicas que causam a hiperfosforilagcdo de tau
tipicamente associada a DA foram demonstradas como ativadas em pacientes com a
COVID-19 (DATTA et al., 2021). Os receptores de rianodina (RyR2) no cérebro de
individuos com a COVID-19 demonstraram um fendtipo “infiltrante”, que pode
promover defeitos cognitivos e comportamentais devido ao descontrole na
homeostase da calcio (DATTA et al., 2021). O SARS-CoV-2 S é capaz de induzir
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agregacdao por contato de prions e da proteina tau, levando a hipotese que infeccbes
virais podem contribuir para a disseminacdo de misfolding proteico, disseminando
proteinas modificadas e proteopaticas (CHAKRABARTI et al.,, 2022; IDREES;
KUMAR, 2021).

O risco de infec¢@o por SARS-CoV-2 em pacientes com deméncia é de 2 a 3
vezes maior em comparacao com individuos cognitivamente saudaveis (WANG et al.,
2022). Ao monitorar o nivel de expressao de ACE2, o receptor da célula hospedeira
para SARS-CoV-2, se descobriu que a proteina ACE2 é regulada positivamente no
cérebro de pacientes com doenca de Alzheimer (DING et al., 2021). A expressao de
ACE?2 é significativamente maior em pacientes com doenca de Alzheimer quando
comparado com pacientes sem Alzheimer. Apesar de ndo encontrar uma correlagao
entre a gravidade da doenca de Alzheimer e a expressdo de ACE2, os resultados
mostraram que pacientes com doenca de Alzheimer podem ser mais propensos a
infeccdo viral (DING et al., 2021). Outro estudo que corrobora com esses dados é o
de del Ser 2021, onde foi demonstrado que dentre os casos sintométicos de COVID-
19, esses individuos carregavam o alelo APOE ¢4 (DEL SER et al., 2021).

Usando genotipagem de 1313 individuos com doenca esporadica de Alzheimer
e 1234 individuos de controle, foi confirmado que o l6cus oligoadenilato sintetase 1
(OAS1) contribuiu para o risco de doenca de Alzheimer. O mesmo I6cus OAS1 tem
sido associado com desfechos graves da COVID-19, ou seja, vinculando o risco para
COVID-19 e DA. Baseado nesses dados os autores evidenciaram a co-expressao de
redes envolvendo interferon gama e fator de necrose tumoral alfa, 0 que destaca a
presenca do processo inflamatorio nestes contexto (MAGUSALI et al., 2021).

Uma coorte de amostras cerebrais de pacientes com DA que morreram de

COVID-19 e DA sem COVID-19 foram comparadas. SARS-CoV-2 em pacientes com
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DA resultou principalmente em aumento da resposta imune e modulacdo do ciclo
celular destas células. Esses dados demonstram que o SARS-CoV-2 pode piorar a
condicdo da DA ao aumentar a neurotoxicidade, devido a niveis elevados de

inflamacéo e estresse oxidativo (CHIRICOSTA et al., 2021).

7 Concluséo

Esta revisdo sistematica demonstra a incidéncia de sintomas relacionados com
DP e DA em individuos apés a COVID-19. Demonstramos aqui 0 aumento do risco de
infeccdo de SARS-CoV-2 em individuos com DP ou DA. Além disso, demonstramos o
agravamento crescente dos sintomas e do risco de mortalidade em individuos
diagnosticadas com DP e DA. Estes dados realgcam o potencial neuropatolégico deste
virus.

Foram encontradas algumas limitacdes para realizagéo deste estudo: Primeiro,
nédo foi possivel analisar a duragéo dos sintomas de DP e AD apos por COVID-19. Em
segundo lugar, a informacdo sobre a gravidade da COVID-19 nédo é relatada na
maioria dos artigos, o que torna dificil associar a gravidade da infeccdo a doencas
neurodegenerativas. Em terceiro lugar, houveram poucos estudos caso-controle para
investigar a incidéncia de neurodegeneracdo apés a infeccao pela COVID-19 em
individuos sem diagndstico prévio dessas doencas. Finalmente, os estudos tiveram
um elevado grau de heterogeneidade devido a diferencas nas caracteristicas clinicas,

devido a heterogeneidade clinica, ndo foi possivel realizar uma meta-analise.

8 Perspectivas
A degeneracdo evidenciada nos casos de COVID-19, nos possibilitou o
levantamento de hipoteses sobre o processo degenerativo durante a realizacao dessa
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dissertacdo, conforme segue: Alguns individuos recuperam rapidamente a
capacidade olfativa, enquanto que outros individuos podem levar meses, ou até
mesmo nao recuperar a capacidade olfativa total. Deste modo, € possivel especular
gue a recuperacao esteja associada com capacidade de neurogénese dos neurdnios
olfatérios. Sendo assim, a recuperacdo mais lenta da capacidade olfativa estaria
relacionada com um déficit de neurogénese. Logo, para os individuos que néao se
recuperam em plenitude, ou simplesmente nao se recuperam, isto seria um indicador
do processo neurodegenerativo, ou ainda mais importante, um indicador de
propensao a desenvolver doencas neurodegenerativas, uma vez que a taxa de morte
neuronal € muito mais rapida que a taxa de génese neuronal. Esta hipétese devera
ser elucidada por estudos futuros. Outra perspectiva € investigar os mecanismos
bioquimicos relacionados com a infeccdo por SARS-CoV-2 e o desenvolvimento da

doenca de Parkinson ou doenga de Alzheimer.
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