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RESUMO

A covid-19 é uma doenca infectocontagiosa causada pelo virus SARS-CoV-2, que
pode ser sintomatica e com desfechos desfavoraveis, principalmente, pulmonares. A
evolugdo clinica dela pode ser fruto de diversos fatores, tais como os ambientais,
imunolégicos e genéticos. Nesse sentido, o periodo pandémico da covid-19 trouxe
danos incalculaveis para a humanidade e a pandemia assolou na sua primeira onda,
sobretudo, os profissionais da estrutura clinica-hospitalar de todo o mundo. O objetivo
deste trabalho foi analisar o perfil genotipico e alélico de SNPs dos genes ACE-2 e
TMPRSS2 que poderiam atuar como fator de risco para covid-19 em profissionais que
trabalharam em instituicdes de saude durante a primeira onda da pandemia. Trata-se
de um estudo de coorte retrospectivo, com amostras coletadas de profissionais das
categorias de servicos gerais, administrativa e da saude de 10 instituicbes de saude
de Belém, Par4, com um total de 123 pacientes sintomaticos e 91 assintomaticos. Foi
avaliada a sintomatologia dos individuos ap06s a andlise do questionario
epidemioldgico e em individuos sintomaticos, houve a realizagcdo da tomografia do
térax para a avaliacdo do comprometimento pulmonar. As frequéncias de SNP foram
obtidas por meio de sequenciamento parcial de Sanger. O genétipo C/C do SNP
rs961360700 do gene foi encontrado em todas as amostras analisadas. Para o SNP
rs2298659, 68,24% do gendtipo C/C e 29,8% do gendtipo C/T foram detectados,
enquanto apenas 1,29% do gendtipo T/T foi detectado. A presenca desse
polimorfismo foi significativa na alteracdo dos fenétipos sintomaticos e a correlagéo
entre individuos sem comorbidades prévias e o inicio dos sintomas. Esses achados
destacam a importancia de investigar esses polimorfismos em outras populacdes,
bem como analisar outros SNPs nesses genes responsaveis pela entrada viral, o que

pode ajudar a entender o agravamento dos casos de covid-19.

Palavras-chave: Profissional da Saude; Enzima de Conversao de Angiotensina 2;
covid-19; SARS-CoV-2.
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ABSTRACT

COVID-19 is an infectious disease caused by the SARS-CoV-2 virus, which may
present with symptoms and lead to unfavorable outcomes, particularly pulmonary
complications. Its clinical course can be influenced by multiple factors, including
environmental, immunological and genetic determinants. During the first wave of the
pandemic, COVID-19 caused incalculable damage to humanity and had a particularly
devastating impact on healthcare professionals worldwide. The objective of this study
was to analyze the genotypic and allelic profiles of SNPs in the ACE-2 and TMPRSS2
genes that could act as a risk factor for COVID-19 among professionals working in
health institutions during the first pandemic wave. This retrospective cohort study
included samples collected from professionals in general, administrative and
healthcare services categories from 10 health institutions in Belém, Para. The cohort
comprised 123 symptomatic and 91 asymptomatic individuals. Clinical symptoms were
assessed through an epidemiological questionnaire and symptomatic individuals
underwent chest tomography to evaluate pulmonary involvement. These data were
correlated with the frequencies of SNPs rs2298659 in the TMPRSS2 gene and
rs961360700 in the ACE-2 gene. SNP frequencies were determined through partial
Sanger sequencing. The C/C genotype of SNP rs961360700 in ACE-2 was observed
in all analyzed samples. For SNP rs2298659, 68.24% of individuals carried the C/C
genotype, 29.8% the C/T genotype, and only 1.29% the T/T genotype. The presence
of this polymorphism showed a significant association with symptomatic phenotypes
and the onset of symptoms in individual without previous comorbidities. These findings
underscore the importance of investigating these polymorphisms in other populations,
as well as analyzing additional SNPs in these genes involved in viral entry, which may
contribute to understanding the progression and severity of COVID-19 cases.

Keywords: Healthcare Professional; Angiotensin Converting Enzyme 2; COVID-19;
SARS-CoV-2.
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1 INTRODUCAO

A doenca causada pelo coronavirus 2019 (covid-19 — Coronavirus disease
2019) é causada pelo coronavirus 2, agente da sindrome respiratoria aguda grave
(SARS-CoV-2 — Severe Acute Respiratory Syndrome Coronavirus 2), um virus
descoberto no final de dezembro de 2019, que apresentou uma alta taxa de
infectividade (SENEVIRATHNE et al., 2024). O patdgeno afeta principalmente o
sistema respiratorio, causando resfriados, embora outros 6rgdos possam ser
acometidos. Os sintomas mais comuns do COVID -19 incluem febre, tosse, falta de ar
e dor muscular (LIPPI; SANCHIS-GOMAR; HENRY, 2023)

O virus se espalha principalmente através de goticulas respiratorias quando 0s
individuos falam, tossem, espirram ou por meio de secrecdes nas orofaringeas e
salivares (SHARMA; AHMAD FAROUK; LAL, 2021). A infeccdo também pode ocorrer
pelo contato com superficies contaminadas e posterior contato com a face. Se o
individuo tocar em uma superficie contaminada com particulas virais e levar para a
membranas mucosas da boca, olhos e nariz ele pode se infectar com o0 SARS-CoV-2.
O virus também foi encontrado em sangue e fezes, podendo indicar a possibilidade
de multiplas rotas de transmissdo (CHUNG et al., 2024a; SUSAK et al., 2024).
Individuos assintoméaticos também conseguem transmitir amplamente o SARS-CoV-
2, espalhando aerossois infecciosos contendo virions encapsulados produzidos apos
fala, canto, tosse ou espirro (TELLIER, 2022).

O SARS-CoV-2 é um virus de RNA gue apresenta uma alta taxa de erro durante
a sua replicacdo. Esses erros podem causar constantes mutacdes genéticas,
resultando na criacdo de novas variantes. Uma das mutacfes mais detectadas sao as
mutacdes do tipo missense na proteina spike, que podem aumentar a sua
transmissibilidade e viruléncia, ocasionando a reduc¢édo da eficacia da vacina (HADJ
HASSINE, 2022). Com o surgimento de novas variantes, pacientes que ja foram
infectados podem sofrer uma reinfec¢éo devido a capacidade de escape imunoldgico.
A taxa de reinfeccdo era de cerca 0,94% até a chegada da variante Omicron, onde foi
detectado um aumento na taxa para cerca de 4,1% (CHEN et al., 2024)

Alguns outros fatores podem influenciar na protecéo ou no desenvolvimento da
covid-19, como dieta, nutricdo, vacinacdo, fatores imunolégicos e genéticos. O

aumento de citocinas anti-inflamatérias e a diminuicdo da enzima conversora de
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angiotensina 2 (Angiotensin-converting enzyme 2 - ACE-2) de uma forma ativa no
sistema cardiovascular estdo associados a inflamacéo pulmonar, fibrose e danos
progressivos ao tecido (ASHOUR, 2022.). Estudos mostram que 0 SARS-CoV-2 tem
como o principal alvo o sistema cardiovascular, onde as doencas cardiacas foram as
comorbidades mais encontradas em pacientes em todas as fases de infeccdo por
covid-19. Uma inflamacgéo sistémica pode ocorrer em individuos com o ACE-2 e
TMPRSS2 comprometidos pelo SARS-CoV-2, causando um aumento nos marcadores
inflamatorios como o IL-6, IL-2 e TNF-a contribuindo ainda mais para a formacéo de
uma les&o cardiaca (BOHM et al., 2020). A partir disso, a inducéo de anticorpos e a
ativacdo de células T através da vacinacdo podem ajudar a evitar a infeccéo e o
agravamento da doenca (ZHANG et al., 2023).

2 REFERENCIAL TEORICO

2.1 EPIDEMIOLOGIA E HISTORICO

Em dezembro de 2019, a Organizacdo Mundial da Saude (OMS) foi informada
sobre casos de pneumonia de origem desconhecida na cidade de Wuhan, provincia
de Hubei e, rapidamente se espalhou pelo mundo (LUNDBERG et al.,, 2024).
Posteriormente, o agente etiologico foi identificado e chamado de 2019-nCoV. Em
fevereiro de 2020, a OMS oficialmente nomeou a doenca de coronavirus 2019 (covid-
19) e posteriormente Grupo de Estudo de Coronavirus (CSG) do Comité Internacional
de Taxonomia de Virus propds nomear o novo coronavirus como SARS-CoV-2 (WHO,
2025).

Atualmente, no mundo existem mais de 700 milhdes de casos confirmados da
doenca, no Brasil ja sdao 37,7 milhdes de casos confirmados e 715.108 O6bitos
acumulados (FIGURA 1) (WHO, 2025).
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Figura 1 - Distribuicdo de casos confirmados de covid-19 no mundo
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Fonte: WHO, 2025. Dados epidemiolégicos do acumulado de casos no mundo desde o
inicio da contagem oficial pela OMS. Acumulados de casos nos Paises: Estados Unidos:
103.436,829; China: 99.381.761; Brasil: 37.797.516; India: 45.056.073.

Na regido Norte do Pais, foram confirmados aproximadamente 3 milhdes de
casos de covid-19, apresentando a segunda maior taxa de mortalidade entre as
regides, com 283,16/100 mil hab. O estado do Pard apresenta um acumulado de
casos com um total de 905.316, com um total de 19.329 6bitos confirmados, com uma
taxa de mortalidade proxima a da regido Norte com 224,68/100 mil hab. (FIGURA 2)
(BRASIL, 2025).
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Figura 2 — Mapa da incidéncia acumulativa de casos confirmados de covid-19 no
estado do Paréa até 2025
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Fonte: PARA, 2025. Dados epidemiolégicos do acumulado de casos no estado do Paré
desde o inicio da contagem oficial pela Secretaria de Saude do Estado do Para e pelo
Ministério da Saude. Municipios com maiores incidéncias: Belém do Para: 161.692 hab.;
Parauapebas: 67.438 hab.; Santarém: 45.867 hab.; Maraba: 28.206 hab.; Altamira:
26.589 hab.

2.2 DIAGNOSTICO

A deteccdo do SARS-CoV-2 teve que sofrer diversas mudancas devido ao
surgimento de novas variantes. O desenvolvimento de novas técnicas visa analisar 0s
acidos nucleicos virais, como 0s testes moleculares; analisar a presencga de antigenos
ou a presenca de anticorpos contra o0 SARS-CoV-2, como o teste de antigeno e
sorologico, respectivamente (FERNANDES et al., 2022).
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Para a deteccdo molecular dos acidos nucleicos, sdo coletadas amostras de
swab nasofaringeo, apresentando uma grande sensibilidade para a detec¢éo viral. As
coletas sdo analisadas atraves da reacdo em cadeia da polimerase em tempo real da
transcriptase reversa (RT-qPCR), sendo necessario serem realizadas entre o dia 0
(inicio) e dia 4 do inicio dos sintomas apdés a infec¢éo, periodo em que a carga viral é
mais alta (Alsharif; Qurashi, 2021). O ensaio de RT-gPCR foi desenvolvido para
detectar diferentes genes, como o gene do nucleocapsideo, gene do envelope, gene
spike e as regides ORF1b ou ORF8 do genoma do SARS-CoV -2 (RAi et al., 2021).

Os testes sorologicos detectam as células do sistema imunologico, como
imunoglobulinas e anticorpos, inclusive a imunoglobulina M (IgM) e a imunoglobulina
G (IgG), moléculas produzidas apds o sistema imunologico detectar a presenca viral
(YUCE; FILIZTEKIN; OZKAYA, 2021). A presenca de anticorpos IgM pode indicar a
recente infeccao viral, onde em pacientes sintomaticos a duragdo média de anticorpos
é de 5 dias, enquanto a IgG pode ser detectada posteriormente, em média de 14 dias,
indicando uma infeccao posterior. Em alguns casos, pode ser detectada a persisténcia
do IgM anti-SARS-CoV-2 por até 8 meses apods a infec¢éo (BICHARA et al., 2021).

2.3 SINTOMATOLOGIA E QUADROS CLINICOS

Os sintomas mais comuns da covid-19 sao febre, tosse e dispneia, e em alguns
casos existe o relato de diarreia. Pessoas com idade acima de 65 anos, apresentam
um risco maior de desenvolverem a forma mais grave da doenca devido a presenca
de comorbidades que podem agravar os casos. Entretanto, adultos jovens também
podem ser hospitalizados por agravamento dos quadros clinicos, mesmo com a
auséncia de comorbidades pré-existentes (OCHANI et al., 2021).

A infeccéo e sintomatologia podem ser divididas em trés estagios sendo que o
primeiro é caracterizado como periodo de incubacéo apés a infecgédo por SARS-CoV-
2, onde ocorre a replicacdo viral sem o0 aparecimento de sintomas aparentes.
Posteriormente ocorre a disseminacdo, sendo diagnosticada pela pneumonia aguda
e sintomas como febre e tosse. Caso o0 paciente ndo consiga se recuperar da segunda
fase, ele entrard no estagio trés, considerado o mais grave, podendo ter uma
hiperinflamacé&o sistémica, lesdo renal, lesdo hepatica e gastrointestinal (CHUNG et
al., 2024a).
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2.4 PREVENCAO DA DOENCA E TRATAMENTO

A forma mais eficaz para prevenir a covid-19 € através da vacinagdo (CHUNG
et al.,, 2024). As vacinas apresentam um papel importante na prevencdo e
transmissao, onde estas podem ser desenvolvidas a partir do patégeno ou de seus
fragmentos, induzindo a resposta imune adaptativa, com a inducéo da producéo de
anticorpos e a ativacao da imunidade celular (ZHAO et al., 2024).

As vacinas tradicionais com patégeno inteiro sdo eficazes, assim como as
vacinas que possuem os fragmentos antigénicos do patdgeno, que além da sua
capacidade de induzir os anticorpos, apresentam menos efeitos colaterais e sdo mais
seguras para individuos que apresentam imunossupressdo (VARTAK; SUCHECK,
2016). Para controlar a disseminacdo do virus, diversos tipos de vacinas foram
testadas, como as vacinas de proteina recombinante, vacinas de vetor de adenovirus,
vacinas de DNA e vacinas de mRNA, sendo que esta Ultima apresentou um papel
importante no controle da pandemia (FANG et al., 2022).

Contudo, o SARS-CoV-2 constantemente sofre muta¢gbes formando novas
variantes que conseguem causar novas infeccées. Um exemplo disso é o surgimento
da variante Omicron JN.1, que ndo é detectado pelos anticorpos neutralizantes,
diminuido assim a eficacia vacinal, sendo necessaria constantes atualizacbes nas
novas vacinas (YANG et al., 2024). Com isso, sdo necessarias novas formas que
auxiliem no tratamento e na diminuicdo dos sintomas da covid-19 enquanto novas
vacinas sao fabricadas.

A maioria das estratégias utilizadas no tratamento foram baseadas nos
tratamentos utilizados contra SARS e Sindrome respiratéria do Oriente Médio
(MERS), pois apresentam caracteristicas semelhantes. Atualmente diversos
medicamentos estdo sendo estudados em ensaios clinicos e aprovados pelas
agéncias de saude (CHUNG et al., 2024). Os tratamentos utilizados no tratamento da
doenca podem ser divididos em dois grandes grupos de acordo com a sua acgao:
terapias para auxiliar o hospedeiro e a utilizagdo de antivirais, como Baricitinibe,
Paxlovid e Remdesivir (YUAN et al., 2023).
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2.5 CORONAVIRUS

2.5.1 Classificagao, morfologia e genoma

O SARS-CoV-2 é um B-coronavirus envelopado esférico com RNA de sentido
positivo com fita simples ndo segmentado e apresenta um genoma com tamanho de
cerca de 29,9 kb (HADJ HASSINE, 2022). O virus pode infectar o sistema nervoso
central, respiratério e o gastrointestinal de humanos, outros mamiferos e aves e séo
responsaveis por causar diversos problemas de saude que podem variar de infeccdes
simples a infec¢ches severas e persistentes que afetam principalmente as vias
respiratérias, neuroldgicas e entéricas (TEBHA et al., 2024). Os coronavirus (CoVs)
pertence a ordem Nidovirales, familia Coronoviridae, subfamilia Orthocoronavinae,
sendo subdividida em quatro géneros: Alphacoronavirus, Betacoronavirus,
Gammacoronavirus e Deltacoronavirus (HUSSEIN et al., 2024).

Os CoVs possuem um contorno esférico, com o diametro do virion variando de
60 a 140 nm e proteinas estruturais e ndo estruturais (PNE): espicula (S), membrana
(M), envelope (E) e nucleocapsideo (N) e proteinas acessorias (FIGURA 3).
Apresentam espiculas de 9 a 12 nm que se projetam na superficie viral, possuindo a
aparéncia de uma coroa (MOHAMADIAN et al., 2021).
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Figura 3 — Estrutura morfoldgica e principais componentes do coronavirus
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Fonte: Hassine, (2021). Organizagao estrutural do coronavirus com distribuicdo das
suas principais proteinas morfolégicas e que estdo envolvidas na entrada viral na
célula do hospedeiro.

A proteina S possui a capacidade de induzir a resposta imune do hospedeiro,
sendo dividida em duas subunidades: S1 e S2. A S1 auxilia na ligacdo ao receptor do
hospedeiro, enquanto a S2 é responsavel pela fusdo viral na membrana do
hospedeiro. A subunidade S2 é composta pelo peptideo de fusédo (PF), um segundo
sitio proteolitico (S2), um peptideo de fuséo interno (PFI), dominio heptad repeat 1
(HR1), dominio heptad repeat 2 (HR2), dominio transmembrana (TM) e dominio fusdo
citoplasmatico (CP) (AISENBREY; BECHINGER, 2024).

A proteina M é a mais abundante encontrada no virion, responséavel pela
definicdo do formato do envelope viral. Ela é responsavel pela ligacdo ao
nucleocapsideo e possui uma alta diversidade no conteido de seus aminoacidos,
contudo apresentam similaridade na sua estrutura em diferentes géneros. A proteina
E é um pequeno polipeptideo que participa como canal idbnico na membrana e possui
funcéo na liberagéo do virus, montagem e patogénese (NAL et al., 2005). A proteina
N apresenta diversas fungdes, entre elas esta a formacdo dos complexos com o
genoma viral, facilitacdo da interacdo da proteina M na contagem do virion e ao

aumento da eficiéncia da transcricdo do virus (XIANG et al., 2024).
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Apbs a entrada desse virus na célula, o mMRNA esté pronto para ser traduzido
em proteina. O genoma desse virus possui o comprimento inferior a 30 kb, onde
existem cerca de 14 quadros de leitura aberta (Open Reading frames - ORF) que
codificam diversas proteinas que desempenham um papel na sua sobrevivéncia e
viruléncia, incluindo as proteinas S, E, M e N (ASTUTI; YSRAFIL, 2020; WIEDMANN
et al., 2024).

Posteriormente a entrada viral, as poliproteinas pirofosfatase —1a (Ppala) e a
PPalB sao produzidas pelo quadro de leitura aberto 1a (ORF1a) e 1b (ORF1b), onde
posteriormente dezesseis proteinas ndo estruturais sado secretadas via proteodlise
Ppala e Ppalb, onde estas sequestram a maquinaria de producdo das células
hospedeiras e utilizam para a replicacao viral (VOSKO; ZIRLIK; BUGGER, 2023).

A primeira ORF apresenta cerca de 65% do genoma viral, entre elas estdo a
PNE3, PNE9, PNE10, PNE12, PNE15 e PNE16, que sédo responsaveis pela replicacéo
viral (MOHAMANDIAN, et al., 2021).

2.5.2 Formas de entrada

A entrada do SARS-CoV-2 na célula acontece por meio de seu receptor a
enzima conversora de angiotensina 2 (ACE-2), existente em varios 6rgdos, como 0S
pulmdes, rins, coracdo e trato gastrointestinal. A ligacdo ocorre pelo dominio de
ligacdo da proteina S do SARS-CoV que se liga fortemente ao ACE-2 humano. As
proteases das células alvo ativam a proteina S, clivando-a em subunidades S1 e S2.
A S2, muda de conformacdo, incluindo a inser¢do de PF na membrana da célula alvo
e exposicdo do dominio HR1. A interacdo entre os dominios de HR2 e HR1 formam
feixes de seis hélices (6-HB), trazendo o envelope viral e a membrana celular em
estreita proximidade para a fusédo e entrada viral. As proteases humanas que clivam
e ativam a proteina S no processo de fusdo com a membrana humana, séo a protease
transmembranar serina 2 (TMPRSS2) e a protease do tipo tripsina das vias aéreas
humanas (HAT) (KATIYAR et al., 2024; LIMA; SOUSA; LIMA, 2020).
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Figura 4 - Mecanismo de infeccao por SARS-CoV-2 nas células do hospedeiro

sARs-cov-2 (1)

Ligacado e Y - Spike
entrada 3 ¢ - Membrane Virus
viral [ =
:’{4;) ) - Envelope maduro
- }~< » - Nucleocapsid

TMPRSSZ \ e

Endocitose
ou fusdo de
membrana

Hosome

Tradugédo do

j ANR ® o #
polipeptideo ‘ Maturacio
i viral e saida Fragmented

l via Golg
@ Clivagem do polipeptideo lisossomos
2. Neps por proteases virais para w

Viral gerar proteinas ndo
PIOSovEy estruturais

/

‘$ RdRp
Replicagdo do

Brotos de
nucleocapsideo

@ em ERGIC
cravejados com
proteinas S, E e

Transcricdo T ee———

t | (g "‘@ RNA e

Viral
o« o~ (+)Replicacdo SReme (28 /
doRNA e Traducso d
o b @ Transcri¢éo @ ramﬁf'ji e Ipsid -
= 5 () subgendmico r‘;'g.fprpr ‘"‘3

em proteinas
b b4 * estruturais e :
® - acessorias ¢

[
. 9

Fonte: Katiyar et al., (2024). A entrada viral é facilitada pelo ACE-2 e TMPRSS2. Apés
a endocitose, o virus utiliza a maquinaria celular para realizar a sua replicacdo e
traducdo multiplicando a quantidade de virus no organismo, prontos para serem
disseminados

O SARS-CoV-2 pode invadir as células por endossomos ou por fusdo com a
membrana plasmatica. Além disso, é descrito um outro mecanismo de invasao viral,
onde o virus interage com as porfirinas. Em um estudo de acoplamento molecular,
modelagem de homologia e analise de dominios conservados realizado por
Wenzhong & Hualan (2020), verificou-se que as proteinas E, N e ORF3a
apresentavam sitios de ligacéo ao ferro do heme, podendo a ORF3a dissociar 0 &tomo
de ferro e formar porfirinas. As proteinas E2 e E do SARS-CoV-2 por sua vez podem
se ligar as porfirinas, sugerindo uma outra forma de invasdo da célula hospedeira

(LIMA; SOUSA; LIMA, 2020).
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2.6 PATOGENESE E RESPOSTA IMUNOLOGICA DO HOSPEDEIRO A INFECCAO
PELO SARS-COV-2

A patogénese da covid-19 estd4 diretamente correlacionada aos principais
processos patologicos associados a inflamagéao ocasionando manifestagdes locais de
inflamacéo, inflamacédo sistémica aguda e inflamacéo sistémica crénica de baixa
intensidade. Além disso, existem os fatores envolvidos na viruléncia como o facil
reconhecimento do virus por receptores celulares amplamente espalhados pelas
células do hospedeiro e a supressado da resposta antiviral das células infectas e do
sistema imunoldgico (GUSEV et al., 2022). A partir disso, a expansao viral, a morte
celular e a entrada de produtos na corrente sanguinea, o amplo recrutamento de
células imunoldgicas e ativacdo de sistemas de complemento levam a um inflamacao
sistémica, que pode ser agravada de acordo com as caracteristicas prévias do
hospedeiro como a idade, sexo e comorbidades pré-existentes (ASAKURA; OGAWA,
2021)

Apbs a entrada do virus no corpo do hospedeiro, ele é reconhecido pelo sistema
imune inato por meio das células apresentadoras de antigeno (APC), como as células
dendriticas e macréfagos, os quais compdem a linha de frente do sistema imunolégico.
As APCs possuem receptores de reconhecimento de padrdes (PRR), que incluem os
receptores Toll-like (TLRs), receptores NOD-like (NLRs), receptor RIG-I-like e outras
moléculas que estdo localizadas em varias partes das células hospedeiras, como
membranas plasmaticas, lisossomas e citosol. Esses receptores reconhecem 0s
padrées moleculares associados a patdogenos (PAMPS), que sdo componentes
estruturais dos virus, como &cido nucleicos, proteinas, carboidratos e lipideos.
Posteriormente é induzida a sinalizacdo, onde cada um dos PRRs pode ativar uma
resposta bioldgica diferente (TURCIC et al., 2024).

As APCs apresentam antigenos do SARS-CoV-2 aos linfocitos T auxiliares (Th)
CD4+ por meio do complexo principal de histocompatibilidade (MHC) de classe Il, isso
leva a secrecdo de IL-12, que aumenta o estimulo a ativacédo de ceélulas Thl e em
associacdo com o IFN-a, aumenta a expressao de MHC de classe | e a ativacao de
células natural killer (NK), aumentando a atividade da via de sinalizacdo NF-kB, que
induz a producdo de mais citocinas pré-inflamatorias, como a IL-17. O papel destas

citocinas é recrutar neutrofilos e monadcitos para o sitio de infeccao, ativar e induzir a
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producdo de varias outras citocinas e quimiocinas, como IL-1, IL-6, IL-8, IL-21 e TNF-
B (MUSSABAY et al., 2024). Os interferons do tipo 1 (IFN-1) sdo conhecidos por
atuarem em reacdes antivirais, desencadeando a liberacédo de enzimas que degradam
o acido nucleico viral e que produzem proteinas que blogueiam a liberacdo de
particulas virais por células infectadas. Contudo, 0 SARS-CoV-2 consegue neutralizar
a resposta imune do IFN-1, sendo capaz de bloquear a sintese e degradar o mRNA
gue codifica o IFN-1 (CHUNG et al., 2024b).

A principal responsavel pelo agravamento dos casos de covid-19 é a
estimulacdo excessiva de células efetoras na producao de citocinas como IFN-a, IFN-
y, IL-1B, IL-6, I1L-12, IL-18, IL-33, TNF-a, TGF-B, e quimiocinas como CCL2, CCL3,
CCL5, CXCL8, CXCL9 e CXCL-10, que causam uma hiperinflamacéo e conduzem a
um quadro de sindrome da angustia respiratéria aguda (SARA) (ATTIQ et al., 2024a).

A acédo de células T CD8+ pode ser induzida pela ativacdo de células Thl ou
pela apresentacdo de antigenos pelas APCs, através do MHC de classe I. Ao serem
ativadas, estas células sofrem expansao clonal, produzindo mais células T efetoras e
de memoria (FIGURA 5). Os linfécitos T CD8+ compdem um grupo especifico de
células T efetoras, que marcam e lisam células infectadas pelo SARS-CoV-2 por meio
de multiplos mecanismos, incluindo perforinas e granzimas (SUBBARAO MALIREDDI;
SHARMA; KANNEGANTI, 2024).

A estimulagéo continua dos virus nas células TCD8+ causa uma diminuicdo da
capacidade proliferativa e nas funcdes efetoras, induzindo a superexpressdo de
receptores inibitérios como o CD279, também conhecido como PD-1. O PD-1 é uma
proteina presente na superficie das células linfoides e um membro da familia
CD28/CTLA-4, responsavel pela regulacdo das células T, principalmente na
modulacao da apoptose (SONG et al., 2024).

O SARS-CoV-2 causa uma leséo tecidual, causando uma secrecao exacerbada
de citocinas pro-inflamatorias, levando ao recrutamento de granulécitos, macréfagos
e outras células inflamatorias. O aumento da secre¢cdo de citocinas com o
recrutamento de leucécitos causa uma resposta inflamatoria sistémica, chamada de
tempestade de citocinas (ATTIQ et al., 2024b; CHENG et al., 2023).
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Figura 5 — Imunopatologia da covid-19 e a a¢do das células apos infeccéo
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Fonte: Cheng et al., (2023). A entrada do virus na célula causa um amplo recrutamento
de moléculas do sistema imunolégico causando uma cascata de reacdes para tenta
combater o invasor ou até causar apoptose celular.

As células Thl estimulam também a resposta imune humoral, através da
producédo de anticorpos especificos via células B dependentes de células T. A infec¢céo
por SARS-CoV-2 leva a producgéo de imunoglobulinas de cadeia M (IgM) especificas
que podem ser observadas logo na primeira semana do inicio dos sintomas (fase
aguda), durando até 12 semanas. Ap6s uma média de 14 dias ocorrera a
soroconversao de anticorpos IgG, que permanecem detectaveis por periodos maiores
Embora os periodos médios para producdo de IgM e IgG j& tenham sido
estabelecidos, ha frequentemente casos de covid-19 que ndo seguem um padréo,
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com uma nova ocorréncia de IgM apos o surgimento de 1gG, junto com IgG ou mesmo
auséncia de deteccao (BELIK et al., 2024)

2.7 MARCADORES HUMANOS ASSOCIADOS AO QUADRO DE SAUDE

2.7.1 ACE-2 e acovid-19

A ACE-2 estd amplamente distribuida no corpo humano, ficando ligada a
membrana de células dos tecidos de érgdos como o coracdo, rim € em menor
extensdo, nos pulmdes, onde esta concentrada em células alveolares do tipo Il. A
ACE-2, é uma monocarboxipeptidase responsavel por degradar a angiotensina I, um
peptideo pro-hipertensivo e pro-fibrotico, para gerar a angiontensina 1-7, um produto
vasodilatador e cardioprotetor, que desemprenha papel na regulacdo do Sistema
Renina-Angiotensina-Aldosterona (SRAA; SANTOS et al., 2017). A partir da alteracéo
na homeostase dos fluidos ou da pressado arterial, € iniciada a ativagdo do SRAA
através da liberacdo da renina no sangue, causando a conversdao do
angiotensinogénio angiotensina | (Ang 1), através da enzima conversora de
angiotensina (ECA), em Ang Il. Esse mecanismo é o responsavel pela SRAA e assim
causa a vasoconstricdo e o aumento da pressao arterial (PANNUCCI et al., 2023).

O ACE-2 é o mais conhecido receptor do SARS-CoV-2. A proteina S do SARS-
CoV-2 se liga ao ACE-2, permitindo a ligacdo com a célula alvo. Um estudo realizado
por Kuba et al., (2005) mostrou que a inativacdo da ACE-2 reduz significativamente a
infecgdo e replicagdo viral em camundongos infectados por SARS-CoV-2. Outro
estudo avaliou o desenvolvimento da infeccdo causada por SARS-CoV-2 em
camundongos e evidenciou que aqueles deficientes em TMPRSS2 foram protegidos
do agravamento da doenca (IWATA-YOSHIKAWA et al., 2019).

O gene ACE-2 esta presente no cromossomo X, e um dos polimorfismos mais
investigados esta associado a hipertenséo e doencas cardiacas. Gomeéz et al., (2020)
relataram que o polimorfismo dessa regido estd associado ao agravamento,
dependendo do estado da hipertensdo do paciente. Isso ocorre devido a formacao do
complexo SARS-CoV-2/ACE-2 que permite que o virus entre na célula hospedeira e
produza uma regulagdo negativa na superficie da ECA2, causando uma perda de

funcdo cardioprotetora, e assim, uma perda no sistema cardiovascular. Esse
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comprometimento causa uma resposta vasoconstritora com inflamagéao, hipertrofia e
um estado proé-fibrético, levando ao dano no miocardio causado pela infecgdo viral
(FIGURA 6) (PANNUCCI et al.,, 2023). Além dos efeitos causados no sistema
cardiovascular, a perda das acdes do ACE-2 no intestino causada pelo SARS-CoV-2
pode causar diarreia, nausea e vOmitos, promovendo a inflamacéo intestinal e
alteracao do microbioma (PRINGLE; PHILP, 2023).

Figura 6 - Entrada do SARS-CoV-2 na célula com auxilio do TMPRSS2
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Fonte: PANNUCCI et al., (2023). A entrada do SARS-CoV-2 utiliza
diretamente o ACE-2 e TMPRSS2. A utilizagdo na maquinaria celular
causa danos no tecido do hospedeiro e como 0 ACE-2 estd amplamente
distribuido, diversos 6rgaos podem ser afetados

2.7.2 TMPRSS2 e a covid-19

A TMPRSS2 é uma protease transmembrana do tipo Il qgue é expressa em
células epiteliais do trato respiratorio, gastrointestinal, prostata e em outros 0rgaos.
Foi identificado que o TMPRSS2 serve com uma via de entrada para o SARS-CoV-2,

além de auxiliar na entrada de outros virus. Sendo assim, inibir a atividade do
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TMPRSS2 se torna essencial para inibir a agéo viral (WETTSTEIN; KIRCHHOFF,;
MUNCH, 2022).

O gene TMPRSS2 humano possui 14 éxons e 13 introns e esta presente no
cromossomo 21 (21g22.3). O gene é conhecido na oncologia devido a sua fusao entre
TMPRSS2 e ERG (gene relacionado aos ETS — ETS-related gene), associadas ao
cancer de préstata, onde em casos patologicos, o0 TMPRSS2 esta expresso
exageradamente e mais difuso (LUCAS et al., 2008).

Como citado anteriormente, 0 TMPRRS2 é bastante expresso nas vias aéreas
dos seres humanos, e assim, apresenta um papel importante na entrada dos virus
respiratorios (LAPORTE; NAESENS, 2017). CHENG et al., (2015) mostraram que o
polimorfismo nas regifes rs2070788 foi significativamente associado a suscetibilidade
a influenza A, onde o alelo rs2070788G conferiu um maior risco a forma grave da
doenca.

Para o SARS-CoV-2, devido a sua semelhanca com o0s outros coronavirus,
percebeu-se rapidamente que ele infecta rapidamente as células que expressam o
ACE-2 e que ocorre devido a ativacdo da proteina S através do TMPRSS2 (SILVA et
al., 2023a). Além do TMPRSS2, outros TMPRSS, como 0 TMPRSS11D, TMPRSS11E
e TMPRSS11F, ndo ajudam na infec¢cdo pulmonar, mas podem contribuir para a
disseminacao de forma extrapulmonar do SARS-CoV-2 (HOFFMANN et al., 2021).

2.8 POLIMORFISMOS DE NUCLEOTIDEO UNICO (SNP)

2.8.1 SNP rs961360700 no gene ACE-2

Diversos residuos de aminoacidos sdo expressos no receptor ACE-2,
apresentando uma relevancia significativa na prevencédo ou na promocao contra as
infecgdes virais. Além disso, o0 ACE-2 humano é altamente polimorfico, apresentando
223 SNPs que podem resultar um mutacdes significativas, podendo influenciar na
suscetibilidade ao SARS-CoV-2 (REN et al., 2022).

Diversos SNP’s de ACE-2 estdo associados com a facilitacdo da entrada viral
na célula do hospedeiro. A presenca dos SNPs em regides codificadoras pode causar
uma alteracdo na sequéncia de aminoacidos diretamente no local de ligacdo do

receptor a proteina do SARS-CoV-2 (FIGURA 7). Dessa forma, diversos SNPs nessa
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regido devem ser investigados de forma a até serem utilizados com alvos para
possiveis novos farmacos (CHAUDHARY, 2020; TAHER et al., 2021).

Em um estudo realizado por Wooster et al. (2020), foram estudados dez
polimorfismos no gene ACE-2 onde cinco polimorfismos foram identificados como
influenciadores da gravidade da doenca, sendo eles: rs4240157, rs6632680,
rs4830965, rs1476524 e rs2048683. Esses polimorfismos estavam diretamente
relacionados com a maior expressédo do ACE-2 no tecido dos pacientes, enquanto o
rs1548474 estava relacionado com baixa expressdo, menor gravidade e menor
hospitalizacdo (WOOSTER et al., 2020).

FIGURA 7 — Presenca de SNP’s de ACE-2 e alteragéo na suscetibilidade ao SARS-CoV-2

SAR.\
CoV-2
A—>G Thr — Ala

Al '(‘(;(,‘*\@‘(;(;./\(;(;.\.\ — ”(_‘-.'\l;l;lll-(;lll |ntera§a0 inibida do receptor
do ACE-2 com a proteina S

SNP na regiao Alteragéo da do SARS-CoV-2
de codificacéo sequéncia de
aminoacidos

Reducéo da expresséo do
gene ACE-2

SNP na regido 3’'UTR

ACE2

Fonte: Chaudhary (2020). A alteracdo na sequéncia de aminoacidos pode modificar a
estrutura proteica envolvida na interacédo entre 0 SARS-CoV-2 e a célula do hospedeiro,
podendo inibir a entrada viral.

O SNP rs961360700 (C>T) n&do apresenta muitas caracteriza¢des na literatura,
mas ja é descrito como um polimorfismo que pode impedir a interacdo direta entre o
ACE-2 e a S1, devido a uma menor afinidade de ligacdo com a proteina spike,
podendo reduzir significativamente a entrada do SARS-CoV-2 e assim a infeccao
(WANG et al., 2020).
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2.8.2 SNP rs2298659 no gene TMPRSS2

Diversos estudos investigaram a influéncia dos polimorfismos do gene
TMPRSS2 na suscetibilidade ou protecdo ao SARS-CoV-2 (IRHAM et al., 2020;
KOTSEV et al.,, 2021; MONTICELLI et al., 2021; SENAPATI et al.,, 2020). O SNP
rs2070788 caracterizado pela substituicdo da guanina (G) pela adenina (A) foi
investigado em paises europeus, africanos e asiaticos, onde a presenca do
polimorfismo estava diretamente relacionada com a mortalidade elevada em pacientes
europeus (ASSELTA et al., 2020; SILVA et al., 2022).

O SNP rs2298659 (G>A, C) € o polimorfismo mais encontrado em na populagéo
mexicana e a analise “in silico” avaliou que ele pode apresentar um impacto em nivel
do mRNA, podendo afetar o splicing e assim causar uma isoforma do TMPRSS2. A
isoforma seria causada pela presenca do alelo A do SNP, responséavel pela criacao
de um sitio de ligacdo para SRp40, proteina de splicing que ajuda na formacédo da
isoforma, que consequentemente ajuda a clivar a proteina S, facilitando a entrada do
SARS-CoV-2 (POSADAS-SANCHES et al., 2022).



30

3. JUSTIFICATIVA

A pandemia causada pelo SARS-CoV-2 representou um dos maiores desafios
recentes para a saude publica mundial. O Brasil figura entre os paises mais afetados,
sendo o0 sexto pais em numero de casos e 0 segundo em numero acumulado de
Obitos. (BRASIL, 2025). Apesar das medidas de contencdo implementadas, a elevada
vulnerabilidade social e do sistema de saude brasileiro contribuiu para o agravamento
do impacto da doenca. Nesse cenario, sucessivas ondas de pandemia intensificaram
a pressdo sobre os servicos de saude, especialmente sobre os profissionais que
permaneceram na linha de frente do cuidado a populacédo (SILVA et al., 2023b).

A infeccdo pelo SARS-CoV-2 depende de mecanismos moleculares bem
estabelecidos: a proteina Spike do virus interage com o receptor da enzima
conversora de angiotensina 2 (ACE-2) e sofre clivagem pela protease transmembrana
serina 2 (TMPRSS2), permitindo a entrada viral na célula hospedeira. Embora esses
genes ja tenham sua importancia reconhecida na literatura, pouco se sabe sobre o
papel especifico de determinados polimorfismos de nucleotideo Unico (SNPs) em sua
expressao ou funcdo. Em particular, os SNPs rs961360700 (ACE-2) e rs2298659
(TMPRSS2) ja foram associados a outras condi¢6es clinicas e comorbidades, mas
ainda ndo ha evidéncias consolidadas sobre sua relacdo direta com a fisiopatologia
da covid-19, com a evolucdo sintomatica da infeccdo ou com o agravamento da
doenca (POSADAS-SANCHEZ et al., 2022; REN et al., 2021). Os genes escolhidos
para esse trabalho j& possuem sua importancia para a entrada viral nas células do
hospedeiro bem descritas na literatura. No entanto, os SNPs selecionados, apesar de
estarem relacionados com outras doencas ou comorbidades, ndo é descrita a sua
relacdo com a fisiopatologia na infec¢éo por SARS-CoV-2, evolucéo da sintomatologia
e/ou agravamento da doenca.

Durante a primeira onda da pandemia, os profissionais de salde constituiram
um dos grupos mais vulneraveis devido a intensa exposi¢cao a elevadas cargas virais.
Esse risco foi potencializado por condicfes adversas da época, como a escassez de
equipamentos de protecao individual (EPIs), aléem da auséncia de protocolos claros
de descontaminacgédo e contingéncia (BLACK et al., 2020; ZHANG et al., 2023). Diante
desse contexto, € fundamental compreender como fatores genéticos, em especial

sobre as variantes de genes diretamente envolvidos na entrada viral, que podem
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influenciar a susceptibilidade, a evolucéo clinica e a gravidade dos casos entre esses
profissionais.

Portanto, investigar o perfil genotipico e alélico dos SNPs selecionados em
ACE-2 e TMPRSS2, correlacionando-os com dados clinicos, epidemiolégicos e
sociais dessa populacdo, poderd fornecer subsidios relevantes para elucidar
mecanismos associados a variabilidade clinica da covid-19. Além disso, os achados
poderdo contribuir para a compreensao de riscos individuais em futuras epidemias
virais e para o direcionamento de estratégias de prevencdo e manejo clinico em

profissionais de salde expostos a patdgenos emergentes.
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4 OBJETIVOS

4.1 OBJETIVO GERAL

Avaliar o perfil genotipico e alélico de SNPs dos genes ACE-2 e TMPRSS2
associados a sintomatologia, evolugéo clinica e a sua correlacdo com as carateristicas
clinicas e sociais de profissionais que foram expostos ao SARS-CoV-2 durante a

primeira onda da pandemia da covid-19.

4.2 OBJETIVOS ESPECIFICOS

— Verificar as frequéncias dos genotipicas e alélicas dos SNPs rs961360700 ACE-2
e rs2298659 TMPRSS2 na populacao do estudo;

— Caracterizar o perfil epidemiologico dos profissionais expostos ao SARS-CoV-2,
de acordo com a sintomatologia apresentada e a gravidade dos casos de covid-
19;

— Investigar a associa¢do entre a evolucdo da covid-19 e os SNPs rs961360700
ACE-2 e rs2298659 TMPRSS2 nos individuos que adoeceram;

— Verificar a presenca de comorbidades na populacdo estudada e sua possivel
correlacdo com os SNPs rs961360700 ACE-2 e rs2298659 TMPRSS2;

— Realizar analises in silico para identificar potenciais alteracdes funcionais
decorrentes dos SNPs rs961360700 ACE-2 e rs2298659;

— Elaborar e publicar uma reviséo sistematica sobre a influencia dos polimorfismos
no gene TMPRSS2 na susceptibilidade ao SARS-CoV-2.
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5. MATERIAL E METODOS

5.1 DELINEAMENTO DO ESTUDO

Trata-se de um estudo observacional analitico do tipo coorte retrospectiva. A
populacdo do estudo foi composta por profissionais de diversas areas, incluindo
servicos gerais, administracdo e equipe de saude, que atuaram em unidades
assistenciais que atenderam pacientes com covid-19 durante a primeira onda da
pandemia.

As instituicbes de saude incluiram: Policlinica Metropolitana de Belém, Hospital
Jean Bittar; Hospital das Clinicas Gaspar Vianna; Hospital Universitario Jodo de
Barros Barreto; Hospital Adventista de Belém; Hospital Dom Vicente Zico; Hospital de
Saude da Mulher; Instituto de Hematologia e Hemoterapia de Belém; Centro
Psicossocial e Secretaria de Saude Publica do estado do Para.

Os participantes foram expostos ao SARS-CoV-2 no periodo compreendido
entre 21/04/2020 a 30/06/2020, periodo definido como a primeira onda pandémica no
contexto local. A inclusdo na coorte baseou-se na atuacédo ativa desses profissionais
nas unidades que prestaram atendimento a pacientes confirmados ou suspeitos de

covid-19 nesse intervalo.

5.2 CRITERIOS DE INCLUSAO E EXCLUSAO

Foram incluidos os profissionais que tiveram contato com pessoas sintomaticas
infectadas pelo SARS-CoV-2, independentemente do numero de horas ou dias
trabalhados nas unidades em atendimento a covid-19 entre 21/04/2020 e 30/06/2020
e que aceitaram participar do estudo, onde assinaram um Termo de Consentimento
Livre Esclarecido (TCLE) (APENDICE 4). Para serem considerados nos critérios de
contato com sintomaticos, as manifestacdes sintomaticas dos pacientes deveriam ter
ocorrido na primeira onda da pandemia (BOAVENTURA et al., 2023).

Foram excluidos os individuos que apresentavam doencas autoimunes que

poderiam influenciar no aparecimento de sintomas.
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5.3 CARACTERIZACAO DA AMOSTRA

A incluséo dos participantes foi por conveniéncia, sendo os profissionais
convidados a participar do estudo. Portanto, foram incluidos no estudo 213
profissionais que tiveram contato com pessoas sintomaticas infectadas pelo SARS-
CoV-2

Para a caracterizagdo das amostras, os participantes foram divididos em dois
grandes grupos: individuos assintomaticos (AS) e sintomaticos (SI).

O grupo de individuos assintomaticos (AS) foi constituido por individuos que
apesar do contato com pacientes infectados, ndo apresentaram sintomas
caracteristicos de COVID-19 no periodo de margo de 2020 a julho de 2020.

Enquanto que o grupo dos individuos sintomaticos (SlI), compreendeu o0s
participantes que relataram a presenca de pelo menos dois sintomas caracteristicos
de covid-19.

Os pacientes do grupo Sl foram divididos em: individuos sintomaticos sem
comprometimento pulmonar (SSP), com a presenca de dois sintomas, mas com a
auséncia de lesdes pulmonares e pacientes sintomaticos com comprometimento
pulmonar, sendo composto por pacientes com pelos menos dois sintomas e com a
presenca de comprometimento pulmonar de no minimo 10%, podendo ser analisado

pela tomografia do térax.

5.4 COLETA DOS DADOS

Aos participantes foram aplicados questionarios epidemioldgicos estruturados,
no qual foram coletadas informagdes sobre a sintomas (incluindo tempo de sintomas),
severidade, internacdo, comorbidades, caracteristicas sociodemograficas e
comportamentais (APENDICE 5).

5.5 ANALISE DAS TOMOGRAFIAS DO TORAX

A andlise dos exames de imagem foi executada por uma médica pesquisadora

do grupo de pesquisa, sendo ela a responsavel pela interpretacdo das tomografias e
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diagnostico de possiveis danos causados pelas infec¢gBes respiratorias. As imagens
foram cedidas pelos profissionais que realizaram durante o periodo da primeira onda.
A partir disso, os achados foram classificados de acordo com o grau de acometimento
do paréngquima pulmonar, sendo avaliadas as “opacidades em vidro fosco” de acordo
com a sua distribuicao, sendo classificado em multifocal, bilateral, posterior, periférica
e basal.

Para a padronizacdo dos laudos com os achados nas tomografias, foi utilizado
o CO-RADS, sistema especifico para covid-19 disponibilizado pela Radiological
Society of the Netherlands (SIMPSON et al, 2020; PENHA et al., 2021)

5.6 COLETA DAS AMOSTRAS CLINICAS

As coletas das amostras foram realizadas entre os meses de janeiro de 2021 a
janeiro de 2023, nos centros de saude onde os participantes trabalhavam. Foram
coletadas amostras de sangue total dos profissionais por pun¢édo venosa em tubos
para coleta de sangue VACUETTE® (Greiner Bio-One) de 5 mL, contendo EDTA.
ApOs a coleta, o material era armazenado em um isopor com gelo reutilizavel em gel
e foram transportadas para serem estocadas a -20 °C na Secado de Bacteriologia e
Micologia (SABMI) no Instituto Evandro Chagas (IEC).

5.7 PROCEDIMENTOS LABORATORIAIS

5.7.1 Extracdo de DNA

O DNA foi extraido através do kit QIAmp ® DNA Blood Mini kit (QIAGEN)

seguindo o protocolo com as especificagdes do fabricante (ANEXO 1).

5.7.2 Tipificagdo dos SNPs dos genes ACE-2 e TMPRSS2

Para a amplificacdo dos fragmentos de DNA das regides gendmicas com
polimorfismo, foi realizada a técnica de PCR com a utilizagdo de iniciadores

especificos que foram desenhados no programa Prime3Plus versdo 3.3.0
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(https:/Iwww.primer3plus.com/index.html) a partir das regides gendmicas que estao
depositadas no GenBank (NCBI) (Quadro 1).

Quadro 1- SNPs e iniciadores utilizados no estudo para a anélise dos polimorfismos
Gene SNP Sequéncia dos Primers

ACE 2 rs961360700 | F: 5 GGGTGCAACCATCCCCATTA 3
R: 8 GCCTGGGATGCACAGAGAAT 3’

TMPRSS?2 | rs2298659 F: 5GCATGAGCGCACTTGATGTC 3’
R: 8GTCCCTGAGTGGTGTCAGTC 3’

Fonte: Propria autora (2025). F: Forward; R: Reverse

A amplificacao foi realizada com o uso de Platinum Tag em um termociclador
utilizando as seguintes configuracdes: desnaturagéo inicial a 95 °C por 1 minuto,
seguidos de 35 ciclos de desnaturacao de 95 °C a 30 segundos, anelamento a 65 °C
por 30 segundos e extensao por 72 °C a 1 minuto, finalizando com uma extenséo final
a 72 °C por 10 minutos.

Os produtos foram analisados através da visualizacdo em gel de agarose
UltraPure™ Agarose (Invitrogen- Thermo Fisher Scientific) a 2% contendo o corante
de DNA SYBR® Safe Stain (Edvotek), sob as condi¢ces de 120 v, 120 mA, 100 W
com duracao de 30 minutos, sendo visualizados em transiluminador.

Posteriormente, os produtos de PCR obtidos foram submetidos a um processo
de purificacdo utilizando o kit EasyPure® Genomic DNA Kit (TransGen Biotech),

seguindo o protocolo do fabricante.

5.7.3 Sequenciamento de Sanger

O sequenciamento pelo o método Sanger foi realizado utilizando o kit BigDye
™ Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems®), de acordo com o
protocolo do fabricante. Posteriormente, foi utilizado o kit BigDye XTerminator™
Purification Kit (Applied Biosystems®), seguindo as orientagfes do fabricante. Apos
esta etapa, foram montadas as placas e assim as reagOes foram colocadas no

sequenciador ABI 3130 Genetic analyzer (Applied Biosystems®).
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5.7.4 Andlise pos sequenciamento e deteccdo de SNP

Os fragmentos obtidos foram comparados com as sequencias modelo
obtidas no Basic Local Alignment Search Tool (BLAST), disponivel no National Center
for Biotechnology Information - NCBI (https://www.ncbi.nlm.nih.gov/). Posteriormente,
baseado na localizacéo do primer, foi identificada a posicdo do SNP e assim anotada

qual nucleotideo foi detectado na amostra analisada (FIGURA 8; FIGURA 9).

Figura 8 — Localizag&o da regido do SNP do gene ACE-2 rs961360700
TG AT COCE AT T AlCCATACAACGCCAATGGATGCATGATATTTCCAAGA

AAGCAGATTGTCCACAGGTTCAAGTTAGAGCCTGCTGGCAATCCTCTTTTCCTGGGA
AAACCCAAATGTGCTCTCCTGGACTCCCAGCCTTAGTTCAAGGAGAATTAACTTATC
TTTTCTGTGCTCAGAAAAGCAGAGAAAGAATTCAAGTTAAACTTCAGCCTGCCTCT
G-TTGTCTCCCATTTAGTATCAGTTGTGTAAGTATC_AGCCCCACTACCTGAAG'IIGCC
CTTCCCCAGGTCCCAAGCTGTGGGATGGCAGACTGCTTTCTGAACATTTCCTGGGET
CCGTTAGCATGGAATTTTCCCAGAATCCTTGAGTCATATTAGGAAGACCAACAGAT

ACAAAGAACTTCTCGGCCTCCTTGAATRIIGCICIGICORICCOAGEE

Fonte: Propria autora (2025). Em realce azul é mostrada a localizacdo dos iniciadores
forward e reverse; em vermelho é mostrado o nucleotideo polimérfico.

Figura 9 — Localizacdo da regido do SNP do gene TMPRSS2 rs2298659

S . o~ GCC AL GGAGGAGGCAGEGCAAGGTGGCAGTGAGCCARAGGTCTGTGTGE
GGGCACLGCCCTAGCAGEACARATTCCACCTGCTGETTATAGEGCTCAGCTTTTGEAAGGTGACARTTGTCC
CAGCACTCATGTGCCGGTGCTTTCACAGGGAGGCAGRGAGAGGGTCTTCTCGTGTTTCTGCTGTCTGTTACT
TCACTCGGECGEETGCTGCOCCATACTCACTTATAGCCCAT GTCOCTGCAGECCGCCCGCCOGTAGTTCTCGT
CCAGTCGTCTTGGCACACAGEGTGCCAGGACTTCCTCTGAGATGAGTACARCTGARGEATGARGT TTGGTCC
TRGAGECGAACTGCACGAGAGGEAGEATTATCCATGAGTTTCTTTCTTTTTTTTTCTTTT TTTTGAGACGGE
TCTCGCTCTGTCACCTAGGC TGARGTGCAGT GETCTGATC TCCACTCACTGCAGCCT CCGOCTCCCAGGTTC
AGTGATTCTCCTGCCTCAGCCTCCCGAGTAGCTGGEAT TACAGGCETCCACCACCCCGTCCAGTTAATTTTT
TGTTTTATTAGAGATGGEETTTCACCATCSTTGECCAGGCTEETCTTGARCTCCTGACCTCAGETGATCOCCC
GCCTCGETCTCCCARRAGTGTTGGAATTACAGECET GAGCCAT TGCACCTGECCTTGT CCCAACTTGTATCGT
CTAGCTGCTACCCARGCCCCGCGCTCTCCACGRCT COGEA S S T T - T C AL GGCLC
Fonte: Prépria autora (2025). Em realce vermelho é mostrada a localizacdo dos

iniciadores forward e reverse; em verde é mostrado o nucleotideo polimérfico.

5.8 ANALISE ESTATISTICA

Os dados extraidos foram organizados em planilha do Microsoft Office Excel.
A avaliacdo do poder amostral post-hoc da amostra N foi realizada utilizando o

software G*Power versdo 3.1.9.7 com um teste qui-quadrado de ajuste, com
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probabilidade de erro a de 0,05 e tamanho do efeito de 0,3, considerando a
aceitabilidade do poder amostral de 0,8.

A normalidade das variaveis foi avaliada pelo teste de Kolmogorov-Smirnov.
Para a analise correlacional entre as variaveis dependentes e independentes, foi
utilizada a regressado logistica multinomial, comparando cada categoria com a
categoria de referéncia (Grupo AS) para os parametros de sintomatologia e gravidade
da COVID-19. A probabilidade (p) < 0,05 foi considerada estatisticamente significativa.

Em relacdo aos dados genotipados da coorte de Belém, as frequéncias
genotipicas foram testadas para o Equilibrio de Hardy-Weinberg (EHW) utilizando o
teste qui-quadrado (x2) com p < 0,001 como ponto de corte para o nivel de
significancia por meio do SNPs Analyzer v. 1.1.82. As frequéncias dos gendétipos e
alelos dos SNPs foram analisadas em conjunto com os dados epidemiolégicos,

também de forma multinominal, para verificar e mensurar os efeitos.

5.9 CONSIDERACOES ETICAS

O presente projeto faz parte de um projeto de pesquisa do tipo “guarda-chuva”
intitulado “Analise da resposta ao SARS-CoV-2 em rela¢do aos achados radiolégicos
e/ou a susceptibilidade genética individual” que foi submetido ao comité de ética e
pesquisa da Universidade do Estado do Pard — Centro de Ciéncias Bioldgicas e da
Saude em agosto de 2020, sendo aprovado com o0 numero do CAAE:
38113620.1.0000.5174 (ANEXO 2).
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Introduction

Savana acute respiratary syndrome coronavines 2 (SARS-Cov-2) is the pathagen
regponiabls for causing coronavireg desaze 2019 (COVID-19). This wing was
discovered in 2019 in Wuhar, China, and showed high infectiity, spreading
rapidy throughaut e wodd, causing a gliobal pandemic [1].

BARS-CoV-2 spread primarily thaugh raspiratory droplets when people falk,
cough, sneeze, or through direct contact with the vinis on contaminated surfaces
[2] The pathagen mainly infacts the respiratory systam, where inlacied indriduals
may peasant sevaral clirical symploms, such as coughing, Sever, dyspnea, skin
manifiestations, and musce pain [3]. Approsimalaly 15% of paople with COVID-15
devalop the severe form of the dissasa, which can progress lo acde respiralory
distress syndroma (ARDS), severa prieumenia, kidney damage, and death [4].
The zevarity of COVID-19 appears b ba affected by several sk faclors, such as
aifvanced age, cardiovascular daaasa, chesity, and diabetes [5].

Covonavineses |CoVe) babag to the order Nidovirales, family Coronowiridae, and
sublamily Orthacorananvinas, baing subdivided irdo four ganera: Alphacoronavirus,
Betacoranavirus, Gamenacoronawineg and Dellacorranvings |6 SARS-CoV-2
belongs to the group of B -cornaviuses with emveloped, singh-siranded,
postive-sanss RNA [T] The complele genome of SARS-CaV-2 i appeadmataly
299 kb, with a GC confent of 38% and 12 open reading frames (ORFs) [B]. Cavs
have a spherical outline, with a diameter of the virian ranging fram 60 & 140 rm
and have characteristic stuctural pealeing: spike (3], mambeane (M), envelapea (E)
and nucleacapsid (N) [9]. n addition, they have 3 to 12 nm spicubss that project
ok B viral surface, having the appsarance of a ceown [10].

The entry of SARS-Col-2 inlo ealls occurs timugh the angiotersin convering
enzyme 2 (ACEZ), which is eupressed in several organs, such as he kngs,
inestine, heart, and kidnays [11]. Binding cocurs by the S-peotein binding damain
of e virus Fal attaches tightly fo human ACE2. Tanget call proteasss acivale the
S profein, causing cleavage in the $1 and 52 subunits, allowing fusion between
viral and calular mambeanas [12].

SARS-Cov-7 uses traremembrane sering proteass 2 [ TMPRSSY) as the erryme
respansbie for deaving and actiating the S pealain in the fusion protess of b
Fuman meernbrane [13].

THPRS52 is a well-studied protein becauss it is involved in the development of
prostate cancer due o the overexpression of spechc franscripion faclors
fransforming enythroblasts (ETS), such as ERG [14]. The TMPRSSZ gens,
respansbie for encodng TMPRESZ, is relaled to pathological and physiclogical
processez, such as inflammatory resporas, invasion of tumer call, and Sartily.
and pain [15) The TMPRSSZ gene is found on chromaosome 219223, has 15
wxores, and an open reading frame of 452 amino acds. This gena harbors
androgen-responshe  slemants in s 5 UTR [16] Testostercne and
dhydrolesiosterone ane responsble for gene requiation theough stimulation of
androgan ressplors [17].

THPRS52 has been shown b be crucal for the entry of SARS-CoV-2 into calls.
From this, several sludies sought b investigate the hypathesis thal gensfic
wariability and expression of the TMPRSSZ gene are associated with suscaptiaity
fo COVID-19 [ 18).

Host genefic palymarphisms ane known fo play an impaortant rk i delemmning
susceplivlity or resistance to virdl infections [19). The host gemes play an
important ol in the entry and replication of SARS-Col-2 in calls and in the
imerune respons:, where the combination of ganes may be assocated with the
pathogenesis of COVID-19 [20]. Studies have shown that gene palymorphisms
invalved in wiral erdry inlo hurnan calls, such as ACE2 and TMPRSSZ are
astociated wilh susceptinlity and severity bo d2aasa [H, 27,
Fnawing the importance of polymarphisms in genes invalved in the aniry of SARS-
Co-2 into calls and in delarmiring the suscepliblity and severity of COVID-18,
the folowing question arises from e ressarch described here: "Which SNPs in
the TMPRSS2 gena are associated with suscaptibilty, aggravasion, or proteciion
agang COVID-197
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Materials and Metheds

Sudydesn | |

Thiz is & zystemalic review of the [Reratre that sime io collsd svidence on the
repoted comelafiors between the TMPRSSZ gers polymorphisms and the
pogression of COVID-18. The review was conducled in accandance with the
Prefsmed Reparting ilams for Systematic Reviews and Mata-Analyses Proteadls
(PRISMA Protocol) guidelines. The study follvwad the faliowing ¥aining stepes: 1)
Elaboration of the quiding question; Z) Stipulation of inclusion and excusion
cilana; 3) Choice of amicles; 4] Analysis of amicles; 5) Intempeatation, discussion,
and presariafion of e review. The PICO siraleqy (Populaion, Intervention,
Comparison, Outcome) was used, follwing e folowing characlersics:
Population: paterts with COVID-19; Inlerverfion: Assess the SNPs of e
TMPRSSE gene in CONID-18 patients; Comparison: COVID-19 and the describad
GMPs of the TMPRSSZ gane; Qutcome: proteciion, susceplibiity, or saverity of
COVID-1% Cuteoene: progression of COVID-19. From iz, ta fllawing question
wa generabad: What exizsting SMPs in the TMPRSSZ gene are associated with
suscapibilbyworsaning or protection against COVID-197

Data sources

The terms usad in the search basad on Medical Subject Headings (MaSH) were:
COVID-19" "SARS-CoV-27, “TMPRSST and Polymorphism”. The arlices weee
saarched using the Boalean operalar ‘AR, in the following dafabases: National
Library of Medicina Mabional Insfitules of Healh of the USA [PubMed), Latin
American and Caribbean Liteeature in Health Sciences (LILACS), Web of Scianca,
and Scientific Electronic Libeary Online (SCIELO).

Study eligibility criteria

Ther sedected sludies were published from the beginning of the publicalions unti
June 022 avadable complele, ciinical sudies comparaive siudies, ooss-
soctiorsl shudier  case-contral studies, cohodl sudies (prospecive  and
re¥ospeciive), in vivo, in villo Wals, and review article narralives. Arices that
identified SNPs of the TMPARSS? gene amsocialed with susceplibiily o
progrezsion of cases of COVID-19 ware sahected. As sncusion criteria, syslamaic
rewiew arficles, abstracts, letters to the editor, and those that had subjects nof
redesant bo e reeanch wene not included.

Diata collection and extraction

Dt ecllection was conducted in July 2022, Twa researchars read the atides and
indupendesilly autrached data fram the pubbzations falowing a pradefined prolacal.
Infeemation such as tide, usad method |case-contral or cohorl study), dalabasa,
and relevanl results were collected. The collecied data were Fansferred 1o a
Micresafl Office Excel speaadzheat.

Results

The search sirabsgy resulled in 137 aricles, and &1 were ancluded since they
were duplcales or were nol relevant b the invesfigation. The absiracs of each of
the remaining arficies were evaluated and 17 were also excluded. At the end, ful
arficles wers evakisted and 21 met the indusion crileia and therefae were added
ti» the saarch [Fig-1]. The results showing the included studies ar sumerarized in
[Tabie-1). Thuz, 35 SMPs assocated with susceptislity, symplom development,
and savarity of patents infectad with SARS-Cal'-2 wane ideniified.

Discussion

COVID-1S was inifially a desase astocialed with respralory symploms
Subsequenty, il was found thal the symptoms and severity of the @ses can vary,
where some pasients may have mid symploms (cough, hesadache, and fever) or
devalop ol respiratoey iliness, which can cause the death of these ndniduals
[44]. The mecharisms imvolved in the suzceptiblity and evaldion of COVID-1%
cases are Sl unclear, howevar, B infuence of host genalic palymarphisms on
the immiune responss and ks assocation wih the seventy of he dsease an
already koo [43]. Studies have shown thal requlatory genetic variants nfluanoe
the expression of tha TMPRSS? gene and change suscepibiity o COVID-19, a
well a5 worsaning cazes [24.4547).

I PLIBMED [H=T1)

§ LLADS (M=l

E 'WER OF SOENCE (Wobd)

E SCIELD (M=)

E’ Cuishem aiorkan, ram rebrasnd af

=3 cormis with e ohiec! of snkdy

al in=EL)

]

[

-

=

g

W Complets sdes sanliyied
Bt eligibsility (n=39) n=1d)

S Saxders ncluded for qualisise

g wynikesms (el1)

Fig-1 Flowckart of procedures for identification, salection, eligivdity, and inchesion
of shudies for analysis. Babém, PA, Brazil {2023).

This review iderified several TMPRSS? polymorphisms that are azsodabed with
tha progression of COVID-19 cases. From e analysis of the selected articles, 35
SNPs were identiied tat influance e suzcaptiblity, pralection, and aggravaion
of COVID-15 cases. The rs12329760 SNP s descrbed a5 a substiulon of
cylosing (C) for Symine (T). Thiz polymormphism was aralyzed in several shades,
and i was found in mos? sludies hal the pressacs of e molaet T aliele e
corsidared prolecive agains! the infection and progression of COVID-18, whie
e wid G alele was associaled with a greater nuerber of hospitalizations of
paliends with COVID-19 [M, 26, 30, 31, 33, 34, 35, 37, 38, 42] Computaficeal
analysis of changes caused by rs 12325760 (C-T) in TMPRSSE stucture shows a
change from valine b0 methionine at position 157 (V197M), helping o form a
pocket protein in the stucture of TMPRSSZ, which disfavars its binding 1o the
SARSCoW-2 § prolein [35]. The imporiance of iz SNP is ewdenced in the
anatysis of its Fequency in diffarert populations and the advance of COVID-15 in
thissa placas In & shudy conducted on Naliam patients by Morticald of 8l (2021), a
low Trequency of the rs12323760 alale T was detecled in this population, wher it
was suggesiad that e low fraquency of fis alise in the SNP had an influence on
e high impact of the first wave of the pardamic in by [31].

Azsalta el & (2020) also analyzed the association of genetic polymarphisms and
e severity of COVID-19 amang Italians. The SNP rs12325760 and two distinct
hapictypes were identiied, showing diisrences in mutation frequancy betwean
[alians and East Asians. The presence of rare aleles in both haplolypes was
aszociaied with the induction of highar levels of TMPRSSZ. The first haplotype
(SHPe rsd6372T, 34624000, r55064536, raT34050, 4290734 re4TE3060,
rs 1702473, 35590679, and rs395041537) was seen 1o be androgen requlaled,
which could help explain ®e saverity of COMD-1 winus cases in the Halian
population. SNP: belonging to the sstond haplolype (rs2070788, reB4T4589,
r5T364063) were correlated with a higher susceplibility o virdl infacions: such a2
influenza A (HN1) [24].

Differrent studiees ave ivestigated i prasanos of oer SNPs in popukations and
anakyzed whether the presence of these varianis was imvalved in e suscepibility
and worsening of COVID-19 cases [26, 27, 31,32, 38, £1]. The SNP 2070788 &2
characlarized by the substiuion of a guanioe (G) for an adening (A) and has bean
investigaled in Afican, American, Eurcpsan, and Asian populafions. The
fraquency of the G alisle was highly dateclad in Americans and Europeans,
compared b the frequency of Asians and Afncars, and may be assacialed with
high martality amang American and Europaan populations.
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rsTS00ETS; rsb1TISTSL rsb TSR

| 12329760 (p. Vsl S60Met) . Hagiotype 1

rSAEIT27, M0N0, rsBASG45M8, rsT3H08,
A28, rsITHASES, rs11 NQATS,
rEALASETS and rsASO41637; Haplotype 2
rOUPITAR, 152474540, 13 TAEACE)

| OSNP S
| reTRB0NEY, m2OMNETY, 1255200

| GNP 63390, 20707488 133810 ang
484397

| r2070T8S, 21500

| iz

| 1329760

—

| 713400, rs 112857408, 5118110678,

rsi7é

| rsTAYE3181, sSTO4S4 02, reA6T 185402,

12229760, rs! 18514290, s 2108701

b i
| 1229760 and rs7SE0TS

T
| s1AKNS

| tZAZGTeD, eI THSAT2S rTSE0N6TS

| reresomrs
i —

| rsATEPSE, QAN 122D,

229861 and 13385153

| rPSBO08TS, 512305780

Table-1 Charactedstics of the sfudies included in the

or destabdzing
| SARSCOV.Zand ACE2.

The SN rs 74640578 (G>T) was e =03 Fequer! vanant mang those miecied wih SARS CoV.2. The
SNP a6 1738756 (A alieie) anc rsb1735782 (T alie) were asa sigrvbcanty defocind n pasents wi
COND1S

| 8NP 317208760 (p Vall 60Met) um ciod t 2 mgher froquency in East Asians than in Ewropears.

The rare aleles of these haploty wih he ind of nigher levels of TMPRSE2,
nmhqmnmummmtmmh&nhmm

| 5N rs 2236855 (C allels) sowed a siyong comelston wih the fatalty rate of COVD. 1.
| Aower requency of the vanart allele of SNPs rs/B5006T (T aliele), rs 123070 (A dliele) and

3200251871 (C adele) was cbserved n alian COMID patents compared 1o the dflele frequercy of hese

| SNPs in the Exropean popuation.

mmsnm-uunmmumnnumnu

genctype of SNP 13465090 fugher gene eapression in the lung. The T alisies of 484197 and
338359, assocated weh increased expresson of the TMPRSSZ gene in the kengs, were eshibées wih

2 lower bequency in East Asian papuiations. The fequency of the G alisle for 132070788 was also lower

| _intha East Asian popelation compared 1o the Euscpean, Afncan and Amenican popusation.

The GG genatype of 52070788 increases the expression of TMPRSSZ in the lings. Regassing 1o

| 3383590, he T allole is assccialed with ncreased expression of TMPRSS2 in the ings.

Tre evaiuaton of the stuctural stabity of the profein procicied hat rs 12323760 (T alele) s sesponsitle
TMPRSS, thus compromising the bindng affinity of TMPRSS2 10 the spkoe protein, of

FMﬁhﬂn\MCﬁmdhlﬂmwmma“

| COMID1% the C alele was assccialed with 3 higher viral load and a higher number of deaths.

SNP 131 ZA28760 was defectnd at lowsr vakes for East Asians. Fims and Africans. The assecison of
e ow-frequency T aliele of 1312325760 n the populaton with the hgh impact of the first wave of the

|_epidemc in Raly has been sugpesied.

The frequency of the T alicle ot 13713400 inbuences the expresson of TNPRSS2 and s consdered

| hugher among Asians than amang Europeans, Afrcans and South Asians.

The six vanants anahzed were identéiod docreasing the stabilty of TMPRSS2 The SNPs rs7 81083181,
510854220 n-nnmnmhammmnu-m oncial
changas in the protein. Analyzng the native stacture of the proton, § disordesed regions wese formed

| Cue o the rs12329760 and rs 118535290 variants.

The vanant rs! Z23760 (T alielo) was predicied 1o te delelences and harmisl & e eapression of

| TMPRSS2 decreasing the stabilty of the proten.

The SNP rs 12229760 (T abele) was consicerod deietencus by 3 10ols used. A nerw maior ocket protein

c-ﬂlmsmmﬂdﬂnm affecting the structire of TMPRSS2. and aflecting its role
in tha enry of SARS-COV.2. SNP rs75600675 |A allele| has demonstraed the abdty 1 increase prolen

disorder and infuence TMPRSS2 functicn in taciitating SARSCOV.2 entry.

| mcumm-nnmrow’un 7340id increased nsk of infoction for SARS.
| Ewas observed that the number of cases and high mortally is associated wih 2 low prevalence of the

1312325760 SNP (T aele), this SNP besnq sianficanty 2ssociated with genesc nachation of TMPRSS2
Fsomthis. the presence of the T alisle in rs 12329780 is considered a protective factor aganst ndecton

| and dsaace progeession.

Signficant positve associason between the G alicle of SNP 520707858 and the martaity rate of COVD-

19 among popuatons weh a wdmmhmummm

QTL analysis shows that the fends to iy higher cithe

TMPRSSZ gene n the keng, increasing 1o COVID- 15, This ariart was fusd a1

Mmu:.::llmtwmnmwhﬂmhmh&
pedaton and low severty among Asiars.

Lanian Ly

| with heh e !
YbT“anMandhwmmmmé

Tre TT genolvpe was 2ssocated wih a higher nadence of the sevene form of the dsease and the TC
genctype was associaied with an increase In the lesions seen on competed lomogragtty. The presence
of the G allele in SNP rs1 7854725 (A>G) was assocated with greater suscepBtiity, whie deaths were
more froguest in camers of the AG genctype. The AA genoiype of rsTSE036TS appears % reduce the risk
of 2 severe fom of COVID- 19 compased 1o the CC genotype. The GG genctype of rs4303758 increases

|_the severe form of he disease and he ocosmence of iesions.

Tbmdwn?!msﬂﬂc)u gnficarty cated wih increa Mb
COVID-19 or increased sk of severe dsease.

| Yre hequency of the & risk allale of the TIPHSS2 rsiT07EE gene was lowest among Africans and

tuchest among Americans. The SNP rs353810 (T aliele]. sesponsible for also increasing the expression
of TMPRSS2. was mare frequent in the Eurnpean papuiation, white the Afncan population was aiso he

| boast freguent.
Tre SNPs 3787945 (C aliole). 59383 1) (G afiele), 1512025760 {T aiein). 152250561 (A alieln) and

139385154 (T allele) wese less recurment in hospitsized patents, suggesiing ther profectve role.
Futhermore, 4 SNPs assocaied with he reduction of TMPRSS2 n lung 3ssues were identiioz:

| esGAREIN0 (G alioie), rs 12029760 (T sl x2256561 (A alleie) and rs0368159 (T allse)

The vaniant rs1 2228760 had no efect on the sevesty of the case. Analysis of SNP rs75500675 showed

| that he CC or CA genotypes companed to AA were associsied with more severe COMID- 19
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This is due to the influence of the G allele and the GG genotype on increased
expression of TMPRSS2 in the lungs [27, 38, 411 The intervention of this
genatype was confirmed through the analysis of quaniitaive expression traits lod
(#QTLs) that reported the increase in the expression of TMPRSS2 in the lungs
and its influence on the increase in the expression of MX1, a gene involved in the
viral response [28, 48]. Cheng e al (2015} repoted that tis genotype was
assotialed with a 2x greater risk of developing Influenza A in severe form, due to
its abiity lo increasa the expression of TPMRSS2 in the lungs, facltatng viral
eniry and thus increasing the susoepsbility of the indwidual [49].

SNPs rs713400, rs383510, and re753675 were aiso analyzed in the same ethric

groups mendoned above. The SNP rs713400 (C>T) was vestigated in a single
study, which showed tat the presence of he T aliele directly interfered with
TMPRSS2 expression. This mutation was ideetified with high frequency in the
East Asian popuation, a region where he overall case fatality rate (CFR) &
significantly lower (3.6%) compared Yo the global CFR (6.9%), which may suggest
a prolective character of that aliele over the population [321 In this same study, 2
was identified hat he SNPs rs112857409, rs119110678 and rsT7675406 also
had a sgnificant influsnce on the expression of TMPRSS2. The authors did not
show which variants were invohved in the infection, so further studies are nesded
for full darfication.
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The SNP re383510 (T=C) is located within a functional regicn with patentiating
activity In the expression of TMPRSS2 whers e peesence of the T alele
exhibitesd a higher fanscripbonal keved fhan the C alels [47]. Datshass analysis of
eCLTs showed that the TT ganatype incraases lung Sssue gene exprassion [28].
The T alale was detecied lasz fraguantly in the Asian populabion and was
fresquantly iderdfind in residents of Eurapean countrias thal had a kigh morality
rater of approximabely 15% during e first wave of the pandemic [27, 41). The
sludy conduciad bry [heam ef al. (2020) analyzed alele frequanciss in Eurcpean,
Afcan, Amencan, Eas! Agan, and Southeas! Asian populations. Again, the T
aliee of rs383510 was associsted with inceased womssion of tha TMPRSS?
gene. Howsver, conlrary o the others, Schinfalder of al (2021) found a
sirificant 1.73-fold increasa in the risk of SARS-CoV-2 infaction in camiers of the
CC genotype [36]. SNP rs469380 (G=A) was identified as a mistense mutation
and is located within an axonic region. The study by rham of &, (2020 delecled
the influancs of the A alele and the AR qenotype of the rG3350 SN with the
highest gere exprassion in the kmg. The presence of the helarozygous AG
fenclype was associated with marmediate expression and the GG ganatyps with
a lower expression, making it evident that the presance of the mutant A allale
makes tha indiidual more suscepdble fo COVID-19. |n this study, all SHP allsles
redated 1o e Fighest axprassion of THPRSS2 in e lungs, induding the wid-type
T alele of rs464397 (T=C), ware delected wilth low fequency in the Easl Asian
population, indieating a passible prolaction for thes individaals [27).

In 2 sludy conducted in Spain, refSE05675 (GeT/ p.GhydVa) was the mos!
frequant SMP of the TMPRSS2 gene among pabents infscted with COMID-19 [23)
In Rakan population, a lower frequancy of the alele vanant alels T was absaned,
compared §o data obtained from the Europeans [26]. The peesenca of the T alile
is ageociated with a decrease i severe cases of COVID-12 [39, 431 This
substiulion of G>T may lead bv a decreasa in the ablity of TMPRSS2 to bind
directty o the 5 pratein of SARS-Cav-2. This is dua b the subsitulion of ghone
for the long-side-chain hydrophobic valime, which causes a decreaze in the
functional activity of the prolainass and a reduclion in the feibility of the pegtide
due o the increass in hydrephabicty. Howaver, the resute abtained by Mirashkin
ef al, 230, wera decordant, indicating that indiiduals with the T allale are mane
suscapble fo SARS-Col-2 infaction and have the highest risk of developing the
severe form [40]. SNPS rs2258659, 200291571, reb 1735794, and rsf1 7357492
werd polymoephisas thal were alen associated with suscapliblity, e
dewalopment of the savane form of COVID-19, and the appearance of deaths
caused by the deease. The study by Kim & Jeong (2021) was the anly work fat
repaned a strong comelation of the SNP re2298659 (C, wild-type allsle) with the
increased case-fatality rate of COVID-19 [25] Tome-Fuenbes of al (2021)
identified Hial SHPs reb1735794 (A allehe) and rs61735792 (T allela) ware
sigrificantly associaled with cases of SARS-CoV infacion [23]. Analysis of the
rs2002918T1 SHP i Italian pabess with COVID showed the presance of nsk
alledix C with a higher frequency Han in athar Europesan countries [26].
Andolfe ef &, (2021) analyzed the polymomhizms of chromasome 21 and found
five SNPs within the TMPRSEZ gene associaled with protecbon against sewere
COVIDAS, they ae: rs3TBTS46 (C allele, wid type), s9983330 (G aliele, wikd
bype], re12329760 (T allels), rs2258661 (A alisle, wid type) and rs9985159 (T
allele, wild typa), and the Lt four also were significantly cometated with lower
expression of TMPRSSZ in lung tsswes. Wild-type alledes of these SMPs were
lesz dalacted in inpatients compared b healthy contralz, indicating 2 peatectie
ol for these variards against diseass progression |4

Feokni ef al (2022) analyzed SHPs re1TE50725 and red 303735 in 288 hospitalized
patients with COVID-19. The SHP rs17TBSST25 (A=G, lle256lle) & a warianl
symamymous with he achange of het soleucing codons &l pasition 256 [34]. I
this SHP, e widfype G dlele was iderffied 2 asgocisted with a marked
increase in the risk of COVID-19 infection and B presence of the AG genatype
waz mare fraquent in patienis who died [39]. re4303785 is a functional SNP and is
located 2 kb from the promater region of e TMPRSSE gena. The results of aliele
frequancias delected in this SNP, the G allals, were predominandy found i
hespitakzed patients with COVID-19. Furthamnare, the GG genatype was diecly
assotiated wilh increased development of severe fomm, a5 well & tha octurrence
of lung lasions [39].

Zaih af al (2021} usd biordamatics tools bo understand the effects of mulaions
on he TMPRSS? prolen. A fotal of sic SHPs (rTBI0B0181, rsS70454302,
reBET186402, re1 2329760, re118518290, reTEI10ET01) were identified by the
toals used as responsble for decreasing e siablity of TMPRSSZ, thus baing
corsidered hamid wariarts of the gena. The SHPs rs7B 1085181, 570454382,
and r2867 186402 proved fo be imporant polynorphizms dug b e lacalion n
crucial regions for gene function. The analysis of fe rafve probsin and is
coeparnsan with the mulant prodain shiwed the formation of 5 disondersd megons
due the variants rs12329750 and rs118318290, which are responsible for akaring
i funchon of TMPRSS2 [33].

From the results obtained, it is possible b have an overdew of which and how the
SNPs studed 5 far are ralatad 10 the protsction, sistaptidity, and aggrvation of
COVID-19 cases Analyus of thess SNPs can help b understand the increase in
cases and deaths in several countries wheee these studies were conducied and
provides insights (o fulare resaarch in oher courlries where studies with SNPs
hiaver not yel been conducted. Addiionally, the identificasion of thesa SNPs helps
direc? studies aimad at the develapment of arapeutic interventians that can help
paaple with increased susceptibility or worse progression of the dissase.

Conelusion

The TMPRES? gene demonsirated several SHPs associaled with the severily and
clirical e of patients infected with SARS-Col-2. The SHP rs12320760 was the
potymorphisn mast ressarched by several sludies that assocated the peasance of
e T allele with protection against COVID-13. In some SHPs, such as rs383510
and rsT603675, there was dsagreement betwaen the studiet on which allale
would be associaled with susceplblity andior severly of fe disease. This
divargancs makes avidanl he need for fuher resasrch b specify which alale &
ralaled to the worsening of cases. Furhemmore, rew shidies that analyze
TMPRSS2 palymorphisms can Fnprowe the characerizabion of individuak: with
greater sucaplibdity, in the devalopment of pharmaceutical therapias, and in the
concaplon of new acanes aganst COVID-19.

Application of research: Characlerization of SNPs associaled with COVID-19
soveiity. Delemnination of SMPs prasenl in dffesent populations and e evolutian
of cases.
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COVID-19 is an infectious disease caused by the SARS-CoV-2 virus, which can be
symiptomatic and have unfavorable outcomes. lis clinical progression can be the result
of several factors, such as environmental, immunological, and genetic. In this sense,
the COVID-19 pandemic has caused incalculable damage fo humanity, and in its first
wave, it particularly affected clinical and hospital workers worldwide. The objective of
this study was to analyze the genotypic and allelic profile of SMPs in the ACE2 and
TMPRS52 genes that could act as a risk factor for COVID-19 in professionals who
worked in healthcare institutions during the first wave of the pandemic. This is a case-
contral study with samples collected from professionals in 10 healthcare institutions of
Belém, Para. Epidemiclogical questionnaires and chest CT scans were analyzed io
assess the cases. SMP frequencies were obtained through partial Sanger sequencing.
The C/C genatype was found in 1009 of the SMP rs®61380700 of the ACE2 gene. For
SNP rs2298650, 68.24% of the C/C genotype and 29.8% of the C/T genotype were
detected, while only 1.29% of the T/T genotype were detected. The presence of this
polymaorphism was significant for the change in symptomatic phenotypes and the
comelation between individuals without previous comorbidities and the onset of
symptoms. These findings highlight the importance of investigating these
polymaorphisms in other populations, a5 well 25 analyzing other SMNPs in these genes,
which may help understand the worsening of COWVID-18 cases.

La COVID-19 es una enfermedad infecciosa cawsada por el virus SARS-CoV-2, que

puede ser sintomatica y tener resultados desfavorables. Su progresion clinica puede
ser el resultado de varios factores, como ambientales, inmunaldgicos y genéticos. En
este sentido, la pandamia de COVID-19 ha causado dafos incalculables a la
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humanidad y, en su primera ola, afectd particularments al personal clinico y
hospitalario de todo &l mundo. El objetivo de este estudio fue analizar el perfil
genotipico y alélico de los SMP en los genes ACE2 y TMPRSS52 gue podrian actuar
como un factor de riesgo para la COVID-19 en profesionales gue trabajaron en
insfifuciones de salud durante la primera ola de la pandemia. Se trata de un estedio de
casos y confroles con muestras recolectadas de profesionales en 10 instituciones de
salud de Belém, Para. Se analizaron cuestionarios epidemicldgicos y tomografias
computarizadas de tdrax para evaluar los casos. Las frecuencias de SMFP se
obhurvieron mediante secuenciacion parcial de Sanger. El genolipo C/C se encontrd en
el 100% dal SMP rs961360700 del gen ACEZ. Para el SMP rs2208859, sa detectd &l
68,24 % del genotipo C/C y el 28,8 % del genotipo C/T, mientras gue solo se detectd
el 1,20 % del genotipo TIT. La presencia de este polimorfismo fue significativa para el
cambio en los fenotipos sintomaticos y la correlacidn entre individuos sin
comorbilidades previas y la aparicion de sintomas. Estos hallazgos resaltan la
importancia de investigar estos polimorfismos en otras poblaciones, asi como de
analizar olros SMP en esios genes, lo gue podria ayudar a comprender &l
agravamienio de los casos de COVID-19.
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Analysis of association of ACE2 and TWPRSS2 gene polymorphisms with COVID-19 in

a cohort of professionals of the Brazilian Amazon

Andlisis de la asociacion de los polimorfismos de los genes ACE2 v TWPRSS2 con la

COVID-19 en una cohorte de profesionales de la Amazonia brasileiia

ABSTRACT

COVID-19 is an infectious disease caused by the SARS-CoVW-2 wvirus, which can be
symptomatic and have unfavorable outcomes. Its clinical progression can be the result of
several factors, such as environmental, immunological, and genetic. In this sense, the COVID-
19 pandemic has caused incaleulable damage to humanity, and in its first wave, it particularly
affected clinical and hospital workers worldwide. The objective of this study was to analyze the
genotypic and allelic profile of SNPs in the ACE2 and TMPRS52 genes that could act as a nsk
factor for COVID-19 in professionals who worked in healthcare institutions during the first
wave of the pandemic. This is a case-control study with samples collected from professionals
in 10 healthcare institutions of Belém, Pard. Epidemiological questionnaires and chest CT scans
were analyzed to assess the cases. SNP frequencies were obtained through partial Sanger
sequencing. The C/C genotype was found in 100% of the SNP rs96 1360700 of the ACE2 gene.
For SNP rs2298659, 68.24% ofthe C/C genotype and 29.8% of the C/T genotype were detected,
while only 1.29% of the T/T genotype were detected. The presence of this polymorphism was
significant for the change in symptomatic phenotypes and the correlation between individuals
without previous comorbidities and the onset of symptoms. These findings highlight the
importance of investigating these polymorphisms in other populations, as well as analyzing
other SNPs in these genes, which may help understand the worsening of COVID-19 cases.
Keywords: SARS-CoV-2; Angiotensin-Converting Enzyme 2; TMPRSS2.

RESUMEN

La COVID-19 es una enfermedad infecciosa causada por el virus SARS-CoV-2, que puede ser
sintomitica y tener resultados desfavorables. Su progresion clinica puede ser el resultado de
varios factores, como ambientales, inmunolégicos v genéticos. En este sentido, la pandemia de
COVID-19 ha causado dafios incalculables a la humanidad v, en su primera ola, afectd
particularmente al personal clinico y hospitalario de todo el mundo. El objetivo de este estudio

fue analizar el perfil genotipico vy alélico de los SNP en los genes ACE2 y TMPRSS2 que
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podrian actuar como un factor de riesgo para la COVID-19 en profesionales que trabajaron en
instituciones de salud durante la primera ola de la pandemia. Se trata de un estudio de casos v
controles con muestras recolectadas de profesionales en 10 instituciones de salud de Belém,
Para. Se analizaron cuestionarios epidemiologicos y tomografias computarizadas de torax para
evaluar los casos. Las frecuencias de SNI* se obtuvieron mediante secuenciacion parcial de
Sanger. El genotipo C/C se encontrd en el 100%% del SNP rs961360700 del gen ACE2. Para el
SNP rs2298659, se detecto el 68,24 % del genotipo C/C v el 29,8 % del genotipo C/T, mientras
que solo se detectd el 1,29 % del genmotipo T/T. La presencia de este polimorfismo fue
significativa para el cambio en los fenotipos sintomdticos y la correlacion entre individuos sin
comorbilidades previas v la aparicion de sintomas. Estos hallazgos resaltan la importancia de
investigar estos polimorfismos en otras poblaciones, asi como de analizar otros SNP en estos
genes, lo que podria ayudar a comprender el agravamiento de los casos de COVID-19.
Palabras clave: SARS-CoV-2: Enzima Convertidora de Angiotensina 2; TMPRSS2.

INTRODUCTION

The disease caused by the coronavirus 2019 (COVID-19 - Coronavirus disease 2019) is
caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2 - Severe Acute
Respiratory Syndrome Coronavirus 2), a virus discovered in late December 2019, which
exhibited a high infectivity rate '. The pathogen primarily affects the respiratory system,
causing colds although other organs may also be affected. The most common symptoms of
COVID-19 include fever, cough, shortness of breath, and muscle pain .

The entry of SARS-CoV-2 into the cell occurs through its receptor, the angiotensin-
converting enzyme 2 (ACE2), which is present in various organs such as the lungs, kidneys,
heart, and gastrointestinal tract. The binding occurs through the receptor-binding domain of the
SARS-CoV spike protein, which binds strongly to human ACE2. The proteases of the target
cells activate the spike protein by cleaving it into 51 and 52 subunits. 52 undergoes a
conformational change, including the insertion of FP into the target cell membrane and
exposure of the HR1 domain. The human proteases that cleave and activate the spike protein in
the process of fusion with the human membrane are transmembrane serine protease 2
(TMPR.552) and the trypsin-like protease of the human airways (HAT) 5

ACE2 is widely distributed in the human body, being attached to the membrane of cells
in organ tissues such as the heart, kidneys, and to a lesser extent, in the lungs, where it is

concentrated in type Il alveolar cells. ACE2, a monocarboxypeptidase, is responsible for
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degrading angiotensin II, a pro-hypertensive and pro-fibrotic peptide, to generate angiotensin
1-7, a vasodilator and cardioprotective product that plays a role in the regulation of the renin-
angiotensin-aldosterone system (RAAS). From the alteration in fluid homeostasis or blood
pressure, the activation of the RAAS begins through the release of renin into the blood, causing
the conversion of angiotensinogen into angiotensin [ (Ang I}, through the angiotensin-
converting enzyme (ACE), into Ang II. This mechanism is responsible for the RAAS and thus
causes vasoconstriction and an increase in blood pressure *.

The ACE2? gene is located on the X chromosome, and one of the most studied
polymorphisms is associated with hypertension and heart diseases, where the polymorphism in
this region is linked to the worsening of COVID-19. This occurs due to the formation of the
SARS-CoV-2/ACE2 complex that allows the virus to enter the host cell and causes a negative
regulation on the surface of ACE2, resulting in a loss of cardioprotective function, and thus a
decline in the cardiovascular system. The SNP rs961360700 (C>T) does not have many
characterizations in the literature but is already described as a polymorphism that may hinder
the direct interaction between ACE2 and 51, due to a lower binding affinity with the spike
protein, potentially significantly reducing the entry of SARS-CoV-2 and thus the infection .

TMPRS52 is a type Il transmembrane protease expressed in epithelial cells of the
respiratory, gastrointestinal, prostate tract, and other organs. It has been identified that
TMPRSS2 serves as an entry gateway for SARS-CoV-2, in addition to aiding the entry of other
viruses. Therefore, inhibiting TMPRSS2 activity becomes essential to inhibit viral action. The
TMPRSS2 gene is located on chromosome 21, specifically in the 219223 region. The SNP
rs2298659 (G=A, C) is the most found polymorphism. The isoform of this SNP would be
caused by the presence of the A allele of the SNP, which would be responsible for creating a
splicing protein that helps in the formation of the isoform, responsible for cleaving the S protein,
facilitating the entry of SARS-CoV-2 &,

The state of Para, Morthern Brazil has a total of 905,316 accumulated cases, with a total
of 19,329 confirmed deaths, resulting in a mortality rate of 224.68/100 thousand inhabitants .
The healthcare professionals who worked during the first wave of the COVID-19 pandemic
were directly and extremely exposed to high viral loads, thus presenting the highest risk of
infection. Furthermore, during the initial phase of the pandemic, these professionals faced a
greater risk of contamination due to the reuse and shortage of personal protective equipment
(PPE) and the absence of defined decontamination and contingency protocols for SARS-CoV-

2 ® This study sought to characterize how the genetic factors of this population and the
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mutations present in essential genes for viral entry were determinants for illness and the

worsening of the clinical condition of individuals on the first pandemic wave.

MATERIAL AND METHODS

Settings

This study uses a case-control approach, and it was authorized by the State University
of Pard—UEPA Research Ethics Committee (CAAE: 38113620.1.0000.5174), with opinion
number 6.124.862. In compliance with the Helsinki Declaration and Brazilian National Health
Council Resolution No. 466/2012, this study was conducted *'". It followed the
recommendations of Strengthening the reporting of observational studies in epidemiclogy
(STROBE) ''. The study was camied out in 10 medical facilities in Belém-PA, Brazil (the
Brazilian Amazon region). Convenience sampling was used to choose 214 professionals from
the administrative, medical, and general services domains who were actively employed in
medical centers that treated COVID-19 patients between April 1, 2021, and June 30, 2020. This
cohort has already been used for epidemiological analysis under other circumstances

{investigation of causal association for other different SNPs) by previous work by our research
12-14

group

According to the health vulnerability situation reported in some countries during the
first pandemic wave, such as Brazil, all employees of Brazilian healthcare facilities during this
time were exposed to SARS-CoV-2 due to a lack of established safety protocols, overcrowding
in healthcare facilities, a lack of masks, and a failure to use the N95 mask . The approach
utilized to divide the cohort subjects into groups according to the parameters and case definition
of COVID-19 analyzed, and presenting the variables used in the study were also previously
reported in our other previously published study with other SNPs analyzed in the same cohort
(Group AS= Asymptomatic Group and Group Sl= Symptomatic Group, of which the
symptomatic subjects were further subdivided by severity according to the classification
generated by the CCT data —lung involvement in CCT=10%— inte SCP [with lung
involvement] and SSP [without lung involvement]) '*. A questionnaire was carried out
{Supplementary Material 51) and TCLE (Informed Consent Term) was used with the

participants.

Laboratory procedures
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Samples were gathered between January 6, 2021, and March 30, 2022. Blood samples
obtained by venipuncture were kept at -20°C for use in later laboratory procedures at the
Molecular Biology Laboratory - LABIMOL, Bacteriology and Mycology Section (SABMI) of
the Evandro Chagas Institute (IEC). DNA extractions were performed using the Dneasy Blood
& Tissue kit (QIAGEN®, Venlo, Netherlands), and the manufacturer’s instructions were
adhered to. For all these positions, the possible association between the ACE? and TAMPRSS2
SNPs and the severity and/or susceptibility to COVID-19 were evaluated.

The WNational Center for Biotechnology Information's (NCBI) dbSNP website
(httpe/weww nebinlmenih. gov/snpd; viewed on October 12, 2020) provided information about
SNPs (SNP identification, or ID) '®. In order to type the SNPs rs961360700 of ACE2 and , the
corresponding  genomic regions were deposited in GenBank and their primers for the
Polymerase Chain Reaction (PCR) were created by the Primer3Plus v2.0 program
(http://www bioinformatics.nl/primer3plus/; accessed on April 20, 2020) 7. PCR was carried
out using the thermocycler and Platinum Taq DNA Polymerase, DNA-free (Invitrogen®,
Thermo Fisher Scientific Corporation, Waltham, Massachusetts, USA). A 2% agarose gel
containing 3.0 pL of the amplified results was electrophoresed using Sybr Safe (Invitrogen®,
Thermo Fisher Scientific Corporation, Waltham, Massachusetts, USA) to view the amplified
DNA fragments in a photodocumentation device.

The PCR products were purified in accordance with the manufacturer's instructions
using the EasyPure PCR Purification Kit (TransGen Biotech Co.®, Beijing, Beijing, China).
The DNA fragments were sequenced using the BigDye X-Terminator kit on an ABI 3130
Genetic Analyzer sequencer (Applied Biosystems®, Life Technologies, Thermo Fisher
Scientific Corporation, Waltham, MA, USA). The Bioedit v7.2.5 program was used to visualize
and analyze SNP areas of interest, and BLAST was then performed on the NCBI website
{https://blast ncbi.nlm.nih_gov/Blast.cgi/; accessed on October 011, 2024) 1%,

Statistical analysis and presentation of data

The extracted data was organized in a Microsoft Office Excel spreadsheet. The post-
hoc sampling power assessment of the sample N was performed using G*Power software
version 3.1.9.7 with a goodness-of-fit Chi-square test, with an a error probability of (L05 and
an effect size of 0.3, considering the acceptability of sampling power from 0.8 '*. The normality
of the variables was assessed using the Kolmogorov-Smirnov test. For correlative analysis
between dependent and independent variables, multinomial logistic regression was used,

comparing each category against the reference category (Group AS) for both symptomatology
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and severity parameters of COVID-19. The probability (p) < 0.05 was considered statistically
significant.

Regarding the genotyped data from the Belém cohort, genotype frequencies were tested
for Hardy-Weinberg Equilibrium (HWE) using the chi-square (32) test with p < 0.001 as the
cut-off point for the significance level through SNPs Analyzer v. 1.1.82. The frequencies of the
SNP genotypes and alleles were analyzed together with the epidemiological data, also in a

multinomial manner, to verify and measure the effects 2.

In silice analyzes of these ACE2 and THPRSS2 SNPs

Several bioinformatics servers were used together to evaluate the roles of each of these
SNPs in gene function and gene-protein interactions. SIFT enabled the analysis of their location
and type, as well as the prediction of their effects (https:/sift.bii.a-star.edu.sg/; accessed on
June 2, 2025). Regarding the prediction of the functional impacts of these SNPs, PolyPhen2
(http:/'genetics. bwh harvard edu/pph2/bgi_shtml; accessed on June 2, 2025), PhDSNP
(https:/'snps.biofold.org/phd-snp/phd-snp.html;  accessed on June 3, 2025), SNP&GO
(https://snps.biofold.org/snps-and-go/snps-and-go.html;  accessed on  June 3, 2025),
PredictSNP2 (https:/loschmidt.chemi.muni.cz/predictsnp2/; accessed on June 3, 2025), CADD
(https://cadd.gs. washington.edu/; accessed on June 2, 20235), DANMN
(https:/febelics.ucl.edu/public dataDANMN/:  accessed on June 2, 2025), GWAVA
(https:/loschmidt.chemimuni.cz/predictsnp?/’; accessed on June 3, 2025), and FATHMM
(https:/fathmm.biocompute.org.uk’; accessed on June 3, 20235) were the nine research tools
used in public genetic databases to assess deleterious or non-deleterious parameters.

Predictions of the type of protein structural and conformational changes resulting from
the SNPs were made using PONDR-VLXT servers to assess the natural disorder of gene regions
(https:/'www pondr.com”,  accessed  on June 10,  2025), and [-Mutant?
(https:/folding. biofold.org/i-mutant/i-mutant2.0_html; accessed on June 3, 2025) and MuPRO
(https://mupro. proteomics.ics.ucl.edu’; accessed on June 3, 2025) analyzed the free energy of
binding and protein stability after mutation in the region. Furthermore, the HOPE Project
(https:/fwww3.cmbiumen.nlhope/; accessed on June 10, 2025) was able to analyze the
structural effects of a point mutation in a protein sequence, characterizing chemical

modifications important to the protein domain.

RESULTS
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Sampling power, normality of variables, Hardy-Weinberg Equilibrium (HWE) of individuals
in this Belém labor cohort

The sampling of each SNP was analyzed to verify the sampling power of the obtained
material. Therefore, the power for SNP rs961360700 of the ACE2 gene was 0.92, while the
power for SNP rs2298659 of the TMPRSES2 gene was 0.94, both presenting a power level greater
than 0.80. Furthermore, the Hardy-Weinberg equilibrium of the genes was caleulated, where a
p-value of 1 was found for the ACE2 gene, showing that the null hypothesis was accepted, with
no change in genotype constancy in the 212 participants analyzed. Regarding the TMPRSS2
gene, a p-value of .33 was found, according to the analysis of 213 participants.

Epidemiology of the Belém labor cohort and COVID-19

The basic epidemiological characteristics of the individuals in this Belém labor cohort
have already been described in previous studies by our research group under different genetic
investigations '* " Binary logistic regression was performed on the symptomatology data
obtained from the analyzed groups, with a total of 42% (90/213) asymptomatic participants and
58% (123/213) symptomatic participants. Furthermore, the epidemioclogical characteristics of
the studied cohort were evaluated. The results showed significance in the comrelation between
the presence of pre-existing comorbidities and the onset of the disease in the symptomatic form,
as well as the correction of the asymptomatic form with the absence of comorbidities, with a

value of p=<0.001.

Table 1. Binary Logistic Regression for Epidemiological Characteristics and Symptoms of
COVID-19.

Dependent Variables: Symptomatology (ASxSI)®

Independent B S.E. Wald df Sig. (p- Exp(B)
variahles value)
Oeccupational Category 2,010 2 0.366
Occupational Category (0,382 0,342 1,252 1 0263 1.466
(Administrative)
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Occupational Category 0,478
(Healthcare

Professionals)

Age Range

Age Range (19-34) 0,532
Age Range (35-50) 0,031
Sex (Female) 0,431
Associated -1.216
Comorbidities (Pre-
existing)

Constant (.625

0.424

0,558
0,544
0,320
0,360

0,520

1272 1
2815 2
0908 1
0,003 1
1813 1
11,399 1
1443 |

0,259

0,245
0,341
0,955
0,178
<0,001

0,230

1,612

1.702
1.031
1.539
0,296

1,868

"Model Deviation= 16,47; R? de Cox & Snell= 0,074; R* Nagelkerke= 0,1; Exp (B) = Odds

Ratio; df= degree of freedom.

Multinomial logistic regression analysis evaluated the association of epidemiological
characteristics and the development of severe cases of COWVID-19. It showed significant value
when analyzing the association of the absence of comorbidities with symptomatic individuals
who presented pulmonary involvement, with a p=0.01. Furthermore, significance was found

with p=0.001 in the analysis of the correlation of the youngest age group of professionals with

the appearance of symptoms, however without the presence of pulmonary involvement.

Table 2. Multinomial Logistic Regression for Epidemiological Characteristics and Severity of

COVID-19.

Dependent Variables: Disease Severity Groups (ASxSCPaSSE)

Independent B Error Wald d Sig. Expi(B) 95% Confidence Interval for
Variables* rip- Exp(B)
vitl i) Limite Limite
inferior superior
SC  Inercept 0299 0,707 17a 1 0672
P [Profession 1538 0289 215 I 0361 0584 Q. 184 1,852
Category =
Administrative
1
[Profession 0,502 0,719 {488 I 0485 0605 0, 148 241
Category =
General
Servioes]

56



W ] o b o Lo ke

57

[Profession o=
Category -
Hizlthieare
Professionals]
[Age Range = 0078 0801 00140 092 1081 0,125 5.1
19-34]
[Age Range = -0,089 {743 0,014 0.90% 09135 0,213 3,925
35-30)
[Age Range = 0O°
=50
[Sex = hiale] 0,790 D481 2 T2 0100 2204 Q&5 5657
[Sex = Female] 0 .
[Associaed 2064 DHR3 20,053 <y 0115 (IR 0,246
Comorbidities |
= Wa]
[Associated o
Comorbidities
= Yes]
S5P  Inkeroept - 1, 10 294,13 <A),00

19,02 g 1

]
[Profession -0.241  ORSE 0,074 0779 0786 {146 4.124
Category -
Administrative
1
[Profession - 489342 0,001 0,997  37RSE-R 00001 s
Category = |TO&E 8§
Gieneral 9
Services]
[Profiession o=
Category -
Hzltheare
Professaonals]
[Age Range = Lo62 0755 48532 <0 1662545063 ITETSAT0M3  T297TORSR0
19-14] B 7 1 1 1
[Age Range = 163 (00K 16721763 56 16721763356 16721763 56
35-30) 2 9 9 9
[Age Range = 0F
=50
[Sex = hiale] 0064  ER2 0,004 0941 1k 0,197 5,781
[Sex = Female] 0% . . . . .
[Associated 02631 1,128 0,054 0Rle 130 0,143 11,865

Comorbidities
= Wao]
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[Associsted o . . 0
Comorbidities
=Yes)

* The reference category is: AS.

" This parameter is set to zero because it is redundant.

¢ A floating-point overflow occurred while calculating this statistic. Therefore, its value is set
to system-missing.

4 Model Tuning = 71,01: R* de Cox & Snell=0,211; R* Nagelkerke= 0,267; R* McFadden=
0,152

Genotyping of ACE2 (rs961360700) and TMPRSS2 (rs2298659) SNPs from the Belém
cohort and COVID-19

ACE2 SNP rs96 1360700 had 100% C/C genotype and 100% C alleles. TMPRSS2 SNP
rs2298659 had 68.24% C/C genotype and 29.8% C/T genotype and only 1.29% T/T. Regarding
the analysis of symptom development, it was found that the presence of pre-existing
comorbidities {p=0.005), as well as the presence of the FMPRSS2Z rs2298659 gene
polymorphism with the exchange for C/T alleles (0.01) were determinants for the change in

symptomatic phenotypes.

Table 3. Binary logistic regression of the relationship between COVID-19 symptoms and
TMPRSS2 SNP genotyping.

Dependent Variables: Symplomatelogy | ASzS1)P

Independent Varahles B S.E. Wald dr Sig.  (p-  Exp(E)
value)

Associated Comorbidities (Pre-  -0,956 0,340 1.920 | 005 0,384

enisting)

TMFPRES2  SNP  m22956%9  -0,792 0308 6628 | i 0,453

{CT +TIT)

Constant 1278 0318 16,210 | =X, 001 3,501

"Deviation Model= 15.29; B* de Cox & Snell= 0,07; R* Nagelkerke= 0,094.
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Multinomial logistic regression was performed to assess the relationship between
increased severity of COVID-19 cases and genotyping of the rs2298659 SNP of the TMPRSS2
gene. Significance was detected with a p=0.0001 in the correlation between individuals with
the absence of previous comorbidities and the onset of symptoms. However, this test did not
reveal a significant correlation between more severe cases and the presence of polymorphism

in the analyzed gene.

Table 4. Multinomial logistic regression of the relationship between COVID-19 severity and

TMPRSES2 SNP genotyping.
Dependent Variables: Disease Severity Groups (ASxSPIRSWE)
Independent Variables® B Error Wald dr - Sig. ExpiB) DERG Confidence
Interval for Exp{B)
Lower Upper
limit limit
S0P Interzept 0188 D435 0,170 1 6350
[ Associaned N B T 1 21,978 1 [T 0,114 0,046 0,383
comorbidities = Mo]
[ Associatad it . . ]
comorbidities -
¥is]
[TAMPRSS2 (T 0807 0,497 2 630 1 105 2240 0,845 5,937
+TiT) = No]
[TAfPRES2 (C/T ok . . ]
+TiT) = Yes]
S5P Intenzept -3.135 0 L1EY 7404 1 0007
[ Associatad 0,384 L Log 0.120 1 0,729 1469 0,168 12874
comorbadities = Ma]
[ Associated i . . o
comorbidities -
Yes]
[TAMPRSS2 (CT 0,745 0,845 0,177 1 0378 2107 0,2 11,043
+TiT) = Mo]
[TMPRSS2 [cT ook . . o
+TiTy = Yes]

" a. The reference category is: AS.
b. b. This parameter is set to zero because it is redundant.
c. Final Model Fit=23,757; Pseudo R quadrado Cox e Snell = 0,198; Nagelkerke= 0.250;
McFadden= 0,140
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Table 5 shows the comparison of allele profiles found in the Belém population and the
database available in gnomAD v4.000. It was evidenced that the polymorphism rs96 1360700
was practically absent in our samples and is extremely rare in the gnomAD databases; its
absence in the cohort is expected given the very low comparative minor allele frequency
(MAF).

Meanwhile, for the SNP rs2298659 of the TMPRSS2 gene, the T frequency = (1163
observed in the cohort is consistent with the magnitude reported in databases and studies (a
relatively common wvariant in various populations), although the exact frequency by
subpopulation (Latino/ Admixed American) varies, it is plausible that the cohort {Amazonian
Brazil) presents T ~0.16 while gnomAD global/by subpopulation shows something between
-A1.12-0.25 depending on the sample.
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Table 5. Comparative minor allele frequency (MAF) analysis of SNPs rs961360700 and
rs2298659 between the Belém cohort (this study) and the gnomAD v4.0.0 database.

SNP (gene) SNP (gene) Allele SNP (gene) Allele  of SNP (gene) Allele of interest
Allele  of of interest interest  Frequency - Frequency - cohort (Belém)
interest  Frequency = cohort (Belém) Frequency Frequency —  gnomAD
Frequency cohort  (Belém) — gnomAD (Global /(Global / reference in the
- cohort Frequency — reference in the literature) literature)

(Belém)  gnomAD (Global /

Frequency reference in the

— literature)
gnomAD
(Global
reference
in the
literature)
Extremely rare in
gnomAD/exomes reported
rs9613607 in the literature as T = 0.000012
00 (ACEZ; T (alternative) / C 0.0 {100% C in the cohort; (=1.2x1075) in
C=T; (wild-type) variant not detected). gnomAD exome  databases
D355N) {mainly observed in frequency
in European studies
published))*'.
Wariable among populations;
Genotypes: C/C 68.24%, studies consulting
rs2298659
CT 29.80%, T/T 1.29% — gnomAD/databases report a
(TMPRSS
allele C = 08370, T = global MAF around -0.12-0.23
2; T (alternative / C ) . )
0.1630 (frequencies depending on the sample/article
c.BERC=T, (wild-type) .
’ calculated from the reported (e.g., wvalues reported in
SYION YD . :
T genotypes). different studies: ~0.121; there
us (29603)

are also studies reporting ~0.23

for certain cohorts)™.
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In silico analysis of functional and conformational changes related to SNPs and their related
proteins

In silico analysis showed a deleterious potential of SNP rs96 1360700 in the ACE? gene
of approximately 70% (8'9) when analyzed by bicinformatics server tools. Negative binding
energies (I-Mutant? score = -0.86 and MuPR.O score = -0.95) showed the presence of instability
in the protein conformation after the presence of the SNP, which may cause damage to the
protein, demonstrating a decrease in protein stability after the presence of the SNP. The same
analysis was performed for the TMPRSS? gene to assess whether the SNP caused any

deformation in the protein. However, all tools analyzed showed neutral results.

Table 6. In silico evaluation of function and stability of ACE2 and TMPRSS2 SNPs.
Funetional Struetural
I-Muiant 2 MuoPRO
Sita DD Sl D

Pl Fh Fre bili G bili el
i SN Fu GW  FAT
Gen SIF % (1] dict CA DA v valm iy [
me  Twvpe P& e AV HM
© T Phe SN SNP D NN v G
Ae GO ql A M
mnl P F] {hea
i
Vi
1y
AC Di Mon  ® Pro Di Dise Dele MNe Dele Dele Dele Dele De - De -
2 3 sy [ka  sea ase Deno  uwika  feno koo oo b ocre 086 ere QL
N nymo mag s L | s [Tt It L ase ase 95
s ing 7
™ G2 Syno Tel = = . Meut Me  Meut Meat  Meat  MNewt * : = =
FRE % nymo et ral uira  ral ral ral ral
5 G ed I
* Mot found.

In silico analysis of the presence of the SNP in the ACE2 gene showed that the presence
of the polymorphism introduces a different amino acid into the transcript, causing changes in
protein properties, which may disrupt the domain, change the functions performed by ACE2
and abolish its function. Regarding conservation profile, the wild-type residue is very
conserved, but a few other residue types have been observed at this position too. The mutation
is located within a domain, annotated in UniProt as: Peptidase M2, Peptidyl-Dipeptidase
(Figure 1).
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Figure 1. Protein model of ACE? after the presence of polymorphism and atomic representation

of its modification after the presence of its SNP.

While the highlighted TAPRSS2 SNP does not cause an amino acid change in the

resulting protein structure. The graph of PONDR-VLXT analyzes the conformation of the

resulting proteins and shows that the SNP of the ACE2 gene is in an area of order (D355N),

where

even with the presence of instabilities, the polymorphism would not cause significant

changes in the protein order. However, the analysis of the TMPRSS2 SNP shows that it is

present in an area of disorder, where although it presents neutral potential. a functional

dysfunction should occur with the presence of polymorphism, since it is in this area.
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Figure 2. PONDR-VLXT Analyzes for Predicting Natural Disordered Regions of these
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DISCUSSION

The lack of testing, personal protective equipment, and health protocols has directly
affected healtheare professionals in several countries. Studying genetic polymorphisms in the
ACE2 and TMPRSS2 genes becomes important given the knowledge that genetic alterations can
directly affect the entry of SARS-CoV-2 into host cells. Assessing this influence in individuals
highly exposed to the virus, such as healthcare professionals in various fields, helps understand
the transmission, symptoms, and progression of the disease.

The analysis of symptoms revealed that most participating professionals presented
symptoms of the disease, demonstrating that contact with individuals infected with SARS-CaV-
2 contributed to viral circulation among healthcare workers. These results corroborate previous
studies showing that healthcare professionals who had contact with individuals infected or
suspected of having COVID-19 had a higher chance of testing positively, a correlation with the
onset of symptoms. Different groups of professionals were infected, regardless of whether they
were on the frontline or not, highlighting the importance of universal testing for healthcare
professionals **.

Professionals with pre-existing comorbidities showed a significant correlation with the
onset of symptomatic COVID-19. The detection of comorbidities was also detected in other
studies, where hyperntension, cardiovascular disease, or diabetes showed significant results in
the study population, with the majority of patients receiving ICU care having hypertension. 2.
Additionally, hospitalized patients with comorbidities were more likely to experience severe or
even fatal respiratory illnesses *. This worsening may be associated with low immune function,
which may affect diabetic individuals and in cases of hypertensive patients.

It is important to emphasize that SARS-CoV-2 is responsible for positively regulating
the expression of ACE2 in hypertensive patients, which may cause an increase in blood
pressure. This oceurs because, in addition to playing an important role in viral entry, 4CE2 acts
in the conversion of angiotensin 2 into angiotensin -7, participating in the renin-angiotensin-
aldesterone system (RAAS), which regulates blood pressure 2. Despite this, using multinomial
logistic regression, another significant piece of data was also found showing that professionals
without comorbidities were also symptomatic and presented pulmonary impairment, showing
that other factors can also contribute to the worsening of cases.

In our study, younger professionals were the ones who most reported the onset of
symptoms, but without lung involvement. Our cohort was considered younger when compared
with other studies of healthcare professionals working at the beginning of the pandemic in

European countries, where the majority of symptomatic participants were over 35 years old
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728 This may be associated with the excessive increase in cases in the country where it was
necessary to recruit young professionals to carry out emergency work during this period.

There are few studies that have analyzed the SNP rs96 1360700 of the ACE2? gene, and
even at the beginning of the pandemic it was described that this polymorphism was one of those
responsible for the significant increase in binding free energy, which indicates a lower binding
affinity, resulting in a lower susceptibility to SARS-CoV-2 infection. In our study, the presence
of polymorphism was not detected. This may be associated with the low incidence of the SNP
in the analyzed Brazilian Amazon population.

TMPRSS2 gene polymorphisms have been extensively studied in recent vears,
particularly regarding their association with COVID-19. In our study, analysis of the frequency
of the rs2298659 SNP of the TMPRS52? gene showed that the majority had the wild-type C
allele. From this, through binary logistic regression, it was possible to identify that, just as the
presence of pre-existing comorbidities, the presence of the polymorphism affects the onset of
symptoms in patients. It is known that disease progression can be affected by this
polymorphism, impacting viral entry, disease severity. complications, and mortality. The
polymorphism has previously been studied in American patients with severe disease, where its
presence was significantly associated with a high risk of COVID-19 %,

A comparison of the results obtained with the gnomAD data shows agreement between
the polymorphism detection and the data presented worldwide, where the investigated ACE2
gene polymorphism is rare in the global population, which corroborates the findings of our
study. Regarding the SNP data of the TMPRSS2 gene, a frequency within the expected global
range was detected, demonstrating that the presence of the T allele behaved similarly in the
Brazilian Amazon population.

I silico analysis of the rs961360700 SNP in the ACE2 gene allows us to visually
demonstrate how genetic variants can modify the dynamics of the protein being affected. Our
results demonstrate the deleterious potential of the analyzed SNP, with the presence of negative
binding energies, causing instability in protein conformation. An in silico analysis study in the
Indian population also showed that the same SNP presented a lower efficient binding energy
(—895.2 keal/mol) with tested SARS-CoV-2 variants that also had genomic alterations in their
binding domain to the viral receptor, increasing individual susceptibility >

The construction of models for the simulation of molecular dynamics with SARS-CoV-
2 showed an opposite effect, showing a significant increase in the free energy of binding,
indicating a lower affinity and thus a reduction in viral infection *'. The low sample size of this

cohort and the low number of individuals among the participating disease severity groups may
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have underestimated the statistical power of the significance of the data on greater morbidity in
critical illness for COVID-19 in the presence of the TWPRSS2 SNP.

As deseribed here, the results predicted that despite the detection of negative binding
energy, the presence of polymorphism can cause damage to the protein, where the presence of
the SNP may possibly be associated with protection, preventing the binding of protein 5 to
ACEZ?. Besides that, the PONDR-VLXT graphic shows that the SNP is in a region of instability.
Furthermore, more studies in vitro and epidemiological ones with greater inferential statistical
strength with sampling power must be carried out to confirm these data.

The rs2298659 SNP of the TMPRSS2? gene is an intronic variant, meaning the
polymorphism does not affect a coding region. [n sifico analysis showed that TMPRSS2 remains
neutral despite the presence of the SNP. Therefore, it is possible to correlate this with data
obtained in the cohort of professionals studied, where the presence of the polymorphism did
not presemt a protective effect, showing an association with symptomatic cases. Despite
presenting a neutral result, the SNP is in a disordered area of the gene and can be considered
one of the causes of its functional dysfunction. [n silico analysis showed that the polymorphism
impacts mRNA, affecting slicing and possibly generating more than 20 TMPRSS?2 isoforms 9.

CONCLUSIONS

Our study is the first to analyze these polymorphisms in Brazil and in healthcare
professionals. The results showed that the polymorphism in the TMPRSS2? gene was directly
associated with the onset of symptoms in infected professionals. Furthermore, it was possible
to verify that most patients who had contact with infected individuals presented symptoms, and
that those with comorbidities were more likely to develop pulmonary involvement.

Few studies have been conducted with the SNPs investigated here. Our study highlights
the importance of investigating these polymorphisms in other populations, aiming to confirm
the in silico data obtained for ACEZ? rs961360700 regarding the deleterious role of the
polymorphism, as well as to evaluate the data evidenced in our study, such as the role of the
TMPRSS2 gene rs2298659 polymorphism in the worsening of COVID-19.
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7. CONCLUSAO

e Esse estudo € o primeiro a analisar os polimorfismos rs2298659 do gene
TMPRSS2 e 015961360700 do gene ACE-2 na populacao brasileira. A analise
da frequéncia dos genotipos demostrou a prevaléncia do alelo selvagem no
polimorfismo do gene ACE-2 e a presenca de mutacdes no SNP analisado do
gene TMPRSS2.

e A andlise das comorbidades existentes demostrou a presenca de
comorbidades pré existentes e o aparecimento da forma sintomatica da covid-
19.

e Também foi detectada uma relagdo significante entre individuos que néo
possuiam comorbidades com o aparecimento de comprometimento pulmonar
em profissionais de salde que apresentaram os sintomas;

e Quanto a genotipagem dos SNPs investigados, houve o aparecimento do alelo
selvagem C no rs961360700 do gene ACE-2 em todas as amostras analisadas.

e No rs2298659 do gene TMPRSS?2 foi detectada a presenca do polimorfismo
sendo esse associado diretamente com a presenca de comorbidades pré-
existentes e com o aparecimento da forma sintomética nos participantes.

e A analise in silico demostrou a presenca de instabilidade na proteina com a
presenca do polimorfismo rs961360700 do ACE-2, demostrando um poder de
causar deformacdo na molécula, podendo dificultar o ancoramento do SARS-
CoV-2 na célula.

e 0 rs2298659 do gene TMPRSS2 foi detectado como uma mutacéo intronica
gue nao causa modificacbes na regido codificante, sendo possivel
correlacionar com os dados encontrados, onde o polimorfismo ndo apresentou
efeito protetor, estando correlacionado com casos sintomaticos da COVID-19.

e Assim, enfatizamos a necessidade de estudos em mais SNPs dos genes ACE-
2 e TMPRSS2 que estédo diretamente envolvidos na entrada viral na célula do
hospedeiro. Dessa forma sera possivel caracterizar totalmente essas regides
importantes que podem ser fortemente utilizadas como alvo para impedir a

entrada viral.
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Abstract: As the host's first line of defense against pathogens, Toll-like receplors (TLRs), such as the
TLR3, are genes encoding transmembrane receptors of the same name. Depending on thedr expression,
TLEs cause a pro- ar anti-inflammatory response. The purpose of the article was to determine
whether there s an association between the Toll-like receptor 3 (TLR3) 3775201 Single Nucleotide
Polymarphism—SNE and susceptibility to infections. This review was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines
and was registered in PROSPERO under the code CROMN23429533. A systematic search for relevant
studies was performed using PubMed, Scopus, SclELO, Google Scholar, and Science Direct by the
MeSH descriptors and the Boolean Operator “AND™: “Infections”; “TLRE3"; "SNP”, between January
2005 and July 2022, Summary odds ratios (ORs) and corresponding 95% confidence intervals (Cls)
were calculated for genotypic comparison assuming a dominant genetic model (CT =+ TT vs. CC). A
meta-analysis of 18 studies consisting of 3118 cases and 4368 controls found a significant assoclation
for risk between the presence of the TLR3 SNP rs377529] and infections as part of the general analysis
(OR = 1.16, 95% Cl = 1.04-1.28, p = 0L.0M). In the subgroups of continents, the SNP had a protective
role in Europe for 1044 cases and 1471 controls (OR = 083, 95% C1 = 0.70-0.99, p = (LM); however,
the Asian (for 1588 patients and 2306 controls) and American (for 486 patients and 591 controls)
continents had an increase in infectious risk (OR = 1.37,95% Cl = 1.19-1.58, p < 0.001; OR = 1.42, 95%
C1=1.08-1.86, and p = (01, respectively). Heterogenelty between studies was detected (IF = 58%) but
was explained in meta-regression by the subgroup of continents itself and publication bias was not
evident. The results of the meta-analysis sugpest a significant association between the TLR3 r3775291
polymorphism and susceptibility to infections. Thus, when analyzing subgroups, the Asian and
American continents showed that this SNP confers a higher risk against infections in a dominant
genotypic model. Therefore, more studies are necessary to fully elucidate the role of TLR3 rs3775201
in infections.

Keywords: TLE3; single nucleotide polymorphism; infectious diseases

1. Introduction

Since they are closely related to deprivation and unhealthy living conditions, infectious
diseases pose a serious public health concern. In this sense, a pattern can be seen in the
epidemiological indices of various diseases in relation to the development of the population
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and the quality of life in a particular area [1]. In the world, they are the second leading
cause of death [2].

There are certain characteristics of clinical presentation, such as symptomatic and
asymptomatic patients, in an endemic community for a given disease. Immunological
variability, which is mainly caused by changes in genetic background, is one of the causes
of this, among other factors [3]. Therefore, to fully understand the various consequences of
infections, either through susceptibility or protection against them, associative immuno-
genetic investigations are crucial [4].

Animals’ innate immunity is dependent on pattern recognition receptors (PRRs),
which are specialized in recognizing pathogen-associated molecular patterns (PAMPs) and
then activating a signaling pathway to cause type I interferon (IFN-I)- and interleukin-1
(IL-1)-mediated pro-inflammatory reactions [5].

Toll-like receptors (TLRs) are transmembrane receptor genes that are PRRs that are
found in endosomes or on the surfaces of immune cells [6]. These receptors mediate
the production of cytokines necessary for effective immunization while also detecting
pathogen-associated molecular patterns (PAMPs) and damage-associated molecular pat-
terns (DAMPs) in cells [7]. There can be several types of signaling pathways activated based
on PAMP. Each member of this receptor family (TLR1-10) has different expression patterns
in various organs and particular ligands to carry out this identification in humans [8]. TLRs
are located mainly on the surfaces of macrophages and dendritic cells (DCs), among other
cell types, as well as on the membranes of endosomes and lysosomes [Y].

A double-stranded RNA (dsRNA)-TLR3 signaling complex, consisting of one dsRNA
and two TLR3 molecules, is created when TLR3 binds to dsRNA. TLR3 is a gene that
encodes the protein of the same name with 904 amino acids, which is responsible for
recognizing the dsRNA of infectious agents, a viral replication intermediate, in cellular
endosomes. TLR3 begins downstream signal transmission and induces the creation of the
antiviral protein (AVP). This gene is located on the human chromosome 4q35.1 and has five
exons (coding regions) [10].

Numerous epithelial cells, including fibroblasts, immune cells, neurocytes, and im-
mune cells, carry TLR3, which is most widely expressed in the placenta and pancreas. TLR3
works through the TIR domain-containing adaptor-inducing IFN-p (TRIF)-dependent TLR
signaling pathway and acts on DCs bearing antigens responsible for inducing antigen-
specific immune responses mediated by lymphocytes [11].

Among the most varied types of polymorphism, single nucleotide polymorphism
(SNP) is a punctual change of nucleotide that can occur in introns (noncoding regions) or
exons [12]. In this sense, the TLR3 SNP rs3775291 is a non-synonymous mutation (Cytosine
to Thymine, C > T) of the missense type in exon 4, that is, it causes a change in the codon
of amino acids from leucine (Leu) to phenylalanine (Phe) at residue 412 and its presence
results in hypoactivity of the receptor in the human organism [13].

The level of TLR3 transcript is not affected by this SNP, but it was discovered to
decrease the ability of TLR3 to attach to dsRNA [13]. The function of TLR3 is only partially
compromised by the substitution of Leu412Phe, resulting in an attenuated inflammatory
reaction. The solenoid protein structure becomes unstable if 412Phe is present, and this
alters any possible glycosylation of the nearby residue Asn413 (which was found to have
N-acetylglucosamines attached). In this case, the ectodomain of the TLR3 receptor is formed
by the Leu412Phe variation, which is close to the glycosylation location (Asn413) and a
crucial region for the dimerization of the domain at the membrane [14].

Investigating TLR3 SNPs and diseases for the characterization of biomarkers in pop-
ulations is of enormous immunogenetic relevance in this context. Using case-control
epidemiological research, this work seeks to summarize and assess the relationship be-
tween the TLR3 SNP rs3775291 and infectious illnesses. Because bias can occur in original
studies as a result of flaws in the design of the included study, which tend to skew the
magnitude or direction of associations in the data, the case-control study design was chosen
as the selection strategy for the research added to this meta-analysis [15].
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2. Material and Methods
2.1. Study Design

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement [16]. To create
the guiding question, the PICO strategy was used with the following anagrams: popu-
lation, intervention, comparison, and outcome. In this context, it was developed from
Population: patients with infectious diseases; Intervention: association between TLR3
SNP rs3775291 and infectious diseases; Comparison: infectious diseases and TLR3 SNP
rs3775291; Outcome: identification of susceptibility or protective functions of TLR3 SNP
rs3775291 for infectious diseases published in the literature [17]. This review was registered
in PROSPERQ under the code CRD42023429533.

2.2, Search Strategy

The identification and selection of articles were performed in the databases Science Di-
rect, the National Library of Medicine National Institutes of Health of the USA (PUBMED),
Google Scholar, Scientific Electronic Library Online (SciELO), and Scopus using the de-
scriptors: “TLR3", “Infections”, and “Single Nucleotide Polymorphism”, together with the
Boolean operator “AND”. The time cutoff was designated from the beginning of publica-
tions on the TLR3 SNP rs3775291 (January 2005) until July 2022. The data were collected
on 21 July 2022. The languages included in the study were limited to English, Portuguese,
and Spanish.

The study titles and abstracts were examined and those that included TLR3 poly-
morphisms and the probability of contracting an infectious disease were considered for a
more thorough analysis. Electronic surveys were conducted from inception to 21 July 2020.
Studies that examined TLR3 polymorphisms and their link to noninfectious illness, as well
as studies that were not published in English, were also eliminated. A study was considered
eligible if it met all three of the following requirements: (i) it revealed an infectious disease
outcome; (ii) it was carried out using a case-control design, where “cases” are people who
have the disease outcome and “controls” are people in the healthy population who do not;
(iii) it revealed genotype frequencies for TLR3 rs3775291 (+1234C/T); (iv) the genotyping
method by molecular biology.

2.3. Data Extraction

Two authors (MJAS and CSS) independently extracted all data that were considered
relevant, including the differences and ambiguities found in the publications, and in cases of
inconsistent selection, a third author (MCSV) participated in data selection. The information
extracted included the name of the author, the origin of the population, the number of
cases and controls subdivided by genotype frequencies (wild-type, heterozygous, and
mutant homozygous), the disease being studied, and the conclusions reportedly drawn
from each study.

Data extraction was conducted concurrently with an evaluation of the study’s quality
and bias by the ROBINS-E risk tool (Risk of Bias In Non-randomized Studies—of Expo-
sures). Review Manager version 5.4 (Nordic Cochrane Centre, Cochrane Collaboration,
Copenhagen, Sweden) was used to perform this analysis. Any disagreement between the
two analyses of the researchers was discussed by a third author (MCSV) with regard to the
inclusion of the study, any uncertainties in the data extraction process, and the quality and
risk of bias evaluation within the larger group (MJAS and CSS).

2.4. Statistical Analysis

The Comprehensive Meta-Analyses—CMA program, version 2.2 (Biostat, Englewood,
NJ, USA) was used on computer to perform the statistical analysis of the meta-analysis for
the investigation. The fixed effects model estimated summary odds ratios (ORs) with 95%
confidence intervals (95% CI). In each study’s controls, the Hardy-Weinberg equilibrium
(HWE) was evaluated using the chi-square (Q) goodness-of-fit test. Only genotypic com-
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parison was performed using a dominant genetic model (genotypes CT and TT vs. CC).
Using the I* statistics, the heterogeneity between studies was evaluated for comparisons.

According to Cochrane, the level of heterogeneity in a meta-analysis is analyzed based
on the following parameters: (7% to 40, it may not be important; 30% to 60% may represent
moderate heterogeneity; 50F: to 90% may represent substantial heterogeneity [15]. The chi-
square test is one of the most commonly used tests to assess the significance of heterogeneity,
with a significance level of p < 0L05 being used [19]. A subgroup analysis was performed
according to the Continent. The Cochrane O-test and 1-squared {1%) measure were used to
determine the statistical difference groups (p < (L05 was considered statistically significant).
Begg's rank correlation test and a funnel plot were used to examine the potential for
publication bias (p = 0.05 was considered statistically significant). Sensitivity analysis, meta-
regression, and subgroup analysis based on study location were used to assess potential
causes of variability, where applicable.

3. Results
3.1. Literature Search

Figure 1 summarizes the selection process. The search in four databases identified
169 articles, with only 32 nonduplicated or incomplete works. Subsequently, 95 articles were
excluded based on titles and abstracts not relevant to the topic's theme or not associated
with the searched SNF. Therefore, 42 articles were selected for complete reading, of which
12 were removed due to the type of study that did not correspond to the case-control.
Regarding this mumber, 30 studies were eligible for inclusion; however, 12 were withdrawn
due to incomplete data on the frequency of SNF allele or genotype in study subjects. Thus,
this meta-analysis consisted of 18 case-control studies, mainly from PUBMED, and studies
found in all languages covered by the methodology were included.
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PLEIVED (n=fd)
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k-
ECELD in= 5]
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Figure 1. PRISMA flowchart representing the stages of selection, eligibility, and inclusion of studies
for analysis. Belém, PA, Brazil (2022).
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Figure 2 shows the composition of the articles included in terms of methodological
quality assessment of the risk of bias in each. The evaluation was carried out separately
by two evaluators in accordance with the uniform quality standard and was then cross-
checked. When they ran into disagreements, they talked things out or asked the third
author for guidance.
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Figure 2. Risk of bias summary: review authors’ judgments about each risk of bias item for each
included study. Symbols in green mean compliance with the prerogative of that attribute investigated
for that study, while the blank spaces (empty) demonstrate the gap for that information, and those in
red indicate high methodological disagreement [13,20-36]. Source: Elaborated by the authors with
RevMan v5.4 software.

3.2. Characteristics of the Included Studies

The basic characteristics of the studies, including the relationship between the TLR3
rs3775291 polymorphism and the risk of infections, are found in Table 1. The data extracted
came from surveys with populations from 12 countries on 3 continents (European, Asian,
and American). The origin of the studies was in descending order, Asia (nine studies),
Europe (six studies), and America (three studies). For the continent, most of the added
studies were Asian (equivalent to 33.33%), while for the analysis towards countries, Chinese
was the most added (n = 4, 22.22%) (Table 1).
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Table 1. Ch. fatics of studies included in this review for TLR3 SNF rs3775201.
Absolute Count
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ent Method/Population Size  pyie Grow e of Participants Genotypes
Ag P Ag pan (Cases/Controls)
The mutant T allele of the
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(2008) [20]/Sclence  Virus/ssRNA-  essays/124 subjects pait : DominantModel  p>0.05  p=0.03 :
Direct “0 Hents and 84 controls) Not reported. no reported gender); Cenot: (1729 sclerosing panencephalitis
pa Age: 12.4 years Ypes (SSPE) related to measles
virus persistence.
The wild-type C allele has
Case-control/PCR . T alleles (59/141) !
Kindberg et al. Genatyping,/340 subj Lithuania/ Gender rato and D § Model been associated with the
Virus/ssRNA+ Europe/Not average age not p=005 p<005 risk of contracting
(2011) [21]/PUBMED (126 patients and reporied Genotypes ek s
212 controls) (30/101) "‘v"Jm' “f m“‘“w’")‘”‘
Case-control /Taghan Sweden/ Cases (Male: 136; T alleles {120/109) This SNP conferred
Svensson et al. ; Assay /401 individuals Female: 103)/Controls  Dominant Model _ protection against herpes
(2012) [22]/FUBMED " 1s/dsDNA (239 patients and Eﬁ”‘“"’ﬁ“ (Male: #8; Female: 74); Genotypes P05 p=00072 simplex virus type 2
162 controls) ported. Age: 38 years. {106,/ 87) (H5V-2).
Talleles
Case-control /PCR The presence of the SNP
Lee; Browsy; : ; USA/North ) e {102/237) :
Razonable Virus /ssRNA+ C‘“&';’;’ :fui ’:; :"Mb"“‘* America/Not ml‘;ﬁ’;‘)‘;‘:ﬁ' 8 DominantModd  p>005  p=003 P“xfpztﬁ%”:f;ﬁ to
9] : :
(2013) [23]/PUBMED b eonole) reported. Genotypes el
(88/207)
Cases (Male:
Case-control /PCR T alleles (326,/249)
X y N 383/ Pemale: 83); It is a risk factor for
L; Zhe Virus/dsDNA  Oenolyping/Mi8subjects  ChinafAsia/Not el s vl DominantModel 02 _ 0,004 developing HBV
(2013) [24] /PUBMED (466 patients and reported. 386/ Female: 96); Age: Genotypes infectian
482 controls) : 96); Age: (274/226) !
538 years
Cases (Male:
Case-control /PCR
y N 340/ Female: T alleles (296,/235) -
Rong et al. . Genotyping,/914 subjects  China/ Asia/Not _ The SNF increased the
{2013) [25]/PUBMED Virus /dsDNA (452 patients and reported. 112)/Controls (Male: Model Genotypes  p>0.05 p=0002 risk of HBV infection.
65 controls) 344,/Female: 118); Age: (254/212)

3888 vears
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4356/ Controls:
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Case-control /PCR- Cases (Male:73/ Fernale: -
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3.3. Results of a Meta-Analysis and Publication Bias between the TLR3 rs3775291 Polymorphism
and the Risk of Infections in Subgroups of Continents

Meta-analysis was performed using a fixed effect, and the overall effect estimate
is plotted as a diamond. In a general analysis, a significant correlation was found di-
rected toward the higher risk of infections in 3118 cases and 4368 controls (OR = 1.16,
95% ClI = 1.04-1.28, p = 0.004). The subgroup analysis of the six studies conducted in Eu-
ropean populations (i = 1044 cases and 1471 controls) and the general estimates indicate
the association between protection from infections and the presence of the mutant allele
of this SNP (OR = 0.83, 95% CI = 0.70-0.99, p = 0.04). Genotypic comparisons for the
analyses of Asian (for 1588 patients and 2306 controls) and American (for 486 patients
and 591 controls) subgroups were both statistically significant for the higher risk of these
diseases investigated in the literature (OR = 1.37, 95% Cl = 1.19-1.58, p < 0.001; OR = 1.42,
95% CI = 1.08-1.86, p = (.01, respectively) (Figure 3).
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Figure 3. Forest plot of comparison about TLR3 SNP 53775291 and risk of infections, outcome:
SNP presence for genotypes CT/TT vs. CC. The OR of each study is represented on the plot as a
square with the area of each square proportional to the weight of the corresponding study in the
meta—analysis. Horizontal lines are the 95% Cls associated for the OR of each study. The bold values
highlight the total frequency of cases and controls, as well as the overall OR and the 95% CI[13,20-36].
Source: Elaborated by the authors with Comprehensive Meta—Analyses v2.2 software.

The standard error of the logarithm of the OR (SE(log[OR])) was plotted against the
OR for each study. According to a widely accepted interpretation, when selection bias is
present, the plot will become asymmetrical and the meta-analysis’s overall impact will
be skewed [20]. The symmetry, as in this study, in an inverted funnel shape implies the
absence of publication bias (Figure 4).
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Figure 4. Funnel plot of comparison of the TLR3 SNP ra3775291 and infection risk for all studies
included in the meta-amalysis, outcome: SNP presence for genotypes. Circles represent the included
published studies and should be symmetrically dispersed around the overall effect in the form of
an inverted funnel. Studies with higher precision are closer to the true value and situated at the
narrowest part of the funnel. On the Y-axis of the graph, there is a measure of dispersion, the standard
error, which is influenced by the sample size of the study. The larger this value is, the greater the
inaccuracy of the study. On the X-axis of the graph, there is the effect measure measured in the
meta-analysis and the center line is the result of this (which is directed on the X-axis by the diamond).
The lines that make up the outline of the funnel correspond o the 95% CL Source: Elaborated by the
authors with Comprehensive Meta—Analyses v2.2 software.

3.4. Subgroup and Univariate Meta-Regression Amalyses

Based on the generalized results found for this meta-analysis, a high level of hetero-
geneity was found between the included studies () = 40.58; p = 0.001; I? = 58%). On the
other hand, the investigation by subgroups based on continents revealed a low heterogene-
ity, referring to America (Q = 1.69; p = 0.42; B = o), Europe () =4.29; p = 0.50; B = 0%),
and Asia (= 13.07; p = 0.10; I2 = 38%). Despite this, a meta-regression analysis using a
fixed model was conducted to confirm whether this factor was indeed the source of the
observed heterngeneity. Figure 5 provides a visual observation of the Logit event rate by
studying continent covariate ((} = 21.52; p = 0.001).

Regression of Log odds ratio on Continent
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Figure 5. Bubble plot of the meta-regression analysis on the relationship between continent and the
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risk of infection based on the presence of the rs3775291 SNP. The size of the bubble is inversely
related to the variance of the study. The solid line represents the linear regression (continent as the
meta-independent variable). The two lines in the horizontal area between the main line correspond
to the confidence intervals of the prediction. Source: Elaborated by the authors with Comprehensive
Meta—Analyses v2.2 software.

4. Discussion

TLR3 is a member of a family of immune receptors that are crucial for activating the
innate immune response, indirect activation of the adaptive immune system, and control of
cytokine expression in the defense of the body against infections [19,21,22]. TLR3 detects
dsRNA, a molecular signature present in most viruses. TLR3 is critical for the induction
of the antiviral state and the prevention of virus replication, but it can also promote an
overactive and dysregulated immune response to infection, which is damaging to the host
and helps to progress the severe form of the disease [23].

The presence of polymorphisms in TLR3 is associated with changes in its structure
and function, which can influence the immune response to viruses [24]. The TLR3-TRIF
axis is essential in deciding how the balance between antiviral and immune regulatory
pathways affects defensive versus offensive responses in the case of chronic viral infections
of RNA that result in prolonged IFN-a/§ signaling [25]. All articles on this TLR3 SNP
included in the meta-analysis were on viral infections. This is probably due to the binding
of this receptor to its main ligand (dsRNA) in pathogens.

In this context, the molecular structure of a signaling unit (SU) reveals that dsRNA
molecules attach to two regions: one near the N-terminus (LRR-NT and LRR1-LRR3) and
one at the C-terminus (LRR19-LRR21). While protein—protein interactions only take place
at LRR-CT in the TLR3-dsRNA complex, surface contacts (primarily hydrogen bonds and
electrostatic interactions) are the only means by which TLR3 attaches to its receptors. To
ensure TLR3 communication and dsRNA binding, the C-terminal dimerization region is
essential [26].

The TRIF for downstream type | IFN signaling is shared by TLR3 and the DEAD
(Asp-Glu-Ala-Asp) box polypeptide 1 (DDX1), DDX21, and DHX36 components of the
DExD/H-box helicase cytosolic receptors of dsRNA. The only TLR receptor that relies
exclusively on TRIF to trigger IFN-J release is TLR3. The TLR3-mediated signaling pathway
can be divided into the TRIF-dependent nuclear transcription factor-xB (NF-xB) pathway
and the TRIF-dependent IFN-regulatory factor 3/7 (IRF3/7) pathway based on the various
downstream products that TRIF activates. For example, IRF3 induces the expression of type
I interferons to mediate antiviral effects by activating other genes such as MxA genes [27].

TNF receptor-associated factor 3 (TRAF3) and TRAF6 interact with TRIF once it has
been triggered in the plasmalemma by exogenous dsRNA to initiate a sequence of cascade
events [28]. IRF3/7, NF-kB and activator protein 1 (AP-1) are the transcription factors
that this signaling pathway eventually engages in, causing the production of type I IFNs
(IFN-1), pro-inflammatory cytokines, and chemokines after TLR3 activation, respectively.
TLR3 signaling also activates the proteins phosphoinositide 3-kinase (PI3K), p38-mitogen-
activated protein kinase (MAPK), extracellular signal-regulated kinase (ERK), and c-Jun
N-terminal kinase (JNK). Fine-tuning of ubiquitination and phosphorylation is essential for
the TLR3 signaling cascade [29].

The meta-analysis carried out in this study explored the correlation between the
rs3775291 polymorphism of the TLR3 gene and the risk of infection and disease develop-
ment in different countries. Analyzing the six studies carried out on the European continent,
most of them (83.33%) have shown an association between the presence of the ancestral
allele (C) and the risk of infection, while one of them detected that the mutant allele (T)
may be involved with the risk of developing a disease, as seen in BKPyV infection after
kidney transplantation [30]. Regarding the analysis of data from three American [31-33]
and nine Asian studies [13,24,34-40], a significantly higher risk of infection with these
diseases was found.
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An essential line of defense in innate immunity related to the blood-brain barrier (BBB)
is provided by a subpopulation of human neurons that expresses TLR3 on a constitutively.
These hypotheses that TLR3 expression facilitates TBEV penetration through the BBB, which
promotes the onset of neurologic illness, but also serves as a protective mechanism during
established central nervous system (CNS) infection, may help explain these seemingly
contradictory findings regarding the presence of this TLR3 SNP [41]. Other investigations
were conducted to examine the role of this SNP in responses to viral infections on the
European continent [42,43]. These findings imply that in cases of TBE infection and HIV
infection, the mutation may inhibit TLR3 signaling activity, inhibiting viral entry into the
central nervous system.

SNPs that cause loss of function of TLR3, such as rs3775291, appear to have an impact
on the ability of the CNS to withstand HSV infection [44]. Studies in rodents show that
astrocytes lacking TLR3 cannot produce an [FN-« response to HSV-2, predisposing these
animals to an increased HSV-2 CNS infection if the peripheral (genital) infection does not
worsen [45]. However, fibroblasts from TLR3-deficient patients with HSV-1 encephalitis
(HSE) have abolished type | IFN activation, in contrast to PBMCs from the same patients,
which respond properly to identical stimuli. Therefore, it is possible that the main function
of TLR3 is to cause a type | IFN response to HSV-2 in non-hematopoietic cells rather than
to support the acquired immune system [46].

According to a Spanish study, individuals who are homozygous carriers of the SNP T
minor (TT) allele rs3775291 are two times more likely to develop BK polyomavirus (BKPyV)
viremia [3)]. TLR3 is involved in the stimulation of innate immune mechanisms during
antiviral and inflammatory responses to BKPyV. Uncontrolled signaling caused by an
SNP, such as rs3775291, can have an impact on the pathogenesis of BKPyV-associated
nephropathy (BKPyVAN) by reducing its signaling activity compared to the wild-type
type [25].

The study by Chen et al. (2017) makes additional assumptions that the missense
polymorphism in rs3775291 may improve the anticancer immunostimulatory role (hepato-
cellular carcinoma—HCC linked to HBV) and support the apoptotic process [39].

The relationship between the TLR3 rs3775291 polymorphism and HBV infection has
been studied in Chinese populations [35,38]. Wan et al. (2016) were unable to find any
evidence linking SNP to intrauterine HBV infection [38]. However, another study found
that the mutant T allele was significantly more common in people with chronic hepatitis B
and acute chronic renal failure, suggesting that this polymorphism may be a risk factor for
the progression of the illness [35].

TLR3 has been associated with the release of cytokines and cellular activation caused
by HCV [31]. On the other hand, the TLR3 ligand inhibits HBV proliferation in the liver
of HBV mutant mice, according to recent investigations on infection [47]. The TLR3 SNP
rs3775291 in this situation impairs the secretion of the TLR3 ectodomain and reduces the
receptor’s ability to respond to antigenic stimuli from these viruses [45].

Arboviral outbreaks have a significant negative impact on the population of Latin
America [49]. There have been investigations into the potential effects of the rs3775291
polymorphism on the clinical forms of arboviruses. Santos et al. (2019) examined the
relationship between SNP and microcephaly caused by the Zika virus. The results of the
study demonstrated a link between the existence of the T mutant allele in the SNP rs3775291
in the TLR3 gene and the risk of congenital Zika syndrome (CZS) in pregnant women who
contracted the virus during pregnancy. This link can be explained by the decline in the
function of phenylalanine-containing TLR3 (T allele), and it directly interferes with antiviral
activity, leading to an increase in viral load and making it easier for the pathogen to enter
the developing brain [32].

The Asian continent produced the majority of the studies found examining the rela-
tionship between the TLR3 SNP rs3775291 and viral susceptibility and the progression of
patient cases. An analysis of how this polymorphism affected dengue cases in India was
performed. The study by Alagarasu et al. (2015) that involved the Indian population found
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that the minor allele T has a negative impact on the presence of the protein structure and
may be directly related to a reduction in inflammation, which would protect against the
progression of dengue infections [36].

In addition to that, the measles virus (MV) appears to reach the CNS at the time of
initial infection. Microglia and astrocytes, endogenous brain cells, are key players in the
immunological responses that occur in this area. Type [ IFN is induced by MV infection
through TLR3, and in virus-infected cells, type 1 IFN is significantly upregulates TLR3
translation in a positive feedback way. Previous studies have shown that type | IFN inhibits
efficient MV replication in rodents. Therefore, immunological dysregulation in measles is
produced by uncontrolled signaling of TLR3 mediated by this polymorphism [24,50].

Furthermore, there are strong associations between this TLR3 SNP and the differences
in the downstream intracellular signaling molecules Myeloid Differentiation factor 2 (MD-2)
and Myeloid Differentiation Primary Response 88 (MyD88) in both antibody and cellular
responses to measles immunization [51]. The links between TLR3 and measles vaccination
immunity are particularly intriguing because TLR3 had been found to be a main target for
laboratory-adapted measles virus strains, but not for wild-type measles virus strains, in the
generation of host immunity. Lab-adapted and vaccine-derived measles virus isolates, such
as Edmonston, up-regulate TLR3 expression in human dendritic cells through enhanced
IFN-f release according to Tanabe et al. (2003) [50].

Exon 1 is 500 bp upstream the region of the TLR3 gene that reacts to the measles virus.
The region contains the binding sites for the transcription factors NF-kB and STAT (a family
of eukaryotic transcription factors that mediates the response to a variety of cytokines and
growth factors) and the interferon-stimulated response element (ISRE), also known as an
IFN-§ induction site, is located 30 bp upstream of exon 1 in the promoter region of the
TLR3 gene [51].

Once the IFN response is activated, the transcript levels of more than 300 genes (1SGs)
rise. These genes create proteins with immunoregulatory and antiviral properties that, in
some cases, can stop the spread of viruses and reduce their growth. MxA, OAS, and A3G
are recognized as reliable markers of IFN activity and are particularly important in the
immunological intracellular response. One of the molecular mechanisms by which HTLV-1
counteracts and evades the IFN system is the cellular protein SOCS, which suppresses
STAT1 phosphorylation and blocks intracellular signal transduction downstream of the
IFN receptor, IFNAR1/2, in CD4+ cells from HTLV-1-infected individuals. When cells
infected with HTLV-1 are cultured in vitro, Tyk2 and STAT2, two essential molecules in the
initiation chain of the IFN pathway, have lower levels of phosphorylation. Additionally,
when p30 is present, the interferon response is suppressed during viral replication, which
contributes to the inhibition of TLR3 signaling [52].

These differential outcomes between infections and this SNP in different global pop-
ulations can be traced to each individual’s particular immune response, which is closely
related to his or her genetic background. Studies in immunogenetics are currently very
helpful to determine the roles in the vulnerability of infection prevention, as they consider
genetic background variables [53]. This highlights the need for more research to elucidate
the precise function of SNP alleles in the susceptibility or protection of viral diseases.

Regarding SARS-CoV-2, Dhangadamajhi et al. (2021) examined the potential rela-
tionship between this TLR3 variant and COVID-19 based on open international genomic
databases of world populations and came to the conclusion that SNP is related to sus-
ceptibility to disease and mortality [54]. Although flaws in the analysis were discovered,
Pati et al. (2021) revealed these facts in a publication so that the scientific community can
carefully assess the findings of the previous article [55]. A five-year-old Brazilian male
patient who was the subject of another case study was thought to be susceptible to hepatitis
C due to SARS-CoV-2, but the genotyping of the SNP under discussion in this analysis
failed to identify the mutant allele (T) in this person [56]. Due to the applied methodology,
letters to the editor and case studies were excluded from this meta-analysis.
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This present meta-analysis is a pioneering investigation of the evaluation of infections,
in general. However, previous meta-analyses have already examined associations between
this SNI* and particular infections, including one that reported a relationship between
this SNI and HIV-1 (which played a protective role for this infection) [57]; the significant
association between the mutant allele and the risk of HBV infection [55]; an estimate of an
almost two-fold increase in the risk effect for both HBV and HCV infections [59].

This study is constrained by the following factors: (1) the variation in definitions of
disease cases from various studies; (2) the heterogeneity of the SNP acting as a potential
bias in characteristics such as ethnicities and ages of different populations due to the
phenomenon of a genetic background; (3) the methodology used; (4) the need to evaluate
the data of interactions between gene and environmental factors.

5. Conclusions

The SNP of the TLR3 gene, rs3775291, which is related to viral infections, has been
linked to the protection, susceptibility, and severity of a number of diseases. Although this
polymorphism has been extensively investigated, there is debate over which allele would
be linked to the severe form of the illness, as in the case of studies on TEEV infection.

Despite this, the meta-analysis allows the verification of SNP behavior between pop-
ulations, which can be linked to susceptibility in the cases of Americans and Asians or
protection against disease in the case of those living on the European continent. To further
understand the role of this SNP in infection and the development of novel pharmaceu-
tical medicines that aid in the treatment. Further research focusing on various diseases,
particularly those caused by viruses and the analysis of people from other countries, may
be helpful.
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Abstract: COVID-19 is an infectious disease caused by coronavirus 2 of the severe acute syn-
drome (SARS-CoV-2). Single nucleotide polymorphisms (SNPs) in genes, such as TLR2, responsible
for an effective human immune response, can change the course of infection. The objective of
this article was to verify associations between epidemiological factors and TLR2 SNP rs3804100
(Thymine [T] > Cytosine [C]) in professionals from Health Institutions (HI) who worked during the
first pandemic wave and COVID-19. A case-control study was conducted with Belém-PA HI workers
(Northern Brazil), divided into symptomatology groups (Asymptomatic-AS; n = 91; and Symptomatic-
SI; n = 123); and severity groups classified by Chest Computerized Tomography data (symptomatic
with pulmonary involvement—SCP; n = 35; symptomatic without pulmonary involvement—SSP;
n = 8). Genotyping was performed by Sanger sequencing, and Statistical Analysis was conducted
through the SPSS program. Bioinformatics servers predicted the biological functions of the TLR2 SN
There were associations between the presence of comorbidities and poor prognosis of COVID-19
(especially between symptomatology and severity of COVID-19 and overweight and obesity) and
between the sickness in family members and kinship (related to blood relatives). The homozygous
recessive (C/C) genotype was not found, and the frequency of the mutant allele (C) was less than
10% in the cohort. No significant associations were found for this SNP in this cohort. The presence of
SNP was indicated to be benign and causes a decrease in the stability of the TLR2 protein. These data
can help the scientific community and medicine find new forms of COVID-19 containment.

Keywords: TLR2; single nucleotide polymorphism; COVID-19; epidemiology

1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), a species of beta-coronavirus. Zoonotic-
originating disease (probably due to bat overflow) in most cases typically causes signs
and symptoms similar to those of influenza, and in about 10 to 20% of cases, it can lead
to pneumonia through acute respiratory distress syndrome (ARDS) for 8 to 14 days with
dyspnea and reaching hypoxemia, in addition to being asymptomatic [1].

Due toits high transmissibility (through expelled respiratory droplets, aerosols, surface
contamination, and fomites), the disease spread rapidly throughout the world [2]. In this
context, the World Health Organization (WHO) classified it as a pandemic and public
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health emergency of international concern just three months after the identification of the
first case [3]. After the notification of the pandemic, more than 500 million confirmed cases
and about 6 million deaths were registered worldwide, with two waves that had already
been notified in several countries, such as Brazil, in some cases, a third wave and a possible
fourth wave were announced due to the new variants of the virus [4]. Thus, the number of
cases of COVID-19 continues to rise.

Brazil is the second country with the highest number of deaths from the disease [4].
According to epidemiologists, the first wave of COVID-19 in Brazil began on 25 February
2020 and ended around 31 October 2020 [5,6]. In particular, in Brazil, the first wave of the
pandemic was characterized by the difficulty in detecting asymptomatic individuals and
the deficient policy of availability of diagnostic tests in the country with respect to mass
tests for COVID-19, due to the lack of central political leadership in the provision of health
networks in the planning and promotion of their management [7,5].

Reference diagnosis is based on reverse transcription polymerase chain reaction (RT-
PCR), and the association between laboratory and tomographic findings by Chest Com-
puted Tomography (CCT) may be present, even in initial symptomatic patients [9-11]. In
the first wave of the pandemic, due to the fragile system of availability of confirmatory
tests, the considerable increase in cases, and the proximity of disease symptoms to flu
syndromes, the WHO recommended that people who had at least two of the suggestive
symptoms should already be classified as cases of the disease, which was also adopted by
the Brazilian Ministry of Health [12,13].

Different clinical manifestations and evolutions of COVID-19 can be related to several
factors, from the viral amount to which the individual is exposed (viral load) to sociode-
mographic, behavioral, immunological, and genetic aspects of the host [14]. The immune
system plays a key role in the fight against Severe Acute Respiratory Syndrome—SARS [15].
In fact, the innate immune system is capable of recognizing the molecular structures
produced by SARS-CoV-2 infection (by virus invasion) [16].

From this perspective, Toll-like Receptors (TLRs) are genes discovered, initially in
the 1980s in flies of the genus Drosophila and later in mammals, in which they encode
transmembrane proteins, characterized by the presence of an extracellular domain N-
terminal rich in leucine repeats (LRR) and acting as pattern recognition receptors (PRRs)
for the development and activation of the innate immune system by recognizing pathogen-
associated molecular patterns (PAMPs) of invading agents. Each TLR can recognize specific
types of PAMPs and/or Damage-Associated Molecular Patterns (DAMPs) [17].

In the case of SARS-CoV-2 infection, TLR2 can track beta (f)-coronavirus infection
through recognition of the E protein, inducing the release of pro-inflammatory cytokines
such as TNF-a and interferon-gamma (IFN-y) [18]. Therefore, there is significant cytokine
production in the body and a contribution to the generation of adaptive immunity by
monitoring the expression of costimulatory molecules for defense against pathogens, as in
the case of SARS-CoV-2 [19].

The immunogenetic aspects of the host in relation to infection can be investigated,
for example, through single nucleotide polymorphisms (SNPs), which encode an amino
acid alteration in genes responsible for an effective human immune response, thus altering
the course of viral infection [20]. It is necessary to understand the importance of host
immunogenetic heterogeneity in the TLR2 gene for the evolution of COVID-19 to create
strategies to cope with the disease. TLRs play a key role in generating and maintaining
the innate immune response, in addition to guiding the adaptive immune response in
infections. Therefore, SNPs in these genes can generate different levels of receptor expres-
sion, generating uncoordinated immune responses through excessive or reduced cytokine
production [21-23].

Tuberculosis (TB), an essentially lung disease, was the disease most studied for the
SNP rs3804100 in the TLR2 gene in different populations [21]. This may be linked to the fact
that the highlighted gene is the main receptor for lipoproteins in mammals, derived from
a variety of bacteria, such as the agent Mycobacterium tuberculosis. In addition, TLR2 is a
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crucial factor in activating IFN-y, which promotes cellular immunity in the Th1 population
through the induction of IL-12 [24-26]. The main point of similarity between tuberculosis
and COVID-19 is the fact that both affect the respiratory system of the infected person.
In this context, it is scientifically valid to evaluate the same SNP and its associations
for COVID-19.

Therefore, in this study, we propose an evaluation of epidemiological factors and
SNP rs3804100 (Thymine to Cytosine, T to C) in the TLR2 gene of Health Institutions
professionals in the city of Belém (capital of the State of Para, Brazil) who worked during
the first pandemic wave to analyze the relationship with symptomatology and clinical
development of COVID-19. The use of the first wave of COVID-19 in this work is due to the
fact that there were still no variants of the virus that could resort to biases in the analysis of
the evolution of the condition of these individuals, as well as the fact that the genetic data
analyzed of these individuals reflect the observation that genetic characteristics, such as an
SNP of the TLR2 gene, do not change in an individual during his or her course of life [27].

2. Material and Methods
2.1. Study Design and Ethical Considerations

This study is characterized as observational with a quantitative analytical nature and is
classified as a retrospective case-control. It followed the recommendations of Strengthening
the reporting of observational studies in epidemiology (STROBE) [28]. This study protocol
was approved by local ethics committees, and all subjects gave their written informed con-
sent (Term of Free and Informed Consent—TCLE). This work was approved by the Research
Ethics Committee of the State University of Parai—UEPA (CAAE: 38113620.1.0000.5174)
and is related to the research project “Analise da resposta ao SARS-CoV-2 em relagao aos
achados radiolégicos e/ou a susceptibilidade genética individual”, with opinion number:
6.124.862. This research was carried out in accordance with the Helsinki Declaration [29]
and Resolution N°. 466 /2012 of the Brazilian National Health Council [30].

2.2. Settings and Participants

This study was carried out in 10 health institutions located in the city of Belém-PA,
Brazil (in the Amazon Region—Northern Brazil). They were: Policlinica Metropolitana de
Belém (PMB); Jean Bittar Hospital; Hospital das Clinicas Gaspar Vianna; Joao de Barros
Barreto University Hospital; Hospital Adventista de Belém; Dom Vicente Zico Hospital;
Women'’s Health Hospital; Institute of Hematology and Hemotherapy of Belém (IHEBE);
Psychosocial Care Center (CAPS); Secretariat of Public Health (SESPA). Institutions were
chosen randomly based on obtaining contacts that fit this study population. All partici-
pating institutions received subjects infected with COVID-19 during the period of the first
wave of the pandemic.

This study included, through a convenience sampling, 214 health, administration, and
general services professionals who actively worked in health institutions that received
individuals with COVID-19 in the period between 1 April 2021 and 30 June 2020, exposed
directly and daily to SARS-CoV-2, since during this period all individuals who worked
in health institutions can be considered directly exposed to SARS-CoV-2 [31]. During this
period, all people who worked in health institutions can be considered exposed to SARS-
CoV-2 since safety protocols were not yet well established, there was overcrowding in
health institutions, masks were scarce, and the N95 mask was not used [32].

2.3. Variables and Division of Cohort in Groups of This Study

These professionals were first divided into two groups. Group 1, which is made up
of individuals who were in constant contact with a patient with COVID-19 throughout
the first wave but did not report symptoms of COVID-19, was called asymptomatic (AS),
and group 2, composed of professionals who were also in direct contact and reported at
least two characteristic symptoms of COVID-19 (with or without COVID-19 testing), was
designated as symptomatic (SI).
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The presentation of two of the main symptoms suggestive of COVID-19 infection and
that these symptoms were related to the characteristic clinical presentation of the first wave
of COVID-19 (dyspnea, fever, or dry cough) was considered a symptomatological iliness
criterion [33,34].

The second division, from the perspective of aggravation, is composed of groups 3 and
4, which are individuals from group 2, who performed Chest Computerized Tomography
(CCT). Group 3 consisted of individuals who reported at least two symptoms and also
reported pulmonary impairment > 10%, named symptomatic with pulmonary involvement
(called SCP), and group 4 also reported at least two symptoms of COVID-19 and had a CCT
with a result without lung injury, this group was named symptomatic without pulmonary
involvement (called SSP). The evaluation of severity by CCT in COVID-19 is what was
recommended by the Ministry of Health and WHO [35,36].

Questionnaires developed by this study group were evaluated for epidemiological
analysis and possible correlation with the genetic data of these individuals. Information
such as signs and symptoms related to the period of the first wave, sex, age, occupation,
and comorbidities was used. CCT data were added based on the patient’s self-report
while completing the questionnaire. These data were collected from 1 November 2021
to 1 November 2022. Professionals in health, administrative, and general service areas
who did not work from April to June 2020 in places that directly assisted patients with
COVID-19 or individuals who did not accept to participate in the research or who did not
sign the consent form were excluded from the survey. The sampling and its appropriate
groups are represented in Figure 1.

Group 1 (a=91)

Professionals from Health
Institutions of Belém

AS

Genetic Analysis

Group 4 (2=08)

<
SCP e

Evahation of
Questionnai

Figure 1. Sample Processing and Classification Flowchart.

98



Genes 2023, 14, 1907

99

50f21

2.4. Sample Collection, DNA Isolation, and Amplification of the Samples by Polymerase Chain
Reaction (PCR)

Sample collection was carried out between 1 June 2021 and 30 March 2022. Blood sam-
ples were taken from professionals who got sick and who did not get sick by venipuncture
in 5 mL EDTA tubes, stored at —20 °C for later laboratory procedures in the Molecular
Biology Laboratory—LABIMOL, Bacteriology and Mycology Section (SABMI) of the Evan-
dro Chagas Institute (IEC). DNA extractions were performed using the DNeasy Blood
and Tissue Kit (QIAGEN®, Venlo, The Netherlands), following the manufacturer’s instruc-
tions. For all these professionals, the SNP rs3804100 of TLR2 was evaluated to correlate
with the susceptibility and severity of COVID-19. The SNP information (SNP ID) of TLR2
was retrieved from the National Center for Biotechnology Information—NCBI, dbSNP
(http:/ /www.ncbi.nlm.nih.gov /snp/; accessed on 1 January 2022) [37].

The typification of the SNP of the TLR2 gene was carried out by sequencing through
amplification of the DNA by the nucleotide primers (primers) for the Polymerase Chain
Reaction—PCR, which were designed by the Primer3Plus program version 2.0 (http:
/ /www.bioinformatics.nl/primer3plus /; accessed on 10 December 2021) [38] from the
respective genomic regions deposited in GenBank [39]. Thus, 1 primer (with Forward
Strand—ACCGGAGAGACTTTGCTCAC and Reverse Strand—GCTTGCTGCTCCTGAGTGAA,
437 base pairs) at the 5’ Binding site 153704120 and reference NC_000004.12 were designed
for use and amplification [37]. They were performed with Platinum Taq DNA Polymerase,
DNA-free (Invitrogen®, Thermo Fisher Scientific Corporation, Waltham, MA, USA) using
the following conditions in a thermocycler: initial denaturation at 95 °C for 1 min, followed
by 35 cycles of denaturation at 95 °C to 30 s, annealing at the appropriate temperature
for this primer (65 “C) for 30 s, extension at 72 °C to 1 min, and after that, final exten-
sion at 72 °C for 10 min [40]. The amplified products were subjected to electrophoresis
in a 2% agarose gel containing 3.0 uL of Sybr Safe (Invitrogen®, Thermo Fisher Scien-
tific Corporation, Waltham, MA, USA) to visualize the amplified DNA fragments in a
photodocumenting device.

2.5. Running Samples in Capillary Electrophoresis

Purification of PCR products was performed using the EasyPure PCR Purification Kit
(TransGen Biotech Co.”, Beijing, China), according to the manufacturer’s recommenda-
tions. The already purified amplified products were submitted to the sequencing reaction
following the instructions of the BigDye X-Terminator kit to the ABI 3130 Genetic Analyzer
sequencer (Applied Biosystems®, Life Technologies, Thermo Fisher Scientific Corpora-
tion, Waltham, MA, USA) for visualization and analysis of the areas of interest of SNP
through the Bioedit program version 7.2.5 [41], respectively, with subsequent performance
of BLAST on the NCBI website (https:/ /blast.ncbinlm.nih.gov/Blast.cgi/; accessed on 15
August 2023).

2.6. Presentation of Data and Statistical Analysis of Results

Information regarding laboratory results was organized in a database using the Mi-
crosoft Office Access program (Microsoft Corp®, Redmond, WA, USA) and presented
thmugh graphs or tables generated by the Microsoft Office Excel program (Microsoft
Corp.”, Redmond, WA, USA). The observed proportions of the presence of the SNP within
each studied group were analyzed with the aid of IBM SPSS Statistics v. 26.0 software
(IBM Corp.”, Armonk, NY, USA), using the G, two-tailed chi-square (x?), and Fisher’s
exact tests to verify the association between variables arranged in 2 x 2 tables. An Odds
Ratio (OR) test with a 95% confidence interval (CI) was used to assess the association
between exposure and the outcomes of interest. A probability (p) < 0.05 was considered
statistically significant.

Genotype frequencies were tested for the Hardy-Weinberg Equilibrium (HWE) us-
ing the chi-square (x?) test with p < 0.001 as the cut-off point for the significance level
through Arlequin version 3.5.1.2 [42,43]. The G*Power software version 3.1.9.7 was used to
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determine the power of the sample size using a goodness-of-fit Chi-squared test [44]. In
addition to that, the biological functions of the SNP were evaluated by PolyPhen-2 (Poly-
morphism Phenotyping, http://genetics. bwh.harvard.edu/pph2/; accessed on 22 January
2023) through the UniProt Database Entry 060603 (Human TLR2) [45], while protein struc-
tural stability was evaluated using I-Mutant 2.0 with Protein Data Bank—PDB Code 2Z7X
(https:/ /folding.biofold.org /i-mutant/i-mutant2.0.html /; accessed on 27 March 2023) [46].

3. Results
3.1. Power of Sample Size, Normality of Variables, and Hardy-Weinberg Equilibrivm (HWE)

The power of the sample size was estimated using Chi-square quality-of-fit for symp-
tomatic (N = 123) and asymptomatic individuals with COVID-19 (N = 91), with an « error
probability of 0.05 and an effect size of 0.3. The actual real power (1-p error probability)
was 0.99, which is greater than 0.80, i.e., statistically acceptable [44]. The variables analyzed
in this study were disposed of in a categorical and nonparametric way, characterized by
an absolute count and percentage. The SNP rs3804100 was in agreement with the HWE
(p =093).

3.2. Baseline Characteristics Associated with COVID-19 Symptomatology among Individuals in
the Belém Professional Cohort

The epidemiological characteristics and comorbidities associated with the cohort are
presented in Table 1. There were no statistically significant differences between the age
group and sex categories and COVID-19 (p > 0.05). However, with respect to pre-existing
comorbidities in these subjects, the absence of comorbidities was associated with the group
of asymptomatic individuals, in which the absence of comorbidity is associated with a two
times greater chance of being asymptomatic (p = 0.0034; OR = 2.61 [95% CI = 1.35-5.01]).
The number of comorbidities was also a significant factor for symptomatology in the in-
dividuals, and, therefore, the presentation of two or more comorbidities was statistically
significant and was present only in the symptomatic group (p = 0.020; OR = 0.66 [95%
CI = 0.54-0.81]). The types of comorbidities are shown in Table 1. Among these, the pres-
ence of Diabetes Mellitus or Overweight and obesity were associated with the group of
people with symptoms of COVID-19 (p = 0.021, OR= 0.56 [95% CI = 0.49-0.63]; p = 0.003,
OR = 4.17 [95% CI = 1.52-11.40], respectively).

Table 1. Epidemiological characteristics of professionals exposed to SARS-CoV-2.

s AS (n=91) SI (n =123)
Variable n (%) (%) n (%) p-Value
Age group
19-34 years 40 (44%) 63 (51.2%)
35-50 years 43 (47.2%) 49 (39.9%) p>0.05
>50 years 8 (8.8%) 11 (8.9%)
Sex
Female 67 (73.6%) 81 (65.9%)
Male 24 (26.4%) 42 (34.1%) P8
Presence of pre-existing comorbidities
No comorbidities 75 (82.4%) 79 (64.2%) =0.00343
With comorbidities 16 (17.6%) 44 (35.8%) P
Quantity of comorbidities
1 comorbidity 16 (100%) 32 (72.73%) p=0020"

>2 comorbidities 0 (0%) 12 (27.27%)
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Table 1. Cont.
. AS (n=91) SI (n =123)
Variable n (%) n (%) (%) p-Value
Types of comorbidities
Asthma 4(25%) 11 (18.33%) p>0.05
Cardiopathies 0 (0%) 4(6.67%) p =005
Diabetes mellitus 0(0%) 7 (11.67%) p=0.021°
Systemic Arterial Hypertension (SAH) 5 (31.25%) 10 (16.67%) p>005
Overweight and obesity 5 (31.25%) 24 (40%) p =0.003 4
Autoimmune disease 2 (12.5% 0 (0%) p>0.05
Kidney disease 0(0%) 1(1.66%) p>005
Pulmonary fibrosis 0 (0%) 1(1.66%) p>005
Glaucoma 0 (0%) 2(3.33%) p>005
Profession category
Administrative 23 (25.3%) 37 (30.1%) p>005
Healthcare professional 56 (61.5%) 65 (52.8%)
General Services 12 (13.2%) 21 (17.1%)

Caption: AS = Asymptomatic Group; SI = Symptomatic Group. Note: * OR =2.61 (95% CI =1.35-5.01);® OR = 0.66
(95% CI = 0.54-0.81); < OR = 0.56 (95% CI = 0.49-0.63); ¢ OR =4.17 (95% CI = 1.52-11.40).

Table 2 shows the analysis between the AS and SI groups and the illnesses of their
family members. Thus, it was found that blood relatives who live with professionals had
2.33 higher chances of becoming ill (p = 0.016; OR = 2.33 [95% CI = 1.16-4.69]).

Table 2. Kinship and housing relationships of family members of individuals exposed to SARS-CoV-2.

AS(n=91) SI(n=123)

Variable n (%) Kinship n (%) n (%) p-Value
Getting sick
Relatives who did not get sick 38 (41.76%) 40 (32.52%) p>005
Relatives who became ill s ) 53 (58.24%) 83 (67.48%)
Living with the research participant oo Rsine 24 (45.28%) 58 (69.88%) p=0.016*
Not living with the research participant 29 (54.72%) 25 (30.12%)
Getting sick in the same household
Relatives who did not get sick Non-blood relatives 64 (70.3%) 73 (59.3%) p>005
Relatives who became ill 27 (29.7%) 50 (40.7%)

Caption: AS = Asymptomatic Group; SI = Symptomatic Group. Note: # OR = 2.33 (95% CI = 1.16-4.69).

3.3. Baseline Characteristics Associated with the Severity of COVID-19 among Individuals in the
Cohort of Professionals from Belém

The epidemiological characteristics and associated comorbidities were also analyzed
in relation to the severity of the disease (between the AS, SCF, and SSP groups), according
to the tomographic results of the subjects, and are displayed in Table 3.

Comparison between the AS and SCP groups showed that people with pre-existing
comorbidities are 8 times more likely to have lung injuries (p < 0.001; OR = 7.9 [95%
CI = 3.31-18.98]). Analysis between the SCP and SSP groups demonstrated a 10-fold in-
crease in the risk (p = 0.016; OR = 10.26 [95% CI = 1.14-92.25]) of having pulmonary
involvement in symptomatic individuals with pre-existing comorbidities. In the com-
parison between the AS and SCP groups, no asymptomatic individual had two or more
comorbidities (p= 0.012; OR = 0.48 [95% CI = 0.33 = 0.69]).
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Table 3. Epidemiological characteristics of this cohort of professionals exposed to SARS-CoV-2 in the
first wave of the pandemic based on COVID-19 severity.

AS sCp Ssp

. p-Value p-Value p-Value
i o ks sy ) (ASvs.SCP)  (ASvs.SSP)  (SCPvs. SSP)
Age group
19-34 years 40 (44%) 12(34.3%) 4 (50%) p>0.05 p>0.05 p>0.05
35-50 years 43 (47.3% 18(51.4%) 4 (50%)
>50 years 8(8.8%) 5 (14.3%) 0
Sex
Female 67 (73.6%) 21 (60%) 6 (75%) p>0.05 p>005 p>0.05
Male 24 (26.4%) 14 (40%) 2 (25%)
Presence of pre-existing comorbidities
No comorbidities 75 (82.4%) 13(37.1%) 7 (87.5%) p<0.001° p>005 p=0.016"
With comorbidities 16 (17.6%) 22 (62.9%) 1(12.5%)
Quantity of comorbidities
1 comorbidity 16 (100%) 15 (68.2%) 0 p=0012° p>005* p>0.05
>2 comorbidities 0 7 (31.8%) 1(100%)
Types of comorbidities
Asthma 4(25%) 6(18.75%) 1 (50%) p=0018¢ p>0.05* p>0.05
Cardiopathies 0 2 (6.25%) 0 p=0.022° - p>0.05
Diabetes mellitus 0 4(12.5%) 0 p=0001f - p>0.05*
0) .75% = (. >0.05% > (0.
Systemic arterial hypertension 5(31.25% 6 (18.75%) 0 p=0.0388 p>0.05 p>0.05*
Overweight and obesity 5(31.25%) 12 (37.5%) 1 (50%) p<0001h p>005* p>0.05
Autoimmune disease 2(12.5%) 0 0 p>005* p>005* -
Pulmonary fibrosis 0 1(3.125%) 0 p>005* - p>0.05*
Glaucoma 0 1(3.125%) 0 p>005* - p>005*
Profession category
Administrative 23 (25.3%) 6(17.1%) 2 (25%) p>0.05 p>005 p>0.05
Healthcare professional 56 (61.5%) 25(71.4%) 6 (75%)
General Services 12(13.2%) 4(11.4%) 0

Caption: AS = Asymptomatic Group; SCP = Symptomatic Group with Pulmonary Compromise; SSP = Symp-
tomatic Without Pulmonary Compromise. Note: * OR = 7.9 (95% CI = 331-18.98); b OR = 1026 (95%
Cl=1.14-92.25); € OR = 0.48 (95% CI = 0.33 = 0.69); ¢ OR = 4.5 (95% CI = 1.18-17.06); * OR = 0.26 (95%
C1=0.19-0.35); ' OR = 025 (95% CI = 0.18-0.34); ¥ OR = 355 (95% CI = 1.01-1253); " OR = 8.97 (95%
Cl = 2.86-28.06). * Fisher's Exact Test.

The distribution and proportion of the number of individuals with or without comor-
bidities and lung injury in the AS and SCP groups is shown in Figure 2, which reports
that symptoms and lung damage are present only in those with 2 or more comorbidities
(100%). In these groups (AS and SCP), the analysis found that asthma (p = 0.018; OR = 4.5
[95% CI = 1.18-17.06]), cardiopathies (p = 0.022; OR = 0.26 [95% CI = 0.19-0.35]), Diabetes
Mellitus (p = 0.001; OR = 0.25 [95% CI = 0.18-0.34]), Systemic Arterial Hypertension—
SAH (p = 0.038; OR = 3.55 [95% CI = 1.01-12.53]), and overweight and obesity (p < 0.001;
OR = 8.97 [CI 95% = 2.86-28.06]) were significantly correlated; however, for the other inves-
tigations between the AS and SSP and SCP and SSP groups and types of comorbidities, no
significant associations were observed.

The distribution of individuals with family members who were sick or not and their
relationship with kinship and cohabitation were characterized in Table 4 according to
the severity groups of the disease. From a family point of view, there was a significant
association between two times higher chances of severe illness in family members of
study subjects when comparing the SCP with the AS group (p = 0.022; OR = 2.86 [95%
CI = 1.13-7.24]). Relatives living with the research participant had about seven times more
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chances of being part of the SSP group in comparison with being a relative of the AS group
(p = 0.04; OR = 7.25 [95% CI = 0.81-64.45]).

Groups

BAs
© msce

No comortidties 1 comorbidity *2 comortxdlies
Number of comorbidities

Figure 2. Graphic representation in bars of the absolute and relative number of pre-existing comor-
bidities in relation to the gravity between the groups of AS and SCP individuals in the cohort.

Table 4. Kinship and housing relationships of family members of individuals exposed to SARS-CoV-2
according to the COVID-19 severity of this cohort of professionals.

5 * SO AS (n=91) SCP (r = 35) SSP (n = 08) p-Value p-Value p-Value
Vattable w (%) Kinship u (%) (%) n (%) (ASvs.SCP)  (ASvs.SSP)  (SCP v. SSP)
Getting Sick
Relatives who did not get sick 38 (41.76%) 7(207%) 1(12.5%) p=0.022* p=005 p>0.05
Relatives who became ill 53 (5824%) 28 (80%) 7 (87.5%)

Living with the 3 . g ot = b
research participant Blood relatives 24 (4528%) 18 (64.29%) 6 (B5.71%) p>005 p=00 p>005

Not living with the ’ o o
iisiiich partit st 29 (54.72%) 10 (35.71%) 1(14.29%)
Getting sick in the same houschold

Relatives who did not ’ &

. 64 (70.3%) 20(57.1%) 5(62.5% > 005 > 0.05 >0.05
B Relatives who did not gy v ( : ? £ d
ves w ™o 2
l tives "

— relatives 27 (29.7%) 15 (42.9%) 3(37.5%)

Caption: AS = Asymptomatic Group; SCP = Symptomatic Group with Pulmonary Compromise; SSP = Symp-
tomatic Without Pulmonary Compromise. Note: * OR = 2.86 (95% CI = 1.13-7.24); b OR = 7.25 (95%
C1 =0.81-64.45).

3.4. Genotyping Data for TLR2 SNP rs3804100 Related to Symptomatology and Severity
of COVID-19

Genotyping of the TLR2 SNP rs3804100 is described below, with proportions and
associations always being performed by observing the wild-type SNP allele (T) in relation
to the mutant (C). For the SNP rs3804100, samples of 214 individuals from the cohort
were sequenced, which were analyzed based on the distribution of alleles and genotypes
(Figures 3 and 4). No participant in all groups in this research had the C/C genotype
(homozygous recessive genotype). Table 5 shows the absolute and relative frequency and
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associations of the genotypes and alleles found for the SNP rs3804100 in this cohort in
relation to the AS and SI groups.

TLR2
SNPGenot“es
(rs3804100)
mr
|TCc

Figure 3. Genotypic distribution of the rs3804100 polymorphism in the sampling.
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Figure 4. Allelic distribution of the rs3804100 polymorphism in the sampling. Source: Prepared by
authors in Microsoft Office Excel 365 (2023).
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Table 6 analyzes the absolute and relative frequency of the genotypes and alleles found
for the SNP rs3804100 in this cohort in relation to the severity groups of the disease. No
participant in the SSP group of this research had the T/C or C/C genotypes.

Table 5. Genotyping of this cohort of professionals for the TLR2 SNP rs3804100 for symptomatology
association.

3 AS (n=91) SI (n = 123)
Genotyping n (%) (%) n %) p-Value
T/T 83 (91.2%) 111 (90.2%) p>005
T/C 8(8.8%) 12 (9.8%)
T (wild allele) 174 (95.60%) 234 (95.12%) p>005
C 8 (4.4%) 12 (4.88%)

Caption: AS = Asymptomatic Group; SI = Symptomatic Group.

Table 6. Comparative genotyping of this cohort of professionals for the analyzed TLR2 SNP related
to COVID-19 severity.

Genotyping n AS (n=91) SCP (n = 35) SSP (n = 08) p-Value p-Value p-Value
(%) n (%) n (%) (%) (AS vs. SCP) (AS vs. SSP) (SCP vs. SSP)
TLE 83(91.2%) 31 (88.6%) 8 (100%) p>0.05 p>0.05 p>0.05
T/C 8(8.8%) 4(11.4%) 0
T (wild allele) 174 (95.6%) 66 (94.3%) 16 (100%) p>005 p>005 p>0.05
C 8 (4.4%) 4(5.7%) 0

Caption: AS = Asymptomatic Group; SCP = Symptomatic Group with Pulmonary Compromise; SSP = Symp-
tomatic Without Pulmonary Compromise.

3.5. Analysis of the Characteristics of the Non-Synonymous Mutation rs3804100

Functional instability in proteins can occasionally result from structural alterations
in amino acid residues due to variations in protein translation. While I-Mutant 2.0 em-
ploys a support vector machine (SVM) for the automated prediction of protein stability
changes after mutations, PolyPhen-2 works with the sequence, structural, and phylogenetic
information of mutations [47].

Using PolyPhen-2, the mutation score, which ranges from 0 to 1, is considered to evalu-
ate if it is harmful. A mutation is considered harmful if the score is close to 1 [48]. I-Mutant
2.0 predicts changes in protein stability (which determines a protein’s conformational form)
using free energy change values (AAG), where a negative value of AAG denotes a protein’s
declining stability and AAG > 0 suggests an increase in stability in the protein’s structural
conformation. Misfolding, protein breakdown, or abnormal protein aggregation can all
result from changes in protein stability [49].

PolyPhen-2 results demonstrated a Benign effect (most likely lacking any phenotypic
effect on protein structure or function) prediction for the presence of a mutation in the
TLR2 gene, with a score of 0.002, while I-Mutant 2.0 showed a decreased stability to the
protein, with a AAG of —1.35. The 3D model generated by PolyPhen-2 for visualization of
structural alterations by the TLR2 SNP rs3804100 is shown in Figure 5.
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Figure 5. Three-dimensional model of the human TLR2 protein with colored marking in the amino
acid change region (Ser450Arg) in its structure due to the presence of the SNP rs3804100. Source:
Generated by the PolyPhen-2 server through the Protein Data Bank (PDB)/DSSP Database with
UniProt Database Entry 060603 (Human TLR2) and Entry ID 6NIG.

4. Discussion

Risk factors are conditions that increase the likelihood of becoming ill due to a health
problem or infectious disease. The most important host risk factors for COVID-19 infection
are age, male gender, and comorbid chronic conditions such as hypertension, type 2
diabetes mellitus, obesity, etc. [50]. CCT can be used in symptomatic patients, even with
reports of greater sensitivity; however, with limited specificity in relation to virus detection
by the standard molecular test [10]. Regarding the use of tomographic results to assess the
severity of the disease, this division was chosen to verify whether the group considered
more severe had more significant changes, and the SCP group, due to presenting pulmonary
involvement greater than or equal to 10%, was considered the most serious parameter [51].

Although it was not possible to characterize bilateral pneumonia with ground-glass
manifestation in CCT in these individuals, this analysis of the severity of the disease
was carried out in conjunction with the investigation of symptoms suggestive of COVID-
19 (particularly to the first pandemic wave) in study professionals directly exposed to
the virus. This perspective was considered for the methodology, taking into account
the Brazilian reality at the time of scarcity of diagnostic tests and the low availability of
individual and collective protective equipment (EPIs/EPCs) in health services (a situation
that was still more pronounced in regions far from large urban centers, such as the Amazon
Region), and it reduces the risk of bias in relation to the diagnostic question of the research
subjects [52-54].
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In the present case-control study, the age group did not have a significant relationship
between any analyses of the groups involved; however, it must be taken into account that
the sample had a work requirement, with most individuals in the 19-50 age category, which
represents a percentage of 91.12% of the total number of participants in the cohort, while the
age group over 50 years was only 8.88% of the total, with 8.8% in the asymptomatic group
and 8.9% in the symptomatic group. The literature reports that SARS-CoV-2 can infect
people of any age; however, it is significantly less prevalent and frequently asymptomatic
in children and young adults under the age of 14, and, in the first pandemic wave, before
the availability of vaccination, the median age of death of the disease was 75 years [55,56].

With regard to gender, no significant statistical associations were observed either, so
that all groups had a majority of female members; however, the gender sampling also
has an employment relationship, since, in occupational positions in the area of health,
the presence of female employees is greater [57]. Nevertheless, the literature indicates
a greater risk of severity for men. In an intensive care unit (ICU) cohort from Italy, 82%
were men [55]. This disparity in the severity and mortality of COVID-19 may be partially
explained by sex-based variations in the expression of the ACE2 receptor and TMPRS52 [59].
The patient’s profession category did not show significant differences between the groups
analyzed, regardless of being in the administrative sector, general services, or professional
in the health area.

Comorbidities are observed in 24% to 51% of hospitalized patients but in 68% to
72% of ICU patients, indicating that severe COVID-19 is related to them [60]. Among
the comorbidities found in this current cohort, Overweight and obesity, and Diabetes
Mellitus were significantly associated with symptomatic individuals. Furthermore, it
was observed that in the SCP group, 62.9% (22/35) had at least one comorbidity. The
most frequent comorbidities were descending: overweight and obesity (38.16%); systemic
arterial hypertension and Asthma (19.74% each); Diabetes mellitus (9.21%); heart diseases
(5.26%); glaucoma and autoimmune diseases (2.76% each); kidney disease and pulmonary
fibrosis {1.32% each). These data are corroborated by the risk factors already observed for
COVID-19 in the literature [60,61].

Numerous endocrine changes, including cortisol insufficiency, hypogonadism, and
hypothyroidism, play a role in mediating the negative correlation between obesity and the
results of COVID-19 [62]. Due to a possible intensification of the inflammatory response to
COVID-19 infection and the resulting changes in T cell-mediated immunity, persistent in-
flammation in obese individuals is hypothesized to be a contributing factor to the observed
higher mortality [63-65].

Different regions of the world showed varying prevalence rates of COVID-19 among
asthmatics. Although early research from China found a low frequency of asthma among
COVID-19 patients [66-69], some US data [70] suggested an increased prevalence of COVID-
19 among children with asthma compared to the adult population (14.4% versus 7.8%,
respectively), and, in the USA, it is a risk factor for hospitalization [71]. In Europe, there
were regional differences in the prevalence of asthma [72-76]. An American study also
found that asthma was independently related to a longer intubation time for COVID-19.
Obese people with the coexistence of asthma are at much higher risk of a deteriorating
illness course from the illness [77].

These variations in epidemiology might be caused by several factors. Various studies
use various methods to diagnose asthma, which can lead to overdiagnosis or underdiagnosis.
Furthermore, the prevalence of asthma varies by county, which may be the result of variations
in environmental exposure, socioeconomic status, and genetic predisposition [78].

The severity and mortality of COVID-19 appear to be correlated with the presence of
diabetes mellitus and individual hyperglycemia levels. Poor glycemic control increases
the likelihood of SARS-CoV-2 infection in diabetics and increases the death rate, treatment
requirements, and hospitalizations [79]. Cardiovascular illnesses such as myocarditis, ar-
rhythmia, cardiogenic shock, heart failure, and other thromboembolic events are caused by
the effect of the infection on the cardiovascular system. In addition to hypertensive individ-
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uals, the vascular endothelium can activate monocytes, resulting in almost uncontrollable
cytokine production that may have a connection to COVID-19 [50].

In this present study, it was also possible to verify that, although not statistically
significant, in the symptomatic group, 67.48% of the consanguineous relatives of these indi-
viduals became ill, and, among these relatives, 69.88% of the household members became
ill, with about seven times greater chance of becoming ill compared to the extradomiciliary.
These data suggest that the illness of family members was influenced by contact in the
same house with health professionals. These data suggest that family illness is linked
to an association of genetic and environmental factors. Regarding ambiental aspects, it
is known that to prevent the spread of SARS-CoV-2 infected viral particles and aerosols,
it is recommended to avoid interpersonal contact, wash your hands after touching any
physical surfaces in anthropogenic settings, and adhere strictly to respiratory etiquette
rules [81]. When dealing with people who have a suspected or proven infection, quarantine
and confinement are also recommended to prevent disease fransmission [52,583].

Subjects without associated risk factors also experience symptoms and worsening
of the disease, indicating that genetic factors can also affect the condition and that SNPs
in specific genes can affect the variation in the incidence and severity of the disease by
dysregulating the host immune response. The innate immune response originates from
viral entry into the human cell. When entering the body, the first form of contact between
SARS-CoV-2 and humans is through the PRRs of antigen-presenting cells (APCs), such
as monocytes and dendritic cells (DCs), which recognize the PAMPs and DAMPs of
the virus. In this context, the main PRRs responsible for detecting this virus are TLRs,
retinoic acid-inducible I-like receptors (RLRs), nucleotide-binding oligomerization domain-
like receptors (NLRs), and absent in melanoma 2 (AIM-2) [84,85]. These proteins induce
signaling pathways, such as interferon receptor genes alpha (IFNAR) 1 and IFNAR2, which
produce interferon (IFN)-1 and IFN-IIT, mediators already considered potential inhibitors
of the virus in vitro [86].

TLR2 is an extracellular sensor present in the membrane of immune cells, such as
macrophages and DCs, that, through pairs or dimers, performs its function of detecting the
pathogen through the innate immune response. The ability of TLR2 to differentiate between
diacyl and triacyl lipopeptides is achieved by homodimerization or heterodimerization
with TLR1 and TLRS&, respectively [87]. It can recognize a number of bacterial, viral, fungal,
and parasitic agents [55].

In the case of SARS-CoV-2 infection, in vitro analysis in mice demonstrated that anti-
TLR2 therapy has positive impacts on the survival of these animals. Disruption of TLRE2
did not affect SARS-CoV-2-mediated type I IFN-a (a type of [FN-I) production but did
significantly alter [L-6 production (a marker of a poor prognosis) [15]. A study by Van
Der Sluis et al. (2022} confirmed that plasmacytoid DCs (pD{Cs) produce IL-6 in response
to TLR2 and TLR2 /6-mediated sensing of SARS-CoV-2 glycoproteins [59]. Furthermore,
there is evidence that activation of the NF-kB inflammatory pathway in COVID-19 (a
disease aggravating factor) by protein 5 is dependent on TLR2 signaling [%0]. Therefore, the
induction of TLR2 by the human innate immune system probably has more unfavorable
outcomes than a protective effect in COVID-19. However, this study focuses on specific
TLR2 genes rather than [FN or [L-6 genes because we place an emphasis on studying the
analysis of genes that encode immune cell receptors.

The human TLE2 gene is located on chromosome 4q31.3 [91]. This gene consists of
3 exons (coding regions) [92]. There are several SNPs in the TLR2 gene, including the SNP
rs3804100. The SNP rs3804100, also known as 1350T/C, is a non-synonymous mutation
of the missense type; that is, it leads to a change in the codon from an amino acid in
Serine (Ser) to Arginine (Arg) at residue 450. This SNF was first described in a study
by Butty et al. (2008) in an analysis of their susceptibility to type 1 diabetes, in which
this polymorphism did not have significant differences in frequencies between diabetic
progressors and non-progressors [93].
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The frequency of the mutant allele (C) of this SNP found in the present study for
the Amazonian population, more precisely Belém city, was 9.35%, a slightly different
percentage from that found reported in the NCBI for the Latino population. americana,
estimated at 7.52% [37]. An immunogenetic study with the same SNP in the region of
Brazil, the State of Para, but under analysis for patients with leprosy, found a frequency of
the mutant allele of approximately 4.1% and also did not find its homozygous recessive
genotype (C/C) [94].

This SNP was associated with a decrease in exonic splicing site domains, however, with
no defined function in TLR2 gene expression yet [95-97]. Therefore, this study proposes an
evaluation of the biological and conformational protein effects of this SNP in TLR2 through
computational prediction. The results demonstrated that this SNP is benign in individuals
and causes a decrease in the stability of the TLR2 protein, which may indicate an inverse
relationship to the original function of TLR2 in a given population with a disease, generated
by a possible functional instability in TLR2 that is not yet fully understood.

The presence of TLR2 SNPs in each population can functionally affect the production
of the receptor and therefore impact the generation of an effective immune response [21].
Despite having been predicted in this present work about the benign nature and the
reduction in the protein stability of TLR2 related to the presence of the SNP rs3804100
and the literary scenario more related to the patient’s worse prognosis when this gene
is more expressed, in the case of the Amazonian population, significant associations for
any investigated COVID-19 phenotype were not observed. This may simply indicate that
this gene region has different genetic variability in people from Belém in relation to other
populations, due to gene-gene and gene-environment interactions [27].

Understanding the genetic basis of the host refers to a possible correlation with the
manifestation of diseases, as genetic expression in DNA is capable of deregulating in certain
people the construction of an effective response against possible health problems [95]. So,
this present study is a pioneer in the search for associations between this TLR2 SNP and
the severity and manifestations of COVID-19 in the Brazilian population and the second to
investigate these associations with the disease worldwide. In addition to that, it sought to
predict biological functions and protein relationships related to the presence of this SNP
through bioinformatics analysis.

The study by Salamaikina et al. (2022) with a Russian population was the only study
to date investigating this SNP and COVID-19; however, it had a different objective from this
present study, which was to compare the allele frequencies of genetic polymorphisms in
TLR genes in samples obtained from individuals with pneumonia in the period before the
appearance of SARS-CoV-2 and during the COVID-19 pandemic in this same population
and with international public data from the European population. In contrast to the results
of this present research, they concluded that Russian individuals with the mutant allele
(C) of the SNP rs3804100 have a 0.32-fold greater vulnerability to COVID-19 pneumonia
compared to the group of healthy people [99].

The results of the association of SNPs can vary from one population to another due
to the background phenomenon that, together with the environmental circumstances of
each distinct population group, can determine the immunogenetic heterogeneity [100,101].
In this sense, further research is needed to better visualize epidemiological and genetic
parameters and their consequences in COVID-19. Moreover, more studies are required to
complement the information obtained, and more SNPs of the TLR2 gene must be looked
at in relation to the clinical manifestations and severity in this group or the same SNP in
cohorts with a larger sample number.

Being a retrospective study, one of the drawbacks of this study is that a COVID-19
test could not be conducted in all of the cohorts, as we were unable to reach the patients
when they were actively working on the first wave in the health centers. Additionally,
during the first wave, many healthcare providers did not perform tests for the disease, as
they were hard to come by and in short supply [102]. Since it was not possible to access
tomography data for the entire cohort, the dyspnea symptom was excluded from a possible



Genes 2023, 14, 1907

110

16 of 21

severity classification because it was impossible to define it as a COVID-19 symptom or a
psychological factor. Instead, it was only considered at the end of the analyses based on the
participants’ reports from the questionnaires. Additionally, it has memory constraints since
the data we evaluated was based on a questionnaire. Our research, however, is restricted to
the time of the first wave, which we believe individuals may continue to remember since it
was such a horrific and significant time in recent history [103,104].

5. Conclusions

This work looked for associations between risk factors and the TLR2 SNP rs3804100 in
Health Institution workers and COVID-19. In this way, a relationship was observed between
the occurrence of symptoms (SI) and comorbidity, with a higher prevalence of overweight
and obese individuals. Similarly, a relationship was established between the occurrence
of symptoms and pulmonary involvement and having two or more comorbidities, with
a higher prevalence of comorbidities such as diabetes mellitus, overweight and obesity,
systemic arterial hypertension, heart disease, and asthma.

The presence of comorbidity was also more present in the group of symptomatic
subjects with pulmonary involvement than in those with asymptomatic ones, and it also
predominated in those with lung injury to the detriment of those without lung injury.
There was an observation that 100% of the symptomatic professionals with pulmonary
involvement in the cohort had =2 comorbidities.

There was an association between sick blood relatives living in the same household
as those with symptoms and a relationship between illness in blood relatives and symp-
tomatology with pulmonary involvement (irrespective of the household). Furthermaore,
consanguineous relatives of cohort subjects without pulmonary involvement became sig-
nificantly ill at the same home.

In the genotype analysis of the TLR2 SNF rs3804100 (—1350 T/C), the homozygous
recessive (C/C) genotype was not found, and the frequency of the mutant allele (C) was
less than 10% in the cohort. Mo significant associations were found for this SN in this
cohort of Beléem Health Institutions professionals in the analysis for symptomatology or
severity. Furthermore, bioinformatics analysis suggested that the presence of this SN is
benign in individuals and causes a decrease in the stability of the TLR2 protein.

Therefore, the observed data on epidemiological and immunogenetic markers can
help the scientific community and medicine seek new forms of containment (especially
from the point of view of professionals in the clinical-hospital structure) and combat the
disease, such as those focused on anti-TLR2 therapy.
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ARTICLE INFOD ABETRACT
Keywards: The COVID-1% pandemic has highlighted the critical need for effective therapeutic strategies against viral in-
COVID-19 fections, prompring research on the functional characterization of risk-associated single nucleotide poly-
Single nucleatide palymorphism maorphisms (SNPs). This study aimed to analyze exonic SNPs that influence individual susceptibility to COVID-19
g::'::::ma] bialagy through an in silico approach. Using a comprehensive methodology, SNPs were retrieved from databases such as
i Science Direct and PubMed, categorized into intronic, exenic, UTR, splice site, and intergenic types, with a focus
an exonic SNPs. Functional analyses were performed using various bioinformatics tools to assess the effects of
synonymous and non-synonymous SNPs on mRNA structure, protein stability, protein function, and potential
therapeutic sites. The results revealed significant insights into the impact of specific SNPs on COVID-19 sus-
ceptibility. For example, the synonymous SMP rel 2252 of [FITM3 was found to have a moderate impact on mRNA
structure and binding affinity for microRNAs, while non-synonymous SNPs exhibited varying degrees of func-
tional consequences, with eight variants predicted to be deleterious (with emphasis on the TYK2 SMNP
1534536443 that was predicted to be deleterious in all analyzes). This approach facilitated the identification of
novel therapeutic targets. Finally, this research highlights the importance of understanding genetic variations in
developing personalized medicine approaches for COVID-19.
1. Introduction Understanding the implications of these genetic variations is essential

for developing personalized medicine approaches that can enhance
The COVID-19 pandemic has underscored the urgent need for treatment efficacy and reduce adverse effects (Saiti ot al., 2023; Sitinjak

effective therapeutic strategies to combat viral infections (Felsen et al., 2023; Frances et al, 2024; Yadav et al., 2023).
et al., 2020). One promising avenue of research involves the FLLTlLl]undl Recent advancements in in silico analysis provide powerful tools for
and structural characterization of risk-associated exonic single nucleo- characterizing SMNPs associated with COVID-19 risk. By employing
tide polymorphisms (SNPs). Genetic variants known as SNPs are computational methods, researchers can analyze vast genomic datasets
responsible for around 0.1 % of population differences (Cactano, 2009). to identify SNPs that may alter protein function or stability (Hashemi
These SMPs can significantly influence individual susceptibility to Sheikhshabani et al., 2024; Artani ot al., 2023). This approach not only
COVID-19, making them critical targets for therapeutic intervention. accelerates the discovery process but also minimizes the costs and time
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associated with traditional experimental methods. The integration of
bioinformatics tools allows for a comprehensive evaluation of SNPs,
facilitating the identification of those with the most significant potential
impact on disease progression (Onyango. 2023).

The characterization of exonic SNPs involves assessing their func-
tional consequences on protein structure and activity (DD et al., 2023).
Variants that lead to amino acid substitutions can disrupt protein in-
teractions or alter enzymatic functions, thereby influencing cellular re-
sponses to viral infections (5io t al., 2023; Silva et 2023a).
Additionally, understanding the structural implications of these SNPs
can reveal insights into their role in modulating immune responses,
which is particularly relevant in the context of COVID-19 (Delgado-
2024a).

In addition to identifying risk-associated SNPs, this research aims to
uncover novel therapeutic sites that could be targeted for drug devel-
opment. By mapping the structural landscape of proteins affected by
these SNPs, researchers can pinpoint regions that are amenable to

Wicke et al

therapeutic intervention. This process is crucial for designing drugs that
can effectively modulate protein function or inhibit viral replication,
ultimately improving patient outcomes (Uslu et al., 2023; Abd
24).

The significance of this research extends beyond COVID-19, as the
methodologies developed can be applied to other infectious discases and
genetic disorders (Fasano et al 2024). Moreover,
the integration of machine learning algorithms enhances the predictive
power of in silico analyses. These algorithms can identify patterns within
large datasets, enabling researchers to prioritize SNPs based on their
likelihood of contributing to disease risk. This capability is particularly
valuable in rapidly evolving fields such as virology, where timely
identification of therapeutic targets is essential (Forero et al, 2024).
Then, the purpose of the article was to characterize the functional and
structural elements of COVID-19 risk-associated exonic SNPs through in
silico analysis.

1zim

etal., 2

2024; Kumar et al

(A)

ASS 01

Identificd SNPs
ated with
susceptibility to
COVID-19 (87)
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2. Material and methods
A workflow for the complete methodology is given in Fig. 1.
2.1. SNP retrieval

Science Direct and PubMed were searched for SNPs linked with
COVID-19 until September 2024. Original research publications pub-
lished in indexed journals served as the source of the data. The biblio-
graphic search criteria for articles included in the databases were: use of
MeSH descriptors (COVID-19; Single Nucleotide Polymorphism; SARS-
CoV-2) throughout the time period analyzed in the databases and
linked to susceptibility and/or severity of COVID-19 in Portuguese,
English and/or Spanish. Five categories were created from the retrieved
SNPs: intronic, exonic, UTR, splice site and intergenic. For every SNP,
details on the mining process were obtained from NCBI dbSNP (accessed
on October 01, 2024) (Sayers et al, 2023). These details included global
minor allele frequencies (MAF), nucleotide changes, amino acid residual
changes for nsSNPs, FASTA sequences, etc.

r

2.2, Characterization of exonic SNPs

Exonic SNPs were divided into synonymous (s) and non-synonymous
(n) SNPs. Analyses were performed independently for each of these
types. Only missense nsSNPs were considered for their investigation. All
SNPs were also evaluated for mutant allele frequency (MAF) at a global
level based on the 1000 Genomes Project (Fairley et al., 2020).

2.2.1. Characterization of sSSNPs
The COVID-19-associated sSNPs were characterized as below:

2.2.1.1. Prediction of effects on mRNA structure. The prediction of sSNPs
effects on mRNA structures were based on the RNAfold server,

Exonic SNPy
(16)

Synonymous
SNPs (4)

Predicting effects on mRNA structure and mRNA splicing effects

Predicting effects on miRNA binding

Predicting the pathogenicity of variants

Non-
Synonymous
SNPs (12)

Gene-Gene Interaction

Stability, Functional
Effect and

Conservation Profile

Protein-Protein

Interaction

Fig. 1. Methodological flowchart for data analysis.
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Table 1
Analysis of mRNA structural, mENA splicing and miRNA binding effects caused by synonymous SNPs and minor allele frequency across the globe.
Gene NP 1D RNARk (Energy) Kinefold Cvelefold MaxEntScan in EX-SKIP TargetScan Global
in AAG (Keal/mal) [Prezuselak i) L] eal base AAG [Eeal/mul) (ES5/ESE/FSS:ESSE (Seore} MAF
pairings) ratio)
Without mut: 136, 137, a
IFITM 3 12252 54.30 2.6 15.2 4.33 {egual) 0.9% 7 with mut: 137, 0,37 0236
140, 0.58
Without mut: 51, 180, e
TMPRSS2  rs220BE5Q 44 19 13.8 B.42 {equal) 0.28 / with mut: 51, 183, 0,39 2200
0.8
Without mut: 99, 186, c
IL1IRN r=d 19598 15 L1} 16.6 1184 [equal) 0.53 / with mut: 94, 182, D1E 0181
.53
Without: 65, 140, 0.46 / G=
VDR 5731236 o L] 15.6 3288 (equal) With mut: 65, 143, 0.45 0.24 0076

" Frequency of existing variant in 1000 Genomes combined population.

Table 2

Analysis of functional effects caused by synonymous SNPs in humans.
Gene SHF 1D synWEP TraP FrDEM FATHMM-MEL
IFITM3 123252 Effect 0117 0.091 0064
TMPRSSZ 2268650 No effect 0.367 0.207 0028
ILIEN rsd19558 Effect 0.052 0.035 0o3a
VDR rs731236 Effect 0.002 0.01e 0035

comparing sequences with and without the presence of the targeted
mutation (http://ma.thi.univie.ac.at/cgi-bin/BRNAWebSuite /RN Afold.
" accessed on 01 October 2024). RNAfold is an essential tool in
formatics for RNA structure prediction. Algorithm employs parti-
tion function calculations in addition to free energy minimization.
RNAfold calculates the RNA structure with the lowest free energy, which
is considered the most stable configuration of the molecule (Gruber
et al., 2008).

Accurate prediction of mENA structure, including pseudoknots, can

help identify pathogenic variants. The presence of pseudoknots can in-
fluence the stability and functional activity of mRNA. More complex
structures may be required for RMA to perform specific functions, such
as regulating translation or interacting with other molecules, such as
proteins and microRNAs, The Pseudoknots server was used to predict
pseudoknots in mBNA  structure  (htep://rtips.dnabiokeioacjp/ip
knot/; accessed on 01 October 2024). For pseudoknot prediction, it
makes use of stochastic folding simulations using folding dynamic al-
gorithms and physical constraint models. It gives the helix tracing graph,
folding route video, and lowest free energy structure diagram together
with the projected Minimum Free Energy (MFE) (Zhao ot al., 2018).

Moreover, non-canonical pairings can contribute to the stability of
mRNA structure. They can help stabilize regions that would otherwise
be more susceptible to degradation, thereby increasing the longevity of
mRNA in the cell. For the prediction of non-canonical base pairings,
CycleFold was wsed (hittp://rma.urmc.rochester.edu/; accessed on 01
October 2024). It reduces free energy and predicts noncanonical base
pairs using nucleotide cyelic patterns. It provides the matrix of pairing
probabilities between each nucleotide sequence and the lowest MFE
structure (Sloma and Mathews, 2017).

KI

221.2 Prediction of mRNA splicing effecrs. MaxEntScan server was
used to compare the entropy between sequences and without the
target mutation (b llywood. mit.edu/burg
SCAT e html; aceessed on 01 October 2024). It makes advantage
of the maximal entropy principle (MEPF)-based Motif approach. Tool
delivers a score for the sequence reflecting its strength as splice site (Yeo
and Burge, 2004).

SNP' Regulatory Elements are regulatory elements of DNA regions
that influence gene expression and can be affected by SNPs. The Ex-Skip
server was able to predict the possibility of exon silencing (htips//c

myg.cas.cr, accessed on 01 October 2024). The ratio of Exon
Splicing Enhancers (ESE)/ Exonic Splicing Silencers (ESSs) found from
five distinet models, including RECUE-ESE and FAS-ESSs, is the basis for
the predictions. The program estimates the likelihood of exon skipping
by comparing the ESE/ESS profiles of a native and mutant sequence
(Raponi et al., 2011).

2213 Prediction effeces on microRNA (miRNA) binding. MiRNAs are
small non-coding RNAs that regulate gene expression by binding to
complementary sequences in target mRNAs, usually in the 3° UTR (un-
translated region) of the mRNA. This interaction can lead to mRENA
degradation or inhibition of translation. Synonymous SNPs, although
they do not alter the amino acid sequence of the protein, can occur in
critical regions that affect mRNA structure, such as miRNA binding sites,
and can affect their production and stability. Through sequence align-
ment prediction, TargetScan is an essential tool in bioinformatics for
microRNA target prediction and has been used to prn:dn.t the influence
of variants on gene expression (heips://
accessed on 01 October 2024). The scores of wclghr.ud context + + score
with a lower negative value indicate a greater prediction of repression
(Lewis et al., 2008).

22.1.4. Functionol effects. PRdsm was used to assess the relationship
between s5NPs and disease severity (hitp:/www sdalaboinfo: 8080/
Priosnty; accessed on 02 October 2024). It considers not only the pres-
ence of SMNPs, but also how these variants can influence gene function
and, consequently, the severity of pathological conditions (Cheng ot al.
20200, TraP server was also used in this study to assess the functional
impact of variants on gene expression and protein translation (hieps:/ /1
FAp-scone me; accessed on 02 October 2024). Tral is especially
wseful for identifying how synonymous changes can influence trans-
lation efficiency or mRNA stability (Gelfman et al, 2017), FATHMM-
MEL is a tool that uses hidden Markov models to predict the func-
pact uf SNPs, and therefore was a method used for sSNPs
ub/fathmmMEL ht accessed on 02
5). SynVEP was used to predict the
effects of synonymous variants (hitps://services bromberglab.org/synv
cpshome; accessed on 02 October .!DM]. It analyzes how these vari-
ants can affect mRNA structure, interaction with miRNAs and other
regulatory elements (Zeng et al., 2021).

222 Characterization of nsSNPs
The COVID-19-associated nsSNPs were characterized as below:

2221, Most domaging protein. To forecast the impact of nsSNPs on the
corresponding proteins, five distinet in-silico methods were employed.
Predict SNP 2 (https://loschmidt.chemimuni.cz/predictsnp2/, aceessed
on October 1, 2024) (Bendl et al. 2016); Sorting [IIlDlL‘l‘d.l'lI'. from
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Tolerant (SIFT) (hitps://siftbila-star edusg/vwww,/SIFT seq submit2.
himl, aceessed on October 1, 2024) (Kumar o . 2009); SNPs&GO
(htepe//snps. biofold.org/snps-and-go/snps-and-go.html, accessed on
October 1, 2024) (Capriott et al., 2012); Predictor of Human Delete-
rious SNP (PhD-SNP) (hitp://snps.biofold.org/phd-snps/phd-snp heml,
accessed on October 1, 2024) (Capriotti and Fariselli, 2017, and Poly-
morphism Phenotyping 2.0 (PolyPhen 2.0) (hup://genetics.bwh.
harvard.edu/pph2/, accessed on October 1, 2024) (Adchubei et al.,
2013). For every nsSNP, the corresponding proteins” FASTA sequences
were supplied, along with the alterations to their amino acid residues.
SMPs that had a harmful effect on at least 2 of the 5 servers analyzed
went on to the next analyses (Akhear or al, 2021). Then, nsSNPs were
selected such as the results in the software predictions as harmful or
deleterious by at least two of the five in silico tools were selected for
further analysis, which a total of & general tools for the validity of this
stage of scores for their functional evaluation (Ajith and Subbiah, 2023).

2222 Protein stability, structural and functional effects, and conserva-
tion profile prediction. To forecast the influence of nsSMNPs on the stability
of protein, I-Mutant 2.0 (http://folding biofold. org/i-mutant/i-mutant
20.html, accessed on 01 October 2024) was used. On a scale of 0 to
10, where 0 and represented the lowest and greatest dependability
index, respectively, predictions were given regarding the stability of the
mutant protein (Capriott el al., 2005). The results of the -Mutant 2
analyses were compared with those of the MuPRO server (hips

/i sroteomics s uchedus, accessed on 01 October  2024),
protein stability (Cheng ct al., 20068). We employed CUPSAT
e/ cupsaliu-bsdes, accessed on October 2, 2024) to verify the
accuracy of the structure-based predictions (Parthiban et al., 2006).

MutPred 1.2 (hup://mutpred. mutdborg/, accessed on 01 October
2024) was used to anticipate the structural and functional impact of
nsSNPs on protein. The effect of substituted amino acids on proteins was
anticipated, and p values of less than 0.05 and less than 0.01 were
regarded as extremely confident and confident, respectively (Pejaver
et al, 2020). Using 50 distinet homologous sequences, the ConSurf
program (hitp://consurf. tav.ac L2016/, accessed on 01 October 2024)
was used to determine the conservation profile of each protein
{Ashkenazy et al., 2010).

2223 Protein modeling and SNP effect on protein. The SWISS-MODEL
server (hitps vizsmodel expasy.org/, accessed on 01 October 2024
was used for protein modeling (Waterhouse et al., 2018). Using NCBI
BLAST, the templates for every protein that needed to be modeled were
found; ultimately, the templates with the highest percentage of identity
amd coverage were selected from the RCSB Protein Data Bank
(ht ‘wwrw.resboorg). Separate command files were created for every
protein modeling. Chimera v1.117s built-in functionality was used to
model the protein structures of the mutants, and each mutant’s unique
protein structure’s leftover amino acid modifications were done b
hand. Following protein modeling, the root-mean-square deviation
(RMSD) values for each mutant and wild-type protein were determined
using  TM-align  (https://zhanglab.comb.med. umich.edu/TM-aligny,
accessed on October 5, 2024) (Pettersen et al., 2004).

The impact of gene variations on protein structure was then exam-
ined using HOPE (Have (y)Our Protein Explained), which may be found
at hitps:/Swwwd.embiumen.nlhope/, which was accessed on 01
October 2024, A single mutation point may be analyzed uvsing the
website-based program HOPE. The application gathers data from several
sources and produces visuals that show the location of mutation
(Vensclaar et al., 2010).

2224 Assessment of relative surface wsability. A protein’s surface
accessibility must be assessed because environmental conditions, such
as temperature or chemicals, might alter a protein’s ability to fold. The
relative surface accessibility of amino acids may be predicted with the

Haman Gene 45 [2025) 201426

aid of NetsurfP 3.0 (hiiy services healthtech.didk Sservices,/NetSu
o300 accessed on 02 October 2024); results are derived as a Z-
seore from the network reliability score (Hoie et al., 2022).

223 Gene-gene interactions of assoctated COVID-19 genes

Using STRING (fittps:/
(Szklarczyk et al, 2022), Pathways Commons (hutp:
waycommons.org; accessed on 02 October 2024) (Rodchenkov et al,
2019), and GeneMANIA (https://genemaniaorg/; accessed on 02
October 2024) (Mostafavi et al., 2008), the interactions of all the genes
chosen for this study were examined. GeneMANIA based its predictions
on co-expression, similarity of protein domains, co-localization, and
pathways, whereas STRING based its predictions on co-expression, co-
occurrence, gene fusion, biochemical, and experimental data, Accessi-
bility to a wide variety of human biochemical processes is possible
through Pathway Commons, which groups information from 22
different databases and totals about 4794 pathways and abowt 2.3
million interactions. To identify the core area genes, a gene list with the
official symbols for each gene was submitted. The data was then
evaluated.

3. Results

3.1. Qualitative and quantitative characterization of SNPs associated
with COVID-19

Fiz. 2 shows a pie chart of the distribution and relative proportion of
SNPs, according to their type, found to be associated with susceptibility
to COVID-19. These included data in the article were presented in
spreadshect form attached in Supplementary Material 1 format, such as
their information (Material Suppl. §1).

2.2, Analysis of synonymous SNPs

Among the investigations performed, energy analysis shows the RNA
folding energy calenlated by RNAfold, which indicates the structural
impact of the SNP on the mRNA. More negative values suggest a more
stable structure, while positive values indicate a less stable structure, In
this sense, the most impacted and most stable mENA structure was
generated by the SNP of the IFITM3 gene, while the least stable was that
of the SNP of the TMPRSS2 gene, while the ILIRN SNP had a small
structural change. The Kinefold and CycleFold analyses provide infor-
mation on the presence of pseudoknots and non-canonical base pairings,
respectively, These factors can affect the secondary structure of the

Distribution of SNPs Associated with COVID-19

B Intranic B Synonyomous SNP B Non-Synonymous SNP

B UTR SNPs

m Splice Site SNP W Intergenic SNPs

Fig. 2. Distribution of SNPs associated with Poor Prognosis of COVID-19,
represented in a pie chart. This figure was generated using Microsoft
Excel 2021.
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mBRNA and influence splicing and translation. Among the values found,
the most complex (ILIRN) was determined with the absence of pseu-
doknots and the most positive value of non-canonical bases. Regarding
the maximum entropy analysis, when comparing the protein sequences
with wild-type and mutant residues, the VDR gene and SNP rs731236
had higher negative entropy energy, which may indicate more chances
of alternative splicing. Regarding the Ex-8kip and Target Scan servers,
higher values indicate a higher probability of exon exclusion and a
higher binding affinity to miRNAs, respectively. Regarding the allele
frequency of the mutant type of the SNPs analyzed worldwide, the most
prevalent was SNP rs731236 of the VDR gene. In this context, SNP
512252 of IFITM3 was predicted to have a moderate impact on post-
transcriptional regulation, while SNP rs419598 of [LIRN had a mini-
mal impact. In a general context, the SNP rs12252 in the IFITM3 gene
has the greatest potential impact on mENA structure, alternative
splicing, and miRNA binding, with a relatively high frequency in the
global population.

The s8NPs were also analyzed for their functional impact on human
protein transeripts. The interpretation of the data suggests that while
some SNPs such as 1512252 and 731236 have potentially significant
functional effects, others such as SNP rs2298659 appear to have no
relevant impact, while the remaining ones may be predicted to have a
moderate impact (See Tables 1 and 2).

3.3, Analysis of non-synonymous SNPs

All non-synonymous SNPs found were characterized as missense
type. The functional impact of the analyzed missense SNPs was char-
acterized by each server used in Table 2. Finally, eight nsSNPs (comre-
sponding to eight genes) that were predicted as harmful or deleterious
by at least two of the five in silico tools were selected for further analysis
(Table Z). The Predict SNP 2 tool calculated the parameters of CADD,
DANN, FunSeq, GWAVA and FATHMM, which gave it validity as the
only consensus score among the others and in a total of 5 tools for the
validity of this stage of scores for their functional evaluation.
ible 4 and Table 5 presents the results of the protein stability
analysis after the introduction of non-synonymous SNPs, using the
CUPSAT tool. The table provides information on the protein stability,
the affected secondary structure element, the torsion and the predicted
change in Gibbs free energy (AAG).

Swiss-MODEL (het Sswissmodelexpasy.org) was used to visu-
alize the three-dimensional structure of proteins. The produced protein
model was created using protein structure templates that were sourced
from AlphaFoldDB v4 database. As indicated in Table 6, the outcomes
are assessed using the Qualitative Model Energy Analysis (QMEAN).
Each modeling result has a very good QMEAN score, ranging from 0.64
to 0.9; a number around 1 indicates the quality of a well-designed model
structure. The results demonstrated structural stability in the observed
conformations, since there were very low RMSD values. This indicates
that the structure of the modeled protein (after the introduction of the
8NP} is very similar to the structure of the wild-type protein. RMSD is a
measure that quantifies the difference between the positions of the
atoms of two structures, and is often used to evaluate the quality of a
structural model in relation to the reference structure.

The final models were viewed and studied using Chimera v1.11 (hop
accessed on 16 September 2024).
Chimera v1.11 was used for modeling mutant structures by changing the
residue of interest. Through TM-align, the RMSD values for each of the
mutant proteins were determined for each nsSNP. Fig. 3 displays the
modeling findings of the selected pathogenic missense SNPs.

Using the web-based toolset created by Project HOPE, a clearer un-
derstanding of how changes in an amino acid residue affect the structure
and function of the protein was achieved on Table 7.

The above-mentioned variants of these genes were evaluated for
solvent accessibility and stability using the NetsurfP server 2.0. The
obtained results are mentioned in Table 8. Mutations in buried sites are

www.cgluesfedu/chimeras,

Table 3

Prediction of the functional impact of non-synenymous SNPs using bicinformatics tools.

GWAVA FATHMM

DARM

Amino Acid Change SIFT Foly Phen 2 Fh-SNF SNPs & GO Fredict SNP 2* FunSeq 2 CADD

Global MAF*

SNPID

Gene

Meutral

a

Neutral
Keutral
Neutral

Mewtral
Newtral
Mewtral

Deleterious

Nesutral
Reutral

Meutral

Neristral
Neutral
Newtral
Neristral
Disease
Newtral
TDrsease
Disease
Drsease
Dismage
Neristral
Neutral

Denign
Benign
Denign

AGA6T Talerated
Tolerated

T = D356
GLBZ3

1 9807E0
= 17H59E5

2228145

IFiH1

Neutral

Deletedous

Meutral

Deleterious

Mewtral

MNeutral

Deleterious

Keutral

Mewtral

Talerated
Deleterious
Tolerated

D3584

P1104A
F124L

C = 0293
C = 000l
T = 0002
A = 0029
G = .00
A = 0.007
C = 0530
T=0118
G = 0.251
A =10.184

IL-6R
TYE2

Deleterious Dl et erioes
Deleterious

Deleterious
Keutral

g
]

Deleteri

Deleterious
Meueral

Deleteriouns
Ketral

Meutral

Pro Damag
Pro Damag
Pas Damayg
Pro Damag
Pro Damag
Pro Damag

Banign
Denign

34536443
114301457
343320

Meutral

Deleterions

Disease
MNeutral

EFNAH

Deleterious Deleteriows
Deleterdvus

£

Deleterious
Keutral
Keutral

Deleterious

Deleteriouns
Reutral

Tolerated

H262Y
WI1E4C

P4T4AL

PLECET

IFNATD

MNeutral

Deleterions
Mewtral

Deleterious
Meueral

Disease
Disease
Disease
Disease
Meutral

Dedeterious

12368148

Diedeteriows

Ketral

Diedeterious

117169628

208294

SLC22AT]
F2ZRX7

TLR7

Dedeterious
Meutral

Meutral

Deleterious
Keutral

Dedeterious
Tolerated

Y155N
QuP

Hurrean Gene 45 (2025) 200426

E
3

Meueral

179008

30461

Meutral Meutral

Keutral

Mentral

Kenustral

Tolerated

MNI1BED

R7C

IFNLT

Deleterious Deleterious Newtral Deleterious Deletedous Dedeterious

Disease

Pro Damag

Dedeterious

1510813831

DDXSE

* Not found. *Frequency of existing variant in 1000 Genomes combined population. * Predict SNP 2 was used as anly 1 variable that includes other tools to the evaluation.
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Table 4
CUPSAT Results of protein stability after nsSNF introduction.

Human Gene 45 (2025) 201426

Gene SNP ID Stability 38 Element Tarsion Predicted AAG {keal/mal)
IFiH1 rs1990760 Stalbilising Helix Unfaveurable 047
NOST 51795983 Stabilising Other (turns, codls, eic ) Unfavourable 028
IL-6R 2228145 Destabilising Other (turng, codls, sic ) Favourable 0.57
TYR2 mRSI6HE Stabilising Helix Fayvourable 509
EFNA4 rel 145001457 Destabilising Other (turns, coils, s ) Favourable 1.27
PLECE] 343330 Destabilising Sheet Favourable 316
IFNALO rs2E36814E Drestabilising Helix Unfavourable 219
SLC22A3] sl 17169626 Stabilising Helix Favourable BB
PERXT ra 28294 Drestabilising Sheet Unfavourable 247
TLR? 5179008 Drestabilising Helix Unfaveurable .87
IFNLT 30461 Drestabilising Other (turns, coils, s} Favourable 164
DDXsE 10813831 Drestabilising Helix Unfavourable 1.51
Table 5
Predictive analysis of the structural, molecular and evolutionary impact on the protein through the selected nsSHNPs.
Gene SNPID I-Mutant 2 MuPRO MutPred ConSurf Conservation
(Stahility) (Stability) PROSITE and ELM Mobecular Mechanisms Prufile
Motifs
Highly conserved,
TYR2 34556443 Drecrease Drecrease Hone Mome expased, functional
residue
Highly conserved,
ELMEDD 33, N :
EFNA4 rz114301457 Decrease Drecrease ELME 45, BS01299 Altered Tramsmembrane probein bouried, .'_ill'\JLtIlﬁiJ
residue
Highly conserved,
PLSCEI 5343320 Increase Drecrepse Mone Mome expased, functional
residue
o . . Highly conserved,
IFNALD rOAI6E14E  Decrease Decrease PSO0Z52 Aeerecd Meal binding; Altered Ordered interfacs; Lass af buried, structural
Allosteric ste at WG4 i
residue
ELMEDN143, Highly conserved,
SLC22A3] 117169628 Drecrease [nerease ELMEDI336, Altered Transmembrane protein; Gain of Helix expased, functional
ELMEDI337, PSO0O0GE residue
Alvered Transmembrane proteing Altered Metsl binding; Loss
- of Strand; Gain of Disulfide linkage at C152; Loss of Average conservesd,
PaRx? IR Dexseape Dhe:cotee Mo Proteslytic cleavage at R151; Gain of GPl-anchar amidation expused residue.
at N158
TLR7 rsl7o00E Descrease Decrease Kune Mome ‘..an:l'hh.. expased
residue.
DONSE 1061331 Increase Decrease Hone Mone Variable, expased
residue.
TLR7; IFNL1 with TLR7, TYK2 and DDX58; IFIH1 with TLR7, IFITM3
EBME 6 tetics of inee el BMED vaine fiar gach and PLSCR1. These proteins were expressed in caspase recruitment
haract: v prod i . . . . bt .
eristics of query proteine Vaue for each nne (CASP) and C-terminal domains of RIG-1 and were divided into two large
Gene UniProt SNPID Aming Acid  QMEAN/ 311513‘ clusters: C-terminal domain of RIG-I and RIG-1 binding; JAK-STAT
o Change CMQE L signaling pathway and interleukin-1 (IL-1) family.
IFHY GARYRA 1990760 AS46T 0.80 0.001 According to the reactome pathways, these proteins had greater
mm“ﬁ ﬁ;; “E?i: 3352;@; g:: E'ggé activity in decreasing order of strength in the NF-kB activation pathways
= . ! N N H - .
Tvia PASST reABIEAAT PLIOA 0 0000 through the CASPE and Ciabrlllﬂ-mcdlalcd F&DD.;‘R.[F-II pathway,
EFNAG PS2798 5114701457 F124L 0.73 0000 TRAF3A-dependent IRF activation pathway, TRAF6-mediated IRF7
PLECK] 015162 1343320 H262Y 0.70 0.000 activation, TRAF6-mediated NF-kB activation, and other cytokine
IFNAID POLGEG  cedE3GEL4R W40 o.78 ool release signaling. Regarding the biological processes involved, these
SLC22AT] ABNENA 117169628 PAT4L 0.62 nols . . . . R . P -
P qousT2 anE294 Yissn 072 P pn.Im:lns had a greater lll'l'lpldt.tl in du:rca_:.mg arder uf.strm'!,gth in: regu-
TRF QoNYEL 170008 onp a78 po1L lation of [F'N-] I1 formation j virus dctcr_'tmll'r, IEN-1II signaling pathway;
IFNLT QBIUSE rEd(MEL N18ED 0.68 0.00% cytoplasmic pattern recognition receptor signaling pathway in response
DOXSE 0957EG  rsl0813831 R7C 0.78 0,001 to the virus; cellular response to dsRNA.

maore likely to disrupt the protein structure. After further investigation,
it was discovered that the mutant type relative solvent accessibility
(R3A), and accessible surface area (ASA) values of them have changed
compared to the native type.

Fiz. 4 shows the protein-protein interactions of the genes of the
exonic SNPs analyzed. There were 15 nodes and 27 edges. There was a
high interaction score between the nodes of DDX58 with IFIH1 and

Fiz. 5 visually identifies the gene-gene interaction of the genes that
had their SNPs associated with COVID-19. They presented a co-
expression level of 75.19 %, physical interactions of 10.29 %, protein
domain sharing of 9.96 %, co-localization of 4.47 %, and genetic in-
teractions of 0.09 %.

Regarding the interconnection of these genes in the organic path-
ways, IFITM3 and PLECR] were associated with the negative regulation
pathway of viral genome replication and negative regulation of the viral
pathogenicity process, IFITM3, PLSCRI, and TMPRSS2 are genes in the
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Table 4
CUPSAT Results of protein stability after nsSNF introduction.
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Gene SNP ID Stability 38 Element Tarsion Predicted AAG {keal/mal)
IFiH1 rs1990760 Stalbilising Helix Unfaveurable 047
NOST 51795983 Stabilising Other (turns, codls, eic ) Unfavourable 028
IL-6R 2228145 Destabilising Other (turng, codls, sic ) Favourable 0.57
TYR2 mRSI6HE Stabilising Helix Fayvourable 509
EFNA4 rel 145001457 Destabilising Other (turns, coils, s ) Favourable 1.27
PLECE] 343330 Destabilising Sheet Favourable 316
IFNALO rs2E36814E Drestabilising Helix Unfavourable 219
SLC22A3] sl 17169626 Stabilising Helix Favourable BB
PERXT ra 28294 Drestabilising Sheet Unfavourable 247
TLR? 5179008 Drestabilising Helix Unfaveurable .87
IFNLT 30461 Drestabilising Other (turns, coils, s} Favourable 164
DDXsE 10813831 Drestabilising Helix Unfavourable 1.51
Table 5
Predictive analysis of the structural, molecular and evolutionary impact on the protein through the selected nsSHNPs.
Gene SNPID I-Mutant 2 MuPRO MutPred ConSurf Conservation
(Stahility) (Stability) PROSITE and ELM Mobecular Mechanisms Prufile
Motifs
Highly conserved,
TYR2 34556443 Drecrease Drecrease Hone Mome expased, functional
residue
Highly conserved,
ELMEDD 33, N :
EFNA4 rz114301457 Decrease Drecrease ELME 45, BS01299 Altered Tramsmembrane probein bouried, .'_ill'\JLtIlﬁiJ
residue
Highly conserved,
PLSCEI 5343320 Increase Drecrepse Mone Mome expased, functional
residue
o . . Highly conserved,
IFNALD rOAI6E14E  Decrease Decrease PSO0Z52 Aeerecd Meal binding; Altered Ordered interfacs; Lass af buried, structural
Allosteric ste at WG4 i
residue
ELMEDN143, Highly conserved,
SLC22A3] 117169628 Drecrease [nerease ELMEDI336, Altered Transmembrane protein; Gain of Helix expased, functional
ELMEDI337, PSO0O0GE residue
Alvered Transmembrane proteing Altered Metsl binding; Loss
- of Strand; Gain of Disulfide linkage at C152; Loss of Average conservesd,
PaRx? IR Dexseape Dhe:cotee Mo Proteslytic cleavage at R151; Gain of GPl-anchar amidation expused residue.
at N158
TLR7 rsl7o00E Descrease Decrease Kune Mome ‘..an:l'hh.. expased
residue.
DONSE 1061331 Increase Decrease Hone Mone Variable, expased
residue.
TLR7; IFNL1 with TLR7, TYK2 and DDX58; IFIH1 with TLR7, IFITM3
EBME 6 tetics of inee el BMED vaine fiar gach and PLSCR1. These proteins were expressed in caspase recruitment
haract: v prod i . . . . bt .
eristics of query proteine Vaue for each nne (CASP) and C-terminal domains of RIG-1 and were divided into two large
Gene UniProt SNPID Aming Acid  QMEAN/ 311513‘ clusters: C-terminal domain of RIG-I and RIG-1 binding; JAK-STAT
o Change CMQE L signaling pathway and interleukin-1 (IL-1) family.
IFHY GARYRA 1990760 AS46T 0.80 0.001 According to the reactome pathways, these proteins had greater
mm“ﬁ ﬁ;; “E?i: 3352;@; g:: E'ggé activity in decreasing order of strength in the NF-kB activation pathways
= . ! N N H - .
Tvia PASST reABIEAAT PLIOA 0 0000 through the CASPE and Ciabrlllﬂ-mcdlalcd F&DD.;‘R.[F-II pathway,
EFNAG PS2798 5114701457 F124L 0.73 0000 TRAF3A-dependent IRF activation pathway, TRAF6-mediated IRF7
PLECK] 015162 1343320 H262Y 0.70 0.000 activation, TRAF6-mediated NF-kB activation, and other cytokine
IFNAID POLGEG  cedE3GEL4R W40 o.78 ool release signaling. Regarding the biological processes involved, these
SLC22AT] ABNENA 117169628 PAT4L 0.62 nols . . . . R . P -
P qousT2 anE294 Yissn 072 P pn.Im:lns had a greater lll'l'lpldt.tl in du:rca_:.mg arder uf.strm'!,gth in: regu-
TRF QoNYEL 170008 onp a78 po1L lation of [F'N-] I1 formation j virus dctcr_'tmll'r, IEN-1II signaling pathway;
IFNLT QBIUSE rEd(MEL N18ED 0.68 0.00% cytoplasmic pattern recognition receptor signaling pathway in response
DOXSE 0957EG  rsl0813831 R7C 0.78 0,001 to the virus; cellular response to dsRNA.

maore likely to disrupt the protein structure. After further investigation,
it was discovered that the mutant type relative solvent accessibility
(R3A), and accessible surface area (ASA) values of them have changed
compared to the native type.

Fiz. 4 shows the protein-protein interactions of the genes of the
exonic SNPs analyzed. There were 15 nodes and 27 edges. There was a
high interaction score between the nodes of DDX58 with IFIH1 and

Fiz. 5 visually identifies the gene-gene interaction of the genes that
had their SNPs associated with COVID-19. They presented a co-
expression level of 75.19 %, physical interactions of 10.29 %, protein
domain sharing of 9.96 %, co-localization of 4.47 %, and genetic in-
teractions of 0.09 %.

Regarding the interconnection of these genes in the organic path-
ways, IFITM3 and PLECR] were associated with the negative regulation
pathway of viral genome replication and negative regulation of the viral
pathogenicity process, IFITM3, PLSCRI, and TMPRSS2 are genes in the
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Table 7
Identification of The Amino Acid Residue Change Effect of proteins of selected SNPs Using The HOPE Project.
Gene Protein - Position Structure Properties
A The mutant resicdue is smaller, this might Lead to los of inbersctions.
TYR2 K2 PI104A OH | HaN A Posibly, this mutation changes a proline with such a functon inta another residue, thereby
H ’ disturbing the local structure.
9 The mutation is located within o domain, entitled Protein kinase 2 (JAK).
y ) The mutant resicue is bigger, this might lead to bumps.
o) The mutation introduces a more hydraphobic residue a2 this position. This can result in loss of
PLSCRI PLS1 H262Y A_on | hydrogen bonds and/or disturb correct folding.
il . oH The mutation is bocated within a stretch of residues annotated in UniProt as a special motit
Hat I Muchear localization signal,| associated with Phospholipid Scram blase Activity.
A \ o ) )
| - A /L_. The mutant resicue is smaller than the wild-type residues,
f— ErAd ! | I\ The mutation will cause an empdy space in the core of the protein.
g P ™ The mutation is located within domain: Cupredosin and Ephrin RBD, interfering with Ephrin
| & Receptor Binding.
Y
SH
™ | L The mutant residue is smaller, this might lead to loss of intersctions, The mutation is located
IFNALD IFN10 WI64C I i H H within the domain: Interferon Alpha/Beta, Telta, associated with Cytokine Receptar Binding
HWJ\L/?“ and the domain Four-Helical Cytokine Like, Core,
The mutant resicue is bigger than the wikl-type reddus,
\ The residue is located on the surface of the protein, mutation of this residue can disturls
Q\ o | A /_\' intersctions with other malecules or other parts of the protein. The mutation can affect these
SLCZZATT  STIAV Y i A om interactions and a5 such affect protein function.
g e }‘; It is Located at Mifs Transporter Superfamily and Major Facilitator Superfamily Domain,
aszociated with Transmembrane Transporter Activity.
The mutation can disturls this special conformation.
™ . The mutant resicue is smaller than the wild-type residue. This will cause 3 passible loss of
{} " }—o external interactions.
p— panT frp— ': I | " Nf:_._\ oM The nlnll:ll.iun mighl-caune boss of hydrophebic interactions with other molecules on the
L 0 E surface of the protein,
Hgh™ "l-‘ It ix Located at PEX Purinareceptor domain, with functions: Extracellularly Atp-Gated
o Mumoatomic Catian; Channel Activity; Purinergic Nucleotide Receptor Activity.
M, The mutant resicdue is smaller, this might Lead to o of inbersctions.
The mutation introduces a more hydraphobic residue ae this position. This can result in los of
. oH hydrogen bands and//or disturb correct folding.
TLR7 TLR? / ' H The mutation is located within the signal peptide. Proline disrapts an a-helix when not
H,:N"}"“vnh o hocated at one of the first 3 positions of that helix. In case of the mutation at hand, the helix
Ie] will be disturbed and this can have severe effects on the strocture of the protein.
Its domain is unkoown,
Hght N The mutant resicue is smaller than the wild-type residue.
_Jlin (/SH The charge of the wild-type resiclue is hest by this mutation, This can cause hess of interactions
DDXS8 RIGT L | L’ ! with other molecules.
’L " H.;NA H The mutant resiclue is moee hydrophabic than the wild-type residue,
AP AOH The mutation is located within domain, annotated as CARD 1 and Death-Like Domain
I Superfamily.
Tahie 8 signaling related to COVID-19. Among them, the SNP rs34536443 was
‘able . . . . .
associated with greater inflammatory progression of COVID-19 in the
Prediction of relative surface accessibility of these genes through MNersurfP. N A N
i g i Spanish population (Rosa-Baes et al, 2025). The SNP rs114301 457 was
Gene Mutation NetSurfP associated with a higher propensity for COVID-19 in Colombia (Angulo-
Class REA Asa Ay Puisorder Aguado et al, 2024). The SNP rs343320 was associated with the eritical
[ ADHET Exposed .49 BS 0.09 state of COVID-19 in a UK population {(Kousathanas et al., ). The
NOST D29EE Exposed 053 118 002 SNP rs34536443 was associated in a French cohort with susceptibility to
IL-5R DIsaa Exposed 0.56 EEd 0.64 COVID-19 (Kerne o Quintana-M 2022) The SNP rs28368148 in a
g§4 9;11;? g“rf“: g‘?‘g ;? gg population sample from Saudi Arabia was associated with a higher risk
LIrie .. - - - amdi o 200
PrscRi i Exposed 044 18 0.01 of COVID-19 (Scaramuzzo et al. Alghamdi et al., 2021). The SNP
IFNALD WIGAC Buried 005 a .00 rs11716%628 was correlated with lower susceptibility and protection to
SLCZ2AT] PATAL Buried 0.10 19 0.01 COVID-19 in a Brazilian Amazonian population from Belém-PA (da
P2RX7 Y155N Buried 0.25 48 0.03 Costa er al, 2024). SNP rs208294 was correlated with propensity to
TLRT Quip Exposed 0.45 72 0.99 ) ) o .
LT K188D Exposed 0s8 1 o CDVIDI-I? ina Purtuglucsl_ P(.JP!I]AL[DTL (Linda I..|I : 2024). 'Il‘hl: ENP
DDX58 R7C Exposed 0.42 71 007 rs10813831 was associated with COVID-1% severity in an Iranian pop-

ulation (Rokni et al 10 alele mutante (T) do SNP rs179008 de
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Fig. 4. Protein-protein interaction model of 16 COVID-19-associated genes using STRING. This figure was downloaded as a high-quality image file from STRING

v11.0 (hitps:

-dboorg/, accessed on 16 September 2024).

TLR7 foi associado em viarias publicagoes cientificas a susceptibilidade a
COVID-19 em populagoes paguistanesa, egipcia e russa (Alscoudy ctal.,
2022; Khalid et al., 2024; Minashkin et al_, 2022).

In addition, the high allele frequency observed in some SNPs, such as
rs731236 in VDR, suggests that these variants are relevant in broad
populations and may have significant public health implications. Iden-
tifying commaon SNPs across different populations may help to better
understand the differences in COVID-19 susceptibility and disease
severity observed in different ethnic groups. This highlights the need for
larger population studies that consider genetic diversity when investi-
gating risk factors for COVID-19 (De Wit et al | 2015).

The integration of advanced bioinformatics tools in the study
allowed for a detailed analysis of the functional consequences of SNPs.
Predictions about protein stability, evolutionary conservation, and gene
interactions provide a comprehensive picture of how these variants may
affect cellular functions (Sleator and Walsh, 2010). The use of machine
learning algorithms to identify patterns in genomic data also represents
a significant advance in genetic research. This approach can accelerate
the discovery of new therapeutic targets and facilitate the development
of personalized interventions (Terstappen and Reggiani, 2001).

Through mapping the protein structures affected by specific SNPs,
researchers can identify regions that are susceptible to modulation by
drugs. This strategy is crucial for the development of therapies that can
improve clinical outcomes in patients with COVID-19, especially those
with genetic variants associated with increased risk. Analysis of gene-
gene, protein-protein, and pathway interactions can reveal new thera-
peutic targets and strategies for clinical interventions. They demonstrate
the complexity of the genetic networks involved in the immune response
(Gong et al., 2020). Taken together, these insights not only illustrate the
diversity of genetic variants associated with COVID-19, but also
emphasize the need for a decper understanding of the functional im-
plications of these SNPs for the development of personalized approaches

to treating the disease (Tahery et al., 2021

Interdisciplinary collaboration between bivinformaticians, clini-
cians, and pharmacologists is essential to translate in silico findings into
effective clinical applications. Interaction between these disciplines can
facilitate experimental validation of predictions made by computational

models and promote the development of new therapeutic approaches
based on genetic evidence (Li, 2012), Such collaboration will be essen-
tial to address the challenges posed by the pandemic and other infec-
tious diseases in the future. Such interdisciplinary efforts will facilitate
the translation of in silico findings into clinical applications, ultimately
leading to more effective therapies for patients affected by COVID-19
and other viral infections {Lu: et al., 2002).

Furthermore, the findings from the Hope Project highlighe the
importance of functional characterization of SNPs associated with
COVID-19 as a crucial step in identifying new therapeutic targets. The
use of in silico analyses not only accelerates the discovery process but
also provides valuable insights into the interactions between genetics
and immune response (Thakur and Shankar, 2016). As we continue to
explore the complexities of human genetics in relation o infectious
diseases, it is imperative to adopt a holistic approach that considers both
genetic and envirenmental factors in the fght against future pandemics
(Ghanavi et al. 2020). The principles of comparative genomics and
network-based analysis employved in this study offer a framework for
identifying therapeutic targets across various biological contexts.

Through leveraging existing genomic data, researchers can uncover new
insights into disease mechanisms and potential treatment strategies
(Sivashankari and Shanmughavel, 2007).

In silico techniques remain fundamentally imperfect systems, despite

recent major improvements in computational tools for analyzing exonic
variants. In many situations, predicted disease variants do not reflect
actual biological outcomes due to unknown biological complexity or
gaps in the amount of reliable and complete genetic datasets (Kumar
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GeneMANIA v3.5.1 (hiips./
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/, accessed on 16 September 2024).

et al, 2014). 1t is therefore becoming increasingly crucial that pre-
dictions made by in silico tools are verified by in vitro tests and run by
multiple prediction tools using a variety of algorithms and parameters.
The need for more sensitive and standardized experimental assays is one
reason why there are still very few cases of synonymous variants that
have been confirmed empirically. The protein or RNA changes that are
found are often modest but substantial (Lin et al., 2023).

Human Gene 45 (2025) 201426

Sharod Protein Domai
777 Co-bocalization
Genetic Imerscrmns

d by GeneMANIA for all the genes interaction types. This figure was downloaded as a high-quality image file from

TLR7) can act as markers for prognosis or response to treatment, aiding
in precision therapy and response monitoring. In silico screening of SNPs
in drug metabolism genes (e.g., CYP3A4/5) can predict individual re-
sponses to antivirals such as remdesivir and nirmatrelvir/ritonavir,
guiding personalized dosing and minimizing side effects (Alloza-Moral

Although it, functional experiments provide direct proof of ity
beyond statistical association by examining the biological effects of
SNPs on gene expression, protein function, or cellular phenotype. Pro-
tein binding di y activity electrophoretic
mobility shift assays (EMSAs), and reporter gene assays are a few ex-

ples. Through their d ration of their impact in a controlled
laboratory environment, these assays aid in validating predicted harm-
ful or regulatory SNPs found by computational techniques. Predicting
SNP function and prioritization with a variety of complementary
computational methods lowers false positives and boosts confidence in
candidate SNPs, validating them (Bora et al.,, 2023; Majeed et al.. 2025;
Chorley et al., 2008).

Polygenous Risk Indices (IRP) that combine multiple SNPs can
identify individuals at higher risk of severe complications from COVID-
19, enabling targeted prevention and intervention strategies. Models
that combine SNP data with clinical variables, such as HLA types and
comorbidities, have achieved good predictive accuracy (AUC ~0.79),
which supports their application in clinical risk assessments. Identifi-
cation of SNPs linked to immune response genes (such as TYK2 and

The investigation of SNPs associated with COVID-19 provides valu-
able insights into how genetic variations may influence susceptibility
and severity of infection. Functional analysis of synonymous and non-
synonymous SNPs using advanced bioinformatics tools d rated
that certain variants, such as sSSNPs rs12252 in IFITM3 and rs731236 in
VDR, have significant potential to impact mRNA structure and protein
function, in addition to the nsSNP rs34536443 of TYK2 predicted to
destabilize the structure but also be capable of deleterious effects on the
generated protein. The identification of deleterious SNPs suggests that
some variants may predispose individuals to more severe forms of
COVID-19, highlighting the need for geneti ing in vulnerabl
populations. These findings underscore the importance of understanding
the functional implications of genetic variants in modulating the im-
mune response, which is crucial for the devel of per lized
therapeutic approaches.

The in silico methods employed in this study not only accelerate the
discovery of relevant variants but also provide a solid foundation for
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future research in personalized medicine. The ability to predict the
functional impact of SNPs through computational analysis may facilitate
the identification of novel therapeutic targets and elinical intervention
strategies, As we continue to explore the complexities of human genetics
in relation o COVID-19 and other infectious diseases, it is eriteal to
foster interdisciplinary collaborations that integrate bicinformatics,
molecular biology, and pharmacology. This collaborative approach
could lead to the development of more effective and targeted therapies,
improving clinical outcomes for patients affected by viral infections,
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APENDICE 4

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

(Termo apresentado conforme normas da Resolucao 466/2012)

Titulo da pesquisa: “Analise da resposta ao SARS-COV-2 em relacdo aos

achados radiologicos e/ou a susceptibilidade genética individual”

Prezado(a) Senhor(a):

Gostariamos de convida-lo (a) a participar, como voluntario, da pesquisa que tem
como titulo “Analise da resposta ao SARS-COV-2 em relacdo aos achados
radiolégicos e/ou a susceptibilidade genética individual.” a ser realizada em
centros de saude de Belém e Ananindeua em parceria com o Instituto Evandro
Chagas. O objetivo principal da pesquisa € saber se vocé tem algum fator genético no
sangue que podem tornar mais facil de vocé adquirir a COVID19 e agravar. Também,
no caso de vocé ter adoecido e feito tomografias de térax (TC), sera avaliado os
principais achados radioldgicos da sua TC compativeis com a COVID- 19 em relacao

a sua genética, sintomatologia, evolucao e desfecho clinico da COVID-19.

E muito importante fazer essa pesquisa porque ndo temos informacdes sobre se as
pessoas que ndao adoecem sao geneticamente diferentes das pessoas que adoecem
e se a genética interferiu nos achados radiolégicos da TC. Isso pode ajudar as
autoridades de saude a conhecer melhor as caracteristicas clinicas da doenca e o
motivo pelo qual as pessoas estdo adoecendo. Esta pesquisa seré realizada com
profissionais que trabalharam em centros de saude de Belém e Ananindeua por pelo
menos trinta dias do periodo compreendido entre 10/03 a 10/07/2020 que tiveram ou
ndo a COVID19. Serdo usadas nesta pesquisa amostras de sangue que serao
coletadas na Policlinica Metropolitana de Belém. As amostras de sangue serao
coletadas do braco com seringa e agulha descartaveis para analisarmos o gene do
Receptor de vitamina D (VDR), genes de citocinas, inflamossomo e, Toll-like

Receptores (TLR), enzima conversora de angiotensina 2 (ACE-2) e a serina protease
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transmembranar 2 (TMPRSS2). Esses genes serdo analisados para saber se tem um
fator genético que pode tornar mais facil a pessoa adoecer. Serdo feitas algumas
perguntas para vocé responder e essas perguntas ficaram registradas em um
guestionario.
A sua participagdo € muito importante e, em respeito a vocé, Ihe damos as seguintes
explicagdes:

e Vocé nao € obrigado a participar da pesquisa e pode retirar seu consentimento
a qualqguer momento, e caso nao aceite, vocé ndo serd maltratado ou
prejudicado.

e Como resultado dessa pesquisa saberemos se vocé tem um fator genético
gue pode o tornar mais susceptivel ao adoecimento. Os resultados do fator
genético, vocé podera ter acesso se desejar, pois serdo utilizados apenas para
a pesquisa.

e [Esta pesquisa ndo trarA um beneficio direto para vocé, mas trara beneficios
indiretos como: os fatores genéticos que podem favorecer determinados
achados radiol6gicos da TC e o adoecimento, 0 que € muito importante para
as atividades de controle da doenca pelas secretarias de saude.

e Osriscos desta pesquisa referem-se a coleta de sangue pela picada da agulha
gue produzird um desconforto suportavel e de curta duracdo. Podera ocorrer
inchaco no local da picada, durante ou apds a coleta. Também podera entrar
um germe no local da coleta, no entanto serdo tomados todos os cuidados de
limpeza recomendados pelo Ministério da Saude. Outro risco esté relacionado
ao sigilo de seus dados, mas garantimos que suas informacdes serao
utilizadas somente para os fins desta pesquisa e seréo tratadas com o mais
absoluto sigilo e confidencialidade, de modo a preservar a sua identidade.

e A explicagdo da pesquisa, e aplicagdo do Termo de Consentimento seréo
feitas num lugar onde vocé possa se sentir a vontade para tirar suas duvidas.

e Esta pesquisa ndo gera nenhuma despesa aos participantes. Para participar
deste estudo vocé né&o tera nenhum custo, nem recebera qualquer vantagem
financeira. Sua participacao é voluntaria.

e Vocé tera garantia de reparacdo de dano, comprovadamente decorrente da

participagcédo na pesquisa, conforme previsto em lei.
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Caso o(a) senhor(a) tenha dividas ou necessite de maiores esclarecimentos pode nos
contactar: Bruna Venturieri — Pesquisadora Responsavel pelo projeto, encontrada na
Secdo Policlinica Metropolitana de Belém, Tv. Perebebui, 2623 - Marco, Belém -

PA; Telefone: (91)991492702, E-mail: venturierib@icloud.com, ou procurar o Comité

de Etica em Pesquisa Envolvendo Seres Humanos da Policlinica Metropolitana
de Belém, localizado no Prédio da Policlinica Metropolitana de Belém, Tv. Perebebui,
2623 - Marco, Belém - PA, no Telefone: (91) 40050510. Horario de funcionamento:

segunda a sexta-feira, das 8hrs AS 17hrs.

Este termo devera ser preenchido em duas vias de igual teor, sendo uma delas,
devidamente preenchida, assinada e entregue ao(a) senhor(a).
CONSENTIMENTO DA PESSOA COMO PARTICIPANTE DA PESQUISA

Eu, ,

RG/CPF concordo em participar do estudo “Anélise da resposta ao

SARS-COV-2 em relacdo aos achados radioldgicos e/ou a susceptibilidade
genética individual”, sob a responsabilidade da Pesquisadora Bruna Venturieri,
como participante voluntério. Fui devidamente informado e esclarecido sobre a
pesquisa, 0s procedimentos nela envolvidos, assim como 0s possiveis riscos e
beneficios decorrentes de minha participacdo. Foi me garantido que posso retirar meu
consentimento a qualquer momento, sem que isto leve a qualquer penalidade ou
interrupgéo de meu acompanhamento/ assisténcia/ tratamento.

Local e data: _

Assinatura do participante ou responsavel: _


mailto:venturierib@icloud.com

132

Assinatura Dactiloscépica

Assinatura do Pesquisador Responsavel: _

Presenciamos a solicitacdo de consentimento, esclarecimento sobre a pesquisa e
aceite do sujeito em participar.

Testemunhas (ndo ligadas a equipe de pesquisadores):

Nome: _

Assinatura: _

Nome: _

Assinatura: _
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APENDICE 5
Questionario para os participantes

Nome do entrevistador: _

Data: / / 2020. Hora de inicio: _
Nome do entrevistado: _

Profissdo do entrevistado: _

Data de Nascimento: / /

Idade: anos

N oo g M DN

Sexo: () Feminino () Masculino
8. Grau de escolaridade
() Ensino fundamental incompleto () Ensino fundamental completo () Ensino médio
incompleto () Ensino médio completo () Ensino superior incompleto () Ensino superior
completo
9. Vocé teve algum sintoma de COVID19?
() Nao (pula para questéo 15) ( ) Sim
Se sim,
10. Data dos primeiros sintomas:  / 12020
11. Quais sintomas?
() febre () tosse seca () cansaco
() dores e desconfortos () dor de garganta
() diarreia () conjuntivite () dor de cabeca
() perda de paladar ou olfato () erupcéo cutanea na pele ou descoloracéo dos dedos
das méaos ou dos pés () dificuldade de respirar ou falta de ar

() dor ou presséao no peito () perda de fala ou movimento
() Outros: especificar _
12. Vocé realizou algum teste laboratorial para COVID19?

() Nao (pula para questéo 15) () Sim

13. Qualis testes laboratoriais?
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() PCR: () resultado Positivo () resultado Negativo Data: / /2020
() Teste rapido IgM/IgG: () resultado Positivo () resultado Negativo Data: /

12020

() Teste rapido IgA/IgG: () resultado Positivo () resultado Negativo Data: /
12020

() Tomografia: % comprometimento do pulméo

14. Vocé foi hospitalizado com suspeita/confirmacéo de COVID-19?

() Nao () Sim: Por quantos dias?__

15. Qual (is) setor (es) do centro de saude trabalha:

16. Além deste local em que estamos fazendo a coleta, vc trabalha em algum outro
gue atenda ou atenderam pacientes com COVD19?
() Nao, somente neste (pula para questdo 18) ( ) Unidade basica de Saude
( ) UPA () Hospital publico () Hospital privado () SAMU

( ) Consultério/Assisténcia domiciliar a pacientes ( ) Outro. Qual?

17. Trabalha em quantos lugares no total?
O1 ()2 ()3 ()4 ()5oumais

18. H& quanto tempo vocé esta prestando ou prestou assisténcia a pacientes com
COVID-19? (em dias) _

19. Vocé apresenta alguma comorbidade como:
() Diabetes () HAS (Hipertenséo arterial sistémica) () Sobrepeso/Obesidade
() Cardiopatias () Doenca Renal () Asma

20. Alguém da sua familia consanguinea adoeceu (que mora ou ndo com vocé)?
() Nao () Sim: Quem?_

21. Alguém que mora com vocé adoeceu (sem consanguinidade)?

() Nao () Sim: Quantas pessoas?



135

ANEXOS

ANEXO 1 - Protocolo de extragdo QlAamp Blood Mini Kit

1. Pipetar 20 pL de Qiagen Protease em um tubo de microcentrifuga de 1,5 mL.

2. Homogeneizar os tubos com o sangue e transferir 200 uL da amostra de sangue
(ponteira com

filtro) para o microtubo contendo a Qiagen Protease.

3. Adicione 200 pL de Tampéao Al. Misture completamente por vortex.

4. Incubar a 56°C por 25 min. em thermo shaker. Centrifugue brevemente o tubo de
microcentrifugacao de 1,5 mL para remover as gotas da tampa.

5. Adicionar 200 pyL de etanol (96-100%). Misture bem por vortex. Centrifugue
brevemente o tubo

para remover as gotas da tampa.

6. Pipete a mistura na coluna de centrifugagédo QlAamp Mini (em um tubo de coleta
de 2mL - utilizar

ponteira com filtro) e centrifugar a 8000 rpm durante 1 min. Descarte o tubo de coleta.
7. Colocar a coluna em novo tubo coletor e adicionar 500 pL de tampdo AWL.
Centrifugar por 1

min. a 8.000 rpm. Descartar o filtrado e o tubo coletor novamente. Ficar apenas com
a coluna.

8. Colocar a coluna em novo tubo coletor e adicionar 500 yL de tampao AW?2.
Centrifugar por 3

min. a 13.000 rpm para deixar a membrana secar. Descartar o filtrado e o tubo coletor
novamente. Ficar apenas com a coluna.

9. Coloque a coluna de centrifugacdo QIAamp Mini em um novo tubo de
microcentrifuga de 1,5 mL

(ndo fornecido), adicione 90 pL de tampao AE e incube a temperatura ambiente (15-
25°C) por 5

min. Centrifugar a 8000 rpm por 1 min para eluir o DNA.

10. O tubo coletor contém o DNA purificado. Tampar o microtubo e quantificar o DNA
em

espectrofotometro Nanodrop®.
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11. Identificar o microtubo (tampa e corpo) indicando o CODIGO DA AMOSTRA,
DATA e [DNA].

Inserir os dados no livro de protocolo e na planilha do Google Drive.
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