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ESTUDO DOS POLIMORFISMOS GSTP1 (rs1695) e TNF A-308 
(rs1800629) EM PACIENTES COM COVID-19 HOSPITALIZADOS E 

ASSOCIAÇÃO COM DADOS CLÍNICOS 
 

 

Resumo 
 

O SARS-CoV-2, coronavírus agente da COVID-19, rapidamente disseminou-

se em todo o mundo, progredindo com manifestações clínicas diversas, desde a 

forma assintomática, leve, moderada à grave, com grande desfecho de óbito. Ainda 

é um desafio a compreensão da fisiopatologia do SARS-CoV-2 para as medidas de 

controle e manejo clínico da doença. Dentre os fatores que interferem na evolução da 

COVID-19, estão idade, sexo, hábitos de vida e presença de comorbidades, além de 

fatores genéticos que são alvo de investigações e podem interferir na susceptibilidade 

e evolução da doença. O principal objetivo do estudo foi determinar a frequência 

alélica e genotípica de GSTP1 (rs1695) e TNF A-308 (rs1800629) nos pacientes 

hospitalizados com COVID-19 e verificar associação dos polimorfismos com a 

gravidade, comorbidade e o desfecho da hospitalização dos pacientes do sul do 

Brasil. A amostra foi composta por 236 pacientes positivos para COVID-19 internados 

em um hospital de referência do sudoeste paranaense. Foi coletado 5 mL de sangue 

dos indivíduos para caracterização genética, utilizando as técnicas T-ARMS-PCR 

(tetra amplification refractory mutation system by Polymerase Chain Reaction) para 

rs1695 e ARMS-PCR (amplification refractory mutation system by PCR) para 

rs1800629. Para coleta de dados sociodemográficos, clínicos e das comorbidades foi 

realizada busca em prontuários médicos dos pacientes. Posteriomente, foram 

conduzidas análises bivariada e multivariada, incluindo a regressão logística. Os 

resultados mostraram que 58,1% da amostra eram homens e 41,9% mulheres; 63% 

eram casos graves e 37% moderados; o desfecho de alta hospitalar foi de 64% e 36% 

foram a óbito. Em relação ao polimosrfismo genético,  o alelo ancestral foi o mais 

frequente em rs1695 (A = 71%)  e rs1800629 (G = 61%) e, que os genótipos AA 

(rs1695) e AG (rs1800629) foram, respectivamente, 48,73% e 67,81%. Para rs1695 

tanto o alelo A (OR = 2,9; IC95%= 1,093–7,884; p=0,033) quanto o genótipo AG (OR 

= 3,3; IC95%= 1,185–9,375; p= 0,022), ampliam as chances de gravidade para 

COVID-19. Para o polimorfismo rs1800629 nenhuma associação significativa foi 

observada. Com relação ao desfecho hospitalar, comorbidades, saturação de 

oxigênio e tempo de hospitalização nenhuma associação foi observada com os 



 
 

polimorfismos investigados. Logo, o estudo conclui que tanto o alelo A quanto o 

genótipo AG de rs1965 de GSTP1 são marcadores sugestivos de gravidade da 

COVID-19 na população sul do Brasil. E nenhuma relação pode ser estabelecida para 

o polimorfismo rs1800629 de TNF A-308. 

 

Palavras-chave: SARS-CoV-2, SNPs, Glutationa-S-Transferase, citocina, 

comorbidades. 

 

 



 
 

STUDY OF GSTP1 (rs1695) and TNF A-308 (rs1800629) 
POLYMORPHISMS IN HOSPITALIZED COVID-19 PATIENTS AND 

ASSOCIATION WITH CLINICAL STATUS 

 
 

 

Abstract 
  

SARS-CoV-2, the new coronavirus agent of COVID-19, quickly spread throughout the 

world, progressing with diverse clinical manifestations, from asymptomatic, mild, 

moderate to severe forms, with a major outcome of death. It is still a challenge to 

understand the pathophysiology of SARS-CoV-2 for control measures and clinical 

management of the disease. Among the factors that affect the evolution of COVID-19 

are: comorbidities, age, sex and lifestyle habits. Genetic factors are also the subject 

of investigations and may interfere with the susceptibility and evolution of the disease. 

The main objective of the study was to determine the allelic and genotypic frequency 

of GSTP1 (rs1695) and TNF A-308 (rs1800629) in patients hospitalized with COVID-

19 and verify the association of polymorphisms with the severity, comorbidity, and 

outcome of hospitalization of patients in southern Brazil. In total, 236 patients positive 

for COVID-19 admitted to a reference hospital in southwestern Paraná participated in 

the research. A blood sample was collected from the individuals for genetic 

characterization using the techniques T-ARMS-PCR (tetra amplification refractory 

mutation system by Polymerase Chain Reaction) for rs1695 and ARMS-PCR 

(amplification refractory mutation system by PCR) for rs1800629. At the same time, a 

search was carried out in the patients' medical records to collect sociodemographic, 

clinical and comorbidity data. Subsequently, bivariate and multivariate analyses were 

conducted, including logistic regression. were Of the population, 58.1% were men and 

41.9% were women; 63% were severe cases, and 37% were moderate; the hospital 

discharge outcome was 64%, and 36% died. The results showed that the ancestral 

allele was the most frequent in rs1695 (A = 71%) and rs1800629 (G = 61%) and that 

the genotypes AA (rs1695) and AG (rs1800629) were, respectively, 48.73% and 

67.81%. For rs1695, both the A allele (OR = 2.9; 95%CI= 1.093–7.884; p=0.033) and 

the AG genotype (OR = 3.3; 95%CI= 1.185–9.375; p= 0.022) increase the chances of 

severity for COVID-19. For the rs1800629 polymorphism, no significant association 

was observed. Regarding hospital outcome, comorbidities, oxygen saturation and 

length of hospitalization, no association was observed with the investigated 



 
 

polymorphisms. Therefore, the study concludes that both the A allele and the AG 

genotype of GSTP1 rs1965 are suggestive markers of COVID-19 severity in the 

southern Brazilian population. And no relationship can be established for the 

rs1800629 polymorphism of TNF A-308.  

 

keywords: SARS-CoV-2; Single-nucleotide polymorphism; Glutathione S-

transferase; Cytokine; Comorbidity. 
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1. INTRODUÇÃO  

 
 

A pandemia de COVID-19 (Doença do coronavírus) teve duração de pouco 

mais de três anos, com o fim da Emergência de Saúde Pública de Importância 

Internacional declarada em maio de 2023 (Kumar; Srivastava; Nand, 2023). O SARS-

CoV-2 (Síndrome respiratória aguda grave causada pelo novo coronavírus), foi 

descoberto em dezembro de 2019 na província de Wuhan na China, é o sétimo 

coronavírus a infectar o homem provocando uma pneumonia atípica, denominada 

COVID-19 (Wu et al., 2020; Wang et al., 2023). O panorama mundial da COVID-19 

ultrapassou 770 milhões de casos confirmados com taxa de letalidade de 0,9% 

(Topcuoglu, 2020). No Brasil, o Ministério da Saúde divulgou mais de 37 milhões de 

casos positivos com taxa de letalidade de 1,8% pela doença até meados de outubro 

de 2023 (SESA, 2023). 

O vírus SARS-CoV-2 possui características únicas que o distingue dos demais 

coronavírus, como a alta transmissibilidade, provocando aumento do número de 

pessoas infectadas em curto período de tempo e a evolução para a síndrome 

respiratória aguda grave (SRAG) (Ciotti et al., 2020; Li et al., 2020). Esse quadro 

progrediu, em muitos casos, para insuficiência respiratória com necessidade de 

cuidados intensivos, resultando no desfecho de óbito (Grasselli et al., 2020). O estudo 

do genoma do SARS-CoV-2 revelou sua adaptação aos receptores das células 

humanas, propiciando uma rápida infecção (Pirola; Patanè, 2023). Ele possui uma 

configuração de domínio de ligação ao receptor celular humano semelhante ao do 

SARS-CoV, a enzima conversora da angiotensina 2 (ACE2) (Malik, 2020), uma 

proteína transmembrana expressa na superfície de diversas células do corpo, como 

o epitélio do sistema respiratório (Bernstein et al., 2013). A proteína Spike (S) 

presente no capsídeo viral é uma estrutura necessária para a ligação no receptor 

celular ACE2 e, tem como característica flexibilidade molecular com diferentes 

disposições, as quais definem junto com as mutações do genoma viral, as variantes 

de SARS-CoV-2 (Turoňová et al., 2020). Além do que, as mutações também estão 

associadas ao aumento da virulência, da transmissibilidade e exacerbação da doença 

(Janik et al., 2021).  

A principal via de transmissão do SARS-CoV-2 é a respiratória (Lamers; 

Haagmans, 2022) e, por isso, as recomendações foram o isolamento social e o uso 

de máscaras (Hwang et al., 2020; Wei et al., 2021). Assim como outras doenças  
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virais, a COVID-19 pode ser assintomática ou desencadear diversos sintomas 

(Cabrera Martimbianco et al., 2021; Lima, 2020; Struyf et al., 2022). Logo, o quadro 

clínico do indivíduo pode ser classificado em leve, moderado ou grave, dependendo 

do tipo de manifestação clínica (Elezkurtaj et al., 2021). O índice de saturação de 

oxigênio (SpO2) associado aos sintomas de alerta como febre e falta de ar foi um 

parâmetro muito utilizado na classificação de gravidade da doença (OMS, 2021). 

Além disso, outros preditores de gravidade da COVID-19, como idade, sexo e 

a presença de comorbidade, podem estar relacionados à desregulação da resposta 

imunoinflamatória do indivíduo frente à infecção viral (Torres et al., 2022; Purwanty; 

Permata, 2023). Outro fator que chamou a atenção foi a evolução da gravidade em 

indivíduos sem histórico de doença pré-existente, o que fez considerar a hipótese do 

perfil genético individual como fator para a severidade da COVID-19 (Orlewska et al., 

2023). 

Os danos ocasionados pela tempestade de citocinas na COVID-19 foram 

demonstrados em estudos por autópsias que apontaram para relação delas com a 

Síndrome do Desconforto Respiratório (SDR) (Barnes et al., 2020). Em pacientes 

graves observou-se aumento dos níveis séricos de citocinas pró-inflamatórias que 

pôde desencadear uma resposta inflamatória sistêmica conhecida como a síndrome 

de liberação de citocinas (SRC) (Guo et al., 2022). O TNF A é uma citocina pró-

inflamatória multifuncional que pertence à superfamília do fator de necrose tumoral 

(TNF) (Thomas, 2001) sendo considerada uma das principais citocinas relacionadas 

aos processos inflamatórios e imunes, agindo em diferentes tecidos, auxiliando na 

defesa do organismo contra microrganismos invasores (Vitale; Ribeiro, 2007).  

Toda essa condição propiciada pela SRC provoca estresse celular e tecidual 

que tende a ser equilibrado também por enzimas da família das glutationa-S-

transferase (GSTs). Estas enzimas estão envolvidas no controle oxidativo das células 

e exercem a importante função na patobiologia de diversas doenças incluindo as do 

aparelho respiratório (Gilliland et al., 2002; Silva et al., 2021a). Dentre as classes de 

GSTs a glutationa-S-transferase P1 (GSTP1) é uma das principais enzimas com esse 

perfil atuante no pulmão (Gilliland et al., 2002; Orlewska et al., 2023).   

Neste contexto, os polimorfismos de nucleotídeo único (SNPs) são a forma 

mais comum de variação genética humana, sendo uma ferramenta para o 

mapeamento das características genéticas do indivíduo (Chakravorty; Hegde, 2018). 

A presença de SNPs em genes ou em regiões promotoras podem estar relacionadas 
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a progressão de determinada doença no indivíduo ou à susceptibilidade, inclusive, do 

agente patogênico (Schmiedel et al., 2018; Logsdon; Vollger; Eichler, 2020). Tanto o 

GSTP1 quanto o TNF A possuem regiões polimórficas, que podem interferir na 

resposta imunológica do organismo (Cui et al., 2020; Abdulfattah; Samawi, 2023). 

Para o gene GSTP1, localizado no cromossomo 11 com aproximadamente 2,8kb e 

constituido por sete exons, os SNPs mais estudados são os do éxon 5 Ile105Val 

(rs1695) e o do éxon 6 Ala114Val (rs1138272) (Yang et al., 2023). O polimorfismo do 

éxon 5 (rs1695) é uma troca de base na posição 105 do gene, com substituição 

(transição) da A (adenina) pela G (guanina), trocando o aminoácido isoleucina por 

valina (Ile105Val) (rs1695). Com relação ao conjunto gênico TNF A, grande parte dos 

SNPs desse gene estão em sua região promotora e pressupõe-se que afetem a 

suscetibilidade ou gravidade de diferentes doenças (El-Tahan; Ghoneim; El-Mashad, 

2016; Moura et al., 2019; Ahmed et al., 2020; Feyda Nursal et al., 2020). 

Especificamente, o SNP rs1800629 do TNF-A localizado na posição -308 (upstream) 

leva a substituição (transição) da guanina (G) pela adenina (A) e, na população, o 

alelo -308A (variante) tem sido prevalente comparado ao alelo -308G (ancestral) 

(Santiago et al., 2021; Abdulfattah; Samawi, 2023).  

Na COVID-19, essas variações polimórficas no genoma do hospedeiro vêm 

sendo investigadas, incluindo os  genes GSTs e TNF (Padula et al., 2020; Abbas et 

al. 2021; Coric et al., 2021; Orlewska et al.,2023). Pacientes poloneses com genótipo 

AG (Ile/Val) para GSTP1 (rs1695) apresentaram quase três vezes mais risco de 

severidade da doença comparado aos outros genótipos (Orlewska et al., 2023). Em 

contrapartida, no trabalho de Coric et al. (2021) com a população sérvia o genótipo 

heterozigoto esteve associado a menor chance de desenvolver a COVID-19 (Coric et 

al., 2021). Ainda outro estudo, também com os sérvios, avaliou a relação entre 

GSTP1 (rs1695) e o extresse oxidativo exacerbado pela doença e não encontrou 

resultado significativo (OR = 1,02, p = 0,978) (Markovic et al., 2023). Considerando o 

polimorfismo de TNF A -308 (rs1800629) na população egípcia, indivíduos com alelo 

A e com genótipo AA possuem, respectivamente, risco aumentado para COVID-19 e 

maior severidade da doença (Saleh et al., 2022). Em estudo cubano, indivíduos com 

o alelo A apresentaram mais sintomas da doença, porém, a gravidade foi evidenciada 

em pessoas com o alelo G, normalmente assintomáticos (OR = 0,96; IC 95% 0,51–

1,79) (Sotomayor-Lugo et al., 2022). Por outro lado, um estudo  de meta-análise 

demonstrou ausência de relação do TNF A-308 (rs1800629) com a gravidade da 
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COVD-19 (Pecoraro; Cuccorese; Trenti, 2023). 

Diante do exposto, percebe-se que a presença destes polimorfismos genéticos 

na população podem estar relacionados aos diferentes desfechos de algumas 

doenças. Ademais, quando correlatos, em muitos casos, ampliam o risco e o agravo 

a depender da área geográfica e etnia das populações. Desta forma, conhecer a 

influência de alguns SNPs na COVID-19, em populações brasileiras, pode auxiliar o 

prognóstico e evolução clínica do paciente de forma personalizada. Assim, visto a 

importância destes SNPs para área da saúde, o presente estudo buscou determinar 

a frequência alélica e genotípica de GSTP1 (rs1695) e TNF A-308 (rs1800629) nos 

pacientes hospitalizados com COVID-19 e verificar associação dos SNPs com a 

gravidade, presença de comorbidade e o desfecho da hospitalização dos pacientes 

do sul do Brasil. 

 

2. OBJETIVOS 
 
2.1 Geral 

 

Determinar a frequência alélica e genotípica de GSTP1 (rs1695) e TNF A-308 

(rs1800629) nos pacientes hospitalizados com COVID-19 e verificar associação dos 

SNPs com a gravidade, presença de comorbidade e o desfecho da hospitalização 

dos pacientes. 

 

2.2 Específicos 

 

• Correlacionar as frequências alélilcas e genotípicas com os casos graves e 

moderados de COVID-19. 

• Investigar a associação dos polimorfismos rs1695 e rs1800629 com o 

desfecho da hospitalização pela COVID-19, alta ou óbito.  

• Verificar associação das frequências alélicas e genotípicas com as 

comorbidades obesidade, diabetes mellitus, hipertensão arterial sistêmica, 

doença pulmonar obstrutiva crônica e complicações vasculares. 

• Associar a presença do polimorfismo genético rs1695 e rs1800629 com o nível 

de saturação de oxigênio (SpO2) e tempo de hospitalização.
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3. METODOLOGIA 
 
 
3.1 População e desenho do estudo 

 

Pesquisa de caráter quantitativa, descritiva e transversal desenvolvida no 

município de Francisco Beltrão, sudoeste do Paraná. A população incluiu pacientes 

internados entre agosto de 2020 à agosto de 2021, inicialmente por suspeita e 

posterior confirmação de COVID-19, no Hospital Regional do Sudoeste Dr. Walter 

Alberto Pécoits (HRS-WAP), referência para COVID-19 na região. 

Os critérios para a inclusão dos participantes no estudo foram indivíduos com 

resultados positivos para SARS-CoV-2, a partir do exame padrão qRT-PCR e 

hospitalizados, com permanência mínima de um dia. Como critério de exclusão, 

foram aqueles que mesmo suspeitos apresentaram resultado negativo para SARS-

CoV-2 e os que não permaneceram hospitalizados. O projeto recebeu aprovação pelo 

Comitê de Ética em Pesquisa envolvendo Seres Humanos (CEP) com parecer nº 

4.224.011 e CAAE: 31837720.5.0000.0107 (Anexo I). 

 

3.2 Coleta de dados e de amostra sanguínea  

 
Os dados dos 236 indivíduos, que fizeram parte da amostra, foram coletados 

durante a internação.Como instrumento de coleta uma  uma ficha com informações  

dos pacientes foi preenchida, utilizando os dados obtidas através do prontuário 

médico, da ficha Individual de Notificação (FIN) obtida do Sistema de Informação de 

Agravos de Notificação, do sistema GAL/Lacen o Notifica COVID e através do 

programa Sistema de Gestão Hospitalar e Ambulatorial (GSUS). Dentre as 

informações estão idade, sexo, sintomas, comorbidades, classificação da gravidade 

da doença (moderado ou grave conforme definição estabelecida pela OMS), tempo 

total de hospitalização, tempo de assistência na Unidade de Terapia Intensiva (UTI), 

índice de saturação de O2 (SpO2), necessidade de ventilação não invasiva e invasiva, 

alta hospitalar ou óbito. 

Para análise laboratorial foi coletado 05 ml de sangue venosode cada 

indivíduo, em tubo com o anticoagulante EDTA (ácido etilenodiamino tetra-acético), 

homogeneizado e depositado em uma caixa térmica com gelo até o armazenamento,  

no Laboratório de Biologia Molecular e Citogenética Humana da Universidade 

Estadual do Oeste do Paraná, UNIOESTE, onde foram acondicionadas em freezer -
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20ºC até o processamento. Ressaltamos que, o sangue foi coletado durante o 

processo da hospitalização dos indivíduos, por profissionais assistenciais dos setores 

de referência à COVID-19 do HRS-WAP, que já realizavam diariamente coleta de 

material para análise laboratorial da rotina de acompanhamento desses pacientes.  

 

3.3 Isolamento do material genético  

 
A extração de DNA total de cada indivíduo foi realizada a partir de uma alíquota 

de 200µl da amostra original de sangue, seguindo o protocolo QIAamp® DNA Mini 

Kit, DNA Purification from Blood or Body Fluids (Spin Protocol) (Qiagen, Alemanha) 

conforme instruções do fabricante e armazenados em freezer a -20°C. Após a 

extração do DNA, foi realizada a detecção da presença de um segmento de 

aproximadamente 268pb do gene β-globina humano sintetizado a partir dos 

iniciadores GH20 (5′-GAAGAGCCAAGGACAGGTAC-3′) e PC04 (5′- 

CAACTTCATCCACGTTCACC-3′), para verificar a presença e qualidade do DNA ds 

amostras. As condições de amplificação para cada reação foi 190 nM de dNTPs, 500 

nM de cada iniciador, 2 mM de MgCl2, Tampão (200 mM Tris-HCL, 500 mM KCl), 

1,25 U de DNA polimerase (Ludwig™) e cerca de 50 ng de DNA submetido a 

sequência de etapas de ciclagem: 94ºC por 10 minutos; 37 ciclos de 94º C por 1 

minuto, 55ºC por 1 minuto, 72ºC por 1 minuto; 72ºC por 10 minutos (Trugilo et al., 

2019). 

 

3.4 Genotipagem GSTP1 (rs1695) e TNF A-308 (rs1800629) 

 
O método utilizado para determinar o polimorfismo genético GSTP1 (rs1695) 

foi o T-ARMS-PCR (tetra amplification refractory mutation system by Polymerase 

Chain Reaction) baseado no protocolo de Hashemi et al. (2012) e para determinar o 

polimorfismo TNF A-308 (rs1800629) foi utilizado a ARMS-PCR (Amplification 

Refractory Mutation System by Polymerase Chain Reaction) (Ahmed et al., 2020).  

Para rs1695 foram utilizados os pares de iniciadores: forward outer 5'-

CAGGTGTCAGGTGAGCTCTGAGCACC-3’ e reverse outer 5'-

ATAAGGGTGCAGGTTGTGTCTTGTCCCA-3’ para o alelo A (isoleucina) e forward 

inner 5'-CGTGGACCTCCTCCGCTGCAAATCCA-3' e reverse Inner 5'-

GCTCACATAGTTGGTGTAGATGAGGGATAC-3' ´para o alelo G (valina).  As etapas 

de ciclagem incluíram: desnaturação inicial a 95ºC por 5 minutos, seguindo para 30 

ciclos de 95ºC por 35 segundos, 62ºC por 35 segundos, 72°C por 50 segundos, 



22 
 

finalizando a 72ºC por 10 minutos (Hashemi et al.,2012). Os amplicons gerados foram 

de 233pb para o alelo A, 290pb para o alelo G e 467pb para primers externos/banda 

controle. 

Para o estudo do SNP TNF A-308 (rs1800629) foram utilizados um iniciador 

comum aos dois alelos o Forward 5’- TCTCGGTTTCTTCTCCATCG – 3’; e o Reverse 

5’ – ATAGGTTTTGAGGGGCATGA – 3’ para Alelo A e, o Reverse 5` - 

ATAGGTTTTGAGGGGCATGG – 3’ para Alelo G. Os alelos A e G foram avaliados 

separadamente pois possuem o mesmo tamanho de amplicon (184 pb) (Ahmed et 

al., 2020) (Figura 2). A ciclagem empregada foi desnaturação inicial a 95ºC por 2 

minutos, seguindo para 30 ciclos de 95ºC por 15 segundos, 65ºC por 50 segundos, 

72°C por 1 minuto, finalizada a 72ºC por 5 minutos (Ahmed et al., 2020).  

Os genótipos de ambos os SNPs foram determinados pela migração dos 

produtos em gel de agarose a 2%, visualizados sob luz UV e fotodocumentados 

(Figura 1 e 2). 

 

 
Figura 1 – Imagem do gel de agarose a 2% com 
representação do polimorfismo GSTP1. LAD (padrão de 
peso molecular de 100pb); BR (branco ou controle 
negativo); A1, A2, A3, A4, A5, A6 e A7 são as amostras. 
Peso molecular 467pb para o controle, 290pb para alelo G 

e 233pb para alelo A. 
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Figura 2 – Imagem do gel de agarose a 2% com 
representação do polimorfismo TNF A-308 (rs1800629). LAD 
(padrão de peso molecular de 100pb); BR (branco ou controle 
negativo); A1, A2, A3, A4, A5, A6 e A7 são as amostras. Alelo 
A (1) e Alelo G (2), ambos com fragmento de 184pb. 
 
 

 

3.5 Análise estatística 

Os dados foram tabulados e analisados no software Statistical Package for the 

Social Sciences (SPSS) versão 24.0. As variáveis contínuas tiveram a distribuição 

normal verificada pelo teste de Kolmogorov-Smirnov (p>0,05) e, assim como, as 

demais foram categorizadas. Foram determinadas as frequências alélicas e 

genotípicas e verificado o Equilíbrio de Hardy-Weinberg (EHW) pelo teste Qui-

quadrado. Este também foi utilizado, com correção de continuidade de Yates e teste 

exato de Fisher, para comparações entre variáveis categóricas independentes, a 

gravidade do caso, o desfecho de óbito e alta hospitalar e de comorbidades com os 

SNPs. As variáveis independentes que apresentaram significância menor que 0,20 

(p<0,20) nas análises bivariadas seguiram para regressão logística, método stepwise, 

considerando intervalos de confiança de 95% e p>0,05 e determinação da razão de 

chance (OR). Para verificar a existência de relação entre os polimorfismos genéticos 

e o nível de saturação de O2 e tempo de hospitalização foi realizado teste t de Student, 

considerando p<0,05. 
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5. ARTIGO CIENTÍFICO  

 
GSTP1 variant rs1695 affects susceptibility to severity of COVID-19 

 

ABSTRACT 

SARS-CoV-2, the novel coronavirus agent of COVID-19, has spread rapidly worldwide with clinical 

manifestations ranging from asymptomatic, mild, moderate to severe, and often fatal. Understanding the 

pathophysiology of SARS-CoV-2 for disease control and clinical management remains a challenge. Factors 

influencing the development of COVID-19 include comorbidities, age, sex, and lifestyle. Genetic factors are also 

being investigated and may influence susceptibility and disease progression. The objective of this study was to 

determine the allele and genotype frequencies of GSTP1 rs1695 and TNF A-308 (rs1800629) in hospitalized 

patients with COVID-19 and to verify the association of the polymorphisms with severity, comorbidity, and 

outcome of hospitalization in patients from southern Brazil. A total of 236 patients with COVID-19 who were 

admitted to a reference hospital in Paraná, Brazil, participated in the study. Blood samples were collected from 

individuals for genetic characterization using T-ARMS-PCR (polymerase chain reaction-based tetra-primer 

amplification refractory mutation system) for rs1695 and ARMS-PCR (polymerase chain reaction-based 

amplification refractory mutation system) for rs1800629. Patient medical records were searched to collect 

sociodemographic, clinical, and comorbidity data. Bivariate and multivariate analyses, including logistic 

regression, were then performed. Population was 58.1% men and 41.9% women; 63% had severe and 37% 

moderate cases of COVID-19; 64% were discharged from hospital and 36% died. The results showed that the 

ancestral allele was most common in rs1695 (A = 71%) and rs1800629 (G = 61%), and the AA (rs1695) and AG 

(rs1800629) genotypes were 48.73% and 67.81%, respectively. Regarding rs1695, both A allele (OR = 2.9; p = 

0.033) and AG genotype (OR = 3.3; p = 0.022) increased the odds of COVID-19 severity. No significant 

association was observed for the rs1800629 polymorphism. Also, no association was observed regarding hospital 

outcome, comorbidities, oxygen saturation, and length of hospital stay. We conclude that both the A allele and AG 

genotype of GSTP1 rs1695 are suggestive markers for COVID-19 severity in southern Brazil. No association was 

found for TNF A-308 rs1800629 polymorphism. 

 

Keywords: SARS-CoV-2; Single-nucleotide polymorphism; Glutathione S-transferase; Cytokine; Comorbidity. 

 

INTRODUCTION 

 

SARS-CoV-2, a human coronavirus discovered in December 2019 in the city of Wuhan, Hubei province, 

China, is the seventh type of coronavirus to infect humans and develop into an atypical pneumonia termed COVID-

19 (New Coronavirus Disease) [1,2]. Because of its high transmissibility, SARS-CoV-2 quickly spread to several 

countries, culminating in a pandemic declared by the World Health Organization (WHO) in March 2020, less than 

three months after its discovery [3]. 

Despite the end of the SARS-CoV-2 pandemic in May 2023 [4], the global picture of COVID-19 in 

February 2024 showed 774 million confirmed cases with a case–fatality rate of 0.90%. The Brazilian Ministry of 
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Health recorded over 38 million positive cases with a case–fatality rate of 1.8% in February 2024 [5]. The high 

transmissibility of SARS-CoV-2 and its progression to severe acute respiratory syndrome (SARS) led to 

respiratory failure requiring intensive care in many cases, resulting in a high mortality rate [6-8]. 

As with other viral diseases, COVID-19 can be asymptomatic or cause a variety of symptoms [9-11]. The 

condition of a patient with COVID-19 can be classified as mild, moderate, or severe depending on the clinical 

manifestations [12]. The oxygen saturation index, combined with warning symptoms such as fever and shortness 

of breath, was one parameter used to classify disease severity [13]. In addition, predictors of COVID-19 severity 

such as age, sex, and comorbidities might be related to dysregulation of the immune inflammatory response to 

viral infection [14, 15]. Another factor that has attracted attention is the progression to severe COVID-19 even in 

individuals with no history of comorbidities, which raises the hypothesis that the individual genetic profile may 

be a potential factor in disease severity [16]. 

SARS-CoV-2 binding to ACE2 (angiotensin-converting enzyme 2) receptors, which are expressed in 

several human tissues, as well as an exaggerated immune response leading to cytokine storm or cytokine release 

syndrome (CRS) [17] have been implicated in the pathogenesis of COVID-19. This has been confirmed in 

autopsies, suggesting an association with acute respiratory distress syndrome (ARDS) [18]. Increased serum levels 

of proinflammatory cytokines have been observed in patients with severe COVID-19, which may trigger CRS 

[19]. 

Tumor necrosis factor alpha (TNF A) is a multifunctional, proinflammatory cytokine that belongs to the 

tumor necrosis factor (TNF) superfamily [20]. TNF A is considered one of the most important cytokines associated 

with inflammatory and immune processes, acting in various tissues to aid the body’s defense against invading 

microorganisms [21]. In addition, CRS also causes cellular and tissue stress, which is also regulated by enzymes 

of the glutathione S-transferase (GST) family. These enzymes are involved in cellular redox balance, which is 

significant in the pathobiology of several diseases, including respiratory diseases [22, 23]. GSTs comprise eight 

classes, with glutathione S-transferase Pi (GSTP1) being one of the enzymes active in the lung [16, 23]. 

Single-nucleotide polymorphisms (SNPs) are the most common form of human genetic variation and are 

essential for mapping individual genetic traits [24]. The presence of SNPs in genes or promoter regions may be 

associated with the progression of a particular disease or susceptibility to a pathogen [25, 26]. Both GSTP1 and 

TNF A have polymorphic regions that can influence the body’s immune response [27, 28]. 

These polymorphic variations in the host genome, including those of the GST and TNF families, have 

been studied in COVID-19 [16, 29-31]. A study of Polish patients carrying the Ile/Val GSTP1 (rs1695) genotype 

showed an almost threefold increased risk of disease severity compared to other genotypes [16]. Conversely, the 

same genotype (Ile/Val GSTP1) was associated with a lower risk of developing COVID-19 in the Serbian 

population [31]. For the TNF A-308 SNP (rs1800629), both the A allele and the AA genotype increased the odds 

of developing COVID-19 and severity, respectively, in the Egyptian population [32]. In Cubans, individuals with 

the A allele were more symptomatic; however, the severity of COVID-19 was evident in carriers of the G allele 

[33]. 

Although studies have reported results correlating the GSTP1 (rs1695) and TNF A-308 (rs1800629) 

polymorphisms with the severity progression of COVID-19, the results are contradictory and have been studied in 

few regions worldwide. To date, there has been no study of these SNPs in Brazilian patients with COVID-19. In 

addition, including studies with populations of different ethnicities and geographic locations regarding the 
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relationship of polymorphisms with pathology may guide personalized prognosis of COVID-19. 

The present study aimed to determine the allele and genotype frequencies of GSTP1 (rs1695) and TNF 

A-308 (rs1800629) in hospitalized patients with COVID-19 and to verify the association of SNPs with severity, 

presence of comorbidity, and hospital outcome in patients from southern Brazil. 

 

MATERIALS AND METHODS 

 

Research population, design of the study and sampling 

 

The present quantitative, descriptive, cross-sectional research was conducted in the city of Francisco 

Beltrão, southwestern Paraná, Brazil. We enrolled patients who were hospitalized between August 2020 and 

August 2021, initially suspected and later diagnosed with COVID-19, at the Dr. Walter Alberto Pecóits Southwest 

Regional Hospital (SRH), a reference hospital for COVID-19 in southwestern Paraná. 

Inclusion criteria for study participants were individuals who tested positive for SARS-CoV-2 by standard 

real-time quantitative reverse transcription polymerase chain reaction (qRT-PCR) and were hospitalized for at 

least one day. Exclusion criteria were those who were suspected but tested negative for SARS-CoV-2 and those 

who were not hospitalized. The project was approved by the Human Research Ethics Committee (CEP) of 

Universidade Estadual do Oeste do Paraná, under opinion number no. 4.224.011 and certificate of ethical 

appreciation no. 31837720.5.0000.0107. 

The sample consisted of 236 persons. During hospitalization, a form was filled out with various patient 

information acquired from medical records, the individual notification form on the Notifiable Diseases Information 

System, the GAL/Lacen Notifica COVID-19 system, and through the Hospital and Outpatient Management 

System. Information collected includes age, sex, symptoms, comorbidities, disease severity classification 

(moderate or severe as per WHO), total hospital length of stay, intensive care unit length of stay, oxygen saturation 

index (SpO2), need for noninvasive and invasive mechanical ventilation, hospital discharge, or death. 

A 5 ml venous blood sample was drawn from each individual, collected in tubes containing the 

anticoagulant ethylenediaminetetraacetic acid (EDTA), homogenized, and placed in a thermal box with ice for 

laboratory analysis. The samples were then sent to the Laboratory of Molecular Biology and Human Cytogenetics 

of the State University of Western Paraná (UNIOESTE), where they were stored in a freezer at -20ºC until 

processing. Blood was collected during the hospitalization process of the individuals by health care workers from 

the COVID-19 reference sectors of the SRH, who were already collecting material daily for routine laboratory 

analysis to monitor these patients. 

 

Isolation of genetic material 

 

Total DNA extraction from each individual was performed by using a 200 µl aliquot of the original blood 

sample according to the QIAamp® DNA Mini Kit Protocol, DNA Purification from Blood or Body Fluids (Spin 

Protocol) (Qiagen, Germany) and stored in a -20 °C freezer according to the manufacturer’s instructions. After 

DNA extraction, the presence of a segment of approximately 268 bp of the human β-globin gene was detected by 

using the GH20 (5′-GAAGAGCCAAGGACAGGTAC-3′) and PC04 (5′-CAACTTCATCCACGTTCACC-3′) 
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primers to verify the presence and quality of DNA samples. The amplification conditions for each reaction were 

as follows: 190 nM dNTPs, 500 nM of each primer, 2 mM MgCl2, buffer (200 mM Tris-HCL, 500 mM KCl), 1.25 

U DNA polymerase (Ludwig™), and approximately 50 ng DNA subjected to a series of cycling steps: 94 °C for 

10 minutes; 37 cycles of 94 °C for 1 minute, 55 °C for 1 minute, 72 °C for 1 minute; 72 °C for 10 minutes [34]. 

 

Genotyping GSTP1 (rs1695) and TNF A-308 (rs1800629) 
 

The method used to determine the genetic GSTP1 (rs1695) polymorphism was polymerase chain reaction-

based tetra-primer amplification refractory mutation system (T-ARMS-PCR) based on a previous protocol [35]; 

to determine the TNF A-308 (rs1800629) polymorphism, we used polymerase chain reaction-based amplification 

refractory mutation system (ARMS-PCR) [36]. 

For rs1695, the following primer pairs were used: forward outer 5'-

CAGGTGTCAGGTGAGCTCTGAGCACC-3' and reverse outer 5'-

ATAAGGGTGCAGGTTGTGTCTTGTCCCA-3' for the A allele (isoleucine), and forward inner 5'-

CGTGGACCTCCTCCGCTGCAAATCCA-3' and reverse Inner 5'-

GCTCACATAGTTGGTGTAGATGAGGGATAC-3' for the G allele (valine). The cycling steps included: initial 

denaturation at 95 °C for 5 minutes, followed by 30 cycles of 95 °C for 35 seconds, 62 °C for 35 seconds, 72 °C 

for 50 seconds, with a final extension at 72 °C for 10 minutes [35]. The generated amplicons were 233bp for the 

A allele, 290bp for the G allele, and 467bp for external primers/control band (Figure 1). 

For the TNF A-308 SNP (rs1800629), a common forward primer was used for both alleles: Forward 5'-

TCTCGGTTTCTTCTCCATCG - 3'; and the reverse primer was 5'-ATAGGTTTGAGGGGCATGA - 3' for the A 

allele and 5'-ATAGGTTTGAGGGGCATGG - 3' for the G allele. A and G alleles were evaluated separately as 

they have the same amplicon size (184 bp) [36] (Figure 2). Cycling conditions included an initial denaturation at 

95 °C for 2 minutes, followed by 30 cycles of 95 °C for 15 seconds, 65 °C for 50 seconds, 72 °C for 1 minute, 

with a final extension at 72 °C for 5 minutes [36]. 

Genotypes of both SNPs were determined by migration of the products on a 2% agarose gel. They were 

visualized under UV light and subsequently photographed (Figure 1 and 2). 

 

Figure 1. Image of a 2% agarose gel representing the GSTP1 polymorphism (rs1695). LAD (molecular weight 

standard of 100 bp); BR (blank or negative control); A1, A2, A3, A4, A5, A6, and A7 are the samples. The 

molecular weight is 467 bp for the control, 290 bp for the G allele, and 233 bp for the A allele. 
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Figure 2. Image of a 2% agarose gel representing the TNF A-308 polymorphism (rs1800629). LAD (molecular 

weight standard of 100 bp); BR (blank or negative control); A1, A2, A3, A4, A5, A6, and A7 are the samples. A 

allele (1) and G allele (2), both with a fragment size of 184bp. 

 

Statistical analysis 

 

Data were tabulated and analyzed by using the 24.0 Statistical Package for the Social Sciences (SPSS). 

Continuous variables were tested for normal distribution by means of the Kolmogorov-Smirnov test (p<0.05), and 

the remaining variables were categorized in the same way. Allele and genotype frequencies were determined, and 

Hardy–Weinberg equilibrium (HWE) was tested using the chi-square test. Chi-square test was also used with Yates 

continuity correction and Fisher’s exact test for comparisons between independent categorical variables (e.g., case 

severity, outcome of death or hospital discharge, and comorbidities) with SNPs. Independent variables that showed 

significance less than 0.20 (p < 0.20) in the bivariate analyses were subjected to logistic regression using the 

stepwise method, considering 95% confidence intervals and p > 0.05, to determine the odds ratio (OR). To verify 

the association between genetic polymorphisms and oxygen saturation level and length of hospital stay, Student’s 

t-test was performed, considering p < 0.05. 

 

RESULTS 

 

Overall and genotype characteristics of individuals 

 

Study sample included 236 hospitalized patients with COVID-19. The mean age of the patients was 57 

years (15–89 years). The proportion of women with COVID-19 was 41.9%, while the proportion of men was 

58.1%. Regarding COVID-19 severity, 63% were considered severe and 37% moderate, with hospital discharge 
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being the most common outcome (64%). With respect to comorbidities, systemic arterial hypertension (SAH) was 

present in 48.7% of individuals, followed by obesity (45%) and cardiovascular disease (22%). Chronic obstructive 

pulmonary disease (COPD) and respiratory diseases were observed in less than 6% of hospitalized patients (Table 

1). 

 

Table 1. Overall characteristics of the group of hospitalized patients diagnosed with COVID-19 in the city of 

Francisco Beltrão, state of Paraná, Brazil      

 

Variables Participants (n= 236) Frequency (%) 

Age (mean = 57.28 [15–89 ± 16,2] years) 

Sex   

Men 137 58.1 

Women 99 41.9 

COVID-19 severity   

Severe 149 63.1 

Moderate 87 36.9 

Outcome  

Death 85 36 

Discharge 151 64 

Comorbidities   

Systemic arterial hypertension 115 48.7 

Obesity 108 45.8 

Cardiovascular disease 53 22.5 

Diabetes mellitus 38 16.1 

Chronic obstructive pulmonary 

disease 
13 5.5 

Respiratory tract diseases 12 5.1 

Coronary heart disease 11 4.7 

Asthma 3 1.3 

Kidney diseases 3 1.3 

 

 

 

Regarding genetic polymorphisms, 236 individuals were evaluated for GSTP1 (rs1695) and 233 for TNF 

A-308 (rs1800629) (because the SNP could not be characterized in three patients). For GSTP1 (rs1695), the 

frequencies of the A allele (ancestral allele/isoleucine) and the G allele (variant allele/valine) were 71% and 29%, 

respectively. Regarding the genotypes, the homozygous AA (isoleucine/isoleucine) genotype was prevalent in 

48.73%, followed by the heterozygous AG (isoleucine/valine) genotype in 43.64%, and the homozygous G 

(valine/valine) genotype was found in 7.63% of individuals. For TNF A-308 (rs1800629), the G allele (ancestral) 

had a frequency of 61% and the A allele (variant) had a frequency of 39%. The genotypic frequencies for TNF A-

308 showed that the heterozygous allelic combination (AG) was prevalent (67.81%), followed by homozygous 

individuals for the G allele (27.47%) and for the A allele (4.72%). Only GSTP1 showed frequencies in HWE 

(Table 2). 
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Table 2. Observed allele and genotype frequencies and Hardy–Weinberg equilibrium (HWE) 

GSTP1 = Glutathione S-Transferase P1. TNF A-308 = Tumor Necrosis Factor Alpha -308. The chi-square test Teste (X2). To 

TNF A-308 (rs1800629) the genotypes frequencies are not in HWE (*p<0,001). NS (not applicable). 

 

 

Relationship of the polymorphisms GSTP1 (rs1695) and TNF A-308 (rs1800629) with clinical status, outcome 

of patients hospitalized and comorbidities  

 

 
The study showed an association between GSTP1 (rs1695) and severe COVID-19. The presence of the A 

allele suggests an almost threefold increased risk of progression to severe disease (OR = 2.9; 95% CI = 1.093 to 

7.884; p = 0.033) compared to those with the G allele. Considering genotypic combinations, heterozygous 

individuals also have more than a threefold increased risk of progression to severe disease (OR = 3.3; 95% CI = 

1.185 to 9.375; p = 0.022) compared to homozygous combinations. Regarding the TNF A-308 polymorphism 

(rs1800629), no association was found with clinical variables and outcomes of hospitalized patients with COVID-

19 (Table 3). 

 

SNP Genotypes P Alleles 

GSTP1 (rs1695) AA GG AG = 0.887 A (Ile/ancestral) G (Val/variant) 

Observed number  115 18 103  333 139 

Observed frequency 48.73% 7.63% 43.64%  70,6% 29,4% 

Expected frequency (HWE) 49.84% 8.64% 41.52%  70.5% 29.5% 

TNF A-308 (rs1800629) AA GG AG < 0.001* G (ancestral) A (variant) 

Observed number  11 64 158  286  180  

Observed frequency 4.72% 27.47% 67.81%  61.4% 38.6% 

Expected frequency (HWE) 14.90% 37.70% 47.40%  NS NS 
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Table 3. Relationship between GSTP1 (rs1695) and TNF A-308 (rs1800629) genotypes and the clinical status and outcome of patients hospitalized with COVID-19 in the city of 

Francisco Beltrão, state of Paraná, Brazil 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GSTP1 = Glutathione S-Transferase P1. TNF A-308 = Tumor Necrosis Factor Alpha -308. The significance level (p*) was set at p < 0.20 for the chi-square test. 

p** (95% significance level) for logistic regression. Guidance for total sum of 100% is in the line.  

Polymorphisms 

COVID-19 outcome COVID-19 severity Clinical status 

Death 

N (%) 

Discharged   

N (%) 
p*  

Severe 

N (%) 

Moderate  

N (%) 
p*  

OR p** IC95% 

GSTP1 alleles          

A (ancestral) 80 (36.7%) 138 (63.3%) 0.616 142 (65.1%) 76 (34.9%) 0.049 2.936 0.033 (1.093 to 7.884) 

G 40 (33.1%) 81 (66.9%) 0.403 77 (63.6%) 44 (36.4%) 0.977 1 (ref.)   

GSTP1 genotypes          

AA 45 (39.1%) 70 (60.9%) 0.579 72 (62.6%) 43 (37.4%) 0.065 1.631 0.063 (0.949 to 7.298) 

AG 35 (34.0%) 68 (66.0%)  70 (68.0%) 33 (32.0%)  3.333 0.022 (1.185 to 9.375) 

GG 5 (27.8%) 13 (72.2%)  7 (38.9%) 11 (61.1%)  1 (ref.)   

TNF A-308 alleles          

G (ancestral) 78 (35.1%) 144 (64.9%) 0.461 141 (63.5%) 81 (36.5%) 0.524    

A  60 (35.5%) 109 (64.5%) 0.960 107 (63.3%) 62 (36.7%) 0.920    

TNF A-308 genotypes          

AA 6 (54.5%) 5 (45.5%) 0.371 6 (54.5%) 5 (45.5%) 0.810    

GG 24 (37.5%) 40 (62.5%)  40 (62.5%) 24 (37.5%)     

AG 54 (34.2%) 104 (65.8%)  101(63.9%) 57 (36.1%)     
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Of the individuals included in the study, 233 had medical records of oxygen saturation (SpO2) and 222 

had records of number of days hospitalized. For these factors, no association was observed with the GSTP1 

(rs1695) and TNF A-308 (rs1800629) polymorphisms (Table 4). 

 

Table 4. Association of GSTP1 (rs1695) and TNF-A 308 (rs1800629) with oxygen saturation and length of 

hospital stay in patients with COVID-19 in the city of Francisco Beltrão, state of Paraná, Brazil      

GSTP1 = Glutathione S-Transferase P1; TNF A-308 = Tumor Necrosis Factor Alpha -308. p* (95% significance level) 

for the Student’s t-test.  

 

 

The comorbidities evaluated in the population were obesity, DM, SAH, cardiovascular disease, 

respiratory disease, and COPD. However, no association was found with the SNPs (Table 5). Vascular 

complications, asthma, and kidney disease were not assessed in relation to the SNPs because of the small number 

of records in the medical records. 

 

 

 

 

 

Polymorphism O2 saturation (SO2%) Length of hospital stay (days) 

Mean ± standard deviation p* Mean ± standard deviation p* 

GSTP1 alleles     

 A (ancestral) 88.27 ±16.13 0.620 14 ±13.31 0.296 

 G 88.43 ±16.01  14.35 ±14.03  

GSTP1 genotypes     

 AA 88.40±15.15 0.619 13.08±12.21 0.219 

 AG 88.12 ±17.24  15.06±14.45  

 GG 90.17±4.95  10.61 ±10.85  

TNF A-308 alleles     

 G (ancestral) 88.20±16.01  13.97±13.95  

 A  89.35±12.61 0.122 14.44±13.90 0.242 

TNF A-308 genotypes     

 AA 91.45±3.14 0.234 10.64±6.26 0.206 

 AG 89.20±13.01  14.73±14.39  

 GG 85.70±21.69  12.13±11.14  
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Table 5. Relationship of GSTP1 and TNF A-308 with comorbidities presented by patients with COVID-19      

 

Polymorphisms 

Obesity Diabetes SAH  

No 

N (%) 

Yes 

N (%) 
p  

No 

N (%) 

Yes 

N (%) 
p  

No 

N (%) 

Yes 

N (%) 
p  

GSTP1 alleles          

A (ancestral) 111 (52.6%) 100 (47.4%) 1.000 178 (84.4%) 33 (15.6%) 0.318 107 (50.7%) 104 (49.3%) 0.881 

G (variant) 66 (57.4%) 49 (42.6%)  0.210 94 (81.7%) 21 (18.3%) 0.615 55 (47.8%) 60 (52.2%) 0.389 

GSTP1 genotypes          

AA 55 (48.2%) 59 (51.8%) 0.373 97 (85.1%) 17 (14.9%) 0.369 62 (54.4%) 52 (45.6%) 0.484 

GG 10 (55.6%) 45 (39.1%) 
 

8 (44.4%)  13 (72.2%) 45 (39.1%) 
 

5 (27.8%)  10 (55.6%) 45 (39.1%) 
 

8 (44.4%)  

AG 56 (57.7%) 41 (42.3%)  81 (83.5%) 16 (16.5%)  45 (46.4%) 52 (53.6%)  

TNF A-308 alleles          

G (ancestral) 113 (52.6%) 102 (47.4%) 0.926 181 (84.2%) 34 (15.8%) 0.428 112 (52.1%) 103 (47.9%) 0.333 

A (variant) 86 (52.8%) 77 (47.2%) 1.000 139 (85.3%) 24 (14.7%) 0.409 83 (50.9%) 80 (49.1%) 1.000 

TNF A-308 genotypes          

AA 7 (63.6%) 4 (36.4%) 0.751 8 (72.7%) 3 (27.3%) 0.232 3 (27.3%) 8 (72.8%) 0.288 

GG 34 (54%) 29 (46%)  50 (79.4%) 13 (20.6%)  32 (50.8) 31 (49.2%)  

AG 79 (52%) 73 (48%)  131(86.2%) 21 (13.8%)  80 (52.6%) 72 (47.4%)  

 Cardiovascular disease Respiratory tract disease COPD  

 No Yes p  No Yes p  No Yes p  

 N (%) N (%)  N (%) N (%)  N (%) N (%)  

GSTP1 alleles          

A (ancestral) 165 (78.2%) 46 (21.8%) 0.772  200 (94.8%) 11 (5.2%) 0.675 200 (94.8%) 11 (5.2%) 1.000 

G 84 (73%) 31 (27%) 0.120 108 (93.9%) 45 (39.1%) 
 

7 (6.1%) 0.546 109 (94.8%) 45 (39.1%) 
 

6(5.2%) 1.000 
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SAH = Systemic arterial hypertension; COPD = Chronic obstructive pulmonary disease; GSTP1 = Glutathione S-Transferase P1. TNF A-308 = Tumor necrosis 

factor alpha-308. Significance level (p) was set at p<0.2 for the Chi-square test. No comorbidity showed an association in the binary logistic regression.

Continue          

GSTP1 genotypes          

AA 94 (82.5%) 20 (17.5%) 0.227 110 (96.5%) 4 (3.5%) 0.426 108 (94.7%) 45 (39.1%) 
 

6 (5.3%) 1.000 

GG 13 (72.2%) 5 (27.8%)  18 (100.0%) 45 (39.1%) 
 

0 (0.4%)  92 (94.8%) 45 (39.1%) 
 

5 (5.2%)  

AG 71 (73.2%) 26 (26.8%)  90 (92.8%) 7 (7.2%)  17 (94.4%) 1 (5.6%)  

TNF A-308 alleles          

G (ancestral) 168 (78.1%) 47 (21.9%) 0.568 206 (95.8%) 9 (4.2%) 0.205 205 (95.3%) 10 (4.7%) 0.251 

A 127 (77.9%) 36 (22.1%) 0.966 155 (95.1%) 8 (4.9%) 1.000 153 (93.9%) 10 (6.1%) 0.560 

TNF A-308 genotypes          

GG 48 (76.2%) 15 (23.8%) 0.418 60 (95.2%) 3 (4.8%) 0.114 61 (96.8%) 2 (3.2%) 0.137 

AA 7 (63.6%) 4 (36.4%)  9 (81.8%) 2 (18.2%)  9 (81.8%) 2 (18.2%)  

AG 120 (78.9%) 32 (21.1%)  146 (96.1%) 6 (3.9%)  144 (94.7%) 8 (5.3%)  



39 
 

DISCUSSION  

 

As there are numerous factors that affect the progression of COVID-19, investigating the relationship 

between host genetic aspects and disease progression may contribute to a better and more personalized prognosis. 

The research results showed that patients with the A allele and heterozygous genotype (AG) for GSTP1 (rs1695) 

were more likely to develop severe COVID-19. However, no association with disease was found for TNF A-308 

(rs1800629). 

The GSTP1 rs1695 polymorphism involves a base substitution in exon 5 (SNP) where guanine replaces 

adenine at position 313 (A313G) of the gene. Consequently, valine is transcribed instead of the amino acid 

isoleucine at position 105 of the GSTP1 enzyme (Ile105Val). This substitution causes a change and reduction of 

the enzymatic activity with the substrate compared to the ancestral allele, reducing its functionality and thus 

impairing the immune response of the organism [16, 37]. 

Regulation of cell proliferation and apoptosis may be associated with the GSTP1 gene, besides being 

associated with increased antioxidant activity in the cell [38, 39]. GSTP1 may have polymorphic regions with 

functionally relevant variants [40], which have been associated with certain pathologies such as type 2 diabetes 

mellitus (DM2), chronic kidney disease (CKD), motor neuron disease, and the development of neoplasms [27]. 

Indeed, the G allele may increase susceptibility to lung cancer, possibly because of the involvement of the enzyme 

in the regulation of genotoxic substance metabolism. In the Chinese population, the GSTP1 (rs1695) 

polymorphism is associated with an increased risk of lung cancer, possibly because of the involvement of the 

enzyme in the regulation of genotoxic substance metabolism. However, this is not the rule, as SNP variants may 

be protective for prostate cancer and beneficial for the treatment of leukemia [27]. 

The GSTP1 (rs1695) polymorphism has also been studied in comorbidities such as COPD, where the 

GG genotype (Val/Val) increases the risk of the disease in the Caucasian population (OR = 1.586, 95% CI = 1.210 

to 2.080, p = 0.001) [41]. Conversely, another study suggests that the G allele (valine) reduces the risk of 

developing COVID-19; however, they report a lack of evidence regarding its activity in the SARS-CoV-2 

infection process [31]. 

In parallel with this study, our results suggest that the ancestral A allele, and not the variant G allele of 

GSTP1 (rs1695), is a contributing factor in increasing the likelihood of disease severity. A study conducted in 

vaccinated Polish individuals concluded that the heterozygous genotypic combination of GSTP1 (Ile/Val) 

increased the odds of COVID-19 severity by almost three times (OR: 2.75; p = 0.0398) [16]. Although the study 

found a genotypic effect (AG) rather than an allelic form, it corroborates our findings for the heterozygous profile 

in the southern Brazilian population, which has 3.33-fold (p = 0.022) higher odds of COVID-19 severity compared 

to homozygous combinations. Furthermore, the results of our research also showed that the ancestral allelic form 

increased the odds of disease severity by almost three times (OR: 2.936; p = 0.033). 

In contrast, in the Serbian population, the rs1695 AG genotype (Ile/Val) showed a lower predisposition 

to develop COVID-19 (OR 0.66; 95% CI 0.44 to 0.98; p = 0.042), unless synergistically associated with the 

GSTM3 polymorphism, where the risk of developing both COVID-19 and severe disease is increased. Another 

study [42], also in the Serbian population, found the haplotype generated by the combination of the rs1695 and 

rs1138272 polymorphisms with the respective G and C alleles reduced the risk of COVID-19 compared to 

combinations of the ancestral alleles. In contrast, no significant association (OR = 1.02, p = 0.978) was found 

between rs1695 and COVID-19, nor with the increased oxidative stress caused by the disease in Serbians [43]. 
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Biologically, there may be a plausible explanation for the relationship between the GSTP1 polymorphism 

and COVID-19 since among the GSTs, GSTP1 is one enzyme of the family that is expressed in the lungs, heart, 

and brain. The presence of the GSTP1 enzyme, by associating with some kinases, reduces cell death induced by 

substances such as hydrogen peroxide (H2O2). In addition, the enzyme regulates the inflammatory response, 

suggesting a protective effect against inflammation [44]. However, there is no consensus on the influence of allelic 

and genotypic forms of GSTP1 regarding COVID-19 and other diseases. Different results may also be because of 

ethnic factors, behaviors, and lifestyles of different populations [45]. 

For the TNF A-308 (rs1800629) SNP, no association was found with the outcome of COVID-19. There 

was also no association with the severity of pathology or the presence of comorbidity in patients infected with 

SARS-CoV-2. A study conducted in the Serbian population showed that in the inflammatory process of COVID-

19 there is an increase in the expression of TNF-α, IL-1β and IL-6 and a progressive worsening of the disease 

[46, 47]. One study showed that individuals with the A allele (variant) had a higher susceptibility to SARS-CoV-

2 infection, with the AA genotype being more susceptible to severity of pathology (p = 0.001) [32]. When the 

TNF A-308 (rs1800629) SNP was studied in Cubans with COVID-19, carriers of the A allele presented a greater 

variety of symptoms (OR 1.24, 95% CI 0.91-1.70); however, they manifested the severe form of the disease less 

than those with the G allele (ancestral) (OR 0.96, 95% CI 0.51 to 1.79) [33]. In addition, individuals homozygous 

for GG are more likely to be asymptomatic compared to other genotypes. The study also shows that this 

association may vary by geographic region [33]. More recently, the rs1800629 SNP has been defined as a marker 

to evaluate the clinical conditions of COVID-19 in the Egyptian population [48]. 

In a meta-analysis [49], the authors concluded that there was no association of rs1800629 with the 

severity and progression of COVID-19. This result is consistent with the findings of this study and another meta-

analysis [50], which confirms the lack of association between rs1800629 and the likelihood of death from COVID-

19. In the study population of the present work, the TNF A-308 (rs1800629) SNP is not in HWE, which could be 

a limiting factor to assert its lack of association with COVID-19. However, HWE was observed for rs1695, 

confirming that patient sampling did not bias the genetic analysis of the population. 

Although some studies suggest relevant results depending on the allelic form and genotypic combination 

for the SNP in individuals affected by the infection, the results are divergent, as in the case of GSTP1 (rs1695). 

In the Brazilian population studied in this study, no association was found between rs1800629 and COVID-19 

progression, excluding it as a prognostic marker of the disease. Therefore, our main finding confirms that GSTP1 

(rs1695) is indeed an important genetic marker for the severity of COVID-19 in the southern Brazilian population. 

The study highlights some limitations, such as the difficulty in analyzing certain clinical data due to the 

lack of information in medical records amid a pandemic situation. Data on oxidative stress could have 

complemented the results and broadened the discussion. 

 

 

CONCLUSION 

 

The results of the present study, previously unexplored in the Brazilian population, revealed an 

association between the GSTP1 (rs1695) polymorphism and COVID-19, both for the ancestral allele (A) and its 

heterozygous combination (AG), defining them as suggestive markers of COVID-19 severity in the southern 

Brazilian population. However, the TNF A-308 (rs1800629) polymorphism has not been characterized as a genetic 
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marker for disease prognosis in the Brazilian population. 
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