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“Os únicos limites das nossas realizações de amanhã são as nossas dúvidas e 

hesitações de hoje.” 

Franklin Roosevelt  



 
 

RESUMO 

 

Esse estudo avaliou os parâmetros clínicos, imunológicos e microbiológicos em 
indivíduos com COVID-19 e controles, explorando se a inflamação causada pela 
periodontite contribui para ocorrência e gravidade de desfechos adversos da COVID-
19. Indivíduos do grupo caso [exame de transcriptase reversa da reação em cadeia 
da polimerase (RT-PCR) positivo para coronavírus da síndrome respiratória aguda 
grave-2 (SARS-CoV-2)] e controles (RT-PCR negativo para SARS-CoV-2) foram 
submetidos à avaliação clínica e periodontal. Níveis salivares de fator de necrose 
tumoral alfa, interleucina (IL)-6, IL-1β, IL-10, osteoprotegerina, ativador de receptor do 
fator nuclear Kappa-B ligante (RANKL), armadilhas extracelulares de neutrófilos (NET) 
e biofilme dental foram analisadas em dois tempos. Dados de desfechos relacionados 
à COVID-19 e comorbidades foram extraídos dos prontuários clínicos. Noventa e nove 
casos de COVID-19 e 182 controles foram incluídos para análise. Periodontite foi 
associada com maior número de hospitalizações (p=0.009), maior número de dias na 
unidade de terapia intensiva (UTI) (p=0.042), maior admissão na unidade de terapia 
semi-intensiva (UTSI) (p=0.047), e elevada necessidade de uso de oxigenação 
suplementar (p=0.042). Após ajuste das variáveis de confusão, periodontite resultou 
em 1.13 vezes mais chance de hospitalização. Níveis salivares de IL-6 (p=0.010) 
estavam aumentados em indivíduos com COVID-19 e periodontite.  Periodontite foi 
associada com elevados níveis RANKL e IL-1β após o fim da infecção por COVID-19. 
Não foram observadas alterações significativas nas cargas bacterianas dos 
periodontopatógenos Porphyromona gingivalis, Aggregatibacter 
actinomycetemcomitans, Tanerella forsythia, e Treponema denticola durante e após a 
infecção. Periodontite foi associada à piores desfechos da COVID-19 (hospitalização, 
uso de oxigênio suplementar, dias na UTI e admissão na UTSI), sugerindo a 
relevância do cuidado periodontal para reduzir a carga sistêmica de inflamação. 
Entender a relação entre a infecção por SARS-CoV-2 e condições crônicas que 
podem influenciar os desfechos da doença, como a periodontite, é importante para 
potencialmente prevenir complicações da COVID-19.  
 
Palavras-chave: COVID-19. Citocinas. Doenças periodontais. Periodontite. SARS-
CoV-2. 
  



 
 

ABSTRACT 

 

Clinical, immunological, and microbiological analysis of the association 
between periodontitis and COVID-19: a case-control study 

 

This study investigated the clinical, immunological, and microbiological parameters in 
individuals with coronavirus disease (COVID-19) and controls, exploring if 
periodontitis-driven inflammation contributes to the occurrence and severity of COVID-
19 endpoints. Case [positive reverse transcriptase- polymerase chain reaction (RT-
PCR) for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)] and control 
(negative RT-PCR for SARS-CoV-2) individuals underwent clinical and periodontal 
assessment. Salivary levels of tumoral necrosis factor alpha, interleukin (IL)-6, IL-1β, 
IL-10, osteoprotegerin, receptor activator of nuclear factor Kappa-B (RANKL), 
neutrophil extracellular traps, and subgingival biofilm were analysed at two time-points. 
Data on COVID-19-related outcomes and comorbidity information were assessed from 
medical records. Ninety-nine cases of COVID-19 and 182 controls were included for 
analysis. Periodontitis was associated with more hospitalization (p=0.009), more days 
in the intensive care unit (ICU) (p=0.042), admission to the semi-ICU (p=0.047), and 
greater need for oxygen therapy (p=0.042). After adjustment for confounders, 
periodontitis resulted in a 1.13-fold increase in the chance of hospitalization. Salivary 
IL-6 levels (p=0.010) were increased in individuals with COVID-19 and periodontitis. 
Periodontitis was associated with increased RANKL and IL-1β after the end of COVID-
19 infection. No significant changes were observed in bacterial loads of the 
periodontopathogens Porphyromona gingivalis, Aggregatibacter 
actinomycetemcomitans, Tanerella forsythia, and Treponema denticola during and 
after the infection. Periodontitis was associated with worse outcomes from COVID-19 
(hospitalization, use of oxygen, days at ICU and admission to semi-ICU), suggesting 
the relevance of periodontal care to reduce the burden of overall inflammation. 
Understanding the crosstalk between SARS-CoV-2 infection and chronic conditions 
such as periodontitis that can influence the disease outcome is important to potentially 
prevent complications of COVID-19. 
 
Keywords: COVID-19. Cytokines. Periodontal diseases. Periodontitis. SARS-CoV-2. 
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1 CONSIDERAÇÕES INICIAIS  
 

A COVID-19, abreviatura em inglês de “coronavirus disease” (WHO, 

2020a), é a doença causada pelo coronavírus da síndrome respiratória aguda grave-

2 (SARS-CoV-2) (GORBALENYA et al., 2020), cuja disseminação mundial culminou 

na declaração de uma pandemia em março de 2020 (WHO, 2020b). Os primeiros 

casos da doença foram descritos em 31 dezembro de 2019 na cidade de Wuhan, 

China, como quadros de pneumonia de etiologia desconhecida (WHO, 2020c). Até o 

dia 18 de setembro de 2022, mais de 609 milhões de casos da doença haviam sido 

confirmados em todo o mundo com mais de 6,5 milhões de mortes (WHO, 2022), 

embora o número de casos reportados esteja provavelmente subestimado (KRANTZ; 

RAO, 2020; LAU et al., 2020). 

Os sintomas mais comuns associados à COVID-19 são febre, fadiga, tosse 

seca, enxaqueca, dispneia e diarreia, com casos mais graves evoluindo com a 

síndrome do desconforto respiratório agudo (JIANG et al., 2020). O SARS CoV-2 

utiliza o receptor enzima conversora de angiotensina-2 (ECA2) para entrada nas 

células (ZHOU et al., 2020) e a mucosa bucal apresenta elevada expressão deste 

receptor (XU et al., 2020) , particularmente no periodonto (FERNANDES-MATUCK et 

al., 2020), epitélio e glândulas salivares (HUANG et al., 2020) sugerindo a mucosa 

oral como importante “porta de entrada” para o vírus. A interação do vírus com as 

células da mucosa bucal possivelmente desencadeia a produção de citocinas 

semelhante ao que ocorre em infecções causadas por outros tipos de vírus (SARZI-

PUTTINI et al., 2020).  

As manifestações clínicas da COVID-19 parecem ser determinadas não 

somente pela ação do vírus propriamente dita, mas também pela resposta do sistema 

imune hospedeiro (GATTINONI et al., 2020). A resposta inflamatória exacerbada do 

organismo é atribuída à “tempestade de citocinas”, um quadro de produção 

desregulada de citocinas pró-inflamatórias sistêmica e localmente, que está associado 

à rápida deterioração do quadro clínico em pacientes graves (SARZI-PUTTINI et al., 

2020; YE; WANG; MAO, 2020). Estudo de Han et al., (2020) mostrou que pacientes 

com COVID-19 apresentam maior nível sérico de citocinas (TNF-α, interferon gama, 

IL-2, IL-4, IL-6 and IL-10) e proteína C reativa do que o grupo controle sem a doença. 
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Entre os pacientes com COVID-19, o nível sérico de IL-6 e IL-10 foi significativamente 

maior nos pacientes em estado crítico do que em estados grave e moderado. Os 

resultados indicaram que altos níveis de citocinas estão relacionados com maior 

gravidade da doença e que a concentração de IL-6 e IL-10 pode ser utilizada na 

predição de piora do quadro clínico. 

Além disso, pacientes com comorbidades como hipertensão, diabetes, 

doenças cardiovasculares, obesidade, doença pulmonar crônica e doença renal 

crônica apresentam casos mais graves da doença e pior prognóstico ( EJAZ et al., 

2020; RICHARDSON et al., 2020). A relação da COVID-19 com outras doenças 

inflamatórias e/ou infecciosas poderia contribuir para um aumento da carga 

inflamatória sistêmica e para modificação do curso da COVID-19, resultando na 

variedade fenotípica observada.  

A periodontite é uma doença infecciosa-inflamatória que afeta os tecidos 

periodontais de suporte (osso, cemento e ligamento periodontal) (TONETTI; 

GREENWELL; KORNMAN, 2018). A doença resulta da quebra da homeostase entre 

a microbiota subgengival e os mecanismos de resposta do hospedeiro em indivíduos 

suscetíveis e está associada ao aumento da resposta inflamatória local e sistêmica 

(BARTOLD; VAN DYKE, 2013; DARVEAU, 2010). A evolução clínica da doença é 

associada  a progressão na profundidade das bolsas periodontais, aumento da 

reabsorção  óssea alveolar (PAGE; KORNMAN, 1997). A periodontite apresenta alta 

prevalência mundial, representando um grave problema de saúde pública, 

principalmente em países em desenvolvimento (CHEN et al., 2021; FRENCKEN et al., 

2017). 

A presença do biofilme subgengival é necessária para o início e para a 

progressão da periodontite, mas não é suficiente para induzi-la sozinha. Da mesma 

forma, a presença de uma espécie bacteriana específica não é capaz de justificar seu 

desenvolvimento (HAJISHENGALLIS, 2014; PAGE; KORNMAN, 1997). Atualmente, 

a teoria mais aceita para a patogênese da periodontite envolve sinergia microbiana e 

disbiose, ou seja, modificação na proporção de cada espécie microbiana do estado 

de saúde (homeostase) em relação ao estado de doença, consolidando uma 

microbiota capaz de induzir a inflamação (HAJISHENGALLIS; LAMONT, 2012; 

HAJISHENGALLIS, 2014). Contudo, a destruição tecidual observada é causada pela 
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interação do biofilme com componentes dos sistemas de defesa do hospedeiro 

(PAGE; KORNMAN, 1997), já que a resposta do organismo aos microrganismos é o 

principal fator do dano tecidual, via processo inflamatório exacerbado, inespecífico e 

disfuncional que, além de não ser capaz de reestabelecer a homeostase, sustenta a 

disbiose e causa a destruição dos tecidos periodontais (MEYLE; CHAPPLE, 2015). 

Influências multifatoriais nas respostas imunoinflamatórias tornam as alterações do 

microbioma disbiótico mais prováveis para alguns indivíduos do que outros e 

provavelmente influenciam a gravidade da doença (TONETTI; GREENWELL; 

KORNMAN, 2018).  Dessa maneira, uma disbiose incipiente em indivíduos 

susceptíveis pode desencadear uma resposta excessiva do hospedeiro, com 

produção aumentada de citocinas, espécies reativas de oxigênio e metaloproteinases 

de matrix, que prevalecem sobre seus antagonistas e levam a danos no tecido 

periodontal (MEYLE; CHAPPLE, 2015).   

D’Aiuto et al. (2004) avaliaram os níveis séricos de IL-6 e proteína C reativa 

de 94 pacientes com periodontite, antes e após o tratamento periodontal. Estes 

autores observaram a redução nos níveis de ambas, 6 meses após o tratamento 

periodontal, sendo que as maiores diminuições foram encontradas em pacientes que 

responderam melhor clinicamente ao tratamento. Em um recente estudo caso-controle 

que avaliou o nível de diversas quimiocinas e citocinas em saliva de pacientes 

diagnosticados com periodontite, aqueles classificados como Estágio III-Grau B 

apresentaram níveis de citocinas pró-inflamatórias IL-1β, IL-6, INF-γ maiores do que 

seus respectivos controles (KAWAMOTO et al., 2020). A secreção local de altos níveis 

de IL-6 resulta na amplificação da cascata pró-inflamatória pela promoção da atividade 

de osteoclastos e estimulação do crescimento de bactérias periodontopatogênicas 

(NIBALI et al., 2013). Tonetti; Greenwell; Kornman, 2018, destacaram que mediadores 

inflamatórios do periodonto podem entrar na corrente sanguínea e ativar proteínas 

hepáticas, como a proteína C reativa, amplificando a inflamação sistêmica. 

Nos últimos anos, a associação entre doenças sistêmicas e periodontite 

tem sido cada vez mais reportada. Vários estudos apontam evidências de associação 

entre periodontite e diversas condições como diabetes, obesidade, doenças 

cardiovasculares, doenças respiratórias e distúrbios na gestação (LINDEN, GERRY 

J.; HERZBERG, 2013; SANZ; MARCO DEL CASTILLO; et al., 2020). A plausibilidade 

biológica dessas associações baseia-se no conceito de que a inflamação e o 
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microbioma periodontal contribuem para a carga global de inflamação sistêmica em 

um nível que afeta a ocorrência, gravidade e progressão de outras condições 

inflamatórias crônicas (BARTOLD; MARIOTTI, 2017). 

De pontual interesse para este estudo, a relação entre periodontite e 

doenças respiratórias tem sido ainda confirmada por diversos estudos (GOMES-

FILHO et al., 2020). A associação entre periodontite e doenças respiratórias, como a 

pneumonia, tem sido atribuída à aspiração de bactérias orais e também à colonização 

da cavidade oral por patógenos respiratórios, servindo como reservatório de colônias 

(GOMES-FILHO; PASSOS; SEIXAS DA CRUZ, 2010). Essa associação é de maior 

relevância em pacientes internados que necessitam de ventilação mecânica, uma vez 

que pacientes com periodontite apresentam três vezes mais chance de apresentar 

pneumonia nosocomial em comparação a pacientes periodontalmente saudáveis 

(GOMES-FILHO et al., 2014). Outro fator que parece explicar a associação entre a 

periodontite e doenças pulmonares é a liberação contínua de citocinas nas lesões 

periodontais, que podem alterar o epitélio respiratório e promover a adesão de 

patógenos respiratórios pelo aumento da expressão de receptores de adesão 

(GOMES-FILHO; PASSOS; SEIXAS DA CRUZ, 2010).  

Estudos recentes mostraram que estado de saúde bucal e periodontite 

estão associados à piores desfechos da COVID-19 (ANAND et al., 2022; COSTA et 

al., 2022; GUPTA et al., 2022; LARVIN et al., 2020; MAROUF et al., 2021). Uma 

possível explicação é que o SARS-CoV-2 infecta e se replica em tecidos orais que 

expressam a ECA-2 e uma condição patológica pré-existente poderia exacerbar esses 

processos. Além disso, a periodontite e o COVID-19 ativam vias imunopatológicas 

semelhantes, incluindo a superexpressão de citocinas e armadilhas extracelulares de 

neutrófilos (NET), intensificando a inflamação sistêmica (GUPTA; SAHNI, 2020; HAN 

et al., 2020; KAWAMOTO et al., 2020; SHANI, GUPTA; 2020). No entanto, a literatura 

sobre o assunto é escassa e os mecanismos fisiopatológicos da associação COVID-

19-periodontite ainda não foram definidos. A hipótese desse estudo é que a 

inflamação causada pela periodontite contribui para piores desfechos do COVID-19. 

Dessa forma, esse estudo avaliou parâmetros clínicos, imunológicos e microbiológicos 

em indivíduos com COVID-19 e controles. 
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1.1 Objetivos 

 

 

1.1.1 Objetivos gerais 

Avaliar a condição periodontal, clínica, microbiológica e imunológica de 

indivíduos positivos para COVID-19 comparado com indivíduos negativos para 

COVID-19.  

. 

 

1.1.2 Objetivos específicos 

a) Investigar a associação entre parâmetros periodontais e desfechos de 

indivíduos com COVID-19  

b) Avaliar a saúde bucal através do índice de dentes Cariados, Perdidos e 

Obturados (CPO-d) 

c) Determinar o perfil inflamatório de indivíduos com COVID-19 e controles, 

através dos níveis salivares de IL-1β, IL-6, IL-10, RANKL, osteoprotegerina 

(OPG), TNF-α e NET 

d) Determinar o perfil microbiológico de indivíduos positivos para COVID-19 e 

controles  

e) Correlacionar parâmetros periodontais e o perfil inflamatório salivar com 

desfechos clínicos e laboratoriais da COVID-19 
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2 METODOLOGIA EXPANDIDA  
 

2.1 Aspectos éticos 

 

Este estudo foi realizado no Hospital das Clínicas da Universidade Federal 

de Minas Gerais (HC-UFMG) e no Hospital Eduardo de Menezes (HEM), e submetido 

à Gerência de Ensino e Pesquisa do HC-UFMG/ Empresa Brasileira de Serviços 

Hospitalares e ao Comitê de Ética em Pesquisa (COEP) da UFMG tendo sido 

aprovado sob número de parecer: 4.357.894 e CAAE: 37273320.0.0000.5149 

(ANEXO A). O estudo também foi submetido ao COEP da Fundação Hospitalar do 

Estado de Minas Gerais, responsável pela anuência no HEM, e foi aprovado sob 

número de parecer: 4.595.885 e CAAE: 3 7273320.0.3002.5124 (ANEXO B). Todos 

os indivíduos incluídos aceitaram em participar do estudo através da assinatura do 

Termo de Consentimento Livre e Esclarecido. 

 

 

2.2 Desenho do estudo 

 

Este foi um estudo observacional caso-controle prospectivo, e todas as 

diretrizes do STROBE foram seguidas (KNOTTNERUS & TUGWELL, 2008). 

 

 

2.3 Pacientes e seleção da amostra 

 

Pacientes positivos para COVID-19 atendidos no HC-UFMG e no HEM 

entre 09/2020 e 05/2021 foram selecionados para compor o grupo caso. Pacientes 

negativos para COVID-19 atendidos na disciplina de Urgência da Faculdade de 

Odontologia (FO) da UFMG entre 01/2021 e 03/2021 foram selecionados para compor 

o grupo controle. 
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2.4 Critérios de inclusão e exclusão 

 

Os critérios de inclusão comuns aos grupos caso e controle foram 

indivíduos de todas as faixas etárias, presença de pelo menos 6 dentes e ausência de 

contraindicações para exame clínico periodontal. Os critérios de exclusão foram 

pacientes grávidas ou que haviam realizado tratamento periodontal nos últimos 3 

meses. Os critérios de inclusão específicos para o grupo caso foram indivíduos 

atendidos nas alas de COVID-19 do HC-UFMG e do HEM e que apresentaram swab 

nasal positivo para COVID-19 no exame de transcrição reversa – reação em cadeia 

da polimerase (RT-PCR). Os critérios de inclusão específicos para o grupo controle 

foram indivíduos atendidos na disciplina de Urgência da FO-UFMG e que 

apresentaram saliva negativa para COVID-19 no exame de RT-PCR.  

Critérios de exclusão locais também foram adotados durante o exame 

clínico. Foram excluídos dentes com impossibilidade de determinar a junção cemento-

esmalte, com severas alterações morfológicas gengivais impedindo a sondagem 

periodontal, com lesões cariosas extensas, com procedimentos restauradores 

iatrogênicos impedindo a conclusão do exame, com presença excessiva de cálculo e 

terceiros molares (COSTA et al., 2009). 

 

2.5 Coleta de dados 

 

2.5.1 Período de coleta de dados 

 

O recrutamento e coleta de amostras dos pacientes ocorreu entre 

setembro/2020 e maio/2021. A coleta de dados do prontuário dos pacientes ocorreu 

até setembro/2021.  

 

2.5.2 Dados gerais 
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Inicialmente os pacientes responderam a um formulário no qual foram 

obtidas informações sobre (1) variáveis demográficas: sexo, idade, cor da pele 

(leucoderma, feoderma, melanoderma), nível educacional (anos de estudo) e nível 

socioeconômico (renda familiar); (2) hábitos de vida: tabagismo [fumante (≥100 

cigarros na vida e fumava no período do exame), ex-fumante (≥100 cigarros na vida e 

não fumava no período do exame) e não fumante (≤100 cigarros na vida e não fumava 

no período do exame)] e etilismo (etilista, não etilista) (TOMAR; ASMA, 2000); e (3) 

informações clínicas: histórico de visita ao dentista e tratamento periodontal, hábitos 

de higiene bucal (número de escovação/dia e uso de fio dental), uso de medicamentos 

e comorbidades. Adicionalmente, no grupo COVID-19, foram obtidas informações 

sobre sintomas da COVID-19 e histórico de anosmia e ageusia.  

 

2.5.3 Exame clínico 

 

Os pacientes foram submetidos à avaliação estomatológica, clínica e 

periodontal em toda cavidade bucal. Os dados coletados foram índice CPO-d, 

presença de lesões bucais, índice de placa, sangramento gengival à sondagem, 

profundidade de sondagem (PS) e nível de inserção clínica. O exame clínico foi 

realizado com o auxílio de espelho clínico, sonda exploradora n°5, sonda periodontal 

UNC-15 (Hu-Friedy, Chicago, IL, USA), gaze e luz auxiliar.  

 

2.5.3.1 Avaliação estomatológica 

 

O exame estomatológico foi realizado de acordo com o Guia para 

Epidemiologia e Diagnóstico de Condições e Doença da Mucosa Oral, publicado pela 

Organização Mundial de Saúde em 1980. A cavidade bucal e linfonodos 

submandibulares e cervicais foram examinados observando-se cor, textura e 

consistência à palpação. Para localização das lesões de mucosa foi utilizado o 

desenho da topografia da mucosa bucal modificado por ROED-PETERSEN & 

RENSTRUP, 1969 (WHO, 1980). As lesões foram classificadas de acordo com os 

critérios utilizados para classificação das lesões fundamentais ou elementares que 

ocorrem na boca (MILER; LANGLAIS, 2003).  
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2.5.3.2 Índice CPO-d 

 

A experiência de cárie e quantidade de dentes perdidos foram mensurados 

pela utilização do índice CPO-d (KLEIN; PALMER, 1938). Todos os dentes foram 

incluídos no exame, à exceção dos terceiros molares.  

 

2.5.3.3 Índice de placa 

 

Foi utilizado o índice de placa descrito por Silness & Löe (1964). As 

mensurações foram realizadas nas superfícies mesial, distal, lingual e vestibular de 

todos os dentes com o auxílio de uma sonda exploradora. Os escores para cada sítio 

foram somados e os valores médios registrados por dente e indivíduo. 

 

2.5.3.4 Profundidade de sondagem 

 

A PS foi obtida mensurando-se a distância da margem gengival ao fundo 

do sulco ou bolsa gengival através de sondagem circunferencial de todas as faces dos 

dentes incluídos no exame. Foram registrados o maior valor encontrado para cada um 

dos quatro sítios de cada dente (distal, vestibular, mesial e lingual).  

 

2.5.3.5 Sangramento gengival à sondagem 

 

Os dados de sangramento gengival à sondagem foram registrados para 

todas as superfícies dentais incluídas no exame. A leitura do sangramento foi 

realizada entre 30 e 60 segundos após a sondagem dos sítios. A ocorrência de 

sangramento após sondagem foi registrada em cada sítio de forma dicotômica, para 

sua presença ou ausência (AINAMO; BAY, 1975).  
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2.5.3.6 Nível de inserção clínica 

 

O nível de inserção clínico foi obtido pela mensuração da distância entre o 

limite amelocementário e o fundo do sulco ou bolsa gengival. Foram registrados o 

maior valor encontrado para cada um dos quatro sítios de cada dente (distal, 

vestibular, mesial e lingual). 

 

2.5.3.7 Diagnóstico da periodontite 

Os casos de periodontite foram definidos como perda de inserção clínica 

interproximal em ≥2 dentes não adjacentes, ou perda de inserção clínica vestibular ou 

lingual ≥3 mm com bolsa >3mm detectável ≥2 dentes.  O diagnóstico, classificação e 

estadiamento da periodontite foi definida pelos critérios estabelecidos na mais recente 

Classificação das Doenças Periodontais (TONETTI; GREENWELL; KORNMAN, 

2018):  

1) Estágio I - aqueles com pelo menos dois ou mais sítios interproximais 

com inserção clínica de 1 a 2mm, com PS menor ou igual a 4mm 

2) Estágio II - aqueles com pelo menos dois ou mais sítios interproximais 

com inserção clínica de 3 a 4mm, com PS menor ou igual a 5mm 

3) Estágio III - aqueles com pelo menos dois ou mais sítios interproximais 

com inserção clínica de ≥5mm, com PS ≥ 6mm, com perda dentária pela 

periodontite de 4 dentes ou menos, envolvimento de furca classe II ou III. 

4) Estágio IV - aqueles com pelo menos dois ou mais sítios interproximais 

com inserção clínica de ≥5mm, com PS ≥ 6mm, com perda dentária pela 

periodontite de 5 dentes ou mais, disfunção mastigatória, necessidade de 

reabilitação extensa, colapso de mordida com menos de 20 dentes 

remanescentes (10 pares opositores). 

 

2.5.4 Coleta de saliva 
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Amostras de saliva foram coletadas durante (T1) e após a infecção (T2) por 

COVID-19 em tubos Falcon 50ml. Foi utilizada a técnica não estimulada durante 5 

minutos e as amostras foram armazenadas a -80 até análise. O ensaio 

imunoenzimático (ELISA) foi empregado a fim de quantificar os níveis de citocinas IL-

1β, IL-6, IL-10, RANKL, OPG e TNF-α e o ensaio Pico Green foi empregado para 

quantificar a NET, utilizando kits comercialmente disponíveis. As amostras foram 

mantidas em Biorepositório conforme regulamentação vigente e descartadas após 

finalizadas análises. 

 

2.5.5 Coleta de biofilme 

 

Amostras do biofilme subgengival foram coletadas dos 5 sítios com maior 

valor de profundidade de sondagem com cones de papel absorvente estéril (# 30, 

Dentsply®) introduzido em cada sítio periodontal e mantidos em posição por 60 

segundos. Os cones foram colocados em um mesmo microtubo e armazenados a           

-80ºC. A quantificação da carga bacteriana total foi determinada por PCR de tempo 

real. Amostras de biofilme foram coletadas durante (T1) e após a infecção por COVID-

19 (T2).  

 

2.5.6 Dados de prontuário 

 

Os prontuários dos pacientes do grupo caso foram avaliados após o fim da 

internação para desfechos relacionados à infecção por COVID-19, a saber, tempo 

total de internação (dias), uso de oxigenação suplementar (sim ou não), internação na 

unidade de terapia intensiva (UTI) (sim ou não), tempo de internação na UTI (dias), 

internação na unidade de terapia semi-intensiva (sim ou não), tempo de internação na 

unidade de terapia semi-intensiva (dias), intubação (sim ou não), tempo de intubação 

(dias), estado da alta (melhorado ou óbito) e medicamentos para tratamento COVID-

19. Dados laboratoriais de linfócitos, neutrófilos, eosinófilos, proteína C reativa e 

dímero D durante a internação também foram registrados. Além disso, foram 

coletados dados de alterações sistêmicas e medicamentos de uso contínuo.  

 



24 
 

2.6 Análise dos dados 

 

Os softwares Statistical Package for the Social Sciences (SPSS), versão 25.0 

(IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp.) e GraphPad Prism 

(version 7.00, Graph-Pad software, La Jolla, CA, USA) foram utilizados para análise 

estatística e descrição dos grupos caso e controle. Comparações intragrupo entre 

indivíduos com e sem periodontite foram realizadas. O teste chi-quadrado foi utilizado 

para analisar as variáveis categóricas e o teste T de Student foi utilizado para variáveis 

quantitativas. No grupo COVID-19, comparações entre indivíduos com e sem 

periodontite foram realizados para desfechos relacionados à COVID-19, utilizando os 

testes chi-quadrado e T de Student.  Regressão binária foi realizada para analisar a 

influência da periodontite em desfechos relacionados à COVID-19, controlando para 

variáveis de confusão. A comparação da concentração de citocinas entre indivíduos 

com e sem periodontite foram realizadas utilizando o teste T de Student. As diferenças 

(T2-T1) durante (T1) a após (T2) a infecção por COVID-19 para as variáveis 

concentração de citocinas e carga bacteriana foram calculadas utilizando testes T 

pareados. Análises exploratórias foram realizadas previamente aos modelos de 

regressão logística multivariada para identificar as variáveis de confusão para cada 

desfecho. Variáveis com valor de p ≤0.20 foram incluídas nos modelos.  
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Clinical, immunological, and microbiological analysis of the association between 

periodontitis and COVID-19: a case-control study 

 

 

Abstract 

Objectives: Periodontitis and coronavirus disease (COVID-19) share risk factors and activate 

similar immunopathological pathways, intensifying systemic inflammation. Herein, we 

investigated the clinical, immunological and microbiological parameters in individuals with 

COVID-19 and controls, exploring whether periodontitis-driven inflammation contributes to 

worsening COVID-19 endpoints. 

Materials and methods: Case (positive RT-PCR for SARS-CoV-2) and control (negative RT-

PCR) individuals underwent clinical and periodontal assessment. Salivary levels of TNF-α, IL-

6, IL-1β, IL-10, OPG, RANKL, neutrophil extracellular traps, and subgingival biofilm were 

analyzed at two time-points. Data on COVID-19-related outcomes and comorbidity information 

were assessed from medical records. 

Results: Ninety-nine cases of COVID-19 and 182 controls were included for analysis. 

Periodontitis was associated with more hospitalization (p=0.009), more days in the intensive 

care unit (ICU) (p=0.042), admission to the semi-ICU (p=0.047), and greater need for oxygen 

therapy (p=0.042). After adjustment for confounders, periodontitis resulted in a 1.13-fold 

increase in the chance of hospitalization. Salivary IL-6 levels (p=0.010) were increased in 

individuals with COVID-19 and periodontitis. Periodontitis was associated with increased 

RANKL and IL-1β after COVID-19. No significant changes were observed in bacterial loads 

of the periodontopathogens Porphyromona gingivalis, Aggregatibacter 

actinomycetemcomitans, Tanerella forsythia, and Treponema denticola. 

Conclusions: Periodontitis was associated with worse outcomes from COVID-19, suggesting 

the relevance of periodontal care to reduce the burden of overall inflammation. 

Clinical relevance: Understanding the crosstalk between SARS-CoV-2 infection and chronic 

conditions such as periodontitis that can influence the disease outcome is important to 

potentially prevent complications of COVID-19. 

 

Keywords: COVID-19, cytokines, periodontal diseases, periodontitis, SARS-CoV-2. 
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Introduction 

The SARS-CoV-2 outbreak has set up an unprecedented pandemic, causing the collapse 

of healthcare systems across the world due to the high number of hospitalizations and deaths 

[1]. Although high vaccination rates appear to be leading to disease control in some countries, 

inequities in vaccine distribution worldwide, combined with the virus' ability to mutate, indicate 

that the emergence of new variants and outbreaks cannot be ruled out [2]. Multiple factors (e.g., 

senility, obesity, and underlying chronic conditions) have been linked with greater odds of 

worse COVID-19 endpoints [3]. However, crosstalk with other inflammatory and infectious 

diseases can boost the systemic inflammatory burden and modify the course of infection, 

resulting in a variety of infection phenotypes [4]. 

Periodontitis is a highly prevalent infectious-inflammatory oral disease [5]. Periodontal 

pockets serve as a reservoir of microorganisms, including viruses, fungi, and bacteria, that can 

enter the bloodstream and/or be aspirated [6]. Furthermore, individuals with periodontitis are 

three-fold more likely to develop nosocomial pneumonia than those who are periodontally 

healthy [7]. 

Poor oral health status and periodontitis were linked to worse outcomes of COVID-19 

[8-12]. A possible explanation is that SARS-CoV-2 infects and replicates in oral tissues that 

express angiotensin converting enzyme-2 (ACE-2), for instance, periodontium [13], epithelium, 

salivary glands [14], and a pre-existing pathological condition may exacerbate these processes. 

Moreover, periodontitis and COVID-19 activate similar immunopathological pathways, 

including the overexpression of cytokines and neutrophil extracellular traps (NETs), 

intensifying systemic inflammation [15-19]. However, the literature on the issue is sparse and 

the pathophysiological mechanisms of the COVID-19-periodontitis association have not been 

defined yet. Our hypothesis is that periodontitis-driven inflammation contributes to worse 

COVID-19 endpoints. Herein, we investigated the clinical, immunological and microbiological 

parameters in individuals with COVID-19 and controls. 

 

Materials and methods 

Study design, sample characteristics and ethical clearance 

A population-based case control study was carried out in the city of Belo Horizonte, 

Brazil, during the COVID-19 outbreak, from September 2020 to May 2021. Individuals 

examined in the special wards for COVID-19 of two referral services participated in this study: 

Hospital das Clínicas of the Federal University of Minas Gerais and Hospital Eduardo de 

Menezes. Subjects who tested positive for SARS-CoV-2 in RT-PCR by nasal swab were 
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included in the case group. The control group consisted of individuals who had negative 

salivary RT-PCR for SARS-CoV-2. In this group, individuals had attended the Dental Urgency 

Department of the School of Dentistry at the Federal University of Minas Gerais from January 

2021 to March 2021. The report of this study conformed to the STROBE statement. The study 

was approved by the Ethics Committee (#37273320.0.0000.5149; #37273320.0.3002.5124). 

 

Sample size calculation and eligibility criteria 

The two groups were matched for age and sex at a proportion of 1.8 control for every 

case. Inclusion criteria were participants of any age group, with at least six teeth, and no 

contraindication for periodontal evaluation. Individuals were excluded in case of pregnancy, 

and if they had been treated for periodontal disease in the last three months. Additionally, in 

the COVID-19 group patients were also excluded if they did not have a positive RT-PCR, if 

they were in mechanical ventilation or using non-rebreather masks. 

 

Demographic and behavioral characteristics 

Participants provided information on schooling, family income, habits (i.e., smoking 

and alcohol consumption), height and weight, oral hygiene habits, previous dental treatments 

and, in the case of those infected with COVID-19, signs and symptoms presented. Information 

regarding comorbidities and medication were also obtained from medical records. 

 

Clinical and periodontal assessment - definition of periodontitis and staging 

Clinical and periodontal examinations were performed by a single calibrated examiner 

(L.M.B.). Third molars, teeth with extensive dental caries, absence of a clear cemento-enamel 

junction, severe gingival clinical alterations, iatrogenic restorative procedures, and excessive 

presence of calculus precluding periodontal probing were excluded [20]. 

Clinical evaluation was undertaken using a head light, clinical mirror, explorer, 

periodontal probe (UNC-15, Hu-Friedy, Chicago, IL, USA), and gauze. Initially, the plaque 

index [21] and the Decayed, Missing, and Filled Teeth (DMFT) index were recorded. The 

following periodontal parameters were assessed on all included teeth: probing depth (PD), 

clinical attachment level (CAL), and bleeding on probing (BOP). Six measurements were 

performed per tooth (circumferential probing) and the highest value for each site (mesial, 

buccal, distal, and lingual) was recorded, summarizing four values for each tooth. Individuals 

were classified according to the 2018 classification for periodontitis as healthy and stages I, II, 

III, or IV [22]. For data analysis, participants of both groups (cases and controls) were further 
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classified into individuals without periodontitis [Periodontal health and stage I (borderline 

between gingivitis and periodontitis) were grouped] and individuals with periodontitis (stages 

II, III or IV). 

 

COVID-19 related outcomes 

The severity of COVID-19 was estimated using surrogate clinical outcomes: use of 

oxygen, hospitalization, admission to the intensive care unit (ICU), admission to the semi-

intensive care unit (SICU), use of mechanical ventilation, length of hospitalization, length of 

ICU admission, length of mechanical ventilation, and death. Data on serum levels of 

lymphocytes, neutrophils, eosinophils, C-reactive protein, and D-dimer during hospitalization 

were collected from the medical records. 

 

Saliva sample collection 

In both groups, saliva samples were collected by the unstimulated technique for 5 

minutes in sterile 50 mL tubes during the evaluation (T1) [23]. In a second moment (T2), saliva 

samples were collected from individuals who had had COVID-19 (mean 106.2 days after initial 

diagnosis). Saliva samples were stored at -80°C. 

 

SARS-CoV-2 RNA extraction and RT-PCR assay 

For SARS-CoV-2 RNA detection, RT-PCR assay was performed using saliva samples 

diluted in viral transport medium, as described previously [24]. Briefly, viral RNA extraction 

was executed using the Quick-RNATM Viral Kit (cat#R1035, ZYMO Research, Irvine, CA 

USA), and later amplified using the Multiplex Luna® Universal Probe One-Step RT-PCR Kit 

(New England Biolabs, Bioscience, Ipswich, MA, USA). Reactions were analyzed using the 

Applied ABI 7500 equipment (Applied Biosystems™, Foster City, CA, USA) at 55°C for 1 

minute (45 cycles). The diagnosis of COVID-19 was performed according to CDC 

recommendations [25]. 

 

Quantification of molecules involved in inflammation and NET 

Salivary concentrations of tumor necrosis factor-alpha (TNF-α), interleukin (IL)-6, IL-

1β, IL-10, osteoprotegerin (OPG), and receptor activator of nuclear factor Kappa-B ligand 

(RANKL) were measured through an ELISA-based capture assay using the kits (DuoSet® 

ELISA - R&D Systems, Minneapolis, MN, USA). The optical density was determined at 450 

nm using FlexStation 3 Microplate Reader (Molecular Devices, San Jose, CA, USA). The 
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Quant-iT™ PicoGreen® dsDNA Assay Kit (Invitrogen, Carlsbad, CA, USA) was used to 

quantify NET’s levels by identifying the myeloperoxidase (MPO)-DNA complex in saliva [26]. 

Fluorescence intensity (excitation at 488 nm and emission at 525 nm wavelength) was 

determined with a FlexStation 3 Microplate Reader. 

 

Biofilm collection and bacterial DNA quantification 

Subgingival biofilm samples were collected from the five sites with the highest PD 

using sterile absorbent paper cones (#30, Dentsply®, New York, NY, USA) introduced at each 

periodontal site for 60 seconds. The cones were then placed in a sterile microtube and stored at 

-80ºC. A second sample of biofilm was collected from the COVID-19 patients at T2. Bacterial 

DNA quantification procedures were performed according to previously published methods 

[27, 28]. Briefly, bacterial DNA from periodontal biofilm samples was extracted by DNA 

Purification System (QIAamp UCP Pathogen, Qiagen, Hilden, Germany). Total bacterial load 

was quantified using the microbial DNA qPCR assay kit (QIAgen, Hilden, Germany) for 16S 

rRNA gene. RT-PCR analyses were performed in a MiniOpticon system (BioRad), using 

SybrGreen MasterMix (Invitrogen), specific primers (Porphyromonas gingivalis: sense 

TGCAACTTGCCTTACAGAGGG, antisense ACTCGTATCGCCCGTTATTC; Tanerella 

forsythia: sense GGGTGAGTAACGCGTATGTAACCT, antisense 

ACCCATCCGCAACCAATAAA; Treponema denticola: sense 

AGAGCAAGCTCTCCCTTACCGT, antisense TAAGGGCGGCTTGAAATAATGA; 

Aggregatibacter actinomycetemcomitans: sence ATGCCAACTTGACGTTAAAT, antisense 

AAACCCATCTCTGAGTTCTTCT) and 5 ng of DNA in each reaction. Calculations for 

determining each target microbe level were made from triplicate measurements of the target 

gene in comparison with standard curves to each target. 

 

Data analysis 

The Statistical Package for the Social Sciences software (version 22.0, IBM Inc., New 

Armonk, NJ, USA) and GraphPad Prism software (version 7.00, Graph-Pad software, La Jolla, 

CA, USA) were used for the description and statistics of the case and control groups. Intragroup 

comparisons between individuals with or without periodontitis were performed. The chi-square 

test was performed to analyze categoric variables and the Student’s T test was performed for 

quantitative variables. In the COVID-19 group, comparisons (with the chi-square test and the 

Student’s T test) between individuals with periodontitis or without periodontitis were 

performed for COVID-19-related outcomes. A binary regression was performed to examine the 
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influence of periodontitis on COVID-19-related outcomes, controlling for confounding 

variables. Comparisons of cytokines’ concentrations between individuals with or without 

periodontitis were performed with Student T tests. The differences (T2-T1) for the variables 

cytokines’ concentrations and bacterial loads during (T1) and after (T2) COVID-19 infection 

(cytokines variations and bacterial loads variations) were calculated with Paired T tests. Before 

the regression models, an explanatory analysis was conducted to identify confounders to each 

of the outcomes. Variables with p-value ≤0.20 were included in the models. For the regressions, 

the significance level was set at p-value ≤0.05. 

 

Results 

Demographic characteristics, oral health-related behaviors and oral health outcomes 

A total of 221 individuals in the COVID-19 wards were assessed for eligibility, 99 

participants met the inclusion criteria and were included in the case group; age ranged from 16 

to 74 years. Two hundred forty-two patients were assessed to compose the control group and 

182 were included; age ranged from 20 to 74 years. There were no differences between the 

groups regarding age, sex, family income, schooling, oral hygiene habits, and body mass index 

(BMI). Smoking and alcoholism were more prevalent in the control group. Individuals in the 

control group had worse oral and periodontal status (higher DMFT index, higher number of 

tooth losses, as well as higher mean of PD, CAL, and BOP) than individuals in the COVID-19 

group. However, no difference between groups was observed for the prevalence of periodontitis 

(Supplementary Table 1). 

In both groups, individuals with periodontitis were older and had increased BMI 

compared to individuals with no periodontitis. In the COVID-19 group, individuals with 

periodontitis had lower family income and lower schooling than those without periodontitis. In 

the control group, most participants with periodontitis were male individuals and most 

participants without periodontitis were female. There was no difference on tooth brushing and 

flossing frequency between patients with and without periodontitis in both groups (p>0.05) 

(Table 1). 

The prevalence of depression, pulmonary and kidney diseases was higher among 

individuals in the COVID-19 group compared to those in the control group (Supplementary 

Table 2). The main symptoms of COVID-19 reported were respiratory symptoms (76.8%), 

fever (54.5%), ageusia (52.5%), anosmia (49.5%), gastrointestinal symptoms (40.4%), 

tiredness/malaise (21.2%), and tachycardia (2.0%). 
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Table 1. Demographic characteristics and oral health related behaviours of COVID-19 and control participants with and without periodontitis 

Variables 
Control  COVID-19 

No periodontitis Periodontitis p value  No periodontitis Periodontitis p value 

Age, n (%)        

<49 years 56 (58.9) 36 (41.4) 
0.026* 

 34 (65.4) 15 (31.9) 
0.001* 

≥50 years 39 (41.1) 51 (58.6)  18 (34.6) 32 (68.1) 

Sex, n (%)        

Male 40 (42.1) 56 (64.4) 
0.003* 

 28 (53.8) 24 (51.1) 
0.842* 

Female 55 (57.9) 31 (35.6)  24 (46.2) 23 (48.9) 

Family income, n (%)        

≤2 MWs 31 (40.3) 36 (45.6) 

0.237** 

 20 (38.5) 32 (68.1) 

0.003** 3-5 MWs 25 (32.5) 29 (36.7)  22 (42.3) 12 (25.5) 

≥5 MWs 21 (27.3) 14 (17.7)  10 (19.2) 3 (6.4) 

Schooling, n (%)        

≤8 years 24 (31.2) 34 (42.5) 
0.186* 

 11 (21.2) 25 (53.2) 
0.002* 

>8 years 53 (68.8) 46 (57.5)  41 (78.8) 22 (46.8) 

Tooth brushing, n (%)        

Once/day 2 (2.6) 3 (3.8) 

0.390** 

 3 (5.8) 3 (6.4) 

0.821** Twice/day 22 (28.6) 36 (45.0)  15 (28.8) 10 (21.3) 

3 times/day 53 (68.8) 33 (41.3)  28 (53.8) 30 (63.8) 
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>3 times/day 0 (0.0) 8 (10.0)  6 (11.5) 4 (8.5) 

Flossing, n (%)        

No 28 (39.4) 38 (52.8) 
0.132* 

 22 (42.3) 24 (51.1) 
0.424* 

Yes 43 (60.6) 34 (47.2)  30 (57.7) 23 (48.9) 

Smoking, n (%)        

No 55 (87.3) 52 (76.5) 

0.111** 

 40 (76.9) 33 (70.2) 

0.262** Yes 6 (9.5) 11 (16.2)  3 (5.8) 0 (0.0) 

Ex-smoker 2 (3.2) 5 (7.4)  9 (17.3) 14 (29.8) 

BMI (kg/m2) 25.37 ± 2.05 27.01 ± 4.37 0.019****  26.85 ± 6.06 31.03 ± 7.32 0.003**** 

Note: BMI, body mass index; MW, minimum wage; SD, standard deviation. 
*Pearson chi-square test; **Linear by linear; ***Fisher’s Exact; ****Student t test. Bold means statistically significant at p≤0.05 
 
 

Periodontal and clinical status 

In both groups, patients with periodontitis had worse oral health status, as the measurements of DMFT index, PD, and CAL among them 

were higher than among individuals without periodontitis. Tooth loss and BOP were also increased in individuals with periodontitis in both groups. 

In the COVID-19 group, plaque index was worse in patients with periodontitis than patients without periodontitis (p<0.001) (Table 2). 
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Table 2. Clinical characteristics of COVID-19 and control participants with and without periodontitis 

Variables 
 Control  COVID-19 

 No periodontitis Periodontitis p value  No periodontitis Periodontitis p value 

DMFT index (mean ± SD)  13.92 ± 6.98 18.20 ± 5.42 0.001*  10.40 ± 7.35 16.70 ± 7.08 <0.001* 

Tooth loss (mean ± SD)  3.53 ± 3.94 5.62 ± 3.70 <0.001*  3.35 ± 4.58 9.83 ± 6.54 <0.001* 

PD (mm) (mean ± SD)  2.08 ± 0.45 3.08 ± 1.11 <0.001*  1.81 ± 0.25 2.39 ± 0.62 <0.001* 

CAL (mm) (mean ± SD)  2.36 ± 0.68 3.54 ± 1.32 <0.001*  1.93 ± 0.35 2.90 ± 1.28 <0.001* 

BOP, % (mean ± SD)  0.15 ± 0.15 0.30 ± 0.21 <0.001*  0.01 ± 0.02 0.46 ± 0.06 <0.001* 

Salivary flow (ml/min) (mean ± SD)  0.40 ± 0.54 0.27 ± 0.48 0.155*  0.76 ± 0.42 0.78 ± 0.35 0.872* 

Plaque index, n (%)         

Excellent/good  18 (94.7) 16 (76.2) 
0.186*** 

 46 (88.5) 26 (55.3) 
<0.001** 

Poor/terrible  1 (5.3) 5 (23.8)  6 (11.5) 21 (44.7) 

Note: BOP, bleeding on probing; CAL, clinical attachment level; DMFT, decayed, missing, and filled teeth; mm, millimeter; PD, probing depth; SD, standard deviation. 
*Student t test; **Pearson chi-square test; ***Fisher’s Exact. Bold means statistically significant at p≤0.05. 

 

Periodontitis and COVID-19-related outcomes 

Among individuals with COVID-19, periodontitis was associated to more hospitalization (p=0.009), more days at the ICU (p=0.042), 

admission to the SICU (p=0.047), and higher need for oxygen therapy (p=0.042). However, there was no difference in length of hospitalization, 

need for ICU, need for mechanical ventilation, or death between individuals with and without periodontitis in the COVID-19 group (Table 3). 
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Table 3. COVID-19-related outcomes of patients with and without periodontitis 

Variables 
COVID-19 

No periodontitis Periodontitis p value 

Hospitalization, n (%)    

No 10 (19.2) 1 (2.1) 
0.009* 

Yes 42 (80.8) 46 (97.9) 

Hospitalization length (mean ± SD) 16.04 ± 35.84 16.26 ± 15.53 0.969*** 

ICU, n (%)    

No 43 (82.7) 32 (68.1) 
0.105* 

Yes 9 (17.3) 15 (31.9) 

Change ICU to SICU, n (%)    

No 52 (100.0) 43 (91.5) 
0.047** 

Yes 0 (0.0) 4 (8.5) 

Days on ICU (mean ± SD) 0.83 ± 2.11 2.23 ± 4.20 0.042*** 

Mechanical ventilation, n (%)    

No 50 (96.2) 44 (93.6) 
0.666** 

Yes 2 (3.8) 3 (6.4) 

Days on mechanical ventilation (mean ± SD) 0.19 ± 0.97 0.43 ± 1.76 0.412*** 

Death, n (%)    

No 51 (98.1) 47 (100.0) 
1.000** 

Yes 1 (1.9) 0 (0.0) 

Oxygen therapy, n (%)    

No 19 (36.5) 8 (17.0) 
0.042* 

Yes 33 (63.5) 39 (83.0) 

Note: ICU, intensive care unit; SD, standard deviation; SICU, semi-intensive care unit. 
*Pearson chi-square test; **Fisher’s exact; ***Student t test. Bold means statistically significant at p≤0.05. 

 

For the COVID-19 group, binary regression models evaluated the association of 

periodontitis with hospitalization and use of oxygen, controlled for the confounders BMI, 

cardiovascular alteration, and age (Table 4). After adjustment, individuals with periodontitis 

were 1.13 times more likely to be hospitalized than individuals without periodontitis (CI=1.01–

1.26; p=0.028). The association between periodontitis and use of oxygen, controlled for the 

confounders was not significant. 
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Table 4. Binary regression of factors influencing hospitalization and use of oxygen in COVID-19 patients 

 Hospitalization  Use of oxygen 

 OR 95% CI p value  OR 95% CI p value 

Periodontitis        

No 1 - 
0.028 

 1 0.658–1.065 
0.149 

Yes 1.13 1.01–1.26  1.19 0.938–1.519 

BMI        

Underweight 1 - 0.493  1  0.273 

Normal weight 1.01 0.881–1.144 0.665  1.14 0.747–1.260 0.820 

Overweight 1.03 0.874–1.233 0.945  1.03 0.793–1.338 0.310 

Obese 1.19 0.721–1.960 -  2.69 0.457–15.873 - 

Cardiovascular alteration        

No 1 - 
0.026 

 1 - 
0.183 

Yes 1.16 1.018–1.322  1.18 0.924–1.510 

Age        

<49 years 1 0.833–1.055 
0.285 

 1 - 
0.557 

≥50 years 1.06 0.947–1.200  1.07 0.841–1.379) 

Note: BMI, body mass index; CI, confidence interval; OR, odds ratio. 
Bold means statistically significant at p≤0.05. 
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Cytokine analysis in periodontitis and no periodontitis patients 

The concentration of IL-6 was higher in patients with periodontitis than patients without 

periodontitis in the COVID-19 group (p=0.010). Patients with COVID-19 and periodontitis also 

had a higher salivary concentration of IL-6 than control individuals with periodontitis 

(p=0.009). The concentration of IL-1β was augmented in individuals with periodontitis when 

compared to individuals without periodontitis in COVID-19 group (p=0.028) and control 

(p=0.050). No statistical differences were identified for the concentrations of IL-10, TNF-α, 

OPG, RANKL, and NETs (Figure 1). 
 

 

Figure 1. Cytokine and 

neutrophil extracellular 

traps (NETs) concentration 

on the saliva of individuals 

of group COVID-19 and 

control with and without 

periodontitis. (A) 

Interleukin (IL)-6, (B) IL-

1β, (C) IL-10, (D) tumoral 

necrosis factor alfa (TNF-

α), (E) osteoprotegerin 

(OPG) (F), receptor 

activator of nuclear factor 

Kappa-B ligand (RANKL), 

(G) RANKL/OPG, and (H) 

NETs. 
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Cytokine variation during and after COVID-19 infection 

When analyzing cytokine variation (T2-T1), significant increases in IL-1β (p=0.005), 

RANKL (p=0.010), and NETs (p=0.039) concentration were observed from T1 to T2 (≈ 100 

days after initial diagnosis of SARS-CoV-2 infection). The concentrations of IL-10, OPG and 

TNF-α at T2 decreased compared to T1 without statistical significance (Figure 2). There was 

no association between the serum levels of lymphocytes, neutrophils, eosinophils, C-reactive 

protein, and D-dimer with the cytokine variation (data not shown). 

 

Regression models were constructed with factors (ICU need, BMI, intubation need, 

periodontitis, smoking, and oxygen use) that could potentially explain the observed variation in 

cytokines concentration. Periodontitis was associated with a significant increase in levels of 

RANKL (p=0.001), and IL-1β (p=0.016). Individuals who did not need oxygen therapy 

exhibited a reduction in the concentration of RANKL (p=0.002). The variation of NET’s 

concentration was not associated with the variables included in the multivariate model (Table 

5). 

Figure 2. Cytokine and neutrophil extracellular traps concentration on the saliva of individuals with 

COVID-19 during and after the infection. (A) Interleukin (IL)-1β, (B) IL-10, (C) osteoprotegerin (OPG), 

(D) receptor activator of nuclear factor Kappa-B ligand (RANKL), (E) tumoral necrosis factor alfa (TNF-

α), and (F) NETs. 
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Table 5. Factors influencing the cytokine concentration change during and after COVID-19 infection 

Variables 
OPG RANKL IL-10 IL-1β TNF-α NET 

Mean ± SD p value Mean ± SD p value Mean ± SD p value Mean ± SD p value Mean ± SD p value Mean ± SD p value 

ICU             

No -230.31 ± 973.05 
0.713** 

-35.33 ± 112.18 
0.142** 

-28.41 ± 123.05 
0.834** 

439.34 ± 592.28 
0.960* 

-6.29 ± 19.34 
0.618** 

8.72 ± 19.87 
0.519* 

Yes -686.83 ± 950.83 0.00 ± 0.00 0.00 ± 0.00 416.02 ± 955.27 0.00 ± 0.00 18.21 ± 2.89 

BMI             

Under/normal weight -710.11 ± 1132.63 
0.406** 

-66.99 ± 150.91 
0.491** 

-56.19 ± 168.57 
0.095** 

249.64 ± 472.18 
0.207* 

-11.87 ± 25.95 
0.126** 

13.41 ± 24.02 
0.438* 

Overweight/obese 110.19 ±575.04 0.23 ± 0.72 2.26 ± 5.04 605.39 ± 678.49 0.00 ± 0.00 6.40 ± 13.48 

Intubation             

No -218.32 ± 945.37 
0.561** 

-33.37 ± 109.15 
0.894** 

-26.84 ± 119.57 
0.886** 

475.57 ± 594.80 
0.246* 

-5.94 ± 18.82 
0.732** 

9.14 ± 19.36 
0.583* 

Yes -662.32 ± 985.50 23.4 ± 33.09 0.00 ± 0.00 -259.46 ± 0.00 0.00 ± 0.00 20.25 ± 0.00 

Periodontitis             

No -402.99 ± 981.38 
0.352** 

-43.13 ± 117.33 
0.001** 

-32.73 ± 130.89 
0.306** 

271.99 ± 549.07 
0.016* 

-7.12 ± 20.52 
0.453** 

12.74 ± 20.10 
0.188* 

Yes 188.97 ± 782.33 11.61 ± 21.72 1.96 ± 3.92 1055.22 ± 350.46 0.00 ± 0.00 -1.58 ± 7.81 

Smoking             

No -281.76 ± 982.86 
0.453** 

-33.37 ± 109.15 
0.497** 

-26.83 ± 119.57 
0.886** 

459.76 ± 611.04 
0.498* 

-5.94 ± 18.82 
0.732** 

7.96 ± 17.85 
0.085* 

Yes 16.685 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 25.19 ± 0.00 0.00 ± 0.00 41.53 ± 0.00 

Use of oxygen             

No -405.84 ± 958.34 
0.272** 

-42.90 ± 123.04 
0.002** 

-34.51 ± 135.69 
0.716** 

344.67 ± 559.67 
0.276* 

-7.63 ± 21.20 
0.385** 

7.97 ± 21.87 
0.308* 

Yes 78.55 ± 951.65 0.00 ± 0.00 0.00 ± 0.00 695.07 ± 707.46 0.00 ± 0.00 14.61 ± 5.20 

Note: BMI, body mass index; ICU, intensive care unit; IL, interleukin; NET, neutrophil extracellular trap; OPG, osteoprotegerin; RANKL, receptor activator of nuclear factor Kappa-B 
ligand; SD, standard deviation; TNF, tumoral necrosis factor. 
*Student t test; **Mann-Whitney test. Bold means statistically significant at p≤0.05. 



40 
 

Microbiological profile during and after COVID-19 infection 

The bacterial loads of P. gingivalis and A. actinomycetemcomitans during the COVID-

19 infection (T1) were higher, albeit not significant, when compared to T2 (≅ 100 days after 

infection). The bacterial loads of T. forsythia and T. denticola at T2 were higher, albeit not 

significant than at T1 (Supplementary Figure 1). There was no difference between the 

bacterial load of patients with and without periodontitis at the two time-points analyzed (data 

not shown). 

 

Discussion 

The present study investigated the potential association between the periodontal status 

and the severity of SARS-CoV-2 infection through clinical, inflammatory, and microbiological 

parameters. Our findings demonstrated that periodontitis was associated to higher rates of 

hospitalization, lengthier stay in the ICU, admission to the SICU, and higher need for oxygen 

therapy. After adjustment for confounders BMI, cardiovascular alteration and age, periodontitis 

resulted in a 1.13-fold increased chance of hospitalization. Increased salivary levels of IL-6 

were seen in patients with COVID-19 and periodontitis. The presence of periodontitis was also 

related to a positive variation of RANKL and IL-1β after COVID-19, even though no significant 

changes in the bacterial loads of periodontopathogens P. gingivalis, A. actinomycetemcomitans, 

T. forsythia, and T. denticola were detected. 

In 2019, there were 1.1 billion prevalent cases of severe periodontitis worldwide [5], 

making it one of the most prevalent diseases in the world and a public health problem, as the 

disease can lead to tooth loss, masticatory impairment, worse oral health-related quality of life, 

and a negative impact on several systemic diseases [7, 29-31]. Our clinical evaluation revealed 

that patients with periodontitis had higher rates of hospitalization and oxygen therapy 

requirements, lengthier stay at the ICU and to SICU admission, similar to data of Gupta et al. 

[11]. In contrast, we did not find association of periodontitis with mechanical ventilation and 

ICU admission or with death [9, 11, 12]. This is possibly due to the low mortality rate observed 

in our sample (1%) compared to other ones (2.4%, 9.7% and 24.2%, respectively) [9, 11, 12]. 

Further dissimilarities with other studies may be related to study design, clinical examination, 

periodontitis classification, and time of examination. In our study, periodontal examination was 

performed during the infection and the diagnosis of periodontitis was based on PD, CAL and 

tooth loss; moreover, a matched control group was included. Otherwise, some studies did not 

perform clinical periodontal examination [8, 9], did not include a control group [12, 32], and 

only evaluated patients after the infection [10]. 
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The potential association of COVID-19 and periodontitis comes from the biological 

plausibility given that the two conditions appear to have similar pathological immune-mediated 

mechanisms [18, 19], they share very much alike risk factors [33, 34], and the periodontal 

pockets may act as reservoir of SARS-CoV-2 [13]. Periodontitis is characterized by loss of 

periodontal attachment due to microbiological challenge and it is associated with host-mediated 

inflammation [22], having been identified an increased number of proinflammatory markers 

such as IL-1β, IL-6, IL-10, TNF-α, OPG, RANKL, and NETs that are representative of the 

periodontal disease status [17, 35, 36]. This research has verified that individuals infected with 

COVID-19 and diagnosed with periodontitis had higher salivary concentration of IL-6. Of 

clinical relevance, different studies have shown that individuals with periodontitis had 

increased serum and salivary levels of IL-6 [16, 37] and periodontal treatment reduces it [30, 

38]. Noteworthy, patients with COVID-19 had increased serum levels of cytokines including 

IL-6 and this augment is significantly higher in critically ill patients [15]. Even though we did 

not observe significant changes in the target periodontal bacteria, it has been recently shown 

that periodontopathogens induce the expression of ACE-2, IL-6, and IL-8 in alveolar epithelial 

cells, suggesting that the aspiration of these bacteria regulates the inflammatory response on 

the lower respiratory tract [39]. Therefore, we hypothesize that periodontitis-induced local and 

systemic inflammation contributes to the deterioration of the clinical condition and more severe 

outcomes during COVID-19. 

We also analyzed the cytokine production after COVID-19 infection detecting 

significant increases of IL-1β, RANKL, and NETs. A regression model showed that presence 

of periodontitis explained IL-1β and RANKL changes. Overall, these data pose concerns about 

the persistence of the virus at inflamed periodontal sites even after infection. The presence of 

virus in periodontal pockets may inhibit macrophage’s response to the bacterial challenge 

reducing the cytokine production [40]. Thus, by these mechanisms, SARS-CoV-2 could lead to 

changes on the bacterial load and periodontal status, a hypothesis that needs to be further 

examined. Alternatively, the exacerbated systemic inflammation during COVID-19 could lead 

to a deterioration of the periodontal inflammation, thus resulting in an increase of those markers 

even after the infection. Consistently, the impact of systemic inflammation on periodontal 

tissues has been observed in chronic diseases such as rheumatoid arthritis [29] and diabetes 

[31]. 

A significant increase in the formation of NETs was observed in individuals with 

periodontal diseases [36], in contrast to our findings, in which patients with periodontitis of 

both groups presented higher concentration of NETs but without statistical significance. 
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Conversely, exacerbated formation of NETs has been reported in individuals with severe 

COVID-19 [41], yet in our study salivary levels of NETs increased only after infection, and 

this trend was not explained when correlated to confounders, including periodontitis. 

The strengths of this study include the representative sample of unvaccinated patients 

from two reference centers, extensive data collection on cytokine, and bacterial load 

measurements during and after the infection. To the best of our knowledge, this is the first study 

to evaluate cytokines and microorganisms in patients with and without COVID-19 and to 

associate the findings with periodontal status. However, a limitation of this report is that the 

clinical evaluation of ICU patients was not possible because of the use of mask with reservoir 

and the mechanical ventilation tube, which precluded the assessment of highly severe patients. 

Taken together, the present data suggest that improvement in oral hygiene and periodontal 

treatment could potentially prevent complications of COVID-19 by reducing the possibilities 

of nosocomial pneumonia, reducing overall inflammation, and preventing the flow of 

microorganisms to the bloodstream through the periodontal pocket ulcerated epithelium. 

 

Conclusions 

In summary, worse periodontal status was associated to increased hospitalization, 

oxygen therapy, ICU length, and SICU admission. Periodontitis patients had augmented 

salivary levels of IL-6 during COVID-19 infection. The presence of periodontitis was also 

related to an increase of RANKL and IL-1β after infection despite no significant changes in the 

bacterial loads of periodontopathogens P. gingivalis, A. actinomycetemcomitans, T. forsythia, 

and T. denticola. Data reinforce the relevance of oral and periodontal care in patients with 

COVID-19 as a potential strategy to reduce overall inflammation and aspiration of 

microorganisms preventing complications. 
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Supplementary Files 

 

Supplementary Table 1. Clinicodemographic characteristics and oral health-related behaviors of participants with 

COVID-19 and controls 

Variables Control COVID-19 p value 

Age, n (%)    

<49 years 92 (50.5) 49 (49.5) 
0.901* 

≥50 years 90 (49.5) 50 (50.5) 

Sex, n (%)    

Male 96 (52.7) 52 (52.5) 
1.000* 

Female 86 (47.3) 47 (47.5) 

Family income, n (%)    

≤2 MWs 67 (42.9) 52 (52.5) 

0.054** 3-5 MWs 54 (34.6) 34 (34.3) 

≥5 MWs 35 (22.4) 13 (13.1) 

Schooling, n (%)    

≤8 years 58 (36.9) 36 (36.4) 
1.000* 

>8 years 99 (63.1) 63 (63.6) 

Tooth brushing, n (%)    

Once/day 5 (3.2) 6 (6.1) 

0.205** 
Twice/day 58 (36.9) 25 (25.3) 

3 times/day 86 (54.8) 58 (58.6) 

>3 times/day 8 (5.1) 10 (10.1) 

Flossing, n (%)    

No 66 (46.2) 46 (46.5) 
1.000* 

Yes 77 (53.8) 53 (53.5) 

Smoking, n (%)    

No 107 (81.7) 73 (73.7) 

0.006** Yes 17 (13.0) 3 (3.0) 

Ex-smoker 7 (5.3) 23 (23.2) 

BMI - kg/m2 (mean ± SD) 26.31 ± 3.65 28.86 ± 6.98 0.002**** 

DMFT index (mean ± SD) 15.76 ± 6.67 13.39 ± 7.85 0.025**** 

Tooth loss (mean ± SD) 4.53 ± 3.96 6.42 ± 6.44 0.009**** 

PD (mm) (mean ± SD) 2.56 ± 0.96 2.09 ± 0.54 <0.001**** 

CAL (mm) (mean ± SD) 2.92 ± 1.19 2.39 ± 1.03 <0.001**** 

BOP - % (mean ± SD) 0.23 ± 0.19 0.27 ± 0.05 <0.001**** 

Salivary flow (mean ± SD) 0.34 ± 0.52 0.77 ± 0.39 <0.001**** 

Plaque index, n (%)    

Excellent/good 34 (85.0) 72 (72.7) 0.186* 
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Poor/terrible 6 (15.0) 27 (27.3) 

Periodontitis, n (%)    

Healthy 66 (36.3) 46 (46.5) 

0.427** 

Stage I 29 (15.9) 6 (6.1) 

Stage II 42 (23.1) 13 (13.1) 

Stage III 26 (14.3) 8 (8.1) 

Stage IV 19 (10.4) 26 (26.3) 

Periodontitis, n (%)    

No (healthy and stage I) 95 (52.2) 52 (52.5) 
1.000* 

Yes (stage II, stage III and stage IV) 87 (47.8) 47 (47.5) 

Note: BMI, body mass index; BOP, bleeding on probing; CAL, clinical attachment level; DMFT, decayed, missing 
and filled teeth; mm, millimeter; MW, minimum wage; PD, probing depth; SD, standard deviation. 
*Pearson chi-square test; **Linear by linear; ***Fisher’s Exact; ****Student t test. Bold means statistically significant at 
p≤0.05. 
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Supplementary Table 2. Comparison of systemic conditions between individuals with 
COVID-19 and controls 

Variables Control, n (%) COVID-19, n (%) p value 

Cardiovascular    

No 25 (59.5) 49 (49.5) 
0.357* 

Yes 17 (40.5) 50 (50.5) 

Diabetes    

No 91 (85.8) 74 (74.4) 
0.053* 

Yes 15 (14.2) 25 (25.3) 

Depression    

No 75 (82.4) 47 (47.5) 
0.022* 

Yes 16 (17.6) 52 (52.5) 

Pulmonary    

No 42 (100.0) 89 (89.9) 
0.033* 

Yes 0 (0.0) 10 (10.1) 

Neoplasm    

No 41 (97.6) 89 (89.9) 
0.174* 

Yes 1 (2.4) 10 (10.1) 

Liver    

No 42 (100.0) 95 (96.0) 
0.318** 

Yes 0 (0.0) 4 (4.0) 

Kidney    

No 42 (100.0) 89 (89.9) 
0.033* 

Yes 00 (0.0) 10 (10.1) 

Gastrointestinal    

No 39 (92.9) 96 (97.0) 0.363* 
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Note: Cardiovascular system: acute aortic syndrome; aneurysm; arrhythmia; arterial 
fibrillation; arterial hypertension; brain stroke; chagas cardiomyopathy; congestive heart 
failure; coronary artery disease; deep vein thrombosis; diastolic heart failure; dilated 
cardiomyopathy; heart murmur; heart valve; hypercholesterolemia; ischemic heart disease; 

Yes 3 (7.1) 3 (3.0) 

Neurologic    

No 42 (100.0) 94 (94.9) 
0.322* 

Yes 0 (0.0) 5 (5.1) 

Reumatologic    

No 40 (95.2) 95 (96.0) 
1.000* 

Yes 2 (4.8) 4 (4.0) 

Lymphoma/leukaemia    

No 42 (100.0) 91 (91.9) 
0.105* 

Yes 0 (0.0) 8 (8.1) 

Transplant    

No 42 (100.0) 93 (93.3) 
0.179* 

Yes 0 (0.0) 6 (6.1) 

Anemia    

No 42 (100.0) 98 (99.0) 
1.000* 

Yes 0 (0.0) 1 (1.0) 

AIDS    

No 42 (100.0) 98 (99.0) 
0.497* 

Yes 0 (0.0) 1 (1.0) 

Behçet disease    

No 42 (100.0) 98 (99.0) 
1.000* 

Yes 0 (0.0) 1 (1.0) 

Other    

No 40 (95.2) 85 (85.9) 
0.149* 

Yes 2 (4.8) 14 (14.1) 
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papilledema; pulmonary embolism; Raynaud syndrome; rheumatic fever; supraventricular 
tachycardia. 
Pulmonary system: bronchitis; chronic obstructive pulmonary disease; histoplasmosis; 
hypersensitivity pneumonitis; idiopathic pulmonary fibrosis; obstructive sleep apnea; 
pulmonary hypertension; tuberculosis. 
Gastrointestinal system: chronic constipation; Chron's disease; dyspeptic syndrome; 
gastroesophageal reflux disease; gastrostomy. 
Kidney system: chronic kidney disease; IgA nephropathy; nephritis; nephrolithiasis; single 
kidney. 
Neurologic system: Alzheimer disease; chronic headache; chronic insomnia; dementia; Joubert 
syndrome; opioid dependence. 
Liver system: choledocholithiasis; chronic liver disease; hepatic steatosis; hepatitis C; liver 
fibrosis; portal hypertension. 
Rheumatologic conditions: arthritis; fibromyalgia; lupus. 
Lymphoma/leukemia: lymphoma and lymphoproliferative/myelodysplastic diseases; 
leukemia; aplastic anemia. 
Other: erythrocyte dysmorphism; hyperparathyroidism; hypothyroidism; monoclonal 
gammopathy; polycystic ovary syndrome; vitiligo; von Willebrand disease. 
*Pearson chi-square test; **Fisher’s Exact. Bold means statistically significant at p≤0.05. 
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Supplementary Figure 1. Bacterial load on periodontal biofilm of individuals with COVID-19 during (T1) and 

after the infection (T2). (A) Porphyromonas gingivalis (Pg), (B) Treponema denticola (Td), (C) Aggregatibacter 

actinomycetemcomitans (Aa), and (D) Tanerella forsythia (Tf). 
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4 CONSIDERAÇÕES FINAIS 
 

 

Esse estudo observou uma associação entre periodontite e taxas elevadas de 

hospitalização, maior admissão na Unidade de Terapia Semi-Intensiva, estadia 

prolongada na UTI, e maior necessidade de uso de oxigênio pelos indivíduos com 

COVID-19. Pacientes com periodontite apresentaram risco adicional de serem 

internados após ajuste para variáveis de confusão. Além disso, níveis elevados de IL-

6 foram observados em pacientes com e periodontite COVID-19. A presença de 

periodontite esteve relacionada com uma variação positiva nos níveis de RANKL e IL-

1β após o fim da infecção pelo SARS-CoV-2 apesar de não terem sido observadas 

variações significativas nas cargas dos periodontopatógenos P. gingivalis, A. 

actinomycetemcomitans, T. forsythia, and T. denticola. Os resultados deste estudo 

reforçam a relevância do cuidado periodontal e higiene bucal em pacientes com 

COVID-19 como potencial estratégia para reduzir a taxa global de inflamação 

sistêmica e a aspiração de microrganismos, possivelmente prevenindo e minimizando 

complicações da doença.  
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ANEXO A – Aprovação do comitê de ética em pesquisa da Universidade 
Federal de Minas Gerais 
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ANEXO B – Aprovação do comitê de ética em pesquisa da Fundação Hospitalar 
do Estado de Minas Gerais 
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