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RESUMO

SITUACAO VACINAL DOS PACIENTES INTERNADOS POR COVID-19
DURANTE A ONDA OMICRON BQ.1.1 EM ARACAJU, SERGIPE, BRASIL, TAISE
FERREIRA CAVALCANTE, ARACAJU, 2023.

A pandemia de COVID-19, ocasionada pelo virus SARS-CoV-2, continua sendo uma questdo
primordial para a saude publica mundial, particularmente com a aparicdo de novas variantes. Este
estudo buscou avaliar a situagio vacinal dos pacientes internados durante a onda da variante Omicron
BQ.1.1 em Aracaju, Sergipe. Utilizando uma abordagem ecoldgica, o estudo analisou dados da
Secretaria Municipal da Saude de Aracaju referentes a hospitalizacdo de adultos por COVID-19 no
municipio de 23 de outubro a 31 de dezembro de 2022. As variaveis examinadas envolviam detalhes
demograficos, registros de vacinagdo, intervalo de tempo entre a Gltima dose da vacina e a internagéo
hospitalar, e tipo de leito. A avaliagdo dos dados foi conduzida através de uma analise de varidncia
bifatorial (ANOVA), onde foi estabelecido um nivel de significancia (o) de 0,05. Durante esse
periodo, a taxa de hospitalizacdo pela doenca no municipio foi de 1,6% e 147 adultos hospitalizados
devido a COVID-19 foram incluidos neste estudo. Predominantemente, eram idosos (idade média de
77 anos) com comorbidades pré-existentes. A vasta maioria (91,8%) recebeu a série primaria de
vacinagdo, com uma parcela significativa tendo recebido doses de reforco adicionais. Notavelmente,
94,8% dos que tomaram duas doses receberam uma terceira, e 61,5% uma quarta dose. Entre 0s
vacinados com quatro doses, 83% tinham 70 anos ou mais, e cerca de 75% receberam a Ultima dose
seis meses antes da hospitalizacdo. Observou-se uma interagdo significativa entre idade avancada e
tempo decorrido desde a tltima dose (>6 meses) com necessidade de internagdo em UTI (p=0,017). Os
resultados apontam que a quarta dose da vacina oferece protecdo de curta duragdo contra formas
graves da COVID-19. Salienta-se ainda a necessidade de politicas publicas para promover a
administracdo de uma quarta dose na populacao adulta e uma quinta dose em pessoas com mais de 70

anos, especialmente se o intervalo da ultima dose ultrapassar seis meses.

Descritores: COVID-19; SARS-CoV-2; Vacina contra COVID-19.



ABSTRACT

VACCINATION STATUS OF PATIENTS HOSPITALIZED FOR COVID-19 DURING
THE OMICRON BQ.1.1 WAVE IN ARACAJU, SERGIPE, BRAZIL, TAISE
FERREIRA CAVALCANTE, ARACAJU, 2023.

The COVID-19 pandemic, caused by the SARS-CoV-2 virus, remains a key issue for global public
health, particularly with the emergence of new variants. This study sought to evaluate the vaccination
status of patients hospitalized during the wave of the Omicron BQ.1.1 variant in Aracaju, Sergipe.
Using an ecological approach, the study analyzed data from the Municipal Health Department of
Aracaju regarding the hospitalization of adults due to COVID-19 in the municipality from October 23
to December 31, 2022. The variables examined involved demographic details, vaccination records,
interval time between the last dose of the vaccine and hospital admission, and type of bed. Data
evaluation was conducted using a two-factor analysis of variance (ANOVA), where a significance
level (o) of 0.05 was established. During this period, the hospitalization rate for the disease in the city
was 1.6% and 147 adults hospitalized due to COVID-19 were included in this study. Predominantly,
they were elderly (average age 77 years) with pre-existing comorbidities. The vast majority (91.8%)
received the primary vaccination series, with a significant proportion receiving additional booster
doses. Notably, 94.8% of those who took two doses received a third, and 61.5% a fourth dose. Among
those vaccinated with four doses, 83% were 70 years of age or older, and around 75% received the last
dose six months before hospitalization. A significant interaction was observed between advanced age
and time elapsed since the last dose (=6 months) with the need for ICU admission (p=0.017). The
results indicate that the fourth dose of the vaccine offers short-term protection against severe forms of
COVID-109. It is also important to highlight the need for public policies to promote the administration
of a fourth dose in the adult population and a fifth dose in people over 70 years of age, especially if the

interval between the last dose exceeds six months.

Keywords: COVID-19; SARS-CoV-2; COVID-19 vaccine.
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1 INTRODUCAO

A crise da COVID-19 ascendeu rapidamente a uma grave questdo de salde publica em
escala global, caracterizada por uma rapida propagacdo viral, transmissdo intensa de pessoa
para pessoa e uma notavel viruléncia. Durante sua fase inicial, a falta de antivirais especificos
ou vacinas potencializou um alarmante aumento nas taxas de morbidade e mortalidade, além
de promover uma significativa desestabilizacdo econdmica e social. Nos primeiros trés anos
da pandemia, de 2020 a 2022, a incidéncia global de casos de COVID-19 atingiu
aproximadamente 83 mil por milhdo de habitantes, resultando em uma taxa de mortalidade de

839 por milh&o, conforme reportado pela Organizacdo Mundial da Saude (OMS) (2023).

Esta pandemia ressaltou a necessidade vital de colaboracdo internacional para combater
uma emergéncia sanitaria global. Nacdes e entidades globais uniram forcas para trocar
conhecimentos, alinhar iniciativas de pesquisa, acelerar o desenvolvimento de vacinas e
terapias, além de estender apoio as regides mais impactadas. Ficou evidente que uma
estratégia coesa e multifacetada por parte das autoridades sanitérias era crucial para mitigar a

disseminacédo do virus e garantir a seguranca das comunidades.

Ao redor do mundo, estratégias de vacinacdo foram estabelecidas para priorizar a
imunizacdo de grupos especificos, determinados por critérios de idade e presenca de
comorbidades preexistentes. Estas medidas visavam ndo apenas controlar a proliferacdo do
virus, mas também reduzir a pressdo sobre 0s servi¢os de saude e impulsionar a recuperacao
econébmica. No entanto, apesar do progresso significativo e da crescente consciéncia global, a
emergéncia de novas variantes do virus, provenientes de mutacdes frequentes durante o
processo de replicacdo, permanece como uma preocupacdo constante, desencadeando
discussdes sobre potenciais aumentos na patogenicidade das cepas circulantes e da imunidade

natural e induzida pela vacina (Jeyanathan et al., 2020).

Os imunizantes desenvolvidos contra a COVID-19 emergiram como a ferramenta mais
potente, segura e custo-efetiva para prevenir internacdes, admissdes em unidades de terapia
intensiva (UTI) e mortes relacionadas a doenca. Num estudo ecoldgico sobre efeitos adversos
associados a doses da COVID-19 em um municipio brasileiro, Martins-Filho et al. (2022a)
apontam que as evidéncias reforcam a seguranca e tolerabilidade a CoronaVac e Oxford-

AstraZeneca, utilizadas contra a COVID-19, com apenas 33 eventos adversos por 10.000
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doses de vacina durante os primeiros trés meses da campanha de vacinacdo. Além disso,
estudo posterior ressaltou o protagonismo da vacinagdo para prevenir mortes durante o

'tsunami' da Omicron no Brasil (Martins-Filho et al., 2022b).

No entanto, pesquisas recentes indicam que, embora a vacinagdo promova uma resposta
sustentada das células T ao SARS-CoV-2 (Keeton et al., 2022), hd uma reducéo progressiva
na capacidade de neutralizar o virus ao longo do tempo, enfatizando a necessidade de doses
de reforco, principalmente para conferir protecdo contra variantes como a Omicron (Renia et
al., 2022). Além disso, estudos revelaram evidéncias de diminuicdo da eficacia da vacina em
alguns meses ap0s a terceira (Goh et al., 2022) e ap6s a quarta doses (Nordstrém et al., 2022),
bem como a possibilidade de pelo menos uma recorréncia de onda de COVID-19 no intervalo
de 3 a 9 meses (Cappi et al., 2022), gerando debate sobre a necessidade de doses adicionais

em intervalos regulares.

Embora 80% da populagéo brasileira estivesse imunizada contra a COVID-19 com duas
doses das vacinas CoronaVac (Sinovac/Butantan), Covishield (Oxford-AstraZeneca/Fiocruz)
ComiRNAty (Pfizer/BioNTech) ou Janssen (Johnson & Johnson), com cerca de metade da
populacéo recebendo uma dose de reforco, uma quinta onda de COVID-19 impulsionada pela
circulagdo da variante Omicron BQ.1.1 ocorreu no pais no final de 2022, resultando em um
aumento significativo de internaces e mortes pela doenca. Dentro deste cenario, o presente
estudo buscou avaliar a situacdo vacinal dos pacientes internados durante a onda da variante

Omicron BQ.1.1 em Aracaju, Sergipe.
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2 OBJETIVOS

2.1 GERAL:

a) Avaliar a situacdo vacinal dos pacientes internados por COVID-19
durante a onda da variante Omicron BQ.1.1 em Aracaju, Sergipe,

Brasil.

2.2 ESPECIFICOS:

a) Descrever a proporcdo de pacientes hospitalizados por COVID-19 de

acordo com a idade;

b) Descrever a proporcao de pacientes hospitalizados com COVID-19 que

receberam a quarta dose da vacina;

c) Analisar a interacao entre idade, intervalo de tempo entre a Gltima dose

da vacina e internacao hospitalar, e tipo de leito.
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3 REVISAO DA LITERATURA

3.1 O SARS-CoV-2e a COVID-19

Os coronavirus, como descritos em estudos anteriores (Hageman, 2020), sdo agentes
patogénicos de RNA de fita simples, orientacdo positiva, e ndo-segmentados. Estes virus
possuem uma membrana proteica, cujo componente principal é a proteina E. A observacéo
microscopica revela que eles tém uma forma geralmente arredondada ou ovalada, com
dimensdes que oscilam entre 60 e 140 nm. A superficie desses virus é caracterizada por
projecdes significativas que se assemelham a uma coroa, origem da nomenclatura "corona”.
Estas projeces, como ilustrado na Figura 1, sdo compostas principalmente de grandes
glicoproteinas espiculas, conhecidas como proteinas S, que tém um papel crucial na evolugédo

e mutacdo do virus (Pires Brito et al., 2020).

Figura 1. Representacdo grafica do SARS-CoV-2.

Proteina M

& 3 4 P
‘\s A — Proteina S
= '/. Proteina N
 _ ~8—— Proteina HE
2

Proteina E

60-140 nm

Fonte: Adaptado de Pires Brito et. al (2020).

No final de 2019, uma ameaca surgiu no horizonte global. A COVID-19, causada pelo
SARS-CoV-2 (severe acute respiratory syndrome-associated coronavirus 2), se manifestou
inicialmente como casos de uma pneumonia de etiologia desconhecida em Wuhan, China. O
genoma viral foi rapidamente sequenciado, acionando uma resposta cientifica internacional
que tem visto uma evolucdo notavel desde entdo. No decorrer da pandemia, o virus sofreu
uma série de mutagdes, resultando em variantes de preocupacdo, como Alpha, Beta, Gamma e

Delta, que afetaram as estratégias de saude publica global (Zhu et al., 2020).
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A emergéncia da variante Omicron reacendeu preocupacdes globais (Torjesen, 2021),
dada a sua notavel série de mutacdes, especialmente na regido do dominio de ligacdo ao
receptor da proteina S, o que pode potencialmente influenciar a eficacia das vacinas atuais e a
transmissibilidade do virus (Kannan; Ali; Sheza, 2021). As subvariantes desta linhagem tém
mostrado diferencas significativas em suas caracteristicas, cada uma apresentando um perfil
mutacional unico que pode influenciar a dindmica da pandemia de formas distintas, incluindo
influéncias no dominio de ligagc&o do receptor (Verma; Subbarao, 2021). Assim, a emergéncia
da variante Omicron trouxe novos desafios, especialmente no que diz respeito a eficacia das
vacinas atuais e a transmissibilidade do virus. Este cendrio ressalta a necessidade de
adaptacdo continua das estratégias de salde publica a um patdgeno em mudanca, incluindo
possiveis ajustes nas politicas de vacinacdo (Kennedy et al., 2020).

A principal rota de transmissdo do SARS-CoV-2 ¢ atraves de goticulas respiratdrias,
expelidas quando uma pessoa infectada fala, tosse ou espirra. A contaminacgdo indireta, ao
entrar em contato com superficies infectadas seguido de contato com o rosto, também é uma
via significativa de transmissdo (Ministério da Saude, 2021). Para conter a propagacdo do
virus, medidas preventivas eficazes foram promovidas globalmente. Isso inclui a vacinacao,
uso de mascaras, higiene das maos e evitar ambientes aglomerados. A ciéncia tem estado na
vanguarda da resposta a pandemia, aprofundando nosso entendimento dos coronavirus

humanos e facilitando o desenvolvimento de tratamentos mais eficazes.

Sabemos que o curso clinico da COVID-19 pode variar significativamente entre
individuos. Muitos experimentam sintomas leves, enguanto outros podem desenvolver
complicacBes sérias, especialmente aqueles com idade avangada ou comorbidades
preexistentes. Estudos tém buscado identificar os fatores associados a gravidade e mortalidade
da doenca, fornecendo insights valiosos para o manejo clinico dos pacientes com COVID-19
(Martins-Filho; Tavares; Santos, 2020; Martins-Filho et al., 2021).

Porém, a pandemia também exacerbou desigualdades historicas, com populagdes
vulneraveis sendo desproporcionalmente afetadas. As areas com maiores desigualdades
sociais, culturais e econdmicas tém enfrentado desafios adicionais, incluindo acesso limitado
a testes e taxas de mortalidade mais elevadas (Martins-Filho et al., 2020). Este complexo
mosaico de fatores destaca a necessidade de uma resposta multifacetada a pandemia, que
aborde ndo apenas as implicacbes médicas, mas também os profundos impactos sociais e
econémicos da COVID-19 (Ribeiro et al., 2021).
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3.2 Subvariantes Omicron sob monitoramento

A OMS acompanha as subvariantes do SARS-CoV-2 por meio de uma rede
global de vigilancia genémica e epidemiolégica. Essa rede € composta por laboratérios
de todo o0 mundo que sequenciam o genoma do virus em amostras coletadas de pacientes

com COVID-19, obedecendo as seguintes etapas:

1. Sequenciamento Gendmico: Os laboratérios em todo o mundo realizam o
sequenciamento do genoma do virus em amostras de pacientes com COVID-19. Isso
envolve a identificacdo das sequéncias genéticas especificas que compdem o virus,

permitindo a deteccdo de mutacdes e a identificacdo de novas subvariantes.

2. Compartilhamento de Dados: Os dados de sequenciamento gendmico sao
compartilhados internacionalmente por meio de iniciativas como o GISAID (Iniciativa
Global de Compartilhamento de Dados sobre Gripe). Isso permite que os pesquisadores e

a comunidade global de saide acompanhem a disseminacéo das subvariantes.

3. Analise de Mutacdes: A OMS e seus parceiros realizam anélises detalhadas
das mutagdes identificadas nas subvariantes para determinar seu potencial impacto na

transmissibilidade, gravidade da doenca e eficacia das vacinas e tratamentos.

4. Classificagdo e Nomeacdo: Inclui o desenvolvimento de sistemas de
classificacdo e nomenclatura para as subvariantes com base em suas caracteristicas

genéticas e epidemiologicas.

5. Comunicagdo e Atualizagdo: Inclui a comunicagéo regular das descobertas

sobre subvariantes, suas implicacGes e orientacOes relevantes para a comunidade global.

O monitoramento continuo das subvariantes é fundamental para entender a
evolucdo do virus, adaptar estratégias de controle da pandemia e avaliar a eficicia das
medidas de saude publica, como a vacinagdo. O compartilhamento global de dados e a
colaboracao entre paises e organizacGes desempenham um papel crucial nesse processo.

A Figura 2 mostra que durante a semana epidemioldgica 42 de 2022, que ocorreu de
16 a 22 de outubro de 2022, observou-se a disseminacdo global das variantes BQ.1 e BA.5. A
BQ.1 registrou um aumento significativo, passando de 9,4% para 13,4%, enquanto a BA.5
com mutagOes adicionais (R346X, K444 X, V445X, N450D e/ou N460X) aumentou de 20,8%
para 22,9%, principalmente devido a presenca da mutacdo BA.5 + R346X. Além disso, 0
XBB e suas variantes descendentes subiram de 1,1% para 2,0% (OMS, 2022).
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Figura 2. Casos de COVID-19 por 100.000 habitantes notificados por paises, territorios e
areas, SE 42/2022, 16 a 22 de outubro de 2022.
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Fonte: https://covid19.who.int/ COVID-19 Weekly Epidemiological Update, Ed.115, 2022,

Figura 3. Morte por COVID-19 por 100.000 habitantes notificados por paises, territérios e
areas, SE 42/2022, 16 a 22 de outubro de 2022.
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Fonte: https://covid19.who.int/ COVID-19 Weekly Epidemiological Update, Ed.115, 2022.
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A Figura 3 mostra que durante a semana epidemioldgica 42 de 2022, os maiores
numeros de mortes semanais ocorreram nos Estados Unidos da América, na Federacdo Russa,

na Italia , Franca e China.

Além disso, No Brasil, por meio da Nota Técnica n° 16/2022-
CGGRIPE/DEIDT/SVS/MS, datada de 12 de novembro de 2022, foi emitido um alerta sobre
0 aumento no nimero de casos de COVID-19 e a circulacdo de novas linhagens da Variante
de Preocupacéo (VOC) Omicron, com énfase nas sublinhagens BQ.1 e BA.5.3.1.

A Figura 4 mostra que a avaliacdo epidemioldgica da COVID-19 no Brasil indicava a
necessidade continua de monitoramento epidemioldgico do SARS-CoV-2 e suas variantes.
Até 11 de novembro de 2022, foram registrados no pais 34.908.198 casos e 688.656 Obitos
acumulados de COVID- 19.

Figura 4. Situagdo do Brasil na SE 43(23 a 29 de outubro de 2022).
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Fonte: https://covid19.who.int/region/amro/country/br.

Ao avaliar a variacdo percentual entre o0s casos novos de COVID-19 notificados
na SE 45 comparados aos da SE 44, identificou-se que 21 unidades federativas
apresentaram aumento (Figura 5), com destaque para Maranhdo (740%), Sergipe (575%),
Rondbdnia (488%), Rio de Janeiro (330%), Paraiba (229%), Goids (220%), Roraima
(218%), Amapa (203%),Rio Grande do Norte (199%) e Distrito Federal (103%).


https://covid19.who.int/region/amro/country/br

Figura 5. Distribui¢do espacial da variagdo de casos novos de COVID-19 por data de

notificacdo da SE 45 comparada a SE 44. Brasil, 2022.
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Fonte: Secretarias Estaduais de Saude.

Em Aracaju, no ano de 2022, a variacdo percentual entre 0s novos casos de COVID-

19 notificados na SE 45 em comparagdo com os da SE 44 mostrou um aumento de 450%, e

em relacdo a SE 46 em comparacdo com a SE 45 (Figura 6), houve um aumento de 1968%

nos casos novos. Esse periodo no municipio foi caracterizado pela ocorréncia da quinta

onda de COVID-19 em um intervalo de 3 anos (Figura 7).

Figura 6. Distribuicdo de casos novos por SE em Aracaju/SE, 2022.
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Figura 7. Distribuicdo de casos novos por dia, média movel de 7 dias e média movel
de 14 dias, em Aracaju/SE, 2020-2023.
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Fonte: Sala de Situacdo — Secretaria Municipal de Salde de Aracaju.

3.3 Vacinas

Em meio & pandemia de COVID-19, o mundo e a comunidade cientifica uniram
esforcos para criar vacinas com o objetivo de mitigar os efeitos do virus e restaurar uma certa
normalidade na vida cotidiana, assemelhando-se as condicdes pré-pandemia. As vacinas

surgiram como instrumentos vitais no controle da propagacédo do virus.

A vacina ChAdOx nCoV-19, reconhecida através do nome dos seus criadores, a
Universidade de Oxford e a AstraZeneca, € uma conquista notdvel no campo da
biotecnologia. Esta vacina opera com base na tecnologia de vetor viral, onde um adenovirus,
incapaz de se replicar, é utilizado para transportar material genético do SARS-CoV-2 para o
organismo humano, induzindo assim uma resposta imune. No Brasil, a sua producgéo foi
realizada em conjunto com a Fundacdo Oswaldo Cruz (Fiocruz). Apds rigorosos ensaios
clinicos em varios paises, constatou-se que sua eficacia poderia ser potencializada com uma
dose de reforco aplicada 28 dias ap6s a primeira administracdo, garantindo uma resposta

imunoldgica mais consistente (Knoll et al., 2021).

Alternativamente, a CoronaVac, criada pela Sinovac Life Sciences de Pequim, segue a

tecnologia de virus inativado. Esta vacina, administrada inicialmente em duas doses, utiliza o
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SARS-CoV-2 inativado, um processo alcancado por meio de substancias quimicas como
formaldeido. Este método tem sido central na producdo da CoronaVac, facilitando uma
resposta imune sem introduzir o virus ativo no corpo. A vacina ganhou aprovacgao
emergencial em 22 paises, atestando sua eficiéncia e seguranca (BUTANTAN, 2021;
Tanriover et al., 2021).

A vacina Ad26.COV2.S, uma cria¢do da Janssen, uma divisdo da Johnson & Johnson,
se destaca por sua tecnologia de vetor de adenovirus recombinante ndo replicante. Derivada
de um isolado clinico inicial em Wuhan, China, esta vacina utiliza o adenovirus como meio de
transportar o DNA que codifica uma por¢do do SARS-CoV-2, promovendo uma resposta
imune robusta sem a replicacdo do virus no organismo. A estratégia adotada demonstrou

estimular uma imunidade potente contra o virus (Sadoff et al., 2021).

Por fim, a colaboracdo entre a Pfizer e a BioNTech resultou na vacina BNT162b2, um
imunizante que utiliza tecnologia MRNA encapsulado em nanoparticulas lipidicas para
codificar a proteina spike do SARS-CoV-2. Este mRNA, uma vez dentro das células
humanas, direciona a sintese da proteina spike, incitando assim uma resposta imune potente e
a producdo de anticorpos neutralizantes. O esquema de vacinagdo preconizado envolve duas
doses administradas com um intervalo de trés semanas, proporcionando uma imunidade

célula-mediada significativa contra o virus (Oliver et al., 2020).

As vacinas ttm mostrado ser uma barreira eficaz contra a COVID-19, oferecendo néo
apenas protecdo individual, mas também contribuindo para a seguranca da comunidade como
um todo (Dhillon; Altmann; Male, 2021). A imunizacdo promove uma resposta imunoldgica
robusta, incluindo a geracdo de anticorpos que trabalham para neutralizar o virus, reduzindo
assim a possibilidade de infeccdo grave e transmisséo subsequente do virus. Ao proporcionar
uma linha de defesa individual e coletiva contra o virus, a vacinagdo se revela como a
estratégia vital na contencdo da pandemia, facilitando uma retomada gradual a normalidade e

garantindo a protecdo da populacdo em geral (Wiysonge et el., 2022)

3.4 Eficacia das Vacinas

As vacinas contra a COVID-19, recomendadas pela OMS, demonstraram ser
altamente eficazes na prevencdo de formas graves da doenca, bem como na reducdo de

hospitalizacdes e mortes, atuando contra todas as variantes do virus SARS-CoV-2, inclusive
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as variantes Delta e Omicron. Elas também tém demonstrado ser significativamente eficazes
na diminuicdo da transmissao do virus, mesmo que ndo consigam impedir completamente a
infeccdo. A pesquisa continua, com a OMS mantendo uma estreita colaboragdo com
pesquisadores e autoridades sanitarias para monitorar o impacto das variantes emergentes
sobre a eficacia das vacinas (OPAS, 2023).

Evidéncias acumuladas destacam a eficacia notavel das vacinas contra a COVID-19,
incluindo CoronaVac, Pfizer/BioNTech e AstraZeneca, na mitigacdo de sintomas individuais
graves da doenca, 0o que se traduz em uma diminuicdo marcante nas hospitalizacOes,
admissdes em UTIs e mortes relacionadas a doenca (Voysey et al., 2021). Uma revisao
sisteméatica com meta-analise, publicada na revista Infectious Diseases of Poverty (Liu et al.,
2021), quantificou a eficicia das vacinas em vérias frentes, mostrando resultados promissores
na prevencdo de infeccdes (85%, IC 95%, 81-89%), COVID-19 sintomatica (97%, 1C 95%,
97-98%), internacBes hospitalares (93%, IC 95%, 89-96%), admissdes em UTI (96%, IC
95%, 93-98%) e mortes (95%, IC 95%, 92-98%) relacionadas a doenca. Além disso, o estudo

ilustra uma incidéncia baixa de eventos adversos pos-vacinagao.

Em relacdo a variante Omicron, apesar de estudos demonstrarem a necessidade de
doses de reforco em decorréncia da reducdo na atividade neutralizante do virus ao longo do
tempo (Andrews et al., 2022), evidéncias recentes tém demonstrado que individuos vacinados
mantém a imunidade das células T a esta variante (Keeton et al., 2022), potencialmente
equilibrando o declinio de anticorpos neutralizantes importantes na prevencao de casos mais
graves da COVID-19.

N&o se pode refutar os efeitos positivos da vacinacdo, incluindo aqui os referentes a
terceira onda relacionada a disseminagdo fulminante da variante Omicron no pais. Com a
cobertura vacinal em 73% a época, mesmo quando 0 pais havia registrado cerca de 3,5
milhdes de casos entre as semanas epidemioldgicas 5 e 8 (de 30 de janeiro a 26 de fevereiro
de 2022), foi percebida uma taxa de letalidade de apenas 0,6% relacionada a COVID-19.
Considerando um cenario hipotético com baixa cobertura vacinal e taxa de letalidade variando
de 2,7% a 4,3% como observado durante as duas primeiras ondas da pandemia, o Brasil
poderia ter registrado um nimero de mortes 4 a 7 vezes maior que o confirmado (Martins-
Filho et al., 2022b). Assim, percebemos que a cobertura vacinal alcangada no pais tem se
mostrado fundamental na prevencdo de hospitalizagdes por casos graves e Obitos associados a
doenca (Han et al., 2021).
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O impacto da vacinacdo na transmissdo do virus entre individuos vacinados também
tem sido motivo de analise (Wienkes et al., 2022). Nesse estudo, foram avaliadas as
caracteristicas da infeccdo e transmisséo pelo SARS-CoV-2 (variante Delta) entre individuos
vacinados e ndo-vacinados a partir de um surto de COVID-19 identificado oito dias apds a
realizacdo de um casamento nos Estados Unidos, apontando para o risco de um participante
ndo-vacinado ser infectado pelo SARS-CoV-2 ter sido significativamente maior em
comparagdo aos participantes do casamento totalmente vacinados (RR, 2.64; IC 95% 1.71-
4.06; p=0.001).

Além do estudo anteriormente relatado, outros trabalhos publicados em importantes
revistas cientificas de circulagdo mundial (Singanayagam et al., 2022) tém mostrado que as
vacinas disponiveis ndo apenas protegem o vacinado e reduzem a carga viral, mas também
oferecem protecdo contra a transmissdo do virus para contatos proximos. Apesar das
evidéncias emergentes demonstrarem que as vacinas disponiveis reduzem o risco de infec¢édo
pelo novo coronavirus e aceleram a eliminagdo viral, individuos completamente vacinados
com infeccBes inesperadas podem apresentar pico de carga viral semelhante ao de individuos
ndo-vacinados a partir de dois ou trés meses apds a vacinacdo (Levine-Tiefenbrun et al.,
2021), e assim transmitir a infeccdo com eficiéncia em ambientes domésticos, onde a

exposicao é proxima e prolongada.

Cerqueira-Silva et al. (2022), analisando a efetividade da Coronavac entre individuos
que foram previamente contaminados, demonstraram que as vacinas fornecem protecdo a
mais contra infeccdo sintomatica e desfechos graves, como hospitalizacdo e morte, em
pessoas que ja& haviam sido infectadas com o novo coronavirus, criticando a ideia de
imunidade de rebanhoem nivel populacional por meio da infec¢cdo natural. A literatura aponta
ainda que o impacto da vacinacdo em longo prazo na transmissibilidade do SARS-CoV-2
continua sendo mais bem estudado, de modo que qualquer argumento que invalide a
importancia da imunizacdo pela administracdo de vacinas perde o sentido, a medida que

exp0e individuos & infeccdo e a desfechos clinicos deletérios associados a COVID-19.

No contexto global da pandemia, que resultou em mais de seis milhdes de mortes,
sendo mais de 10% concentradas no Brasil, a importancia das estratégias de vacina¢do néo
pode ser subestimada. Negar a relevancia da vacinagéo utilizando argumentos infundados que

focam no carater emergencial de sua aprovacéo é insustentavel, dado o corpo substancial de



23

evidéncias que destaca a eficicia das vacinas na prevencdo de desfechos desfavoraveis
associados a COVID-19.

E fundamental reconhecer que a ciéncia é um processo dinamico e acumulativo,
adaptando-se e evoluindo com a emergéncia de novas evidéncias. As politicas publicas de
saude refletem essa natureza adaptavel da ciéncia, como demonstrado pela recomendacéo do
Ministério da Saude para administracdo de uma segunda dose de reforco para idosos acima de

80 anos que receberam a primeira dose de reforco ha mais de quatro meses.

3.5 A vacinagéo contra COVID-19 em Aracaju

A vacinacdo contra a COVID-19 em Aracaju iniciou-se em 19 de janeiro de 2021,
mesmo periodo do inicio da vacinacao no Brasil e no estado de Sergipe, alinhada as diretrizes
do Plano Nacional de Operacionalizacdo da Vacinagdo contra a COVID-19. Nessa primeira
etapa, 0s grupos prioritarios, incluindo profissionais de salde, idosos e pessoas com
comorbidades, foram os primeiros a receber as vacinas CoronaVac e Oxford/AstraZeneca.
Gradualmente, a medida que mais doses se tornaram disponiveis, a campanha de vacinacao
foi ampliada para abranger outros grupos populacionais, como trabalhadores da educacao,
gestantes, puérperas e pessoas em situacdo de rua, aumentando progressivamente a faixa

etaria elegivel.

Para garantir o sucesso dessa grande operagdo, a Secretaria Municipal da Saude de
Aracaju desenvolveu um planejamento estratégico robusto. Estabeleceram-se metas, diretrizes
e cronogramas, identificando os grupos prioritarios de acordo com as recomendacdes do plano
nacional. Varios pontos de vacinacdo foram configurados na cidade, abrangendo locais como
postos de saude, escolas e ginasios, para facilitar o acesso a vacinacdo para toda a populacéo.
Um aspecto fundamental do plano foi a implementacdo do sistema online Vacinaju, que
auxiliava no agendamento e cadastramento para a vacinacdo. Esse sistema permitiu um fluxo
mais organizado e evitou aglomeragGes nos pontos de vacinacdo. Simultaneamente, foram
langadas campanhas intensivas de comunicagédo, utilizando diversos canais de midia para

disseminar informagdes vitais sobre a vacinacao.

Além dos pontos fixos, a prefeitura de Aracaju mobilizou equipes modveis para
alcangar pessoas com acesso limitado a esses centros. Essas equipes atuavam em residéncias,

instituicdes de longa permanéncia e abrigos, assegurando que ninguém deixasse de ser
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vacinado. A iniciativa contou também com parcerias de instituicbes publicas e privadas,
ampliando a capacidade de vacinacao e apoiando a logistica da campanha. Os profissionais de
salde desempenharam um papel crucial nesse processo, sendo devidamente treinados para
administrar as vacinas corretamente, além de monitorar eventos adversos e registrar dados
pertinentes. O envolvimento comunitario também foi incentivado, com lideres locais e

influenciadores ajudando a promover a campanha de vacinacao.

Ao chegar a 31 de dezembro de 2022, os esforcos combinados resultaram em uma
cobertura vacinal significativa em Aracaju. Naquele momento, 88,87% da populacéo tinha
recebido a primeira dose da vacina (Figura 8), enquanto 51,71% ja estavam imunizados com a

quarta dose (Figura 9).

Figura 8. Distribuicdo de vacinados com a primeira dose por faixa etaria em Aracaju até o dia
31 de dezembro de 2022.
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4 METODOS

4.1 Desenho do estudo

Trata-se de um estudo ecoldgico, onde a unidade de anélise € uma populagdo ou grupo
de individuos, ao invés de um individuo especifico. Nestes estudos, as medi¢Bes sdo
realizadas em um nivel de grupo, que pode ser uma regido geografica, uma comunidade ou
um periodo de tempo. Além disso, os estudos ecoldgicos permitem analisar dados ja
existentes para encontrar padrdes, tendéncias e associacles entre varidveis no nivel da

populagéo.

4.2 Area de estudo

O estudo foi realizado em Aracaju, cidade portuéria e capital do estado de Sergipe, no
Nordeste do Brasil, reconhecida como a regido mais pobre do pais. Aracaju tem uma area de
182,2 km?, uma populacdo estimada em mais de 600.000 habitantes, e esta dividida
administrativamente em 42 bairros. Além disso, mais de um terco das familias é de baixa

renda e o indice de Desenvolvimento Humano é de 0,770 (IBGE; www.ibge.gov).

O primeiro caso de COVID-19 na cidade de Aracaju foi confirmado em 14 de margo
de 2020 e 168.799 casos e 2.606 oObitos foram notificados até 31 de dezembro de 2022. As
Gltimas 10 semanas epidemioldgicas de 2022 (de 23 de outubro a 31 de dezembro) foram
caracterizadas por um aumento repentino no nimero de casos da doenca como resultado da
transmissdo comunitaria da Omicron BQ.1.1 e durante esta quinta onda de COVID-19, 9.349

casos e 14 mortes foram confirmados na cidade.

4.3 Populagéo de interesse

Este estudo incluiu todos os pacientes maiores de 18 anos, residentes em Aracaju, que
tiveram COVID-19 confirmada por teste de reacdo em cadeia da polimerase (PCR), e foram
internados em hospitais publicos e privados da cidade no periodo de 23 de outubro a 31 de
dezembro de 2022. No periodo estudado sO estava liberada pelo Ministério da Saude a
vacinacdo com 4 doses para o publico maior de 18 anos (Nota Tecnica N° 114/2022-
DEIDT/SVS/MS).
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4.4 Coleta de dados

Este estudo incluiu todos os pacientes maiores de 18 anos residentes em Aracaju que
tiveram COVID-19 confirmada por teste de reacdo em cadeia da polimerase (PCR) e foram
internados em hospitais publicos e privados da cidade no periodo de 23 de outubro a 31 de
dezembro de 2022. Os dados da COVID-19 foram extraidos do catdlogo de microdados da
Secretaria Municipal da Saude de Aracaju e incluiram: (1) distribuicdo por sexo e idade; (2)
condicdes clinicas pré-existentes associadas a gravidade da doenca por COVID-19
(hipertenséo, diabetes, doenca pulmonar, doengas malignas, doenga renal e doenga cardiaca);
(3) data de admissdo hospitalar; (4) tipo de leito (clinico ou UTI); (5) situacdo vacinal (ndo
vacinado, vacinado com apenas uma dose de vacina, vacinado com duas doses, vacinado com
trés doses e vacinado com quatro doses); (6) data da ultima dose recebida; e (7) intervalo de
tempo entre a Ultima dose e a internacdo. A taxa de hospitalizacdo foi realizada pela divisdo
dos casos internados por COVID-19 pelo nimero de casos novos no periodo estudado

multiplicado por 100.

4.5 Analise estatistica

Os dados foram relatados de forma descritiva, e uma andlise de interacdo entre a idade
e o intervalo de tempo entre a Gltima dose da vacina, a internacdo e o tipo de leito foi
realizada por meio de uma andlise de variancia (ANOVA) de duas vias. Valores de p < 0,05
foram considerados estatisticamente significativos. As analises foram realizadas usando o
software JASP versdo 0.13 (JASP, Amsterdd, Holanda).

4.6 Aspectos éticos

A aprovagcdo ética formal ndo foi necessaria, pois todos os dados incluidos sdo dados

secundarios andnimos.
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5 RESULTADOS

Um total de 147 adultos foram internados por COVID-19 no periodo de 23 de outubro
a 31 de dezembro de 2022, sendo 78 (53%) do sexo feminino e 69 (47%) do sexo masculino,
105 (71,4%) com condigBes clinicas pré-existentes associadas a gravidade da COVID-19,
destes 78 (74,3%) apresentando a hipertensdo arterial sistémica e outras condi¢cbes como a
comorbidade mais prevalente, destes 41(52,6%) tendo a diabetes mellitus em conjunto com a
hipertensdo arterial sisttmica. A mediana de idade foi de 77 anos (Q1 = 59; Q3 = 85), e
aproximadamente 67% dos pacientes hospitalizados tinham mais de 70 anos de idade (Figura
10).

Figura 10. Porcentagem de pacientes hospitalizados por COVID-19 por idade.
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Cento e dez (74,8%) pacientes foram admitidos em leitos hospitalares clinicos e 37
(25,2%) foram admitidos em UTI ( Figura 11). Dos pacientes internados em leitos
hospitalares clinicos 77 (70%) foram admitidos em hospitais privados e 33 (30%) em
hospitais publicos, dos 37 (25,2%) pacientes admitidos em leitos de UTI, 32 (86,5%) foram
admitidos em hospital privado e 5 (13,5%) em hospitais publicos. Durante o periodo do

estudo, a taxa geral de hospitalizacdo no municipio foi de 1,6%.

Figura 11. Distribuicdo do internamento por tipo de leito.

Variaveis N (147) Percentual
Tipo de Leito
Clinico 110 74,8%

UTI 37 25,2%
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A Figura 12 mostra a distrinbuicdo do internamento em relacdo ao status vacinal para
COVID-19, oito (5,5%) pacientes ndo foram vacinados; quatro (2,7%) pacientes receberam
apenas uma dosede vacina; e 135 (91,8%) pacientes receberam o esquema primario contra
COVID-19 com esquema de vacinagdo em duas doses. Entre os 135 que haviam sido
vacinados com duas doses, 128 (94,8%) receberam um reforgo (terceira dose) da vacina e 83

(61,5%) também receberam uma quarta dose.

Figura 12. Distribui¢do do internamento por condigdo vacinal.

Variaveis N Percentual

Vacinados (N 147)

Nenhuma dose 8 5,5%
1 dose 4 2,7%
2 doses (esquema primario) 135 91,8%

Vacinados com reforco (N 135)

3 dose 128 94,8%
4 dose 83 61,5%
Vacinados com 4 doses e idade (N 83)

4 doses menor de 70 anos 14 17%
4 doses maior de 70 anos 69 83%

Ultima dose e internacéo hospitalar maior de 70
anos (N 69) *

Menos de 6 meses 10 14.5%

Mais de 6 meses 59 85,5%

Aproximadamente 83% dos pacientes totalmente vacinados com quatro doses tinham
70 anos ou mais e pelo menos 75% receberam a Ultima dose da vacina seis meses antes da

internacdo hospitalar (mediana de 7,4 meses; Q1 = 6,2; Q3 = 8,0) (Figura 13).
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Figura 13. Porcentagem de pacientes internados com COVID-19 que receberam a quarta

dose da vacina e o tempo médio entre a Gltima dose e a data de admisséo.

100 8

80

60

40

com COVID-19 com 4 doses da vacina

20

Porcentagem de pacientes hospitalizados
Jejepdsoy OBSSILUPE B 3 BUIDEA Ep 350p
BLININ B 9J1Ud SOsaW w2 oipaw odwal

- 0

18-29 years 30-49 years 50-69 years 70-79 years Over 80 years

Além disso, encontramos uma relagdo entre idade avancada, intervalo de tempo de
pelo menos seis meses entre a Ultima dose da vacina e a internacdo hospitalar e a necessidade
de cuidados em UTI (p = 0,017) (Figura 14).

Figura 14. Anélise de interagdo entre a idade, o intervalo de tempo entre a Gltima

dose da vacina e a internagéo, e o tipo de leito.
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6 DISCUSSAO

A analise conjunta dos resultados recentes e da literatura atual ilustra uma fase critica
na gestdo da pandemia de COVID-19 no Brasil, marcada por uma dindmica complexa e a
emergéncia de novas subvariantes do virus. Os esforcos substanciais de vacinacdo, que
alcangcaram uma cobertura significativa de 80% da populagdo com pelo menos duas doses da
vacina, representam um marco crucial na tentativa de mitigar os efeitos da pandemia. No
entanto, 0s surtos ressurgentes, especialmente aquele relacionado a variante Omicron BQ.1.1,
demonstram que estratégias mais adaptativas e nuanceadas sdo necessarias, particularmente
no cenario brasileiro onde desigualdades sociais e desinformacdo se apresentam como

desafios significativos (Castro-Nunes e Ribeiro, 2022).

Pesquisas atuais destacam que tanto a vacinacao inicial quanto as doses de reforgo tém
se mostrado bastante eficazes na prevencdo de complicacdes sérias decorrentes da COVID-19
a curto prazo (Muhsen et al., 2022). Em trabalhos anteriores, ja haviamos notado uma queda
significativa nas taxas de hospitalizacdo na regido analisada, correspondendo a um aumento
na cobertura vacinal: de 6,9% no periodo de janeiro a junho de 2021, quando predominavam
as variantes Gama e Zeta e a cobertura vacinal era de 12%, para 1,7% entre janeiro e fevereiro
de 2022, época em que a variante Omicron estava em alta e 73% da populacdo havia sido
vacinada (Martins-Filho et al., 2022c). Este estudo corrobora a eficacia sustentada da
campanha de vacina¢do, mostrando taxas de hospitalizacdo semelhantes as do inicio de 2022,
0 que ressalta a importancia de continuar com a vacinagdo, especialmente com o surgimento

de novas subvariantes do Omicron.

Apesar da eficacia demonstrada das vacinas na prevencdo de casos graves e
hospitalizacdes, as evidéncias também indicam uma diminui¢do da resposta imunoldgica ao
longo do tempo, tanto apos a infecgdo quanto apos a vacinagdo completa (Rodriguez et al.,
2022).

Uma revisdo sisteméatica com analise de metarregressdo mostrou uma reducdo na
eficicia da vacina de 32,0 e 9,5 pontos percentuais para doenca sintomatica e grave por
COVID-19, respectivamente, em idosos seis meses apos a vacinagdo (Feikin et al., 2022).

Além disso, ha evidéncias de perda de anticorpos e reducdo da eficacia da vacina nos
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primeiros seis meses apds as doses de reforco. Um estudo realizado entre residentes de
cuidados de longa dura¢do com idade > 60 anos em Ontério, Canadd, descobriu que a quarta
dose proporcionou protecdo adicional contra resultados relacionados com a Omicron, mas a
protecdo diminuiu ao longo do tempo. Os autores sugeriram um reforco adicional 4-6 meses
apos o recebimento da quarta dose para continuar a fornecer maior protecdo contra a infeccédo

por SARS-CoV-2 para esta populagdo vulneravel (Grewal et al., 2022).

Este estudo ecoldgico, junto com as tendéncias observadas em outros estudos, destaca
uma preocupacao crescente com a protecdo de grupos etarios mais avancados. A maioria dos
hospitalizados tinha mais de 70 anos, um grupo que parece estar em maior risco de
hospitalizagcdo e necessidade de cuidados intensivos, especialmente se o intervalo desde a
ultima dose da vacina exceder seis meses. Assim, sinaliza uma urgente necessidade de revisdo
e possivelmente intensificacdo dos regimes de vacinacdo, incluindo a consideracdo de uma

quinta dose para otimizar a protecdo nesta demografia.

Além de ajustes nos esquemas de vacinagdo, uma resposta eficaz a pandemia deve
abordar as disparidades sociodemograficas que podem influenciar a eficacia das intervencdes
de saude publica. Iniciativas governamentais sdo necessarias para combater a desinformacéo e
0s movimentos antivacina, além de promover a equidade no acesso as vacinas através de

politicas inclusivas e direcionadas (Martins-Filho et al., 2023).

O atual estudo também sublinha a necessidade de pesquisas adicionais para uma
analise mais detalhada da imunogenicidade a longo prazo das vacinas contra COVID-19, com
foco na producéo e duracdo dos anticorpos neutralizantes. Este direcionamento de pesquisa
pode fornecer insights criticos para desenvolver estratégias de vacinacdo mais sofisticadas e

produzir politicas publicas mais eficazes.
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7 CONCLUSAO

Os achados deste estudo mostraram que os idosos com mais de 70 anos foram as
pessoas que mais ficaram hospitalizadas no periodo da onda Omicron BQ1.1 em Aracaju/SE,
de 23 de outubro a 31 de dezembro de 2022, apresentaram necessidade de cuidados em leitos
de UTI e 75% destes ja tinha um intervalo de tempo superior hd 6 meses da Ultima dose da
vacina contra COVID-19 e a data do internamento. Os achados sugerem que a quarta dose da
vacina COVID-19 tem um efeito protetor de curto prazo na prevencdo de casos mais graves
da doenca. Portanto, a situacdo vacinal dos pacientes hospitalizados com COVID-19 durante a
onda Omicron BQ.1.1 em Aracaju sugeriu a necessidade de politicas publicas para completaro
esquema vacinal com quatro doses na populacdo adulta. Apesar das limitagdes deste estudo,
incluindo o pequeno tamanho da amostra e a falta de dados longitudinais de titulos de
anticorpos neutralizantes, nossos achados também puderam sugerir a necessidade de uma
quinta dose entre aqueles com mais de 70 anos, com tempo desde a ultima dose de mais de 6

meses.

Em conclusdo, nossos achados destacam que o combate a COVID-19 no Brasil é
uma batalha multifacetada que necessita de uma abordagem integrada e adaptativa, que leve
em conta a evolucdo dindmica do SARS-CoV-2. O desenvolvimento continuado de
estratégias de salde publica que respondam dinamicamente as descobertas emergentes é

imperativo para garantir a maxima eficécia na contengdo desta pandemia global.
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8 CONSIDERACOES FINAIS

Até 11 de dezembro de 2022, o municipio de Aracaju seguia as orientacbes do
Ministério da Saude, conforme a Nota Técnica N° 221/2022-CGPNI/DEIDT/SVS/MS, que
estabelecia diretrizes sobre o esquema primario e doses de reforco das vacinas contra a
COVID-19 em pessoas imunocomprometidas. Essa nota técnica recomendava a administracao

da quinta dose da vacina em individuos com imunossupressao grave.

A inclusdo da vacina contra a COVID-19 no calendario vacinal € uma medida que
deve ser adotada em resposta a pandemia, varias sao as raz6es que justificam essa inclusdo: a
protecdo individual e coletiva, o controle da pandemia, a protecdo de grupos de risco, a
eficacia comprovada e, a adaptacdo a novas variantes. Incluir a vacina no calendario permite a

administracdo de doses de refor¢co conforme necessario.

No entanto, a decisdo de incluir a vacina contra a COVID-19 no calendario vacinal
pode variar de acordo com as diretrizes de saude publica de cada pais e a disponibilidade das
vacinas. E importante que as decisBes sejam baseadas em evidéncias cientificas e na
orientacdo de especialistas em salde. A vacinacdo em massa € uma ferramenta crucial para

superar a pandemia e proteger a saude publica.

Apos analise desse estudo, a Secretaria Municipal de Saude de Aracaju, em 12 de
dezembro de 2022, decidiu instituir a aplicacdo da quinta dose em pessoas com mais de 70
anos que ja haviam recebido a quarta dose ha mais de seis meses. Essa medida teve como
objetivo principal conter o rapido aumento de casos graves e obitos relacionados a COVID-19

na cidade durante a onda da variante Omicron BQ.1.1.

Essas acOes e decisfes tomadas pela autoridade de sadde no nivel municipal reflete o
compromisso em proteger a populagdo contra os efeitos adversos da COVID-19 e garantir a

continuidade dos esforgcos de imunizagdo em Aracaju.
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WVaccines against COVID-19 have been shown to be the most effective, safe, and cost-ef-
fective measure in preventing hospitalizations, admissions to intensive care umts (ICU?, and
deaths from the disease. Despite studies demonstrating that vaccinated mdividuals maintain T
cell immunity to SARS-CoV-2 (Keeton et al., 2022), 1t has been suggested that the virus’s
neutralizing activity declines over time and the need for booster doses especially against Omi-
cron subvarants (Renta et al |, 2022). Furthermore, real-world studies have revealed evidence
of waning vaccine effectiveness in a few months following the third (Goh et al., 2022) and
fourth doses {Nordstrom et al., 2022), as well as the possibility of at least one COVID-19 wave
recurrence in the range 3-9 months (Cappi et al., 2022), eliciting debate on the need for addi-
tional doses at regular intervals.

Although 80 % of the Brazilian population 15 immumzed against COVID-19 with two doses
of CoronaVac (Sinovac/Butantan), Covislueld (Oxford-AstraZeneca/Fiocuz), or ComiRNAty
(Pfizer/BioNTech) vaccines, or a single-dose J&J/Tanssen vaccine, and at least 50 % having
received a booster dose, a fifth wave of COVID-1% associated with the Omicron BQ.1.1 circu-
lation has occurred in the country at the end of 2022, mncreasing the number of hospitalizations
and deaths from the disease. In this retrospective cohort study, we evaluated the vaccination
status among COVID-19 hospitalized patients during the Omicron BQ.1.1 wave 1n Brazil. The
study was conducted 1n Aracaju, a port city and the capital of Sergipe state in the Northeast
Brazil, recogmzed as the poorest 1egion 1n the country.

Aracaju has an area of 182 2 km’, an estimated population at over 600 000 inhabitants, and
is divided administratively into 42 neighborhoods. In addition, more than one-third of families
are low-income, and the Human Development Index 1s 0.770 (Brazilian Institute for Geography
and Statistics; www.ibge. gov). The first case of COVID-19 in the city was confirmed on March
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14, 2020, and 168 799 cases and 2606 deaths were reported until December 31, 2022, The last
10 epidemiological weeks of 2022 (from October 23 to December 31) were characterized by a
sudden mcrease in the number of disease cases as a result of community transmission of the
Omicron BQ.1.1, and during this fifth wave of COVID-19, 9332 cases and 14 deaths were
confirmed 1n the city. In Aracaju, the COVID-19 vaccination campaign started on January 19,
2021. As of December 31, 2022, general population vaccination coverage was approximately
83 %, with 67 % having received at least one booster dose (https://todoscontraocorona.net. br/;
hitps:/ftransparencia.aracaju.se. gov. br/prefertura/covid15/).

This study included all patients over the age of 18 living in Aracaju who had COVID-19
confirmed by polymerase chain reaction testing and were admuitted to public and private hosp1-
tals in the city from October 23 to December 31, 2022. Data on COVID-19 were extracted from
the microdata catalog of the Aracaju Municipal Health Department and included: (1) sex and
age distribution; (2) pre-existing clinical conditions associated with COVID-19 disease severity
{(hypertension, diabetes, lung disease, malignancies, kidney disease, and heart disease); (3) date
of hospital admission; (4) bed type (climcal bed or ICUY); (5) vaccination status (unvaccinated,
vaccinated with only one dose of vaccine, vaccinated with two doses, vaccinated with three
doses, and vaccinated with four doses); (6) date of last dose received; and (7) time interval
between the last dose and hospital adonmssion. Data were reported descriptively, and an interac-
tion analysis between age, the time interval between the last vaccine dose and hospital admis-
sion, and bed type was performed using a two-way analysis of vanance (ANOVA). P-values <
0.05 were considered statistically significant. Analyses were performed using JASP software
version 0.13 (JASP, Amsterdam, the Netherlands). Formal ethical approval 1s not required as
all data included are anonymous secondary data.

From October 23 to December 31, 2022, 147 adults were hospitalized due to COVID-19,
with 69 (47 %6) being male and 105 (71 .4 %) having pre-existing clinical conditions assoctated
with the COVID-19 disease severity. The median age was 77 years (Q1 = 59; Q3 = 85), and
approximately 67 % of hospitalized patients were over 70 years of age (Supplementary Figure
1). A total of 110 (74.8 %) patients were adnutted to clinical hospital beds and 37 (25.2 %)
were admitted to an ICU. During the study period, the overall hospitalization rate was 1.6 %.
Regarding COVID-19 vaccine status, eight (5.4 %) patients were unvaccinated; four (2.7 %)
patients had only received one dose of vaccine; and 135 (91.8 %) patients had received the
primary schedule against COVID-19 with a two-dose vaceination regimen. Among those who
had vaccinated with two doses, 128 (94.8 %) had received a booster (third dose) of the COVID-
19 vaccine; 83 (64.8 %) had also received a fourth dose. Approximately 83 % of fully vac-
cinated patients with four doses were aged 70 years or older, and at least 75 % had their last
dose of the COVID-19 vaccine § months before hospital admission (median 7.4 months; Q1 =
6.2; Q3 = 8.0) (Supplementary Figure 2). Furthermore, we found a relationship between ad-
vanced age, a tume interval of at least 6 months between the last vaccine dose and hospital
admission, and the need for ICU care (p = 0.017) (Supplementary Figure 3).

Consistent evidence in the literature shows that the primary COVID-19 vaccine cycle and
booster doses are effective in preventing COVID-19-related outcomes in the shorf-term
{Muhsen et al , 2022). Previously, we demonstrated a decrease i hospitalization rates in this
region as vaccination coverage increased, ranging from 6.9 % during the predominance of the
Gamma and Zeta vanants (January - June 2021; vaccination coverage: 12 %) to 1.7 % durnng
the wave associated with the Omucron vanant (January - February 2022; vaccination coverage:
73 %) (Martins-Filho et al, 2022} The current study showed a hospitalization rate comparable
to that observed 1n early 2022, emphasizing the importance of the COVID-19 vaccination cam-
paign as new Onucron subvanants emerge.
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However, studies have found a progressive decline in the humoral response to SARS-CoV-
2 during the first 6 months after infection (de Lima Silva et al., 2022} or after being fully vac-
cinated (Rodriguez et al., 2022). A systematic review with meta-regression analysis showed a
reduction 1 vaceine effectiveness of 32.0 and 9.5 percentage points for symptomatic and severe
COVID-19 disease, respectively, 1n older people 6 months after vaccination (Fedkan et al,
2022). Furthermore, there 1s evidence of loss of antibodies and reduced vaccine effectiveness
in the first 6 months after the booster doses. A test-negative study (Grewal et al., 2022) con-
ducted among long-term care residents aged = 60 vears in Ontario, Canada, found that the
fourth dose provided additional protection agamnst Omicron-related outcomes, but the protec-
tion waned over time. The authors suggested an additional booster 46 months after fourth dose
rece1pt to continue to provide increased protection agamst SARS-CoV-2 infection for this vul-
nerable population.

Almost 70 % of hospitalized patients in the cument study were over 70 years old, and
slightly more than half had received four doses of the vaccine. Furthermore, among those fully
vaccinated with all four doses, we found a greater need for ICU care when the interval between
the last dose and the date of admission was longer than 6 months. These findings suggest that
the fourth dose of COVID-19 vaccine has a short-term protective effect i preventing more
severe disease cases. Therefore, the vaccination status of COVID-19 hospitalized patients dur-
ing the Omicron BQ.1.1 wave 1 Northeast Brazil suggests the need of public policies to com-
plete the vaccination schedule with four doses 1n the adult population. Despite the limitations
of this study, including the small sample size and the lack of longitudinal data of neutralizing
antibody titers, our findings may also suggest the need for a fifth dose among those over 70
years, with a time since the last dose of more than 6 months.
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Supplementary Figure 1: Percentage of COVID-19 hospitalized patients according to age
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Supplementary Figure 2: Percentage of patients hospitalized with COVID-19 who received the fourth
dose of the vaccine and the mean time between the last dose and the date of admission
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Prevalence of SARS-CoV-2 infection among urban
cleaning and solid waste management workers during
transmission of the Omicron variant in Brazil
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This study estimated the prevalence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in urban clean-
ing and solid waste management workers during the transmission of the Omicron variant in one of the poorest regions of Brazil
(the state of Sergipe). Nasopharyngeal swabs were collected from 494 workers, and the presence of SARS-CoV-2 RNA was
tested by quantitative reverse-transcriptase polymerase chain reaction. Data on socio-demographic characteristics, comorbidi-
ties, vaccination status, mask use, and use of public transport to commute to the workplace were collected. The prevalence with
a 95% confidence interval (CI) was calculated from the proportion of SARS-CoV-2 positive cases among the total number of
individuals tested. The prevalence ratio (PR) with a 95% CI was the measure of association used to evaluate the relationship be-
tween SARS-CoV-2 infection and the exposure variables. The prevalence of SARS-CoV-2 infection was 22.5% (95% CI, 19.0 to
26.4). Individuals under the age of 40 had a higher prevalence of infection (PR, 1.53; 95% ClI, 1.03 to 2.30) as well as those who
did not believe in the protective effect of vaccines (PR, 1.78; 95% CI, 1.05 to 2.89). Our results indicate the need for better guid-

ance on preventive measures against coronavirus disease 2019 among urban cleaning and solid waste management workers.
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INTRODUCTION

Urban cleaning and solid waste management workers play a vi-
tal role in communities by collecting accumulated solid waste and
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recycling items from residential areas, commercial centers, indus-
trial companies, and public parks. In Brazil, more than 370,000
people work in this activity and collect 135,000 tons of garbage
per day, including domestic and public waste. Most of these work-
ers have low education and earn just over US$300 per month [1].
In the coronavirus disease 2019 (COVID-19) pandemic, waste
collectors have been one of the highest occupational risk groups
for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infections, along with healthcare professionals [2]. Under experi-
mental conditions, SARS-CoV-2 has been shown to remain viable
for up to 72 hours on plastic, stainless steel, copper, and cardboard
[3]. COVID-19 patients undergoing home treatment may dispose
of infectious household waste, which can pose a risk to workers
and the environment [4]. Concerns have been raised regarding
the disposal of contaminated face masks as general waste. In ad-
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dition, waste management is an essential service and has operated
continuously during the pandemic, even in areas categorized as
high risk for COVID-19.

However, studies evaluating the exposure of urban cleaning
and solid waste management workers to COVID-19 are rare. The
present study estimated the prevalence of SARS-CoV-2 infection
in this population during the transmission of the Omicron variant
in one of the poorest regions of Brazil.

MATERIALS AND METHODS
Study deslgn and context

This was a cross-sectional study carried out in Aracaju, a city in
the state of Sergipe in Northeast Brazil, from February 1, 2022 to
February 8, 2022, and included urban cleaning and solid waste
management workers who worked in the city. Aracaju is a port
city and the state capital of Sergipe, with an area of 182.2 km” and
an estimated population of over 600,000 inhabitants. Further-
more, more than one-third of families are low-income, and the
Human Development Index is 0.770.

Data collection and blological sample

Data and biological materials were collected from urban clean-
ing and solid waste management workers at the headquarters of
the company responsible for waste collection in the city. Testing
was voluntary and free of charge and was performed in collabora-
tion with the Municipal Health Department of Aracaju. Workers
who took the test provided information on their socio-demographic
characteristics, the presence of comorbidities, vaccination status,
mask use, and use of public transport to commute to the workplace.
There was no restriction regarding age. During the collection pe-
riod, trained assistants collected nasopharyngeal swabs bilaterally
to perform tests using the quantitative reverse-transcriptase poly-
merase chain reaction (RT-gPCR) technique.

RNA Isolation

The assay was performed according to the manufacturer’s in-
structions by first extracting a 400-uL aliquot of the specimen into
a commercial universal transport medium using the MagMAX
Viral/Pathogen Nucdleic Acid Isolation Kit and the KingFisher Flex
Purification system (Thermo Fisher Scientific, Waltham, MA, USA).
In addition, 10 pL of MS2 phage control was added to all speci-
mens and to the negative control, which was used as an internal
process control. The nucleic acid was eluted in 50 pL of elution
solution.

Reverse-transcriptase polymerase chaln reaction
SARS-CoV-2 was detected with 5 pL of extracted RNA using
the TagPath COVID-19 CE-IVD RT-PCR Kit (Thermo Fisher
Scientific), which has both a sensitivity and specificity of 100%
(https://www.thermofisher.com/document-connect/document-
connect.html?url = https%3A%2F%2Fassets.thermofisher.com%
2FTFS-Assets%2FGSD9%2FReference-Materials%2Ftagpath-ceivd-

2 | www.e-epih.org

rt-per-kit-technical-bulletin.pdf). The assay targeted 3 gene se-
quences (N2, ORFlab, and S genes) and MS2, and was performed
according to the manufacturer’s instructions (https://assets.ther-
mofisher.com/TFS-Assets/LSG/manuals/MAN0019215_TagPath-
COVID-19_CE-IVD_RT-PCR%20Kit_IFU.pdf). In brief, for each
specimen, a master mix was prepared that contained TagPath
1-Step Multiplex Master Mix (No ROX) COVID-19 real-time
PCR assay multiplex, and nuclease-free water. Each run also in-
cluded a SARS-CoV-2 positive control and a negative control. RT-
qPCR analysis was performed on a QuantStudio 5 Real-Time
PCR system (Thermo Fisher Scientific).

Statistical analysls

The outcome of interest was the prevalence of SARS-CoV-2 in-
fection among urban cleaning and solid waste management work-
ers. The point prevalence with a 95% confidence interval (CI) [5]
was calculated from the proportion of SARS-CoV-2 positive cases
diagnosed through RT-qPCR in the total number of individuals
tested. The prevalence ratio (PR) with a 95% CI was the measure
of association used to evaluate the relationship between SARS-
CoV-2 infection and the exposure variables (sex [male and female],
age [up to 39 and = 40 years], use of public transport [yes or no] ,
frequency of use of public transport [1-2, 3-4, =5 times/wk], com-
plete vaccination schedule [yes or no], and confidence in the pro-
tective effect of vaccines [yes, no or no response]). Statistical anal-
yses were performed using the “epitools” package (https.//cran.r-
project.org/web/packages/epitools/index.html) in R version 3.5.3
(R Foundation for Statistical Computing, Vienna, Austria).

Ethics statement

This study is part of the EpiSERGIPE Project, which was ap-
proved by the Ethics Committee of the Federal University of Ser-
gipe (protocol 33095120.4.0000.5546).

RESULTS

From a total of 852 urban cleaning and solid waste management
workers, 494 were included in the present study, of whom 399
(80.8%) were male and 95 (19.2%) were female. The mean age was
39.1 years (standard deviation: 11.7 years). In total, 431 (87.2%)
individuals reported no pre-existing medical conditions, and 57
(11.5%) reported the presence of hypertension or diabetes. Most
workers (n=416, 84.2%) reported using public transport, with
58 (13.9%) using it 1-2 times/wk, 35 (8.4%) 3-4 times/wk, and
310 (74.5%) more than 5 times/wk. Thirteen workers did not re-
port how frequently they used public transportation. Only 4 (0.8%)
individuals reported not wearing a face mask.

Regarding vaccination status, 489 (99%) workers reported
having received the first dose of COVID-19 vaccine (344 [70.3%]
Pfizer-BioNTech; 56 [11.5%] Oxford-AstraZeneca; 45 [9.2%] Cor-
onaVac; 2 [0.4%] Janssen; and 42 [8.6%] without information on
the type of vaccine). Among the vaccinated individuals, 145 (29.7%)
had a complete vaccination schedule and 344 (70.3%) were par-
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tially vaccinated. Among subjects who received the first dose of
the Pfizer-BioNTech vaccine, 115 (33.4%) were fully vaccinated at
the time of data collection. For the Oxford-AstraZeneca and Cor-
onaVac vaccines, the complete vaccination frequency was 23.2%
(13 of 56) and 26.7% (12 of 45), respectively; 2 individuals were
immunized with the Janssen vaccine; and in 3 situations, there was
no record of the vaccine used. Fifty-six (11.3%) of the total work-
ers included in the study stated that they did not believe in the
protective effect of vaccines, 403 (81.6%) responded positively,

Table 1. Prevalence of SARS-CoV-2 infection among urban cleaning
and solid waste management workers during community transmis-
sion of the Omicron variant in Northeast Brazil in 2022

RT-qPCR positive/ Prevalence ratio

Variables total,n (%) (95%C1) p-value
Sex
Male 82/399(206)  1.00 (reference)
Female 29/95(305) 1.50(0.94,230) 0.075
Age (yr)
<39 68/251(27.1) 1.53(103,230) 0028
>40 43/243(17.7)  1.00 (reference)
Use of public transport
No 16/78 (205)  1.00 (reference)
Yes 95/416(228) 1.11(065,2.03) 0.712
Frequency of use of public transport (times/wk)'
1-2 15/58 (259)  1.00 (reference)
3-4 8/35(229) 0.88(033,222) 0.795
25 71/310(229) 0.89(050,1.67) 0653
COVID-19 vaccine - first dose’
Oxford-AstraZeneca 10/56 (17.9)  1.00 (reference)
Pfizer-BioNTech 77/344(224) 1.25(065,272) 0519
CoronaVac 12/45(267) 1.49(059,386) 0336
COVID-19 vaccine - second dose’
Oxford-AstraZeneca 2/13(154)  1.00 (reference)
Pfizer-BioNTech 25/115(21.7)  1.41(035,1231) 0699
CoronaVac 3/12(250) 1.63(0.19,19.46) 0.626
Vaccination schedule
Fully vaccinated 31/145(21.4)  1.00 (reference)
Not vaccinated® or 80/349(229) 1.07(0.70,1.68) 0.753
partially vaccinated
Confidence in the protective effect of vaccines
Yes B5/403 (21.2)  1.00 (reference)
Preferred nottoanswer  5/35(143) 0.68(021,1.64) 0411
No 21/56(37.5) 1.78(1.05,289) 0025

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RT-gPCR,
quantitative reverse-transcriptase polymerase chain reaction; COVID-19,
coronavirus disease 2019; Cl, confidence interval.

"Thirteen individuals did not report the frequency of using public trans-
port.

Two subjects received the Janssen vaccine, and 42 subjects had no in-
formation about the vaccine received as a first dose.

*Three individuals had no information about the vaccine received.
“Only 5 individuals were not vaccinated, of whom 1 tested positive for
CcoviD-19.

and 35 (7.1%) did not respond; only 8 (14.3%) of those who re-
sponded negatively about vaccine confidence were fully vaccinat-
ed against COVID-19.

Of the 494 urban cleaning and solid waste management work-
ers evaluated, 111 (22.5%; 95% CI, 19.0 to 26.4) were positive for
the presence of SARS-CoV-2 according to the RT-gPCR test, and
all were asymptomatic at the time of collection of data and biolog-
ical material. Individuals under the age of 40 had a higher preva-
lence of infection (PR, 1.53; 95% CI, 1.03 to 2.30), as did those
who did not believe in the protective effect of vaccines (PR, 1.78;
95% CI, 1.05 to 2.89). There was no difference in the prevalence
of SARS-CoV-2 infection based on the frequency of use of public
transportation. Of the 111 positive cases of SARS-CoV-2 infection,
80 occurred among unvaccinated or partially vaccinated workers,
and 31 among those fully vaccinated. However, no differences
were observed in the prevalence of infection according to the type
of vaccine used or the workers’ vaccination status (Table 1).

DISCUSSION

The first case of COVID-19 in Aracaju was identified on March
14, 2020, and as of March 12, 2022, 150,007 cases and 2,524 deaths
associated with COVID-19 had been confirmed. The first 10 weeks
of 2022 (January 2 to March 12) were characterized by a sudden
increase in the number of cases as a result of community trans-
mission of the Omicron variant, and during this third wave of
COVID-19, 21,607 cases and 89 deaths were recorded in the city.
COVID-19 vaccination coverage for the general population was
76.8% as of March 12, 2022.

The present study showed that one-fourth of urban cleaning and
solid waste management workers were positive for SARS-CoV-2
during the period of community transmission of the Omicron
variant. These results are alarming and suggest a high vulnerabili-
ty of these workers to COVID-19. During the first weeks of 2022,
a prevalence of approximately 2% of COVID-19 was estimated
for the general population in the city of Aracaju [6]. It is important
to highlight that workers involved in garbage collection and waste
handling are historically exposed to a number of risks related to
occupational health, especially in developing countries, where
these professionals work outdoors and in direct contact with poor-
ly packaged materials [7-9].

It has been shown that the risk of exposure to SARS-CoV-2
among these workers is greatest during garbage collection, me-
chanical handling of compactor trucks, and garbage unloading at
the disposal site [10]. In addition, issues related to educational
level and personal hygiene, the lack of official safety guidelines,
and problems with the supply and control of the use of personal
protective equipment by companies are factors that can increase
the risk of contamination among these individuals. In a study car-
ried out in the city of Sdo Paulo between March 2020 and March
2021, a positive correlation was observed between the number of
household waste collection workers with COVID-19 and the in-
cidence of the disease on collection routes, especially in the regions
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with worse socioeconomic indicators [11]. There is, therefore, a
need for collective efforts involving the general population, service
providers, and local government to control the spread of COVID-
19 arising from the management of waste collection in cities [12].

There is evidence that education and training are key factors in
preventing and reducing occupational injuries and illnesses among
urban cleaning and solid waste management workers [13,14]. Fur-
thermore, it has been observed that the perceived susceptibility to
and severity of an occupational disease are positive predictors of
adherence to the use of personal protective equipment [15]. How-
ever, in a context where there is a collective need for vaccination
against a highly communicable disease such as COVID-19, higher
levels of vaccine hesitancy have been observed among individuals
with lower educational levels [16]. In our study, although 99% of
workers had received the first dose of the vaccine against COVID-
19, approximately 11% reported not believing in the protective ef-
fect of vaccines and fewer than 30% had completed their vaccina-
tion schedule. We found a higher prevalence of SARS-CoV-2 in-
fection among those who lacked confidence in vaccine protection,
indicating the need for an effective education program on disease
prevention. Despite these findings, further studies should explore
the behavioral factors that contribute to the higher prevalence of
COVID-19 in this population.

In summary, this study showed a high prevalence of SARS-
CoV-2 infection in urban cleaning and solid waste management
workers during transmission of the Omicron variant in Northeast
Brazil, with higher rates among younger individuals and among
those who did not trust the protective effect of vaccines. These
findings highlight the importance of COVID-19 monitoring pro-
grams among individuals at higher risk of infection, especially
when social restriction measures have been relaxed in Brazil. More-
over, our results indicate the need for better guidance on preven-
tive measures against COVID-19 in this population.
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This study investigated the dynamics of hospitalizations and in-hospital deaths from coronavirus disease 2019 (COVID-19)
throughout the pandemic in northeast Brazil, the Brazilian region with the worst socioeconomic indicators. In total, 141,445
cases, 8,213 hospital admissions, and 1,644 in-hospital deaths from COVID-19 were registered from March 14, 2020 to Febru-
ary 5, 2022. The overall rates of hospitalization and in-hospital deaths were 5.8% and 20.0%, respectively. The hospitalization
and death rates significantly decreased over time, which may have been related to progress in vaccination. During the spread of
the Gamma variant (January to June 2021), most hospitalized individuals were young adults, and approximately 40% of deaths
occurred in this age group. During the predominance of Delta (July to December 2021), over 75% of deaths occurred among
the elderly and unvaccinated or partially vaccinated individuals. This rate decreased to 42.3% during the transmission of the
Omicron variant (January to February 2022), during which 34.6% of deaths were recorded among fully vaccinated individuals
(2 doses) and 23.1% among those who received full vaccination and a booster. The Omicron-driven third wave was associated
with a rise in the proportion of deaths among vaccinated individuals, especially among those who had not received a booster
dose.
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2 (SARS-CoV-2), with higher mortality rates in male, older peo-
ple, and those with pre-existing clinical conditions, including hy-
pertension, diabetes, and heart disease [1]. In addition, it has been
shown that the COVID-19 fatality rate is higher in vulnerable pop-
ulations [2,3]. In Brazil, the lack of a national policy against the
disease, the increasing population mobility (including international

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a primarily respiratory
disease caused by severe acute respiratory syndrome coronavirus
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travels and tourism), the return of face-to-face work activities, dif-
ficulties in implementing individual and community measures to
mitigate COVID-19 transmission, and delays in vaccination have
contributed to the emergence and spread of SARS-CoV-2 variants
of concern (VOCs) across the country over time [4].

Although the clinical outcomes of patients with COVID-19 are
influenced by biological, social, behavioral, and structural factors,
it has also been suggested that the risks of hospitalization, inten-
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sive care unit (ICU) admission and mortality are higher among
patients infected with SARS-CoV-2 VOCs than among those with
the wild-type virus [5]. Moreover, there is evidence of an increased
risk of hospitalization and death among unvaccinated individuals
[6]. In this study, we investigated the dynamics of hospitalizations
and deaths from COVID-19 throughout the pandemic in north-
east Brazil, the region with the worst socioeconomic indicators in
the country.

MATERIALS AND METHODS

Study design

This retrospective cohort study was conducted in the city of
Aracaju, the capital of Sergipe State, northeast Brazil, from March
14, 2020 to February 5, 2022. The present study is part of the EpiS-
ERGIPE Project, which aims (1) to monitor the epidemiological
behavior of COVID-19 in Sergipe State and (2) to support evi-
dence-informed public health decision-making.

Context

Aracaju is a coastal city located in the poorest region of the coun-
try and has a current population estimated at over 657,000 inhab-
itants. The first case of COVID-19 in Aracaju was identified on
March 14, 2020 in a female patient with recent travel to Spain, while
the first death from COVID-19 was confirmed on April 2, 2020.
As of February 5, 2022, 141,445 cases (1,671 classified at hospital
admission as severe or critical) and 2,461 deaths from COVID-19
were registered by the Aracaju Municipal Health Department. In
Sergipe State, the COVID-19 vaccination campaign started on
January 19, 2021. On June 30, 2021, the vaccination coverage of
the general population was approximately 12%, while for individ-
uals over 60 years of age it was 61.4%. At the time of writing this
manuscript, the overall COVID-19 vaccination coverage was 73.1%.

Eligibllity criterla and data collection

All patients residing in Aracaju with COVID-19 confirmed by
polymerase chain reaction testing who were consecutively admit-
ted to public and private hospitals in the city were included. Data
on COVID-19 were extracted from the microdata catalog and of-
ficial bulletins of the Aracaju Municipal Health Department. The
data collected included (1) confirmed cases, (2) vaccination cov-
erage, (3) hospitalizations (admissions, sex and age distribution,
hospitalization rate, bed types [clinical beds and ICU], and length
of hospital stay), and (4) in-hospital deaths. We also calculated the
hospitalization rate (admissions/confirmed cases), in-hospital
mortality rate (deaths/admissions), and death rate by vaccination
status (fully vaccinated plus booster dose, fully vaccinated with 2
doses, and unvaccinated or partially vaccinated individuals).

Statistical analysls
The analyses were stratified into 4 periods of the pandemic ac-

cording to the predominance of variants in Sergipe State: March
to December 2020 (B.1, B.1.1.33, B.1.1.119, B.1.1.28), January to
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June 2021 (Gamma, Zeta), July to December 2021 (Delta), and
January to February 2022 (Omicron). The admission date was
used as a reference for the distribution of patients in each period.
The hospitalization and death rates according to the periods of
the pandemic were compared using the 4-sample test for equality
of proportions using the Holm method for p-value adjustment.
Differences in the length of hospital stay over time were analyzed
using the Kruskal-Wallis test followed by the Dunn post hoc test
for multiple comparisons. The p-values less than 0.05 were con-
sidered to indicate statistical significance. Analyses were performed
using the RStudio (https://www.rstudio.com/) software.

Ethics statement

The EpiSERGIPE Project was approved by the Ethics Committee
of the Federal University of Sergipe (protocol No. 33095120.4.
0000.5546).

RESULTS

During the study period, 141,445 cases of COVID-19 and 8,213
hospital admissions were recorded. The overall hospitalization
rate was 5.8%, with significant variations across the different phas-
es of the pandemic (p<0.001). In 2020, the hospitalization rate
related to COVID-19 was estimated at 5.9%. From January to June
2021, with the wide circulation of the Gamma and Zeta variants,
the hospital admission rate increased to 6.9%. However, with pro-
gress in vaccination coverage from the second half of 2021, the
hospitalization rates declined to 3.6% and 1.7% during the com-
munity transmission of Delta and Omicron variants, respectively.
In addition, the length of stay during Omicron circulation was the
shortest in the entire series (median, 4.0 days; p < 0.001).

Our findings showed that approximately 20% of patients hospi-

5,000
== (Enical beds
4,000 -
3,000 ~ Deaths
2,000
1,000
o a
Mar-Dec Jan-Jun Jul-Dec Jan-Feb
2020 2021 201 2022
8.1,B.1.1.33, A
Prevalentvariants  B.1.1.119, Delta  Omicron
Zeta
B.1.1.28
Vaccination 00 n9 712 731
coverage (%)
In-hospital 232 184 155 116
_ mortality rate (%)

Figure 1. Hospitalizations and in-hospital deaths from coronavirus
disease 2019 at different phases of the pandemic according to the
dirculation of severe acute respiratory syndrome coronavirus 2.
ICU, intensive care unit.
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talized with COVID-19 were admitted to the ICU throughout the
pandemic, with the highest ICU occupancy rate (27.1%) observed
during Delta circulation (p <0.001). No significant differences
were observed in hospitalizations according to sex over time (p=
0.335). However, we found significant variations in admissions by
age (p <0.001). In 2020, we found a high hospitalization rate among
children and adolescents (12.1%). Following a period of decline
throughout 2021, the hospitalization rate in this age group increased
significantly in 2022, especially for children aged 0-4 years. In re-
lation to adults, a different epidemiological pattern was observed.
Individuals aged 20-59 years had the highest hospitalization rate
(58.0%) from January to June 2021, with the spread of the Gam-

ma and Zeta variants and low vaccination coverage for the gener-
al population. Conversely, this was the period with the lowest
proportion of admissions among individuals over 60 years of age
(37.7%), as more than 60% of this population was already fully
vaccinated. However, as of July 2021, the hospitalization rate in-
creased among the elderly and decreased among adults aged 20-
59 years as vaccination coverage expanded for this age group.
From March 14, 2020 to February 5, 2022, 1,644 in-hospital
deaths from COVID-19 were recorded, and the overall mortality
rate was 20%. There was a decline in the mortality rate over time,
from 23.2% in the first year of the pandemic to 11.6% in February
2022 (p<0.001). We observed that during Delta circulation, 88.4%

Table 1. Clinical data and distribution of hospitalizations and deaths of patients with COVID-19 throughout the pandemic

Variables Mar to Dec 2000 Jan to Jun 2021 Jul to Dec 2021 Jan to Feb 2022
Prevalent SARS-CoV-2 variants B.1,B.1.1.33,B.1.1.119,8.1.1.28 Gamma, Zeta Delta Omicron
Cases of COVID-19 (n) 55,539 64,943 7.654 13,309
Vaccination coverage at the end of the period (%) 0.0 119 71.2 731
Hospitalizations
Admissions (n) 3253 4459 277 224
Sex: male 1,854 (57.0) 2,545 (57.1) 156 (56.3) 114(50.9)
Age (yr)
0-4 241 (7.4) 124 (2.8) 10 36) 14(63)
5-19 152 (47) 60(1.3) 4(14) 6(2.7)
20-59 1,358 (41.8) 2,586 (58.0) 136 (49.1) 55 (24.6)
260 1499 (46.1) 1,681 (37.7) 127 (45.9) 149 (66.4)
No information 3(0.1) 8(0.2) - -
Hospitalization rate (%) 59 69 36 17
Bed types
Clinical beds 2,452 (75.4) 3,588 (80.5) 202 (72.9) 174(77.7)
Intensive care unit 721(222) 825(185) 75(27.1) 50(22.3)
No information 80(24) 46(1.0) - -
Length of hospital stay (day)' 8.0 (4.0-16.0) 7.0 (4.0-12.0) 7.0 (40-133) 40(20-7.07
In-hospital mortality data
Deaths (n) 756 819 43 26
Sex: male 445 (58.9) 458 (55.9) 20 (46.5) 11423)
Age (yr)
0-4 3(04) 1(0.1) 0(0.0) 0(0.0)
5-19 4(0.5) 3(04) 0(0.0) 0(0.0)
20-59 194 (25.7) 324(39.5) 11(256) 6(23.1)
=60 555 (73.4) 491 (60.0) 32(74.4) 20(76.9)
No information - - - -
Mortality rate (%) 232 184 155 16
Death rate by vaccination status (%)
Fully vaccinated plus booster dose - 0.0 23 231
Fully vaccinated (2 doses) - 00 93 346
Unvaccinated or partially vaccinated = 100 884 423

Values are presented as number (%) or median and interquartile range (Q1-Q3).
COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

'Patients discharged.

“Information retrieved from the database of the Municipal Health Department.

“Ninety-seven patients remained hospitalized at the time of analysis.
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of deaths occurred among unvaccinated or partially vaccinated
individuals. This rate decreased to 42.3% during Omicron circu-
lation, while 34.6% of deaths were recorded among those fully
vaccinated with 2 doses and 23.1% among those fully vaccinated
plus a booster dose. The mortality rates according to vaccination
status were significantly different between the analyzed periods
(p<0.001).

Despite a reduction in the proportion of deaths among males,
no significant changes were observed over time (p=0.130). Dur-
ing the entire pandemic, at least 65% of deaths occurred among
individuals over 60 years of age. The first half of 2021 was the pe-
riod with the lowest in-hospital mortality rate (60.0%) for this age
group (p<0.001). Among adults aged 20-59 years, there was a
significant increase in the proportion of deaths from 2020 (25.7%)
to the first half of 2021 (39.5%) (p<0.001). In February 2022, the
in-hospital mortality rate for this age group was 23.1%. Eleven
deaths were recorded among children and adolescents, and the
majority (n=7; 63.3%) were in the first year of the pandemic. The
dynamics of hospitalizations and deaths from COVID-19 over
time are shown in Figure 1. Table 1 presents the details of hospi-
talizations and deaths according to the circulation of SARS-CoV-2
variants and vaccination coverage.

DISCUSSION

The overall findings of this study showed that approximately 6%
of COVID-19 patients required hospitalization, of which roughly
80% were in clinical beds and approximately 20% were in ICU
beds. The in-hospital mortality rate was 20%, with a higher rate
observed among males. Although the majority of hospitalized pa-
tients were adults aged 20-59 years (about 50%), more than 65%
of deaths occurred in individuals over 60 years of age. The results
of this study are comparable to those presented in a meta-analysis
[7] involving 281,461 individuals with COVID-19 from 11 coun-
tries/regions, in which 23% of patients had severe disease, and age
and male sex were associated with a higher risk of mortality. How-
ever, the ICU bed hospitalizations and mortality rates were lower
than those reported in our study, which may be a result of differ-
ences in social, economic, and healthcare resources between pop-
ulations.

Regarding the analyses in specific periods, we observed that dur-
ing the first wave of COVID-19 in 2020, individuals over 60 years
old accounted for the highest proportion of hospitalizations (ap-
proximately 46%). Moreover, this period of the pandemic was
characterized by the highest in-hospital mortality rate (approxi-
mately 23%), concentrated in the oldest age group. The median
length of stay was also the longest (8 days) in the entire series,
with a rate of admission to ICU beds of approximately 20%. Our
results highlight the critical situation of the health system in re-
sponse to the demand generated by the first wave of COVID-19,
especially among the individuals who were most vulnerable to the
worst clinical outcomes of the disease. The lack of a national pro-
tocol for the care of patients with COVID-19, scientific denialism,
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overcrowding in hospitals, and the use of personnel without ade-
quate training and experience in the first year of the pandemic
may have led to increased mortality, especially in poorer regions.

The second wave of COVID-19 in Brazil, during the first half
of 2021, added enormous pressure to the healthcare system with
the emergence of the Gamma variant, first detected in Manaus
(northern Brazil) in January 2021. A large number of hospitaliza-
tions was recorded in a short period, with a significant increase in
deaths among adults aged 20-59 years and a decreased mortality
rate among the elderly. Although this phase was marked by the
beginning of the vaccination campaign, prioritizing health profes-
sionals and elderly people, the change in the epidemiological pro-
file of infected patients with SARS-CoV-2 was also observed in
other regions of the country [8,9] and may have been associated
with the relaxation of restrictive measures and the reopening of
trade and services while the country faced a SARS-CoV-2 variant
that was roughly 2.5 times more transmissible than that of the
first wave [10].

In Brazil, the second half of 2021 was characterized by the spread
of the Delta variant, responsible for rapid growth in the number
of COVID-19 cases in Europe and the United States in June 2021
[11]. Despite evidence that the Delta variant has potentially faster
viral replication and higher infectiousness [12], the number of
COVID-19 cases during the period of the prevalence of this vari-
ant was 88% lower than that observed during Gamma circulation,
which can be explained by the progress of the vaccination cam-
paign in Brazil. In addition, this period had a lower overall hospi-
talization rate and a reduction of in-hospital deaths compared to
the first and second waves. However, there was a high occupancy
rate of ICU beds (approximately 27%) among those who needed
to be hospitalized and an increase in the in-hospital mortality rate
for the elderly, especially among the unvaccinated or partially
vaccinated. The Delta variant led to a higher risk of ICU admis-
sion than other variants [13], as well as increasing the risk of
death in unvaccinated individuals [14].

Although the COVID-19 vaccination campaign in Brazil pre-
vented a third wave associated with the Delta variant, the country
experienced a sudden increase in COVID-19 cases in January
and February 2022 due to community transmission of the Omi-
cron variant. The Omicron variant was first detected in Brazil in
late 2021 in travelers from South Africa; probably due to the re-
laxation of non-pharmacological containment measures and the
lack of systematic surveillance among travelers throughout the
country, Omicron-related cases became prevalent across the Bra-
zilian states. In Sergipe State, the first cases were detected in Janu-
ary 2022, which temporally coincided with the final 3 months of
our study and may explain the increase in cases in this period.
Moreover, we observed a proportional increase in hospitalization
rates among children, adolescents, and individuals over 60 years
of age, especially in relation to clinical beds. Similar findings were
found in the Unite States, where the Omicron variant was associ-
ated with less severe outcomes than Delta [15]. During this phase,
the median length of stay was 4 days and the mortality rate was
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approximately 12%, with most deaths occurring among the elder-
Iy and unvaccinated or partially vaccinated individuals. In addi-
tion, the spread of Omicron was accompanied by an increase in
the proportion of deaths among vaccinated individuals, especially
among those without a booster dose. There is emerging evidence
that the Omicron variant is characterized by immune evasion and
that individuals boosted with mRNA vaccines may have increased
neutralizing activity against this variant [16,17].

This study showed important changes in the epidemiological
profile of hospitalized patients who died from COVID-19 during
the pandemic. In addition, the Omicron-driven third wave has
been associated with an increase in the proportion of deaths among
vaccinated individuals, especially among those who did not re-
ceive a booster dose.
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ABSTRACT There is a lack of real-world surveillance studies on reports of adverse events associated with COVID-19
vaccination, as well as comparative analyses of adverse events from vaccines with different platforms. This
observational, descriptive, retrospective study based on secondary data describes the adverse events fol-
lowing immunization (AEFIs) related to the first 145 000 doses of COVID-19 vaccines delivered in Aracaju
municipality, Sergipe state, northeast Brazil. Records of AEFIs were collected using the e-SUS Notifica data-
base for January 19 to April 30, 2021. Odds ratios (ORs) and 95% confidence intervals (Cls) were calculated
for AEFIs and the type of COVID-19 vaccine, either CoronaVac (Sinovac-Butantan) or Oxford-AstraZeneca
(Fiocruz). A total of 474 AEFIs (32.7 events/10 000 doses) from 254 individuals were reported and analyzed,
and all of them were classified as non-serious. There was an association between the use of the CoronaVac
vaccine and headache (OR = 2.1; 95% Cl: 1.4-3.2), pain at the injection site (OR = 9.6; 95% CI: 3.9-23.8),
lethargy (OR = 5.2; 95% ClI: 1.8-14.8), fatigue (OR = 10.1; 95% CI: 2.4-42.3), diarrhea (OR = 4.4; 95% CI: 1.5-
12.5) and cold-like symptoms (OR = 8.0; 95% CI: 1.9-34.0). However, the proportion of individuals reporting
fever was higher among those who received the Oxford-AstraZeneca vaccine (OR = 3.1; 95% CI 1.5-6.4). This
population-based observational study strengthens the evidence for the safety and tolerability of the CoronaVac
and Oxford-AstraZeneca vaccines used against COVID-19.

Keywords COVID-19; SARS-CoV-2; COVID-19 vaccines; drug-related side effects and adverse reactions; injection site

reaction.

Mass vaccination is the most cost-effective measure to control  surveillance of these is critical to improve safety and maintain

and prevent infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). The available vaccines have 50-95%
effectiveness in preventing severe outcomes from coronavirus
disease 2019 (COVID-19) and have been shown to be safe in clin-
ical trials (1-5). Despite adverse events following immunization
(AEFIs) being well documented in vaccine trials, post-approval

public confidence in a vaccination program (6). There is a lack
of real-world surveillance studies of AEFIs associated with
COVID-19 vaccination, as well as a lack of comparative analyses
of adverse events from vaccines using different platforms.

This observational, descriptive, retrospective study based on
secondary data describes the AEFIs related to the first 145 000
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doses of COVID-19 vaccines delivered in Aracaju municipal-
ity, Sergipe state, northeast Brazil. Aracaju is one of the poorest
regions in the country, has an area of 182.2 km?, and has an esti-
mated population of 657 053 inhabitants. On March 14, 2020,
the first case of COVID-19 was identified in a female patient
who had traveled to Spain; on April 2, 2020, the first death
from the disease was officially confirmed. At the time of writ-
ing this manuscript in 2022, SARS-CoV-2 had infected 150 303
individuals and resulted in 2558 deaths. In Brazil, CoronaVac (a
Sinovac-Butantan product) was the first vaccine approved for
use against COVID-19 and was delivered primarily to elderly
people, health care workers and members of Indigenous com-
munities, all of whom were considered priority groups for
immunization at the beginning of the vaccination campaign.
In Aracaju, the first doses of the vaccine were administered on
January 19, 2021. In early February 2021, the first doses of the
Oxford-AstraZeneca vaccine (produced in Brazil by Fiocruz)
were administered.

Records of AEFIs were collected using the e-SUS Notifica
database for January 19 to April 30, 2021. The e-SUS Noti-
fica database was launched in Brazil on March 27, 2020, and
it has been used as a passive surveillance system by public
and private health professionals to notify AEFIs occurring
within 30 days of vaccination. If an adverse event occurs,
the patient is followed up until it resolves. For this study,
information about age, sex, type of COVID-19 vaccine, and
AEFIs was extracted. Adverse events were classified as seri-
ous or non-serious. Serious adverse events included death,
life-threatening illness, hospitalization or prolongation of
hospitalization, and permanent disability. Odds ratios (ORs)
and 95% confidence intervals (Cls) were calculated for asso-
ciations between AEFIs and the type of COVID-19 vaccine
(CoronaVac vs. Oxford-AstraZeneca). In the case of zero
events, a continuity correction of 0.5 was used. Analyses were

Martins-Filho et al. « Adverse events and COVID-19 vaccines in Brazil

performed using JASP software version 0.13 (JASP, Amster-
dam, the Netherlands).

Between January 19 and April 30, 2021, 145 133 doses of
COVID-19 vaccine were administered: 85 587 were CoronaVac
and 59 546 were Oxford-AstraZeneca. A total of 474 AEFIs were
reported (32.7 events/ 10 000 doses) from 254 individuals (mean
age: 41 years; standard deviation: 9.8; 208/254 [81.9%] female)
and analyzed, and all of them were classified as non-serious
events. Of the 254 individuals with AEFIs, 221 (87%) received
CoronaVac and 33 (13%) received Oxford-AstraZeneca. The
most common AEFIs were headache (7.7 events /10 000 doses),
pain at the injection site (5.1/10 000 doses), myalgia or arthral-
gia (3.3/10 000 doses), nausea or vomiting (2.6/10 000 doses),
and fever (2.4/10 000 doses). We found an association between
the use of CoronaVac and headache (OR = 2.1; 95% CI: 1.4-3.2;
P <0.001), pain at the injection site (OR = 9.6; 95% CI: 3.9-23.8; P
<0.001), lethargy (OR = 5.2; 95% CI: 1.8-14.8; P = 0.002), fatigue
(OR =10.1; 95% CI: 2.4-42.3; P = 0.002), diarrhea (OR = 4.4; 95%
CI: 1.5-12.5; P = 0.006) and cold-like symptoms (OR = 8.0; 95%
CI: 1.9-34.0; P = 0.005). However, the proportion of individu-
als reporting fever was higher among those who received the
Oxford-AstraZeneca vaccine (OR = 3.1; 95% CI: 1.5-64; P =
0.002) (Table 1).

In this real-world surveillance study, we observed a rate of
approximately 33 adverse events per 10 000 doses of COVID-19
vaccine during the first 3 months of the vaccination campaign
in a Brazilian municipality. Despite the rate of AEFIs being
lower than that shown in previous Phase 1 and 2, random-
ized controlled trials (7, 8), our findings also demonstrated
that adverse events were mild and self-limited and included
primarily headache and local pain at the injection site. More-
over, no life-threatening complications were reported, which
indicates that these vaccines are well tolerated and have minor
safety issues.

TABLE 1. Association between adverse events following immunization and type of COVID-19 vaccine, Brazil, 2021

Type of COVID-19 vaccine

(N=

Headache 112 77 B84
Pain at injection site 74 51 69
Nyalgia or arthralgia 48 33 27
Nausea or vomiting 33 26

Fever 35 24 11
Drovwssiness or lethargy 34 23

Fatigue 31 21 29
Diarrhea 29 20 25
Cold-like symptoms 25 1.7 23
Abdominal pain 20 14 16
Local reaction (erythema, 16 11 10
induration, swelling)

Dizziness 9 06 8
Shortness of breath 2 04 2
Lymphadenopathy 1 01 1

OR (95% CI)

10 000 doses

98 28 47 21(14-32)  <0.001
8.1 5 08 96(29-238) <0001
32 2 35 11 (06-2.0) 0.702
30 12 20 15(0.8-2.0) 0.240
13 24 40 31 (15-6.4) 0.002
35 4 07 52 (1.8-14.8) 0.002
34 2 03 10.1 (2.4-42.3) 0.002
29 4 07 44(15-125) 0.006
27 2 03 8.0(1.9-34.0) 0.005
19 4 07 2.8(09-83) 0.067
12 6 1.0 12(04-3.2) 0.774
09 1 02 56(0.7-445) 0.106
02 0 00 15(0.2-725) 0.421
0.1 0 00 21(0.4-51.2) 0.652

Ci- ponfizence In2rval; OR: odds ralh,
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Although associations between specific vaccine platforms
and adverse events are poorly understood, viral vector vaccines
carry information that might be critical for the enhancement
of proinflammatory cytokines, leading to an intense systemic
response (9). In this study, immunization with Oxford-Astra-
Zeneca - a replication-deficient chimpanzee adenovirus-vector
vaccine encoding the SARS-CoV-2 Spike glycoprotein — was
strongly associated with the occurrence of fever. This finding is
in agreement with a previous study from Thailand that found
a higher frequency of individuals reporting fever after vaccina-
tion with the chimpanzee adenovirus-vector vaccine compared
with those receiving a wholeell inactivated vaccine (10).
However, in our study, individuals receiving the inactivated
SARS-CoV-2 vaccine were more likely to experience headache,
local pain, lethargy, fatigue, diarrhea and cold-like symptoms.

Ourresults should be interpreted with caution due to the inher-
ent limitations of spontaneous (passive) surveillance and the
lack of analysis of sex- and age-based differences regarding the

Brief communication

adverse events. However, this population-based observational
study reinforces the safety and tolerability of the CoronaVac and
Oxford-AstraZeneca vaccines used against COVID-19.
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Abstract.

Information on the risk factors for COVID-19 mortality in low- and middle-income countries is still scarce. In

this retrospective cohort study, we analyzed the factors associated with COVID-19 mortality in hospitalized patients in a
poor area of Brazil. Logistic regression was used to identify factors independently associated with mortality, including
gender, age, and the presence of underlying medical conditions. A total of 1,207 patients were included in the analysis,
and a 1.5-fold increase in COVID-19 mortality was found among patients aged > 65 years with hypertension and diabetes
(odds ratio [OR]: 1.50, 95% CI: 1.02-2.19). Moreover, infectious disease (OR: 4.31, 95% CI: 1.39-13.39), kidney disease
(OR: 2.59, 95% Cl: 1.27-5.27), and heart disease (OR: 2.00, 95% ClI: 1.31-3.04) were also predictive for COVID-19 in-
hospital death. This large cohort provides important data on potential factors associated with COVID-19 mortality in

Brazil.

INTRODUCTION

SARS-CoV-2 is an emerging RNA virus associated with a
severe acute respiratory disease known as COVID-19. Glob-
ally, SARS-CoV-2 infected more than 50 million people and
caused more than 1.2 million deaths until November 9, 2020.
In high-income countries, COVID-19 mortality has been higher
in men, older people, and those with some comorbidity, in-
cluding hypertension, diabetes, and cardiovascular disease.’
However, information on the risk factors in low- and middle-
income countries is still scarce. Herein, we report the factors
associated with COVID-19 mortality in hospitalized patients in
a poor area of Brazil.

METHOD

This retrospective cohort study enrolled all adults with PCR-
confirmed COVID-19 who were consecutively admitted to
public and private hospitals in Aracaju, Sergipe state, North-
east Brazil, from March 17 to July 14, 2020. Aracaju is a coastal
city located in the poorest region in a country marked by large
regional disparities. This city has an estimated population of
657,053 inhabitants and a high proportion of low-income
households (42.9%). Recently, it was found that neighbor-
hoods with poor living conditions in Aracaju are more likely to
have higher COVID-19 fatality rates.”

Data on COVID-19 cases and deaths were extracted from
the microdata catalog and official bulletin of the Municipal
Secretariat of Health. We excluded patients with incomplete
information, pregnant women, patients aged 18 years and
younger, and those treated in hospital outside of Aracaju. Data
collected included the outcome of interest (death) and po-
tential factors associated with COVID-19 mortality: gender,
age, and the presence of underlying medical conditions
(gastrointestinal disease, chronic pulmonary disease, asthma,
neurodegenerative disease, stroke, hypothyroidism, cancer,

* Address correspondence to Paulo Ricardo Martins-Filho, Hospital
Universitério, Laboratério de Patologia Investigativa, Universidade
Federal de Sergipe, Rua Claudio Batista, s/n. Sanatério, Aracaju
49060-100, Brasil. E-mail: martins-filho@ufs.br
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non-HIV immunosuppressive disease, obesity, infectious
disease, kidney disease, heart disease, hypertension, and
diabetes).

Data were presented as absolute and relative frequencies,
and comparisons between survivors and non-survivors were
expressed as odds ratio (OR) with 95% Cls. Logistic re-
gression was used to identify factors independently associ-
ated with mortality. First, a univariate model was performed.
Afterward, interaction was checked to control the relationship
between covariates and their effect on the outcome. Finally,
we included in multivariate analyses with backward selection
all factors that have shown a relaxed P-value < 0.30. Two
multivariate models were developed. Model 1 included a
standard logistic regression, and model 2 incorporated in-
teraction for age, hypertension, and diabetes. P-values < 0.05
were considered statistically significant. All data were de-
identified, and analyzes were performed using JASP software
version 0.13 (JASP Team, Amsterdam, Netherlands).

RESULTS

Atotal of 1,207 of 1,632 patients initially considered met the
eligibility criteria and were included in the analysis. The median
(1lQ) age was 60 (46-73) years. Seven hundred twenty-four
(60.0%) were men, and 708 (58.7%) patients had at least one
coexisting condition (Table 1).

Overall, 353 patients (29.2%) died. The median age of sur-
vivors was lower than that of non-survivors (median [IIQ]: 57
[43-70] versus 68 [55-79]; P < 0.001). The univariate analysis
identified eight covariates as candidates for the multivariate
model, including age > 65 years, non-HIVimmunosuppressive
disease, obesity, infectious disease, kidney disease, heart
disease, hypertension, and diabetes (Table 1).

The standard multivariate regression analysis showed that
COVID-19 mortality was significantly associated with age > 65
years (OR: 2.76, 95% Cl: 2.12-3.60), following underlying
medical conditions: infectious disease (OR: 5.26, 95% CI:
1.66-16.71), kidney disease (OR: 2.60, 95% ClI: 1.24-5.42),
and heart disease (OR: 1.67, 95% Cl: 1.08-2.57). By adding
interactions, we found that mortality was increased 1.5-fold
among patients aged > 65 years with hypertension and
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Tage 1
Results of univariate logistic regression analysis of association between clinical factors and death in patients with COVID-19

Covariates Survivors (n « 854), n (%) Non-survivors (n « 353}, n (%) Odds ratio 8% Cl Povahe*
Gender (male) 513 (60.1) 211 (59.8) 0.99 0.77-1.27 0.924
Age > 65 years 283 (33.1) 203 (57.5) 273 2.12-3.52 <0.001
Gastrointestinal disease 1(1.3) 3(0.8) 0.66 0.18-2.37 0.521
Chronic pulmonary disease 28 (3.3) 12 3.4) 1.04 0.52-2.07 0.915
Asthma 11(1.3) 3(0.8) 0.66 0.18-2.37 0.521
Neurodegenerative disease 17 (2.0) 9{2.5) 1.29 0.57-2.92 0.544
Stroke 28(3.3) 14 (4.0) 1.22 0.63-2.34 0.554
Hypothyroidism 14 (1.6) 6(1.7) 1.04 0.40-2.72 0.940
Cancer 28(3.3) 14 (4.0) 1.22 0.63-2.34 0.554
Non-HIV immunosuppressive disease 10(1.2) 7{2.0) 1.7 0.65-4.52 0.282
Obesity 77 (9.0) 23 (6.5) 0.70 0.43-1.14 0.153
Infectious disease 5(0.6)t 8(.3)1 3.94 1.28-12.12 0.017
Kidney disease 15(1.8) 18 (5.1) 3.00 1.50-6.03 0.002
Heart disease 56 (6.6) 46 (13.0) 2.14 1.42-322 <0.001
Hypertension 308 (36.1) 143 (40.5) 1.21 0.94-1.56 0.137
Diabetes 209 (24.5) 102 (28.9) 1.25 0.95-1.66 0.110

* Vanables with refaxed P-value < 0.30 were induded n the ivariate analysis with i
+ Survivors with infectious dissase (HIV: 1, visceral jasis: 1, tub is: 1, 2).
1 Non-survivors with infectious dissase (HIV- 3, leprosy: 4, is: 1)

diabetes (OR: 1.50, 95% CI: 1.02-2.19). In this model, in-
fectious disease (OR: 4.31, 95% ClI: 1.39-13.39), kidney dis-
ease (OR: 2.59, 95% CI: 1.27-5.27), and heart disease (OR:
2.00,95% Cl: 1.31-3.04) remained predictive for COVID-19in-
hospital death (Table 2).

DISCUSSION

COVID-19 mortality has been high among critically ill pa-
tients and varies widely according to country; population
characteristics including biological, environmental, and so-
cioeconomic factors; social isolation policies; and health-
system capacity. As other reports, older age and people with
kidney and heart diseases were at a higher risk of death.*# In
addition, this cohort identified some novel patient-level fac-
tors associated with COVID-19 mortality, including infectious
diseases coinfection and the interaction between older age
and combined hypertension and diabetes.

In Brazil, one in five Brazilian adults has two or more
comorbidities® which may increase the susceptibility to
COVID-19 mortality. The pivotal link between SARS-CoV-2

and downregulation of angiotensin-converting enzyme-2 in
people with multiple comorbidities especially diabetes and
hypertension may be a critical role in the overproduction of
pro-inflammatory cytokines and COVID-19 severity.® In ad-
dition to the relationship between older age and comorbidities,
people in poor communities are less likely to have access to
health care and social protection, and live in crowded homes
with inadequate sanitation and hygiene, which increase the
risk for COVID-19 transmission and death.?

Although only 1.0% of patients were coinfected with some
infectious disease and COVID-19, there was an increased risk
of death. Some infectious diseases can cause increased lev-
els of inflammatory cytokines.” The dysregulated immune
response in individuals with severe COVID-19 seems to be
associated with a cytokine storm. However, the interaction
between COVID-19 and other infectious diseases is highly
complex, and further epidemiological and immunological
studies should be performed.

Although we could not assess effects of other important var-
iables, such as laboratory findings, respiratory support, chronic
medications, and acute organ injuries during hospitalization,

TagLe 2
Results of the multivariate logistic regression analyses
Standard analysis Internction analysis
Covariates OR 85% CI) Pvalue OR (95% CI) P-yslue

Age > 65 years 2.76 (2.12-3.60) < 0.001 - s
Non-HIV immunosuppressive disease - NS - NS
Obesity - NS - NS
Infectious disease 5.26 (1.66-16.71) 0.005 4.31(1.39-13.39) 0.012
Kidney disease 260 (1.24-5.42) 0.011 2.59 (1.27-5.27) 0.009
Heart disease 1.67 (1.08-2.57) 0.021 2.00(1.31-3.04) 0.001
Hypertension - NS - >
Diabetes - NS - *
Age > 65 years x hypertension x diabetes - % 1.50 (1.02-2.19) 0.039
Model summary

BIC 1,417.28 - 1,467.84 -

BS 0.191 - 0.201 -

AUC 0.654 - 0.588 -

AUC « arsa under the curve: measure of discriminatory padormance where hma values indicate bettel BIC « Bayesan i cﬂlmm munc aedior lnoomwvsr.n of
regression models; BS « Brier score: metric used for overall & perfect madel 1o 0.25 for a non-i OR « odds

rwo.Dataxegvu‘ &5 OR and 95% CI.
*Not included in the model.
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this large cohort provides data on potential factors associated
with COVID-19 mortality from a poor area in Brazil. As risk factors
may vary across populational groups, further studies in low- and
middle-income cities should be performed to better understand
what factors are associated with COVID-19 mortality.
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Abstract
Ohbpective: To compare the clinical of pati infected with SARS-CoV-2 van with pats nfected
with the onginal strain. Methods: This is a case comml study companng cases of OO\'ID-I9 pau:ms nfected with
SARS-CoV-2 vanants of concern |d¢nhhcd by & q g, with a | greap of 62 patients randomly
selccbcd Imm a COVID-1Y datat of di prior to the emergence of these vanants. Fndings: In the 40
fected with van the p (5" S"-.) was P.1 vanant. The variant group presented moee arthralgs
(p-(l Q15), hyparexsa (p=0.006). nausea'vomiting (p=0.048), and mental confusion (p~0.029), the last not xdentaficd in
the control group. There were no significant differences m comorbadities or demographic data between the groups.
Severe discase, according to the WHO Clinical Progression Scale, was identified only in those infected with the
variants, as well as high-flow oxygen therapy and ICU admission (p=0.05). The two deaths reported in the study were
in patients nfected with the vanants. Conclusvas: The worst outcams were chserved | in lbc group infected with

SARS.CoV-2 varmants, although no significam difli n or demog! s date were observed
between the groups.

Keywords: Case-contrel studses: Signs and symp Virus miection. COVID-19.

Resumo

Objetivo: Comparar os desfechos clinicos de pm:iculu miectados com vanantes dos SARS-CoV-2 com pacientes
infectados com a cepa oniginal. Métodos: Este € um estudo caso controle que compara casas de pa:lenla com
COVID-19 infectados com varmantes de pmocupacno do SARS.CoV-2, wdentificadas por

€Om LI grupo contmlc de 62 pacentes wn' al de um banco de dados de pacientes com CO\'ID-
19 diagi prev te 30 surg: to dessas van de p upagio. Resultados: Nos 40 pacientes
infectados com as van 2 forma pmdotm'nanl: for a vanante P.1 (52.5%). O grupo infcclado por vananles

apresentou mais artralgss (p~0,015), hsporexia (p=0.006), ndusca’vémito (p~0.048) ¢ confusio mental (p~0.029).
sendo esta Gltima ndo dentificada no grupo controle. Nio houve diferencas significativas entre os grupos quando
comparades comorbidades ou dados gcomﬁcos Forma grave da deenga, de acondo com 2 Escala de Progress3o ds
OMS, foz identifscad fectados com as [ v assm como o use de oxigenolerapia de
alto fluxe ¢ admassio na UTI (p—O 05). As duas mortes reportadas no estudo foram em pacientes infectados com
formas vanantes do virus. Conclusdes: Os piores desfechos foram observados no grupo mfectado com vanantes do

SARS-CoV-2, apesar de nio haver diferengas significativas nas rbidades ou dados demogrificos entre os
grupos.

Palavrax-chave: Estudos de casos ¢ less Sinazs ¢ Infecgio viral COVID-19.

Resumen

Obpetrvo: Comparar los lados cle de los pacs infectades con vanantes del SARS-CoV-2 coa los
pacientes infectados con la cepa enginal. Métodos: Se trata de un estudio de casos y controles que comprende casos
de packentes con COVID-19 infectades con van de la p upacxon por SARS.CoV-2, dentificados por
SOCUEHCIACION ZENOMIC, COn un grupo 1 de 62 pacs leccionados aleatoriamente de una base de datos de
pacientes con COVID- 19 diagnostcados antes de la apancion de estas vanantes de peecocupacion. Resultados: En los
40 paci infectados con las van la forma predominante fue I vanante P.1 (52,5%). El grupo infectado con

variantes presentd mas ariralga (p=0,015), hipeeexia (p=0.006), nauscasvomitos (p=0.048) y confusion mental
(p=0.029), no identificandose esta altima en el grupo control. No hubo diferencias ssgnificativas entre los grupos
cuando se compararon las comorbilidades o los dates geogrificos. La forma grave de la enfermedad. segim la Escala
de Progresion de la OMS, se xdentsfico solo en aguellos infectados con formas vanantes, asi como el uso de
oxigenoterapaa de alto flujo y el ingreso en la UCT (p = 0,05). Las dos muertes repectadas en el estudio fueron en

pacientes infectados con formas vars del varus. Concl : Los pecees n:whados se observarca en el grupo
infectado con vanmantes del SARS-CoV+2, aunque no hubo dif s significativas en las rbilidades ni en los
datos demogriaficos entre los grupos.

Palabras clnve: Estudsos de casos y les; Signos y sintomas: Infeccion por el virus de la COVID-19.

1. Introduction

The SARS.CoV-2 virus was xentified in December 2019 in Wuhan province, China, being responsible for cases of

mild discase to atypical and ially fatal 1, especzlly in the elderly (Leung, 2020). The unrestrained worldwide
spread of SARS-CoV-2 has allowed the emergence of several mutaticas and new dominant variants, some of them have been
designated as Vanants of Concern (VOC) (Guo et al., 2021). The first VOC xdentified was B.1.1.7 in United Kingdom, with
the rapid spread of this variant around the world being remarkable (Tang et al., 2021). The second coe, B.1.351, emerged in
South Africa and bring cancem about mereased infectivity (Tegally et al., 2021). In Brazil, the uncontrolled spread of SARS-

2
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CoV-2 led to emergence of two VOC, VOC P.1 and the VOC P2 (Castro ct al, 2021). Both vanants were associated with
cases of reinfection, decrease of efficiency of seme vaccines and severe cases, contributing with the devasting second wave in

Brazl (Faria et al,, 2021: Zeiser et al,, 2022). Due to the ong demic s ather SARS-CoV-2 vanants coalinuces lo

S P

be identified and relsted to 1 of infectivity and discase seventy (Aleem et al., 2021).

COVID-19 coatinues 1o be a challenge worldwade. Analyss of clinscal presentation, especially in cases of infection
with the virus van provid bsadses for greater knowledge of the disease, both by mising data for clmscal suspecion, as
well as to guide possibl and | to be adopted by the administrators (Ong et al.. 2021).

The present study reports the clinscal-cpademsological profile of 40 COVID-19 pat infected by v

comparmg the clinical course and oulcomes of these cases with a control group of 62 patsents randomly sclected from a
COVID-19 database of pats ds i proor to the of these vanants.

P = 1)

2. Methodology
Ethical uspects

This study was approved by the research ethical board of the Federal University of Sergipe (CAAE
31079720.5.0000.5546) and followed the fats of Resolution 4662012 from the National Health Council,
Ministry of Health, Brazil.

Study design and clinical sumpling
Thss 1s a case L, clinical-epidemiologscal study. includ: sents who were RT-qPCR positive for SARS-CoV-

o P

2. The paper ocganization was based in guidelines of The Strengthening the Reportng of Observational Studies in
Epidemiology (STROBE).

Due to secial distancing and the difficulties to face-to-face care dunng the cntical period of the pandemic, the
“Moenstora Coreaa™ project was created to follow-up p by dasly telephone calls. In this study, the control group was
composed of individuals who were infected by the caginal strain of SARS-CoV-2, duning Apnl to July 2020, belore the

1= 0

emergence of v 1 from Corona project. Meanwhile, the case group was selected from
patients with RT-qPCR positive to SARS-CoV-2, duning Seplember to October 2021, and dmgnosed by the Central Public
Health Laborateey of Sergipe (LACEN-SE), reference and certified for diagnosis of COVID-19 in the State. The identification

of virus vanants was made by viral genome sequencing by the Oswaklo Cruz Foundation (FIOCRUZ), Rio de Janciro, the

National lab v of refi and ified for ds is of COVID-19. The hods and techniques for kab 1al
diagnostic and sequencing are from national rk of surveillance of COVID: 19 and were previously published (Fana et al.,
2021: Lamarca et al, 2021: Naveea et al., 2021).
To minimizng possible discrepancies in chnical 1fe all pats are from same state. Sermpe, Brazil,
ing a more homog genete populabion. Demographical, epidemsological, and clmacal data were coll d from these
patients by a i § interview, using the same questioanaire for both case and control groups. Both groups were also
submtted to the same classification dunng the mterviews, acceeding to the WHO Clinical Progression Scale, regi d on the
WHO I 1onal Platform (Marshall et al., 2020).

Statistical anulysis
Statsstical analyss was performed using the SPSS statstical program (versson 26.0 for Windows). Different tests were
used, ding to the oblaned data. including B p. For I varsbles: Gaussian distnbution was evaluated by

Pearson’s and Shapiro-Wilk normalsty tests and groups were compared by Student T test or Mann-Whitman U test. For
3
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categonical data: the association was tested using 2 95% coafidence interval (Cl) using Fisher's Exact Test with data considered
stahstically significant with values of p < 0.05.

3. Results

The present study recruited a total of 102 patients with positive RT-gPCR for SARS-CoV-2 from Apnl 2020 to June
2021. The CT values found in the RT-gPCR analyzed in the study, range from 11 to 29, coafimming the positivity for the
coranavirus with a high viral load. Most samples (80.07%) were collected between days 1 and 5 of the dascase, the most suitzble
period for estmating the viral koad.

Most patients were female (N=63, F=61.8%), 14 1o 73 years old (average of 41.8 yvears, £ 12.3 DP), and woek
industry and commerce sector (N=47, F~46.0%). The most commoen comoerbidstses found were Systermic Artenal Hypertension
(N=23, F=22.5%) and Obesaty (N=21, F=20.6%). The most prevalent bloed type was O+ (N=37, F~36.2%) followed by A+

(N=16, F=16.7%:). Azsthromycin and sy ) herapy were used in more than half of the patients (N=54, F=52.9% for
Azithromycin and N=53, F=51.9% for ) icoids). The epidemiologzcal and clinical char istics found in paticnts
mnfected with vanants of SARS-CoV-2 are like the total group described.

Table I shows difle in epxlemsological and clinical aspects on admission 2nd clinical {mg to the
WHO progression scale betwoen case group, patients with SARS-CoV-2 van and 1 group, patsents infected with the

e P 1
¥

y of h in the | group. As for

original strain, There s a slatistical relevant higher fr

associated d dy
was sdentified between the groups in respect to the treatments used.

11 was more [ t in the case group, from the vanants (p=0.011). No statistical significance

3 !
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Table 1. Comparison of demographic, clinxal data on admission and clinical outcome according to the
WHO progression scale between COVID-19 patients infected by SARS-CoV2 vanants and a control
group mfected with the ongmal variant from a state of Northeast, Brazil.

Varant Group Control Grosp
Variahles (n=40) {a=62) pvalue*
% (n) % (m)
Age (Memn £ SD) 282119 4111235 0922
Females 60.0 (24) 619 (39) 0.836
Healthcare workers 15.0(6) 40.3 (25) 0.001
Blood type A 216(8) 19.4(¢12) 0.873
Blood type O 275(19) 43.627) 0.873
Asscciated discases (Systemic 2505 21.0413) 0.206
Anenal Hypenessicn. Diabetes, Obesity and
Asthoa)
Dyskpidemia 350014 145(9) ool
Azytromycin treatment 65.0 (26) 43.2(28) 0.050
Corticoid treatment 45018) 36.3(33) 0.258
Clinteal Manifestations
Musculoskeletal system
Asthenia 57523 38.1(36) 0.955
Myalgia 67520 59.7(370) 0425
Arthralgia 475019 242(1%) ools
Digestive system
Odynophagia 50.0 20) 371023 0.198
Dysgeasia 65.0(26) 64.3 (40) a.960
Ancsmia 65.0 (26) 59.7(37) 0.589
Hyporexia 60.0 (24) 32320 0.006
Darrhea 350009 30.6019) 0636
Abdominal pain 3500149 19.4(12) o
Nausea'vomiting 350019 17.7(11) 0048
Respiratory system
Dry cough 75.0 (20 74.2(46) 0927
Productive cough 2250111 12.9(8) 0.065
Dyspnea 20.0(16) 26.0(18) 0.251
Sneeze/nanny nose 57.5123) A6.8(29) 0.290
Nervous system
Headache 72.5(29) 87.1(54) 0.065
Dizziness 380149 194(12) 0077
Mental coafusion 53 0(0) 0.029
Ouhers
Fever 65.0 26) 50.0(31) 0136
Skin lesions 7.5(3) 11L4(7) 0.530
WHO Clinical Progression Scale
Ambulatery mild discase 91930 100 (62) 050
Modemte discase 2741y 0(0) 0374
Severe disease 542 00y 0.050
Clintcal evolution and outcome
Haspitlizaticn 10.0 (4) 48(3) a2l
Oxygen hempy high flow 75(3) ) 0050
Insensive care unit admission 1.5(5%) o 0050
Mechanical ventilation 5002 0y o6
Death 502 D0 137

* Fisher's Exact Test. Source: Authors.

Patients mfccted with the new vanants presented a hagher frequency of symploms associated with the central nervous
v . The symptom of dizzi was observed in 37.8% of patients infected with vanants versus 19.4% in the control group,

although not statistically sigmificant (p = 0.077). However. mental confusion was caly identificd m patients infected with
as d to the | group (7.5 vs 0, p = 0.029). The vanant group had also higher frequency of arthralgia (47.5
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vs 242%, p = (.015), hyporex:a (60 vs 32.3%, p = 0.006), Nausca/vomiting (35 vs 17.7%, p = (.0M8). Although not
statistically significant. the vanant group alse p d higher freguency of smportant resprralory symploms, such as
productive cough (27.5 vs 12,925, p = (L.065). There were no asymplomatic cases in ths study.

Clinical outcomes. acceeding to the WHO Climscal Progression Scale cnl it was observed moderate to severe

cases caly in the group of patients infected with the vanants, including the two deaths xlentified in the study. Seven cases of
hospstalization were identified in the studied patients, four (10%) in the vanant group and three (4.8%) m the control group.

However, these 3 patients from the control group that were hospitalized were classified as mild di but were hospitalized

1o perform exams due to comarbidities. From these, enly three of the case group (7.5%) evolved to high-flow oxygen therapy
and admzssion 1o the Intensive Care Unit, and 2 (5.0%) evolved to mechanical venbilation and death. These 2 deceased patients
had obesity and dyslspsdemaa in common.

The frequency of the SARS-CoV-2 vanants found by the viral genome sequencing was analyzed and some of the
major sympl P i by the p according 1o the virus variant 1s shown in Table 2. Higher frequency of the .1
variamt was observed. representing moce than half of the virus samples analyzed (52.5%). When the main clinical

manifestations were analyzed. according 1o the Lype of vanant, the patients infected with the P.1 vanant presented a higher

t

quency of hyy 1 voeiting and arthralgia. The symy of | canfusion was not p in patients infected

by the P.1 vanant, but st was more frequent in vanant P.2.

Tuble 2. Frequency of clinscal manifestaticas, evolution and outcome observed in the group nfected with vanants

Clinkal manifestations, evolution, .1 (Gamma) P2 (Zetta) B.1.617.2 (Delta) Other variants

and eutcome N=21828%)  N=7(17.8%) N=3(7.8%) N=9(2 gy,  Fralue
Anhralgiz % (m) 275(11) 5.0(2) 00 15.0(6) 0.015
Hyporexia, % (n) 20.0(12) 125 (5) 3.002) 125(5) 0.006
Nausea'vomiting, % () 1506} 7503) 30 1503) 0048
Mental confusion. % (a) 040y 50(2) 00 25¢1) 0.029
Oxygen therpy high flow 5002 0i0) 0(0) 25¢1) 0.793
Intensive care wnit admission 3042 D(0) o) 25¢1) 0.795
Mechanical ventilation 5042) 0(0) 010 0(0) 0.928
Death 5042) 0(0) 00} 00 0.928
* Fisher's Exact Test. Source: Authors.
4. Discussion
The p study rep the clinical-epidemiological profile of 40 patients infected with SARS-CoV-2 variants,

comparmg the clinical course and oulcome of these cases with a control group of 62 patients infected peeviously to the vanants
emerged. Our analyzes found similar epidemiological profiles in the control and m the case group. Both groups have a higher

frequency of n, and a stmilar average of age. The prevalence of health profi Is in the 1 group may be related
to the fact that they were more exposed al the beginning of the pandemic. The frequency of rbidities is hike what it 15
€xf linthe g | population. portraying no sclect:on bas, and no differences were observed n respect to comorbidities

between the groups. It was found a lower frequency of obesity than in the last census, when an average of 40% of chese adults

was detected (Ministenio da Ssude, 2020). This factor can have an impact on the analysis of outcomes, since # 1s known to be a

group with greater aggravatica arxd higher moctality. that may overcomse the virus vanant aspect stself (Graham et al,, 2021).
The greater mfectivity of one variant in relatson to another may be d to the ability of the virus to escape from

the smmune system. which can also cause a change in P ion. But it is still unclear how 15 the impact of such
6
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differences in the viml behavior, pathophysiology, and the morality, in relation te the ongmal genome (Tao et al., 2021). The
study of clinical presentation and ulcome is essential as a straiegy Lo investigate the capacily of vanianls 10 escape acquired
immunity and the possible response of discovered vaccines (Hemmer et al., 2021).

Mo evidence of an asspciation between variant infection and the total number of symptoms reporied by patienls was
found, as well as no relationship between dafferences in disease duration. This pattern was alse evidenced in other studses in
the literature (Grabam et al., 2021; Tao et al, J021). In the case group, it was ohserved more atypical manifistations compared
1o those reported in the first cases of Wuban, such 2s ahdominal pam, arthrlpea, hyporecia and mental confusion, which may
suggesl vins adaptalions to human being and infect of new cell groups, causing new clinscal manifesiations (Hemmer et al.,
2021} A meta-analyss study with reports from different countries found neumslogical manifestations of COVID in 73% of
haspstalized patients (Correia et al., 2020). Driness and mental confusion were symptoms reparted in all of them (Espindola
el al., 2020} In aur study, mental confusion was a symplom repocted only in the varant group, even with a lower number of
palients.

Regardmg to clinical evoltion and cutcome, # is nobeworlby that in both groups we found a hespilalization rate,
althaugh the hespilalization of the contral group was not related to COVID-19 severity, since they were all clssified as mld
diszase, and moderate to severe cases were present only in the case group. The need of oxygen and a lethality mbe were
vheerved only in the patients inliected by the varmants. However, these oumbers were beloaw the natsomal {Lamarca et al, 2021)
and inlemational average for COVID-19 (Grham e al, 2021}, which may be cormected 1o the access and guality of the
hezlthean: provided 1o the paticnts from this study, who were monatored dasly by phone

Studies in oiber countries have shown the associton of infiecton by variants with an increased risk of modtality
[Aleem et al, 2021 ). However, in Brazil, this association was not evidenced (Naveca ot al., 2021). Although there were no
significamt differences in comorbidities or demegraphic data between the groups m the present study, maybe because of the
low number of patients included, it is nol peasible 1o define the role of the variants itsell in the inducton of the most severe
tascs, includmg m the deaths. Bolh deaths reporied in thas study, occurned in patienls with severe abestty and dyslipidemia.

The study of the genetics of SARS-CoV-2 brings a leok at the capacaty of each variant o become dominant through
adaptations {Maury et al., 2021). The number of amalysed cases are stall lmited due 1o the few virus samples solated that are
submitted to genomic analyss. However, efforts 1o make correlation of genomics with the amalyss of clinscal data can provide
subsidses for the study of the behavior of new vinuses and guide treatments and vaccine efficacy (Chakmbaorty et al., 20205,
Moreaver, genomic dala available are necessary Lo better comprehension of pandemic, bul data accuracy is also important
[Abbud & Castilbe, 2022).

5. Conclusion

Therefore, this study reports differences between the climical course and oulcome of patients miected with SARS-
Co%-2 variants compared to patents miected with the original strain. Some sympioms were predominant in patients infected
by varmmts, as arhrales, hyperoxiz, nousca‘vomiting and menlal conlusion. There was no signafecant difference in
comarbidities or demographse data between the groaps. These results. besides therr mitabion, conmbutes 1o belter

comprehension of viral behavior and dsease management.
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