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RESUMO

Desde o primeiro registro de caso de COVID-19 no Brasil, o pais vivenciou ondas com
caracteristicas clinicas e epidemiologicas proprias, tornando-se um epicentro da
pandemia por SARS-CoV-2. Com a evolugédo desta, a descricdo de variantes de
interesse (VOI) e variantes de preocupacéao (VOC) levantou um alerta para o risco da
emergéncia de cepas mais contagiosas e virulentas. A caracterizagdo do perfil da
infeccdo por SARS-CoV-2 é fundamental para compreender os impactos da
introducédo das VOC na dindmica de transmissao e gravidade da doenca, permitindo
que se busquem medidas eficazes de saude publica para combater a pandemia. Com
0 objetivo de comparar o perfil clinico e epidemiologico da populagéo hospitalizada
por COVID-19 em um hospital terciario no sul do Brasil durante duas ondas
pandémicas e correlacionar os achados com a variante mais prevalente em cada
periodo, foi realizado um estudo de coorte retrospectivo, no periodo de margo de 2020
a julho de 2021. Os dados foram coletados por meio da revisdo de prontuarios
médicos e da ficha de notificacdo do Sistema de Informacdo de Vigilancia
Epidemioldgica (SIVEP-Gripe). A avaliagao genotipica foi realizada com base na
deteccao de mutacdes descritas em VOC avaliadas por meio do sequenciamento
completo do genoma. Dados de 2.887 individuos foram analisados, sendo 1.495 da
primeira onda e 1.392 da segunda onda. Houve predominancia do sexo masculino
nas duas ondas e a mediana de idade foi significativamente mais baixa na segunda
onda do que na primeira (59 anos e 52 anos, respectivamente; p<0.001). O gendtipo
Wild foi predominante na primeira onda, enquanto o gendtipo Gamma foi
predominante na segunda onda. A prevaléncia geral de comorbidades foi semelhante
nos dois periodos. Doencgas cardiovasculares e diabetes tipo 2 foram mais frequentes
na primeira onda, enquanto obesidade foi mais frequente na segunda onda. Nao
houve diferenga estatisticamente significativa entre as duas ondas em relagcdo a
frequéncia de sintomas relatados no momento da admiss&o, sendo dessaturacéo,
dispneia e tosse os sintomas mais comuns. A mediana de tempo entre o inicio dos
sintomas e a admissdo hospitalar aumentou da primeira para segunda onda
(p<0.001). Nao houve diferenca estatisticamente significativa entre as duas ondas em
relagcdo a gravidade da doencga e os desfechos clinicos, com taxa de fatalidade em
torno de 22% observada nos dois periodos. A pandemia de COVID-19 no Brasil foi
caracterizada por varias ondas epidémicas, cada qual com caracteristicas clinicas e
epidemioldgicas distintas, decorrentes de novas variantes virais. Apesar disso, nao
houve aparente aumento na gravidade da doenga com o surgimento dessas novas
variantes. Estudos prospectivos sao necessarios para identificar possiveis mudancas
no perfil clinico e epidemiolégico da infecgcao por SARS-CoV-2.

Palavras-chave: COVID-19; SARS-CoV-2; variante Gamma; fatores de risco;
gravidade.



ABSTRACT

Since the first recorded case of COVID-19 in Brazil, the country has undergone waves with
distinct clinical and epidemiological characteristics, becoming an epicenter of the SARS-
CoV-2 pandemic. With the pandemic’s progression, the description of variants of interest
(VOI) and variants of concern (VOC) raised an alert for the risk of the emergence of more
contagious and virulent strains. The characterization of the profile of the SARS-CoV-2
infection is fundamental to understand the impacts of the introduction of VOCs on the
dynamics of transmission and disease severity allowing for the identification of effective
public health measures to combat the pandemic. With the aim of comparing the clinical
and epidemiological profile of the population hospitalized for COVID-19 at a tertiary
hospital in southern Brazil during two pandemic waves and correlating the findings with
the most prevalent variant in each period, a retrospective cohort study was conducted from
March 2020 to July 2021. The data were collected through the review of medical records
and the Epidemiological Surveillance Information System (SIVEP-Gripe) notification form.
The genotypic evaluation was performed based on detecting mutations described in VOCs
evaluated through complete genome sequencing. Data from 2,887 individuals were
analyzed, with 1,495 from the first wave and 1,392 from the second wave. There was a
predominance of males in both waves, and the median age was significantly lower in the
second wave than in the first (569 years and 52 years, respectively; p<0.001). The Wild
genotype was predominant in the first wave, while the Gamma genotype was predominant
in the second wave. The overall prevalence of comorbidities was similar in both periods.
Cardiovascular diseases and type 2 diabetes were more frequent in the first wave, while
obesity was more frequent in the second wave. There was no statistically significant
difference between the two waves concerning the frequency of symptoms reported at the
time of admission, with desaturation, dyspnea, and cough being the most common. The
median time between the onset of symptoms and hospital admission increased from the
first to the second wave (p<0.001). There was no statistically significant difference between
the two waves in relation to the severity of the disease and clinical outcomes, with a fatality
rate of around 22% observed in both periods. The COVID-19 pandemic in Brazil was
characterized by several epidemic waves, each with distinct clinical and epidemiological
characteristics resulting from new viral variants. Despite this, there was no apparent
increase in the severity of the disease with the emergence of these new variants.
Prospective studies are necessary to identify possible changes in the clinical and
epidemiological profile of SARS-CoV-2 infection.

Keywords: COVID-19, SARS-CoV-2, Gamma variant, Risk factors, Severity.
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1 INTRODUGAO

A pandemia de COVID-19, causada pelo novo coronavirus (Severe Acute
Respiratory Syndrome Coronavirus 2 — SARS-CoV-2), foi um desafio global sem
precedentes na area da saude, com implicagdes significativas para os sistemas de
saude, economia e bem-estar social em todo mundo. Até junho de 2023, mais de 700
milhdes de casos e mais de 6 milhdes de mortes foram registrados no planeta em
decorréncia da COVID-19. No Brasil, pais que ocupa o segundo lugar em numero de
mortes e o0 sexto em numero de casos, a pandemia foi particularmente destrutiva
(HARAPAN et al., 2020).

A resposta a pandemia nao foi equiparavel em todos os paises, o que afetou
diretamente a disseminagdo do virus e a epidemiologia da doenca. As agdes dos
orgaos governamentais e os recursos destinados ao controle e prevengao da infecgéo
foram desproporcionais em muitos sentidos, resultando em medidas pouco efetivas e
no baixo controle do numero de casos e de 6bitos. Em diversos lugares, a falta de
infraestrutura humana e fisica para atender o grande numero de casos culminou no
colapso do sistema de saude, mesmo em economias mais robustas (BERNARDINO
etal., 2021).

No inicio da pandemia, Curitiba teve ascensao lenta do numero de casos e 0
Complexo Hospital de Clinicas-UFPR (CHC-UFPR) teve um papel de hospital de
retaguarda, recebendo os casos que excediam a capacidade dos demais hospitais do
Sistema Unico de Saude (SUS). Com o passar do tempo, houve aumento no nimero
de casos e, no inicio de 2021, o Brasil vivenciou uma segunda onda da pandemia, que
coincidiu com a identificacdo de novas variantes do SARS-CoV-2. Paralelamente, o
CHC-UFPR se tornou referéncia para internamentos por COVID-19 e, subjetivamente,
notou-se uma mudancga no perfil das hospitalizacées. Além disso, estudos nacionais
apontaram caracteristicas clinicas e epidemiologicas diferentes nos pacientes
hospitalizados durante a primeira e a segunda onda, sugerindo um aumento na
propor¢cao de pacientes jovens e com menos comorbidades na segunda onda da
pandemia.

A identificacao de fatores de risco para piores desfechos em pacientes com
COVID-19 pode orientar o manejo clinico e a tomada de decisbes terapéuticas.

Estudos prévios identificaram fatores relacionados a prognésticos menos favoraveis,
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entre eles a idade avancada, determinadas comorbidades e niveis elevados de
marcadores inflamatorios.

A busca por medidas farmacolégicas para a prevengao e tratamento da
doenca, considerando o agravamento dos casos causado pelas novas variantes virais
em circulagdo, desencadeou um esforgo conjunto envolvendo a comunidade
cientifica, agéncias reguladoras, gestores e profissionais de saude de todo mundo
para a realizagdo de inumeras pesquisas visando o desenvolvimento de
medicamentos e vacinas.

Nesse contexto, o presente estudo teve como objetivo avaliar as
caracteristicas clinicas e epidemioldgicas de dois momentos distintos da pandemia,
relacionando tais particularidades com a variante mais frequentemente identificada

em cada um dos periodos.

1.1 JUSTIFICATIVA

No contexto de uma pandemia causada por um virus emergente, no qual ha
necessidade de constante aprendizado, o estudo se torna relevante ao apontar o
comportamento da doenga em dois momentos distintos de atendimento em um unico
hospital, permitindo a analise dos desfechos em local com infraestrutura adequada,
sem os vieses da mortalidade relacionada a assisténcia precaria e do colapso do
sistema de saude. Ainda, apds algum periodo de atendimento e conhecimento
agregado, a analise dos dados permite a identificagcdo de pontos em que houve
melhoria no atendimento, identificagdo de diagndsticos diferenciais e complicagoes,
além de propiciar condi¢cdes para o fornecimento de dados para otimizacdo do
processo de diagndstico e de manejo dos pacientes no futuro.

Em razdo da diversidade regional e socioeconémica presente no territério
brasileiro, a evolugdo observada no numero de casos e 6bitos nas diferentes regides
do pais é diverso. Desse modo, torna-se evidente a importancia do fornecimento de
dados baseados em realidades sanitarias locais, pautados nas condi¢gdes da

infraestrutura e no aporte dos servigos de saude regionais.
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1.2 OBJETIVOS

1.2.1 Objetivo geral

- Comparar o perfil clinico e epidemiologico dos internamentos por COVID-19

em dois diferentes momentos da pandemia.

1.2.2 Objetivos especificos

- Identificar possiveis fatores que influenciaram na diferenga do perfil de
hospitalizagdes entre a primeira e a segunda onda pandémica,;

- Realizar a classificagao genotipica das variantes do SARS-CoV-2 detectados
em amostras clinicas dos pacientes hospitalizados por meio de sistema de
genotipagem baseados em duas sondas;

- Identificar possiveis fatores de risco que impactaram no desfecho da doenca.
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2 REVISAO DE LITERATURA

No final de 2019, a Organizagdo Mundial da Saude (OMS) foi notificada por
autoridades chinesas a respeito de casos de pneumonia de origem desconhecida
ocorridos ao longo do més de dezembro daquele ano (HARAPAN et al., 2020). Nas
semanas seguintes, o agente etioldgico dessa nova doenca foi identificado como
sendo um virus da familia dos beta-coronavirus, geneticamente préximo ao Severe
Acute Respiratory Syndrome Coronavirus, recebendo entdo a nomenclatura de SARS-
CoV-2. A doenga causada pelo SARS-CoV-2 foi nomeada COVID-19 e a
disseminagao do virus atingiu alcance global rapidamente, fazendo com que a OMS
declarasse o surto como emergéncia de saude publica de interesse internacional
(ESPIl) em 30 de janeiro de 2020, que rapidamente tornou-se uma pandemia de
proporgdes inéditas (WU; MCGOOGAN, 2020). Até margo de 2023, o numero de
casos de COVID-19 atingiu a marca de 760 milhées em todo o mundo e resultou na
morte de mais de 6,8 milhdes de individuos. Até o fim da ESPII declarado pela OMS
em 05 de maio de 2023, o continente americano foi o segundo mais afetado pela
pandemia, com os Estados Unidos liderando o ranking em numero de casos e o Brasil
ocupando o sexto lugar (OMS, 2023).

A transmissao inicial do SARS-CoV-2 foi associada ao Huanan Seafood
Market, em Hubei, na China e estudos genéticos foram realizados para identificar a
ancestralidade do virus. Acredita-se que o virus tenha sido introduzido no mercado
através de um hospedeiro desconhecido e sofrido adapta¢des que o tornaram capaz
de infectar morcegos e, a partir dai, o ser humano. Em seguida, o contagio pessoa-
pessoa teve papel importante na rapida propagagdo da doenga (HARAPAN et al.,
2020; YU et al., 2020).

A pandemia atingiu virtualmente todos os paises do mundo, porém o impacto
nao foi 0 mesmo em todos os locais. No Brasil, o primeiro caso de COVID-19 foi
confirmado em fevereiro de 2020 e em margo de 2021, o pais se encontrava no inicio
da segunda onda. Ja o Ira, neste mesmo periodo, ja havia experienciado quatro (AMIN
et al., 2022). As ondas foram delineadas por diversos fatores, incluindo diferencas
socioeconOmicas regionais, suscetibilidade da populagcdo, medidas de restrigao,
respostas dos servigos de saude, taxa de transmissao do virus e surgimento de novas
variantes (DE SOUZA et al., 2021).



16

Segundo o painel de dados da OMS (2023), no final de julho de 2020, o
numero de novos casos diagnosticados por dia no Brasil, atingiu a faixa dos 300 mil.
No inicio de novembro de 2020 esse numero havia caido para cerca 140 mil novos
casos diarios, evoluindo de forma ascendente até a faixa dos 400 mil novos casos/dia
no comego de margo de 2021. Tal numero se manteve estavel por quase trés meses,
voltando a cair somente em meados de julho de 2021. Simultaneamente a esse novo
aumento, ocorria a descricdo de novas variantes de interesse (VOI) e variantes de
preocupacao (VOC), que levantaram a hipotese de que uma variante mais contagiosa
ou virulenta poderia explicar o aumento nos casos (LI et al., 2021).

O SARS-CoV-2 é um virus de genoma RNA (29,9 kb) de fita simples com
orientacdo positiva e possui uma taxa de mutacdo de aproximadamente 104
substituicdes de pares de bases por ano, as quais podem, eventualmente, ocasionar
mutacbes em uma de suas quatro proteinas estruturais (espicula, envelope,
membrana e nucleocapsideo) levando ao surgimento de variantes (DE SOUZA et al.,
2021). Com o passar do tempo, algumas dessas variantes passaram a atrair a atengao
da comunidade cientifica devido a sua rapida emergéncia em populagdes locais, bem
como pela capacidade de transmissao e potenciais implicagdes clinicas, sendo entao
denominadas variantes de preocupacao (VOC) (LI et al., 2021).

A variante B.1.195 foi introduzida no Brasil ainda na primeira onda, sendo
substituida posteriormente pela B.1.1.28, que permaneceu dominante até meados de
novembro de 2020 (NAVECA et al., 2021). A variante Gamma (P.1) foi identificada
pela primeira vez em janeiro de 2021 no Japao, em quatro viajantes que retornavam
do estado brasileiro do Amazonas (FUJINO et al., 2021). Essa variante contém
mutacgdes potencialmente relevantes na proteina da espicula (spike) e pode ser até
2,4 vezes mais transmissivel que as variantes anteriores (LI et al., 2021). Estudos
filogenéticos mostram que ja havia circulagédo da P.1 desde o final de novembro de
2020 e, apenas trés meses depois, essa passou a ser a variante mais prevalente em
todo territério nacional (FREITAS et al., 2021; GRAF et al., 2022; LI et al., 2021).

Logo apds a descricdo dessa nova linhagem, um rapido e catastréfico
aumento de casos na cidade de Manaus causou o colapso do sistema de saude
amazonense (NAVECA et al., 2021). Essa nova linhagem cresceu rapidamente em
numero de casos € em menos de 3 meses passou a predominar na regido.
Comparativamente, entre 1° e 16 de dezembro de 2020, a prevaléncia de P.1 em

Manaus era de 4%, enquanto entre 1° e 15 de janeiro de 2021, a prevaléncia
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encontrada foi de 75% (FUJINO et al., 2021). Tal variante esta associada a maior
carga viral e maior transmissibilidade e acredita-se que sua disseminagéo pelo Brasil,
relacionada a segunda onda, se deu durante as viagens nos feriados de fim do ano
de 2020 (FUJINO et al., 2021). Em contrapartida, estima-se que a primeira onda tenha
se disseminado a partir de regides urbanas densamente povoadas e bem conectadas,
como Rio de Janeiro e Sdo Paulo (FREITAS et al., 2021; GRAF et al., 2022).

A COVID-19 pode variar amplamente em suas formas de apresentacéo,
desde casos assintomaticos até casos de Sindrome Respiratéria Aguda Grave
(SRAG). Os principais sintomas incluem tosse, mal-estar, cefaleia, coriza, alteragdes
de paladar e olfato. Sintomas incomuns estao relacionados ao trato gastrointestinal,
como nauseas e diarreia, e tegumento — como rash, urticaria e efluvio capilar. Nos
pacientes com doenga grave, sintomas frequentemente presentes incluem febre,
dispneia e desconforto respiratério. Eventos tromboembdlicos foram frequentemente
relatados, enquanto infeccdo bacteriana sobreposta a infecgao viral esteve pouco
presente no momento da admisséo hospitalar. Exames laboratoriais podem evidenciar
linfopenia, elevagdo de lactato desidrogenase (LDH) e de provas de atividade
inflamatdria, enquanto achados tipicos na imagem de tomografia computadorizada
(TC) de térax incluem opacidades em vidro fosco, habitualmente periféricas e/ou
subpleurais e com envolvimento de multiplos lobos. As regides centrais sao
frequentemente poupadas ou presentes em fases tardias da doengca (CHUNG et al.,
2020).

Dos individuos clinicamente sintomaticos, até 20% podem progredir para
doenga grave ou critica, com necessidade de tratamento com corticoides, suporte
ventilatério ndo invasivo ou invasivo e admissdo em unidades de terapia intensiva.
Classicamente, idosos e portadores de doencas crénicas sdo mais vulneraveis a
progredir para casos graves e criticos (ARIAS RAMOS et al., 2022; GALLO MARIN et
al., 2021; GRASSELLI et al., 2020; PERAZZO et al., 2022; RANZANI et al., 2021;
WANG et al., 2020; WILLIAMSON et al., 2020; WU; MCGOOGAN, 2020). Na primeira
onda, esse foi o perfil de pacientes hospitalizados nas cinco macrorregides do Brasil
(ARIAS RAMOS et al., 2022; RANZANI et al., 2021; WANG et al., 2020). Ja na
segunda onda, notou-se um aumento de hospitalizagdo de individuos jovens e nao
cronicamente doentes, levantando-se a hipdtese de que houve mudanga nas
caracteristicas dos pacientes com necessidade de hospitalizagdao (BASTOS et al.,
2021).
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No inicio da pandemia, Curitiba teve ascensao lenta do numero de casos e o
Complexo Hospital de Clinicas-UFPR (CHC-UFPR) serviu como hospital de
retaguarda, recebendo os casos que excediam a capacidade dos demais hospitais do
SUS. Com o passar do tempo e aumento no numero de casos, o CHC-UFPR passou
a receber um numero maior internamentos por COVID-19 e, subjetivamente, notou-se
uma mudanca no perfil das hospitalizacdes. Nesse contexto, o presente estudo teve
como objetivo avaliar as caracteristicas clinicas e epidemiolégicas dos pacientes
internados com COVID-19 em um hospital terciario de referéncia no sul do Brasil

durante dois momentos distintos da pandemia.
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3 MATERIAL E METODOS
3.1 DESENHO DO ESTUDO E PARTICIPANTES

Foi realizado um estudo de coorte retrospectivo no Complexo Hospital de
Clinicas da Universidade Federal do Parana (CHC-UFPR), um hospital académico
terciario no Parana, sul do Brasil. O estudo foi aprovado pelo Comité de Etica
Institucional (#n 51400121.9.0000.0096). Devido a sua natureza retrospectiva, o
Termo de Consentimento Livre e Esclarecido foi dispensado.

O estudo foi realizado com amostra de conveniéncia composta por pacientes
internados no CHC-UFPR em unidades respiratorias entre 11 de margo de 2020 e
1° de agosto de 2021. Com o objetivo de incluir também os pacientes com COVID-19
que estivessem fora das unidades respiratorias, foi realizado um rastreio em outras
unidades criticas em busca de individuos hospitalizados sob o CID-10 B34.2 (infecgao
por SARS-CoV-2 de localizagao néo especificada) no resumo de alta ou 6bito. Os
critérios de inclusao foram pacientes maiores de 18 anos com COVID-19 confirmada
ou provavel. Os critérios de exclusdo foram a coleta de teste para SARS-CoV-2 por
internagéo ou procedimentos eletivos, quando os sintomas foram atribuidos a outras
etiologias e pacientes com dados faltantes.

O estudo comparou as caracteristicas clinicas e epidemiologicas de pacientes
hospitalizados devido a COVID-19 em duas diferentes ondas da pandemia. A primeira
onda compreende o periodo entre 11 de marco de 2020 e 16 de fevereiro de 2021, e
a segunda onda entre 17 de fevereiro de 2021 e 1° de agosto de 2021. A data de corte
foi escolhida porque a primeira infecgdo em Curitiba pela variante P.1 foi confirmada
em 17 de fevereiro de 2021. Posteriormente, foram avaliadas as caracteristicas
clinicas e epidemiolégicas da populagao para identificar fatores de risco relacionados
a progressao para doenca grave e tracar comparagdes de curvas de sobrevivéncia

entre a primeira e segunda ondas.

3.2 COLETA DE DADOS

Foram coletados dados epidemioldgicos, clinicos e de desfecho baseados na

ficha de notificagdo padrdo para Sindrome Respiratoria Aguda Grave e dados
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enviados ao Sistema de Informacgéo de Vigilancia Epidemioldgica da Gripe (SIVEP-
Gripe), base de dados nacional utilizada para monitorar casos dessa natureza. Dados
complementares de imagem e outras informagdes clinicas relevantes foram obtidos

através do sistema informatizado do hospital.
3.3 DEFINICOES

Os casos de COVID-19 foram classificados entre confirmado, provavel ou

descartado, conforme os critérios apresentados no Quadro 1.

Quadro 1 - Critérios para classificagdo da COVID-19.

Classificagao Critérios

Caso confirmado — RT-PCR positivo para SARS-CoV-2 ou,

— Teste de antigeno positivo para SARS-CoV-2 ou,

— IgM reagente para SARS-CoV-2 e tomografia computadorizada (TC)
de térax com achados tipicos para COVID-19 e caracteristicas
clinicas compativeis com COVID-19.

Caso provavel — IgM reagente para SARS-CoV-2 e TC de térax com achados tipicos
para COVID-19 ou,

— IgM reagente para SARS-CoV-2 e caracteristicas clinicas
compativeis com COVID-19.

Caso descartado | Nao preenche nenhum dos critérios mencionados acima.
FONTE: A autora (2023).

Foram consideradas caracteristicas clinicamente compativeis a presenca de
pelo menos dois sintomas dentre febre, tosse, dispneia ou dessaturagao. Os achados
compativeis com infecgcdo pelo SARS-CoV-2 identificados na TC de tdérax foram
consolidagdes em vidro fosco, predominantemente periféricas e com acometimento
de multiplos lobos. Todas as tomografias foram avaliadas e interpretadas por um
radiologista e a solicitacdo do exame foi uma decisdo do médico assistente. Apenas
0s exames laboratoriais realizados no momento da admissao — ou aqueles mais
proximos da data de inicio de sintomas nos casos de infecgcdes nosocomiais — foram
utilizados na analise.

Para definicdo de gravidade da doencga foi usada como base a escala de
progressao clinica da Organizagdo Mundial da Saude (WHO Clinical Progression
Scale). A escala varia de 0 a 10 e entre os parametros avaliados estdo nivel de

assisténcia médica (ambulatorial, enfermaria ou unidade de terapia intensiva - UTI) e
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suplementagcdo de oxigénio (sem necessidade de suplementacdo de oxigénio,
suplementacao com cateter nasal, cateter nasal de alto fluxo, ventilacdo n&o invasiva
ou intubagao orotraqueal). Os escores de 4 e 5 foram classificados como doenga
moderada e aqueles acima de 6 como doenga grave (MARSHALL et al., 2020). Em
relacdo as comorbidades, foi utilizado o Charlson Comorbidity Index (CCIl) para
caracterizagao da populagao estudada (CHARLSON et al., 1987).

3.4 GENOTIPAGEM DO SARS-COV-2

A genotipagem por RT-qPCR foi realizada em amostras respiratorias (swab
ou aspirado nasofaringeo) positivas para SARS-CoV-2 armazenadas no laboratério
de virologia do CHC-UFPR. Foram usadas amostras de pacientes incluidos no estudo
e que tinham um valor de Cq menor que 35.

O RNA viral foi isolado da amostra clinica usando o sistema de extragao
automatizado Extracta 32 com o kit Extrata DNA e RNA viral (Loccus, SP, Brasil) de
acordo com as orientagdes do fabricante (ADAMOSKI et al., 2022).

Para caracterizar as variantes do SARS-CoV-2, foram utilizados dois sistemas
de genotipagem baseados em sondas. O primeiro identifica as variantes Alfa, Beta ou
Gamma e tipo selvagem (wild). O segundo identifica a variante Delta e diferencia Beta
de Gamma, Zeta ou tipo selvagem. A reacao RT-qPCR foi realizada no GoTaqTM
Probe 1-step RT-Sistema de PCR (Promega Bio Sciences, LLC, San Luis Obispo, CA,
EUA) de acordo com as diretrizes do fabricante usando uma entrada de 2,5 L de
RNA em um volume total de reacéo de 10 pL.

3.5 ANALISE ESTATISTICA

Os dados coletados foram armazenados em uma planilha eletrénica do
software Microsoft Excel 2013. As analises estatisticas foram realizadas utilizando o
software R Studio versao 3.6.1. Uma analise descritiva foi conduzida para exposi¢cao
das caracteristicas clinico-epidemioldgicas e laboratoriais. Os resultados de variaveis
quantitativas foram descritos por médias e desvios padrées ou por medianas e
intervalo interquartil (11Q), a depender da condigdo de normalidade. Variaveis
categoricas foram descritas por frequéncias e percentuais. Proporg¢des para variaveis

categoricas foram analisadas através do teste exato de Fisher ou qui-quadrado. Os
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testes de Mann-Whitney e Kruskal-Wallis rank sum foram usados para comparagao
de variaveis continuas, conforme apropriado. O desfecho primario foi comparar o perfil
clinico e epidemioldgico dos internamentos por COVID-19 em dois diferentes
momentos epidemioldgicos da pandemia. O primeiro momento foi definido entre 1° de
marc¢o de 2020 até 16 de fevereiro de 2021 e sera chamado de primeira onda. O
segundo momento compreende o periodo entre 17 de fevereiro de 2021 até 1° de
agosto de 2021 e sera chamado de segunda onda. A data de corte para divisdo das
ondas foi a confirmacdo da primeira infeccdo pela variante P.1 em Curitiba, que
ocorreu no dia 17 de fevereiro de 2021.

Andlises secundarias tiveram como objetivo analisar o perfil clinico e
epidemioldgico da populagédo global incluida no estudo, identificar fatores de risco
relacionados a evolugdo para doencga critica e tracar curvas de sobrevida
comparativas entre a primeira e a segunda onda. O método de Kaplan-Meier foi usado
para tracar as curvas de sobrevivéncia. A analise multivariada foi feita com o modelo
stepwise para selegao de variaveis, com ponto de corte de p<0,2. Foi estabelecido um
valor de p<0,05 como estatisticamente significativo e usado intervalo de confianga (IC)
de 95%.
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ABSTRACT

Background Since the first case of COVID-19, Brazil has undergone infection waves
with distinct characteristics and has become a pandemic epicenter. The description of
new variants has alerted the emergence of more contagious or virulent viruses.
Characterizing the profile of SARS-CoV-2 infection is essential for understanding the
effects on transmission dynamics and disease severity. Methods A retrospective
cohort study was performed. The primary outcome was to assess COVID-19
individuals admitted in wards and ICUs at CHC-UFPR between March 2020 and July
2021, correlating demographic, clinical-epidemiologic and survival data findings with
the most prevalent viral variant found in each period. Results Data from 2887
individuals were analyzed, 1495 from the first wave and 1392 from the second wave.
The Wild genotype was more predominant in the first wave and the Gamma variant in
the second wave. Hospitalization predominated among males in both waves, and the
median age was significantly lower in the second wave. The frequency of comorbidities
was similar in both waves. Regarding symptoms, there was no significant difference
between the waves, and the most common ones were desaturation, dyspnea, and
cough. There was no significant difference between the two waves regarding disease
severity and clinical outcomes. Conclusion The COVID-19 pandemic has lasted for a
long time, with periods marked by increases in the number of cases, often caused by
the emergence of viral variants, resulting in higher rates of infection and rapid
dissemination, but no apparent greater virulence.

Keywords: COVID-19, SARS-CoV-2, Gamma variant, Risk factors, Severity, VOC,

Clinical profile.
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BACKGROUND

The COVID-19 pandemic caused by the new coronavirus (Severe Acute Respiratory
Syndrome Coronavirus 2 - SARS-CoV-2) has been one of this century's most
significant global health challenges. It was responsible for approximately 760 million
cases and more than 6.8 million deaths worldwide until March 2023, with the United
States leading the number of cases and Brazil ranking sixth'. The American continent
is the second most affected by the pandemic.’

Similar to other countries, Brazil has had fluctuations in the number of cases and
fatalities since the first documented COVID-19 case in February 2020. Although the
pandemic has reached virtually every country, it has not occurred equally worldwide.
In some countries, the waves were shorter and more intense than in other countries.
For instance, Brazil was still in the second wave, whereas Iran was affected by four
waves until March 2021.2 The population's susceptibility, restriction measures, health
services responses, and SARS-CoV-2 transmission rate were influential in determining
the existence and severity of the waves.? Late in 2020, Brazil experienced a new rise
in hospital admissions. Concurrently, the description of new variants of interest (VOI)
and variants of concern (VOC) raised the hypothesis that a more contagious or virulent
variant could explain the increase in number of cases.* The B.1.195 SARS-CoV-2
strain was introduced in Brazil at the beginning of the pandemic and was soon replaced
by variant B.1.1.28.° VoC Gamma (P.1). This variant was first detected in four
Japanese travelers who returned from Brazil in early 2021, and became more
prevalent as the second wave progressed. When the Gamma variant first emerged in
northern Brazil, it was associated with mutations that increased viral load and
transmissibility, and it took less than three months for it to become dominant.*

Any individual can be affected by COVID-19, and up to 20% of those who are
symptomatic may progress to severe disease. Older adults and individuals with chronic
diseases are the most vulnerable to present severe and critical disease.” As a result,
they were the most prevalent group in terms of hospitalizations during the first wave.?-
0'In the second wave, an increase in hospitalization among young and not chronically
ill individuals raised the hypothesis of a shift in the characteristics of patients requiring
hospitalization.'” Thus, the present study aimed to examine the clinical and
epidemiological characteristics of individuals hospitalized with COVID-19 during the
two pandemic waves caused by distinct VOIs of the SARS-CoV-2 in a tertiary referral

hospital in southern Brazil.
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MATERIAL AND METHODS

Study design

A retrospective cohort study was conducted at Complexo Hospital de
Clinicas/Universidade Federal do Parana (CHC-UFPR), a tertiary academic hospital
in Parana, in southern Brazil. The study was approved by the Institutional Ethics
Committee board (#n 51400121.9.0000.0096). Due to its retrospective nature, the
informed consent was waived.

The study was conducted with a convenience sampling of patients hospitalized in
respiratory units at CHC-UFPR suspected of COVID-19 disease and patients in other
critical units identified with B34.2 ICD 10 (infection by SARS-CoV-2 of unspecified
location) between March 11, 2020 and August 1%t, 2021. The inclusion criteria were
patients with confirmed or probable COVID-19 disease. The exclusion criteria were
patients under the age of 18, those who tested positive for SARS-CoV-2 infection due
to elective inpatient care, those whose symptoms were attributed to other causes, and
patients with missing data.

Clinical and epidemiological characteristics of patients hospitalized due to COVID-19
in two different epidemiological moments of the pandemic were compared. The first
wave comprised the period between March 11", 2020 and February 16", 2021, and
the second wave comprised the period between February 17", 2021 and August 15,
2021. The cut-off date was chosen because the first COVID-19 infection in Curitiba by
the P.1 variant was confirmed on February 17", 2021.

Subsequently, the participants™ clinical and epidemiological characteristics were
assessed to identify risk factors associated with the progression to critical illness and

trace survival curve comparisons between the first and second waves.

Data collection

Epidemiological, clinical, and outcome data were collected based on a standard
notification form for Severe Acute Respiratory Syndrome from the Influenza
Epidemiological Surveillance Information System (SIVEP Influenza), a national
database used to monitor cases of respiratory infections. Chest computed tomography
(CT) data and other relevant clinical information were obtained through the Hospital's

Computerized System.



28

Definitions
The COVID-19 case was classified as confirmed, probable, or discarded, as presented
in Chart 1.

Chart 1. COVID-19 classification criteria.

Classification Criteria

Confirmed case — SARS-CoV-2 RT-PCR positive or,

— SARS-CoV-2 antigen test positive or,

— IgM reagent for SARS-CoV-2 and chest computed tomography (CT)
with typical COVID-19 findings and COVID-19 clinical features.

Probable case — IgM reagent for SARS-CoV-2 and chest computed tomography (CT)
or,
— IgM reagent for SARS-CoV-2 and COVID-19 clinical features.

Discarded Do not meet any of the above-mentioned criteria

The presence of two symptoms of fever, cough, dyspnea, and desaturation was
considered clinically compatible with COVID-19. Findings consistent with SARS-CoV-
2 infection identified on chest CT included ground-glass consolidations, predominantly
peripheral, and involvement of multiple lobes. All CT scans were analyzed and
interpreted by a radiologist, and the request for the exam was the assistant physician's
decision. For the evaluation, only the first laboratory exams performed at the patient's
admission (or, in the case of nosocomial infection, those closest to the date of onset
of symptoms) were considered.

A Clinical Progression Scale was used to classify the disease severity. The score
ranges from 0 to 10, and the parameters include level of medical assistance
(outpatient, ward, or ICU) and oxygen supplementation (no need for oxygen
supplementation, nasal catheter supplementation, high-flow nasal cannula, non-
invasive ventilation, or orotracheal intubation). Scores 4 and 5 were classified as
moderate, and scores above 6 were classified as severe disease.’> The Charlson
Comorbidity Index (CCIl) was used to categorize the studied sample according to the

comorbidities.’3

Virus genotyping
Virus genotyping was performed on clinical samples from patients included in the study
who had a Cq value <35 on the SARS-COV-2 RT-qPCR diagnostic.



29

The viral RNA was isolated from the clinical sample using the Extracta 32 automated
extraction system with the EXTRACTA DNA and viral RNA kit (Loccus, SP, Brazil)
according to the manufacturer's guidelines.

We used two probe-based genotyping systems to characterize SARS-CoV-2 variants.
The first identified Alpha, Beta or Gamma, and wild type. The second one determined
the Delta variant and differentiated Beta from wild-type, Gamma, and Zeta. RT-qPCR
reaction was performed in the GoTaq™ Probe 1-step RT-PCR system (Promega Bio
Sciences, LLC. San Luis Obispo, CA, USA) according to the manufacturer's guidelines,

with an input of 2.5uL RNA in a total reaction volume of 10uL.'

Data analysis

Statistical analyses were performed using the R Studio software, version 3.6.1. A
descriptive analysis showed the clinical, epidemiological, laboratory, and molecular
features. Data from quantitative variables were presented as medians and interquartile
range (IQR). Univariate analysis was performed using Fisher's exact and Chi-squared
tests for categorical variables. Mann-Whitney and Kruskal-Wallis rank sum tests with
Tukey's multiple post hoc comparisons were used for continuous variables, as
appropriate. We used Kaplan-Meier analysis to estimate the probability of survival and
log-rank testing for between-group comparison. Receiver operating characteristic
(ROC) curves were built to evaluate laboratory tests to find a cutoff point for poor
outcomes. To evaluate risk factors associated with the outcomes, adjusted OR (aOR)
was calculated using the multivariate model with a stepwise selection of variables, with
a cut-off point of p<0.2. All statistical tests were two-sided, with significance set at p<

0.05. A confidence interval (Cl) of 95% was used to adjust the estimates.

RESULTS

A total of 4,536 individuals over the age of 18 were hospitalized in COVID-19 settings
from March 11t 2020 to August 15t 2021 (Figure 1). The first wave was from March
11t 2020 to February 16", 2021 (a total of 343 days), and the second wave from
February 17, 2021 to August 2" 2021 (165 days).
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4546 individuals over 18
years of age were
hospitalized in COVID-19
units

1573 excluded because

did not meet confirmed or [

probable COVID-19
criteria

76 excluded because the
symptoms were attributed
to other causes

10 were duplicated T

Data from 2887
individuals were analyzed

1495 first wave 1392 second wave

Figure 1 - Flow-chart of study design.

Figure 2 shows the dynamics in the number of cases for the city of Curitiba, PR,
(Brazil), the hospitalizations at CHC-UFPR, and the viral variant detection in the region
over the same time period. As observed, wild-type and Gamma variants predominated
in the first and second studied periods, respectively.
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Clinical and demographic characteristics of the study population

The overall median age was 56 years (IQR 44-66), with a predominance of men
(53.6%) and white race (89.6%). Overall, 2359 (81.7%) patients reported having prior
diseases, the median Charlson Comorbidity Index score was 2 points (IQR 1-4).
Cardiovascular diseases were the most common comorbidities (46.1%), followed by
type 2 diabetes (25.8%) and obesity (17.9%). The median time of symptom onset was
9 days (IQR, 6-12) before hospitalization. The median time of hospitalization and
mechanical ventilation were 7 (IQR 4-16) and 8 (IQR 4-17) days, respectively.
Regarding disease severity, 1109 (38.4%) individuals had severe disease, while 1093
(37.9%) were admitted to critical units; 641 (22.2%) patients died during

hospitalization, while 77.8% were discharged.

Comparison of clinical and demographic data between the first and second
waves

Comparative analysis showed a predominance of men in both waves, 54% in the first
and 53.2% in the second. There was a significant reduction in median age in the
second wave (52 years, IQR 42-63) compared to the first (59 years, IQR 47-68 years),
p<0.001. The Wild genotype was more prevalent in the first wave (78%), while Gamma
was more prevalent in the second wave (95.3%).

Table 1 summarizes the clinical and demographic characteristics of participants
included in the study, divided by pandemic waves. The frequency of comorbidities was
similar in both periods. There was a lower prevalence of cardiovascular disease
(42.2% versus 49.7%, p<0.001) and type 2 Diabetes Mellitus (28.9% versus 22.4%,
p<0.001) in the second wave. There were more hospitalizations among obese
individuals in the second wave compared to the first (23% versus 13.2%, respectively;
p<0.001). Further, the Charlson Comorbidity Index median score in the first wave was
3 (IQR 1-4), while in the second wave was 2 (IQR 0-4), p<0.001.

There was no significant difference in the frequency of reported symptoms between
the waves, and the most common symptoms were desaturation (78.9% in the first wave
and 94.1% in the second), dyspnea (80.8% and 80.5%), and cough (62.2% and
58.8%), as shown in Figure 3.
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Table 1 - Baseline characteristics by pandemic wave of individuals hospitalized at Complexo Hospital

de Clinicas UFPR, from March 11th, 2020 to August 1st, 2021.

First pandemic wave

Second pandemic wave

n (%) n (%) p-value
Median age (in years) 59 (IQR 47-68) 52 (IQR 42-63) <0.001
Sex
Female 687 (46) 652 (46.8) 0.6602
Male 808 (54) 740 (53.2)
Race 1462 1382
White 1285 (87.9) 1264 (90.8) 0.0022
Non-white 177 (12.1) 118 (8.7)
Genotype 369 169
Wild 288 (78.1) 2(1.2)
Zeta 52 (14.1) 5(2.9) <0.001
Gamma 27 (7.3) 161 (95.3)
Alpha 2 (0.5) 1(0.6)
Comorbidities
Cardiovascular diseases 743 (49.7) 588 (42.2) <0.001
Hematological diseases 27 (1.8) 21 (1.5) 0.632
Liver diseases 37 (2.5) 26 (1.9) 0.323
Asthma 59 (3.9) 60 (4.3) 0.691
Type-2 diabetes 432 (28.9) 312 (22.4) <0.001
Neurological diseases 88 (5.9) 66 (4.7) 0.199
Lung diseases 116 (7.8) 54 (3.9) <0.001
Immune diseases 52 (3.5) 32 (2.3) 0.076
Kidney diseases 73 (4.9) 41 (2.9) 0.011
Obesity 197 (13.2) 320 (23) <0.001
Respiratory support
None 117 (7.8) 66 (4.7)
<0.001
Non invasive 820 (54.8) 840 (60.3)
Invasive 558 (37.3) 486 (34.9)
Disease severity
Mild 927 (62) 851 (61.1) 0.658
Severe 568 (38) 541 (38.9)
Outcome 0.564
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Discharge 1170 (78.3) 1076 (77.3)
Death 325 (21.7) 316 (22.7)

First wave Symptoms Second wave
78.9% ||NHTITTTEO TR T OO Desaturation T T TR R
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Figure 3 - Comparison between the frequency of the reported symptoms at the time of hospital
admission during the first and second pandemic waves.

In the first pandemic wave, the median time from the onset of symptoms to hospital
admission was 8 days (IQR 5-11), while in the second wave, it was 10 days (IQR 8-
12); p<0.001. The length of hospitalization was similar, 8 days (IQR 4-16) and 7 days
(IQR 4-16) in the first and second waves, respectively; p=0.684. The length of ICU stay
was 9 days (IQR 4-18) in the first wave and 10 days (IQR 4-21) in the second wave,
p=0.257, and the median time on mechanical ventilation was 7 (IQR 3-15) and 10 (IQR
5-21) days in the first and second waves, respectively; p<0.001. The median time from
the onset of symptoms to orotracheal intubation was 8 (IQR 5-12) and 10 (IQR 8-13)
days in the first and second waves, respectively, p<0.001. The proportion of patients
that did not require oxygen support was higher in the first (7.8%) than in the second
wave (4.7%); p<0.001. Regarding disease severity, there was no difference between
the two pandemic waves, and the proportion of patients admitted to the ICU was 40.3%
in the first wave and 35.3% in the second. Similarly, no significant difference was
observed in in-hospital mortality in both waves (21.7% in the first wave versus 22.7;
p=0.5642).

Overall, 78.6% of the laboratory samples were collected within 48 hours after
admission. Patients admitted during the second wave had significantly higher

inflammatory test values. Table 2 summarizes the laboratory results.



34

Table 2 - Laboratory test results of individuals hospitalized at CHC-UFPR from March 11th, 2020 to
August 1st, 2021.

First pandemic wave | Second pandemic wave

Laboratory results Median (IQR) Median (IQR) p value
(';\}/ng‘g_%ij ggﬂrﬂt) 1310.29 (569.25-1326) | 980.59 (519.5-1198.5) | <0.001
(J§t2|1t_)2i|:;lg/’;nL) 0.44 (0.33-0.64) 0.46 (0.32-0.64) 0.8884

NR 0?;;?1“;?;9 ) 0.86 (0.74-1.18) 0.80 (0.70-1.04) <0.001
ASpa”?}\fRag“_g‘:B?E)Sferase 37 (25-57) 41 (28-65) <0.001
A'a”‘r‘(‘f\l;rr(‘)‘f‘5°§r67f;erase 39 (23-63) 44 (28-75) <0.001
DHL 383 (289-503) 423 (328-559.5) <0.001

(NR 125-220 U/L)

(NR 4 62?r2r(l;Tng/mL) 1079.26 (478-2023.49) | 1246.36 (620.34-2487.88) | <0.001
CRP
(NR <05 mg/dL) 7.29 (3.26-13.73) 9.51 (4.67-16) <0.001
Procalcitonin 0.21 (0.08- 0
(NR<0.5 ng/mL) 0.72) 0.16(0.07:06) | 458
D-dimer 0
(NR <0.55 mg/L) 1.06 (0.56-2.4) 1.06 (0.59-2.61) 453

NR = normal range. CRP = C-reactive protein

Disease Severity Analysis

Univariate analysis of factors related to disease severity shows a higher median age
in patients with severe disease compared to those with moderate disease (59 versus
53 years, respectively; p<0.001). Male sex was also related to severe disease with a
p-value of 0.004. The Charlson Comorbidity Index score was higher in the severe
disease group, with 3 points versus 2 points in the moderate disease group; p<0.001.
Hospitalization length was longer in patients with severe disease (15 days; IQR 9-26)
compared to those with moderate disease (5 days; IQR 3- 9), p<0.001. Similar findings
were observed for the length of ICU stay (10 days [IQR 4-20] in severe disease versus
4 days [IQR 2-6] in moderate disease; p<0.001). Higher values of ferritin (median
1549ng/mL [IQR 682.5-2885.75ng/ml]; p<0.001) and c-reactive protein (CRP) (median
12.2mg/dL [IQR 6.46-16ng/ml]; p<0.001) were also associated with severe disease.
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Table 3 shows the multivariate analysis of factors associated with disease severity.

Age, sex, and obesity remained independent risk factors for severe disease.

Table 3 - Multivariate analysis of predictors associated with disease severity.

Variables Odds ratio | IC (95%) p value
Age 1.01 1-1.02 0.044
Male 1.23 1.03-1.46 0.021
cnarison Comorbidity 1.11 1.03-1.2 | 0.005
Fever 1.22 1.03-1.46 0.025
Neurologic disease 1.68 1.09-2.6 0.020
Obesity 2.14 1.71-2.68 | <0.001
Length of hospital stay 1.10 1.09-1.11 <0.001

Abbreviations: Cl, confidence interval.

Outcome Analysis

Patients discharged were significantly younger and more likely to be female compared
to those who died (median 53 years versus 65 years, p<0.001; and p=0.0032 for sex),
but no differences were observed for race. Mortality was more frequent among patients
with higher Charlson Comorbidity Index scores, and among those with kidney and
cardiovascular diseases. Although obesity was a risk factor for disease severity, no
significant difference was observed in the mortality rate. Also, no differences in
outcomes were found when the genotypes were compared. Furthermore, patients who
died were admitted significantly earlier to the hospital, and the median time between
hospital admission and the outcome was longer.

In the multivariate analysis, age, male sex (OR 1.3, Cl 1.03-1.63, p=0.024), disease
severity classification (OR 5.04, Cl 2.19-10.52, p<0.001) and need of invasive
ventilatory support (OR 5.64, Cl 2.81-12.65, p<0.001) remained as independent risk
factors for death.

Comparing the laboratory tests, patients who died had more pronounced lymphopenia
and higher values of DHL, ferritin, CRP, and d-dimer compared to those who survived.
Receiver operating characteristic (ROC) curves were built to analyse laboratory tests
in order to determine a cut-off point for poor outcomes. A value of 10.28mg/L for CRP

revealed a sensitivity and specificity for worst outcomes of 61.3% and 62.9%,
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respectively (AUC=0.655, 95% CI 0.628-0.681). Creatinine exhibited a statistically
significant difference in the outcome despite being somewhat over the reference value,
with a median of 1.92mg/dL for patients who died. Moreover, values above 1.05mg/dL
demonstrated 80.1% specificity but only 57.1% sensitivity for adverse outcomes (AUC
=0.717, 95% CI 0.690-0.745). Age of 58.5 years, Charlson Comorbidity Index score
of 2.5, ferritin of 1369.35ng/mL, DHL of 432.5U/L, and D-dimer of 1.25mg/L were
related to poor outcomes (AUC values of 0.708, 0.696, 0.613, 0.685, and 0.678,
respectively).

Figure 4 shows a comparison of survival rates for the first and second waves, and no

significant differences were found.
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Figure 4 - Kaplan-Meier survival analysis of patients admitted at CHC-UFPR comparing the first and
second pandemic waves.

DISCUSSION

The COVID-19 pandemic has had a profound impact on health services and also on
socio-economic aspects worldwide. It is a novel disease caused by an emerging
pathogen and has been present for approximately three years. During this period, we
faced pandemic waves caused by the emergence of viral variants as a result of
persistent viral replication independent of natural, passive, or active immunity. In Brazil,
between the first and second pandemic waves, frontline health care professionals

reported perceiving more severe cases and excessive work overload. In this study,
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seeking to evaluate the impact of these two events, we analyzed data from a single
tertiary facility to compare the hospitalizations between the first two waves of the
COVID-19 pandemic.

Overall, a significant difference was observed in patients' age, who were younger in
the second wave compared to the first wave. Moreover, despite chronic diseases being
more prevalent in the first wave, obesity was significantly more prevalent in the second
wave. However, no significant difference was observed in the fatality rate, which was
approximately 22%.819.15 Other studies also found a decrease in fatality rate
throughout the pandemic.?

The first publications describing the clinical and epidemiological characteristics of
COVID-19 showed high hospitalization rates among men and older adults.%®
Subsequent studies showed that advanced age and male sex were associated with
more severe disease and the potential need for mechanical ventilation and admission
to critical units, regardless of pre-existing comorbidities.’”” A Mexican study showed
that being above the age over 65 was associated with a higher risk of hospitalization,
especially when obesity was present,'® and a study from India showed a significant
association between advanced age and the risk of progressing to severe and critical
disease.’® Immunosenescence is responsible for changes in the innate and adaptive
immune response, and advanced age is naturally related to poor immune responses.
Differences in the immune system, sex hormones, physiological factors, and lifestyle
have been linked to a higher risk of poor outcomes in men.2°

Regarding comorbidities, studies have shown different findings. A Brazilian population-
based study showed that 16% of individuals did not have comorbidities,® while an
observational study from the United States showed that 84,7% of the patients had at
least one comorbidity at admission.?! Since the median age found in our study was
lower than previously reported in the literature and since older people tend to have
more comorbidities, these may explain why our study found more patients without
comorbidities. Similar to what was previously reported, the median time from symptom
onset to hospitalization varied between 6 and 8 days.? "

The overall fatality rate found in this study was considerably lower than those reported
in other studies, which can reach over 40%.2? A national study conducted in Brazil
compared the characteristics of hospitalizations during the pandemic's early months
across the country's five macroregions and found a nationwide mortality rate of 38%

and 31% mortality rate in the Southern region.? Lower fatality rates were observed in
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studies conducted at later phases of the pandemic,’™ which may suggest a positive
learning trend and more readily available physical and professional infrastructure.
Adopting health care protocols based on scientific evidence, such as using a high-flow
nasal cannula in hospital wards,?3 using corticosteroids and a qualified multidisciplinary
health care team contributed to the better results observed in this study.

Similar to the findings of an African population-based study, this comparative analysis
between the two waves showed a rise in the median time from the symptom onset to
hospital admission in the second wave compared to the first, showing a bed shortage
and a health-care system overload.?* This hypothesis may be supported by the
increase in the median time of mechanical ventilation usage in the second wave
without an increase in the length of ICU stay, suggesting a higher turnover of ICU beds
to fulfill the demand for this level of care. Furthermore, the lack of beds in critical units
may have delayed patients” intubation at the appropriate moment, resulting in more
severe cases being intubated and extending the duration of mechanical ventilation.
As shown in previous, there was a reduction in the median age of hospitalized
individuals in the second wave compared to the first wave.”’ A Mexican study
compared the first three waves of the pandemic and showed an increase in the risk of
hospitalization among young patients throughout the waves, with a significant higher
OR in the age group of 25-29 years in the third wave compared to the age group above
45 years in the first wave.??° The median age of hospital admissions was reduced by
nearly ten years, and there was a 7% increase in hospital admissions among
individuals aged 0 to 19.'820 Some hypotheses, such as previous infection immunity
and vaccination coverage, may explain this finding. In Curitiba, the COVID-19
vaccination began on January, 2021, for older adults, reaching the age group of 65
years in mid-April 2021. The role of the Gamma variant is also questioned, but a causal
relationship cannot be established. It is possible that, as the variant becomes more
transmissible, there has been an increase in cases among the population that has
remained vulnerable to infection, such as the economically active population.

The proportion of patients with comorbidities in the literature varies by wave and region.
Our analysis found an increase in hospitalizations of individuals without comorbidities
during the second wave, which is in agreement with an Indian study, but differs from a
Spanish cohort that found an increase in ICU admissions among individuals with
comorbidities.’®222425  These contradicting findings might be attributed to

socioeconomic factors and challenges with healthcare access, as developing countries
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face more significant barriers to health care and possibly less diagnosis and control of
chronic diseases. The prevalence of Type 2 Diabetes Mellitus and cardiovascular
diseases have both decreased significantly, while the prevalence of obesity has
increased and has been associated with more severe disease, but not with mortality.
The proportion of patients who did not require oxygen support was lower in the second
wave. These findings should be interpreted with caution, since oximeters for monitoring
saturation at home were made available as part of the restructuring of the primary
health care system. Improved assistance in these health units occurred, as did the
provision of home oxygen therapy. In addition, bed shortage was more significant in
the second wave. Therefore, only patients who had desaturation were referred to the
hospital.

In this study, laboratory tests revealed increased inflammatory markers such as CRP,
DHL, and ferritin levels in both waves, but they were significantly higher in the second
one. Changes in D-dimer levels and lymphopenia were also found. These findings are
consistent with previous studies,???" which found that increasing CRP levels by one
unit raises the probability of developing severe disease by 0.06%. CRP is more than a
marker of inflammation; it is also capable of maintaining the inflammatory response by
attracting leukocytes to areas of inflammation and causing the release of pro-
inflammatory cytokines. It is reasonable to assume that high levels of CRP are
associated with elevated interleukin 6 (IL-6) levels, given that the CRP gene is
predominantly activated by IL-6.2° Elevated serum levels of LDH, a protein present in
the cell cytoplasm, may suggest tissue injury or necrosis. According to previous
studies, having high levels of LDH may increase the risk of death by approximately
four times."”

In contrast to the second wave's subjective perceptions,'! there was no increase in the
severity of hospitalized cases or the number of deaths. The two waves had no
statistically significant difference in disease severity or outcome, and the survival
curves were similar.'2426 Several factors might explain these findings, including an
increase in the number of beds, the use of high-flow nasal cannulas, and the learning
curve in disease management, which was associated with a standardized care
protocol, enabling an optimized clinical management throughout the pandemic,
resulting in fatality rates lower than previously reported in the country.

The first months of the pandemic in Brazil were primarily caused by two strains,

B.1.1.28 and B.1.133. The Gamma variant (also called P.1) replaced the previous
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lineages in early 2021 and became the main variant in less than three months,?’ as
this study also showed. Unlike the first wave, in which the variant spread primarily from
densely populated urban areas, the second wave originated in the Amazon, a
geographically remote area with difficult access. The Gamma variant was estimated to
have an effective higher median reproductive number (Re) and was 1.56-3.06 times
more transmissible than previous non-Gamma variants.?” Although previous studies
have shown higher odds of hospitalization and ICU admission for Gamma cases,>32%
31 despite the predomination of Gamm cases in the second wave, we did not find higher
rates of UCI admission or mortality. Other studies also found differences in genotype
prevalence across waves, including a decrease in fatality rate following the emergence
of VOC Alpha.’® Although the Gamma variant has spread to many countries, it has
been identified mainly on the American continent (with 58% of the cases in Brazil and
26% in the USA);3" therefore, few studies have compared the impact of its introduction
in clinical and epidemiological aspects outside of Brazil.

In the univariate analysis, age, male sex, fever, neurologic disease, Charlson
Comorbidity Index score, obesity, and length of hospital stay were all associated with
higher disease severity. These factors remained independent risk factors after the
multivariate analysis, as shown in previous studies.?7:19.21.22

This study has limitations, mainly due to its retrospective nature, which depends on the
correct and detailed completion of medical records. Furthermore, there were constant
changes in disease knowledge and management, as well as variations in the number
of beds available to fulfill the demand for hospitalizations, which might have an
influence on some results. Additionally, we were unable to conduct a genetic analysis
on the entire sample, therefore we could not establish a cause-effect relationship
between the variants and their possible changes in the second-wave patterns.

In conclusion, the COVID-19 pandemic has lasted for a long time, with periods marked
by an increase in cases known as waves, which are typically caused by the emergence
of viral variants, in which mutations resulted in more enhanced viral fitness, greater
replicative capacity, and immune escape, resulting in higher rates of infection and rapid

dissemination, but no apparent greater virulence.
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SUPPLEMENTARY MATERIAL
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Figure 5 - ROC of laboratory parameters — Creatinine, Lactate dehydrogenase, Ferritin, CRP and D-
Dimer - in predicting the in-hospital mortality of COVID-19 patients.

Note: ROC, receiver operating characteristic; AUC, area under the ROC curve; CRP, C-reactive
protein.
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5 CONCLUSOES

A analise dos internamentos durante as duas primeiras ondas da pandemia
permitiu a identificagdo de diferengas clinicas e epidemiolégicas, incluindo uma
populagdo mais jovem e com menos comorbidades na segunda onda, além de uma
maior prevaléncia de obesidade. A introducdo da P.1 marcou o inicio da segunda
onda, tornando-se a variante dominante nos meses subsequentes. Dentre os fatores
de risco para piores desfechos, identificamos: idade avancada, sexo masculino e
necessidade de ventilacdo mecanica. Os exames laboratoriais relacionados a pior
prognostico foram LDH, PCR e ferritina elevados. Embora n&o tenhamos observado
diferencas significativas na gravidade ou na taxa de fatalidade entre as duas ondas,
as informagdes obtidas foram relevantes para aprimorar as estratégias de manejo
clinico da COVID-19. As curvas de sobrevida semelhantes sugerem que os protocolos
estabelecidos foram eficazes em manter a qualidade de atendimento ao longo das
duas ondas.

Entretanto, € importante mencionar que o estudo apresenta limitacoes,
sobretudo pelo carater retrospectivo da coleta de dados e da ficha de notificacéo, os
quais dependem do preenchimento correto e detalhado por outros profissionais. Além
disso, € valido ressaltar que, ao longo da pandemia, ocorreram mudangas constantes
nos conhecimentos e nas formas de atendimento, trazendo aprimoramento no manejo
e aperfeicoamento de protocolos. As variacbes nos numeros de leitos para suprir a
demanda de internamentos, bem como os afastamentos de profissionais de saude,
seja pela COVID-19, estafa mental ou outros fatores, também podem ter impactado

nos resultados encontrados.
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6 CONSIDERAGOES FINAIS

Por fim, destacamos a gravidade da pandemia de COVID-19 e as dificuldades
enfrentadas por toda a sociedade durante esse periodo. A rapida disseminagao do
virus colocou em xeque a capacidade dos sistemas de saude de todo o mundo e
mostrou a necessidade de politicas publicas mais efetivas e integradas para o
enfrentamento de crises sanitarias.

No caso do Brasil, o contexto politico conturbado e a falta de uma lideranga
consistente para manejar a crise contribuiram para agravar a situagao. A polarizagao
ideoldgica e a desconfianga em relagao as instituicées cientificas e de saude publica
dificultaram ainda mais a adogdao de medidas preventivas e a conscientizacdo da
populacdo sobre a importancia do distanciamento social e da vacinacao.

Além disso, a disseminacdo de noticias falsas e teorias conspiratérias
relacionadas a pandemia, muitas vezes alimentadas por lideres politicos e
influenciadores digitais, também representou um desafio para a comunicagao de
informacdes confiaveis e para a formagao de uma consciéncia coletiva em relagao a
gravidade da situagao.

Deve-se ressaltar a importancia da ciéncia e da cooperacéao internacional para
a producéo de vacinas e tratamentos eficazes contra a COVID-19. A resisténcia de
alguns grupos a vacinagao, porém, demonstra a necessidade de investimentos
continuos em educacdo e conscientizacdo da populagdo sobre o impacto da

imunizagao para a protecao individual e coletiva.
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mutantes

mals contaglosas ou vinulentas. O objetivo deste estudo & anallsar o perl clinizo & epldemioitgico da
populagan hosplalzada por SOVID-1% em hospital terelano no sul do Brasll comparando a5 duas ondas que
OCOTeram aké o momento, comelacionando o5 achados com o perfll genético da vanante encontrada com
malor frequéncla em cada periode & avallar as diferenies respostas Imunes humosals enfre pacleniss com
desfachos clinkeos favordvels ou desfavoravels @ expostos ou ndo 3 vacinagdo . Serdo coletados dados das
fichas de notfcagdo de SRAG enviadas ap SIVEP.

0= dados SEFAD AIMEZEN3ados em uma planiiha de software do Microsoft Excel. Serd reallzada uma analse
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espera-se obter dados para caracterizagao do perfil da infecgao pelo SARS-CoV-2 na populagéo estudada,
a fim de favorecer a compreensao dos impactos desses indicadores na transmissao, gravidade clinica da
infecgcao e diagndsticos laboratoriais, possibilitando a elaboragdo de ferramentas para consolidar e
direcionar agdes de saude publica de

enfrentamento a pandemia. Amostra 2000 participantes.”

Objetivo da Pesquisa:
Comparar o perfil clinico e epidemioldgico dos internamentos por COVID-19 em dois diferentes momentos
da pandemia.

Avaliacao dos Riscos e Beneficios:

Riscos:

O risco mais relevante do estudo é a quebra de sigilo dos dados. Assim, a protegdo dos dados € a principal
preocupacdo dos pesquisadores. Tal protecdo sera alcancada ao permitir que os dados sejam acessados
somente pelo grupo de pesquisa e identificacdo dos sujeitos da pesquisa seja feita apenas por codigos.
Beneficios:

A doenca causada pelo SARS-CoV2, apesar de amplamente estudada no ultimo ano, ainda é pouco
entendida e seus efeitos ainda ndo foram completamente dimensionados, caracterizando-se como um
desafio ndo s6 para ciéncia como também para a economia, a educacao e as relagdes

humanas. Devido as diferengas culturais e socioecondmicas, cada pais enfrenta a pandemia com o que
dispde em termos de tecnologia e infraestrutura fisica e humana. Paises como Brasil, com dimensbes
continentais, enfrentam ainda o problema de gestdo de recursos captados e

ofertados, influenciando a condi¢céo de vulnerabilidade de grupos sociais suscetiveis a maior exposigao.
Estudos como este sdo importantes, na medida em que fornecem dados que compdem um todo para
aquisicao de conhecimento sobre o virus e sobre a doenga por ele causada. Além

disso, sdo estudos locais que trazem dados de como é feito 0 manejo desses pacientes na pratica; em
circunstancias ndo ideais e muitas vezes sem a infraestrutura necessaria. Dessa forma, auxiliam na
adequacédo de condutas e praticas de enfrentamento da pandemia, caracterizando fatores que levam a
maior vulnerabilidade e possibilitando melhor direcionamento de recursos

Comentarios e Consideragdes sobre a Pesquisa:
Trata-se de um estudo para fins de conclusdo de mestrado da medicina.
Analise de dados: Os dados coletados serdo armazenados em uma planilha de software do
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Microsoft Excel 2013. Sera realizada uma analise descritiva para expor as caracteristicas clinicas e
epidemioldgicas dos sujeitos do estudo. Os resultados das variaveis quantitativas serdo descritos por
médias e desvios-padrdao ou por medianas e intervalo interquartil (IQ), dependendo da condicédo de
normalidade.

Consideragdes sobre os Termos de apresentagao obrigatoria:
Foram apresentados todos os termos obrigatérios. Inclusive foi solicitado dispensa de TCLE, por se tratar de

um estudo retrospectivo, sem contato direto com os pacientes.

Conclusodes ou Pendéncias e Lista de Inadequacoées:
Relatoria considera o projeto aprovado, podendo dar sequencia no estudo.

Consideragoes Finais a critério do CEP:

Diante do exposto, o Comité de Etica em Pesquisa em Seres Humanos do HC-UFPR, de acordo com as
atribuigcdes definidas na Resolucdo CNS 466/2012 e na Norma Operacional N° 001/2013 do CNS, manifesta
-se pela aprovacao do projeto, conforme proposto, para inicio da Pesquisa. Solicitamos que sejam
apresentados a este CEP relatérios semestrais sobre o andamento da pesquisa, bem como informacdes
relativas as modificagbes do protocolo, cancelamento, encerramento e destino dos conhecimentos obtidos.
Os documentos da pesquisa devem ser mantidos arquivados.

E dever do CEP acompanhar o desenvolvimento dos projetos por meio de relatérios semestrais dos
pesquisadores e de outras estratégias de monitoramento, de acordo com o risco inerente a pesquisa.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagao
Informagdes Basicas| PB_INFORMACOES BASICAS DO _P | 31/08/2021 Aceito
do Projeto ROJETO 1816040.pdf 21:16:59
Outros 5 Declaracao_de_ Ausencia_Custos.pdf| 31/08/2021 |Natalia Ramos Aceito
20:35:23 | Domino

Declaragao de 3_Concordancia_Servicos_Envolvidos.p| 31/08/2021 |Natalia Ramos Aceito
concordancia df 20:34:27 | Domino

Qutros CHECKLIST_DOCUMENTAL_PROJET | 31/08/2021 |Natalia Ramos Aceito
O_PESQUISACHC.pdf 20:25:16 | Domino

Projeto Detalhado |6 _PROJETO_DE_PESQUISA.pdf 31/08/2021 |Natalia Ramos Aceito
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/ Brochura 6 _PROJETO_DE_PESQUISA.pdf 20:24:29 |Domino Aceito
Investigador
Outros 8 QUALIFICACAO_PESQUISADORES | 31/08/2021 |Natalia Ramos Aceito
LATTES.pdf 20:24:05 | Domino
Declaragao de 4 DECLARACOES_COMPROMISSO_E| 31/08/2021 |Natalia Ramos Aceito
Pesquisadores QUIP.pdf 20:19:24 | Domino
TCLE / Termos de |7_DISPENSA_TERMO_CONSENTIME | 31/08/2021 |Natalia Ramos Aceito
Assentimento / NTO.pdf 20:16:35 | Domino
Justificativa de
Auséncia
Outros 2 DECLARACAO_ORIENTADOR_DO | 31/08/2021 |Natalia Ramos Aceito
PROJETO.pdf 20:10:48 | Domino
Solicitagdo Assinada|1_CARTA_ENCAMINHAMENTO_PESQ| 31/08/2021 |Natalia Ramos Aceito
pelo Pesquisador UISADOR_AQO_CEP.pdf 20:09:55 |Domino
Responsavel
Folha de Rosto Folha_Rosto.pdf 31/08/2021 |Natalia Ramos Aceito
20:06:00 | Domino
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