UNIVERSIDADE FEDERAL DE MATO GROSSO DO SUL
PROGRAMA DE POS-GRADUAGCAO EM DOENGCAS INFECCIOSAS E
PARASITARIAS

PATRICIA VIEIRA DA SILVA

FATORES DE RISCO PARA OBITO PELA COVID-19 E EFETIVIDADE DAS
VACINAS CORONAVAC E CHADOX1 FRENTE A VARIANTE GAMA NO BRASIL

CAMPO GRANDE-MS
2022



PATRICIA VIEIRA DA SILVA

FATORES DE RISCO PARA OBITO PELA COVID-19 E EFETIVIDADE DAS
VACINAS CORONAVAC E CHADOX1 FRENTE A VARIANTE GAMA NO BRASIL

Tese apresentada ao Programa de Pos-
graduagdo em Doencgas Infecciosas e
Parasitarias, da Universidade Federal de
Mato Grosso do Sul, como requisito parcial
para obtencao do titulo de Doutora.

Orientador: Prof. Dr. Julio Croda

CAMPO GRANDE-MS
2022



A tese intitulada FATORES DE RISCO PARA OBITO PELA COVID-19 E
EFETIVIDADE DAS VACINAS CORONAVAC E CHADOX1 FRENTE A VARIANTE
GAMA NO BRASIL, como exigéncia para obten¢do do grau de Doutor em Doengas
Infecciosas e Parasitarias, a banca examinadora de QUALIFICACAO, na Faculdade
de Medicina da Universidade Federal de Mato Grosso do Sul, MS, obteve conceito

BANCA EXAMINADORA NOTA/CONCEITO

Dr. Julio Croda - PPGDIP/UFMS; FIOCRUZ-MS

Dr2. Ana Lucia Lyrio de Oliveira — PPGDIP/UFMS

Dr. Marco Antdnio Moreira Puga - PPGDIP/UFMS

Dr. Rivaldo Venancio da Cunha PPGDIP/UFMS;
FIOCRUZ-MS

Dr. Roberto Dias de Oliveira — UEMS

Dr2. Karla Regina Warszawski de Oliveira - UFMS
(Suplente)

Campo Grande, de maio de 2022.



RESUMO

Em dezembro de 2019, um surto de pneumonia de origem desconhecida foi relatado
na China. O agente etioldgico foi identificado como coronavirus causador da sindrome
respiratoria aguda grave 2 (SARS-CoV-2) e a doenga nomeada como doenga do novo
coronavirus 2019 (COVID-19). O virus se espalhou por todo mundo e no Brasil foram
registrados mais de 30 milhdes de casos e 663 mil mortes. Numeros altamente
desproporcionais de mortes foram identificados entre alguns grupos, levando a
necessidade de elucidar quais fatores de risco estdo associados a desfechos graves
pela COVID-19. As vacinas contra o SARS-CoV-2 foram desenvolvidas,
comprovadamente eficazes e implantadas em campanhas de vacinacdo em massa.
Destacam-se entre elas, as duas primeiras vacinas distribuidas no Brasil, a
CoronaVac e a ChAdOx1. O surgimento das variantes de preocupacéo (VOCs), como
a variante Gama, criou a necessidade do monitoramento continuo da efetividade das
vacinas, uma vez que mutacdes observadas nessas variantes podem conferir escape
a imunidade e neutralizagdo dos imunizantes. Diante do exposto, este estudo teve
como objetivo descrever os fatores de risco para obito pela COVID-19 e estimar a
efetividade das duas primeiras vacinas frente a variante Gama no Brasil. Diferentes
metodologias foram utilizadas neste estudo. Para identificar os fatores de risco para
obito, foi realizada uma analise de sobrevida com todos os pacientes internados com
COVID-19 confirmada por RT-PCR no estado de Sdo Paulo cadastrados no Sistema
de Vigilancia Epidemioldgica da Gripe (SIVEP-GRIPE) no periodo de 26 de fevereiro
de 2020 a 10 de outubro de 2020. Para o estudo de efetividade foi realizado um caso-
controle pareado com teste negativo, comparando os casos de COVID-19 confirmada
por RT-PCR, hospitalizacdo e 6bito, em idosos durante a epidemia com alta
prevaléncia da variante Gama no estado de Sao Paulo, com as doses aplicadas da
CoronaVac e ChAdOx1. Observamos que homens, idosos, e pessoas com
comorbidades tiveram maior risco de obito pela COVID-19. A efetividade ajustada da
CoronaVac contra COVID-19 sintomatica foi de 24,7% em 0-13 dias e 46,8% em =14
dias apds a segunda dose. Ja a efetividade ajustada contra internagdes foi de 55,5%
e contra obitos foi de 61,2% =14 dias apos a segunda dose. A efetividade da
CoronaVac diminuiu com o aumento da idade. A partir de 28 dias apds a primeira
dose, a efetividade da ChAdOx1 foi de 33,4% contra COVID-19 sintomatica, 55,1%
contra hospitalizagédo e 61,8% contra ébito. A partir de 14 dias apds a segunda dose,



a efetividade do esquema de duas doses da ChAdOx1 foi 77,9% contra COVID-19,
87,6% contra hospitalizacdo e 93,6% contra 6bito. De acordo com os resultados
obtidos, pessoas que apresentam fatores de risco para agravamento da infec¢ao
devem ser priorizadas na vacinagao, afim de diminuir a mortalidade pela COVID-19.
Além disso, a conclusdo do cronograma vacinal de duas doses com CoronaVac e
ChAdOx1 oferece protegdo contra casos leves e graves da COVID-19 em idosos

durante a circulagao generalizada da variante Gama.

Palavras chave: COVID-19, Fatores de Risco, Variante Gama, Vacina



ABSTRACT

In December 2019, an outbreak of pneumonia of unknown origin was reported in
China. The etiologic agent was identified as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), and the disease named as novel coronavirus disease
2019 (COVID-19). The virus has spread all over the world and in Brazil more than 30
million cases and 663 thousand deaths have been recorded. Highly disproportionate
numbers of deaths have been identified among some groups, prompting the need to
elucidated which risk factors are associated with severe COVID-19 outcomes.
Vaccines against SARS-CoV-2 have been developed, proven effective and deployed
in mass vaccination campaigns. Among them, the first two vaccines distributed in
Brazil, CoronaVac and ChAdOx1, stand out. The emergence of variants of concern
(VOCs), such as the Gamma variant, created the need for continuous monitoring of
the effectiveness of vaccines, since mutations observed in these variants can provide
escape immunity and neutralization of immunizers. Given the above, this study aims
to describe the risk factors for death from COVID-19 and estimate the effectiveness of
the first two vaccines against the Gamma variant in Brazil. Different methodologies
were used in this study. To identify risk factors for death, a survival analysis was
performed with all hospitalized patients with COVID-19 confirmed by RT-PCR in the
state of Sdo Paulo registered in the Influenza Epidemiological Surveillance System
(SIVEP-GRIPE) in the period from February 26, 2020 to October 10, 2020. For the
effectiveness study, a matched, test-negative case-control study was carried out,
comparing the cases of COVID-19 confirmed by RT-PCR, hospitalization and death,
in the elderly during the epidemic with a high prevalence of the Gamma variant in the
state of Sdo Paulo, with administered doses of CoronaVac and ChAdOx1. We
observed that men, the elderly, and people with comorbidities had a higher risk of
death from COVID-19. The adjusted effectiveness of CoronaVac against symptomatic
COVID-19 was 24.7% at 0-13 days and 46.8% at =214 days after the second dose. The
adjusted effectiveness against hospitalizations was 55.5% and against deaths it was
61.2% 214 days after the second dose. The effectiveness of CoronaVac decreased
with increasing age. From 28 days after the first dose, the effectiveness of ChAdOx1
was 33.4% against symptomatic COVID-19, 55.1% against hospitalization, and 61.8%
against death. As of 14 days after the second dose, the effectiveness of the two-dose
regimen was 77.9% against COVID-19, 87.6% against hospitalization, and 93.6%



against death. According to the results obtained, people who have risk factors for
worsening the infection should be prioritized in vaccination, in order to reduce mortality
from COVID-19. Additionally, completion of the two-dose vaccine schedule with
CoronaVac and ChAdOx1 provides protection against both mild and severe COVID-

19 outcomes in older adults during widespread Gamma variant circulation.

Key words: COVID-19, Risk factors, Gamma variant, Vaccine
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1 INTRODUCAO

Em dezembro de 2019, um surto de pneumonia de origem desconhecida foi
relatado na cidade de Wuhan, provincia de Hubei, China (1). O agente etiologico foi
posteriormente identificado como coronavirus causador da sindrome respiratoria
aguda grave 2 (SARS-CoV-2) e a infec¢do como doenga do novo coronavirus 2019
(COVID-19) pela Organizagao Mundial da Saude (2). No Brasil, o primeiro caso de
COVID-19 foi relatado na cidade de Sdo Paulo em um homem de 61 anos cujo os
sintomas comecaram em 23 de fevereiro de 2020 (3). Desde entdo, mais de 30
milhdes de casos e 663 mil ébitos foram relatados no pais (4).

Numeros altamente desproporcionais de obitos pela COVID-19 foram
identificados entre alguns grupos populacionais, indicando a necessidade de
investigar quais fatores estdo associados a desfechos graves pela doenga,
principalmente entre pessoas hospitalizadas (5). Estudos mostraram que homens,
idosos e pessoas com comorbidades tém maior risco de hospitalizagdo e o6bito (6).
Uma analise retrospectiva das 250 mil primeiras hospitalizagées pela COVID-19 no
Brasil observou que a idade média dos pacientes foi de 60 anos e que a mortalidade
aumentou acentuadamente com a idade e a presencga de comorbidades (7).

Cento e noventa e cinco vacinas foram desenvolvidas desde o inicio da
pandemia, trinta e oito estdo em fase 3 do ensaio clinico e dezenove foram
autorizadas para uso (8). Dentre as vacinas autorizadas destacam-se, principalmente
em paises de baixa e média renda, a vacina de virus inativado CoronaVac (Sinovac)
e a vacina de vetor viral ChAdOx1 (AstraZeneca) (9,10). Ensaios controlados
randomizados mostraram eficacia de 70,4% para ChAdOx1 (10) e 51% para
CoronaVac (9) contra COVID-19 sintomatica apos administracdo de duas doses. No
Brasil, a distribuigdo dessas vacinas iniciou em janeiro de 2021 e desde entdo
aproximadamente 240 milhdes de doses foram aplicadas (11).

O surgimento das variantes de preocupacao (VOCs), associadas a diminuigao
da atividade de neutralizacdo pelos anticorpos vacinais, criou a necessidade do
monitoramento continuo da eficacia das vacinas (12). A VOC Gama foi detectada
pela primeira vez na cidade de Manaus (13) e acumula mutagdes que levam a maior
transmissibilidade, gravidade e diminuicdo da soroneutralizagdo (14,15). Desde o
inicio da pandemia foi a cepa responsavel pelo maior numero de ébitos no Brasil (16).
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Evidéncias sugerem que a eficacia seja reduzida para uma unica dose de ChAdOx1
contra a variante Gama (17) e CoronaVac (18).

Diante deste cenario, além de conhecer os fatores de risco para desfechos
graves, uma questao-chave é investigar se as vacinas ChAdOx1 e CoronaVac contra
a COVID-19 sao efetivas nas populacbes em maiores riscos desses desfechos
graves, como os idosos, que podem ter respostas imunoldgicas prejudicadas e estao
sub-representados em ensaios clinicos randomizados. Ademais, o surgimento de
variantes emergentes € uma preocupagao para o controle da pandemia, com isso
conhecer a efetividade das vacinas frente a variante Gama é fundamental para o

monitoramento e tomadas de decisdo como a necessidade de doses de reforgo.
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2 REFERENCIAL TEORICO

2.1 Os coronavirus

Os coronavirus (CoV) sao um grupo de virus de RNA envelopados, fita simples
de sentido positivo, pertencente a subfamilia Orthocoronavirinae, da familia
Coronaviridae, da ordem Nidovirales. Os coronavirus da subfamilia
Orthocoronaviridae se dividem em quatro géneros: Alphacoronavirus,
Betacoronavirus, Gammacoronavirus e Deltacoronavirus.(19) Dentre esses géneros,
sete coronavirus s&o conhecidos por infectar humanos, dois Alphacoronavirus (HCoV-
229E e HCoV-NL63) e cinco Betacoronavirus (HCoV-OC43, HCoV-HKU1, SARS-
CoV, SARS-CoV-2 e MERS-CoV) (20).

A caracterizagdo genémica dos coronavirus mostrou que morcegos e roedores
sdo as provaveis fontes génicas dos Alphacoronavirus e Betacoronavirus, enquanto
espécies aviarias parecem representar as fontes genéticas de Gammacoronavirus e
Deltacoronavirus. Os coronavirus se tornaram os principais patdgenos de surtos de
doengas respiratérias emergentes, podendo causar também doengas entéricas,
hepaticas e neurolégicas em diferentes espécies animais, incluindo camelos, bovinos,
gatos e morcegos. Por razdes ainda desconhecidas, esses virus podem atravessar as
barreiras das espécies e causar, em humanos, doencas que variam do resfriado
comum a doengas mais graves que levam a 6bito (21).

Os primeiros relatos de coronavirus humano endémico datam da década de
1960 (22), quando HCoV-OC43 (23) e HCoV-229E (24) foram reconhecidos como
importantes causas de infecgbes do trato respiratorio superior, ocasionalmente
associados a doengas pulmonares mais graves em idosos, recém-nascidos e
imunocomprometidos (25). Em 2004 e 2005, outros dois coronavirus foram isolados,
HCoV-NLG3 (26) de pacientes hospitalizados e criangas com doencga respiratéria
grave e HCoV-HKU1 (27) de pacientes idosos com comorbidades, respectivamente.
Além desses quatro, dois coronavirus epidémicos surgiram em humanos nas ultimas
duas décadas e foram responsaveis por alta letalidade, a Sindrome Respiratoria
Aguda Grave (SARS-CoV) (28) em 2002 e a Sindrome Respiratoria do Oriente Médio
(MERS-CoV) (29) em 2012.

O coronavirus da Sindrome Respiratoria Aguda Grave (SARS-CoV) foi

identificado pela primeira vez no sul da China (provincia de Guangdong) em novembro
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de 2002 (28,30). Ao final da epidemia, a China relatou mais de 8.000 casos da doenga
e 774 6bitos e letalidade de 7% (31). O surto global de SARS foi contido em julho de
2003 e desde 2004 n&o houve nenhum caso relatado (32). Ap6s o surgimento do
SARS-CoV, o MERS-CoV foi 0 segundo coronavirus que resultou em uma crise global
de saude publica (33). A MERS surgiu pela primeira vez em 2012 na Arabia Saudita,
quando um homem de 60 anos apresentou pneumonia grave (29). Desde entao, 27
paises reportaram casos, sendo 2.494 confirmados laboratorialmente e 858 obitos e
letalidade de 35% (34,35).

No final de 2019, o sétimo coronavirus conhecido por infectar humanos foi
identificado como causador de uma epidemia de pneumonia na China (1,36). Em 11
de fevereiro de 2020, a Organizagao Mundial da Saude (OMS) nomeou a nova doenga
como “COVID-19”, abreviacdo de “coronavirus disease 2019” (2). Em mar¢o do
mesmo ano, o Grupo de Estudo Coronaviridae, do Comité Internacional de Taxonomia
de Virus, responsavel pela classificacdo de virus e nomenclatura de taxons da
familia Coronaviridae, reconheceu este virus provisoriamente denominado 2019-
nCoV como formando um clado irmao do coronavirus da sindrome respiratéria aguda
grave (SARS-CoV), e o nomeou como SARS-CoV-2 (36).

Embora o SARS-CoV-2 tenha sido identificado pela primeira vez em Wuhan,
até o momento sua origem é desconhecida (36). A OMS divulgou um relatério no qual
explorou varias hipoteses sobre a origem do virus e apesar de ndo ter encontrado
resultados conclusivos, mostrou a importante participagcdo de animais no ciclo de
transmissao (37). Analises gendmicas sugerem que o SARS-CoV-2 provavelmente
evoluiu de uma cepa encontrada em morcegos e semelhante ao SARS-CoV e MERS-
CoV, avangou para hospedeiros intermediarios como pangolins e martas e por ultimo
para humanos (21,38,39). A sequéncia gendmica mais proxima do SARS-CoV-2 foi
encontrada em um coronavirus de morcego (Rhinolophus affinis) RaTG13 com 96,2%

de semelhanga (36).
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22 ACOVID-19
2.2.1 Caracteristicas e manifestagdes clinicas

A COVID-19, doenca causada pelo SARS-CoV-2, pode afetar os seres
humanos de diferentes maneiras, podendo variar de formas assintomatica ou
oligossintomatica, a doenca clinica caracterizada por insuficiéncia respiratoria aguda
com necessidade de ventilagdo mecanica, choque séptico, faléncia multipla de 6rgéos
e obito (21). O periodo médio de incubagdo do SARS-CoV-2, assim como a variante
Gama, é estimado em até 5 dias e a maioria dos pacientes desenvolvera sintomas
dentro de até 11,5 dias apds a infecgao (40). Entretanto, esse periodo pode mudar
de acordo com a cepa circulante, uma vez que a variante Delta apresentou periodo
médio de incubac&o de 4 dias e a Omicron 3 dias (41).

Os Institutos Nacionais de Saude (NIH) emitiram diretrizes que classificam a
COVID-19 em cinco tipos distintos: infeccdo assintomatica ou pré-sintomatica, doenca
leve, doenga moderada, doenga grave e doenga critica. A infec¢gado assintomatica ou
pré-sintomatica € caracterizada por individuos com teste positivo para SARS-CoV-2
sem quaisquer sintomas clinicos consistentes com a COVID-19 (42). Ja a doenga
leve caracteriza-se por individuos que apresentam algum sintoma da COVID-19, como
febre, tosse, dor de garganta, mal-estar, dor de cabecga, dor muscular, nausea, vémito,
diarreia, anosmia ou disgeusia, mas sem falta de ar ou imagem toracica anormal. A
doenca moderada é definida por individuos que apresentam sintomas clinicos ou
evidéncia radiolégica de doencga do trato respiratério inferior e que tém saturacéo de
oxigénio (SpO2) = 94% em ar ambiente (42).

A doencga grave é caracterizada por individuos que tém (SpO32) < 94% em ar
ambiente; uma relacéo entre presséo parcial de oxigénio arterial e fragdo inspirada de
oxigénio, (PaO2/FiO2) <300 com taquipnéia acentuada com frequéncia respiratoria
>30 respiragdes/min ou infiltrados pulmonares >50% (42). Por ultimo, a doenga critica
é definida por individuos com insuficiéncia respiratéria aguda, choque séptico e/ou
disfungdo de multiplos 6rgaos. Pacientes com doenga grave de COVID-19 podem
desenvolver a sindrome do desconforto respiratério agudo (SDRA), que tende a
ocorrer aproximadamente uma semana apos o inicio dos sintomas (42).

A sindrome do desconforto respiratorio agudo (SDRA) €& uma doenca
respiratoria aguda caracterizada por opacidades radiograficas bilaterais do torax com
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hipoxemia grave devido a edema pulmonar ndo cardiogénico (43). A definigdo de
Berlim classifica a SDRA em trés tipos com base no grau de hipdxia: leve (200 mmHg
< Pa02/FiO2 < 300 mmHg em pacientes que nao recebem ventilagdo mecanica ou
naqueles controlados por ventilagdo n&o invasiva (VNI) usando pressao expiratoria
final positiva (PEEP) ou pressao positiva continua nas vias aéreas (CPAP) = 5
cmH20); moderada (100 mmHg < PaO2/FiO2 < 200 mmHg) e grave (PaO2/FiO2 < 100
mmHgq) (44).

Embora a COVID-19 afete predominantemente o sistema respiratério, pode ser
considerada uma doencga viral sistémica, que afeta diversos 6rgéos, principalmente
em individuos hospitalizados, geralmente associada a maior gravidade (21). Entre as
manifestagdes em multiplos érgdos temos: manifestagbes renais (ex. lesdo renal
aguda) (45); manifestagdes cardiacas (ex. lesdo miocardica, arritmias, cardiomiopatia
e choque cardiogénico); manifestagbes hematologicas (ex. linfopenia e
trombocitopenia); manifestagdes gastrointestinais (ex. diarreia, nausea e/ou vomito);
manifestagbes  hepatobiliares  (ex. disfungcdo  hepatica); manifestagdes
endocrinolégicas (ex. niveis anormais de glicose no sangue e cetose euglicémica)
(46); manifestagcdes neurologicas (ex. anosmia e ageusia) (47) e manifestagdes

cuténeas (ex. lesdes acrais semelhantes a pseudo-frieiras) (48).

2.2.2 Transmissao e prevengao

A transmissdo do SARS-CoV-2 se da predominantemente de pessoa-a-
pessoa, através de goticulas ou particulas respiratorias contaminadas com o virus
expelidas ao tossir, espirrar e falar. A exposi¢cdo pode ocorrer quando alguém inala
essas goticulas ou particulas ou caso o individuo toque uma superficie que contenha
essas goticulas ou particulas contaminadas e, a seguir, leve suas maos aos olhos,
nariz ou boca (49). Sabe-se que as goticulas ndo alcangam mais de 1,8 metros de
quem as expeliu, revelando que essa € uma distancia segura que se deve manter de
quem apresenta manifestagdes respiratérias (49).

A transmisséao por superficies inanimadas contaminadas com SARS-CoV-2 foi
bem caracterizada com base em muitos estudos que relatam a viabilidade desse virus
em varias superficies porosas e ndo porosas. Em condi¢gdes experimentais, observou-
se que o SARS-CoV-2 é mais estavel em superficies de ago inoxidavel e plastico em

comparagao com superficies de cobre e papeldo, com o virus viavel sendo detectado
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até 72 horas apos a inoculagao das superficies (50). O SARS-CoV-2 pode se manter
viavel por periodos mais longos quando em baixas temperaturas, por até 28 dias a 20
°C em superficies comuns, como vidro, ago inoxidavel e cédulas de papel e polimero.
Por outro lado, o agente infeccioso sobrevive menos de 24h a 40°C em algumas
superficies (51).

Menos comumente, pode ocorrer a transmissao aérea de pequenas goticulas
e particulas de SARS-CoV-2 para pessoas a mais de 1,8 metros de distancia; em
casos raros, as pessoas que passam por uma sala anteriormente ocupada por uma
pessoa infectada podem ser infectadas. A infecgao por SARS-CoV-2 por transmissao
aérea de pequenas particulas tende a ocorrer apds exposi¢ao prolongada (ou seja, >
15 minutos) a uma pessoa infectada que esta em um espago fechado com pouca
ventilacdo (49). A transmissao vertical é possivel, mas ocorre em um pequeno
percentual de casos de infecgdo materna pela COVID-19 (52). Por fim, a transmisséo
por via oral-fecal ainda € discutida, pois apesar RNA viral ter sido encontrado nas
fezes, € necessario que o virus tenha capacidade infecciosa, o que até o momento
nao foi comprovado (53).

O risco de transmissao do SARS-CoV-2 pode ser reduzido com o uso de
mascaras (54), lavagem das maos (55) e intervengbes ndo farmacéuticas, como o
distanciamento social (56). As mascaras destinam-se principalmente a reduzir a
emissdo de goticulas carregadas com o virus pelo individuo infectado (fonte),
especialmente relevante para infectados assintomaticos, que se sentem bem e podem
nao estar cientes de sua infecciosidade para os outros. As mascaras também ajudam
a reduzir a inalag&do dessas goticulas pelo usuario. A relagao entre o controle da fonte
e a prote¢ao do usuario é provavelmente complementar e possivelmente sinérgica, de
modo que o beneficio individual aumenta com o aumento do uso de mascaras na
comunidade (57).

As intervengbes nao farmacéuticas (INF) como distanciamento social,
quarentena, isolamento, bloqueios, toque de recolher, restricbes de viagem, entre
outros, foram adotadas por diferentes governos em todo mundo para proteger a
populagdo da COVID-19. Essas estratégias tém sido usadas para reduzir o numero
de casos para niveis aceitaveis ou eliminar a transmissao pessoa-pessoa do virus e
mostrou-se eficaz. Entretanto, as INFs s&o uma forma complexa de intervengéao, pois
dependem de fatores culturais, sociais e econdmicos, para serem implementadas e

seguidas de forma adequada em um sistema de saude (58).
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Além da importancia de medidas de saude publica para prevenir ou diminuir a
transmissdo do SARS-CoV-2, o passo crucial para conter a pandemia global & a
vacinagao. A vacinagao € sem duvidas a maneira mais eficaz de prevenir a COVID-
19. Esforgos extraordinarios de instituicdes e pesquisadores em todo o mundo
resultaram no desenvolvimento de vacinas contra o SARS-CoV-2 em uma velocidade
sem precedentes (59). Vacinas altamente protetoras estdo sendo distribuidas ao
redor do mundo e estudos tem demonstrado que elas podem mitigar
substancialmente as taxas de infecgcdo, hospitalizacbes e Obitos pela doenca,
especialmente entre individuos vulneraveis com comorbidades e fatores de risco
associados a COVID-19 grave (60).

2.2.3 Diagnoéstico e tratamento

O teste padrao ouro para o diagnostico da COVID-19 & baseado em um teste
molecular de transcriptase reversa seguida pela reagdo em cadeia da polimerase em
tempo real (QRT-PCR), visando detectar o cDNA do virus em amostras respiratorias
como swab nasofaringeo e oral ou aspirado brénquico. O teste gRT-PCR fornece um
teste sensivel e especifico para detectar SARS-COV-2, com diferentes protocolos de
diagnostico incluindo sequéncias de primers alvo disponiveis no banco de dados
publico da OMS (61). Entretanto, esse teste também pode resultar em falsos negativos
se a quantidade de genoma viral for insuficiente ou se a janela de tempo correta de
replicagao viral for perdida. Além disso, o processo de RT-PCR necessita de equipe
especializada, infraestrutura laboratorial complexa e alto custo, dificultando a ampla
disponibilidade, principalmente em paises de baixa e média renda (61).

Outro teste para diagnostico da infec¢ao pela COVID-19 é o teste de antigeno.
O teste de antigeno é um exame imunocromatografico rapido, que ao invés de
detectar o material genético do virus, como na gRT-PCR, identifica as proteinas do
SARS-CoV-2 (ex. NCP). Os testes de antigeno s&o menos sensiveis, mas tém um
tempo de resposta mais rapido em comparagcado com qRT-PCR e sdo uma alternativa
em locais com escassez de recursos (62,63). Os testes soroldgicos avaliam a
presencga de anticorpos IgM e IgG que aparecem em resposta a infecgdo. Como os
anticorpos geralmente sdo detectados apenas 1-3 semanas apos o inicio dos
sintomas, esses testes sdo mais utilizados na vigilancia epidemiologica, para avaliar

a taxa geral de infecgdo pelo SARS-CoV-2 na comunidade (61).
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Considerando que essa doenga viral comumente se manifesta como
pneumonia, a imagem radioldgica tem papel fundamental no processo de diagndstico,
tratamento e seguimento. Os exames de imagem podem incluir radiografia de torax,
ultrassonografia pulmonar ou tomografia computadorizada (TC) de térax (21). Nao ha
diretrizes disponiveis sobre o momento e a escolha dos exames de imagem pulmonar
em pacientes com COVID-19 e o tipo de imagem deve ser considerado com base na
avaliacao clinica. Outros exames laboratoriais complementares podem ser utilizados
no manejo da doenga como hemograma, testes bioquimicos de funcgéo renal,
marcadores inflamatorios, entre outros (21).

A pandemia trouxe muitos desafios, entre eles o manejo terapéutico para tratar
0 aumento subito de casos pela COVID-19 em todo mundo. No inicio, o conhecimento
sobre a doenga era limitado, o que criou a necessidade de mitigar essa nova infec¢ao
com terapias experimentais e reaproveitamento de medicamentos, com foco nos
sinais e sintomas. A partir de entdo ocorreram avangos significativos, o que levou a
uma melhor compreens&o do manejo e desenvolvimento de novas terapéuticas (21).

Entre opc¢des terapéuticas potenciais propostas, autorizadas ou aprovadas
para uso clinico no manejo da COVID-19 estao: terapias antivirais (ex. Molnupiravir,
Remdesivir, Paxlovid, ritonavir em combinagdo com nirmatrelvir e Lopinavir/ritonavir),
produtos de anticorpos neutralizantes anti-SARS-CoV-2 (REGN-COV2, ex.
Casirivimab, Imdevimab, Bamlanivimab/Etesevimab e Sotrovimabe) e agentes
imunomoduladores (ex. corticosteroides, interferon-p-1a, tocilizumab,
Sarilumab/Siltuximab, Baricitinibe e tofacitinibe) (21). No Brasil, cinco medicamentos
estdo aprovados pela ANVISA: Remdesivir, Sotrovimabe, Baricitinibe, Paxlovid e
Evusheld® (cilgavimabe + tixagevimabe), sendo o ultimo um anticorpo monoclonal,

aprovado para uso emergencial em 24 de fevereiro de 2022 (64).

2.3 Epidemiologia

Os primeiros casos da COVID-19 foram relatados na cidade de Wuhan,
provincia de Hubei (China) no inicio de dezembro de 2019 (65). No entanto, devido a
doenca ser assintomatica ou causar apenas sintomas leves em muitos individuos
(66,67), é provavel que a transmiss&o possa ter ocorrido na comunidade antes desse
periodo (37). Apds a identificagdo do SARS-CoV-2 como causador de casos de

pneumonia em Hubei, o virus se espalhou para as demais provincias chinesas (68).



19

N&o demorou até que outros paises apresentassem circulagao viral significativa, tendo
como fonte de transmissao pessoas que retornaram de viagens da China. Inicialmente
o virus se dispersou pela Coréia do Sul, Italia, Ird e Jap&o e a seguir para os demais
paises da Europa, do Continente Americano e da Africa (69).

Em 30 de janeiro de 2020, a OMS declarou que o surto da COVID-19 constituia-
se em uma Emergéncia de Saude Publica de Importancia Internacional (ESPII), o mais
alto nivel de alerta da Organizagédo, conforme previsto no Regulamento Sanitario
Internacional. Essa decisdo buscou aprimorar a coordenacido, a cooperagao e a
solidariedade global para interromper a propagacéo viral (70). Apds o virus se
espalhar para varios paises e regides do mundo, a OMS declarou o surto da COVID-
19 uma pandemia, em 11 de margo de 2020 (71,72).

Desde entdo, o SARS-CoV-2 se espalhou para 223 paises, com mais de 500
milhdes de casos e aproximadamente 6 milhées de obitos relatados globalmente. Os
EUA experimentaram o maior numero de infecgdes por SARS-CoV-2 (mais de 78
milhdes) e ébitos (mais de 900 mil) relacionados a COVID-19, seguidos pelo Brasil e
pela india no ndmero de dbitos. A estimativa atual da OMS da taxa global de
mortalidade pela COVID-19 é de 2,2% (73). Ja a mortalidade intra-hospitalar variou
em média de 10% a 30% em diferentes paises, com taxas mais elevadas encontradas
em pacientes que foram admitidos em Unidade de Terapia Intensiva (UTI), homens,
idosos e pacientes com doengas preexistentes (6,7,74-77).

2.3.1 Brasil

O primeiro caso de COVID-19 no Brasil foi confirmado em 26 de fevereiro de
2020, na cidade de Sdo Paulo, em um homem de 61 anos com historico de viagem
ao norte da ltalia, local que ja havia relatado grande numero de infectados e Obitos
(3). Um estudo estimou que 54,8% de todos os casos importados no Brasil no inicio
da pandemia seriam provenientes de viajantes infectados na Italia, seguido de China
(9,3%) e Francga (8,3%) (78). Apesar das medidas adotadas pelo governo brasileiro, o
virus se espalhou rapidamente por todo territério nacional (79).

Transcorreram pouco menos de 5 meses desde a descoberta do primeiro
infectado pelo SARS-CoV-2 (8% semana epidemioldgica - SE), até o pico da primeira
onda (302 SE) com mais de 65 mil novos casos e 1500 6bitos registrados em um unico

dia. Nesse momento o Brasil ja apresentava aproximadamente 2,5 milhdes de casos
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confirmados, 213 mil hospitalizagées e mais de 85 mil 6bitos, sendo o segundo pais
com maior numero de casos e 6bitos pela COVID-19 no ranking mundial. A partir da
30? até a 442 SE ocorreu um declinio substancial de casos e obitos (80).

A primeira onda foi caracterizada pela introdugao e dispersao do virus no pais.
O estado de Sao Paulo foi responsavel por 35% das hospitalizacdes e 25% do total
de 6bitos nesse periodo (80). Com a implementagdo de medidas de isolamento e
biosseguranga o numero de infectados e Obitos teve um declinio como pdde ser
observado da 30? a 442 SE (81). Analises genbmicas demonstraram que as variantes
com maior prevaléncia durante o inicio e meio da primeira onda foram B.1.1.28 (20 a
30%) e B.1.1.33 (10 a 35%) e ao final a prevaléncia foi de aproximadamente 20% da
variante P.2 (Zeta) (82).

Em meados de novembro de 2020 comegou a segunda onde (80). Essa, por
sua vez, com maior impacto do que a primeira, com novos recordes diarios é
impulsionada pela introducdo de uma nova variante descoberta em Manaus, a P.1
(Gama) (83). Durante a segunda onda as variantes Zeta e Gama foram as mais
prevalentes. A Zeta teve maior prevaléncia durante a 50%/2020 a 72/2021 SE
(~20%). A partir da 72 SE a Gama dominou o cenario, variando de 60% a 90% entre
as variantes circulantes no Brasil (81).

A segunda onda foi marcada pelo colapso no sistema de saude de Manaus,
noticiado mundialmente, com dezenas de pessoas mortas por asfixia devido a falta de
oxigénio para suprir a demanda de casos graves (84). Entretanto, ndo foi apenas o
estado do Amazonas que sofreu com a disseminacdo da variante Gama. A medida
que ela foi se disseminando pelo territério nacional, novos recordes de obitos foram
registrados em todos os estados (80). Na 112 SE a taxa de ocupagao de leitos de UTI
COVID-19 para adultos encontrava-se em nivel critico (taxas superiores a 80% de
ocupacdo) em 18 de 19 estados e Distrito federal (85). O estado de Sao Paulo se
destacou novamente, com acumulo de quase 20 mil internagdes em uma semana (112
SE) (14) e mais de 1300 obitos em um dia, correspondendo a 30% das 6bitos no pico
da segunda onda (80).

Pesquisadores compararam as internacdes pela COVID-19 durante a primeira
e segunda onda no Brasil, com dados disponibilizados no Sistema de Informagéo de
Vigilancia Epidemiologica da Gripe - SIVEP-GRIPE. Os numeros médios de
admissdes por semana aumentaram em 59% da primeira para a segunda onda. Ja o

numero de pacientes que necessitaram de suporte ventilatorio ndo invasivo ou
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invasivo aumentou 192% e os obitos intra-hospitalares passaram de 33% para 40%.
Outro dado importante € que a mediana da idade dos pacientes hospitalizados baixou
de 63 para 59 anos (14). Analise realizada pela Fiocruz reforgou essa tendéncia de
hospitalizagbes em menores de 60 anos, incluindo também pessoas que
necessitaram de atendimento em Unidade de Terapia Intensiva (UTI) (86).

A segunda onda, com predominancia da variante Gama, foi a responsavel pelo
maior numero de internagdes e obitos ocorridos no Brasil desde o inicio da pandemia,
onde o numero de obitos chegou a mais de 4 mil em um unico dia. A partir de entao,
as infecgdes, internagdes e obitos tém uma queda, mas mantém estabilidade em altos
patamares até a 212 SE. Entretanto, a estabilidade ndo dura muito tempo e o numero
de casos e 6bitos voltou a subir. Na 252 SE o Brasil atingiu um novo recorde diario de
casos novos, aproximadamente 124 mil pessoas foram diagnosticadas com a doenga
(80,87).

A vacinagao contra a COVID-19 foi iniciada no final de janeiro de 2021, ainda
durante a segunda onda, com duas vacinas aprovadas pela ANVISA para uso
emergencial: a CoronaVac (Sinovac/Butantan) e ChAdOx1 (AstraZeneca/Fiocruz)
(88). A aplicacédo foi dividida a principio por quatro grupos prioritarios, um deles, os
idosos, 0 que pode explicar a diminuigdo nas hospitalizagbes (14,86) e
mortalidade(89) dos individuos desse grupo a partir da 62 SE. Apesar de a vacinagao
ter comecado na 32 SE, a implementacdo foi muito lenta, devido principalmente a
questdes burocraticas e dificuldade de resolutividade dos governos estaduais e
federal. A reducéao efetiva de dbitos pode ser observada apenas a partir da 242 SE,
em meados de junho (80,87).

A queda de casos e obitos se mantiveram em queda até a 12 SE de 2022, com
um pequeno aumento de casos no meio desse periodo, na 382 SE/2021, devido a
disseminagdo da variante Delta (16,87). A rapida introdugdo e disseminagao da
variante Omicron, e o relaxamento das medidas de biosseguranca e a alta mobilidade
devido as comemoragdes de final de ano, fizeram o numero de casos da COVID-19
disparar, com novo recorde diario de 287 mil novos casos registrados em apenas um
dia na 52 SE (80). Apesar do aumento exponencial de infecgbes, as hospitalizagbes e
obitos ndo ultrapassaram os numeros observados durante o pico da variante Gama,
compativel com estudos de outros paises que demonstraram que pessoas infectadas
pela variante Omicron tem menor probabilidade de serem hospitalizadas e ter
desfechos graves (90,91).
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O Brasil atingiu mais de 30 milhdes de casos confirmados da COVID-19. O
numero de oObitos chegou a mais de 660 mil, com uma taxa de letalidade de 2,2%.
Destes, 5 milhdes de casos (~17%) e 167 mil obitos (~25%) estdo concentrados no
estado de Sao Paulo (4). Segundo o Registro Nacional de Terapia Intensiva, 19% das
admissdes em UTI foram devido a COVID-19, desses ~35% foram a obito. Homens,
idosos e pessoas com comorbidades evoluiram mais para desfechos graves no Brasil
e no mundo (6,92).

2.4 Fisiopatologia do SARS-COV-2

2.41 Gendtipo e fenodtipo

O SARS-CoV-2 é um virus envelopado esférico ou pleomdérfico, com didametro
de aproximadamente 60-140 nm (93). Seu genoma €& composto por RNA de fita
simples de sentido positivo associado a uma nucleoproteina dentro de um capsideo
composto por proteina da matriz (94). A caracteristica mais proeminente dos
coronavirus sao as projegdes de glicoproteinas em forma de “espinhos” que emergem
da superficie do envelope. Esses “espinhos” trazem uma caracteristica marcante ao
virion, formando um aspecto de coroa, que levou ao nome Coronavirus. Alguns
coronavirus também contém uma proteina hemaglutinina-esterase (HE) em sua
superficie (95), entretanto, o sequenciamento do genoma completo e analises
filogenéticas demonstraram que o SARS-CoV-2 ndo possui o gene HE e
consequentemente a proteina HE (96).

Os coronavirus possuem os maiores genomas entre todos os virus de RNA
conhecidos (26,4 kb a 31,7 kb). Esse grande genoma conferiu a essa familia de virus
uma habilidade extra para acomodar e modificar genes, com seu conteudo guanidina
+ citosina variando de 32% a 43%. As extremidades 5' e 3' contém regides curtas nao
traduzidas. Para as regides de codificacédo, as organizagdes gendmicas de todos os
coronavirus sdo semelhantes. Os genes para as principais proteinas estruturais
ocorrem na ordem 5'-3": 5'-replicase ORF1ab, spike (S), envelope (E), membrana (M),
nucleocapsideo (N)-3', sendo as quatro ultimas proteinas codificadas pelas ORFs 10
e 11 no tergo do genoma proximo ao terminal 3' (97).

Além dessas quatro proteinas estruturais principais (S, E, M e N) diferentes
CoVs codificam proteinas estruturais e acessorias especiais, como proteina HE,
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proteina 3a/b e proteina 4a/b. Essas proteinas maduras sao responsaveis por varias
fungdes importantes na manutengao do genoma e na replicagéo viral (94).

A proteina spike (S) (~150 kDa) € um componente essencial para a infec¢ao
da célula hospedeira, responsavel tanto pela ligagao aos receptores celulares quanto
pela subsequente fusdo das membranas virais e celulares. Ela esta presente na
superficie do virus e usa sinais N-terminais como porta de entrada para o reticulo
endoplasmatico do hospedeiro (98). A glicoproteina S trimérica ndo requer nenhuma
outra proteina de superficie para a fusdo das membranas, classificada como proteina
de fusdo de classe 1 (99). Na maioria dos coronavirus, a proteina S é clivada por uma
protease semelhante a furina da célula hospedeira em dois polipeptideos separados,
S1 e S2. A subunidade S1 atua como dominio de ligacéo ao receptor; e a S2 forma o
pedunculo que fornece a estrutura de espinho (100).

A proteina M é uma proteina pequena (~ 25-30 kDa) com trés dominios
transmembranares, sendo a proteina estrutural mais abundante no virion (101).
Acredita-se que dé ao virion sua forma (100), possui um pequeno ectodominio
glicosilado N-terminal e um endodominio C-terminal muito maior que se estende de 6
a 8 nm na particula viral (102). Apesar de serem inseridas por co-tradugdo na
membrana do reticulo endoplasmatico, a maioria das proteinas M n&o contém uma
sequéncia sinal. Essa proteina pode permanecer em duas conformagdes que ajudam
a desencadear a curvatura da membrana e a afinidade de ligagao ao nucleocapsideo.
A proteina M do coronavirus desempenha um papel central na montagem do virus,
transformando as membranas celulares em oficinas onde os fatores do virus e do
hospedeiro se unem para produzir novas particulas virais (103).

A proteina E (~8-12 kDa) € encontrada em pequenas quantidades dentro do
virion. A caracteristica de sua membrana ndo esta completamente resolvida, mas a
maioria dos dados sugerem que € uma proteina transmembrana (100). Essa proteina
tem um papel muito significativo na patogénese e na manutencao da atividade do
canal ibnico influenciando respostas inflamatodrias do hospedeiro, mas n&o € essencial
no processo de replicagdo viral (104). Dados sugerem que a proteina E trabalha junto
com a proteina M para produzir envelopes de coronavirus (105), entretanto n&o se
sabe como a proteina E auxilia a proteina M na montagem do virion (100).

A proteina N constitui a unica proteina presente no nucleocapsideo. Ela &
composta por dois dominios separados, um dominio N-terminal (NTD) e um dominio
C-terminal (CTD). Embora a ligagao ideal requeira contribuigdo dos dois dominios,
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cada um deles utiliza mecanismos diferentes para se ligarem ao RNA (106). A proteina
N é fortemente fosforilada o que desencadeia uma mudanca estrutural, aumentando
a afinidade para RNA viral versus néo viral. A proteina N liga-se ao genoma viral em
uma conformacgéo do tipo migangas em um barbante (100). Dois substratos de RNA
especificos foram identificados para a proteina N; os Sequéncia Reguladora
Transcricional - TRSs e o sinal de empacotamento genémico. Verificou-se que o sinal
de empacotamento genémico se liga especificamente ao CTD (107). A proteina N
também se liga a nsp3, um componente chave do complexo da replicase, e a proteina
M. Essas interagdes de proteinas provavelmente ajudam a ligar o genoma viral ao
complexo replicase-transcriptase e, posteriormente, empacotam o0 genoma

encapsulado em particulas virais (100).

2.4.2 Replicagdo e patogénese

A entrada celular dos coronavirus depende da ligagao da proteina spike (S) aos
receptores celulares, e da ativagao dessa proteina pelas enzimas proteases da célula
hospedeira. O SARS-CoV-2 se liga a enzima conversora de angiotensina 2 (ECA-2)
por meio de sua proteina spike, 0 que permite que o virus entre e infecte as células.
Para que o virus complete a entrada na célula, a proteina spike deve ser preparada
pela protease. Semelhante ao SARS-CoV, o SARS-CoV-2 usa uma enzima chamada
serino protease transmembranar |l (TMPRSS2) para concluir esse processo. Para
anexar o receptor do virus (proteina spike) ao seu ligante celular (ECA-2), a ativagao
por TMPRSS2 é necessaria (94,108).

Depois que o virus entra nas células, o genoma do RNA viral é liberado no
citoplasma e traduzido em duas poliproteinas e proteinas estruturais. Em seguida o
genoma viral comecga a se replicar. As glicoproteinas do envelope recém-formadas
sdo inseridas na membrana do reticulo endoplasmatico ou Golgi, e o nucleocapsideo
é formado pela combinagcdo do RNA gendmico e da proteina do nucleocapsideo. Em
seguida, as particulas virais germinam no compartimento intermediario do reticulo
endoplasmatico-Golgi. Por fim, as vesiculas contendo as particulas do virus se
fundem com a membrana plasmatica para liberar o virus (109).

A partir do momento que o virus entra na célula, seu antigeno é apresentado
as células apresentadoras de antigeno (APC do inglés Antigen Presenting Cells).
Peptideos antigénicos sao apresentados pelo complexo principal de
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histocompatibilidade (MHC) ou antigeno leucocitario humano (HLA) e entédo
reconhecidos por linfocitos T citotoxicos (109). A apresentagcédo do antigeno estimula
a imunidade humoral e celular do hospedeiro, que sao mediadas por células B e T
(110). A resposta humoral inclui anticorpos dirigidos contra proteinas S e N, incluindo
IgM, 1gG e IgA (111). As interacdes celulares produzem um conjunto diversificado de
mediadores imunoldgicos contra o virus invasor, produzindo importante resposta
inflamataoria (95).

As formas leves e graves da COVID-19 resultam em alteragdes nos subgrupos
de leucdcitos circulantes e na secrec¢ao de citocinas, particularmente IL-6, IL-1(3, IL-
10, TNF, fator estimulador de colénias de granuldcitos e macrofagos (GM-CSF),
proteina 10 induzida por IFN (IP-10), IL-17, proteina quimiotatica de mondcitos 3
(MCP-3) e IL-1ra. As manifestacdes clinicas de uma resposta leve, com baixa
liberacdo de citocinas em resposta a infecgdo, incluem: febre, mialgia, artralgia,
nausea, erupgao cutanea, depressdo e outros sintomas semelhantes aos da gripe
(112,113).

Em contraste, a hiperproducdo de citocinas, também conhecida como
tempestade de citocinas, esta relacionada a forma grave da doenca. Ela € ocasionada
por um aumento subito nos niveis circulantes de diferentes citocinas pro-inflamatarias,
incluindo IL-6, IL-1, TNF-a e interferon. Este aumento resulta no influxo de varias
células imunes como macrofagos, neutréfilos e células T da circulagéo para o local da
infeccdo, com efeitos destrutivos no tecido humano resultantes da desestabilizagdo
das interagdes entre as células endoteliais, danos na barreira vascular, lesao alveolar
difusa, faléncia multipla dos 6rgaos e obito (114).

O SARS-CoV-2 atinge predominantemente os sistemas respiratorio e vascular
(21). Uma das principais causas de Obito entre os pacientes com COVID-19 é
insuficiéncia respiratéria pela sindrome do desconforto respiratério agudo (SDRA)
(68,115). Embora o mecanismo exato da SDRA pela COVID-19 n&o seja totalmente
compreendido, a produg¢ao excessiva de citocinas pro-inflamatorias € considerada um
dos principais fatores contribuintes (113). Mecanicamente, as complicagbes
pulmonares resultam da ruptura da barreira vascular levando a edema tecidual
(causando acumulo de liquido nos pulmdes), endotelite, ativagcdo das vias de
coagulagao com potencial desenvolvimento de coagulagéo intravascular disseminada

(CIVD) e infiltragao de células inflamatoérias desreguladas (116).
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O aumento da permeabilidade vascular e o subsequente desenvolvimento de
edema pulmonar em pacientes com COVID-19 grave sdo explicados por multiplos
mecanismos, entre eles temos: endotelite como resultado de lesdo viral direta e
inflamacéo perivascular levando a deposigdo microvascular e microtrombos;
desregulagcédo da renina-angiotensina-aldosterona (SRAA) pelo aumento da ligagao
do virus aos receptores ECA-2; ativacdo da via calicreina-bradicinina e contracao
aumentada das células epiteliais causando inchaco das células e desordem das
jungdes intercelulares (21,116,117).

O sistema respiratorio ndo é o unico alvo do SARS-CoV-2, ele pode afetar
outros sistemas vitais, como sistema nervoso central, hematoldgico, gastrointestinal,
renal, hepatico e cardiovascular (21). A ECA-2, receptor funcional do SARS-CoV-2,
esta envolvida na fungdo cardiaca e no desenvolvimento de hipertensdo e diabetes
mellitus (118). Estudos tem demonstrado que pacientes com sintomas graves
geralmente apresentam complicagdes envolvendo lesdo miocardica aguda (65,119).
Embora o mecanismo exato do envolvimento cardiaco na COVID-19 seja
desconhecido, € provavel que seja multifatorial e inclui a liberagdo de citocinas pro-
inflamatorias causando redugdo do fluxo sanguineo coronariano, diminuigdo do
suprimento de oxigénio, desestabilizagao da placa coronariana e microtrombogénese.
A IL-6 pode levar a inflamacé&o vascular, miocardite e arritmias cardiacas (120).

A leucopenia € uma das anormalidades laboratoriais mais comuns
encontradas na COVID-19. Esse achado pode ser devido a destruicdo de linfocitos
mediada por ECA-2 na invasao direta pelo virus, apoptose de linfécitos devido a
citocinas pro-inflamatoérias e possivel invasao do virus aos 6rgéos linfaticos (121). A
patogénese da hipercoagulagdo associada a COVID-19 provavelmente € induzida por
dano viral direto ou les&o induzida por citocinas. A lesao no endotélio vascular leva a
ativacdo de plaquetas, mondcitos e macrofagos, aumento da expressao do fator
tecidual, fator de von Willebrand e fator VIII que resulta na geragdo de trombina e
formacéao de coagulos de fibrina (122).

Achados clinicos e laboratoriais demonstraram que o SARS-CoV-2 € um virus
neurotrépico e pode invadir tecidos nervosos (123). A forma de entrada do virus no
sistema nervoso central (SNC), particularmente no cérebro, e seus mecanismos
fisiopatoldgicos ainda nao sao totalmente conhecidos. Teorias sugerem que a invaséo
e penetragdo viral ocorrem principalmente através da ECA-2 (124). A ECA-2 ¢é

expressa em diferentes estruturas cerebrais, particularmente em nucleos implicados
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na regulacéo central da fung&o cardiovascular, como o tronco encefalico, bem como
em regides nao cardiovasculares, como o cortex motor e rafe (125). As possiveis rotas
pelas quais 0 SARS-CoV-2 pode invadir o sistema nervoso central sdo a transferéncia
transsinaptica através de neurénios infectados por meio do nervo olfatério, infecgao
de células endoteliais vasculares ou migragdo de leucécitos através da barreira
hematoencefalica (125).

As manifestacdes gastrointestinais da COVID-19 incluem diarreia, nausea,
vomito e dor abdominal. RNA do SARS-CoV-2 foi detectado na matéria fecal em
pacientes assintomaticos, apos amostras respiratorias testarem negativas para o
virus. Entre os possiveis mecanismos da patogénese viral no trato gastrointestinal
temos: 1. os receptores ECA-2 sdo expressos no epitélio do trato gastrointestinal,
criando o potencial de replicacao viral neste local; 2. pode haver uma lesao direta no
sistema gastrointestinal devido a resposta inflamatéria. Os enterdcitos absortivos
podem ser infectados e destruidos pelo SARS-CoV-2, potencialmente levando a ma
absorc¢ao, secrecgao intestinal desequilibrada e ativacao do sistema nervoso entérico,
resultando nos sintomas descritos (126,127).

A patogénese da lesdo hepatica em pacientes com COVID-19 é explicada por
muitos mecanismos isolados ou em combinagao que incluem replicagao viral mediada
pela ECA-2 no figado, lesdo mediada diretamente pelo virus, lesdo isquémica,
resposta inflamatoria, lesdo hepatica induzida por drogas ou agravamento de doenga
hepatica preexistente (126). Assim como em outros sistemas, 0 mecanismo para no
comprometimento renal encontramos leséo direta do virus, desequilibrio no SRAA,
estado hiperinflamatorio induzido por citocinas, lesdo microvascular e
hipercoagulagdo associada a COVID-19. Além disso, hipovolemia, agentes
nefrotoxicos e sepse também podem contribuir potencialmente para a lesdo renal
(21,128).

2.5 Fatores de risco para desfechos graves

O conhecimento dos fatores de risco que levam a desfechos graves como
hospitalizagdo, admissdo em terapia intensiva (UTI) e obito, causados pela COVID-
19, é de extrema importancia. Ele auxilia nas tomadas de decisdo no manejo clinico,
principalmente quando ha escassez iminente de recursos de saude, como leitos de

UTI; nas medidas preventivas especificas com priorizagédo de intervengdes e triagem
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nao farmacéuticas das pessoas em risco; e pode ser importante para o desenho e
interpretacdo de ensaios clinicos sobre a eficacia de tratamentos. Intervengdes
urgentes de saude publica devem ser cuidadosamente adaptadas e implementadas
para os grupos em risco, afim de reduzir a mortalidade pela COVID-19. Estudos tem
demonstrado que os principais fatores de risco incluem caracteristicas demograficas
e condi¢des clinicas como comorbidades subjacentes (6,129).

Muitos relatérios verificaram o impacto das comorbidades na gravidade da
COVID-19. A porcentagem de pacientes com condicbes médicas preexistentes
infectados pelo SARS-CoV-2 que necessitaram de hospitalizagao foi seis vezes maior
do que pacientes sem comorbidades (21). Diversas doengas estao relacionadas a
maior risco de desfechos graves e obito pela COVID-19, incluindo cancer (130),
doenga hepaticas cronica (126), HIV (131), obesidade (132), tuberculose (133),
condigdes de saude mental (134), fibrose cistica (135), condi¢cdes cardiacas (136),
doenga pulmonar obstrutiva crénica (DPOC) (137), diabetes mellitus (138), doenca
renal cronica (139) e condigdes neuroldgicas (140).

Os homens apresentaram maior risco de infecgdo, doenga grave, admissao em
UTIl e obito pela COVID-19 (6,129,141). Além de diferengas socioecondmicas,
comportamentais e de estilo de vida, entre homens e mulheres, acredita-se que a
distingdo do sistema imunolégico de homens e mulheres pode explicar parcialmente
a discrepancia na incidéncia e gravidade pela COVID-19 (129). Dentro do sistema
imunolégico adaptativo, os homens tém numeros mais baixos de células T CD8+,
células T CD4+(142) e diminuicdo da producao de células B em comparagédo com as
mulheres (143). Além disso, uma vez que alguns importantes genes reguladores
imunologicos estéo localizados no cromossomo X, as pacientes mulheres podem ser
beneficiadas devido a uma expressao mais alta de TLR7 (Toll Like Receptor 7), sensor
imune inato responsavel pela indugcdo de interferon tipo | e outras citocinas
inflamatorias importantes na resposta imune antiviral (6).

Outro risco demografico relacionado a gravidade pela COVID-19 é a idade. A
relacdo entre idade avancada e aumento do risco de infecgdo, hospitalizacao,
admissdo em UTI e Obito € amplamente relatada (6,144,145). Estes achados podem
ser explicados pela imunossenescéncia, definida pela reestruturagcdo do sistema
imune durante o envelhecimento, com alguns parametros diminuidos, inalterados ou
mesmo aumentados (146). O envelhecimento € caracterizado por um estado pro-

inflamatorio crénico com ativagado imune inata persistente de baixo grau que pode
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aumentar o dano tecidual causado por infecgdes em idosos. Em adicdo, com a idade
as ceélulas do sistema imune inato e adaptativo exibem reducdo de performance (129).

O envelhecimento também esta associado a uma alta prevaléncia de
comorbidades, que sio fatores de risco para COVID-19. Além disso, idosos
apresentam diminuigdo da capacidade de reserva fisioldgica dos 6rgaos vitais, o que
pode levar ao aumento da fragilidade e, juntamente com um sistema imunoldgico
envelhecido, pode colocar os idosos em risco de pior prognostico e maior risco de
mortalidade quando infectados pelo SARS-CoV-2 (129). E importante destacar que
alguns idosos, pessoas com doengas subjacentes ou os dois, continuam
desenvolvendo doencga grave e Obito pela COVID-19, com o passar do tempo apos a
vacinagao, mostrando a necessidade de monitoramento periddico dessas populagoes
e implementagao de doses de reforgo da vacina (147,148).

A gravidade da infecgdo e a mortalidade relacionadas a COVID-19 também
variam entre os diferentes grupos étnico-raciais. Segundo o Centers for Disease
Control and Prevention (CDC), minorias étnico-raciais nos EUA como pretos,
hispanicos e asiaticos tiveram uma porcentagem maior de hospitalizagdes
relacionadas a COVID-19 do que pacientes brancos (149). Dados semelhantes foram
encontrados no Brasil, em que a mortalidade na populagcdo preta/parda foi
notavelmente maior em comparagdo com a populagdo branca (150). Essa alta
porcentagem de hospitalizagdes e obitos pela COVID-19 entre esses grupos foi
impulsionada pela maior exposicdo ao SARS-CoV-2, relacionada a desigualdade
socioeconOmica e maior incidéncia de doengas associadas (151).

Além dos individuos com risco para agravamento e 6bito devido as condigbes
clinicas e demograficas, existem grupos com elevado grau de vulnerabilidade social
e, portanto suscetiveis a um maior impacto ocasionado pela COVID-19 (152). A
identificacdo das populagdes vulneraveis € de vital importancia para que as
intervengdes possam reduzir a propagac¢ao da doenga, controlando a disseminagao
do virus, afim de proteger a vida, diminuir o risco de casos graves de COVID-19 e
surgimento de novas variantes (153). Entre os grupos vulneraveis temos indigenas,
ribeirinhos, quilombolas, pessoas em situacdo de rua, privados de liberdade,
refugiados, pessoas com deficiéncia permanente, entre outros (88).

Os trabalhadores de saude constituem outro grupo que precisa ser destacado.
Apesar de relatorios ndo demonstrarem maiores taxas de hospitalizacdo e ébitos
nesse grupo em relagéo a populagao geral, eles estdo na linha de frente do combate
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a COVID-19, correndo maior risco de adquirir a doencga e, posteriormente, contaminar
pacientes e outros que se encontram em maior perigo de desfechos graves (154,155).

Pesquisadores do Reino Unido realizaram uma revisdo sistematica e meta-
analise e observaram que, mulheres gestantes e puérperas sao mais propensas a
serem internadas em UTI ou necessitarem de ventilacdo invasiva quando comparada
as mulheres n&o gravidas em idade reprodutiva. Comorbidades pré-existentes, etnia
nao branca, hipertensdo cronica, diabetes pré-existente, idade materna elevada e
indice de massa corporal elevado sdo fatores de risco para COVID-19 grave na
gravidez. Gestantes com COVID-19 versus sem COVID-19 tém maior probabilidade
de parto prematuro e podem ter um risco aumentado de obito materno e de serem
internadas na UTI. Outro dado importante € que os bebés nascidos de gestantes
infectadas pelo SARS-CoV-2 sdo mais propensos a serem admitidos na unidade
neonatal (156).

2.6 Variantes do SARS-COV-2

Assim como outros virus, 0 SARS-CoV-2 é propenso a constantes mudancas
geneéticas. Essas mudangas resultam em multiplas variantes que podem ter
caracteristicas diferentes em comparagao as suas cepas ancestrais (21). A maioria
das mudancas tem pouco ou nenhum impacto nas propriedades do virus, entretanto,
algumas delas podem modificar a forma com que ele se dissemina, a gravidade da
doenga associada e o desempenho de vacinas, medicamentos, ferramentas de
diagnostico ou outras medidas sociais e de saude publica. Devido ao risco aumentado
a saude global provocada pelas variantes e a necessidade de um monitoramento
continuo, o CDC e a OMS estabeleceram um sistema de classificagdo para distinguir
as variantes emergentes do SARS-CoV-2 em: variantes de interesse (em inglés VOI
— Variants of interest), variantes de preocupacgédo (VOC - Variants of concern) e
variantes sob monitoramento (VUM - Variants under monitoring) (157).

Para uma variante ser classificada como VOC ela deve estar associada a uma
ou mais das seguintes alteragbes em um grau de significancia para a saude publica
global: aumento da transmissibilidade ou alteragdo prejudicial na epidemiologia da
COVID-19; aumento da viruléncia ou mudanga na apresentacgao clinica da doencga; ou
diminuicdo da eficacia das medidas sociais e de saude publica ou diagnosticos,

vacinas e terapias disponiveis. Ja para uma variante ser considerada como uma VOI,
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seu genoma deve conter mutagbes que mudem o fendtipo do virus e: ter sido
identificada como causadora de transmissdo comunitaria, de multiplos casos ou de
clusters (agrupamentos de casos) de COVID-19 ou ter sido detectada em varios
paises; ou ser de outra forma avaliada como uma VOI pela OMS em consulta com o
Grupo de Trabalho de Evolugéo do Virus SARS-CoV-2 (158).

Uma variante do SARS-CoV-2 com alteragdes genéticas suspeitas de afetar as
caracteristicas do virus com alguma indicagdo de que pode representar um risco
futuro, mas a evidéncia de impacto fenotipico ou epidemiolégico n&o é claro, exigindo
monitoramento aprimorado e avaliacido repetida até novas evidéncias, é classificada
como variantes sob monitoramento (VUM). Até o momento, cinco linhagens foram
consideradas VOC: Alfa (B.1.1.7), Beta (B.1.351), Gama (P.1), Delta (B.1.617.2) e
Omicron (B.1.1.529); oito VOlIs: Epsilon (B.1.427 e B.1.429); Zeta (P.2); Eta
(B.1.525); Teta (P.3); lota (B.1.526); Capa ( B.1.617.1 ); Lambda (C.37) e Mu
(B.1.621); e duas estdo em monitoramento: B.1.640 e XD (157).

2.6.1 Variantes de preocupacéao (VOCs)

Alfa

A variante Alfa, também conhecida como linhagem B.1.1.7 ou GRY
(anteriormente GR/501Y.V1), foi descrita pela primeira vez no Reino Unido, apos
relato do aumento na incidéncia de infecgdes por SARS-CoV-2 no leste e sudeste da
Inglaterra e na area metropolitana de Londres, associado a uma nova variante. A
primeira amostra sequenciada identificada data de setembro de 2020 (159). A
variante Alfa é caracterizada por ser mais transmissivel e patogénica do que linhagens
preexistentes, causando maior numero de hospitalizagbes e obitos comparada com
cepas circulantes anteriormente (160). Em 18 de dezembro de 2020 ela foi
classificada como uma VOC (202012/01) (157). No Brasil, a variante Alfa foi descrita
pela primeira vez em dezembro de 2020(161) e circulou até meados de agosto de
2021, porém com menor impacto do que outras VOCs (16). Até o momento essa
variante ja foi confirmada em 181 paises (162).

Alinhagem B.1.1.7 apresenta 17 mutagdes no genoma viral. Destas, oito estao
na proteina S (21). Uma delas € a mutagado N501Y caracterizada pela substituicdo do
aminoacido asparagina pela tirosina na posicao 501, no dominio de ligagdo ao
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receptor (RDB) da proteina S (163). Essa mutagdo aumenta a afinidade do virus pelo
receptor ECA-2 (164), o que pode justificar sua rapida disseminagdo e maior
resisténcia a neutralizagao por anticorpos (165-167). Além da mutagcado N501Y, essa
variante carrega delegbes que resultaram na perda de aminoacidos no dominio N-
terminal (NTD) da proteina S. Essas dele¢des também podem contribuir para o
escape da resposta imune, considerando que o NTD constitui um sitio de ligacéo de
anticorpos neutralizantes. A perda desses aminoacidos pode influenciar também na
sensibilidade de kits diagnodsticos que empregam sondas voltadas a detecgéo desta
sequéncia, gerando resultado falso negativo (168,169).

Beta

A variante Beta, também conhecida como B.1.351 ou 20H/501Y.V2, foi
identificada na Africa do Sul em outubro de 2020 (170), e em poucas semanas se
tornou dominante na regido. Em 18 de dezembro do mesmo ano foi classificada pela
OMS como uma VOC (157). Desde entéao, esta variante ja foi detectada em 121 paises
(171). No Brasil, ela foi identificada em abril de 2021 (172), sem impacto importante
na epidemiologia da doencga. Apesar de ter se espalhado rapidamente nas provincias
de Eastern Cape e Western Cape e na Europa Ocidental, ndo existem, até o momento,
evidéncias robustas que comprovem maior grau de viruléncia ou maior gravidade da
doenca relacionada a variante Beta (173).

Comparada com a cepa de referéncia (Wuhan), a variante B.1.351 possui 12
mutag¢des nao sinbnimas e uma delecdo. Dentre essas, nove mutacdes e a delagao
estdo localizadas na proteina spike (L18F, D80A, D215G, LAL 242-244 del, R246l,
K417N, E484K, N501Y, D614G e A701V), enquanto as demais estdo localizadas em
ORF1a (K1655N), envelope (P71L) e proteina N (T205I) (174). Assim como a variante
Alfa, a variante Beta possui a mutagdo N501Y no RBD da proteina spike. No entanto,
além da mutagédo N501Y, essa variante acumula duas mutagdes adicionais no mesmo
dominio RBD (K417N e E484K) que podem desempenhar um papel fundamental tanto
na interagdo com o receptor quanto na evasao imune (175). Esses dados apontam
para uma possivel diminuigdo na eficacia dos tratamentos baseados em anticorpos
monoclonais ou policlonais, bem como um aumento na taxa de reinfeccdo em regides

onde essa variante se espalha predominantemente (173).
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Gama

A terceira variante de preocupacdao do SARS-CoV-2 é a Gama, também
conhecida como P.1 ou B.1.1.28.1. Ela foi detectada pelo Instituto Nacional de
Doencas Infecciosas do Japao, em 6 de janeiro de 2021, isolada de quatro viajantes
que chegaram a Toquio vindos do Amazonas, Brasil, em 2 de janeiro de 2021 (159).
Através do relogio molecular foi demonstrado que a linhagem P.1 surgiu em torno de
15 de novembro de 2020, apenas 3 a 4 semanas antes do novo aumento de casos
confirmados de SARS-CoV-2 em Manaus (176). Em dezembro essa variante ja estava
presente em 42% das amostras de Manaus, chegando a 91% em janeiro de 2021 e
rapidamente se espalhando por outras regides. No dia 11 de janeiro de 2021 a OMS
a designou como VOC (157) e, desde entéo, 79 paises identificaram essa variante em
seus territorios (177).

A variante Gama é responsavel pelo maior numero de 6bitos pela COVID-19
durante a pandemia no Brasil (178). Por meio de um modelo dindmico de duas
categorias que integra dados gendmicos e de mortalidade, pesquisadores estimaram
gue essa variante pode ser 1,7 a 2,4 vezes mais transmissivel do que o virus anterior
(ndo-P.1) (176). A P.1 apresenta valores mais baixos de Cycle Threshold (Ct), ou seja,
apresenta alta carga viral. Cargas virais altas persistentes apds 1 semana do inicio
dos sintomas foram associadas a piores desfechos pela COVID-19 e pode estar
relacionada a alta letalidade observada durante a onda da variante Gama (13,179).

Analises filogenéticas indicaram que a P.1 é descendente da linhagem B.1.1.28
que foi detectada pela primeira vez no Brasil no inicio de margo de 2020 (180). A
linhagem P.1 apresenta uma constelacdo de mutagbes, aproximadamente 35
substituicbes de aminoacidos, sendo 10 delas de aminoacidos que definem a
linhagem na proteina spike do virus (L18F, T20N, P26S, D138Y, R190S, K417T,
E484K, N501Y, H655Y e T10271) em comparagdo com seu ancestral imediato
(B.1.1.28 ) (176). Algumas das mutagdes na P.1 sdo comuns a outras variantes de
preocupagao, em linhagens geograficamente distintas, indicando um processo de
adaptagdo molecular convergente. Dentre as mutagdes na proteina spike, trés
mutagdes chave estdo localizadas no RBD: K417T, N501Y e E484K (180).

A mutagdo N501Y é compartilhada com as variantes Alfa e Beta, e como
descrito anteriormente, aumenta a afinidade do virus pela ECA2, elevando a taxa de

transmissao e potencialmente resultando em cargas virais mais altas (181). A mutacéo
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E484K também aumenta a afinidade da proteina S para ECA2, em particular,
alternando a carga na regiao de loop flexivel de RBD, o que leva a formag&o de novos
contatos favoraveis. Além disso, a presenca de E484K, pode induzir escape da
neutralizagédo de anticorpos anti-SARS-CoV-2 e consequente reinfecgao de individuos
convalescentes da COVID-19 (175). A K417T encontra-se no mesmo local da
mutacdo K417N na variante Beta, com a mudanga da asparagina (N) para treonina
(T). Assim como a K417N, tem sido associada a diminuicdo da atividade de
neutralizagdo de alguns anticorpos monoclonais (mAb) e aumento da afinidade com
ECA2 (182,183).

Além das mutagdes descritas acima, ha evidéncias de diversificagao continua
na linhagem P.1, com mutagdes raras e inéditas localizadas em NTD da proteina
spike. A substituicdo P209H pode ter um efeito na estrutura em NTD que pode afetar
a atividade de anticorpos neutralizantes. Varios sitios da variante Gama
demonstraram estar sob seleg¢ao positiva e negativa. A sele¢gado negativa tem um papel
importante para os mecanismos de infecgdo viral, consequentemente sendo
conservados entre os genomas do SARS-CoV-2. Ja a selegéo positiva esta levando
a um aumento na variabilidade de aminoacidos em alguns sitios virais, 0 que resulta
em um potencial amplificado para adaptagao viral e sucesso evolutivo. A falta de
evidéncias claras de recombinagdo e a selegao positiva sugerem que a emergéncia
desta linhagem resultou principalmente em fortes forgas evolutivas e acumulo

progressivo de um conjunto de assinaturas favoraveis a mutagdes (183).

Delta

A variante Delta ou B.1.617.2 foi relatada pela primeira vez na india em
dezembro de 2020 (184). Nova Délhi, a capital nacional da india, vivenciou varios
surtos de SARS-CoV-2 em 2020 e atingiu soropositividade populacional de mais de
50% em 2021. Com alta soropositividade na populacéo, esperava-se alguma protegcao
contra futuros surtos pelo SARS-CoV-2 entretanto, em abril de 2021 a cidade ficou
sobrecarregada devido ao exponencial aumento no numero de casos e obitos pela
COVID-19, causada por uma nova variante, a B.1.617.2 (185). Desde entdo, a
variante Delta se espalhou por 185 paises em todo o mundo, ultrapassando

rapidamente as variantes existentes para se tornar a variante dominante em muitos
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paises. Ela chegou a ser designada como uma VOI, mas devido sua alta
transmissibilidade, foi classificada como VOC em 11 de maio de 2021 (186).

No Brasil, a variante Delta foi identificada em maio de 2021, substituindo o
predominio da variante Gama em agosto deste mesmo ano, mas causando menor
numero de Obitos do que sua antecessora (16). Segundo a OMS, a linhagem B.1.617
foi classificada em trés sublinhagens, denominadas B.1.617.1, B.1.617.2 e B.1.617.3,
com pequenas diferencas e distinta distribuicdo geografica (69). Entre as mutagdes
observadas na linhagem B.1.617, 15 estdo localizadas na proteina spike: T19R,
(V70F*), T95I, G142D, E156-, F157-, R158G, (A222V*), (W258L*), (K417N*), L452R,
T478K, D614G, P681R, D950N (49).

Dentre essas mutagdes, a mutagdo P681R, no local de clivagem da furina
polibasica no limite S1/S2, se mostrou altamente conservada, se tornando uma marca
registrada do fendtipo viroldgico da variante Delta. Estudos tem demonstrado que
essa mutacgao facilita a clivagem da proteina spike e aumenta a fusogenicidade viral,
além disso, o virus portador de P681R apresenta maior patogenicidade em
comparagao com seu virus parental (187). Aléem da mutacdo P681R, outras ndo foram
observadas em linhagens virais anteriores como a L452R que se acredita aumentar
a infectividade e pode ajudar o virus a evitar a destruicdo pelas células imunes e
T478K ligada ao escape imunologico (188,189).

A variante Delta mostra caracteristicas distintas que ndo sao encontradas em
outras variantes, que podem explicar sua alta transmissibilidade. Quando a proteina
Delta S é expressa na superficie da célula em um nivel de saturagdo, essas ceélulas
se fundem de forma mais eficiente com as células-alvo que produzem niveis mais
baixos de ECA2 do que as células de variantes antecessoras. Em adigdo, os
pseudovirus contendo a construgao Delta S entram nas células que expressam ECA2
mais rapidamente do que outras variantes. Esses dados sugerem que a proteina Delta
S evoluiu para otimizar a etapa de fusao para entrar nas células que expressam baixos
niveis do receptor. Essa otimizacdo pode explicar por que a variante Delta é
transmitida mesmo com uma breve exposicédo e infecta rapidamente muitas células
hospedeiras, resultando em curto periodo de incubacgao e altas cargas virais durante
a infecgao (187,190-192).

Omicron
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A Omicron, linhagem B.1.1.529, foi a quinta variante de preocupacéo
designada pela OMS. Foi identificada pela primeira vez em 23 de novembro de 2021,
a partir de uma amostra coletada no dia 09 deste més, por pesquisadores usando o
sequenciamento do genoma para investigar um aumento intrigante no numero de
casos na Africa do Sul, onde os casos diarios passaram de 274 em 11 de novembro
para 1.000 quinze dias depois (193). Em 24 de novembro a Omicron passou a ser
uma VUM e apenas dois dias depois foi designada como uma VOC (157). Desde
entdo, foi identificada em 185 paises (194). No Brasil, o primeiro caso da variante foi
registrado em 12 de dezembro de 2021. A partir desse momento, ela se espalhou
rapidamente por todo pais e foi responsavel pelo recorde no numero de casos na
pandemia, com mais de 3 mil infectados registrados em um unico dia (80).

A variante Omicron é caracterizada por apresentar um nimero elevado de
mutacdes em relagdo a cepa inicial Wuhan-Hu-1 e outras VOCs, incluindo T91 no
envelope, P13L, E31del, R32del, S33del, R203K, G204R na proteina do
nucleocapsideo, D3G, Q19E, A63T na matriz, N211del/L212I, Y145del, Y144del,
Y143del, G142D, T95I , V70del, H69del, A67V em NTD, Y505H, N501Y, Q498R,
G496S, Q493R, E484A, T478K, S477N, G446S, N440K, K417N, S375F, S373P,
S371L, G339D em RBD, D796Y no peptideo de fusdo do pico, L981F, N969K, Q954H
na repeticdo heptada 1 da proteina spike, bem como varias outras mutagdes nas
proteinas ndo estruturais (49). Andlises da sequéncia do genoma da Omicron
sugerem que ela nao € derivada de nenhuma das variantes que circulam atualmente
e pode ter uma origem diferente (195).

A variante Omicron compartilha mutagdes RBD com outras VOCs, como as
mutagdes N501Y e K417N que conferem afinidades a ligagdo a ECA2 aumentadas e
diminuidas, respectivamente (196). No entanto, a Omicron possui mutagbes
adicionais em RBD, a maioria das quais demonstrou diminuir a ligacdo a ECA2 (164).
Apesar disso, essa variante mostrou afinidade a ECA2 semelhante a Delta, revelando
que ela evoluiu para manter sua capacidade de se ligar ao receptor de forma
eficiente. As interagdes envolvendo as novas mutagdes nos residuos 493, 496, 498
e 501 mostraram restaurar a eficiéncia da ligagao a ECA2, que seria perdida como
resultado de outras mutagdes, como K417N. Além disso, o numero incomumente alto
de mutacdes na proteina spike parece conferir amplo escape de anticorpos em
relacdo as variantes emergidas anteriormente do SARS-CoV-2 (196).
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Inicialmente, a subvariante conhecida como BA.1 era a verséo circulante mais
comum da Omicron, mas uma subvariante geneticamente distinta conhecida como
BA.2 tem se espalhado rapidamente por todo mundo. BA.2 difere de BA.1 em sua
sequéncia genética, incluindo algumas diferengas de aminoacidos na proteina spike
e outras proteinas. Dados iniciais sugerem que BA.2 parece mais transmissivel do
que BA.1, entretanto esta diferenca parece ser muito menor do que a diferenca de
transmissibilidade entre BA.1 e Delta. Além disso, estudos de reinfeccdo em nivel
populacional sugerem que a infeccdo com BA.1 fornece forte protecdo contra a
reinfeccdo com BA.2, mas a BA.2 pode causar doenga mais grave. Em paises nos
quais a imunidade vacinal ou infecgdo natural é alta, ndo houve diferenca na gravidade
entre BA.2 e BA.1 (197).

2.6.2 Variantes de interesse (VOls)

Até o momento, a OMS designou oito variantes de interesse (VOlIs) (157). A
variante Epsilon (B.1.427 e B.1.429), também chamada de CAL.20C/L452R, surgiu
nos EUA por volta de junho de 2020 e foi responsavel por um aumento de até 24% na
transmissibilidade em relagdo a cepa de origem. Essa variante abriga mutagdes
especificas, L452R, D614G na B.1.427 e S13l, W152C, L452R, D614G na B.1.429
(198). Devido a sua alta transmissibilidade, o CDC a classificou como uma variante
de preocupacgao nos EUA (49). Ja a OMS a classificou como VOI em 06 de julho de
2021 (157).

A variante Zeta ou P.2, foi detectada pela primeira vez no Brasil em abril de
2020. Apresenta mutagdes na proteina S (L18F; T20N; P26S; F157L; E484K; D614G;
S9291; e V1176F) e foi classificada como VOI pela OMS em 06 de julho de 2021
devido a potencial reducédo na neutralizagao por tratamentos com anticorpos e soros
vacinais (21,157). A variante Eta (B.1.525) foi detectada em varios paises em
dezembro de 2020 e designada como uma VOI em 20 de setembro de 2021 (157).
Ela difere de todas as outras variantes por ter a mutagao E484K e uma nova mutacao
F888L no dominio S2 da proteina spike (199). A variante lota (B.1.526) foi identificada
pela primeira vez nos EUA em novembro de 2020 e foi designada pela OMS como
uma VOI em 20 de setembro de 2021 (157). Essa variante apresentou duas mutagdes
notaveis na proteina S: E484K e S477N, ligadas a neutralizagdo de anticorpos e maior
afinidade pelo receptor (200).
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A variante Teta ou P.3, também chamada de GR/1092K.V1, carrega mutagdes
chave na proteina spike (delegcédo 141-143 E484K; N501Y; e P681H). Ela foi detectada
pela primeira vez nas Filipinas em janeiro de 2021 e foi classificada como uma variante
de interesse em 06 de julho de 2021 pela OMS. A variante Kappa (B.1.617.1) foi
primeiramente identificada na india em outubro de 2020 e designada como VOI em
20 de setembro de 2021. Abriga mutagdes chave como: T95I, G142D, E154K, L452R,
E484Q, D614G, P681R e Q1071H (157,200).

A variante Lambda ou C.37, foi detectada pela primeira vez no Peru em
dezembro de 2020 e foi designada como VOI pela OMS em 14 de junho de 2021.
Entre suas mutagdes, encontramos as seguintes na proteina spike: G75V, T76l, A246-
252, L452Q, F490S, D614G e T859N. A variante Mu (B.1.621) foi identificada na
Colébmbia em janeiro de 2021 e designada como VOI pela OMS em agosto de 2021.
O genoma da Mu tem um numero total de 21 mutagdes, incluindo 9 mutagdes na
proteina spike, entre elas temos: T95I, Y144S, Y145N, R346K, E484K, N501Y,
D614G, P681H e D950N (157,200).

2.7 Vacinas

Atualmente, 153 vacinas em desenvolvimento estdo em fase clinica e 196 em
fase pré-clinica. Das vacinas em fase clinica, a maioria utiliza proteinas recombinantes
como plataforma de producgao (51/153 — 34%); duas doses (89/152 — 58%) e por via
intramuscular (118/153 — 77%). Das vacinas em estagio clinico, 39 encontram-se em
fase 3, 19 foram autorizadas apenas para uso emergencial e 12 foram completamente
aprovadas (8).

Entre as completamente aprovadas, temos vacinas de RNA (Comirnaty ou
BNT162b2 produzida pela Pfizer e BioNTech; e Spikevax ou mRNA-1273 da Moderna
e NIH); vacinas de vetor viral (Sputnik V ou Gam-Covid-Vac da Gamaleya Research
Institute; Vaxzevria/ AZD1222/ ou ChAdOx1 nCoV-19 da AstraZeneca e Universidade
de Oxford; Convidecia ou Ad5-nCoV da CanSino Biologics; Ad26.COV2.S da Janssen
e Covaxin ou BBV152 da Bharat Biotech); vacinas de subunidade de proteina (NVX-
CoV2373 ou Covovax da Novavax e EpiVacCorona ou Aurora-CoV do Vector
Institute); vacinas de virus inativado (BBIBP-CorV da Sinopharm; Inactivated SARS-
CoV-2 vaccine (Vero cell) da Sinopharm e Instituto de Produtos Biologicos de Wuhan
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e CoronaVac da Sinovac) e uma vacina de particula semelhante ao virus (CoVLP ou
Covifenz da Medicago e GSK) (201).

Aproximadamente 12 bilhdes de doses de vacinas foram administradas ao
redor do mundo, somando 58,6% da populagédo global vacinada com pelo menos 1
dose. Cinco paises ja vacinaram mais de 90% da sua populagdo com o esquema
completo, sdo eles: Emirados Arabes, Gibraltar, Brunei, Cingapura, Chile e Malta. O
Brasil ocupa o 46° pais no ranking mundial com 75,53% da populagao vacinada com
o esquema completo. Quando considerada as doses de reforgo, 22,05% da populacao
global receberam pelo menos uma dose e o Brasil cai para 60° no ranking mundial,
com 38,33% de vacinados (202). Em contrataste a esses numeros, um tergo da
populagdo mundial ainda n&o recebeu uma unica dose, incluindo 83% da populagéao
da Africa. Existem paises com baixissima cobertura vacinal, 21 n&o vacinaram nem
10% de sua populagao e 3 aparecem com 0% de cobertura (Coreia do Norte, Burundi
e Eritreia). Dos 21 abaixo de 10%, 16 estéo na Africa (203).

No dia 18 de janeiro de 2021, iniciou-se a Campanha Nacional de Vacinagéo
contra a COVID-19 no Brasil. Desde entdo, mais de 470 milhdes de doses foram
distribuidas em todo pais. No ranking dos cinco estados brasileiros com maior
cobertura vacinal, temos em primeiro lugar o estado de Sdo Paulo com 85% da
populagdo completamente imunizada (2 doses ou dose unica) e 53% com a dose
reforco. Em segundo lugar vem o estado do Piaui com 83,3%, seguido de Ceara
(79,5%), Parana (77,8%) e Rio Grande do Sul (77,5%) (204).

Devido a disponibilidade limitada de doses em um primeiro momento, as
campanhas vacinais foram direcionadas a reduzir a morbimortalidade causada pela
COVID-19, bem como proteger a forca de trabalho para manutengdo do
funcionamento dos servigos de saude e dos servigos essenciais. Assim, o cronograma
de vacinagdo no Brasil foi organizado para atender primeiramente os grupos
prioritarios definidos pelo Ministério da saude e seguindo as recomendagdes do SAGE
- Grupo Consultivo Estratégico de Especialistas em Imunizagao (em inglés, Strategic
Advisor Group of Experts on Immunization) da OMS, comegando pelos idosos e
deficientes institucionalizados, indigenas, trabalhadores de saude, idosos, ribeirinhos
e quilombolas, pessoas com comorbidades, pessoas em situagao de rua, privados de
liberdade e demais grupos (88).

Inicialmente duas vacinas foram aprovadas para uso emergencial no Brasil, a

Coronavac - Sinovac/Butantan e a ChAdOx1 - Oxford AstraZeneca/Fiocruz. Desde
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entdo, mais dois imunizantes foram autorizados e utilizados nas campanhas
nacionais, a Comirnaty ou BNT162b2 produzida pela Pfizer e BioNTech (23 de
fevereiro de 2021) e Ad26.COV2.S da Janssen (31 de margo de 2021). No dia 12 de
margo de 2021 a Anvisa concedeu registro definitivo a vacina ChAdOx1 e em 20 de
janeiro de 2022 aprovou a ampliagdo para o uso emergencial da vacina Coronavac
para criancas e adolescentes com idade entre 6 e 17 anos, exceto
imunocomprometidas (88).

2.7.1 Coronavac - Sinovac / Instituto Butantan

A Coronavac é uma vacina produzida com antigeno do virus inativado SARS-
CoV-2. E apresentada em suspenséo injetavel no frasco-ampola com 10 doses, de
aplicacao intramuscular (IM). O esquema vacinal € composto por duas doses de 0,5
mL, com intervalo de 4 semanas entre elas. Cada dose contém 600SU de antigeno
do virus inativado e excipiente de hidroxido de aluminio, hidrogenofosfato dissodico,
di-hidrogenofosfato de sodio, cloreto de sédio, agua para injetaveis e hidréxido de
sédio para ajuste de pH. E armazenada em temperatura de 2°C a 8°C e depois de
aberto pode ser utilizado em até 8 horas (88).

Essa vacina foi desenvolvida pela empresa privada chinesa Sinovac, surgiu
como uma das principais vacinas da China. No inicio de 2020, a empresa observou
em experimentos com macacos, que a vacina reduziu significativamente a
concentragdo de coronavirus nos animais infectados com o virus e que os animais
vacinados se recuperaram mais rapido do que os macacos nao vacinados. Apos a
descoberta, a vacina foi submetida aos testes de fase 1/2 e subsequentemente ao de
fase 3 no Brasil e Turquia (205).

Os testes de fase 3 mostraram que a vacina protegia contra a COVID-19,
entretanto, os resultados de eficacia foram consideravelmente diferentes entre os dois
paises. Na Turquia, a eficacia contra COVID-19 sintomatica confirmada por RT-PCR
foi de 83,5%, com um bom perfil de seguranca e tolerabilidade (206). Ja no Brasil, a
eficacia contra COVID-19 sintomatica foi de 50,7%, 83,7% contra casos que requerem
assisténcia e 100% para casos moderados e graves (9). Apos a Coronavac ser
aprovada em outros paises, alguns deles realizaram estudos para medir sua eficacia.
Um exemplo foi o Chile, em que pesquisadores analisaram uma coorte com

aproximadamente 10,2 milhdes de pessoas e encontraram uma eficacia de 65,9%
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para a prevencao da COVID-19, 87,5% para hospitalizacédo, 90,3% para prevengao
de internagdo em UTI e 86,3% para prevencgao de 6bito relacionado a Covid-19 (207).

Em 20 de janeiro de 2022 a Coronavac recebeu aprovagao para ser aplicada
em criangas e adolescentes no Brasil (88), apds a fase 1/2 de testes e ter se mostrado
segura e eficaz (208). Outro estudo realizado no Chile observou pessoas na faixa
etaria de 6 a 16 anos e encontrou eficacia de 74,5% para a prevencao da infecgao e
mais de 90% para hospitalizagdo e admissao em UTI (209). A Coronavac também
mostrou ser eficaz na prevencado da COVID-19 sintomatica e grave em gestantes
(210). Apesar da eficacia comprovada, principalmente apds o esquema completo
(18,211), diversos estudos tem demonstrado que ela diminui significantemente com o
tempo (212-214). Essa é uma preocupacéo especialmente com os grupos em maior
risco como os idosos (212), o que levou a OMS recomendar que pessoas que
receberam a vacina da Sinovac recebam uma dose de reforco com a mesma
(esquema homologo) ou outra vacina (esquema heterdlogo) (215). O esquema
heterdlogo resultou em respostas imunes robustas e pode aumentar a protegéo (216).

Considerando as variantes emergentes ha uma preocupag¢ao importante com
a persisténcia da eficacia das vacinas frente as diversas mutag¢des desenvolvidas pelo
virus. A Coronavac € uma vacina de virus inativado e espera-se que essa plataforma
tenha uma vantagem sobre outras plataformas de vacinas, uma vez que elas tendem
a produzir respostas imunes amplas, pois como todo o virus é apresentado ao sistema
imunoldgico as respostas imunes ndo atingem apenas a proteina S, mas também a M
e N. De fato, a Coronavac apresentou capacidade de neutralizagdo, mesmo que
reduzida, contra as variantes Alfa, Epsilon e Gama (214) apds o esquema de duas
doses. Ja contra as variantes Beta, Delta e Omicron ainda n ao se tem muitas
evidéncias (217,218). Quando considerada a dose de refor¢o, seja homologa ou
heter6loga, a Coronavac proporcionou prote¢cdo sustentada contra doenga grave
causada pela variante Omicron (219).

A Sinovac anunciou um acordo em 12 de julho de 2021 para fornecer até 550
milhdes de doses a COVAX, iniciativa de distribuicdo de vacinas para paises de baixa
e média renda e hoje é a vacina mais usada em todo mundo. Atualmente, essa vacina
esta sendo distribuida em 54 paises com mais de 2 bilhdes de doses. O Brasil é o
segundo maior consumidor da vacina chinesa, com mais de 117 milhdes de doses

distribuidas, entre elas mais de 28 milhdes no estado de S&o Paulo (215).
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2.7.2 ChAdOx1 - AstraZeneca/ Universidade de Oxford

A ChAdOx1 é apresentada em suspensao injetavel no frasco-ampola com 10
doses, de aplicagdo intramuscular (IM). O esquema vacinal é composto por duas
doses de 0,5 mL, com intervalo de 4 a 8 semanas entre elas. Cada dose contém 5 x
100 particulas virais (pv) do vetor adenovirus recombinante de chimpanzé, deficiente
para replicagdo (ChAdOx1), que expressa a glicoproteina SARS-CoV-2 Spike (S). E
armazenada em temperatura de 2°C a 8°C e depois de aberto pode ser utilizado em
até 6 horas (88). A ChAdOx1 foi implementada em mais de 180 paises, com mais de
2,5 bilhdées de doses liberadas para fornecimento em todo o mundo, destas, mais de
128 milhdées foram distribuidas no Brasil e 28 milhdes no estado de Sao Paulo
(204,220).

Uma vacina projetada pela Universidade de Oxford e produzida pela empresa
anglo-sueca AstraZeneca, a ChAdOx1 foi baseada em uma plataforma de vacinas
que pesquisadores de Oxford vinham desenvolvendo ha anos para outras doencas.
Eles comecaram com um adenovirus que normalmente infecta chimpanzés e o
modificaram geneticamente para transportar genes virais. No inicio de 2020, os
cientistas desenvolveram uma vacina baseada no vetor ChAdOx1 que codifica a
proteina spike. Em macacos rhesus, apemas uma dose de ChAdOx1 induziu
respostas imunes humorais e celulares e protecdo contra a infeccdo do trato
respiratério inferior apos o teste com altas doses de SARS-CoV-2 (221,222).

Em dezembro de 2020 a AstraZeneca e Oxford publicaram o primeiro artigo
cientifico com os resultados preliminares da Fase 3. A vacina foi avaliada em quatro
ensaios em trés continentes, mostrando eficacia de 70,4% apos duas doses e
protecao de 64,1% apods pelo menos uma dose padréo, contra doencga sintomatica.
Apesar de ser eficaz, muitas questdes ficaram abertas, como a protegcdo em pessoas
idosas e o grande numero de eventos adversos durante o estudo (10). Entretanto,
devido a urgéncia de disponibilidade de imunizantes, o baixo custo e a facilidade de
armazenamento, a vacina foi adquirida por diversos paises e em marco de 2021
anexada ao consorcio COVAX (223).

Em margo de 2021, O comité de segurangca da Agéncia Europeia de
Medicamentos — EMA, alertou o mundo sobre a possivel ligacdo da vacina ChAdOXx1

a casos muito raros de coagulos sanguineos incomuns com plaquetas baixas (224).
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Estudos concluiram que a vacinacdo com ChAdOx1 pode resultar no raro
desenvolvimento de trombocitopenia trombdtica imune mediada por anticorpos
ativadores de plaquetas contra PF4, que mimetiza clinicamente a trombocitopenia
autoimune induzida por heparina (225,226). Mesmo ap6s a descoberta,
pesquisadores e agéncias reguladoras endossaram o uso da vacina e enfatizaram
gue o evento € extremamente raro e que os beneficios do imunizante superam os
riscos (224). Apesar disso, varios paises restringiram o uso da vacina da AstraZeneca
a certas faixas etarias, e a Dinamarca optou por n&o a usar completamente (227).

A ChAdOx1 demonstrou protecao para internacédo, admissdo em UTI ou o&bito
relacionado a COVID-19 de cerca de 90%, entretanto, assim como a Coronavac e
outras vacinas, a eficacia diminuiu com o passar do tempo apds a segunda dose,
principalmente nos idosos (228,229). Estudos tem demonstrado aumento na
imunogenicidade com reforgo homologo ou heterélogo da terceira dose apos duas
doses de ChAdOx1, com maior eficacia para os esquemas heterélogos, porém, o risco
de reatogenicidade na aplicagdo de imunizantes diferentes € maior e deve ser tratado
com cautela. Pesquisadores demonstraram que a aplicacdo da vacina Ad26.COV2.S
da Janssen apds ChAdOx1/ChAdOx1 causou aumento de eventos adversos
sistémicos e locais, mas que a vacina da Pfizer aplicada apds duas doses da
AstraZeneca aumentou significantemente a protecéo (230,231).

Além da ChAdOx1 ser usada como imunizante primario, ela pode ser utilizada
como terceira dose ou dose de reforgo. Pesquisadores relataram o aumento da
protecdo em esquemas vacinais utilizando a vacina da AstraZeneca como reforgo,
mas também um possivel aumento dos efeitos colaterais em alguns casos, como
exemplo Pfizer/Pfizer seguido de AstraZeneca (231,232). Ademais, a utilizacdo de
dose fracionada (meia-dose) como reforgco apds 2 doses de Coronavac mostrou
imunogenicidade n&o inferior, mas menor reatogenicidade sistémica, sendo uma
alternativa a ser considerada, especialmente em ambientes com recursos limitados
(233).

Frente as variantes emergentes, a ChAdOx1 mostrou neutralizagdo geral
reduzida, mas retencdo de eficacia contra as variantes Alfa (234), Gama (17) e Delta
(235) do SARS-CoV-2. Um estudo demonstrou atividade minima de neutralizagéo
contra a variante Omicron apds duas doses (236). No entanto, a vacina falhou em
proteger contra infeccdo leve a moderada pela COVID-19 devido a variante Beta
(234). Pensando nas mutagdes e eficacia contra as variantes, a AstraZeneca produziu
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uma vacina de segunda geragao, a AZD2816, com a mesma tecnologia usada na
AZD1222, mas com pequenas alteragdes genéticas para a proteina spike com base
na variante Beta. Foi observado aumento na imunogenicidade frente as variantes
Beta, Gama e Delta em animais, entretanto, novos estudos sdo necessarios para
verificar a capacidade neutralizante no mundo real e a outras variantes, como a
Omicron (237).
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3 OBJETIVOS

3.1 Geral

o Descrever os fatores de risco para 6bito pela COVID-19 e estimar a

efetividade das vacinas CoronaVac e ChAdOx1 frente a variante Gama no Brasil

3.2 Especificos

o Descrever os fatores de risco para 6ébito nos pacientes hospitalizados
com COVID-19 no estado de S&o Paulo, de 26 de fevereiro de 2020 a 10 de outubro
de 2020;

. Estimar a efetividade da vacina CoronaVac (Sinovac/Biotech) na
populacao idosa no estado de Sao Paulo, de 17 de janeiro de 2021 a 29 de abril de
2021;

. Estimar a efetividade da vacina ChAdOx1 (Oxford/AstraZeneca), na
populacao idosa no estado de S&o Paulo, de 17 de janeiro de 2021 a 09 de julho de
2021.
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4 METODOLOGIA

Para atingir os objetivos propostos, metodologias distintas foram utilizadas e
estdo detalhadas nos artigos publicados apresentados na seg¢do resultados e
discusséo e Anexo A.
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5 RESULTADOS E DISCUSSAO

Os resultados e discussao sédo apresentados na forma dos artigos:

Risk Factors for Death Among 120,804 Hospitalized Patients with Confirmed
COVID-19 in Séo Paulo, Brazil. Publicado pela The American Journal of Tropical
Medicine and Hygiene, fator de impacto 2.453, Qualis Capes A3.

Effectiveness of the CoronaVac vaccine in older adults during a gamma variant
associated epidemic of covid-19 in Brazil: test negative case-control study. Publicado
na British Medical Journal, fator de impacto 39.890, Qualis Capes A1.

Effectiveness of ChAdOx1 vaccine in older adults during SARS-CoV-2 Gamma
variant circulation in Sdo Paulo. Publicado na Nature Communications, fator de

impacto 14.919, Qualis Capes A1.
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Abstract.

Sé&o Paulo is a state in Brazil with one of the highest numbers of confirmed and severe cases of coronavirus

disease (COVID-19), with an incidence of 294 hospitalizations per 100,000 inhabitants. We report the clinical charac-
teristics and outcomes of 120,804 hospitalized patients with confirmed COVID-19 from February 26 to October 10, 2020,
in Sao Paulo. Characteristics of patients who died and survived were compared using a survival analysis. The median age
was 60 years (interquartile range [IQR], 47-72), 67,821 (56.1%) were men, and 61,659 (51.0%) were white. Most hospi-
talized patients (79,812; 66.1%) reported one or more comorbidities, 41,708 (34.5%) hospitalized patients were admitted
to intensive care units, and 33,079 (27.4%) died. Men (hazard ratio [HR], 1.22; 95% confidence interval [CI], 1.18-1.25),
elderly individuals (HR, 3.85; 95% Cl, 3.68-4.02), and patients with chronic cardiovascular disease including hypertension
(HR, 1.05; 95% ClI, 1.02-1.08), chronic lung disease (HR, 1.38; 95% Cl, 1.31-1.45), diabetes mellitus (HR, 1.14; 95% Cl,
1.11-1.18), and chronic neurological disease (HR, 1.48; 95% Cl, 1.41-1.55) were at higher risk for death from COVID-19.

BACKGROUND

In December 2019, an outbreak of pneumonia of unknown
origin was reported in Wuhan city, Hubei province, China. The
etiological agent was subsequently identified as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), and the
illness was identified as novel coronavirus disease (COVID-19)
by the World Health Organization.1 In Brazil, the first COVID-
19 case was reported in Sao Paulo City in a 61-year-old man
whose onset of symptoms began on February 23, 2020.2
Since the writing of this report, more than 7 million confirmed
cases and 180,000 deaths have been reported in Brazil, with
the highest number of hospitalized patients and deaths oc-
curring in the state of Sdo Paulo.®

Because COVID-19 is an emerging disease, there is limited
knowledge about its clinical characteristics and outcomes
among hospitalized patients. Studies have shown that among
individuals with confirmed cases of COVID-19, older people
and those with underlying clinical conditions are at higher risk
for hospitalization and death.* A systematic review conducted
in China found that of 2,087 hospitalized patients with cases
considered critical, 49% (1,023) died. Of these 1,023 patients,
81% (829 of 1,023) were 60 years or older. When considering
the existence of underlying clinical conditions, mortality
among patients without comorbidities was much lower (0.9%;
133 of 15,536) than that of patients with one or more comor-
bidities.® A similar pattern was observed in the United States*
and ltaly.®

Because Latin-America has a different demographic pop-
ulation than China and many countries in Europe, a notable
concern is whether different age groups and severity might be
observed as the virus spreads among the Brazilian population.

*Address correspondence to Julio Croda, Universidade Federal de
Mato Grosso do Sul, Faculdade de Medicina — Prédio antigo, Av.,
Costa e Silva s/n, Universitario I, 79070-900, Campo Grande-MS,
Brazil. E-mail: juliocroda@gmail.com

T These authors contributed equally to this work.
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During this study, we describe the risk factors for death among
120,804 hospitalized patients with confirmed COVID-19
cases in Sao Paulo, Brazil, from February 26 to October 10,
2020.

MATERIALS AND METHODS

This case series included all hospitalized patients with
confirmed COVID-19in the state of Sdo Paulo registered in the
Influenza Epidemiological Surveillance System (SIVEP-
GRIPE) from February 26, 2020 to October 10, 2020.” The
SIVEP-GRIPE is a system used by health professionals and
institutions from the public or private sector throughout the
national territory to report hospitalized patients with severe
acuterespiratory iliness (SARI) and deaths attributable to SARI
regardless of hospitalization. For this analysis, epidemiologi-
cal, clinical, and outcome data of the hospitalized patients
with COVID-19 (confirmed by real-time RT-PCR)® from SIVEP-
GRIPE were used.

The criteria for hospitalization and case management
according to the guidelines of the World Health Organization
(WHO)® and Brazilian Ministry of Health® were followed during
the observation period. According to these guidelines, cases
of COVID-19 that progressed to SARI were observed in pa-
tients who presented with clinical criteria for flu and at least
one of the following symptoms: shortness of breath (dyspnea/
respiratory distress); sensation of persistent pressure in the
chest; O, saturation less than 95% in ambient air; or bluish
coloring of the lips or face.

Critical cases were defined as hospitalization with SARI,
the need to be admitted to the intensive care unit (ICU)
because of the presence of organic disorders or hemo-
dynamic instability, and requiring mechanical ventilation
or other intensive care procedures. To qualify for admis-
sion to the ICU, it was necessary to present at least one of
the following criteria: acute respiratory failure requiring
invasive mechanical ventilation; acute respiratory failure
with the need for noninvasive ventilation (especially when
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there is a need for FiO, > 50%, or inspiratory positive air-
way pressure > 10 cm H,O or expiratory positive airway
pressure > 10 cm H,O to maintain SpO, > 94% and/or
respiratory frequency <24 rpm); PaCO, > 50 mm Hg, and
pH <£7.35; or hemodynamic instability or shock defined as
arterial hypotension (systolic blood pressure < 90 mmHg
or mean arterial pressure < 65 mmHg). The care of these
patients with SARI followed the protocols nationally
standardized by the Ministry of Health.

The ¥ test was used to compare the differences among
fatal cases. The Kaplan-Meier survival analysis was performed
to analyze the probability of death during the hospitalization
of severely ill patients with COVID-19. For the occurrence of
death, the observation period was considered from the date of
symptom onset until the occurrence of the fatal outcome.
When the outcome of death did not occur, October 10 was
selected as the final date of observation. Furthermore, the four
more prevalent comorbidities among the patients included in
the study were analyzed (chronic cardiovascular disease in-
cluding hypertension, chronic lung disease, diabetes mellitus,
and chronic neurological disease). The outcome was adjusted
for age, sex, and all comorbidities, as well as their interactions
using Cox regression. The survival analysis was performed
using three age categories; younger 60 years, 60 to 79 years,
and older than 80 years. Statistical analyses were conducted
using R software with Survival package.

Although the research did not require approval, the re-
searchers express their ethical commitment to the manage-
ment, analysis, and publication of data in accordance with
Resolution 466/12 and 510/16 of the National Health Council.

RESULTS

In Sdo Paulo state, from February 26 to October 10, 2020, a
total of 120,804 hospitalized patients with laboratory-
confirmed COVID-19 were reported in 623 of 645 municipali-
ties, comprising an incidence of 294 hospitalizations per
100,000 inhabitants. The characteristics of patients with
COVID-19 during hospitalization and outcomes are summa-
rized in Table 1. The median age of hospitalized patients was
60 years (interquartile range [IQR], 47-72 years), 67,821
(56.1%) were men, and 61,659 (51.0%) were white. Most
hospitalized patients (79,812; 66.1%) reported one or more
comorbidities; among them, 27,000 (33.8%) died. More than
41,000 hospitalized patients (34.5%) were admitted to ICUs
and 33,079 (27.4%) died.

Associations among sex, age group, four other prevalent
comorbidities (chronic cardiovascular disease plus hypertension,
chronic lung disease, diabetes mellitus, and chronic neurological
disease) and the risk of COVID-19-related death are shown in
Table 2. The corresponding Kaplan-Meier graph is presented in
Figure 1. Men were at higher risk for death than women (HR, 1.22;
95% Cl, 1.18-1.25), and the number of deaths was slightly higher
for men than for women (28.1% versus 26.4%).

The rates of death among races (white, black, yellow, mixed,
and indigenous) were similar, ranging from 21.8% to 33.5%.
When the groups were separated into white and non-white
(blacks and other minority ethnicities), the death rates were
similar (white: 29.0% [17.902 of 61.659]; non-white: 29.0%
[9.102 of 31.355]).

Increasing age was strongly associated with the risk of
death, with patients 80 years or older having a more than

three-fold increased risk compared with patients youngerthan
60 years (hazard ratio [HR], 3.85; 95% confidence interval [Cl]],
3.68-4.02). The death rates among the younger than 30 years
(6.1%; 358 of 5,879) and 30 to 59 years (13.6%; 7,278 of
53,368) age groups were considerably lower than that of the
60 years or older (41.3%; 25,415 of 61,475) age group, again
highlighting the possible relationship of old age and death
(Table 1).

The four most prevalent comorbidities, chronic cardiovas-
cular disease plus hypertension (HR, 1.05; 95% ClI, 1.02-1.08),
chronic lung disease (HR, 1.38; 95% Cl, 1.31-1.45), diabetes
mellitus (HR, 1.14; 95% CI, 1.11-1.18), and chronic neuro-
logical disease (HR, 1.48; 95% ClI, 1.41-1.55), were associ-
ated with an increased risk of death. As can be observed in
Table 1, almost half of the patients who had chronic lung
disease and chronic neurological disease died. Approximately
half of the patients who needed care in the ICU died (48.5%;
20,220).

DISCUSSION

The state of Sdo Paulo is the most populous state in
Brazil, with approximately 46 million inhabitants, and it is
one of the main protagonists of the COVID-19 pandemic in
Brazil. This study showed that a large number of laborato-
ries confirmed that COVID-19 cases led to hospitalizationin
the state (120,804; incidence of 294 hospitalizations per
100,000 inhabitants), and that approximately one-third of
cases of those hospitalized evolved into serious illness with
the need for ICU care (34.5%) and death (27.4%). These
results serve as an alert to the government and the pop-
ulation to recognize the need for urgent measures to control
the pandemic.

Our findings revealed that men are at higher risk for death
than women. These data are similar to those of recent studies
that reported that SARS-CoV-2 infection was more likely to
affect males.*>'° Therefore, male sex is a well-established
risk factor for serious COVID-19 outcomes.

The results also showed that the majority of hospitalized
patients were white, consistent with the first report of cases
among people who had traveled internationally'®; how-
ever, the numbers of deaths among races were similar
when analyzed individually and equal when compared
between whites and non-whites (blacks and other minority
ethnicities). Non-white race was previously found to be
associated with a higher risk of COVID-19 infection, risk of
ICU admission, and death.’?'® This topic needs to be
studied further because it is related to other characteris-
tics, such as cultural and socioeconomic factors. Although
there was no difference in the number of deaths among the
non-white population in this study, there is an information
gap for the race variable because this information only
started to be collected more than 1 month after the be-
ginning of the pandemic in Brazil, thus showing the disre-
gard for racial vulnerability in the country during the
pandemic.

Increasing risks of death were observed with increasing
age, and advanced age is also a well-established risk factor for
serious COVID-19 outcomes; these results were widely ob-
served during other studies performed in several countries
worldwides.*%41 Although the death rates among young
people are considerably lower than those among elderly
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TaBLE 1

Characteristics of patients with COVID-19 during hospitalization and outcomes

Total Dead Alive
Characteristics n (%) n (%) n (%) P value
Total 120,804 (100.0) 33,079 (27.4) 87,725 (72.6)
Sex
Male 67,821 (100.0) 19,087 (28.1) 48,734 (71.9) < 0.001
Female 52,974 (100.0) 13,992 (26.4) 38,982 (73.6)
Missing 9 (100.0) 0(0.0) 9 (100.0)
Age group, y
<30 5879 (100.0) 358 (6.1) 5,521 (93.9) <0.001
30-59 53,368 (100.0) 7,278 (13.6) 46,090 (86.4)
>60 61,475 (100.0) 25,415 (41.3) 36, 060 (58.7)
Missing 82 (100.0) 28 (34.1) 54 (65.9)
Race*
White 61,659 (100.0) 17,902 (29.0) 43,757 (71.0) <0.001
Black 6,382 (100.0) 2,013 (31.5) 4,369 (68.5)
Yellow 1,500 (100.0) 503 (33.5) 997 (66.5)
Mixed 23, 386 (100.0) 6,567 (28.1) 16,819 (71.9)
Indigenous 87 (100.0) 19 (21.8) 68 (78.2)
Missing 27,790 (100.0) 6,075 (21.9) 21,715 (78.1)
Comorbidity (none, 1, or > 11)
Yes 79,812 (100.0) 27,000 (33.8) 52,812 (66.2) <0.001
No 224 (100.0) 46 (20.5) 178 (79.5)
Missing 40,768 (100.0) 6,033 (14.8) 34,735 (85.2)
Chronic cardiovascular disease + hypertension
Yes 44,041 (100.0) 16,213 (36.8) 27,828 (63.2) <0.001
No 22,187 (100.0) 6,832 (30.8) 15,355 (69.2)
Missing 54,576 (100.0) 10,034 (18.4) 44,542 (81.6)
Chronic lung disease
Yes 4,723 (100.0) 2,252 (47.7) 2,471 (52.3) <0.001
No 47,025 (100.0) 15,693 (33.4) 31,332 (66.6)
Missing 69,056 (100.0) 15,134 (21.9) 53,922 (78.1)
Diabetes mellitus
Yes 31,903 (100.0) 11,702 (36.7) 20,201 (63.3) <0.001
No 29,847 (100.0) 9,806 (32.9) 20,041 (67.1)
Missing 59,054 (100.0) 11,571 (19.6) 47,483 (80.4)
Chronic neurological disease
Yes 5,580 (100.0) 2,954 (52.9) 2,626 (47.1) <0.001
No 46,515 (100.0) 15,261 (32.8) 31,254 (67.2)
Missing 68,709 (100.0) 14,864 (21.6) 53,845 (78.4)
ICU
Yes 41,708 (100.0) 20,220 (48.5) 21,488 (51.5) < 0.001
No 79,096 (100.0) 12,859 (16.3) 66,237 (83.7)

Severe cases: patients had been hospitalized in the general ward only. Critical cases: patients have been hospitalized in the ICU. Source: REDCap and Influenza Epidemiological Surveillance
System (SIVEP-GRIPE) Epidemiological Surveillance Center of the State Health Secretary of Sdo Paulo (CVE/SES-SP).

*Brazilian Institute of Geography and Statistics (IBGE) classification

T Chronic cardiovascular disease plus hypertension, diabetes mellitus, chronic lung disease, chronic liver disease, chronic hematological disease, Down syndrome, chronic neurological disease,
immunodeficiency or immunodepression/HIV, chronic kidney disease, obesity, neoplasm (solid or hematological tumor).

individuals, it is very important to discuss the roles of these
people in maintaining the disease. In general, young people
are more resistant to maintaining social isolation and safety
measures to contain the spread of the virus, and they can also
be a vital source of transmission for individuals at increased
risk for serious outcomes of COVID-19.

Several studies have shown that individuals with chronic
diseases are at higher risk for serious outcomes of COVID-
19.7%1® Our findings support this information. Chronic car-
diovascular disease plus hypertension, diabetes mellitus,
chronic lung disease, and chronic neurological disease had a
greater relationship with death, suggesting that these
comorbidities may be associated with an increased risk of
more serious outcomes among patients hospitalized with
COVID-19.

The high death rate for patients admitted to the ICU ob-
served during in this study was expected because of the
critical condition of patients who are referred to this treatment
unit because they require respiratory support and intensive

care. However, other associated factors need to be studied
further to determine if this high death rate is related to the
severity of the illness also or also to the treatment methods
used in the ICU.

There is a need for immediate measures to prevent and
control the pandemic, especially for groups at higher risk for
serious outcomes, so there will be fewer hospitalizations and
deaths. Decreased mobility, social distancing, and the
implementation of biosafety measures, such as wearing a
mask, are essential for reducing the spread of the virus until
vaccination coverage is sufficient to prevent high trans-
mission. Another important factor is the government’s atten-
tion to the socioeconomically vulnerable population, which is
predominantly black. This population has greater difficulty
maintaining social isolation and has less access to the health
system.

Ourinvestigation of risk factors for deaths in S&o Paulo state
had several limitations. Data extraction from hospitalized
SARS-COV-2-positive patients in Sdo Paulo occurred on
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2

Cox multivariate regression analysis of epidemiological characteristics and comorbidities associated with death for COVID-19 patients

Univariate analysis Multivariate analysis

Variable HR 95% Cl HR 95% Cl
Sex

Female 1.00 1.00

Male 1.07 1.04-1.09 1.22 1.18-1.25
Age group, y

<60 1.00 1.00

60-79 3.22 3.13-3.31 2.20 2.11-2.28

>80 6.04 5.86-6.22 3.85 3.68-4.02
CCD+H

No 1.00 1.00

Yes 1.23 1.20-1.23 1.05 1.02-1.08
CLD

No 1.00 1.00

Yes 1.58 1.51-1.65 1.38 1.31-1.45
DM

No 1.00 1.00

Yes 1.14 1.11-1.17 1.14 1.11-1.18
CND

No 1.00 1.00

Yes 1.94 1.86-2.02 1.48 1.41-1.55

CCD + H = chronic cardiovascular disease plus hypertension; CLD = chronic lung disease; DM = diabetes mellitus; CND = chronic neurological disease. Source: Influenza Epidemiological
Surveillance System (SIVEP-GRIPE) Epidemiological Surveillance Center of the State Health Secretary of Sdo Paulo (CVE/SES-SP).

October 10, 2020. The frequency and distribution of un-
derlying conditions after that period may have changed as
additional data became available. Many patients were still hospi-
talized at the time of data extraction. The notifications in the SIVEP-
GRIPE system are detailed and longitudinal, but a considerably
large amount of data were missing data, which may have impacted
these results and introduced important information bias. Further-
more, some deaths related to COVID-19 may have been mis-
takenly classified as non-COVID-19, particularly during the
beginning of the pandemic. However, it is possible that this inac-
curacy has decreased rapidly as the number of deaths has
increased.

Strata Gender=F —+ Gender=M

CONCLUSIONS

In Sdo Paulo state, men, elderly individuals, and patients
with chronic cardiovascular disease, including hypertension,
chronic lung disease, diabetes mellitus, and chronic neuro-
logical disease, are at higher risk for death from COVID-19.
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Published online May 31, 2021.
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ABSTRACT

OBJECTIVE

To estimate the effectiveness of the inactivated whole
virus vaccine, CoronaVac (Sinovac Biotech), against
symptomatic covid-19 in the elderly population of Sdo
Paulo state, Brazil during widespread circulation of
the gamma variant.

DESIGN
Test negative case-control study.

SETTING
Community testing for covid-19 in Sdo Paulo state,
Brazil.

PARTICIPANTS

43774 adults aged 270 years who were residents of
Sao Paulo state and underwent reverse transcription
polymerase chain reaction (RT-PCR) testing for SARS-
CoV-2 from 17 January to 29 April 2021. 26 433 cases
with symptomatic covid-19 and 17 622 test negative
controls with covid-19 symptoms were formed into
13283 matched sets, one case with to up to five
controls, according to age, sex, self-reported race,
municipality of residence, previous covid-19 status,
and date of RT-PCR test (+3 days).

INTERVENTION
Vaccination with a two dose regimen of CoronaVac.

WHAT IS ALREADY KNOWN ON THIS TOPIC

the gamma variant

Estimates of effectiveness of the inactivated whole virus vaccine, CoronaVac
(Sinovac Biotech), against symptomatic covid-19 in randomised controlled trials
have varied (51% to 84%)

Current evidence is limited on whether CoronaVac is effective against covid-19
associated severe disease or death, orin the setting of extensive circulation of

More evidence is needed for the real world effectiveness of CoronaVac and
other inactivated vaccines among elderly people, a population that has been
underrepresented in trials of these vaccines

WHAT THIS STUDY ADDS

of the gamma variant

the elderly population

A two dose regimen of CoronaVac was associated with 47% protection against
symptomatic covid-19, 56% against hospital admissions, and 61% against
deaths among adults aged 270 years in the setting of widespread transmission

Protection is low until 214 days after the second dose of CoronaVac
The effectiveness of CoronaVac was observed to decline with increasing age in

thelbmj | BMJ2021;374:n2015 | doi: 10.1136/bmj.n2015

MAIN OUTCOME MEASURES
RT-PCR confirmed symptomatic covid-19 and
associated hospital admissions and deaths.

RESULTS

Adjusted vaccine effectiveness against symptomatic
covid-19 was 24.7% (95% confidence interval 14.7%
t0 33.4%) at 0-13 days and 46.8% (38.7% to 53.8%)
at =14 days after the second dose. Adjusted vaccine
effectiveness against hospital admissions was 55.5%
(46.5% to 62.9%) and against deaths was 61.2%
(48.9% to 70.5%) at 214 days after the second dose.
Vaccine effectiveness 214 days after the second

dose was highest for the youngest age group (70-74
years)—59.0% (43.7% to 70.2%) against symptomatic
disease, 77.6% (62.5% to 86.7%) against hospital
admissions, and 83.9% (59.2% to 93.7%) against
deaths—and declined with increasing age.

CONCLUSIONS

Vaccination with CoronaVac was associated with

a reduction in symptomatic covid-19, hospital
admissions, and deaths in adults aged =70 years in
a setting with extensive transmission of the gamma
variant. Vaccine protection was, however, low until
completion of the two dose regimen, and vaccine
effectiveness was observe to decline with increasing
age among this elderly population.

Introduction
As of early July 2021 the covid-19 pandemic has been
responsible for 3.9 million deaths worldwide,' with
a disproportionately high mortality and morbidity
among elderly people.” A key question is whether the
authorised covid-19 vaccines are effective in elderly
people, who might have impaired immune responses®*
and are underrepresented in randomised controlled
trials.”” mRNA and adenovirus vector based vaccines
have been shown to be effective against covid-19 in
elderly people,®® but evidence on the effectiveness of
inactivated vaccines in this population is limited.” 1°12
CoronaVac (Sinovac Biotech), an inactivated whole
virus vaccine, has been approved by 32 countries
and jurisdictions'® and been implemented as part
of mass vaccination campaigns in low and middle
income countries, many of which are experiencing
covid-19 epidemics as a result of the emergence of
SARS-CoV-2 variants of concern. Estimates from
randomised controlled trials of vaccine efficacy
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against symptomatic covid-19 of a two dose
CoronaVac regimen in healthcare workers and the
general population have varied (51% to 84%).”” *° The
World Health Organization’s Emergency Use Listing
(EUL) procedure approved the use of CoronaVac in
early June 2021 but identified an evidence gap for
the effectiveness of this vaccine in adults aged >60
years.!' The WHO EUL cited an observational study in
Chile,*°*? which found that the adjusted effectiveness
of CoronaVac among adults aged =60 years at 14 days
or more after the second dose was 66.6%. During
the study period, the gamma variant of concern was
detected in 28.6% of SARS-CoV-2 genomes in Chile.'?
Furthermore, randomised controlled trials and
observational studies have not investigated whether
CoronaVac provides important protection after the
first dose or in the setting of widespread transmission
of variants of concern.” %!

Brazil has experienced one of the world’s highest
covid-19 burdens during the pandemic, with more
than 18 million people affected and 526 000 deaths
reported as of early July 2021.* *® Variants of concern,
and in particular the gamma variant, have played an
important role in the recent epidemic wave in Brazil,
which began in early 2021."*"® The gamma variant,
which was first detected in Manaus, shows increased
transmissibility,® has accrued mutations associated
with decreased in vitro seroneutralisation,'’*’
has a possible association with increased disease
severity,”® 2! and, at present, accounts for most of
the SARS-CoV-2 isolates genotyped in Brazil from 1
January 2021.'* 2% In the setting of a large epidemic
associated with the gamma variant in Sao Paulo,
the most populous state in Brazil, we conducted a
matched, test negative®® case-control study to evaluate
the real world effectiveness of CoronaVac against
symptomatic covid-19 and severe clinical outcomes in
people aged =70 years.

Methods

Study setting

The State of Sdo Paulo (23°3'S, 46°4'W) has 645
municipalities and 46 million inhabitants, 3.23 million
of whom are aged =70 years.?* The state experienced
three successive waves of covid-19, during which
2997 282 cases (cumulative incidence rate: 6475 per
100000 population) and 100 649 deaths (cumulative
mortality: 217 per 100000 population) have been
reported as of 9 May 2021 (fig 1, supplementary figure
1).% The state secretary of health of Sao Paulo initiated
a covid-19 vaccination campaign for the general
population on 17 January 2021 according to an age
based prioritisation strategy (fig 1) and is administering
a two dose regimen of CoronaVac with a two to four
week interval between doses, and a two dose regimen
of ChAdOx1 nCoV-19 (Oxford-AstraZeneca), with a
12 week interval.?® As of 29 April 2021, 8.63 million
doses (5.16 million first doses and 3.47 million second
doses) of CoronaVac had been administered and 2.06
million doses (1.99 million first doses and 0.07 million
second doses) of ChAdOx1 nCoV-19.

RESEARCH

Study design

We conducted a matched test negative case-control
study to estimate the effectiveness of CoronaVac in
reducing the odds of reverse transcription polymerase
chain reaction (RT-PCR) confirmed symptomatic
covid-19 in adults aged =70 years from Sdo Paulo
state from 17 January 2021 (the start of covid-19
vaccination) to 29 April 2021. Test negative design
studies have provided estimates of vaccine effectiveness
in concordance with those obtained from randomised
controlled trials,”” 2% and such studies have been used
extensively to evaluate vaccines against respiratory
infections,?® including covid-19.% 2> 3® We chose the
test negative design because of the feasibility of
accessing information on people who were tested for
SARS-CoV-2 through the Sao Paulo state surveillance
systems and because of the opportunity to control for
potential biases, such as healthcare seeking behaviour
and access to testing.”> The study population was
adults aged =70 years who had a residential address
in Sao Paulo state, underwent SARS-CoV-2 RT-PCR
testing during the study period, and had complete
and consistent information between data sources on
age, sex, residence, and on vaccination and testing
status and dates. We matched test negative controls
with covid-19 symptoms to covid-19 cases by date of
testing (+3 days) to address potential sources of bias
that might vary during the course of an epidemic, as
well as by participant characteristics of age, sex, self-
reported race, municipality of residence, and previous
covid-19 status.

In the protocol, we prespecified power thresholds
for conducting analyses on the effectiveness of
CoronaVac and ChAdOx1 nCoV-19. These thresholds
were achieved for CoronaVac but not for ChAdOx1
nCoV-19 because of lower rates of ChAdOx1 nCov-
19 administered in the population during the study
period. We therefore restricted the evaluation of
vaccine effectiveness to CoronaVac.

Amendment of protocol

The study design and statistical analysis plan were
specified in advance of extracting information
from data sources and are described in a publicly
available protocol (https://github.com/juliocroda/
VebraCOVID-19) and the supplementary file. We
made two major changes to the original protocol:
we added the analysis for hospital admissions
and deaths inside the framework of a test negative
design before submission to peer review (post hoc
analysis), and after submission, as suggested by peer
reviewers, we changed the matching procedure of the
main analysis from one case matched to one control
without replacement, to one case matched with up
to five controls with replacement of controls between
cases (unbalanced design); and we added two other
sensitivity analyses for the matching procedure.

Data sources
We obtained individual level information on personal

characteristics, comorbidities, SARS-CoV-2 testing,

doi: 10.1136/bmj.n2015 | BMJ2021;37412015 | thebmj
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Fig 1| Incidence of reported covid-19, vaccination coverage, and prevalence of SARS-CoV-2 variants of concern from
1 October 2020 to 29 April 2021 in S3o Paulo state, Brazil. Panels A-C show the 14 day rolling average of daily age
group specific incidence of reported covid-19 cases, hospital admission rate, and mortality (events per 100 000
population). Panel D shows daily cumulative vaccination coverage in people aged >70 years. Population estimates
for age groups were obtained from national projections for 2020.2% Panel E shows the monthly prevalence of SARS-
CoV-2 variants among genotyped isolates in the GISAID (global initiative on sharing avian influenza data) database
(extraction on 20 June 2021).?? Vertical bars show dates that adults aged 290, 80-89, and 70-79 years in the general
population became eligible for vaccination
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and covid-19 vaccination during the study period
by extracting information on 6 May 2021 from the
state secretary of health of Sao Paulo laboratory
testing registry (GAL), the national surveillance
databases for covid-19-like illnesses (e-SUS) and
severe acute respiratory illness (SIVEP-Gripe), and
the state secretary of health of Sao Paulo vaccination
registry (Vacina Ja). All people living in Brazil are
eligible for testing and have access to the public
health system. RT-PCR tests are performed by trained
healthcare professionals following standard protocols.
Notification of people with suspected covid-19, SARS-
CoV-2 test results, and suspected deaths with covid-19
is compulsory in Brazil. Supplementary table 1
provides additional information on data sources. The
information technology bureau of the Sao Paulo state
government linked individual level records from the
four databases using CPF (Cadastro de Pessoas Fisicas)
numbers (Brazilian citizens’ unique identifier code)
and provided anonymised datasets. The genotyping
of all isolated SARS-CoV-2 in Sao Paulo state was
not possible and these data are not available in the
surveillance systems used in this study. We retrieved
information on SARS-CoV-2 variants from genotyped
isolates from Sdo Paulo state deposited in the global
initiative on sharing avian influenza data (GISAID)
database.*

Selection of cases and matched controls
We selected cases from the study population who
had covid-19 symptoms, defined as a covid-19-like
illness, a positive SARS-CoV-2 RT-PCR test result from
a respiratory sample that was collected within 10
days after the onset of symptoms, and did not have a
positive RT-PCR test result in the preceding 90 days. We
selected controls from the study population who had
a covid-19-like illness, a negative SARS-CoV-2 RT-PCR
test result from a respiratory sample that was collected
within 10 days after the onset of symptoms,?> and no
positive RT-PCR test result in the previous 90 days
during the study period, or in the subsequent 14 days.
Cases and controls were excluded if they received the
ChAdOx1 nCoV-19 vaccine before sample collection
for RT-PCR testing. We defined covid-19-like illness as
the presence of one or more reported covid-19 related
symptoms.>

One case was matched with to up to five test negative
controls according to RT-PCR sample collection date
(3 days), age category (five year age bands, eg, 70-
74, 75-79 years), sex, municipality of residence, self-
reported race (defined as brown, black, yellow, white,
orindigenous),?? and previous symptomatic events that
were reported to the surveillance systems®' between
1 February 2020 and 16 January 2021, as a proxy
for previous SARS-CoV-2 infection. Matching factors
were chosen from variables that were associated with
vaccination coverage or timing, and with risk of SARS-
CoV-2 infection or healthcare access (see protocol
in supplementary file).”> After identification of each
case, we randomly chose up to five controls in an
unbalanced design from the set of all eligible matching
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controls, allowing for replacement of controls between
cases (main analysis). We conducted three sensitivity
analyses, varying two features of the matching while
keeping the same matching factors. In the first analysis
we matched one case to one random control without
replacement of controls (original analysis in the
protocol); in the second analysis we matched one case
to one random control, allowing for replacement of
controls between cases; and in the third analysis we
matched one case to two random controls, allowing for
replacement of controls between cases.

Statistical analysis

We estimated the effectiveness of CoronaVac against
symptomatic covid-19 in the 0-13 days and =14 days
after the second dose and =14 days after the first
dose. Furthermore, we estimated the effectiveness of
a single dose 0-13 days after the first dose, when the
vaccine has shown no or limited effectiveness.’ 33 3*
An association during this period might serve as
an indicator of unmeasured confounding in the
effectiveness estimate.>* > We also expanded our bias
indicator by evaluating the 0-13 days after the first
dose as 0-6 days and 7-13 days.>® The reference group
for vaccination status was those who had not received a
first vaccine dose before the date of sample collection.

Conditional logistic regression was used to estimate
the odds ratio of vaccination among cases and
controls: 1-odds ratio provided an estimate of vaccine
effectiveness under the assumptions of a test negative
design.’” We included age and covid-19 associated
comorbidities (cardiovascular, renal, neurological,
haematological, and hepatic, diabetes, chronic
respiratory disorder, obesity, or immunosuppression)
as covariates in the model. Because age is a strong
determinant of covid-19 outcomes, we adjusted
for age after matching by age bands to control for
potential residual confounding.®® Non-linearity for
age was evaluated using restricted cubic splines and
we chose the most parsimonious model comparing
nested models with a likelihood ratio test. To evaluate
potential residual confounding by time varying factors
that might not be dealt with by the matching criteria,
we also conducted a post hoc sensitivity analysis that
incorporated the calendar date of RT-PCR sample
collection in the model.

In a post hoc analysis we estimated vaccine
effectiveness against covid-19 associated hospital
admission and death. To account for the competing
event of dying before being admitted to hospital, we
estimated vaccine effectiveness for the composite
outcome of hospital admission or death, or both in a
sensitivity analysis. In these separate analyses, we
selected matched pairs in which the case had the
secondary outcome of interest.’® °° We fit the same
conditional logistic regression model as for the primary
outcome.

We conducted a prespecified analysis of vaccine
effectiveness among age subgroups for the primary and
secondary outcomes but could not perform analyses
stratified by previous covid-19 documented infection
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because of small numbers. The age subgroups were
prespecified and followed the five year age categories
used for matching, with age groups older than 80
collapsed into a single group. Additional post hoc
analyses were performed of vaccine effectiveness for
the primary outcome for subgroups stratified by sex,
number of chronic comorbidities (none versus at least
one), the two most common chronic comorbidities
(cardiovascular disease and diabetes), and region
of residence (Grande Sio Paulo health region versus
others). Interaction terms were incorporated into the
model to evaluate the association of each subgroup of
interest with vaccine effectiveness >14 days after the
second dose.

Power calculation

Our protocol specified that we would conduct proposed
analyses after achieving =80% power to identify a
vaccine effectiveness of 40% against symptomatic
covid-19 for =14 days after the second dose of
CoronaVac compared with not receiving a vaccine
dose. The power was simulated fitting conditional
logistic regressions on 1000 simulated datasets. After
extracting information from the surveillance databases
on 6 May 2021 and generating matched case-control
pairs, we determined that the power of the study was
99.9% and proceeded to conduct the prespecified
analyses. We did not perform an analysis for ChAdOx1
nCoV-19 because the simulated power was 31% to
identify a vaccine effectiveness of 40% for >28 days
after the first dose of ChAdOx1 nCoV-19 compared
with not receiving a vaccine dose.

All analyses were done in R, version 4.0.2.

Patient and public involvement

Because this study used routine surveillance data
sources and there was no direct funding, no members
of the public or patients were directly involved.
Nevertheless, we did speak to patients about the study
and the outcomes to be evaluated, and we asked a
member of the public to read our manuscript and
provide inputs for its interpretation. No members of
the public or patients were involved in writing up the
results.

Results

Sao Paulo state experienced three covid-19 epidemic
waves, with a peak incidence in July 2020 for the
first wave and in January 2021 for the second wave
(supplementary figure 1) and March 2021 for the
third wave (fig 1). The second wave was preceded in
November 2020 by an increase in the prevalence of
the zeta variant among genotyped isolates from Sao
Paulo state deposited into the GISAID database (fig
1). The third wave was preceded in January 2021 by
an increase in the prevalence of the gamma variant
among genotyped isolates (fig 1). The gamma variant
replaced other SARS-CoV-2 variants?* and accounted
for 78.4% (3834/4887) of the genotyped isolates that
were reported in GISAID during the study period and
85.5% (3584/4192) of genotyped isolates that were
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reported between 1 March and 29 April 2021, when the
majority of discordant case-control sets were identified
(supplementary figure 2). The vaccination campaign,
initiated on 17 January 2021, achieved an estimated
coverage of roughly 85% for the first CoronaVac dose
(2.82 million) and 65% for the second dose (2.10
million) among adults aged 270 years by 29 April 2021
(fig 1). After initiation of the vaccination campaign
and during the third epidemic wave, the incidence of
covid-19 increased and peaked in late March in all age
groups except for those aged >90 years (fig 1).

Study population

From 17 January 2021 to 29 April 2021, the rate
of RT-PCR testing for SARS-CoV-2 in those age =70
years in Sao Paulo state was 25 per 1000 persons.
Among 43 774 adults eligible for study inclusion (fig
2), 22177 (50.7%) who provided 55519 RT-PCR test
results were included in matched case and control
sets as follows: 3881 pairs matched 1:1, 1963 pairs
matched 1:2, 1044 pairs matched 1:3, 678 pairs
matched 1:4, and 5717 pairs matched 1:5. Overall,
6223 participants contributed more than one time
as controls and 18 participants contributed as both
control and case. Table 1 shows the characteristics of
eligible participants with positive and negative RT-PCR
test results, and selected cases and matched controls.
Matched characteristics appear unbalanced because of
the variable matching procedure. A higher proportion
of cases than controls had reported comorbidities. Most
of the discordant sets, based on vaccination status,
were selected after 14 March 2021 (supplementary
figure 2). For cases and controls who completed the
two dose vaccine regimen, the intervals between
doses were similar (mean 30 v 25 days). Likewise, the
intervals between vaccine doses and RT-PCR testing
were similarly distributed for cases and controls (table
1 and supplementary figure 3). Supplementary table
2 shows the distribution of matched sets according to
the vaccination status of cases and controls at the time
of RT-PCR testing. Supplementary tables 3 and 4 show
the characteristics of the matched case and control
sets selected for the analysis of secondary outcomes of
hospital admission (n=30308) and death (n=14624).

Vaccine effectiveness against symptomatic covid-19
The adjusted effectiveness against symptomatic
covid-19 was 24.7% (95% confidence interval 14.7%
to 33.4%) at 0-13 days and 46.8% (38.7% to 53.8%) at
214 days after the second dose (table 2). No statistically
significant change was identified in the odds of
covid-19 in the 0-13 days after the first dose, which
serves as a potential bias indicator. The bias indicator
was similar 0-6 days and 7-13 days after the first dose
(supplementary table 5). In the sensitivity analysis
including calendar date of testing as a covariate,
vaccine effectiveness after the second dose was 25.1%
(15.2% to 33.8%) at 0-13 days and 47.1% (39.1% to
54.1%) at >14 days.

Vaccine effectiveness against symptomatic covid-19
was observed to decline with increasing age =14
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# 148 965

People aged 270 years in surveillance databases

4 Missing sex (<0.1%)

114872

Excluded

27 876 Missing self-reported race (18.7%)
352 Missing or inconsistent vaccination dates (0.2%)
5861 Different vaccine received before sample collection date (3.9%)

Participants in study population (77.1%)

Excluded
22742 No RT-PCR test for SARS-CoV-2 (19.8%)
N » 44779 Date of SARS-CoV-2 RT-PCR collection before analysis period (39.0%)
442 Date of SARS-CoV-2 RT-PCR collection after analysis period (0.4%)
33 Positive RT-PCR test result in past 90 days (<0.1%)
26 No documented symptoms at test (<0.1%)
3076 Collection date before, or >10 days after, symptom onset date (2.7%)

)

Participants* as cases (60.4%)

$43774
Participants eligible for case or control selection from 17 January to 29 April 2021
(i 44 055)
RT-PCR tests
f A
i 17 447
Participants* as controls (39.9%)
17 622

RT-PCR tests

replacement)
® Age in five year bands
® Sex
® Self-reported race
® Municipality of residence
® Previous covid-19-like illness
® Date of RT-PCR test (+3 days)

v

Participants* as controls not matched (49.2%)

#8654

RT-PCR tests

L

Matching cases and controls (1 up to 5 with

26 433

RT-PCR tests

v

Participants* as cases not matched (49.8%)

RT-PCR tests

J

Y

Participants in matched case and control sets (50.7%)

RT-PCR tests

Fig 2 | Flowchart of study population from surveillance databases, and selection of matched cases and controls.
*Some participants contributed as controls and cases, and matching allowed for replacement of controls between
cases. RT-PCR=reverse transcription polymerase chain reaction

days after the second dose and was 59.0% (43.7%
to 70.2%) among those aged 70-74 years, 56.2%
(43.0% to 66.3%) among those aged 75-79 years, and
32.7% (17.0% to 45.5%) among those aged >80 years
(P=0.007 for interaction; figure 3, supplementary
table 6). Vaccine effectiveness against symptomatic
covid-19 did not differ among subgroups defined by

sex, presence of comorbidities, reported cardiovascular
disease, or regions of residence. Participants with
reported diabetes, however, had lower protection than
those without reported diabetes (vaccine effectiveness
32.6% v 50.5%, P=0.008 for interaction) =14 days
after the second dose (supplementary table 7 and
supplementary figure 4)
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Table 1 | Characteristics of adults aged >70 years in S3o Paulo state, Brazil, who were eligible for matching and selected into case test negative pairs.
Values are numbers (percentages) unless stated otherwise

Characteristics

Mean (SD) age (years)

Eligible cases and controls

Matched sets

Test negative
(n=17622)*
77.53 (6.8)

Test positive
(n=26433)*
76.71(6.2)

Controls (n=42236)* Cases (n=13283)*

75.69 (5.44) 75.90 (5.64)

Age groups (years):

70-79

12123 (68.8)

19673 (74.4)

34134 (80.8) 10543 (79.4)

80-89 4301 (24.4) 5437 (20.6) 7045 (16.7) 2311 (17.4)
290 1198 (6.8) 1323 (5.0) 1057 (2.5) 429 (3.2)
Men 7689 (43.6) 12431 (47.0) 18610 (44.1) 5919 (44.6)

Self-reported racet:

White/branca

13415 (76.1)

19796 (74.9)

34603 (81.9) 10803 (81.3)

Brown/pardo 3192 (18.1) 4983 (18.9) 6797 (16.1) 2115 (15.9)
Black/preta 785 (4.5) 1258 (4.8) 727 (1.7) 287 (2.2)
Yellow/amarela 226 (1.3) 390 (1.5) 109 (0.3) 78 (0.6)
Indigenous/Indigena 4 (0.0) 6 (0.0) - -
Residence in Grande Sao Paul health region 12381 (70.3) 16538 (62.6) 14368 (34.0) 6113 (46.0)
Reported No of comorbidities:
0 10027 (56.9) 12668 (47.9) 23961 (56.7) 5886 (44.3)
lor2 6984 (39.6) 12548 (47.5) 16626 (39.4) 6713 (50.5)
>3 611 (3.5) 1217 (4.6) 1649 (3.9) 684 (5.1)
Cardiovascular disease 5293 (30.0) 10079 (38.1) 12563 (29.7) 5482 (41.3)
Diabetes 3233 (18.3) 6533 (24.7) 8269 (19.6) 3578 (26.9)
Past exposure to SARS-CoV-28§
Previous symptomatic events notified to surveillance systemsf 685 (3.9) 354 (1.3) 47 (0.1) 37 (0.3)
Positive SARS-CoV-2 test result** 66 (0.4) 13 (0.0) 1 (0.0) 4 (0.0)
Median (interquartile range) interval between symptoms onset and RT-PCR 3 (2-5) 4(2-6) 3 (1-5) 4(2-6)

testing (days)

Hospital admissions

4524/17 484 (25.9)

12987/26221 (49.5) 11020/41980 (26.3) 7043/13175 (53.5)

Deaths

1594/16710 (9.5)

7054/24508 (28.8)

4072/40134 (10.1)  3549/12251 (29.0)

Median (interquartile range) interval between symptoms onset and hospital

adliston () 3(2-6) 7 (4-10) 4 (2-7) 7 (4-10)
I(\g(;(\jisn (interquartile range) interval between symptoms onset and deaths 8 (4-13) 14 (9-21) 8 (4-16) 15 (10-22)
Vaccination status:
Not vaccinated 11986 (68.0) 17233 (65.2) 27994 (66.3) 8989 (67.7)
Single dose, within 0-13 days 1446 (8.2) 2976 (11.3) 4873 (11.5) 1565 (11.8)
Single dose, =14 days 1797 (10.2) 3312 (12.5) 4631 (11.0) 1489 (11.2)
Two doses, within 0-13 days 1041 (5.9) 1533 (5.8) 2445 (5.8) 700 (5.3)
Two doses, =14 days 1352 (7.7) 1379 (5.2) 2293 (5.4) 540 (4.1)
Mean (SD) interval between 1st and 2nd dose (days) 25 (6) 30(12) 25 (6) 30(12)
Mean (SD) interval between 1st dose and RT-PCR testing (days) 28 (19) 23 (16) 22(17) 21 (16)
Mean (SD) interval between second dose and RT-PCR testing (days) 20 (15) 17 (14) 17 (14) 16 (14)

RT-PCR=reverse transcription polymerase chain reaction.
*Numbers refer to RT-PCR tests and represent 43 774 people for the eligible cases and controls and 22 177 people in matched cases and controls.
tRace/skin colour as defined by the Brazilian national census bureau (Instituto Nacional de Geografia e Estatisticas).>
$Comorbidities included cardiovascular, renal, neurological, haematological, or hepatic conditions, diabetes, chronic respiratory disorder, obesity, or immunosuppression.
§Before start of study on 17 January 2021 and after systematic surveillance was implemented on 1 February 2020.
fIReported illness with covid-19 associated symptoms in eSUS and SIVEP-Gripe databases.

**Defined as a positive SARS-CoV-2 RT-PCR or antigen detection test result.

Vaccine effectiveness against covid-19 associated
hospital admissions

The adjusted effectiveness against hospital admission
was 39.1% (28.0% to 48.5%) at 0-13 days and 55.5%
(46.5% to 62.9%) at 214 days after the second dose
(table 2). No statistically significant reduction was
observed in the odds of covid-19 in the periods after
one dose, and the bias indicator effectiveness was
close to zero (supplementary table 5).

Vaccine effectiveness against hospital admission
was observed to decline with increasing age =14
days after the second dose and was 77.6% (62.5%
to 86.7%) among those aged 70-74 years, 66.6%
(51.8% to 76.9%) among those aged 75-79 years, and
38.9% (21.4% to 52.5%) among those aged =80 years
(P<0.001 for interaction; fig 3, supplementary table 6).
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Vaccine effectiveness against deaths with covid-19
The adjusted effectiveness against deaths with
covid-19 was 31.2% (17.6% to 42.5%) >14 days after
the first dose, 48.9% (34.4% to 60.1%) 0-13 days after
the second dose, and 61.2% (48.9% to 70.5%) =14
days after the second dose (table 2). The bias indicator
was close to zero 0-13 days after the first dose, and 0-6
days and 7-13 days after the first dose (supplementary
table 5).

Vaccine effectiveness against deaths was observed to
decline with increasing age >14 days after the second
dose and was 83.9% (59.2% to 93.7%) among those
aged 70-74 years, 78.0% (58.8% to 88.3%) among
those aged 75-79 years, and 44.0% (20.3% to 60.6%)
among those aged >80 years (P=0.001 for interaction;
fig 3, supplementary table 6).
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Table 2 | Effectiveness of CoronaVac (Sinovac Biotech) against symptomatic covid-19, hospital admissions, and deaths in adults aged 270 years in Sao

Paulo state, Brazil

Unadjusted analysis

Adjusted analysis*

Vaccine effectiveness,

Vaccine effectiveness,

0dds ratio (95% ClI) % (95% Cl) Pvalue 0dds ratio (95% ClI) % (95% CI) Pvalue
Symptomatic covid-19 (n=55519)
One dose:
0-13 days v unvaccinatedt 1.02 (0.94 t0 1.10) -1.7 (-10.4t0 6.2) 0.68 1.01 (0.93 to 1.09) -0.8(-9.41t07.2) 0.86
>14 days v unvaccinatedt 0.88 (0.80t0 0.97) 11.9 (3.1t0 19.9) 0.01 0.88 (0.79 t0 0.96) 12.5 (3.7 t0 20.6) 0.01
Two doses:
0-13 days v unvaccinatedt 0.77 (0.68t0 0.87) 23.5(13.5t032.3) <0.001 0.75 (0.67 t0 0.85) 24.7 (14.7 to 33.4) <0.001
>14 days v unvaccinatedt 0.54 (0.47 10 0.62) 45.8 (37.71052.9) <0.001 0.53 (0.461t00.61) 46.8 (38.710 53.8) <0.001
Hospital admissions associated with covid-19 (n=30308)
One dose:
0-13 days v unvaccinatedt 0.98 (0.89 to 1.09) 1.6 (-9.3t011.5) 0.76 0.93 (0.84 t0 1.04) 6.6 (-4.31016.3) 0.23
>14 days v unvaccinatedt 0.87 (0.77 10 0.99) 12.6 (1.3t022.6) 0.03 0.83(0.731t00.94) 16.9 (5.7 t0 26.8) 0.004
Two doses:
0-13 days v unvaccinatedt 0.66 (0.561t00.77) 34.4 (23.1t0 44.1) <0.001 0.61(0.521t00.72) 39.1 (28.0t0 48.5) <0.001
>14 days v unvaccinatedt 0.48 (0.40t0 0.57) 51.9 (42.6 10 59.7) <0.001 0.45 (0.37 t0 0.54) 55.5 (46.5 t0 62.9) <0.001
Deaths associated with covid-19 (n=14 624)
One dose:
0-13 days v unvaccinatedt 0.90 (0.78t0 1.04) 10 (-4.21t022.2) 0.16 0.87 (0.74 10 1.02) 13.1 (-1.510 25.6) 0.08
>14 days v unvaccinatedt 0.75 (0.63 t0 0.89) 25.1(11.2to 36.9) 0.001 0.69 (0.58 t0 0.82) 31.2(17.6 t0 42.5) <0.001
Two doses:
0-13 days v unvaccinatedt 0.56 (0.44 t0 0.70) 44.3 (29.6 t0 55.9) <0.001 0.51 (0.40 t0 0.66) 48.9 (34.4 t0 60.1) <0.001
>14 days v unvaccinatedt 0.43(0.33100.56) 57.1 (44.3 10 67) <0.001 0.39 (0.30t0 0.51) 61.2 (48.9t070.5) <0.001

*Adjusted for age (linear term for symptomatic covid-19 and restricted cubic spline for hospital admissions and deaths) and number of comorbidities (0, 1 or 2, 23).
tAt date of index sample collection for cases and controls.

The adjusted effectiveness for the composite
outcome hospital admissions or deaths, or both, was
39.2% (28.3% to 48.4%) 0-13 days after the second
dose, and 55.4% (46.5% to 62.8%) >14 days after the
second dose (supplementary table 8).

Sensitivity analyses for the matching procedure

Overall, 13 150 cases (49.7%) could not be matched
with a potential control. Thus, 30.1% of cases (7950
case-control pairs) could be matched in the first
sensitivity analysis (1:1 without replacement), 50.3%
of cases (13283 case-control pairs) in the second

Case-control Vaccine effectiveness,

sets % (95% CI)
Cases with symptoms
70-74years 7024 59.0(43.7t0 70.2)
75-79 years 3519 56.2 (43.0t0 66.3)

>80 years 2740 32.7(17.0t0 45.5)
Cases admitted to hospital
70-74years 3263
75-79years 1928
>80 years 1852
Deaths
70-74years 1517
75-79 years 1005

>80 years 1027

77.6 (62.5t0 86.7)
66.6 (51.8t0 76.9)
38.9(21.4t0 52.5)

83.9(59.2t093.7)
78.0(58.8 t0 88.3)
44.0(20.3to 60.6)

sensitivity analysis (1:1, allowing for replacement
of controls), and 35.6% of cases (9402 case-control
pairs) in the third sensitivity analysis (1:2, allowing
for replacement of controls). Supplementary table 9
shows the characteristics of the population in these
threematchinganalyses. Overall, vaccine effectiveness
was comparable to the findings of the main analysis,
with varying precision. Vaccine effectiveness against
symptomatic covid-19 was 41.6% (26.9% to 53.3%)
in the first sensitivity analysis (n=15900), 48.6%
(38.9% to 56.8%) in the second sensitivity analysis
(n=26566), and 47.8% (38.2% to 56.0%) in the third

—e——i
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—e—
—e—i
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—_——————
20 40 60 80 100

Vaccine effectiveness, % (95% CI)

Fig 3 | Adjusted vaccine effectiveness 214 days after the second dose of CoronaVac (Sinovac Biotech) for subgroups
of adults aged 270 years. Estimates of vaccine effectiveness were obtained from a conditional logistic regression
model that included covariates of age and number of comorbidities and incorporated an interaction term between the
category of interest and the period 214 days after the second dose
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sensitivity analysis (n=28 206; supplementary tables
10-13). The same pattern of vaccine effectiveness
observed in the main analysis when stratified by age
and for severe outcomes was observed in the three
sensitivity analyses (supplementary tables 10 and
14-16).

Discussion

In this test negative case-control study we found that
the effectiveness of a two dose schedule of CoronaVac
in the real world was 47% against symptomatic
covid-19, 56% against covid-19 associated hospital
admissions, and 61% against covid-19 associated
deaths among those aged =70 years during a gamma
variant associated epidemic in Brazil. Furthermore,
we have addressed several evidence gaps for the use
of CoronaVac: vaccination showed an effectiveness
against covid-19, including associated severe
outcomes, in the setting of widespread transmission
of the gamma variant, which was similar to that found
in the Brazilian randomised controlled trial conducted
before the emergence of the gamma variant’; a single
dose of CoronaVac was associated with low protection
against symptomatic covid-19 or hospital admission;
and vaccine effectiveness was observed to decline with
increasing age among adults aged =70 years.

Research in context

A key evidence gap, as raised in the WHO EUL for
CoronaVac,'! has been the effectiveness of this vaccine
in the elderly population, because this age group
was not well represented in Brazilian and Turkish
randomised controlled trials.” 7 '° ! We found that
two doses of CoronaVac administered at an average
interval of four weeks had an overall effectiveness
against symptomatic covid-19 of 47% (39% to 54%) in
a population with a mean age of 76 years. This estimate
is lower than the efficacy of 84% (95% confidence
interval 65% to 92%) reported in the Turkish trial, with
a participant median age of 45 years and two week
dosing interval’; and comparable to the efficacy of
51% (95% confidence interval 36% to 62%) from the
Brazilian trial in healthcare workers, with a participant
mean age of 39 years and two week dosing interval.’
Additionally, a cohort study in Chile reported an
effectiveness for CoronaVac of 66.6% (95% confidence
interval 65.4% to 67.8%) in those aged =60 years. It is
not clear whether the observed differences are related
to the age distribution, dosing interval, risk of infection
in the community, or the presence of the gamma
variant of concern, which was not prevalent during
the trials’ follow-up periods and was responsible for
only 28.6% of genotyped infections in Chile during the
study period.'®*?

Among elderly people in our study, we observed a
statistically significant decline in vaccine effectiveness
against symptomatic covid-19 with increasing age,
from 59.0% (43.7% to 70.2%) in those aged 70-74
year to 32.7% (17.0% to 45.5%) in those aged >80
years. These findings parallel real world evidence for
the BNT162b2 mRNA vaccine, which showed reduced
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effectiveness in residents of long term care facilities in
Denmark,* skilled nursing facilities in the USA,** and
the general population aged >70 years in Finland*®
and >80 years in Israel.** As well as having a slower
immune response and lower peak of neutralising
antibodies than younger populations, elderly people
seem to have faster decay of antibody titres.” Together,
these findings suggest that specific vaccines or
vaccination schedules might be required to effectively
vaccinate the very elderly (=80 years) population
against covid-19.

Vaccine effectiveness was greater against severe
outcomes than against symptomatic covid-19 in all
age subgroups among elderly people. This finding,
consistent with the findings from randomised
controlled trials and observational studies for multiple
covid-19 vaccines and across settings,” ®° 1° 2 suggests
that vaccination will reduce morbidity and mortality
among elderly people even if effectiveness at preventing
infections is reduced. The direct comparison of the
effectiveness against hospital admission with other
vaccines and between countries is not straightforward,
because hospital admission depends on admission
triage policies, which change according to age and
hospital bed availability. Therefore, someone older
than 80 years with symptomatic covid-19 has a higher
likelihood of being admitted compared with younger
patients even if the disease is not severe, and this
likelihood varies between public and private facilities
and whether the health system is overwhelmed.'
Thus, we cannot generalise our findings for protection
against hospital admission without considering this
context. We evaluated vaccine effectiveness at the
individual level, not accounting for the indirect effect
and the total effect from the vaccination campaign.
A preliminary aggregated analysis using weekly
times series of covid-19 deaths in Brazil found a
relative decrease in mortality among those aged =70
years compared with all ages after vaccination with
CoronaVac and ChAdOx1 nCov-19,” suggesting a
discernible impact of vaccination on mortality at the
population level. Additional investigation is required
to determine the duration of protection conferred by
CoronaVac.” *?

The absence of demonstrable effectiveness of
CoronaVac until completion of the two dose regimen
has profound implications for use of this vaccine in
response to an epidemic. In contrast with covid-19
vaccines that confer protection after the first dose,” *
CoronaVac showed low effectiveness until after the
second dose (more than four weeks after the first
dose).’”” Our findings suggest that in countries where
CoronaVac supplies are constrained and there is
high SARS-CoV-2 transmission, vaccination should
prioritise completion of the two dose regimen among
the highest risk populations and avoid being expanded
to broader segments of the population for whom
provisions for a second dose have not been secured.

Our study did not directly address the question of
whether vaccination with CoronaVac is effective against
gamma variant associated covid-19 because we had

9
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no data on whether the analysed cases were related to
the gamma variant. However, 91.0% (5054/5551) of
the discordant sets in this matched case-control study
were selected from 1 March to 29 April 2021, when the
gamma variant accounted for 85% of the genotyped
isolates during surveillance in Sao Paulo state. A test
negative study in Canada evaluated adults aged =70
years and estimated an adjusted vaccine effectiveness
of single dose mRNA vaccines of 61% (95% confidence
interval 45% to 72%) against the gamma variant of
concern compared with 72% (58% to 81%) for non-
variants of concern.”” Although further studies are
required to determine the effectiveness of CoronaVac
against the gamma variant and additional variants of
concern, our findings provide supportive evidence for
the use of CoronaVac in countries in South America that
are experiencing epidemics due to extensive spread of
the gamma variant?” and are using CoronaVac as part
of a mass vaccination campaign in response to the
epidemic.

Strengths and limitations of this study

This study has several strengths, which include the
large sample size and geospatial coverage, comprising
the State of Sdo Paulo with 46 million inhabitants
distributed across 645 municipalities. We implemented
a prespecified publicly available protocol, which is
in accordance with the recent WHO guideline for
evaluation of covid-19 vaccine effectiveness.?® Using
a test negative design, we have dealt with biases that
affect observational studies on vaccine effectiveness,
such as health seeking behaviour and access.
Additionally, after matching and adjustment, the
bias indicator association between recent vaccination
with a single dose 0-13 days before sample collection
was close to null, suggesting that the underlying
risk of testing positive for SARS-CoV-2 did not differ
between vaccinated and unvaccinated people.® 3° 3¢
“8 Finally, we performed three sensitivity analyses for
the matching procedure, which yielded comparable
estimates to those of the main analysis, resulting in
increased precision and showing the robustness of our
vaccine effectiveness estimation.

Our study had limitations. We could not assess
the influence of a previous SARS-CoV-2 infection on
vaccine effectiveness because passive surveillance
identified too few people with a positive RT-PCR or
rapid antigen test result before the study period. Before
the start of the vaccination campaign, the estimated
seroprevalence of covid-19 in inhabitants aged =60
yearsin the capital of Sio Paulo state was 19.9% (14.9%
to 29.9%) in January 2021.*’ Our estimates of vaccine
effectiveness might therefore be subject to downward
bias, as unvaccinated people were at lower risk of
reinfection. We attempted to exclude false negative RT-
PCR test results by excluding as controls those with a
subsequent positive test result within 14 days after the
initial test and including only tests performed within
10 days of symptom onset.”> However, we cannot
rule out some level of misclassification, although it is
likely to be non-differential and thus would bias the

estimate towards the null. In addition, we restricted
our study population to elderly people because they
were a priority group for vaccination and received the
majority of CoronaVac doses during the initial stages
of the vaccination campaign in Brazil; as a result,
it was not possible to compare the effectiveness of
CoronaVac between older and younger populations
directly. Our analyses were also limited by the lack of
more refined covariates, such as frailty, chronic illness
status, and nursing home residence status, which
could influence vaccine effectiveness in very elderly
people and in itself would not be addressed by age and
reported comorbidities. Finally, we cannot exclude
the possibility of time varying changes in behaviour,
non-drug interventions, or testing practices among
participants. We tried to control for these by matching
on time of RT-PCR testing (+3 days),?’ geography (ie,
municipality of residence), and self-reported race,
which is strongly associated with socioeconomic
position in Brazil. When we tried to further adjust for
unmeasured confounding by adjusting for the day
of year, estimates of vaccine effectiveness remained
similar.

Conclusion

This study found that a two dose schedule of CoronaVac
was 47% effective in preventing symptomatic
covid-19, with higher effectiveness against severe
clinical outcomes, among elderly people aged =70
years in a setting with extensive transmission of the
gamma variant. The delayed onset of vaccine mediated
protection, however, underscores the need to prioritise
vaccine supplies and maximise the number of people
who complete the two dose schedule, when CoronaVac
is used as part of a mass vaccination campaign that is
implemented in response to a covid-19 epidemic.
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Effectiveness of ChAdOx1 vaccine in older adults
during SARS-CoV-2 Gamma variant circulation in
Sao Paulo
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A two-dose regimen of the Oxford-AstraZeneca (ChAdOx1) Covid-19 vaccine with an inter-
dose interval of three months has been implemented in many countries with restricted vaccine
supply. However, there is limited evidence for the effectiveness of ChAdOx1 by dose in elderly
populations in countries with high prevalence of the Gamma variant of SARS-CoV-2. Here, we
estimate ChAdOx1 effectiveness by dose against the primary endpoint of RT-PCR-confirmed
Covid-19, and secondary endpoints of Covid-19 hospitalization and Covid-19-related death, in
adults aged >60 years during an epidemic with high Gamma variant prevalence in Sao Paulo
state, Brazil using a matched, test-negative case-control study. Starting 28 days after the first
dose, effectiveness of a single dose of ChAdOx1 is 33.4% (95% Cl, 26.4-39.7) against Covid-
19, 55.1% (95% Cl, 46.6-62.2) against hospitalization, and 61.8% (95% Cl, 48.9-71.4) against
death. Starting 14 days after the second dose, effectiveness of the two-dose schedule is 77.9%
(95% Cl, 69.2-84.2) against Covid-19, 87.6% (95% Cl, 78.2-92.9) against hospitalization,
and 93.6% (95% Cl, 81.9-97.7) against death. Completion of the ChAdOx1 vaccine schedule
affords significantly increased protection over a single dose against mild and severe Covid-19
outcomes in elderly individuals during widespread Gamma variant circulation.
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ARTICLE

ultiple vaccines against severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2), the etiologic agent

that causes coronavirus disease 19 (Covid-19), have
been developed, proven efficacious, and deployed in mass vacci-
nation campaigns!~3. Prominent among these vaccines, particu-
larly in lower-income and middle-income countries, is the viral
vector vaccine, ChAdOx1%. Randomized controlled trials (RCT)
of ChAdOx1 delivered with a four-week inter-dose interval
demonstrated 70.4% (95% CI: 54.8-80.6) efficacy against symp-
tomatic Covid-19 in the period starting 14 days after the second
vaccine dose?, and 64.1% 95% CI: (50.5-73.9) starting at 21 days
following the first dose®. Based on measured immunogenicity and
efficacy following a single dose, many countries have imple-
mented a dose-spacing strategy that uses an inter-dose interval of
up to 12 weeks to maximize vaccine coverage® and has been
endorsed by the World Health Organization (WHO)”.

The emergence of variants of concern (VOC) associated with
decreased neutralization activity has created an urgent need to
continuously monitor vaccine effectiveness®. Recent evidence has
suggested reduced effectiveness of a single dose of ChAdOx1
against the Gamma and Delta VOCs*!Y. Local Gamma VOC
circulation has been observed in countries in Latin America
which are using ChAdOx1 in mass vaccination!!. A key question
for these countries is the effectiveness of ChAdOx1 by dose
against mild and severe Covid-19 outcomes, particularly in
priority populations for vaccination such as the elderly.

The Gamma VOC was first detected in the city of Manaus!?
and has been a driver of Covid-19 resurgence in Brazil and across
South Americal3. The Brazilian national immunization program
initiated a mass vaccination campaign in January 2021, which
administered ChAdOx1 with three-month dose-spacing. In this
work, we evaluate vaccine effectiveness following one and two
doses during a epidemic with high Gamma variant prevalence in
Sdo Paulo, the most populous state in Brazil. We show that the
effectiveness of the completed two-dose schedule is higher than
effectiveness of a single dose, and demonstrate robust ChAdOx1
vaccine effectiveness against moderate and severe Covid-19 out-
comes in this elderly population.

Results

Study setting. Sdo Paulo State has experienced three Covid-19
epidemic waves, the latest peaking in March 2021, with cumu-
latively over 3.89 million reported cases, 430,000 hospitalizations,
and 130,000 deaths due to Covid-19 as of 9 July 202114 (Fig. 1A).
During the second and third waves, the Gamma variant increased
in prevalence, reaching 80.2% from March to May 2021 among
sequenced isolates, to become the predominant circulating var-
iant in the state (Fig. 1B). The State Secretary of Health of Sdo
Paulo (SES-SP) initiated a mass vaccination campaign on 17
January 2021, prioritizing healthcare workers and elderly popu-
lations. Two primary vaccines are being distributed: a two-dose
regimen of ChAdOxl1, separated by a 12-week interval, and a two-
dose regimen of CoronaVac, separated by a two- to four-week
intervall®. As of 9 July 2021, 1.61 million doses of ChAdOx1 (1.11
million first doses and 0.51 million second doses) and 9.07 mil-
lion doses of CoronaVac (5.62 million first doses and 3.45 million
second doses) (Fig. 1C) have been administered!®.

Study population. Among 137,744 individuals eligible for selec-
tion as a case or control (Fig. 2), 61,164 (44.4%) who provided
61,360 RT-PCR test results were selected into 30,680 matched
case and control pairs. Table 1 and Supplementary Table 1 show
the characteristics of eligible individuals and matched cases and
controls. Supplementary Tables 2-4 show the distribution of
matched pairs according to vaccination status of cases and

controls at the time of RT-PCR testing for the analysis of
symptomatic Covid-19, hospitalization, and death. Supplemen-
tary Fig. 1 shows the timing of discordant pair enrollment, while
Supplementary Fig. 2 shows the distribution of intervals between
administration of vaccine doses and RT-PCR testing. Among
individuals testing positive for SARS-CoV-2 by RT-PCR or rapid
antigen tests, 82,061 were eligible for analysis of effectiveness
against progression to severe outcomes. Characteristics of this
cohort are shown in Supplementary Table 5.

Vaccine effectiveness against symptomatic Covid-19. The
adjusted effectiveness of a single dose of ChAdOx1 against
symptomatic Covid-19 was 33.4% (95% CI: 26.4-39.7) for the
period >28 days after administration of the first dose (Table 2).
The effectiveness of a single dose reached a plateau after 28 days
(Fig. 3), with no increase observed in later time periods. The
adjusted effectiveness of the full two-dose schedule against
symptomatic Covid-19 was 38.1% (95% CI: 11.9-56.5) in the
period 0-13 days after administration of the second dose, and
77.9% (95% CI: 69.2-84.2) in the period =14 days after admin-
istration of the second dose. The estimated effectiveness in the
period 0-13 days following the first dose, which serves as a
negative control period to indicate bias, was —7.1% (95% CI:
—19.6 to 4.1). Increasing number of comorbidities were sig-
nificantly associated with increased odds of Covid-19 in the
adjusted analyses (aOR 1.54, 95% CI: 1.49-1.60, for one-two
comorbidities, and aOR 2.20, 95% CI: 1.98-2.45, for three or
more comorbidities compared to no comorbidities). A previous
positive SARS-CoV-2 viral test was associated with lower odds of
Covid-19 (aOR 0.65, 95% CI: 0.37-1.17). Unadjusted, but mat-
ched, analyses provided similar effectiveness estimates (Supple-
mentary Table 6).

Vaccine effectiveness against severe Covid-19 outcomes. In the
period starting 28 days after the first dose, the adjusted effec-
tiveness of a single dose was 55.1% (95% CI: 46.6-62.2) against
hospitalization, and 61.8% (95% CI: 48.9-71.4) against death
(Table 2). The adjusted effectiveness of the two-dose schedule
starting 14 days after the second dose was higher: 87.6% (95% CIL:
78.2-92.9) against hospitalization, and 93.6% (95% CI: 81.9-97.7)
against death (Table 2). Effectiveness against ICU admission and
mechanical ventilation was similar to effectiveness against hos-
pitalization (Table 2). In general, vaccine effectiveness in the
“bias-indicator” period 0-13 days after the first dose was low.
Results were similar when performing different matching
schemes (Supplementary Tables 7 and 8), with some small
improvements in precision. Analysis of hospitalization, ICU
admission, and death among those testing positive for SARS-
CoV-2 estimated low effectiveness against progression before
28 days after the first dose, followed by increased effectiveness but
with low precision for effectiveness starting 14 days after the
second dose (Supplementary Table 9).

Subgroup analyses. The effectiveness of a single dose against
symptomatic Covid-19 was lower among those with reported
diabetes (24.2%, 95% CI: 11.0-35.4) than in those without
reported diabetes (35.3%, 95% CI: 28.3-41.6) (Pinteraction = 0.03)
(Supplementary Table 10). Similarly, effectiveness was lower
among those with at least one reported comorbidity compared to
those without a reported comorbidity (Supplementary Table 10).
Finally, single-dose effectiveness against hospitalization and death
was lower among older individuals, but these analyses lacked
sufficient power (Supplementary Table 11).
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Fig. 1 Incidence of reported Covid-19, vaccination coverage, and prevalence of SARS-CoV-2 variants of concern from Oct 1, 2020 to July 2, 2021 in Sdo
Paulo State, Brazil. A The weekly case count of cases, hospitalizations, and deaths based on positive RT-PCR/Antigen tests for the age group >60 years. B
The monthly prevalence of main SARS-CoV-2 variants of concern among genotyped isolates in the GISAID database'! (extraction on July 7 2021).
Prevalence was omitted for June and July due to low sample count. € Daily cumulative vaccination coverage for age group >60 years. Population estimates
were obtained from national projections for 20203°. Vertical lines, from left to right in each panel, show the dates that adults >90, 80-89, 70-79, 65-69,
and 60-64 years of age in the general population became eligible for vaccination. The gray shaded area represents the study period. Source data are

provided as a Source Data file.

Discussion

A key priority for mass vaccination campaigns is to reduce
morbidity and mortality in the elderly and other vulnerable
populations, especially in the context of limited vaccine supply
and VOC emergence. Our test-negative case—control study found
that the two-dose schedule of ChAdOx1 in the elderly had robust
effectiveness against Covid-19 and severe outcomes during a
Covid-19 epidemic with high Gamma variant prevalence in the
period starting 14 days after administration of the second dose:
77.9% (95% CI: 69.2-84.2) against symptomatic Covid-19, 87.6%
(95% CI: 78.2-92.9) against Covid-19 hospitalization, and 93.6%
(95% CI: 81.9-97.7) against Covid-19-related death. However, a
single dose of ChAdOx1 in adults 60 years of age had effective-
ness of 33.4% (95% CI: 26.4-39.7) against symptomatic Covid-19,

55.1% (95% CI: 46.6-62.2) against hospitalization, and 61.8%
(95% CI: 48.9-71.4) against death. Additionally, no clinically
significant effectiveness was detected within 28 days of adminis-
tration of the first dose.

Randomized controlled trials of ChAdOx1 conducted in mul-
tiple countries reported pooled vaccine efficacy of 70.4% (95% CI:
54.8-80.6) against symptomatic Covid-19 in the period starting
14 days after the second vaccine dose, and 100% (95% CI, not
calculated) against hospitalization for Covid-19%. A secondary
analysis estimated efficacy of 64.1% (95% CI: 50.5-73.9) against
symptomatic Covid-19 starting at 21 days following the first
dose®. Subsequent observational studies have largely supported
the effectiveness of ChAdOx1 against symptomatic Covid-19 and
hospitalization in elderly populations!’-20. In addition, these
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478,961 individuals 260 years in surveillance
databases

6 (<0.1%) missing sex

94,170 (19.7%) missing self-reported race

1,097 (0.2%) with missing or inconsistent vaccination dates
64,345 (13.4%) receiving different vaccine before sample
collection date

319,343 (66.7%) individuals in study
population

70,582 (22.1%) without testing by SARS-CoV-2 RT-PCR

101,544 (31.8%) with date of SARS-CoV-2 RT-PCR collection before analysis period
378 (0.1%) with date of SARS-CoV-2 RT-PCR collection after analysis period

46 (<0.1%) with positive RT-PCR test in previous 90 days

61 (<0.1%) without documented symptoms at test

8,988 (2.8%) with collection date before, or >10 days after, symptom onset date

137,744 (43.1%) individuals eligible for
case/control selection from 17 January to 2
July 2021
(n=138,673 RT-PCR tests)

Matching cases and controls (1:1)
- Agein 5-year bands

- Sex
- Self-reported race

76,580 (55.6%) individuals not
matched

- Municipality of residence
- Previous ARI
Testing timing (+3 days)

61,164 (44.4%) individuals
selected into pairs for primary
analysis
(n=61,360 RT-PCR tests)

22,463 (36.7%) individuals
in pairs for hospitalization
analysis
(n=22,500 RT-PCR tests)

9,694 (15.8%) individuals
in pairs for death analysis
(n=9,700 RT-PCR tests)

Fig. 2 Study flowchart. Flowchart of the identification of the study population from surveillance databases and selection of matched cases and controls.

studies provided further evidence for the effectiveness of a single
dose of ChAdOx1 against infection with SARS-CoV-2, sympto-
matic Covid-1917, and hospitalization!®1?, with onset of clinical
effectiveness occurring between 21 and 28 days.

Emerging VOCs have been associated with reduced neu-
tralization by serum from individuals who have been infected
with non-VOC strains, and vaccinated?021, including those who
are elderly??, raising the possibility of decreased effectiveness. An
RCT of ChAdOx1 conducted in South Africa found no effec-
tiveness, albeit with low precision, of the two-dose vaccine
schedule against mild-to-moderate Covid-19 caused by the Beta
VOC2. Further evidence from observational studies has sug-
gested reduced vaccine effectiveness against symptomatic disease
for a single dose of vaccine against Gamma: 48% (95% CI: 28-63)
after 14 days for ChAdOx1'9, 61% (95% CI: 45-72) after 21 days
for mRNA vaccines?4, and 11% (95% CL: —4 to 23) after 14 days
for CoronaVac?®. However, the complete BNT162b2 schedule has
shown robust effectiveness against the Gamma VOC!Y, and a
complete schedule of CoronaVac was effective against mild and
severe outcomes in settings of high Gamma VOC prevalence?.
These findings are consistent with reduced effectiveness of a
single dose of BNT162b2 and ChAdOx1 against the Delta VOC
observed in the UK®. Our study adds to this evidence base by
estimating single-dose effectiveness of ChAdOx1 over the dura-
tion of the inter-dose interval, and demonstrating a substantial

increase in effectiveness against Covid-19 and severe outcomes
after the second dose in elderly individuals in a setting of high
Gamma VOC prevalence.

Our findings have implications for vaccination policy in
countries experiencing Covid-19 epidemics with high Gamma
variant prevalence. Several countries, including Brazil, are
administering the two-dose schedule of ChAdOx1 with a 12-week
gap between doses to increase coverage, as WHO currently
recommends’. The public health benefits of dose-spacing strate-
gies were predicated on robust effectiveness following a single
dose?0-28, In the specific context of VOC emergence and spread,
national programs should consider the reduced vaccine effec-
tiveness of a single dose against the Gamma and Delta VOCs in
the elderly, together with vaccine supply limitations, speed of
vaccination, and logistics, when quantifying the benefits of dose-
spacing strategies.

The design of this study lends strength to our findings. The six-
month period during which the Gamma variant-associated epi-
demic and vaccination campaign occurred provided the oppor-
tunity to obtain robust estimates of single-dose effectiveness
beyond 28 days, and effectiveness of the completed schedule in
the same population for direct comparison. The test-negative
design reduces bias caused by healthcare-seeking behavior?®, and
we have controlled for additional sources of bias by matching
on several predictors of healthcare access and utilization and
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Characteristics?

Eligible cases and controls

Table 1 Characteristics of adults >60 years of age who were eligible for matching and selected into case-test negative pairs.

Matched pairs

Test-negative
(n=56,676)P

Test-positive
(n = 81,997)°

Controls (n = 30,680)b

Cases (n=30,680)b

Demographics

Age, mean (SD), years

Male sex, n (%)

Self-reported race, n (%)¢
White/Branca
Brown/Pardo
Black/Preta
Yellow/Amarela
Indigenous/Indigena
Residence in “Grande Sao Paulo”
Health Region, n (%)

None
One or two
Three or more
At least one previous ARl event, n
(%)®
Positive SARS-CoV-2 test result, n
(%)f
Vaccination status
Not vaccinated, n (%)
Single dose, within 0-13 days, n (%)
Single dose, 14-27 days, n (%)
Single dose, >28 days, n (%)
2nd dose, within 0-13 days, n (%)
2nd dose, >14 days, n (%)

67.90 (7.8)
24,313 (42.9)

40,860 (72.1)
12,484 (22.0)
2,720 (4.8)
605 (1.1

7 (0.0)
39,767 (70.2)

Reported number of comorbidities, n (%)d

37,434 (66.0)

18,121 (32.0)
121 (2.0)
2722 (4.8)

310 (0.5)

44,285 (78.1)
1877 (3.3)
2543 (4.5)
6918 (12.2)

303 (0.5)
750 (1.3)

67.59 (7.2)
39,180 (47.8)

58,565 (71.4)
18,463 (22.5)
4,063 (5.0)
890 (1.1
16 (0.0)
53,540 (65.3)

47,262 (57.6)
32,093 (39.1)
2642 (3.2)
1381 (1.7)

72 (0.1

65,582 (80.0)
3535 (4.3)
4406 (5.4)
7704 (9.4)

388 (0.5)
382 (0.5)

66.54 (6.5)
12,976 (42.3)

23,046 (75.1)
6,572 (21.4)
943 (3.1

19 (0.4)

17,771 (57.9)

20,604 (67.2)

9507 (31.0)
569 (1.9)
299 (1.0)

31(0.D

24,868 (81.1)
1042 (3.4)
1427 (4.7)
3009 (9.8)

14 (0.4)
220 (0.7)

66.55 (6.5)
12,976 (42.3)

23,046 (75.1)
6,572 (21.4)
943 (3.1

19 (0.4)

17,771 (57.9)

17,520 (57.1)
12,136 (39.6)
1024 (3.3)
299 (1.0)

19 (0.1

25,215 (82.2)
141 3.7
1380 (4.5)
2731(8.9)
107 (0.3)
106 (0.3)

aContinuous variables are displayed as mean (SD); categorical variables are displayed as n (%).

Gripe databases.
Defined as a positive SARS-CoV-2 RT-PCR or antigen detection test result.

bThese numbers refer to RT-PCR tests and represent 120,483 individuals for the eligible cases and controls and 53,495 individuals in the matched cases and controls.

CRace/skin color as defined by the Brazilian national census bureau (Instituto Nacional de Geografia e Estatisticas)3°.

dComorbidities included: cardiovascular, renal, neurological, hematological, or hepatic comorbidities, diabetes, chronic respiratory disorder, obesity, or immunosuppression.

Prior to the start of the study on 17 January, 2021 and after systematic surveillance was implemented on 1 February, 2020. Reported illness with Covid-19 associated symptoms in the eSUS and SIVEP-

Covid-19 risk30. We used a negative control period of 0-13 days
within receiving the first dose to detect bias in our estimates, and
found limited measured effectiveness in this period. This null
association suggests that matched cases and controls were similar
in their propensity to be vaccinated; differences observed for
subsequent time periods were likely associated with vaccination
rather than underlying characteristics of those who did and did
not receive it3l. The large sample size allowed us to produce
robust estimates even against rare outcomes such as death and to
perform subgroup analyses.

Our study has several limitations. We could not estimate the
effectiveness against Gamma and non-Gamma Covid-19 cases
within this study population, as we did not have access to
individual-level genetic data on the virus. However, the majority
of discordant case-control pairs selected (3728/3834, 97%)
received RT-PCR tests after 1 March 2021, after which the pre-
valence of the Gamma variant among sequenced isolates was
80.2%. In addition, there was likely a proportion of the popula-
tion that was seropositive without having received a previous
positive RT-PCR or rapid antigen test before the study period.
These individuals, even if unvaccinated, would be protected from
reinfection by natural immunity, thus causing downward bias in
our vaccine effectiveness estimates. Controls for the analysis of
severe outcomes included controls with mild ARI, who may have
had better access to healthcare, leading to bias in our estimates of
effectiveness against severe outcomes. Exclusions due to missing
data or lack of a matching control affect the generalizability of our
results, as individuals who had complete data and were matched

might not be representative of the general population. However,
different matching schemes including a higher proportion of
eligible cases returned similar results. Finally, our results cannot
be extrapolated to younger populations.

In a setting of widespread circulation of the SARS-CoV-2
Gamma variant, in the general population of elderly individuals,
completion of the two-dose schedule of ChAdOx1 was associated
with a significant increase in protection against mild and severe
Covid-19 outcomes compared to a single dose.

Methods

The study was approved by the Ethical Committee for Research of Federal Uni-
versity of Mato Grosso do Sul (CAAE: 43289221.5.0000.0021). We obtained local
IRB approval to waive the Free and Informed Consent form. This was possible
because the anonymized data bases from the surveillance system were sent to us
only after the linkage and did not allow identification of the study participants. The
second cohort was selected from within the surveillance data bases described, and
did not involve any further prospective follow-up or data collection.

Study setting. The study setting and design have been described in detail
elsewhere?>32. We obtained individual-level information on demographic char-
acteristics, comorbidities, SARS-CoV-2 testing, and Covid-19 vaccination by
extracting information on 9 July 2021 from the SES-SP laboratory testing registry
(GAL), the national surveillance databases for acute respiratory illness (ARI) (e-
SUS) and severe ARI (SIVEP-Gripe), and the SES-SP vaccination registry (Vacina
J4), containing Covid-19 vaccine information for all individuals vaccinated in Sao
Paulo State (Supplementary Table 12). The surveillance databases cover hospita-
lizations, as well as primary care, inpatient and specialty outpatient health visits
conducted through public and private health systems. Notification of SARS-CoV-2
test results and suspected Covid-19 cases, hospitalizations, and deaths to these
systems is compulsory. We retrieved information on SARS-CoV-2 variants from
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Table 2 Adjusted effectiveness of a ChAdOx1 against clinical Covid-19 outcomes in adults >60 years of age.

Covid-19-related

death

Invasive mechanical

ventilation

ission
(n pairs = 4445)

ICU adm

Covid-19

Symptomatic Covid-19
(n pairs = 30,680)

hospitalization

(n pairs = 4850)

(n pairs = 2672)

(n pairs =11,250)

aVE (95% CI)

aVE (95% CI)

aVE (95% CI) aVE (95% CI) aVE (95% CI)

Vaccine doses
and timing

16.1% (—11.9-37.2)

12.7% (—29.2-41)

—7.1% (-19.6-4.1) 13.1% (—4.4-27.7) —9.1% (—46.6-18.8)

Single dose, within
0-13 days vs.

unvaccinated*
Single dose,

39.6% (15.4-56.8) 51.8% (26.3-68.4) 37.5% (15.2-54.0)

33.6% (19.9-45.0)

17.8% (8.0-26.5)

14-27 days vs.

unvaccinated*
Single dose, >28 days

vs. unvaccinated*
Two doses, within
0-13 days vs.

61.8% (48.9-71.4)

70.5% (54.9-80.8)

55.1% (46.6-62.2) 50.9% (33.6-63.8)

33.4% (26.4-39.7)

77.8% (49.1-90.3)

59.2% (32.4-75.4) 50.9% (—41.8-83) 75.2% (—18.7-94.8)

38.1% (11.9-56.5)

unvaccinated*
Two doses, >14 days

vs. unvaccinated*

93.6% (81.9-97.7)

96.5% (81.7-99.3)

87.6% (78.2-92.9) 89.9% (70.9-96.5)

77.9% (69.2-84.2)

aVE adjusted vaccine effectiveness. *At date of index sample collection for cases and controls.

One dose Two doses

100%
80% +

60%

40% + +
20% + +

0% +
-20%
100%

80% *

60% + +
40% + +
20%

0%

Vaccine effectiveness

-20%

100%

80%

60%

40%

20%

0%

-20%

0-13 14-27  28-41  42-55 56+ 0-13 14+
Time since dose (days)

Fig. 3 ChAdOx1 vaccine effectiveness by dose. Adjusted vaccine
effectiveness (squares) and 95% confidence intervals (lines) of one and
two doses of ChAdOXx]1, by time since vaccination, against symptomatic
Covid-19 (A), Covid-19 hospitalization (B), and Covid-19-related death (C)
among matched case-control pairs (n = 61,360 RT-PCR tests). Source data
are provided as a Source Data file.

genotyped isolates deposited in the GISAID database!!. The STROBE checklist is
shown in Supplementary Table 13. The protocol, including statistical analysis plan,
further details of study design, and power calculations, is publicly available33.

Study population and design. The study population was adults 260 years of age
who had a residential address in Sdo Paulo State and complete and consistent
information between data sources on age, sex, residence, and vaccination and
testing status and dates. We selected cases who had an ARI, received a positive
SARS-CoV-2 RT-PCR test during the study period of 17 January 2021 to 2 July
2021 with sample collection date within 10 days after symptom onset, and without
a positive SARS-CoV-2 RT-PCR test in the previous 90 days. We selected test-
negative controls who had an ARI, received a negative SARS-CoV-2 RT-PCR test
during the study period with sample collection date within 10 days after symptom
onset, and without a positive SARS-CoV-2 RT-PCR test in the previous 90 days or
following 14 days. Cases and controls who had received a dose of another Covid-19
vaccine before their RT-PCR test were excluded. We matched one control to each
case by date of RT-PCR testing (+3 days), age (in 5-year bands), sex, self-reported
race (brown, black, yellow, white, or indigenous)34, municipality of residence, and
prior ARI (defined as at least one previous symptomatic event that was reported to
surveillance systems between 1 February 2020 and 16 January 2021). Each control
RT-PCR test could serve as a control for only a single case. To assess the effect of
different matching schemes, we performed two sensitivity analyses on the primary
results: we matched controls with replacement (so that each control RT-PCR test
could be matched to multiple cases), and we matched two controls to each case,
with replacement.

To support the analysis of effectiveness against severe outcomes, we additionally
estimated effectiveness of the vaccine against progression to severe outcomes
among individuals with Covid-19. From the same surveillance database, we
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selected individuals into a cohort who had an ARI with symptom onset date and
sample collection date between 17 January 2021 and 4 June 2021 (28 days before
the end of the study period, to allow for reporting of severe outcomes in recently
infected individuals), received a positive SARS-CoV-2 RT-PCR or rapid antigen
test within 14 days of symptom onset, and were otherwise eligible members of the
study population.

Outcomes and covariates. We estimated the effectiveness of ChAdOx1 against
the primary outcome of symptomatic Covid-19 during the period >28 days after a
single vaccine dose, and 0-13 and >14 days after two vaccine doses. Furthermore,
we estimated the effectiveness of a single dose during the period 14-27 days after
the first dose to understand the onset of protection, and in the period 0-13 days,
when the vaccine has no or limited effectiveness!”. An association during this
period may serve as a negative control period to detect unmeasured confounding in
the effectiveness estimate in later time periods3!. In a secondary analysis, we
estimated vaccine effectiveness following the first dose in the time windows
28-41 days, 42-55 days, and >56 days separately. The reference group for vacci-
nation status was individuals who had not received a first vaccine dose before the
date of sample collection.

In addition, we estimated vaccine effectiveness against secondary outcomes of
Covid-19 hospitalization, ICU admission with Covid-19, mechanical ventilation
for Covid-19, and Covid-19-related death. We estimated single-dose
effectiveness during the period =28 days after the first dose for all outcomes
within subgroups defined by age (60-69 years vs. 270 years), sex, number of
chronic comorbidities (none vs. at least one), reported cardiovascular disease,
reported diabetes (the two most common reported comorbidities), and region of
residence (“Grande Sdo Paulo” health region vs. others). For the analysis among
test-positive individuals, we analyzed the effectiveness of the vaccine against
progression to hospitalization within 21 days of symptom onset, ICU admission
within 21 days of symptom onset, and against death within 28 days of
symptom onset.

Statistics. We performed conditional logistic regression to estimate vaccine
effectiveness for each time window following vaccination, accounting for the
matched design. Multivariable models were adjusted for the number of reported
comorbidities (categorized as none, one-two, and at least three), previous positive
SARS-CoV-2 RT-PCR or antigen test, and age as a continuous variable because we
used 5-year age bands as a matching factor. For each outcome, we selected matched
pairs in which cases had the outcome of interest, and fit the model described above
to each subset. For severe outcomes, controls therefore represented test-negative
patients from ambulatory and hospital settings who received RT-PCR testing.
Finally, we conducted a Cox proportional hazards model to estimate effectiveness
against progression within test-positive individuals. To account for variation in
incidence and hospitalization practices by time and across the state, we stratified
the baseline hazard by week of symptom onset and municipality of residence, and
additionally adjusted for the matching factors and additional covariates

listed above.

Our protocol specified that we would conduct proposed analyses after achieving
>80% power to identify a vaccine effectiveness of 40% against symptomatic Covid-
19 >28 days after a single dose of ChAdOx1, and 80% power to identify 50%
effectiveness of two doses >14 days after the second dose. The power was estimated
by fitting conditional logistic regressions on 1000 simulated datasets. After
extracting the surveillance databases on July 9 2021 and generating matched
case—control pairs, we determined that the power of the study was >99.8% for each
analysis and performed the pre-specified analyses. All data processing and analyses
were performed in R, version 4.0.2.

Reporting summary. Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

Data availability

Deidentified analysis data sets generated from the surveillance and vaccine registry
databases are available in the Github repository https://github.com/juliocroda/
VebraCOVID-1933. Source data are provided as a Source Data file. For Fig. 1, vaccine
data was obtained from OpenDataSUS (https://opendatasus.saude.gov.br/, access date
2021-07-09) and variant data from GISAID (https://www.gisaid.org/hcov19-variants/,
access date 2021-07-07). Source data are provided with this paper.

Code availability
Code used to perform power calculations, conduct statistical analysis, and produce
figures is available in the repository https://github.com/juliocroda/VebraCOVID-1933.
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6 CONCLUSOES

Entre os pacientes hospitalizados com COVID-19 confirmada no estado de S&o
Paulo até outubro de 2020, foi observado que homens, idosos e aqueles com doencas
cardiovasculares cronicas, incluindo hipertensdo, doenca pulmonar crénica, diabetes
mellitus e doenga neurologica crénica, apresentaram maior risco de obito pela doenca.
Além disso, aproximadamente um tergo dos pacientes evoluiram para doenga grave
ou Obito e a proporgao de ébitos aumentou proporcionalmente com o aumento da
idade.

A efetividade das vacinas CoronaVac (Sinovac) e ChAdOx1 (AstraZeneca)
foram analisadas na populacdo idosa do estado de S&o Paulo durante ampla
circulacao da variante Gama. A CoronaVac foi efetiva apds a duas doses contra a
COVID-19 sintomatica, hospitalizacdo e obito e a efetividade aumentou
progressivamente com o passar dos dias apds a aplicagdo das doses. Entretanto, a
CoronaVac nao apresentou efetividade significativa apos uma dose contra nenhum
dos desfechos, foi menor em pessoas que relataram ter diabetes e diminuiu com o
aumento da idade.

Diferente da CoronaVac, a ChAdOx1 foi efetiva apds a aplicagdo de uma dose
contra os desfechos graves como hospitalizagdo, admissdo em UTI, utilizagcdo de
ventilagdo mecanica invasiva (VMI) e obito, mas ndo apresentou efetividade
significativa contra a COVID-19 sintomatica. Apds a aplicacdo de duas doses de
ChAdOx1 foi observado aumento significativo da protegcéo contra todos os desfechos.
Menor efetividade foi observada com o avanco da idade e em pessoas que relataram
comorbidades.

N&o foi possivel analisar a efetividade das vacinas contra casos de COVID-19
causados pela variante Gama e nao-Gama, uma vez que dados do sequenciamento
individual ndo estavam disponiveis. A proporgcdo da populagdo soropositiva antes do
periodo do estudo pode ter ocasionado viés e diminui¢ao da estimativa de efetividade.
Os achados de efetividade das vacinas na populacdo idosa ndo podem ser
extrapolados para a populagdo mais jovem.

Os resultados dos estudos mostraram que as populagdes em maiores riscos
de desfechos graves necessitam de intervengdes prioritarias para a redugdo da
morbidade e mortalidade causadas pela COVID-19. Ademais, mostraram a
importancia do esquema completo de duas doses na protecdo contra a doenca e
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forneceu dados aos gestores para conduzirem a distribuicdo das vacinas,
especialmente no contexto de oferta limitada dos imunizantes e emergéncia de
transmissao de novas variantes. Por fim, evidenciou que a vacinagao é fundamental

para o controle e fim da pandemia.
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Evaluation of Vaccine Effectiveness in Brazil against COVID-19 (VEBRA-COVID)
Sub-Study: A Test-Negative Case-Control Study on the Effectiveness of COVID-19 Vaccines amongst the
General Population of Sao Paulo State in Brazil

Version: 01.4 / July 12 2021

Table 1. Protocol Revisions

Changes in Version 1.4

Justification

Test-negative study for severe clinical outcomes

We specified an analysis method for severe clinical
outcomes (hospitalization, ICU admission, respiratory
support, and death) associated with the positive RT-
PCR SARS-CoV-2 test, restricting the analysis data set
to pairs in which the case experiences the outcome of
interest. This analysis is in addition to the analysis of
severe outcomes among individuals who test positive.

Power calculation for analysis of two-dose schedule of
ChAdOx1

We added specification of the power required to trigger
an analysis of effectiveness of the two-dose schedule of
ChAdOx1 >14 days following administration of the
second dose.

Specification of subgroup analyses

Examination of effect modification of vaccine
effectiveness by demographic and other factors of
interest

Secondary definition of exposure including longer time
intervals following a single dose

We are interested in whether higher levels of immunity
build up over time with a single dose

Timing of two-dose analysis for ChAdOx1

Based on published results of randomized trials, as
well as new evidence from real-world effectiveness
studies, we increased the threshold to trigger the two-
dose analysis for ChAdOx1 to 50% effectiveness.




L. Background

Since the emergence of severe acute respiratory virus coronavirus 2 (SARS-CoV-2), Brazil has experienced one of
the world’s highest incidence and mortality rates in the world, with over 13 million reported infections as of the
middle of April 2021.!"* Sdo Paulo, the most populous state in Brazil (~ 46 million inhabitants), is the state with
highest number of cases and deaths: 2,827,833 cases and 92,548 deaths as by April 24" 2021.# Variants of Concern
(VOC) also had a key role on the recent several surges in Brazil and Sao Paulo State. The P.1 VOC, which was first
detected in Manaus on Jan 12, 2021, and now consists the majority of new infections, being dominant in several
states in Brazil. P1. has accrued mutations associated with decreased neutralization,®” and has since spread
throughout Brazil, synchronizing the epidemic in country in a scenario of relaxed non-pharmacological
interventions.

The rapid development of novel vaccines against COVID-19 allowed countries to start vaccine distribution
programs within a year of the identification of the novel virus. Among the first vaccines to be developed was
Sinovac’s CoronaVac vaccine.!%!? Phase II1 trials were conducted in Turkey, Chile, Singapore and Brazil. The
Brazilian trial was conducted among a study population of healthcare professionals, and reported that the
effectiveness of CoronaVac after 14 days following completion of a two dose schedule was 50.7% (95% CI 36.0-
62.0) for all symptomatic cases of COVID-19, 83.7% (95% CI 58.0-93.7) for cases requiring medical attention, and
100% (95% CI 56.4-100) for hospitalized, severe, and fatal cases.!> CoronaVac was approved for emergency use on
17 January in Brazil, and used to vaccinate healthcare workers and the general population. AstraZeneca-Oxford’s
ChAdOx1 vaccine!*!* was approved on the same day and was administered beginning on 23 January 2021. In
Brazil, ChAdOx1 schedule is for 12 weeks between first and second dose.

As vaccine programs continue, there has been much interest in estimation of vaccine effectiveness through
observational studies, and specifically in settings where VOC are circulating. Such studies have advantages over
clinical trials, including increased size and follow-up time, and reduced cost. However, as vaccinated and
unvaccinated individuals are likely different in their SARS-CoV-2 risk and healthcare access, these studies must
address bias through design and analysis. Several studies have demonstrated the effectiveness of COVID-19
vaccines against infection caused by the B.1.1.7 variant.'> However, large-scale real-world investigations on vaccine
effectiveness have not been conducted in regions where the P.1 variant is prevalent.

We propose a test-negative case-control study'®!7 of the general population from the Sdo Paulo State to evaluate the
effectiveness of COVID-19 vaccines in preventing symptomatic disease in a setting of widespread P.1 VOC
transmission.® The study will initially evaluate the effectiveness of COVID-19 vaccines, CoronaVac and ChAdOx1
amongst the population with age >70 years, since the vaccination campaign prioritized this age group in its first
months. We will expand the study population as additional age groups become eligible for vaccination. Furthermore,
we expect that additional vaccines will be approved and will evaluate their effectiveness. We will therefore continue
to amend the protocol and its objectives accordingly to address these new questions.

IL. Objectives

To estimate the effectiveness of COVID-19 vaccines against symptomatic SARS-CoV-2 infection amongst the general
population from the Sdo Paulo State. Our initial analyses will focus on estimating vaccine effectiveness in the age
group of >70 years.

1I1. Methods

1. Study Design: We will conduct a retrospective matched case-control study, enrolling cases who test positive for
SARS-CoV-2 and controls who test negative for SARS-CoV-2 amongst the general population (Section 3) as of the
day that the COVID-19 vaccination campaign was initiated at the study sites. The study will evaluate vaccine
effectiveness on the primary outcome of symptomatic SARS-CoV-2 infection. We will identify cases and matched
controls by extracting information from health surveillance records and ascertain the type and data of vaccination by
reviewing the state COVID-19 vaccination registry. In this design, one minus the odds ratio (1-OR) of vaccination
comparing cases and controls estimates the direct effect of vaccination on the disease outcome. In a separate



analysis, we will assess the association between vaccination and hospitalization and/or death among individuals who
have tested positive for SARS-CoV-2.

2. IRB and Ethics Statement: The protocol has been submitted to the Ethical Committee for Research of Federal
University of Mato Grosso do Sul (CAAE: 43289221.5.0000.0021). The work of investigators at the University of
Florida, Yale University, Stanford University, and Barcelona Institute for Global Health was conducted to inform
the public health response and was therefore covered under Public Health Response Authorization under the US
Common Rule.

Study Details

Study Site: The State of Sdo Paulo (23°3'S, 46°4’W) is the most populous state in Brazil: an estimated population of
46,289,333 in 2020. S@o Paulo State has 645 municipalities and its capital, Sdo Paulo city, has 12 million
inhabitants. S3o Paulo State reported 2,827,833 COVID-19 cases (cumulative incidence rate: 6,109 per 100,000
population) and 92,548 deaths (cumulative mortality: 200 per 100,000 population), by 24/04/2021. The State
Secretary of Health of Sao Paulo (SES-SP) initiated its COVID-19 vaccination campaign on 17 January 2021 and is
administering two vaccines, CoronaVac and ChAdOx1. As of 24 April 2021, 10.7 million doses (6.9 million first
doses and 3.8 million second doses) have been administered in the State.

Data Sources and Integration: We will identify eligible cases and controls from the State of Sdo Paulo who test
positive and negative, respectively, from the state laboratory testing registry of public health laboratory network; 2)
Determine vaccination status from state vaccination registries; and 3) Extract information from national healthcare
and surveillance databases that will be used to define outcomes, match controls to cases, determine vaccination
status, serve as covariates for post-stratification and provide a source for cross-validation of information from
databases. Registries are not available which enables constructing a cohort of people eligible for vaccination in the
general population. Data sources for this study will include:

e  State laboratory testing registry (GAL) of the network of public health laboratories

e State COVID-19 vaccination registry (Vacina Ja)

e National surveillance database of severe acute respiratory illnesses (SIVEP-Gripe) created by Ministry of
Health Brazil in 2009

e National surveillance system of suspected cases of COVID-19 (e-SUS) from mild to moderate "influenza
like illness", created by the Ministry of Health Brazil in 2020

The databases will be integrated by the Sdo Paulo State Government — PRODESP - using CPF numbers (Brazilian
citizens’ unique identifier code) and send to the VEBRA-COVID group anonymized. The database will be updated
on a bi-weekly basis.

Study Population

Inclusion criteria:
e Has a residential address in the State of Sdo Paulo,
Eligible to receive a COVID-19 vaccine based on age,
With complete information, which is consistent between databases, on age, sex, and residential address
With consistent vaccination status and dates for those who were vaccinated.

Exclusion criteria:
o Does not have a residential address in the State of Sdo Paulo,
e Not eligible to receive a COVID-19 vaccine based on age,
e  With missing or inconsistent information on age, sex, or city of residence
e  With existing but inconsistent vaccination status or dates.



Case definition and eligibility: We will use information from integrated GAL/SIVEP-Gripe/e-SUS databases to
identify cases that are defined as eligible members of the study population (as defined above, Study Population)
who:
e Had a sample with a positive SARS-CoV-2 RT-PCR, which was collected between January 17, 2021 and 7
days prior to database extraction of information
e Did not have a positive RT-PCR test in the 90 day period preceding the index positive RT-PCR result
e Have complete and consistent data on SARS-CoV-2 RT-PCR test results

Control definition and eligibility: We will use integrated GAL/SIVEP-Gripe/e-SUS databases to identify eligible
controls. Controls are defined as eligible members of the study population who:
e Had a sample with a negative SARS-CoV-2 RT-PCR result, which was collected after January 17, 2021,
e Did not have a positive RT-PCR test in the 90 day period preceding the index positive RT-PCR result
e Did not have a subsequent positive RT-PCR test in the 7-day period following the index positive RT-PCR
result
e Have complete and consistent data on SARS-CoV-2 PCR test result

When studying each vaccine, individuals that received another vaccine are eligible for selection as a case and/or
control until the day they receive their vaccine, i.e. we will consider test positive and test negative cases for RT-PCR
collected before the day of receipt of the other vaccine.

Matching: Test-negative controls will be matched 1:1 to the cases. We chose the matching factors to balance the
ability to reduce bias and to enroll sufficient case-control pairs. Matching factors will include variables that are
anticipated to be causes of the likelihood of receiving the vaccine, risk of infection and likelihood of receiving PCR
testing for SARS-CoV-2 (see Figures 1-5):
o Age, categorized as 5-years age bands (e.g., 70-74, 75-79 years),
Sex,
Municipality,
Self-reported race,
Window of £3 days between collection of RT-PCR positive respiratory sample for cases and collection of
RT-PCR negative respiratory sample for controls. If the date of respiratory sample collection is missing, the
date of notification of testing result will be used,
e  Prior ARI (defined as the number of previous symptomatic events that were reported to surveillance
systems between February 1, 2020, and January 16, 2021, categorized as any vs. none).

We will use the standard algorithms to conduct matching which include: 1) setting a seed, 2) locking the database, 4)
creating a unique identifier for matching after random ordering, 5) implementing exact matching based on matching
variables, sampling controls at random if more than one available per case within strata.

An individual who fulfils the control definition and eligibility and later has a sample tested that fulfils the case
definition and eligibility can be included in the study as both a case and a control. An individual who fulfils the
control definition for multiple different sample collection dates can be included in the study as a control for each
collection date, up to a maximum of three times.

Exposure definition:
CoronaVac vaccination:
e Received the first vaccine dose, and not having received a second dose, in the following time periods
relative to sample collection for their PCR test:

o 0-13 days
o >4 days
e Received the second dose in the following time periods relative to sample collection for their PCR test:
o 0-13 days
o >4 days

ChAdOx1vaccination:



e Received the first vaccine dose, and not having received a second dose, in the following time periods
relative to sample collection for their PCR test:

o 0-13 days
o 14-27 days
o >28 days
e Received the second dose in the following time periods relative to sample collection for their PCR test:
o 0-13 days
o >4 days

In a secondary analysis, we will also consider the following time periods relative to sample collection after the first
dose: 0-13 days, 14-27 days, 28-41 days, 42-55 days, and >56 days.

Statistical Analyses: We will evaluate the effectiveness of CoronaVac and ChAdOx1for the following SARS-CoV-2
infection outcomes:
e  Primary: Symptomatic COVID-19, defined as one or more reported COVID-19 related symptom with onset
within 0-10 days before the date of their positive RT-PCR test

e Secondary:
o COVID-19 associated hospitalization
o COVID-19 associated ICU admission
o COVID-19 associated respiratory support
o COVID-19 associated death

We will evaluate vaccine effectiveness for the primary outcome according to the test-negative design. Table 1 shows
a list of all planned analyses in the test-negative design.

Our initial analyses will focus on estimating vaccine effectiveness in the population with age >70 years of age who
were the initial priority group of the COVID-19 vaccination campaign. Our initial analysis of ChAdOx1 will include
individuals with age >60 years, who were eligible for vaccination at the time of the analysis.

Case-control analysis: Analyses of the primary outcome will be restricted to case and control pairs who are matched
based on the presence of a COVID-19 related symptom before or at the time of testing.

We will use conditional logistic regression to estimate the odds ratio (OR) of vaccination among cases and controls,
accounting for the matched design, where 1-OR provides an estimate of vaccine effectiveness under the standard
assumptions of a test-negative design. For the CoronaVac analysis, the reference group will be individuals who have
not received a first dose of CoronaVac by the date of respiratory sample collection. For the ChAdOx1 analysis, the
reference group will be individuals who have not received a first dose of ChAdOx1by the date of respiratory sample
collection. Date of notification of the testing result will be used if the date of respiratory sample collection is
missing. To evaluate potential biases and the timing of vaccine effectiveness after administration, we will evaluate
the windows of vaccination status corresponding: A) 0-13 days and >14 days after the 1** dose and 0-13 days and
>14 days after the 2" dose of CoronaVac; and B) 0-13 days, 14-27 days and >28 after the 1st dose and0-13 days and
>14 days after the 2" dose of ChAdOx1.

We will include the following covariates in the adjusted model, which we hypothesize are predictive of vaccination,
the risk of SARS-CoV-2 infection and COVID-19 severity and healthcare access and utilization:

e Age as continuous variable

e Comorbidities (None, 1-2, >3 comorbidities)

e Evidence of prior SARS-CoV-2 infection (defined as positive PCR test, antigen test or rapid antibody test)

Although data on comorbidities is available through e-SUS and SIVEP-Gripe, this data may have different degrees
of missingness between databases and between cases and control groups. Adjusting for comorbidities using
complete case data will likely introduce bias. We will explore the feasibility of multiple imputation of comorbidity
in a sensitivity analysis. Additional sensitivity analyses will evaluate potential effect modification of the vaccine



effectiveness by history of a positive RT-PCR, antigen or serological test result prior to the vaccination campaign
and age subgroups. Finally, we will perform subgroup analyses by sex, presence of comorbidities (any vs. none),
presence of cardiovascular disease, presence of diabetes, and region of residence (“Grande Sdo Paulo” health region
vs. others).

Case-control analysis of severe clinical outcomes: We will perform additional analyses for hospitalization, ICU
admission, respiratory support, and death among cases and controls. To perform these analyses, we will restrict the
analysis data set to matched case-control pairs in which the case has the outcome of interest, and perform the
analysis as described above. For these outcomes, we will consider a restricted polynomial spline term for continuous
age, as the risk of these outcomes is highly dependent on age, and compare models using a likelihood ratio test.

Survival/logistic regression analysis of hospitalization, ICU, respiratory support and death: As an exploratory
analysis, we will perform additional analyses for hospitalization and death amongst individuals who test positive and
estimate the hazards according to vaccination status at the date of positive test, adjusting for covariates described in
the case-control analyses. Sensitivity analyses will be conducted to evaluate the association of influence of a positive
RT-PCR, antigen or serological test result prior to the vaccination campaign.

Sample size calculations and timing of analyses: The power of a matched case-control study depends on the
assumed odds ratio and the number of discordant pairs (i.e. pairs in which the case is exposed and the control is
unexposed, or vice versa), which is a function of the assumed odds ratio and the expected prevalence of exposure
among controls. Moreover, the estimate of the odds ratio for one level of a categorical variable compared to baseline
is determined by the distribution of all discordant pairs. As vaccine coverage and incidence are changing over time,
the latter in ways we cannot predict, and there is no power formula for this analysis, we will simulate power and
enroll individuals until we have reached a target power, which we can assess without analyzing the data. In
particular, after determining the number of discordant case-control pairs for each combination of exposure
categories, we will randomly assign one of each pair to each relevant exposure type according to a Bernoulli
distribution, with the probability determined by the assumed odds ratio comparing the two categories. We will run
an unadjusted conditional logistic regression on the simulated dataset to determine the p-value, and estimate the
power as the proportion of N=1,000 simulations that return p<0.05. Code to perform the power calculation can be
found at_https://github.com/mhitchings/VEBRA COVID-19.

Timing of final analyses: We will perform an analysis of the primary outcome upon reaching simulated 80% power
to detect vaccine effectiveness of 40% >14 days after the second dose for the CoronaVac. For the ChAdOx1, we will
perform an analysis of effectiveness of at least one dose upon reaching simulated 80% power to detect vaccine
effectiveness of 40% >28 days after the first dose. In addition, we will perform an analysis of effectiveness of two
doses upon reaching simulated 80% power to detect vaccine effectiveness of 40% >14 days after the second dose.
For ChAdOx1, we will perform an analysis of effectiveness of two doses upon reaching simulated 80% power to
detect vaccine effectiveness of 50% >14 days after the second dose. We chose a vaccine effectiveness of 40% to
address the question of whether vaccination with CoronaVac and ChAdOx achieved a threshold of real-world
effectiveness, below which the public health value of vaccination may need to be reconsidered. We chose a
threshold of 50% for the two-dose schedule of ChAdOx1 based on results from randomized trials and existing real-
world effectiveness studies.

Privacy: Only SES-SP, Sdo Paulo State data management had access to the identified dataset to linkage the datasets
by name, date of birth, mother's name and CPF. After the linkage, the CPF was encrypted and the de-identified
dataset was sent to the team for analysis.

Working group: Matt Hitchings, Otavio T. Ranzani, Julio Croda, Albert I. Ko, Derek Adam Cummings, Wildo
Navegantes de Araujo, Jason R. Andrews, Roberto Dias de Oliveira, Patricia Vieira da Silva, Mario Sergio
Sacaramuzzini Torres, Wade Schulz, Tatiana Lang D Agostini, Edlaine Faria de Moura Villela, Regiane A. Cardoso
de Paulo, Olivia Ferreira Pereira de Paula, Jean Carlo Gorinchteyn
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Figure 1: PCR testing rate by age, sex and self-reported race (from data extracted on April 07, 2021)
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Figure 2: PCR positive testing rate by age, sex and self-reported race (from data extracted on April 07, 2021)




70-79 80-89 90+

Test positive proportion

40.0%
30.0% -
20.0% -
10.0% -
0.0% | | | | | |

F M F M F M

. Black/Preta . Brown/Pardo White/Branca

Figure 3: PCR positive proportion by age, sex and self-reported race (from data extracted on April 07, 2021)
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Figure 4: Vaccine coverage by age, sex and self-reported race (from data extracted on April 07, 2021)



Panel A. Indicators by Municipality
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Figure 5: PCR testing rate (pcr_done), PCR positive testing rate (pcr_pos), positivity proportion (tpp) and vaccine
coverage (vac) by each municipality (A) and municipality and race (B). RM SP denotes metropolitan area of Sao
Paulo city (from data extracted on April 07, 2021)



Supplementary Figure 1. Reported RT-PCR or Antigen confirmed COVID-19 in the general population of the Sao Paulo State, Brazil from October
2020 to April 7, 2021. Lines depict moving 14-day averages for case. Vertical lines represent vaccine eligibility by age.

15000 1 B <70years
-270years
o
210000
8
%
o
4
5000 Il I |
N |l|'||l|i || |I “ I |II| Illl

Oct 2020 Nov 2020 Dec 2020 Jan 2021 Feb '2021 Mar 2021 Apr 2021

Supplementary Figure 2. Reported RT-PCR or Antigen confirmed COVID-19 rates in the general population of the Sao Paulo State, Brazil from
October 2020 to April 7, 2021. Lines depict rolling averages. Vertical lines represent vaccine eligibility by age.
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Table 1: Table of planned analyses

Analysis

Exposure

Outcome

CoronaVac

Primary outcome, primary exposure

Two-dose regimen of CoronaVac in
the period starting 14 days after
administration of the 2™ dose

Primary outcome, secondary
exposure (2-dose)

Two-dose regimen of CoronaVac in
the period 0-13 days after
administration of the 2" dose

Primary outcome, secondary
exposure (1-dose)

One-dose regimen of CoronaVac, in
the period starting 14 days after
administration of the 1% dose

Primary outcome, bias indicator

One-dose regimen of CoronaVac, in
the period 0-13 days after
administration of the 1% dose

Positive test for SARS-CoV-2, with
at least one COVID-19 symptom
reported 0-10 days before sample
collection date

ChAdOx1

Primary outcome, primary exposure

One-dose regimen of ChAdOx1 in
the period starting 28 days after
administration of the 1% dose

Primary outcome, secondary
exposure (2-dose)

Two-dose regimen of ChAdOx1 in
the period >14 days after
administration of the 2" dose

Primary outcome, secondary
exposure (1-dose)

One-dose regimen of ChAdOx1 in
the period 0-13 days after
administration of the 1% dose

Primary outcome, secondary
exposure (1-dose)

One-dose regimen of ChAdOx1, in
the period starting 14-27 days after
administration of the 1% dose

Primary outcome, secondary
exposure (2-dose)

Two-dose regimen of ChAdOx1, in
the period starting 0-13 days after
administration of the 2" dose

Primary outcome, bias indicator

One-dose regimen of ChAdOx1, in
the period 0-13 days after
administration of the 1% dose

Positive test for SARS-CoV-2, with
at least one COVID-19 symptom
reported 0-10 days before sample
collection date






