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RESUMO

Os arbovirus transmitidos por mosquitos sdo considerados importantes desafios
para a saude publica no Brasil, principalmente nos ultimos anos, onde o cenario
epidemiologico tem sido marcado pela cocirculagdo de diferentes arbovirus,
incluindo os virus da dengue (DENV), Zika (ZIKV), chikungunya (CHIKV) e febre
amarela (YFV). Apesar disso, pouco ainda é conhecido sobre a diversidade genética
e a dindmica da transmiss&o desses virus no nosso pais. Neste contexto, o objetivo
desse trabalho foi realizar o monitoramento genémico de DENV (sorotipos DENV1 e
DENV2) e ZIKV no Brasil durante as ultimas epidemias desses virus. Para isso,
foram gerados 250 novos genomas completos ou quase completos (DENV1=57,
DENV2=170 e ZIKV=23) que foram combinados com informac¢des epidemioldgicas
para melhor compreender as epidemias causadas por esses arbovirus. Os
resultados deste estudo forneceram uma avaliagdo abrangente das ultimas
epidemias de dengue e Zika entre as regides brasileiras e destacaram a importancia
dos esforgos continuos de vigilancia para melhor compreender as epidemias de

arbovirus no pais.

Palavras-chave: Dengue. Zika. Epidemia. Vigilancia Gendmica.



ABSTRACT

Mosquito-borne arboviruses are considered important challenges for public health in
Brazil, especially in recent years, where the epidemiological scenario has been
marked by the co-circulation of different arboviruses, including dengue (DENV), Zika
(ZIKV), chikungunya (CHIKV) and yellow fever (YFV). Despite this, there is a paucity
of updated data on these viruses genetic diversity and transmission dynamics in
Brazil. Therefore, the aim of this work was to carry out genomic monitoring of DENV
(DENV1 and DENV2 serotypes) and ZIKV during the recent epidemics of these
viruses in Brazil. For this, were generated 250 complete or near-complete viral
genomes (DENV1=57, DENV2=170 and ZIKV=23) and combined with
epidemiological information for more contextual data about these viruses. The results
of this study provided a comprehensive assessment of the recent dengue and Zika
epidemics across Brazilian regions and highlighted the importance of ongoing

surveillance efforts to better understand arbovirus epidemics in the country.

Keywords: Dengue. Zika. Outbreak. Genomic Surveillance.
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1 INTRODU(;AO
1.1 Flavivirus

O género Flavivirus pertence a familia Flaviviridae, um grupo de pequenos
virus esféricos com aproximadamente 50 nm de diametro que replicam no
citoplasma da célula hospedeira (GEROLD et al, 2017). Eles sdo encontrados em
artropodes, principalmente carrapatos e mosquitos, e podem ocasionalmente
infectar os humanos.

Todos os membros desse género compartilham caracteristicas estruturais e
funcionais semelhantes. O genoma é cercado por um capsideo proteico que, por sua
vez, é envolto por um envelope lipidico contendo proteinas virais e do hospedeiro
(RICE et al, 1985; CHAMBERS et al, 1990; LINDENBACH et al, 2013). O genoma
viral é formado por acido ribonucleico (RNA) de fita simples, ndo segmentado e de
polaridade positiva com cerca 11 kb de tamanho. Ele possui uma unica open reading
frame (ORF) de aproximadamente 3.400 codons flanqueada por duas regides néo
codificantes (5’ e 3° NCRs), importantes nos processos de amplificacdo gendmica,
tradugao e empacotamento (SHURTLEFF et al, 2001; LINDENBACH et al, 2013).

A unica ORF dos flavivirus codifica uma poliproteina que é processada
posteriormente por proteases virais e do hospedeiro em trés proteinas estruturais
(capsideo [C], prée-membrana [prM] e envelope [E]) e sete proteinas n&o estruturais
(NS1, NS2A, NS2B, NS3, NS4A, NS4B e NS5) (Figura 1) (CHAMBERS et al, 1990;
RICE et al, 1985; BOLLATI et al, 2010; LINDENBACH et al, 2013).

5" UTR

NS2A NS4A
C M NSTNS NS5

NS2B NS4B 3 UTR

Figura 1. Representagdo do genoma dos flavivirus. A Unica open reading frame do genoma é
flanqueada pelas regides nao traduzidas (5’ e 3' UTR) e codifica trés proteinas estruturais (capsideo
[C], membrana [M] e envelope [E]) e sete proteinas n&o estruturais (NS1, NS2A, NS2B, NS3, NS4A,
NS4B e NS5). Fonte: GUZMAN et al. (2010).
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A proteina C ¢é a principal componente estrutural do capsideo dos flavivirus e
€ indispensavel para a montagem das particulas virais. A proteina M é formada a
partir da clivagem de sua precursora prM durante a maturagdo de novas particulas
virais e esta envolvida no aumento da infectividade do virus e na organizagdo da
estrutura viral. A proteina E, por sua vez, € a maior constituinte da superficie e esta
ancorada no envelope lipidico dos virions maduros, mediando a adsorgdo e
penetracdo do virus na célula hospedeira, além de participar da indugao da resposta
imune do hospedeiro (LINDENBACH et al, 2013).

As proteinas né&o-estruturais dos flavivirus também desempenham
importantes funcdes. A proteina NS1 pode ser encontrada no interior das células
infectadas, associadas a membrana celular ou na forma secretada. Ela atua como
cofator no processo da replicagcdo do RNA viral, além de estar envolvida na ativagao
da resposta imune do hospedeiro. A proteina NS2A participa do processo de
montagem da particula viral e também do complexo de replicacdo do RNA viral,
enquanto a proteina NS2B forma um complexo estavel com NS3, atuando como
cofator para a protease NS2B-NS3. NS3, por sua vez, € multifuncional, participando
tanto do processamento da poliproteina como da replicagdo do RNA viral. Sua
extremidade N-terminal forma o complexo serina protease juntamente com NS2B,
que estdo envolvidos no processamento da poliproteina. A porcdo C-terminal de
NS3 contém um dominio RNA helicase envolvido na replicagcdo do RNA. NS4A e
NS4B parecem estar envolvidas na replicacdo do RNA. A proteina NS5, a maior e
mais conservada proteina dos flavivirus, possui atividade de metiltransferase e esta
envolvida na metilagdo do cap viral, além de atuar como uma RNA polimerase
dependente de RNA, responsavel pela replicagdo do genoma viral (LINDENBACH et
al, 2013).

Assim como os demais virus, os flavivirus necessitam de uma célula
hospedeira para completarem seu ciclo de multiplicacao e formar novas particulas
virais. Esse ciclo envolve os processos de: a) adsorgdo, quando as proteinas do
envelope viral se ligam a receptores das células hospedeiras; b) penetragao, quando
a particula viral é internalizada por endocitose mediada pela fusdo do envelope viral
com a membrana celular; c) desnudamento, quando ocorre a liberagdo do RNA viral
no citoplasma da célula hospedeira através da desnudamento do nucleocapsideo; d)

transcricao/tradugao/replicacdo, quando o RNA viral é replicado e, ao mesmo tempo,
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traduzido em uma unica poliproteina que € posteriormente processada por proteases
virais e da célula hospedeira; e) montagem e liberagdo, quando as proteinas e o
genoma viral, juntamente com a membrana da célula hospedeira, formam novas
particulas virais imaturas. Essas particulas sao clivadas por proteases, tornando-se
maduras e infectantes, e posteriormente sao liberadas através da via secretora do
hospedeiro (CLYDE et al, 2006; LINDENBACH et al, 2013) (Figura 2).
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Figura 2. Representacao do ciclo de multiplicagao dos flavivirus. Os flavivirus multiplicam dentro
da célula hospedeira em um ciclo que envolve as fases de adsorgdo, penetragdo, desnudamento,
transcrigdo/traducao/replicacdo, montagem e liberacédo. Fonte: Adaptado de GEROLD et al. (2017).

O género Flavivirus € composto por mais de 50 espécies virais que podem
causar uma variedade de doengas, incluindo encefalites e febre hemorragica. Ele é
formado por trés grupos distintos: os virus cujos vetores ainda permanecem
desconhecidos (virus Modoc e virus Rio Bravo), os virus transmitidos por carrapatos
(virus da encefalite transmitida por carrapato e virus da febre hemorragica de Omsk)
e 0s virus transmitidos por mosquitos (LINDENBACH et al, 2013). Nesse ultimo
grupo estdo incluidos virus de preocupag¢ao mundial, como os virus da dengue, da
febre amarela e da Zika, que tem causado grandes epidemias ao longo dos ultimos
anos.
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1.2 Dengue

1.2.1 O dengue virus

O dengue virus (DENV), membro da familia Flaviviridae e género Flavivirus, é
o agente causador da dengue, uma doenga febril aguda que coloca em risco quase
metade da populacdo mundial (CDC, 2021). DENV inclui quatro sorotipos
geneticamente relacionados e antigenicamente diferentes (DENV1, DENV2, DENV3
e DENV4), de forma que a infecgdo por um sorotipo gera imunidade duradoura
contra ele, podendo um mesmo paciente ser infectado pelos outros sorotipos ao
longo de sua vida (RICE et al, 1985; CHAMBERS et al, 1990).

Os quatro sorotipos de DENV compartilham aproximadamente 65% de seu
genoma (GUZMAN et al, 2010), que é formado por RNA de fita simples, nao
segmentado e de polaridade positiva, com aproximadamente 11 kb de tamanho.
Eles foram inicialmente distinguidos por neutralizacdo cruzada e inibigdo da
hemaglutinagéo, utilizando soro de pacientes infectados. As primeiras evidéncias
das diferengas genéticas foram identificadas pelo uso da técnica de RNA fingerprint,
em que o numero e tamanho dos fragmentos gerados apds a digestdo da fita de
RNA variava de acordo com a sequéncia nucleotidica do virus. Posteriormente, com
o surgimento e avango das técnicas de sequenciamento, foi possivel confirmar a
homologia entre os sorotipos bem como a natureza conservada da organizagéo
genética. Baseado no sequenciamento do gene E, foi demonstrado que os quatro
sorotipos de DENV compartilham de 60 a 70% da sequéncia de aminodacidos e que,
dentro de um mesmo sorotipo, essa homologia € maior, com niveis de conservagao
acima de 90% (PIERSON e DIAMOND, 2013).

A RNA polimerase dependente de RNA codificada pelo genoma viral parece
ser a principal responsavel por essa variabilidade. Por ndo possuir atividade de
correcédo de erro, ela gera altas taxas de substituicdo de nucleotideos, rapida
divergéncia e alta diversidade genética intra-sorotipo (TWIDDY et al, 2003; CHEN e
VASILAKIS, 2011), permitindo que cada sorotipo seja dividido em gendtipos (RICO-
HESSE, 1990; VASILAKIS e WEAVER, 2008; CHEN e VASILAKIS, 2011). O termo

“gendtipo” foi definido por Rico-Hesse (1990) como o agrupamento de DENV com
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divergéncia na sequéncia de nucleotideos nao superior a 6% em uma determinada
regidao do genoma.

Globalmente, os sorotipos DENV1, DENV2, DENV3 e DENV4 sao divididos
em 19 gendtipos, que podem ter diferentes distribuicdes espacgo-temporais (Tabela
1), e cada gendtipo pode ser subdividido em multiplas linhagens (FONSECA et al,
2019; HARAPAN et al, 2020).

Tabela 1 — Classificagado dos genoétipos de DENV e distribuigdo geografica

SOROTIPO GENOTIPO DISTRIBUICAO GEOGRAFICA

I Isolados do Sudeste da Asiatico, China e Leste da Africa
Il Isolados da Tailandia (1950-1960)

1] Isolado silvestre da Malasia

DENV1

v Isolados das llhas do Oeste dg Pacifico e da Australia
Vv Isolados das Americas, Oeste da Africa e algumas isolados da
Asia
Asiatico | Isolados da Malasia e Tailandia
Asiatico |l Isolados do Vietn4, China, Taiwan, Sri Lanka e Filipinas
Isolados da Australia, Africa Oriental e Ocidental, llhas do
Cosmopolita Oceano Indico e Pacifico, Subcontinente Indiano e do Oriente
Médio
DENV2 Americano Isolados da América Latina e isolados mais antigos do Caribe,
Subcontinente Indiano e llhas do Pacifico (1950-1960)
Isolados da Tailandia e Vietna e isolados coletados nas

Asiatico/Americano .
Américas

Isolados coletadas de humanos, mosquitos silvestres e
primatas sentinelas no Oeste da Africa e Sudeste da Asia
| Isolados da Indonésia, Malasia, Filipinas e isolados recentes
das llhas do Pacifico Sul
Il Isolados da Tailandia, Vietnd e Bangladesh
DENV3 I Isolados do Sri Lanka, india, Africa, Samoa e um isolado da
Tailandia (1962)
Isolados de Porto Rico, América Central, América Latina e um

Silvestre

v isolado de Taiti (1965)

I Isolados da Tailandia, Filipinas, Sri Lanka e Japao
DENV4 Il Isolados da Indonésia, Mglésiq, Taiti, Caribe e Américas

Il Isolados da Tailandia (1997-2001)

v Isolados silvestres da Malasia

Fonte: HARAPAN et al (2020)

Uma caracteristica bem documentada para todos os sorotipos de DENV é o
turnover de genotipos e linhagens, que ocorre quando um gendtipo ou linhagem
particular emerge ou persiste por um periodo de tempo em uma determinada regido
geografica, sendo posteriormente extinto ou substituido por um gendtipo ou

linhagem totalmente diferente. Esse fenbmeno pode ser causado por um processo
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estocastico ou pode surgir devido a variagdes no fitness de DENV (CHOUDHURY et
al, 2014; HARAPAN et al, 2020).

O turnover tem importantes implicacdes para a epidemiologia e o controle da
dengue. A introdugdo de novos gendtipos ou linhagens de DENV em populagdes
susceptiveis tem o potencial de causar grandes epidemias assim como influenciar a
busca por vacinas, ja que as propriedades antigénicas podem ser bastante
diferentes entre gendtipos e linhagens (CHOUDHURY et al, 2014).

1.2.2 Ciclos de transmisséo

Os DENV sao mantidos em dois ciclos de transmissao distintos, classificados
como silvestre e urbano (Figura 3). O ciclo silvestre ocorre principalmente nas areas
de floresta da Africa e Asia, envolvendo primatas ndo-humanos como reservatérios
para amplificacdo viral e mosquitos arbéreos do género Aedes como vetores.
Entretanto, alguns vetores, mesmo arboricolas, sdo conhecidos por descerem ao
nivel do solo para se alimentarem de humanos, facilitando a transferéncia de DENV
silvestre das florestas para os ambientes peridomésticos. Na Africa, o ciclo silvestre
€ mantido pelos mosquitos vetores Ae. luteocephalus, Ae. furcifer e Ae. taylori e
incluem como principais reservatérios os primatas Erythrocebus patas (macaco
patas), Chlorocebus sabaes (macaco verde), Papio papio (babuinos guiné). Ja na
Asia, os principais vetores incluem os mosquitos Ae. pseudoniveus, Ae. subniveus,
Ae. vanus, Ae. albolateralis, Ae. niveoides e Ae. novoniveus, sendo os primatas
Macaca fascicularis (macaco cinomolgo), Macaca nemestrina (macaco-de-cauda-de-
porco-do-sul), Presbytis cristata (macaco-folha-prateado) e Presbytis melaphos
(macaco-folha-verde) os principais reservatorios (CHEN e VASILAKIS, 2011).
Atualmente, quase todas as infecgdes humanas sao ocasionadas pelos DENV
circulando exclusivamente nos ambientes domésticos e peridomésticos, nos quais
os humanos atuam como reservatérios e hospedeiros para amplificagcdo. Neste ciclo,
conhecido como ciclo urbano, os mosquitos Ae. aegypti e Ae. albopictus sao os
principais vetores (WHITEHEAD et al, 2007; CHEN e VASILAKIS, 2011).
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Ciclo silvestre Ciclo urbano

Figura 3. Ciclo de transmissao de DENV. O ciclo silvestre envolve transmiss&o entre primatas nao-
humanos por mosquitos do género Aedes, enquanto o ciclo urbano envolve transmisséo do virus aos
humanos principalmente por mosquitos Ae. aegypti e Ae. albopictus. Fonte: Adaptado de CHEN e
VASILAKIS (2011).

Depois de se alimentar de uma pessoa infectada, o virus se replica no
intestino do mosquito antes de se disseminar para os tecidos secundarios, incluindo
as glandulas salivares. O periodo de tempo entre a ingestdo do virus e a
transmissao efetiva para um novo hospedeiro € denominado periodo de incubacgao
extrinseco e pode variar de 8 a 12 dias (GUBLER, 2006). As variagdes no periodo
de incubacao extrinseco podem ser influenciadas pela temperatura ambiente e a
magnitude de flutuagdes diarias, pelo gendtipo do virus e pela concentragdo viral
inicial. Uma vez infeccioso, o mosquito & capaz de transmitir o virus pelo resto da
vida. Apés uma pessoa ter sido picada pela fémea infectada, o virus passa por um
periodo de incubacgao intrinseco, que varia de 3 a 14 dias, apds o0 qual a pessoa
pode iniciar um quadro de infeccdo aguda, com febre e outros sintomas
inespecificos. Durante esse periodo febril, que pode durar de 2 a 10 dias, os DENV
podem ser encontrados circulando no sangue periférico. Devido a alta viremia das
infecgdes, hoje em dia os DENV séo transmitidos eficientemente entre mosquitos e
humanos sem a necessidade de ocorréncia do ciclo silvestre para amplificacdo
(WHITEHEAD et al, 2007).

Apesar de bastante controverso, outro mecanismo que parece desempenhar
um papel importante na manutengdo de DENV na natureza é a transmissao

transovariana. Esse fendmeno € especialmente importante quando condicdes
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desfavoraveis limitam a transmissao horizontal, como periodos de seca e periodos
interepidémicos, onde a populagao de hospedeiros vertebrados susceptiveis e nao
imunes é baixa (VASILAKIS e WEAVER, 2008).

1.2.3 A doenga

A infeccdo por DENV causa em humanos um amplo espectro de
manifestacdes clinicas. A maior parte das pessoas infectadas podem apresentar um
quadro assintomatico ou aulo-limitado, caracterizado por febre, mialgia, artralgia,
rash maculopapular, dor retro-orbital e leucopenia (classificado como dengue com
ou sem sinais de alarmes). Entretanto, alguns pacientes podem apresentar doenga
grave, potencialmente fatal e com quadros hemorragicos, classificadas dengue
grave (GUBLER, 1998; RIGAU-PEREZ et al, 1998).

Os casos graves sao caracterizados por extravasamento capilar
acompanhado de trombocitopenia e dano hepatico de leve a moderado, refletido
pelo aumento dos niveis séricos das enzimas hepaticas. As formas graves
geralmente ocorrem como uma segunda fase da doenca, apds um curto periodo de
diminuicdo do quadro febril. Alguns pacientes podem desenvolver manifestagdes
hemorragicas, incluindo petéquias, epistaxe, sangramento gastrointestinal e
menorragia. Embora graves, o choque, caracterizado por hemoconcentragdo e
hipotensdo, permanece como o principal risco de mortalidade (PIERSON e
DIAMOND, 2013).

Os fatores determinantes para o desenvolvimento das formas graves da
doenca ainda ndo sao totalmente entendidos. Varios fatores relacionados ao
hospedeiro tém sido propostos para explicar os casos de dengue grave, como
resposta imune, anormalidades de coagulacido, predisposicao genética, fatores
nutricionais, sexo e idade dos pacientes. Um dos mecanismos mais estudado € a
“potencializagdo dependente de anticorpos” (antibody-depedent enhacement, ADE),
em que os anticorpos pré-existentes da infeccdo primaria respondem de forma
subneutralizante as particulas virais da infeccdo secundaria, causada por um
sorotipo diferente. Na ADE, esses anticorpos formam complexos com o DENV
infectante, resultando no aumento da internalizagdo e replicacdo dos virus nas
células fagocitarias (HALSTEAD et al, 1970; HALSTEAD e O'ROURKE, 1977).
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Sorotipos e/ou gendtipos especificos também tém sido apontados como
indicadores da viruléncia de DENV. Apesar dessa correlagdo nao ser totalmente
estabelecida, estudos epidemioldgicos e filogenéticos sugerem que alguns gendtipos
asiaticos de DENV2 s&o mais virulentos que o gendtipo americano (LEITMEYER et
al, 1999; HARRIS et al, 2000) assim como o gendtipo Il de DENV3 tem sido
associado as epidemias de dengue grave na india, Africa e América Latina
(MESSER et al, 2003).

O diagnéstico laboratorial da dengue é considerado complexo devido a
semelhanca clinica com outras arboviroses, dificuldade de acesso aos laboratorios
de referéncia para um diagndéstico molecular e/ou sorologico diferencial e existéncia
de reagbes soroldgicas cruzadas (KUTSUNA et al, 2014; HENNESSEY et al, 2016;
CHEN, 2016). Ele pode ser realizado por métodos classificados como diretos e
indiretos, de acordo com o intervalo entre inicio dos sintomas e coleta da amostra
biolégica. Os métodos diretos sdo aqueles realizados durante a fase virémica da
doenca, objetivando a detecgédo do virus, do seu material genético ou de antigenos
virais. Entre os métodos preconizados pelo Ministério da Saude, destacam-se o
isolamento viral, Transcricdo Reversa acoplada a Reagdao em Cadeia da Polimerase
(RT-PCR), pesquisa da proteina NS1 e pesquisa de antigenos virais por
imunohistoquimica. Ja os métodos indiretos sdo aqueles realizados apds a fase
virémica da doenca, objetivando a pesquisa de anticorpos IgM e IgG especificos
contra os DENV, teste de neutralizagdo por redugédo de placa (PRNT) e inibicdo da
hemaglutinagdo (WHO, 2009; MINISTERIO DA SAUDE, 2019a).

Atualmente nao existe tratamento antiviral especifico para pessoas infectadas
por DENV, sendo este considerado apenas suportivo e sintomatico, com uso de
analgésicos, antitérmicos e hidratagdo oral (MINISTERIO DA SAUDE, 2002;
MINISTERIO DA SAUDE, 2016a; WHO, 2021). Apesar de existirem diversos
estudos e candidatos em desenvolvimento, também nao esta disponivel uma vacina
segura e eficaz para prevengao da doenga. Para ser efetiva, a vacina deve proteger
contra os quatro sorotipos de DENV, ser segura para aplicagdo em criangas, ser
econbmica e ainda promover imunidade protetora de longa duragdo (GUBLER,
2006). Por causa desses fatores agravantes, as medidas para controle do vetor

continuam sendo a principal estratégia para prevengéao da doenga.
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1.2.4 Origem e epidemiologia

A origem geografica de DENV nao esta totalmente elucidada e ainda néo é
possivel concluir com os dados disponiveis atualmente se ela aconteceu no
continente africano ou asiatico. Os estudos que apontam para a origem na Africa
sdo baseados principalmente nas evidéncias da circulagdo de outros flavivirus na
regido e também na origem africana do mosquito Ae. aegypti, o principal vetor da
doenca. Entretanto, a circulacdo dos quatro sorotipos silvestres de DENV no sudeste
da Asia e o registro da circulacdo apenas de DENV?2 silvestre na Africa, apontam
para a origem asiatica do virus (revisado por VASILAKIS e WEAVER, 2008; CHEN e
VASILAKIS, 2011).

Os primeiros registros de uma doenga afetando humanos semelhante a
dengue foram feitos durante a dinastia chinesa, seguido de registros do século XVII
e XVIII, descrevendo uma doenga com ampla distribuicdo geografica favorecida pelo
trafico de escravos (VASILAKIS e WEAVER, 2008). A primeira descrigdo de uma
epidemia semelhante a dengue ocorreu em 1780, na Filadélfia, por Benjamim Rush
(RIGAU-PEREZ, 2006) e se tornou comum na América do Norte, América do Sul,
Caribe, Asia e Australia nos séculos XVIII e XIX (RODRIGUEZ-ROCHE e GOULD,
2013). Entretanto, a descrigdo dessas epidemias foi baseada em fatores clinicos e
epidemioldgicos, o que dificultou a confirmagdo do agente responsavel, a medida
que outros virus com caracteristicas clinicas semelhantes poderiam estar envolvidos
nessas epidemias (DICK et al, 2012).

Foi em 1906 que Bancroft descreveu pela primeira vez os mosquitos Ae.
aegypti como responsaveis pela transmissdo de DENV. As primeiras cepas de
DENV1 e DENV2 foram isoladas durante a Segunda Guerra Mundial, por
pesquisadores japoneses (HOTTA, 1952) e americanos (SABIN, 1952), enquanto os
sorotipos DENV3 e DENV4 foram isolados anos mais tarde, em 1956, nas Filipinas
(HAMMON et al, 1960).

Nas Américas, as epidemias de dengue durante as décadas de 1950 a 1970
foram raras, devido ao sucesso de uma campanha de erradicacdo do mosquito Ae.
aegypti e combate a febre amarela, coordenada pela Organizagdo Pan-Americana

de Saude (OPAS, 1947). Entretanto, essa campanha foi interrompida no inicio da
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década de 70, quando foi observada uma intensa migragdo do mosquito da regiao
do Caribe para a América do Sul (PINHEIRO e CORBER, 1997).

Antes de 1977, somente DENV2 e DENV3 estavam presentes no continente
americano. O sorotipo DENV3 causou a primeira epidemia em 1963 na Jamaica e
Porto Rico, enquanto DENV2 foi responsavel por epidemias em 1969 e 1970.
Durante esse periodo, uma caracteristica da dengue nas Américas foi a
hipoendemicidade, onde um unico sorotipo estava presente na maioria dos paises
(WILSON e CHEN, 2002; GUBLER, 2014).

Em 1977, DENV1 foi introduzido nas Américas a partir do continente asiatico,
causando epidemias na Jamaica e Cuba e, em 1978, em Porto Rico e Venezuela.
Nos anos seguintes, esse sorotipo se dispersou por todo Caribe, México, Texas,
América Central e regido norte da América do Sul. Em 1981, DENV4 foi introduzido
nas ilhas do Caribe e, assim como DENV1, rapidamente se espalhou para o México,
América Central e América do Sul. Com a introdu¢do de DENV4, a dengue que até
entdo havia sido identificada como a forma classica, teve seus primeiros casos de
graves descritos nessa regiao (WILSON e CHEN, 2002; GUBLER, 2014).

Ainda em 1981, Cuba registrou a primeira epidemia de dengue grave nas
Ameéricas. Durante essa epidemia, DENV2 causou cerca de 344 mil casos de
dengue, sendo 10 mil deles classificados como casos graves. Outra grande
epidemia de dengue grave aconteceu na Venezuela entre os anos de 1989 e 1990,
onde foram registrados mais de 6 mil casos e 73 &bitos. Embora ndo tenha sido
possivel identificar o principal sorotipo responsavel, DENV2 se mostrou mais
frequentemente associado aos casos fatais (GUBLER, 2014). Os eventos de
introdugédo de novos sorotipos de DENV e a mudanga da epidemiologia da doenca
nas Américas entre os anos de 1970 e 1980, combinado com a reinfestacéo pelo Ae.
aegypti, o aumento da urbanizagdo e o movimento de pessoas, fez com que a
maioria dos paises se tornassem hiperendémicos para dengue. Além desses
fatores, a falha dos programas de combate ao vetor, o crescimento populacional, a
globalizagdo da economia e as alteragdes climaticas também contribuiram para a
dengue expandir em escala mundial (SAN MARTIN et al, 2010; CHEN e VASILAKIS,
2011). A doenga, que antes era restrita a paises tropicais, passou a atingir novas
areas e vem causando surtos explosivos na Europa, como aquele registrado em

2012 nas ilhas Madeira, em Portugal. Durante esse surto, foram registradas mais de
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2.000 ocorréncias e casos importados foram detectados em outros 10 paises
europeus (WHO, 2021).

O numero de casos notificados a Organizagcdo Mundial da Saude (OMS)
aumentou mais de 8 vezes nas ultimas duas décadas, de 505.430 casos no ano
2000, para mais de 2,4 milhdes em 2010 e 5,2 milhdes em 2019, sendo este o maior
numero de casos ja relatado. Em relagdo aos o6bitos, o numero de notificagdes
aumentou de 960 em 2000 para 4.032 casos em 2015. Atualmente,
aproximadamente metade da populagdo mundial vive em areas de risco para a
dengue e estima-se que ocorram de 100 a 400 milhées de casos por ano (WHO,
2021) (Figura 4).

Ausente Improvavel Incerto  Provdvel  Presente

Figura 4. Areas em risco de dengue, 2021. Mapa mundial destacando os paises situados em areas
em risco de dengue, de acordo com a classificacdo de 2021. Os dados foram coletados dos sistemas
nacionais de vigilancia, literatura cientifica, questionarios, noticias formais e informais. Os tons de
azul indicam paises com risco de dengue ausente ou improvavel. As cores amarela e laranja indicam
paises com risco de dengue incerto ou provavel. Os tons de vermelho indicam paises em risco de
dengue em diferentes niveis. Fonte: HEALTHMAP (2021). Disponivel em:
https://www.healthmap.org/dengue/en/.

No Brasil, a primeira epidemia da doengca com confirmacao laboratorial foi
documentada em 1982, em Boa Vista (Roraima), com isolamento dos sorotipos
DENV1 e DENV4 (OSANAI et al, 1983), que ficaram restritos a regido norte do pais.
Quatro anos mais tarde, no Rio de Janeiro, foi documentada a reintroducdo de
DENV1 no Brasil (SCHATZMAYR et al, 1986), afetando mais de um milhdo de

pessoas (FIGUEIREDO et al, 1991). Posteriormente, foram relatadas epidemias nos
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estados do Cearda, Alagoas e Pernambuco (SOUZA et al, 1995; TEIXEIRA et al,
2009). Ainda com condigdes ambientais favoraveis a circulagdo de DENV, em 1990,
foi registrado a introdugéo do sorotipo DENV2, também no estado do Rio de Janeiro,
onde foram descritos os primeiros casos graves (NOGUEIRA et al, 1990). Ainda no
Rio de Janeiro, nos anos 2000, o sorotipo DENV3 foi introduzido em territério
brasileiro (NOGUEIRA et al, 2001). Desde entao, o Brasil € considerado uma regiao
hiperendémica para dengue, registrando os maiores numeros de casos no mundo,
com aproximadamente 18 milhdes de infecgdes notificadas desde 1980 (OPAS,
2021).

Diferentes sorotipos de DENV causaram grandes epidemias no Brasil nos
ultimos 20 anos, sendo 2002, 2008 (predominédncia de DENV2), 2010
(predominancia de DENV1), 2013 (predominancia de DENV1 e DENV4), 2015
(predominancia de DENV1) e 2016 (predominancia de DENV1) os anos mais
epidémicos e as regibes centro-oeste e sudeste, aquelas com maior numero de
casos (MINISTERIO DA SAUDE, 2019b) (Figura 5). Em relacdo aos casos graves de
dengue, de 2003 a 2013, o Brasil confirmou 89.265 casos, sendo 77% classificados
como dengue com complicagdes e cerca de 23% classificados como dengue grave.
No periodo de 2014 a abril de 2019, quando a nova classificagdo de casos graves
da OMS foi adotada no pais, foram confirmados 55.615 casos, sendo 51.195 casos
de dengue com sinais de alarme e 4.420 casos de dengue grave (MINISTERIO DA
SAUDE, 2019b).

Em 2019, apdés quase uma década de baixa circulagdo no pais e
impulsionado por padrbes climaticos cada vez mais extremos, as autoridades de
saude registraram a reemergéncia do DENV2 no Brasil (Figura 5), com um total de
1.544.987 casos provaveis e 782 oObitos confirmados até a semana epidemiolégica
52 (MINISTERIO DA SAUDE, 2020a). A distribuicdo geografica dos casos
notificados nesse periodo atingiu todas as regides territoriais do Brasil, com as
maiores incidéncias registradas nas regides centro-oeste (1.349,1 casos por 100.000
habitantes), sudeste (1.159,4 casos por 100.000 habitantes) e nordeste do pais
(376,7 casos por 100.000 habitantes) (MINISTERIO DA SAUDE, 2019b;
MINISTERIO DA SAUDE, 2020a). Mesmo com uma longa histéria de circulagéo de

DENV e experiéncia recente com grandes epidemias de outros arbovirus, como
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ZIKV, CHIKV e YFV, o Brasil continua a enfrentar dificuldades na implantagdo de

medidas eficazes para controle da doenga e dos mosquitos vetores.
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Figura 5. Namero de casos notificados de dengue no Brasil, 1980-2021. Série histérica do
numero de casos notificados de dengue no Brasil entre 1980 a 2021. Fonte: OPAS (2021). Disponivel
em: https://www3.paho.org/data/index.php/en/mnu-topics/indicadores-dengue-en/dengue-nacional-
en/252-dengue-pais-ano-en.html?start=2.

1.3 Zika

1.3.1 O virus Zika

ZIKV, também pertencente a familia Flaviviridae e género Flavivirus, € um
virus esférico, envelopado e que apresenta o genoma formado por RNA de fita
simples e senso positiva de aproximadamente 11 kb de tamanho, flanqueado por
duas regides nao codificantes (5 e 3’ NCRs). Assim como os demais flavivirus, o
genoma viral codifica uma unica poliproteina que é posteriormente clivada em trés
proteinas estruturais (C, E e M) e sete ndo estruturais (NS1, NS2A, NS2B, NS3,
NS4A, NS4B e NS5), que desempenham importantes fungdes na formagédo da
estrutura viral assim como na replicagao viral e na indugdo de resposta imune do
hospedeiro (SIKKA et al, 2016).

Atualmente, ZIKV é classificado em dois genétipos ou linhagens principais,

chamados de africano e asiatico com base na sua distribuicdo geografica (Figura 6).
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O gendtipo africano contém duas sublinhagens (Africa Oriental e Africa Ocidental),
enquanto o genotipo asiatico inclui trés sublinhagens (Sudeste Asiatico, llhas do
Pacifico e América) (HIGUERA e RAMIREZ, 2019). Shen e colaboradores (2016),
utilizando sequéncias dos genes E e NS5, reconstruiram a filogenia de ZIKV e
sugeriram a existéncia de uma segunda linhagem africana, classificando as
sequéncias disponiveis em linhagem Africana 1, Africana 2 e Asiatica/Americana.
Entretanto, como n&o estdo disponiveis sequéncias gendmicas completas da
linhagem Africana 2, que compreende isolados do Senegal e da Costa do Marfim, a
observacao dessa segunda linhagem apenas nas arvores filogenéticas de genomas

parciais tem sido atribuida ao viés de amostragem (XAVIER et al, 2021).

e BT T A

Africano Asiatico

Figura 6. Reconstrugao filogenética de ZIKV. Reconstrucdo filogenética inferida a partir da
sequéncia gendmica completa de ZIKV de diferentes localidades evidenciando as principais linhagens
virais. Fonte: XAVIER et al (2021).

1.3.2 Ciclos de transmisséo

Assim como DENV, o ZIKV é mantido na natureza entre dois ciclos de
transmiss&o distintos, classificados como silvestre e urbano. Na Africa e na Asia, ele
€ mantido no ambiente silvestre em um ciclo zoondtico entre primatas ndo humanos
e mosquitos da familia Culicidae e género Aedes. Anticorpos anti-ZIKV também
foram detectados em roedores e grandes mamiferos (orangotangos, zebras e
elefantes), entretanto, o papel desses animais como reservatoérios virais ainda nao
esta totalmente esclarecido (IOOS et al, 2014; ZANLUCA e DOS SANTOS, 2016).
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Ja no ciclo urbano, o principal vetor envolvido na transmissao de ZIKV é o Ae.
aegypti, também responsavel pela transmissdo de outros arbovirus (I0O0S et al,
2014; ZANLUCA e DOS SANTOS, 2016). No ciclo de transmissao silvestre, os
humanos sao considerados hospedeiros acidentais. Entretanto, em areas onde nao
existem primatas nao humanos, os humanos provavelmente funcionam como
hospedeiros primarios de amplificagdo e potencialmente como hospedeiros
reservatorios, quando sua viremia € suficiente (HADDOW et al, 2012).

O primeiro vetor descrito para ZIKV foi Ae. africanus (HADDOW et al, 1964).
Desde entao, o virus tem sido isolado de outras espécies, como Ae. albopictus, Ae.
furcifer, Ae. luteocephalus, Ae. vittatus, Ae. dalzieli, Ae. hirsutus, Ae. metalicus, Ae.
taylori, Ae. aegypti, Ae. hensilli, Ae. unilineatus, Anopheles coustani, Culex perfuscus
e Mansonia uniformis (ZANLUCA e DOS SANTOS, 2016). ZIKV é transmitido aos
artrépodes hematéfagos durante o repasto sanguineo em um hospedeiro infectado.
Uma vez no vetor, o virus se reproduz sem afeta-lo, permanecendo assim por toda a
vida. Apds a infecgao, as fémeas do mosquito sao capazes de transmitir o virus para
humanos durante nova picada (ZANLUCA e DOS SANTOS, 2016). Embora a
transmissao para humanos seja principalmente vetorial, existem evidéncias de
transmissao por transfusao de sangue (MUSSO et al, 2014a), via sexual (FOY et al,
2011; MUSSO et al, 2015a) e perinatal (BESNARD et al, 2014; CALVET et al, 2016).
Além disso, RNA e/ou proteinas virais foram detectados na urina (GOURINAT et al,
2015) e saliva (MUSSO et al, 2015b) de individuos infectados, destacando a

possibilidade de existirem outras formas de transmissao da doenca.

1.3.3 A doenca

ZIKV causa uma infecgdo que, na maior parte dos casos, € assintomatica ou
subclinica. Estima-se que sinais e sintomas ocorram em aproximadamente 20% dos
casos, onde os pacientes podem desenvolver uma doenca semelhante a outras
arboviroses (RAWAL et al, 2016). Os sintomas geralmente ocorrem entre 2 e 12 dias
apo6s a picada do mosquito vetor e tem duragdo de aproximadamente 2 a 7 dias. Os
sintomas mais frequentes sdo rash maculopapular, febre, artrite ou artralgia, dor de
cabega e conjuntivite ndao purulenta, embora dor retro-orbital, mialgia, astenia,

edemas periféricos e disturbios gastrointestinais também possam ocorrer (I00S et
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al, 2014; PINTO JUNIOR et al, 2015; RAWAL et al, 2016; ZANLUCA e DOS
SANTOS, 2016).

Diferentemente das infecgdes causadas por DENV, complicagdes
hemorragicas, doenga grave que requer hospitalizagdo ou morte em decorréncia da
infeccdo por ZIKV sédo raras (SAMPATHKUMAR e SANCHEZ, 2016). As
complicagbes mais registradas sao microcefalia congénita, sindrome de Guillain—
Barré (SGB) e aborto em mulheres infectadas durante a gravidez (RAWAL et al,
2016).

Apesar das causas nao estarem totalmente estabelecidas, varias
investigacbes tem sugerido uma ligacao entre infeccdo materna por ZIKV e
desenvolvimento de microcefalia em recém-nascidos. Em outubro de 2015, o
Ministério da Saude registrou um aumento de aproximadamente 20 vezes dos casos
de microcefalia, principalmente no nordeste do Brasil, uma regido com alta
prevaléncia da doenca (MINISTERIO DA SAUDE, 2015). Além disso, a deteccdo do
RNA viral no liquido amniético em mulheres cujos fetos nasceram com microcefalia e
também em tecidos de recém-nascidos com microcefalia reforcam a ligagéo entre
ZIKV e essa sindrome congénita (MARTINES et al, 2016). Por sua vez, a associagao
entre a SGB e ZIKV foi registrada pela primeira vez em 2013, durante uma epidemia
de Zika na Polinésia Francesa (OEHLER et al, 2014). De fato, durante essa
epidemia, 42 casos de SGB foram diagnosticados, sendo que 37 apresentaram
infeccdo prévia por ZIKV. Dados similares foram observados no Brasil durante a
epidemia em 2015, onde todos os 121 casos de SGB notificados tiveram histérico de
doenca semelhante a Zika (ECDC, 2015).

O diagnéstico laboratorial de ZIKV consiste na realizacdo de exames
especificos em amostras de soro, urina ou de tecidos de pacientes suspeitos através
de (1) métodos diretos, que incluem o isolamento viral, a pesquisa de antigenos
virais por imunohistoquimica ou a pesquisa do RNA viral por RT-PCR; ou (2)
métodos indiretos, através da pesquisa de anticorpos IgM e IgG em amostras de
soro (MINISTERIO DA SAUDE, 2020b). Esse ultimo, por sua vez, deve ser
interpretado com cautela quando realizado isoladamente, devido a existéncia de
reagcdes cruzadas entre Zika e outros flavivirus, o que dificulta o diagndstico
sorolégico em individuos habitantes de areas endémicas para diversos flavivirus
(SAMPATHKUMAR e SANCHEZ, 2016; MINISTERIO DA SAUDE, 2020b). Em
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casos de recém-nascidos com suspeita de comprometimento neurologico, exames
de imagem, tais como ultrassom, tomografia e ressonancia, podem auxiliar no
diagnostico da sindrome congénita (RAWAL et al, 2016).

Assim como na dengue, atualmente n&o existe tratamento antiviral especifico
para pacientes infectados por ZIKV. Os cuidados recomendados para os pacientes
envolvem repouso e tratamento suportivo, incluindo aumento da ingestao de liquidos
para prevenir a desidratagcdo e administracdo de analgésicos e antitérmicos para
febre e alivio da dor. Além disso, o paciente deve ser orientado a procurar um
servico de saude sempre que apresentar piora do quadro ou manifestar
formigamento de membros e alteragdes do nivel de consciéncia para uma avaliagao
mais cuidadosa do quadro neuroldgico. Por sua vez, as gestantes com suspeita ou
confirmacao da doenca devem ser acompanhadas por equipe especializada durante
todo o pré-natal (SAMPATHKUMAR e SANCHEZ, 2016; ZANLUCA e DOS
SANTOS, 2016; MINISTERIO DA SAUDE, 2020b).

Ainda nao esta disponivel uma vacina para prevencao da infeccdo por ZIKV,
por isso as principais medidas preventivas envolvem o controle do mosquito vetor,
através da eliminagdo dos criadouros, e a prevengao pessoal, através do uso de
repelentes e outras medidas de protecdo individual (IOOS et al, 2014; PINTO
JUNIOR et al, 2015; SAMPATHKUMAR e SANCHEZ, 2016; MINISTERIO DA
SAUDE, 2020b).

1.3.4 Origem e epidemiologia

O ZIKV foi isolado pela primeira vez em 1947 a partir de um macaco Rhesus
sentinela febril da floresta de Zika, na Uganda (DICK et al, 1952). O virus ndo tinha
sido associado a infecgdo em humanos até o ano de 1954, quando ele foi detectado
em trés pacientes durante um surto na Nigéria (MACNAMARA, 1954). Neste mesmo
periodo, ZIKV foi isolado de mosquitos Ae. africanus, na Africa (HADDOW et al,
1964) e Ae. aegypti, no sudeste da Asia (MARCHETTE et al, 1969). Desde o seu
primeiro registro, casos provocados pela linhagem africana de ZIKV foram limitados
a circulagdo enzodtica entre primatas ndo humanos e mosquitos Aedes silvestres,
com infecgcdo esporadica em humanos (BUATHONG et al, 2015; MUSSO et al,
2019).
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Em 2007, uma epidemia causada pelo gendtipo asiatico ocorreu na llha de
Yap, Micronésia, onde 49 casos confirmados e 59 casos provaveis de Zika foram
registrados. Através de testes soroldgicos, estima-se que 73% da populagao
residente tenha sido infectada durante essa epidemia (DUFFY et al, 2009). Em
2013, o ZIKV foi detectado na Polinésia Francesa, onde 396 casos foram
confirmados laboratorialmente e aproximadamente 10% da populagdo procurou
atendimento médico devido a suspeita da doenga (IOOS et al, 2014; BUATHONG et
al, 2015). A partir dai, a linhagem asiatica de ZIKV expandiu rapidamente para
muitas ilhas do Pacifico Sul e novas epidemias foram registradas na Nova Caledénia
e llhas Cook (MUSSO et al, 2014b).

Nas Ameéricas, os primeiros casos autoctones de Zika foram registrados em
2014 na llha de Pascoa, Chile, onde 51 pacientes dos 89 casos suspeitos avaliados
foram confirmados no diagndstico molecular (TOGNARELLI et al, 2016). No inicio de
2015, os primeiros casos autoéctones foram registrados no Brasil. Os pacientes
provenientes de Natal, Rio Grande do Norte, relataram uma doenga exantematica
associada a febre, conjuntivite e artralgia. O RNA viral foi detectado em oito
pacientes e as analises filogenéticas sugeriram a infecgao pela linhagem asiatica de
ZIKV (ZANLUCA et al, 2015). A partir dai, casos da doenga nas Ameéricas se
tornaram comuns e se estenderam para mais de 40 paises até dezembro de 2017,
com aproximadamente 780 mil casos notificados nesse periodo (WHO, 2017; OPAS,
2022). Entre 2018 e 2022, ZIKV tem apresentado baixa circulagdo nas Américas,
com aproximadamente 110 mil casos notificados e pouco mais de 17 mil casos
confirmados (OPAS, 2022).

No Brasil, em 2015, foram registrados 56.159 casos de Zika, sendo os
maiores numeros reportados nos estados da Bahia, Rio de Janeiro e Mato Grosso
(OPAS, 2022). Em 2016, um ano apds a confirmagao dos primeiros casos em Natal,
todos os estados ja haviam registrados casos autdctones da doenca (MINISTERIO
DA SAUDE, 2016b) (Figura 7). Dados do Ministério da Saude (2017b) apontam que,
nesse ano, o pais notificou cerca de 200 mil casos provaveis de infecgao por ZIKV
distribuidos entre 2.277 municipios, com a maior incidéncia da doenca registrada na
regido centro-oeste (188,1 casos/100 mil habitantes).
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Figura 7. Casos de infeccao por ZIKV no Brasil, 2016. Distribuicdo de casos notificados e
confirmados de Zika no Brasil até a Semana Epidemioldgica 32. Fonte: MINISTERIO DA SAUDE
(2017b).

Em 2017, houve uma reducio consideravel das notificacdes de Zika no Brasil.
O numero de casos foi de 31.754, sendo a maior parte deles registrados nos
estados de Goias, Ceara e Tocantins. Essa tendéncia de baixa circulagdo viral,
assim como observado nos demais paises das Américas, se estendeu para os anos
seguintes no Brasil, onde foram registrados cerca de 87 mil casos da doenga, com

aproximadamente 12 mil confirmac¢des (OPAS, 2022).

1.4 Justificativa

As arboviroses atualmente estdo presentes em diversos paises e tem sido
uma ameacga para grande parte da populagdo mundial, principalmente habitantes de
areas tropicais e subtropicais, onde os mosquitos vetores sao amplamente
distribuidos (KRAEMER et al, 2015). Por serem doengas para as quais, em sua
maioria, nao estdo disponiveis tratamento antiviral especifico e vacina eficaz,
estratégias para detectar precocemente as alteragcbes no padrdo da doenca sao
necessarias, de forma que agdes de prevencao e controle possam ser tomadas
oportunamente. Nesse sentindo, os estudos de caracterizagdo genética e evolugao
molecular dos virus circulantes sao importantes aliados.

A abordagem genOmica, juntamente com as informagbes clinicas e

epidemioldgicas, permite monitorar a introdugdo de novos virus e/ou linhagens, a
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dispersao viral, a diversidade genética, reconstruir as origens de uma epidemia,
identificar cepas/gendtipos mais virulentos e/ou com maior potencial epidémico,
além de auxiliar na identificacdo de paises e/ou regides que atuam como
importantes areas para a dispersédo viral (DOS SANTOS et al, 2011; USME-CIRE et
al, 2014; FARIA et al, 2016a; FARIA et al, 2017). De fato, tais estratégias foram
amplamente utilizadas para compreender a propagacdo do virus Ebola na Africa
Ocidental entre 2013-2016 (QUICK et al, 2016; DUDAS et al, 2017), para a rapida
identificacdo do gendtipo asiatico de ZIKV como responsavel pelas epidemias nas
Américas e no Brasil (FARIA et al, 2016a; FARIA et al, 2017), para o monitoramento
do potencial de transmissédo de YFV no sudeste brasileiro (FARIA et al, 2018), assim
como para a detecgdo do gendtipo ECSA de CHIKV e a evidéncia de uma mutagéo
especifica no gene E que confere maior adaptacéo do virus ao vetor Ae. albopictus
e, consequentemente, maior poder de transmissdao (REITER et al, 2006;
TSETSARKIN et al 2007; LEPARC-GOFFART et al, 2014). Mais recentemente, a
vigilancia genémica ganhou ainda mais destaque no cenario da saude publica,
sendo uma das principais estratégias utilizadas para monitorar o surgimento e a
dispersdo das variantes de SARS-CoV-2, o virus responsavel pela pandemia da
COVID-19 (CHERIAN et al, 2021; FARIA et al, 2021; GIOVANETTI et al, 2022;
VIANA et al, 2022).

Apesar do Brasil conviver ha décadas com epidemias causadas por
arbovirus, como dengue, febre amarela, chikungunya e Zika, relativamente pouco é
conhecido sobre a diversidade genética desses virus e a dinamica de transmissao
no pais, principalmente das cepas responsaveis pelas ultimas epidemias. Para
DENV e ZIKV, a maior parte do nosso conhecimento € proveniente de estudos que
exploraram a evolucdo desses virus nas Américas ou que focaram principalmente
em estados ou municipios brasileiros isolados, utilizando genomas parciais
(ALLICOCK et al., 2012, BRUYCKER-NOGUEIRA et al., 2016, DOS SANTOS et al.,
2011, DUTRA et al., 2017). Diante disso e do cenario cada vez mais preocupante no
nosso pais, marcado pela reemergéncia e cocirculagado de diferentes arbovirus, este
trabalho foi realizado para melhor entender a dindmica de transmissao de DENV
(sorotipos 1 e 2) e ZIKV no Brasil, a partir do sequenciamento e analise de 250

novas sequéncias gendmicas completas desses virus (DENV1=57, DENV2=170 e
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ZIKV=23), isoladas de amostras clinicas de pacientes infectados durante as

epidemias recentes de 2015-2019.
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2 OBJETIVOS

2.1 Objetivo geral

Investigar a epidemiologia molecular dos DENV e ZIKV durante as epidemias de
2015 a 2019 no Brasil.

2.20bjetivos especificos

e Sequenciar o genoma completo de DENV1, DENV2 e ZIKV a partir de amostras
clinicas de pacientes com diagndstico molecular positivo no Brasil;

e Identificar os gendtipos dos isolados de DENV1, DENV2 e ZIKV sequenciados;

e Avaliar a diversidade genética de DENV1, DENV2 e ZIKV e a presenca de
mutagdes ao longo do tempo;

e Caracterizar a historia evolutiva e a disseminagao geografica de DENV1, DENV2

e ZIKV no Brasil durante as epidemias de 2015 a 2019.
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3 RESULTADOS

3.1 Vigilancia gendmica da transmissao de DENV1 e DENV2 no Brasil

Artigo Field and classroom initiatives for portable sequence-based monitoring of
dengue virus in Brazil, publicado na revista Nature Communication: ADELINO et al
(2021).
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ARTICLE N Chackiorupdalss.
OPEN

Field and classroom initiatives for portable
sequence-based monitoring of dengue virus in
Brazil

Brazil experienced a large dengue virus (DENV) epidemic in 2019, highlighting a continuous
struggle with effective control and public health preparedness. Using Oxford Nanopore
sequencing, we led field and classroom initiatives for the monitoring of DENV in Brazil,
generating 227 novel genome sequences of DENV1-2 from 85 municipalities (2015-2019).
This equated to an over 50% increase in the number of DENV genomes from Brazil available
in public databases. Using both phylogenetic and epidemiological models we retrospectively
reconstructed the recent transmission history of DENV1-2. Phylogenetic analysis revealed
complex patterns of transmission, with both lineage co-circulation and replacement. We
identified two lineages within the DENV2 BR-4 clade, for which we estimated the effective
reproduction number and pattern of seasonality. Overall, the surveillance outputs and training
initiative described here serve as a proof-of-concept for the utility of real-time portable
sequencing for research and local capacity building in the genomic surveillance of emerging
viruses.

*A full list of authors and their affiliations appears at the end of the paper.

NATURE COMMUNICATIONS | (202112:2296 | https://doi.org/10.1038/541467-021-22607-0 | www.nature.com/naturecommunications 1
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ARTICLE

engue virus (DENV) has spread extensively over the past

decade and now poses a threat to about one-third of the
global human population, primarily inhabitants of tropical
and subtropical regions where mosquito vectors of the genus
Aedes are widely distributed!. Increases in human mobility and
population growth, unplanned urbanization, globalization, climate
change, and unsuccessful vector control programs have con-
tributed to DENV’s expansion, making it a major public health
threat at a global scale?. Infection with the virus causes a wide
spectrum of clinical manifestations, including asymptomatic or
mild self-limiting disease (denoted dengue with and without
warning signs), or life-threatening disease characterized by vas-
cular leakage and hemorrhagic symptoms and classified as severe
dengue®. DENV is a single-stranded, positive-sense RNA virus
with a genome of ~11,000 kb belonging to the family Flaviviridae
(genus Flavivirus). Its genome encodes a polyprotein that is
post-translationally processed into three structural (capsid, pre-
membrane or membrane, and envelope) and seven non-structural
(NS1, NS2a, NS2b, NS3, NS4a, NS4b, and NS5) proteins*.

DENV is classified into four antigenically distinct and geneti-
cally related serotypes (DENV1-4), each of which harbor several
phylogenetically defined genotypes not exceeding 6% nucleotide
divergence and often with differing spatio-temporal
distributions®. To date, 19 DENV genotypes have been identi-
fied, five in DENV1 (1I-V), six in DENV2 (2I-VI), and four in
DENV3 (3L, 311, 3111, 3V) and DENV4 (4I-IV)®. As serotype
heterotypic infections are the highest risk factor for severe clinical
outcome, the surveillance of circulating serotype diversity is
pivotal to public health. Recent findings suggest that immunity
generated by different genotypes of the same serotype may be
more complex than previously assumed’, such that the con-
tribution of genotype heterotypic infections to clinical outcomes
and public health remains largely unknown.

DENV was successfully eradicated in many regions of South
America during the mid-twentieth century®, with resurgence first
reported in Brazil in the early 1980s in the northern state of
Roraima®. Subsequently, the southern state of Rio de Janeiro
played a pivotal role in the sequential resurgence of each serotype:
DENV1 was reported to have been introduced there in 198610,
DENV2 in 1990 simultaneously with the first epidemic of severe
dengue disease!!, DENV3 in 2000!2, and finally DENV4 in
2010'3, Brazil can now be considered hyperendemic for dengue,
reporting the highest number of dengue cases worldwide, with
approximately 16 million notified infections since the 1980s!4.

Different serotypes have caused unexpectedly large epidemics
in Brazil over the past 20 years, with particularly problematic
outbreaks in 2002, 2008, 2010 and 2012-20135. In the years
following the Zika virus epidemic (2017-2018) dengue reporting
was surprisingly low!>. However, the re-emergence of DENV2 in
2019 followed the report of a staggering 1,544,987 probable cases
and 782 confirmed deaths (until epidemiological week - EW52
2019)!6, Even with a long history of DENV circulation and recent
experience with large outbreaks of other arthropod-borne viruses
(arboviruses; e.g., Zika, chikungunya, yellow fever), Brazil con-
tinues to struggle with effective mosquito control and public
health preparedness!'”. In contrast, over the past five years, the
country has become a world leader in real-time genomic sur-
veillance of arboviruses, contributing greatly to the amount of
genetic data available in public databases, as well as for under-
standing the molecular evolution, spread, and persistence of such
viruses (e.g. https://www.zibraproject.org and https://www.
zibra2project.org). Despite this significant progress in research
capacity, expertise on the methodologies involved in real-time
genomic surveillance is absent from higher-education programs
and is largely inaccessible to the majority of local researchers and
public health workers!®.

2 NATURE COR

Herein, we describe a research and educational initiative that
included genomic surveillance in the field and in the classroom
under a two-week training program in 2019, during the post-Zika
resurgence of DENV in Brazil. This initiative was attended by a
large number of participants from public health and higher-
education institutions from across Latin America. During this
initiative we generated and analyzed 227 novel complete genome
sequences of DENV1 and DENV2. Informed by a mix of public
and the newly generated data, climate and epidemiological time
series, we used phylogenetic and epidemiological models to infer
the recent transmission history of these serotypes in Brazil. From
these data we describe a complex dynamic history that supports
previously proposed events of viral movement, replacement, and
co-circulation. By targeting public health and higher-education
institutions, generating and analyzing most of the data in real-
time within the training program, we provide a proof-of-concept
of the unique opportunities that portable sequencing technologies
offer for local capacity building.

Results

Dengue serotypes present temporal dynamics with an oscillatory
behavior characterized by recurrent peak prevalence every 8-11
years!®. Due to limitations in local testing capacity, inferring the
relative prevalence of DENV1-4 with high spatio-temporal reso-
lution in Brazil is often difficult. Nonetheless, our limited data
(Supplementary Table 1) suggests that between 2015 and 2016
DENVI1 was the dominant serotype in the Midwest, Northeast,
and Southeast regions (Supplementary Fig. 1). Replacement in
dominance by DENV2 took place in the Midwest region during
2017 and in the Southeast in subsequent years. Throughout the
study period, DENV1 was the dominant serotype in the North-
east region. Although data-limited, these observations were sup-
ported by reports from other studies?®-22, highlighting that the
large epidemic of 2019 was dominated by serotypes DENV1 and
DENV2. As we were aware of the dominance of DENV1 and
DENV2 at the time of planning for the genomic surveillance
initiative in 2019, data collection and analysis were focused on
those two serotypes.

A total of 248 RT-qPCR positive samples for DENV1 (n = 62)
and DENV2 (n = 186) were screened. Of the samples tested, 227
(DENV1 =57, DENV2=170) contained sufficient DNA (=
2ngfuL) to proceed to library preparation. For those positive
samples, PCR cycle threshold (Ct) values were on average 22
(range: 15 to 35) for DENV1 and 23 (range: 16 to 35) for DENV2.
Epidemiological details of the samples processed are provided in
Supplementary Table 2. We used a portable nanopore sequencing
approach? to generate the complete genome sequences from the
227 viral samples. The resulting average coverage was 89% for
DENV1 and 88% for DENV2. Sequencing statistics are detailed in
Supplementary Table 3.

DENV1 sequences covered the time period August 2015 to July
2019 in the Brazilian Federal District (n = 2) and five other states
(Bahia = 19; Goids = 10; Minas Gerais = 11; Pernambuco = 11;
Sao Paulo=4). For DENV2, samples were collected between
January 2016 and August 2019 in the Federal District (n = 1) and
eight other states (Bahia =20; Goids =31; Minas Gerais = 47;
Mato Grosso do Sul = 59; Mato Grosso = 2; Pernambuco = 3;
Rio de Janeiro=1; Sio Paulo=3) (Fig. la). Three older
DENV2 samples from the Goids state, sampled during 2008, were
also included. The median age of patients was 28 years (range: 4
to 78 years of age) for DENV1 and 37 years (range: 4 to 90 years
of age) for DENV2. With respect to the clinical outcome, 77% of
DENV1 (44/57) and 81% of DENV2 (138/170) samples were
obtained from patients without alarming clinical signs, 44% of
DENV1 (2/57) and 2% of DENV2 (4/170) corresponded to
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Fig. 1 Spatial and temporal distribution of reported dengue cases in Brazil, 2015-2020. a Map of Brazil showing the number of DENV1 and DENY2
new sequences by region and state. DF = Federal District, BA = Bahia state, GO = Goias state, MT = Mato Grosso state, MS = Mato Grosso do Sul state,
MG = Minas Gerais state, PE = Pernambuco state, RJ = Rio de Janeiro state, SP = S&o0 Paulo state. The color and size of the circles indicates the number
of new genomes generated in this study (black = DENV1, white = DENV2). b Weekly notified dengue cases normalized per 100 K individuals per region
in 2015-2020 (until EW06). Epidemic curves are colored according to geographical macro region: SE = Southeast, NE = Northeast, MW = Midwest,

N = North, S = South. c-e Time series of weekly reported cases normalized per 100 K individuals and daily mosquito-viral suitability measure {index P) in
the three macro regions for which new sequences were generated: MW = Midwest (C), NE = Northeast (D), and SE = Southeast (E). The index P of each
region is obtained using average climatic data for the three largest urban centers in each region. Purple bars highlight the dates of sample collection of the
genomes generated here. b-e Incidence (cases per 100 K population) is presented in log10 for visual purposes. The initial map of Brazilian regions was
obtained from the R package “get_brmap" (available at: https://rdrr.io/cran/brazilmaps/man/get_brmap.html). Source data are provided as a Source

Data file.

patients with severe dengue. Finally, 19% of DENV1 (11/57) and
17% of DENV2 (28/170) were obtained from fatal cases (Sup-
plementary Table 2).

Weekly reported incidence (cases normalized per 100K indi-
viduals) notified between 2015 and 2020 was aggregated into five
Brazilian macro regions: North (N), South (S), Midwest (MW),
Northeast (NE), and Southeast (SE) (Fig. 1b). Epidemic curves
revealed three major outbreaks in all regions during early 2015,
2016, and mid-2019, with the Southeast region playing such a
prominent role that its reported incidence was close to the overall
incidence for Brazil (Fig. 1b, Supplementary Fig. 2). For the
macro regions with new viral sequences (Midwest, Southeast and
Northeast), we estimated transmission potential using a
mosquito-viral suitability index. Since it is not possible to obtain
representative temperature and humidity time series for the
macro regions, we instead used climatic series from the three
largest urban centers of each region. While the latter neglects
climate variation within a macro region (Supplementary Fig. 3),
the seasonal timing of reported cases was still well captured by the
suitability index (Fig. 1c-e). The years 2015, 2016, and 2019 did
not show particular increases in suitability, suggesting that the
corresponding larger epidemics were not driven by particular
climatic trends??, but rather by factors not accounted for by the
index (e.g., sociodemographic, lack of herd immunity, change
in circulating serotype or genotype, size of the mosquito
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population). There was also a clear decrease in reported cases
across the regions during the aftermath of the Zika virus epidemic
(2017-2018), a phenomenon also reported elsewhere20-2425 n
contrast, reporting of other arboviruses (e.g., chikungunya, Sup-
plementary Fig. 4) saw increases in incidence during the same
period. As such, we found no support for either climate driven
reductions in transmission potential or arboviral reporting
saturation that could explain the drop in DENV reporting
between 2017 and 2018, suggesting that local herd immunity
(serotype-specific or induced by Zika infection) may have played
a role. Finally, apart from a few exceptions, the dates of the new
sequences matched time periods of both high suitability and case
reporting for all regions and were thus representative of epidemic
periods (Fig. 1c-e).

Between 2015 and 2019, a total of 3,180 deaths attributed to
DENYV were reported in Brazil. We found a clear seasonal signal
in weekly reported deaths that matched the seasonality of weekly
reported cases and suitability for transmission (Supplementary
Fig. 5). The year 2019 has been widely reported as experiencing a
substantial increase in both the number of cases and deaths.
Accordingly, we found the Midwest and Northeast regions had an
increase in the absolute number of deaths in 2019 compared to
previous years (Supplementary Fig. 5b and d). However, when the
weekly (crude) case fatality rate (CFR = deaths/cases) was cal-
culated there was no increase in the CFR during 2019 for any of
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the regions (Supplementary Fig. 5¢, e, g). When aggregating the
CFR between 2015 and 2019, we found the Midwest to have a
higher CFR at 0.00084 (1.78 x 10-95-2.01 x 10-93 95% range)
compared to 0.0006 for the Northeast (0-0.0030) and 0.00037
for the Southeast regions (0-0.0010) (only the Midwest
versus Southeast and Northeast comparisons were statistically
different using a Wilcoxon test; p-values 5.76e-09 and 3.775e-05,
respectively).

DENV1 phylodynamics in Brazil, 2015 to 2019. To explore the
phylodynamics of DENV1, we combined our 57 newly generated
sequences to those DENV1 genotype V (DENV1-V) genomes
available on GenBank (n = 444). Phylogenetic analysis revealed
that the novel isolates were organized into three distinct clades,
named hereafter as clades I, II, III (Fig. 2a). Clade I appeared to
have been replaced by clades II-III during 2019. The DENV
resurgence in 2019 was characterized by the co-circulation of two
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Fig. 2 Phylogenetic analysis of DENV1-V in Brazil. a Maximum likelihood (ML) phylogenetic analysis of 57 complete genome sequences from DENV1
generated in this study plus 444 publicly available sequences from GenBank. The scale bar is in units of nucleotide substitutions per site (s/s) and the
tree is mid-pointed rooted. Colors represent different sampling locations. b Time-scaled phylogeographic tree of Clade | (including eight new sequences
plus 25 GenBank sequences), Clade |l {including 27 new seguences plus seven GenBank sequences), and Clade |ll (including 22 new sequences plus 12
GenBank sequences). Colors represent different sampling locations (SE Brazil = Brazilian Southeast, NE Brazil = Brazilian Northeast, MW = Brazilian

Midwest, N Brazil = Brazilian North). Tip circles represent the genome sequences generated in this study; colored sidebars represent the dengue clinical

classification for each sequenced sample.
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viral lineages with no particular signatures suggesting clade-
related advantages. In light of this, non-virological factors such as
the level of susceptibility in the population remained a plausible
driver of the expansion of both clades.

To investigate the evolution of clades I-III in more detail, we
used smaller data sets derived from each clade individually,
which only include sequences closely related to the newly
Brazilian isolates (1 =33 for Clade I, n= 34 for Clade II and
n = 34 for Clade III). An analysis of substitution rate constancy
revealed a strong correlation between the sampling time and the
root-to-tip divergence in all three data sets (Supplementary Fig. 6),
allowing the use of molecular clock models to infer evolutionary
parameters. Phylogeographic analyses of clade I (Fig. 2b) clustered
the new sequences into a single well-supported monophyletic sub-
clade (posterior probability support, PPS = 1.0), including isolates
sampled between 2000 and 2018. New sequences in this clade were
mainly from severe dengue cases registered in the SE region. The
time to the most recent ancestor (tMRCA) of all Brazilian
sequences was estimated to be between June 1998 to February
2000, and this common ancestor likely originated in the North
region (PPS = 1.0), after a dispersion of a virus from the British
Virgin Islands (PPS=1.0). Viruses from this clade spread from
the North region towards the Southeast and then the Northeast, as
indicated by isolates from the Pernambuco (PE) state (represented
by JX669461, JX669465, and JX669464). The tMRCA of all isolates
from the Southeast and Northeast regions in this clade was
estimated to be between May 2006 to February 2008.

Similarly, an analysis of clade II (Fig. 2b) revealed a single well-
supported monophyletic group (PPS = 1.0), including isolates from
the Southeast, Midwest, and Northeast regions sampled between
2015 and 2019. The majority of the new sequences were from mild
dengue cases, although three isolates were recovered from fatal
cases in the Northeast. The tMRCA of this group was dated to
between August 2007 and May 2010, with a likely origin in the
North region. However, as the PPS value was low (0.39) the place of
origin remains uncertain. After its introduction into the North
region, viruses from this lineage appear to have moved towards the
Southeast, Midwest, and Northeast. Notably, the clade appears to
have persisted locally after its introduction in the Northeast region
between July 2011 to June 2014, and from there a second
introduction into the Midwest region may have occurred, as
suggested by a single isolate (OPAS134) sampled in 2019.

Finally, clade III (Fig. 2b) also formed a single supported
monophyletic group (PPS = 0.82) that contained sequences from
the Southeast, Northeast, and Midwest regions sampled between
2011 and 2019. Among our new isolates, six were from fatal cases
reported in the Northeast. We estimated the age of this sub-clade
to be between October 2009 to August 2011, with a most likely
origin in the Southeast region (PPS=0.99). Since its introduc-
tion, the clade has circulated in the Southeast, from where it has
later dispersed to Paraguay. The Southeast region has also
seemingly seeded outbreaks into the Northeast (PPS=0.88)
between February 2015 and September 2017, and subsequently
towards the Midwest region between June 2016 to April 2018.

DENV2 phylodynamics in Brazil, 2016 to 2019. To explore the
phylodynamics of DENV2 between 2016 and 2019, we performed
a phylogenetic analysis of the 170 newly generated sequences plus
450 complete genome sequences of DENV2-III available on
GenBank (Fig. 3). This analysis revealed four different clades
(termed hereafter BR-1 to BR-4 clades)22, Notably, BR-1 con-
tained Brazilian sequences sampled from 1990-2000, BR-2 from
2000-2006, and BR-3 from 2006-2019. The latter included six of
our new isolates (34%, 6/170) collected during previous outbreaks
in 2008 (Goids=3) and 2016 (Sio Paulo= 3). Finally, BR-4
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contained the other 164 new sequences (97%, 164/170), sampled
between 2016 and 2019. This phylogenetic pattern suggested that
between 2016 and 2019, DENV2 circulated in these Brazilian
regions with a succession of different viral clades. In particular,
with BR-3 preceding BR-4, and with older clades (BR-1, BR-2)
either not being sampled in the most recent time-points or having
experienced local extinction. These results were consistent with a
recent study highlighting the role of the Caribbean region in the
spread of the BR-4 clade into Brazil2?22 (Fig. 3a).

Given the substantial number of novel sequences, we examined
the BR-4 clade in more detail (Fig. 3b) (and a linear regression of
root-to-tip genetic distance against sampling date revealed
sufficient temporal signal, r2 = 0.60; Supplementary Fig. 7). The
BR-4 clade (PPS = 1.0) included 181 isolates from the Southeast,
Northeast, and Midwest regions, 92% (167/181) of which were
sampled during the 2019 outbreak and 88% (14/181) sampled
between 2016 and 2018. Of these, 133 were from dengue without
warning signs, while three isolates were recovered from severe
dengue, and 28 were from fatal dengue cases. We identified two
distinct BR-4 lineages circulating between 2017 and 2019, which
we termed BR-4L1 and BR-412 (Fig. 3b). Both lineages contained
sequences from the Northeast, Southeast, and Midwest regions.
The tMRCA of BR-4L1 was estimated to be between September
2014 and June 2016, while the tMRCA of BR-4L2 was dated
between March 2015 to November 2016. BR-4L2 contained a
monophyletic cluster of isolates from the Midwest sampled
between 2018 and 2019. We also observed that the other isolates
from the Northeast and Midwest regions were intermixed
throughout both lineages, indicating multiple introductions of
DENV2 over time. Similar to recent studies??, we found the
tMRCA of BR-4 to be between November 2013 and May 2015,
likely in the Southeast (PPS=0.99), from where the virus
dispersed towards the Northeast and Midwest regions. Minas
Gerais state, located in the Southeast, seems to have played an
important role as source location, since sequences from this
region (from 2016) fell close to the root of the clade (Fig. 3b).

We identified 34 single nucleotide variants between the BR-4L1
and BR-4L2 lineages, only three of which resulted in amino acid
substitutions. Isolates of the BR-4L1 acquired one unique amino
acid substitution A447V (ENV protein), while only a few isolates
of this lineage had a second amino acid substitution K719I (NS5
protein). All isolates of BR-41.2 acquired one unique amino acid
substitution V5531 (NS5 protein) (Supplementary Table 4).

We used a birth-death skyline (BDSKY) model to estimate the
effective reproduction number (R.) of BR-4L1 and BR-4L2
(Fig. 3c). This provided evidence for three significant seasonal
oscillations in R, (although with wide credible intervals),
consistent but generally preceding the time windows of reported
outbreaks between 2016 and 2019 (Fig. lc-e). Mosquito-viral
suitability presented the same general patterns, but the timing of
its oscillations was in between that of R, and incidence (Fig. 3c).
In general, our estimates of R, for both lineages peaked at the end
of each year, decreasing and remaining below 1 temporarily at the
start of each following year (although again, with wide credible
intervals). Notably, the time period with the largest R, for both
lineages at the end of 2018 and preceding the large epidemic of
2019 (in excess of 2.5 for BR-4L1 and 1.5 for BR-4L2) did not
coincide with similar increases in suitability, once again
suggesting that climate-related factors were not the drivers of
epidemic success.

Discussion

More than 16 million cases of dengue disease have been notified
since the early 1980s in Brazil®!4. Previous studies have explored
the evolution of DENV1-4 in the Americas, mainly focusing on a



ARTICLE

NA

46

TURE COMMUNICATIONS | https://doi.org/10.1038/541467-021-22607-0

= Brazil

BR-1 (1990-2000) BR-2 (2000-2

n

m Americas (excluding Brazil)

O Genomes from this study

BR-3 (2006-2019)

Effective reproduction number (Re)

BR-4 lineages (Brazil) c
_ ) . & index P & incidence (MW+NE+SE)
04 [ Dengue with no warning signs
O Severe dengue ™ Re BR-4L1
B Dengue-associated death = Re BR-4L2
m SE (Brazil) 3 m incidence
MNE (Brazil) 1 index P
2016 = MW (Brazil)
E
T
2
08
1
020
BR-4L1  1340=T 2156=T BR-4L2 1657 = A 2015 2018 2017 2018 2019 2020

Fig. 3 Phylogenetic analysis of DENV2-1Il in Brazil. a A maximum likelihood tree was inferred using 170 complete genome sequences from DENW2
generated in this study and 450 sequences publicly available, retrieved from GenBank. The scale bar is in units of nucleotide substitutions per site (s/s)
and mid-point rooted. Tip circles represent the genome sequences generated in this study. b Time-scaled phylogeographic tree of DENV2 BR-4, including
164 new DENV2 sequences generated here and 17 publicly available data from the 2019 outbreak in Brazil?2. Sequences are colored according to sampling
location. Sidebars represent the dengue clinical classification for each sequenced sample. € Temporal fluctuation of the effective reproduction number (R,)
of the for DENV2 BR-4L1 (blue) and BR-4L2 (magenta) estimated using the Bayesian birth-death approach. Black line is the total weekly incidence of
dengue between 2015 and 2020 (until EWQ6), and the dotted green line is the index P (incidence is summed and index P is averaged over the three macro
regions for which new sequences were generated: MW = Midwest, NE = Northeast, and 5E = Southeast). Incidence (cases per 100 K population) is

presented in logl0 for visual purposes.

restricted range of countries using partial genome sequences?6-2%,
To obtain a better understanding of DENV evolution in Brazil, in
particular during its resurgence in 2019 when DENV1-2 domi-
nated reported cases, we generated 227 new complete genome
sequences of both serotypes using portable sequencing. Impor-
tantly, more than three quarters of the new sequences were
processed and analyzed during a Nanopore-based genome
sequencing training and surveillance program that took place in
Belo Horizonte, Minas Gerais state, in 2019. The new
227 sequences generated corresponded to 55% (57/104) of
DENV1-V, and 60% (170/285) of DENV2-III Brazilian complete
genomes that are currently available in public databases (Sup-
plementary Fig. 8). This highlights the large contribution of the
training initiative, but also the current shortage of complete
genome data for both serotypes. There is clearly a need for
continued funding for genomic surveillance which, as shown
here, can contribute to a better understanding of the introduction,
spread, and persistence of dengue viruses in Brazil during epi-
demics with significant public health impact.

Time series of reported cases between 2015 and 2019 showed
the typical yearly seasonal patterns of dengue transmission.
Reporting was low in 2017 and 2018, coinciding with the post-
epidemic period of the Zika virus in Brazil. Such trends have also
been reported in other countries?®?¢ and are speculated to be
driven by transient cross-protection from exposure to Zika, and/
or temporary saturation or changes in surveillance?®2, When
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comparing to reported cases of chikungunya virus and estimated
mosquito-viral suitability in the same period, we found no evi-
dence of changes in capacity for arboviral surveillance or climate
driven low transmission potential in favor of other mechanisms
(e.g., Zika cross-immunity). In contrast to this period of low
circulation, there were three particularly large DENV epidemics:
in 2015 and 2016 when DENV1 was dominant across all regions,
and in 2019 when DENV1 was dominant in the Northeast but
DENV2 was dominant in the Midwest and Southeast regions.
Due to the increased likelihood of secondary infections, serotype
replacement is often associated with measurable changes in the
clinical spectrum of reported cases, with increases in both disease
severity and number of deaths!1:2%31. While we describe an
increase in absolute case and death numbers in 2019, the emer-
gence of DENV2 in the Southeast and Midwest regions was not
associated with a significant increase in the case fatality rate
compared to previous years.

Our newly generated DENV1 sequences were classified as
genotype V and formed three distinct clades (I-III). This supports
previous reports suggesting that such clades were responsible for
the latest DENV1 outbreaks in Brazil27:28:31,32. Within clade I,
only eight of the new sequences were sampled between
2016-2018, with many isolates preceding 2015. The shortage of
genomic data in the intermediate years severely hampered our
capacity to draw further conclusions, such as the possibility of a
temporary lineage replacement event. In contrast, most of the
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new sequences within clades II-IIT were sampled in 2019, sup-
porting the co-circulation of two DENV1 lineages in recent epi-
demics - a phenomenon often described in DENV
epidemics?728:31:32 Viruses from the three clades have been
identified in both the Southeast and Northeast regions, although
the most recent ones only appeared in the Southeast, while
viruses from clades II-IIT were present in the Northeast and
Midwest regions. While this suggested some structure in spatio-
temporal circulation, we could not ascertain if it was simply to
biased sampling. Time estimates of the tMRCA of the new
Brazilian isolates (2015-2019) were between May 2006 and
February 2008 for clade I, between August 2007 and May 2010 for
clade II, and between October 2009 to August 2011 for clade IIL
Such large ranges are likely reflecting the lack of genomic data
during this period, reinforcing the need for a more effective
surveillance in Brazil.

All new DENV2 complete genome sequences belong to geno-
type III, which has been found in previous epidemics in
Brazil?2-33. Our results are in line with reports of three different
lineages causing outbreaks in Brazil since 19903233, and support a
recent introduction of DENV2-TI120-22, Viruses from this geno-
type grouped in four different clades (BR-1 to BR-4) with
apparent replacement over time. Specifically, the oldest lineage
BR-1, including isolates from 1990-2000, was replaced by BR-2
comprising sequences from 2000-2006, itself subsequently
replaced by BR-3 containing isolates from 2006-2019. Finally,
BR-3 was replaced by BR-4, containing sequences sampled
between 2016-2019, some closely related to Caribbean isolates
sampled in 2005. In a similar manner to DENV1, DENV2 BR-3
and BR-4 isolates from 2019 demonstrated the co-circulation of
at least two different lineages in recent years22. The phylogenetic
relationship to Caribbean sequences suggested a possible origin in
this region, although there is a large temporal gap between the
sampling of the Caribbean sequences from 2005 and the early
Brazilian sequences from 2016, again highlighting the need for
more genomic surveillance in Brazil. The tMRCA of BR-4L1 was
estimated between September 2014 and June 2016 and between
March 2015 and November 2016 for BR-412, coinciding with the
emergence and spread of the Zika** and Chikungunya®® viruses,
and a high incidence of dengue in Brazil. Six years after intro-
duction, the lineages continue to circulate in the Southeast region
and were present in the most recent large epidemic of 2019. From
the Southeast, dispersion was towards the Northeast and Midwest
regions, with multiple independent introductions identified.

Analysis of the 181 isolates from three macro regions
(Northeast, Midwest and Southeast) allowed us to estimate the
emergence of DENV2 BR-4 in the Southeast between November
2013 and May 2015, supporting previous reports?®?2. After its
introduction, BR-4 circulated as two distinct lineages (BR-4L1
and BR-4L2). We observed three single nucleotide variants
among the lineages that resulted in amino acid substitutions:
A447V and K7191 were identified in the BR-4L1, while V5531 was
identified in BR-4L2. A447V (ENV protein) and V5531 (NS5
protein) appear to be conservative changes due to the inter-
changeable character for the respective amino acids36. In contrast,
K7191 in the NS5 protein has changed from a negatively charged
to an aliphatic amino acid®®. Further studies are required to
elucidate the impact of these variants on structure and function of
the associated proteins, and any potential role in both viral
pathogenesis and fitness.

Our retrospective reconstruction of the recent transmission
history of DENV1 and DENV2 revealed that the Southeast and
North regions of Brazil were key to dispersal in Brazil. This is in
line with studies that have highlighted both regions as important
hubs for introduction and dispersion in the country, not only of
DENV?-12.27.31.33 byt also for yellow fever virus®”. By combining

genetic and epidemiological models we showed that the estab-
lishment and the co-circulation of the BR-4L1 and BR-4L2
lineages of DENV?2 in several Brazilian regions occurred during a
time window of sustained transmission potential measured by
estimates of R, and mosquito-viral suitability. These results are
consistent with sufficient ecological suitability for the virus’s main
vectors (Aedes spp.) and insufficient population-level herd-
immunity, supporting the expectation of continuing endemic
circulation of these dengue viruses in Brazil.

The new genomic data presented here were generated using
portable sequencing tools in a field surveillance initiative (ZiBRA-
2 project) and a genomic surveillance training program. We
present a range of research outputs describing the recent history
and genomic epidemiology of DENV1 and DENV2 in Brazil
during the resurgence of this virus in 2019: this both corroborates
previous studies and greatly increases the number of public viral
genome sequences available for analysis. We also identified gaps
in existing genomic data, that curtailed definite conclusions on
key points of the recent history of DENV in Brazil. Importantly,
epidemiological and genomic data was analyzed in real-time
during the training program and subsequently during online
sessions, and the participants attending the training program
made a significant contribution to the research outputs generated.
We call for continued funding of similar field and classroom
genomic surveillance initiatives. These have the potential to build
local capacity in the field of genomic surveillance and in doing so
advance our understanding on the population biology of circu-
lating arboviruses and other emerging pathogens.

Methods

Ethics statement. This project was reviewed and approved by the Pan American
Health Organization Ethics Review Committee (PAHOERC) (Ref. No. PAHO-
2016-08-0029) and the Oswaldo Cruz Foundation Ethics Committee (CAAE:
90249218.6.1001.5248). The availability of these samples for research purposes
during outbreaks of national concern is allowed to the terms of the 510/2016
Resolution of the National Ethical Committee for Research — Brazilian Ministry of
Health (CONEP - Comissio Nacional de Ftica em Pesquisa, Ministério da Sande),
that authorize, without the necessity of an informed consent, the use of clinical
samples collected in the Brazilian Central Public Health Laboratories to accelerate
knowledge building and contribute to surveillance and outbreak response. The
samples processed in this study were obtained anonymously from material
exceeding the routine diagnosis of arboviruses in Brazilian public health labora-
tories that belong to the public network within BrMoH.

Field genomic surveillance with a mobile laboratory. In May 2019 we imple-
mented an arbovirus surveillance project that took place across the Midwest of
Brazil using a mobile genomics laboratory (Supplementary Fig. 9). This Brazilian-
driven initiative, known as the ZiBRA-2 project, was supported by the BrMoH
(https://www.zibra2project.org).

Classroom genomic surveillance in a training program. In August 2019 a
genomic surveillance training program organized by PAHO and BrMoH took place
in Belo Horizonte (Minas Gerais state) under the title “Nanopore-based genome
sequencing technology for temporal investigation and epidemiology of dengue
outbreak: training, research, surveillance, and scientific dissemination”. The sylla-
bus included practical and theoretical courses on a variety of subjects related to
arbovirus research and surveillance, including mobile sequencing technologies,
bioinformatics, phylogenetics, epidemiological modeling, and field epidemiology
and entomology. The course was taught by experienced researchers from national
and international institutions, such as the University of Oxford (United Kingdom),
University of KwaZulu-Natal (South Africa), University Nova de Lisboa (Portugal),
Sechenov First Moscow State Medical University (Russia), Oswaldo Cruz Foun-
dation (Brazil), Federal University of Minas Gerais (Brazil), Federal University of
Rio de Janeiro (Brazil), Federal University of Pernambuco (Brazil), University of
Sdo Paulo (Brazil), University of Brasilia (Brazil), State University of Feira de
Santana (Brazil), and University of Salvador (Brazil). The course had 62 students
from 34 national and international institutions (age range of participants between
25-50). In addition to post-graduate students, course participants included
laboratory technicians and health practitioners in universities and laboratories
from several institutions responsible for laboratory-based surveillance of emerging
and reemerging diseases, such as the Central Public Health Laboratories of the
Brazilian states from the BrMoH's network and public health laboratories from
Paraguay, Argentina, Panama, Chile, Mexico, Uruguay, Costa Rica, and Ecuador.
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The event targeted post-graduate students, laboratory technicians, and health
practitioners in universities and laboratories across the Americas and was based on
the principles of Responsible Research and Innovation (RRI)*. Details on the
program can be found in Supplementary Text File L

Sample collection and molecular diagnostic assays. Clinical samples from
patients with suspected DENV infection were obtained for routine diagnostic
purposes at local health services in different Brazilian municipalities. These samples
were sent for molecular diagnosis to the respective local Central Laboratory of
Public Health (LACEN) from the Brazilian Federal District (DF) and from the
states of Bahia (BA), Goids (GO), Mato Grosso (MT), Mato Grosso do Sul (MS),
Minas Gerais (MG), Pernambuco (PE), and Rio de Janeiro (R]). These states had
some of the highest registered burdens during the 2019 DENV resurgence
according to the protocol established by the BrMoH. Samples processed from the
state of $do Paulo (SP) were collected by the Blood Center of Ribeirdo Preto from
volunteer blood donors eligible for blood donation and who reported adverse
effects up to 14 days after donation.

Viral RNA was extracted from all clinical samples using the QIAmp Viral RNA
Mini Kit (Qiagen) and tested by RT-qPCR for detection of DENV1-4. Selected
samples with previous positive diagnostic results for DENV1-2 were processed in
two steps: (1) 73 samples from the states of Goids, Mato Grosso do Sul, and Mato
Grosso were processed during the ZiBRA-2 project, (2) 175 samples from the
Brazilian Federal District and Bahia, Goias, Minas Gerais, Pernambuco, Rio de
Janeiro, and Sdo Paulo states were processed during the training program (both
initiatives described in the section above). Samples from the 2019 outbreak, as well
as available samples from previous epidemic waves in 2008 and between 2015-
2018, were included for diagnostic screening.

¢DNA synthesis and whole genome sequencing using the MinlON. Samples
were selected for sequencing based on the Ct value (<35) and availability of epi-
demiological metadata, such as date of symptom onset, date of sample collection,
sex, age, municipality of residence, symptoms, and disease classification. For
complementary DNA synthesis, the SuperScript IV Reverse Transcriptase kit
(Invitrogen) was used following the manufacturer’s instructions. The cDNA gen-
erated was subjected to sequencing multiplex PCR (35-cycles) using Q5 High
Fidelity Hot-Start DNA Polymerase (NEB) and a set of specific primers designed
by the CADDE project (https://www.caddecentre.org/) for sequencing the complete
genomes of DENV1 and DENV2* (Supplementary Table 5).

Amplicons were purified using 1x AMPure XP Beads (Beckman Coulter) and
quantified on a Qubit 3.0 fluorimeter (Thermofisher Scientific) using Qubit™
dsDNA HS Assay Kit (Thermofisher Scientific). Of the 248 samples, 227 contained
sufficient DNA (22 ng/pL) to proceed to library preparation. DNA library
preparation was performed using the Ligation Sequencing Kit {Oxford Nanopore
Technologies) and the Native Barcoding Kit (NBD103, Oxford Nanopore
Technologies)2?, Sequencing libraries were generated from the barcoded products
using the Genomic DNA Sequencing Kit SQK-MAP007/5QK-LSK208 (Oxford
Nanopore Technologies) and loaded into a R9.4 flow cell (Oxford Nanopore
Technologies). In each sequencing run we used negative controls to prevent and
check for possible contamination with less than 2% mean coverage.

Generation of consensus sequences. Raw files were basecalled using Guppy
v3.4.5 and barcode demultiplexing was performed using qcat. Consensus sequences
were generated by de novo assembling using Genome Detective (https://www.
genomedetective.com/)#0. Briefly, Genome Detective use DIAMOND to identify
and classify candidate viral reads in broad taxonomic units, using the viral subset of
the Swissprot UniRef90 protein database. Candidate reads are next assigned to
candidate reference sequences using NCBI blastn and aligned using AGA
(Annotated Genome Aligner) and MAFFT. Final contigs and consensus sequence
are then available as FASTA file. More detail about Genome Detective can be found
in*". The new sequences reported in this study (DENV1 n =57 and DENV2

#n = 170), were initially submitted to a genotyping analysis using the arbovirus
phylogenetic subtyping tool, available at http://genomedetective.com/app/
typingtool/dengue; this confirmed that the newly genomes belonged to the geno-
types DENV1-V and DENV2-III, respectively.

Phylogenetic analysis. DENV genotyping was performed using the Dengue Virus
Typing Tool (https://www.genomedetective.com/app/typingtool/dengue/)®. To
investigate the evolution and population dynamics of DENV1-2 in different Bra-
zilian regions, the DENV1 (n=57) and DENV2 (n = 170) complete genome
sequences generated in this study were combined with globally sampled and
publicly available complete genome sequences from DENV1 genotype V (DENV1-
V =444) and DENV2 genotype III (DENV2-III = 450) as these represent the
dominant genotypes in the Americas. The latter were retrieved from NCBI up to
November 2019. We also included 17 recently published of the outbreaks in the
Brazilian Southeast region?”. Sequences without sampling date and location were
excluded, as were sequences covering less than 50% of the viral genome.
Sequence alignment was performed using MAFFT*! and manually curated to
remove artifacts using Aliview*2, Maximum Likelihood (ML) phylogenetic trees
were estimated using IQ-TREE*? under the GTR nucleotide substitution model,

which was inferred as the best-fit model by the ModelFinder application
implemented in 1Q-TREE**, The robustness of the tree topology was determined
using 1,000 bootstrap replicates, and the presence of temporal signal was evaluated
in TempEst?® through a regression of root-to-tip genetic distances against sampling
time. Time-scaled phylogenetic trees were inferred using the BEAST package?t. We
employed a stringent model selection analysis using both path-sampling (P5) and
stepping stone (S5) procedures to estimate the most appropriate molecular clock
model for the Bayesian phylogenetic analysis. The uncorrelated relaxed molecular
clock model was chosen as indicated by estimating marginal likelihoods, also
employing the codon based SRD06 model of nucleotide substitution and the non-
parametric Bayesian Skyline coalescent model. A discrete phylogeographic model®
was used to reconstruct the virus spatial diffusion across the sampling locations.
Discrete locations were initially defined as the country of sampling. However, a
different resolution was applied according to sampling availability.
Phylogeographic analyses were then performed by applying an asymmetric
model of location transitioning coupled with the Bayesian Stochastic Search
Variable Selection (BSSVS) procedure. Markov Chain Monte Carlo (MCMC)
were run in duplicate for 100 million iterations to ensure stationarity and an
adequate effective sample size (ESS) of »>200. Maximum clade trees were
summarized using TreeAnnotator after discarding 10% as burn-in and visualized
using FigTree v1.4.4.

Epidemiological data and integration with genomic data. Data of weekly
notified and laboratory confirmed cases of infection by DENV in Brazil during
2015 to 2019, as well as monthly fatal cases with confirmed dengue infection, were
supplied by the BrMoH. A mosquito-viral suitability measure (index P) was esti-
mated using the MVSE R-package*®. The index P measures the reproductive
(transmission) potential of a single adult female mosquito in a completely sus-
ceptible host population and is informed by local temperature and humidity time
trends. We used daily climatic data from the three largest cities of each macro
region for which new sequences were generated (Midwest: Goiania, Brasilia,
Campo Grande; Southeast: Sio Paulo, Rio de Janeiro, Belo Horizonte; Northeast:
Salvador, Recife, Fortaleza), with data obtained from openweathermap.org.

Estimating R, from genetic sequences. We used birth-death models imple-
mented in BEASTv2.4% to estimate the R,. In this model, each infection may
transmit at a rate A and will become non-infectious at a rate 4. Upon becoming
infected, each individual is sampled with a probability s*. The model enables the
piecewise estimation of R, §, and s through time. We assumed sampling pro-
portion s to be constant over time. Relaxing this assumption to allow the para-
meter s to be zero for the periods when no sequence data was available resulted in
similar trends for Re, with wider Bayesian credible intervals. The rate § was
modeled using a lognormal prior with a mean of 14 days and a standard deviation
of 0.5, which roughly corresponds to the sum of the intrinsic and extrinsic
incubation period of dengue virus. The BDSKY analysis was run for an inde-
pendent MCMC chains of >100 steps, with parameters and trees being sampled
once every 10,000 steps. After removal of 10% burn in, sampled parameters were
combined using LogCombiner.

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

Data availability

Newly generated DENV1 and DENV2 sequences have been deposited in GenBank under
accession numbers MT929528-MT929754. More detail about the sequences generated
can be found at Supplementary Table 3. Source data are provided with this paper.
Alignments, tree files and epidemiological data can be found at: https://doi.org/10.5281/
zenodo 4604002, Source data are provided with this paper.
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Artigo A Retrospective Overview of Zika Virus Evolution in the Midwest of Brazil,
publicado na revista Microbiology Spectrum: GIOVANETTI et al (2022).
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ABSTRACT Since the introduction of the Zika virus (ZIKV) into Brazil in 2015, its trans-
mission dynamics have been intensively studied in many parts of the country, although
much is still unknown about its circulation in the midwestern states. Here, using nano-
pore technology, we obtained 23 novel partial and near-complete ZIKV genomes from
the state of Goids, located in the Midwest of Brazil. Genomic, phylogenetic, and epide-
miological approaches were used to retrospectively explore the spatiotemporal evolu-
tion of the ZIKV-Asian genotype in this region. As a likely consequence of a gradual
accumulation of herd immunity, epidemiological data revealed a decline in the number
of reported cases over 2018 to 2021. Phylogenetic reconstructions revealed that multiple
independent introductions of the Asian lineage have occurred in Goids over time and
revealed a complex transmission dynamic between epidemic seasons. Together, our
results highlight the utility of genomic, epidemiological, and evolutionary methods to
understand mosquito-borne epidemics.

IMPORTANCE Despite the considerable morbidity and mortality of arboviral infections
in Brazil, such as Zika, chikungunya, dengue fever, and yellow fever, our understanding
of these outbreaks is hampered by the limited availability of genomic data to track and
control the epidemic. In this study, we provide a retrospective reconstruction of the
Zika virus transmission dynamics in the state of Goids by analyzing genomic data from
areas in Midwest Brazil not covered by other previous studies. Our study provides an
understanding of how ZIKV initiates transmission in this region and reveals a complex
transmission dynamic between epidemic seasons. Together, our results highlight the
utility of genomic, epidemiological, and evolutionary methods to understand mosquito-
borne epidemics, revealing how this toolkit can be used to help policymakers prioritize
areas to be targeted, especially in the context of finite public health resources.

KEYWORDS Zika virus, Asian lineage, Midwest Brazil, genomic epidemiology
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Zika Virus Evolution in the Midwest Brazil

he Zika virus (ZIKV) is a mosquito-borne flavivirus that was first identified in

Uganda in 1947 (1). Outbreaks of ZIKV infection have already been recorded in
Africa, Asia, the Pacific, and the Americas (2, 3). The first confirmed case of ZIKV infec-
tion in the Americas was reported in Northeast Brazil in May 2015 (4), although phylo-
genetic studies indicate virus introduction much earlier (2013 to 2014) (5). Since then,
the virus has spread throughout the Americas, probably due to a combination of sev-
eral factors, including a completely susceptible population, favorable climatic condi-
tions for the adequability of the Aedes aegypti mosquitoes as main vectors for its trans-
mission, and sustained human mobility (6-8). Between January 2016 and December
2018, the Brazilian Midwestern region, which covers an area of 1.6 million km? and is
inhabited by about 14 million people in 467 municipalities, reported a total number of
54,457 Zika cases (9-14). Most of these cases (55%) were reported in the states of Mato
Grosso and Goids, across several epidemic seasons (9-14). Despite some work done
over the large epidemic between 2015 and 2016, there is still a paucity of studies
directly investigating the circulation and genetic diversity of the ZIKV in this region. In
this study, using our experience with mobile laboratory (15), we used nanopore
sequencing to generate ZIKV genomes from infected patients residing in Goias and
provide a retrospective reconstruction of its transmission dynamics in that state.

RESULTS

The 23 sequenced samples obtained in this study were collected from females
(65%) and males (35%) (Table S1) with a median age of 30 years (range: 19 to 57). All
sequenced samples were collected from different municipalities in the state of Goias
(Table S1, Fig. 1A) and contained sufficient viral genetic material (=2 ng/ul) for library
preparation. Cycle threshold (C;) values were on average 27.96 (range: 25 to 32), and
sequences presented a median genome coverage of 82.5% (range: 56.1 to 93.2).
Epidemiological data and sequencing statistics are detailed in Table S1.

Figure 1B shows the ZIKV weekly cases normalized per 100,000 individuals notified
between 2015 and 2021 in the Brazilian Midwest region (Federal District and the states
of Mato Grosso, Goids, and Mato Grosso do Sul). This weekly reported incidence
revealed a major outbreak in the Midwest region during 2015 to 2016, after which ever
smaller epidemics took place over the years but the virus persisted through year-round
transmission cycles. Overall, the state of Goias reported the lowest incidence in recent
years (2020 to 2021). Interestingly, the Federal District, which experienced the smallest
initial outbreaks in 2015 to 2016, later presented a temporary resurgence in 2019 to
2020 (Fig. 1B). Over this period, the cumulative number of cases per 100,000 was 17 for
the state of Goias, 36 for the state of Mato Grosso, and 35 for the state of Mato Grosso
do Sul. Although we did not assess the factors dictating the general trend in decreas-
ing incidence over the years, it is likely to have been mediated by the accumulating
herd immunity in the region since the virus’s introduction (16). Indeed, some studies
have demonstrated this effect in other Brazilian states (16, 17).

To accurately establish evolutionary relationships among the newly generated
sequences and other known ZIKV isolates, we subjected a combined data set to phylo-
genetic inference. A regression of genetic divergence from root to tip against sampling
dates confirmed sufficient temporal signal (coefficient correlation = 0.70, r* = 0.50). Our
maximum clade credibility (MCC) tree showed that the newly sequences obtained in
this study are scattered throughout the tree and clustered together with viral strains
isolated in other Brazilian regions (northeastern and southeastern), suggesting that
those regions have likely acted as steppingstone spots for the dissemination of the vi-
rus into the state of Goias (Fig. 1C), which might have been influenced by the increased
human mobility and vector suitability. From our time-measured tree, we estimated the
time of the most recent common ancestor (TMRCA) to have occurred between mid-
February 2014 (95% highest posterior density ranging from 10 February 2014 to 10
October 2014) for the first introduction event and late November 2016 (95% highest
posterior density ranging from 30 May 2016 to 1 January 2017) for the last event,
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FIG 1 Genomic epidemiology of ZIKV in Midwest Brazil. (A) Map of Brazil showing the spatial area under investigation. (B) Weekly notified Zika cases
normalized per 100,000 individuals in in the Brazilian Midwest region (Federal District and the states of Mato Grosso, Goias, and Mato Grosso do Sul)
between 2015 and 2021. Epidemic curves are colored according to geographical locations. Incidence (cases per 100,000 population) is presented in log,,
for visual purposes. (C) Time-scaled maximum clade credibility tree of ZIKV-Asian lineage in Brazil, including the 23 new genomes generated in this study
plus n = 479 reference strains sampled worldwide. Tips are colored according to the sample source location. Values around nodes represent posterior
probability support of the tree nodes inferred under Bayesian evolutionary analysis using a molecular clock approach.

suggesting the persistence of the initially introduced virus for the period of 2 years in
which reported incidence was highest (2015 to 2016).

DISCUSSION

To retrospectively explore the retrospective spatiotemporal evolution of ZIKV
through the Midwestern Brazilian region, we generated 23 partial and near-complete
genome sequences from the 2016 to 2018 ZIKV epidemic. Epidemiological data
revealed that epidemic waves from the Brazilian Midwest region displayed their largest
sizes between 2015 and 2017 (Fig. 1B). This was followed by a reduction in the number
of reported cases over 2018 to 2021, likely a consequence of an expected, gradual
accumulation of herd immunity, but the persistence of the initially introduced virus lin-
eage through year-round transmission cycles was still indicated.

We found that the ZIKV epidemic in Goids was ignited by multiple independent
introduction events which we infer to have occurred between February 2014 and
November 2016, most likely from northeastern and then later from southeastern Brazil,
where the virus had already been circulating since late October 2013 (2, 5). Those find-
ings are in line with previous studies that suggested that northeastern Brazil played a
significant role in the establishment and dissemination of ZIKV in the Americas (2, 5,
18) and further reveal complex transmission dynamics within Brazilian regions. Since
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the first ZIKV confirmed case in Goias was detected on 4 January 2015, our findings fur-
ther highlight that the virus was cryptically circulated in this region for a period of
11 months, following a pattern that had been observed before during other Zika and
dengue epidemics (5, 18).

In summary, our data reveal a complex pattern of ZIKV transmission between epi-
demic seasons, highlighting that the virus’s interregional spread might have been
driven by a combination of several factors, including: (i) a completely susceptible pop-
ulation, (i) favorable climatic conditions, and (iii) a sustained human mobility, as dis-
cussed elsewhere (7, 16). Together, those results highlight the utility of genomic, epi-
demiological, and evolutionary methods to understand mosquito-borne epidemics.

MATERIALS AND METHODS

Molecular screening. Serum samples from 23 individuals presenting symptoms compatible with
ZIKV infection were submitted to nanopore sequencing during a mobile genomic surveillance activity,
which took place in Midwest Brazil in May 2019, under the scope of the ZIBRA-2 project (https://www
.zibra2project.org/). Viral RNA was extracted and submitted to a real-time PCR protocol adapted from
reference 19 to confirm the previous diagnosis. Samples were selected for local sequencing based on a
PCR cycle threshold (C,) of <-32 to maximize genome coverage of clinical samples by nanopore sequenc-
ing (20) (Table 51).

cDNA synthesis and multiplex tiling PCR. Samples were submitted to a cDNA synthesis protocol
described previously (20), a multiplex tiling PCR using Q5 high fidelity hot-start DNA polymerase (New
England Biolabs), and a ZIKV sequencing primers scheme (20). The thermocycling conditions involved
40 cycles, and reaction conditions were as reported previously (20).

Library preparation and nanopore sequencing. Amplicons were purified using 1x AMPure XP
beads, and cleaned-up PCR products concentrations were measured using Qubit dsDNA HS assay kit.
DNA library preparation was carried out using the ligation sequencing kit and the native barcoding kit
(NBD104 and NBD114, Oxford Manopore Technologies, Oxford, UK) (20). Sequencing libraries were
loaded into an R9.4 flow cell (Oxford Nanopore Technologies). In each sequencing run, we used negative
controls to prevent and check for possible contamination with less than 2% mean coverage.

Generation of consensus sequences. Raw files were basecalled using Guppy, and barcode demulti-
plexing was performed using gcat. Consensus sequences were generated by de novo assembling using
Genome Detective (https://www.genomedetective.com/) (21).

Phylogenetic and Bayesian analysis. The 23 new genomic sequences reported in this study were
initially submitted to a genotyping analysis using the phylogenetic arbovirus subtyping tool, available at
http://genomedetective.com/app/typingtool/zika (22). Genomic data generated in this study were
aligned with a worldwide, larger, and updated data set of ZIKV genome sequences (n = 479). Sequences
were aligned using MAFFT (23), and preliminary ML-tree was inferred using IQTREE2 (24). Prior to tempo-
ral analysis, our data set was also assessed for molecular clock signal in TempEst v1.5.3 (25) following
the removal of any potential outliers that may violate the molecular clock assumption. To estimate a
time-calibrated phylogeny, we used the Bayesian software package BEASTv.1.104 (26), with the
Bayesian Skyline tree prior (27) with an uncorrelated relaxed clock and the lognormal distribution (28).
Analyses were run in duplicate in BEASTv.1.10.4 (26) for 100 million Markov chain Monte Carlo (MCMC)
steps, sampling parameters and trees every 10,000th step. Convergence of MCMC chains was checked
using Tracer v.1.7.1 {29). Maximum clade credibility trees were summarized using TreeAnnotator after
discarding 10% as burn-in.

Epidemiological data bly. Data of weekly notified ZIKV cases in Brazil, available at the
Sistema de Informacio de Agravos de Notificacio (SINAN) (https://portalsinan.saude.gov.br/), were sup-
plied by Brazilian Ministry of Health and were plotted using the R software version 3.5.1.

Data availability. Newly generated ZIKV sequences have been deposited in GenBank under acces-
sion numbers OL423647 to OL423669.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, XLSX file, 0.01 MB.
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4 DISCUSSAO

Recentemente, os arbovirus tém se tornando motivo de grande preocupagao
para a saude publica. Nos ultimos anos, tem sido relatada a ocorréncia de focos
simultaneos de dengue, Zika e chikungunya em uma mesma area geografica (ROTH
et al, 2014), como esta sendo observado no territério brasileiro, onde ZIKV, CHIKV e
YFV estéao cocirculando com DENV, a arbovirose de maior impacto no pais. Muito
disso se deve ao fato desses virus serem transmitidos principalmente por mosquitos
do género Aedes, amplamente distribuidos nas regides tropicais e subtropicais
(KRAEMER et al, 2015). Outros fatores, como crescimento populacional,
urbanizagdo nao planejada, globalizagdo da economia com rapido deslocamento da
populacdo por meio de viagens aéreas e alteragdes climaticas também contribuiram
para as arboviroses expandirem em escala mundial (SAN MARTIN et al, 2010;
CHEN e VASILAKIS, 2011).

A primeira epidemia causada por DENV no Brasil foi documentada em 1982,
em Boa Vista (Roraima), onde foram isolados os sorotipos DENV1 e DENV4
(OSANAI et al, 1983). Em 1986, no Rio de Janeiro, foi documentada a reintrodugao
de DENV1 no Brasil (SCHATZMAYR et al, 1986), com mais de um milhdo de casos
registrados (FIGUEIREDO et al, 1991). Por sua vez, o sorotipo DENV2 foi
introduzido no pais em 1990, também no estado do Rio de Janeiro, onde foram
descritos os primeiros casos graves (NOGUEIRA et al, 1990). Desde entdo, a
dengue vem ocorrendo no Brasil de forma continuada, intercalando-se com
epidemias, geralmente associadas a introducdo de novos sorotipos ou a alteragao
do sorotipo predominante (MINISTERIO DA SAUDE, 2017a).

Apos um periodo de grandes epidemias, como observado nos anos de 2002,
2008, 2010, 2013, 2015 e 2016, o Brasil registrou um numero surpreendentemente
baixo de casos de dengue entre 2017 e 2018 (MINISTERIO DA SAUDE, 2019b), um
padrédo também observado em outros paises da América Latina (OPAS, 2018).
Importante ressaltar que esse periodo foi precedido pela introducédo e dispersao de
ZIKV no pais (FARIA et al, 2017), um virus que pertence a mesma familia
Flaviviridae e compartilha o mesmo mosquito transmissor da doenca. Em 2019, uma
explosao de notificagdes de dengue foi registrada, com 1.544.987 casos provaveis e
782 6bitos confirmados até a Semana Epidemiolégica 52 (MINISTERIO DA SAUDE,
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2019b). A epidemia nesse ano foi caracterizada pela cocirculagdo de DENV1 e
DENV2, este ultimo reemergindo no pais apos onze anos de baixa circulagao
(TORRES et al, 2019; GOES DE JESUS et al, 2020; FERNANDES BRITO et al,
2021).

Com o objetivo de explorar a contribuicdo dos fatores climaticos no cenario
epidemioldgico de dengue entre 2015 e 2020, estimou-se nesse trabalho o index p,
uma medida do potencial de transmissdo dos mosquitos Aedes inferido a partir dos
dados de temperatura e umidade (OBOLSKI et al, 2019). As analises mostraram que
nao houve variagao significativa do potencial de transmissao durante esse periodo,
sugerindo que fatores nao climaticos podem ter sido responsaveis pelas epidemias
de 2015, 2016 e 2019. De forma semelhante, ndo houve redug¢ao do potencial de
transmissao durante 2017 e 2018, mostrando que outros fatores, como a imunidade
da populagdo, podem ter desempenhado um papel importante na baixa incidéncia
da doencga. Esses resultados foram corroborados por um estudo recente conduzido
por Fernandes Brito e colaboradores (2021), que ainda destacaram que as medidas
de controle implementadas como reposta a epidemia de ZIKV registrada em 2016
podem ter contribuido para a redu¢édo do numero de casos de dengue em 2017 e
2018.

Perez e colaboradores (2019) também discutiram trés hipéteses como sendo
responsaveis pela baixa incidéncia de dengue em 2017: (1) alteracdes no sistema
de vigilancia epidemiologica, como mudanga na definicdo de casos; (2) imunidade
cruzada causada pela circulagao simultdnea de diferentes arbovirus e (3) alteragdes
na densidade e competéncia dos vetores devido as mudangas climaticas ou a
intensificagdo das estratégias de controle. Os autores concluiram que o baixo
numero de casos de dengue apds varios anos de epidemias de diferentes arbovirus
pode estar relacionado a imunidade da populacdo e ao aumento das atividades de
controle de vetores, apesar de destacarem a necessidade de realizacdo de mais
estudos.

As epidemias recentes de DENV nas regides centro-oeste e sudeste do Brasil
foram marcadas pela alteracdo do sorotipo predominante, onde o DENV1 foi
substituido por DENV2. Esse fenbmeno, conhecido por substituicdo de sorotipo, é
frequentemente associado a gravidade e ao aumento do numero de mortes, devido

a maior probabilidade de ocorréncia de infecgdes secundarias na populagao
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(NOGUEIRA et al, 1990; DRUMOND et al, 2012; DUTRA et al, 2017; SALLES et al,
2018; DIAZ et al, 2019). No presente trabalho, foi descrito um aumento no nimero
absoluto de mortes em 2019, mas ndo foi observada alteragdo significativa da taxa
de letalidade nas regides sudeste e centro-oeste em decorréncia da emergéncia de
DENV2. Esse padrao pode estar associado a maior conscientizagao da populagao
sobre a necessidade de buscar atencado médica quando ha desenvolvimento de
sinais de alarme assim como a sensibilizacdo das equipes de saude na identificagao
precoce dos casos graves.

Apesar do Brasil ser considerado hiperendémico para a dengue, ainda existe
limitada informacao sobre a epidemiologia gendémica do virus no pais. Muitos
estudos tém avaliado a dinamica de DENV nas Américas (ALLICOCK et al, 2012;
MIR et al, 2014; BRUYCKER-NOGUEIRA et al, 2016), focando principalmente em
estados e/ou municipios unicos (ROMANO et al, 2010; DOS SANTOS et al, 2011;
DUTRA et al, 2017) utilizando dados gendmicos parciais. Para explorar a historia
evolutiva e contribuir para o conhecimento sobre a dindmica das ultimas epidemias
de DENV no pais, foram geradas nesse trabalho 227 novas sequéncias completas
de DENV1 e DENVZ2, obtidas das trés regides brasileiras que historicamente tem
registrado as maiores incidéncias da doenca (MINISTERIO DA SAUDE, 2019b).
Esses novos genomas correspondem a mais da metade das sequéncias completas
de DENV1 e DENV2 do Brasil disponiveis em bancos de dados publicos, embora o
pais enfrente epidemias de grandes propor¢des ha mais de trés décadas.

A reconstrucao filogenética realizada nesse trabalho revelou que os novos
isolados de DENV1 e DENV2 foram classificados como gendtipos V e |,
respectivamente, assim como observado em outros estudos (DOS SANTOS et al,
2011; DRUMOND et al, 2012; DRUMOND et al, 2013; NUNES et al, 2014;
BRUYCKER-NOGUEIRA et al, 2016; DUTRA et al, 2017; TORRES et al, 2019;
GOES DE JESUS et al, 2020; CUNHA et al, 2021; FERNADES BRITO et al, 2021;
RIBEIRO et al, 2021). As novas sequéncias de DENV1-gendtipo V, amostradas
entre 2015 e 2019, agruparam-se em trés clados distintos, sugerindo que as ultimas
epidemias no Brasil foram caracterizadas pela cocirculacdo de diferentes linhagens.
De forma semelhante, os novos isolados de DENV2-gendtipo lll, coletados entre
2016 e 2019, formaram dois clados distintos (BR-3 e BR-4), este ultimo agrupando a

maior parte das sequéncias de DENV2-lll geradas. As andlises também
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demonstraram que BR-4 abrange duas linhagens diferentes, BR-4L1 e BR-4L2, que
cocircularam entre os anos de 2017 e 2019. Esse padréao de circulagado simultanea
de diferentes linhagens em uma mesma regiéo ja foi descrito anteriormente no Brasil
(DOS SANTOS et al, 2011; DRUMOND et al, 2012; DRUMOND et al, 2013) assim
como em outros paises da América (MENDEZ et al, 2010; CARRILLO-VALENZO et
al, 2010) e da Asia (KUKRETI et al, 2009).

Além da cocirculagéo, outra caracteristica marcante das epidemias de dengue
€ a substituicdo de linhagem, que ocorre quando virus pertencentes a um mesmo
clado que circulou numa regiao particular por um periodo de tempo é substituido por
outro e o primeiro passa a nao ser mais evidenciado, seja pela redugao drastica da
frequéncia ou pela extingdo. As analises sugeriram que o clado | de DENV1-V foi
substituido pelos clados Il e Il durante a epidemia de 2019 assim como o clado BR-
4 de DENV2-Ill parece estar substituindo BR-3, uma vez que a maior parte das
novas sequéncias agruparam em BR-4. Embora nao esteja totalmente entendido,
esse fendbmeno de substituicdo pode estar relacionado a variagbes no fitness da
populagdo viral ou a eventos estocasticos, como reducdao da populagdo viral
associada com a flutuagao sazonal da populacéo e densidade de vetores (HOMES e
TWIDDY, 2003; MYAT THU et al, 2005; CHEN e VASILAKIS, 2011).

Para investigar a data de introdugédo e o local provavel de origem do ancestral
comum mais recente (tMRCA) dos novos isolados de DENV1-V e DENV2-11l (2015-
2019), foram realizadas reconstrug¢des filogeograficas utilizando conjuntos de dados
atualizados para cada sorotipo compostos pelas sequéncias recém-geradas e
genomas de referéncia depositados em banco de dados publicos. As analises
permitiram estimar que, para DENV1-V, o ancestral comum mais recente foi
introduzido na regido sudeste, entre maio de 2006 e fevereiro de 2008 para o clado
I; na regido norte, entre agosto de 2007 e maio de 2010 para o clado Il; e, na regiao
sudeste, entre outubro de 2009 e agosto de 2011 para o clado lll. A reconstrugcao
filogeografica do clado BR-4 de DENV2-lll sugeriu que o ancestral comum mais
recente foi introduzido entre setembro de 2014 e junho de 2016 para BR-4L1 e entre
marg¢o de 2015 e novembro de 2016 para BR-4L2, ambos com origem provavel na
regido sudeste do Brasil. Apesar dos longos intervalos de tempo refletirem a
escassez de sequéncias de DENV no pais e a necessidade de um monitoramento

genbmico continuo, as analises filogeograficas realizadas demonstraram que as
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regides sudeste e norte atuaram como importantes fontes de dispersao viral para as
outras regides do Brasil. Esses achados estdo de acordo com outros estudos acerca
da epidemiologia da dengue, que mostraram o papel fundamental da regido sudeste
na reemergéncia de DENV1 em 1986 (OSANAI et al, 1983; SCHATZMAYR et al,
1986) e na introdugdo de DENV2 e DENV3, em 1990 e 2000, respectivamente
(NOGUEIRA et al, 1990; (NOGUEIRA et al, 2001). De forma semelhante, a regiao
norte do Brasil tem grande relevancia para a introdugdo de DENV1 e DENV4
(OSANAI et al, 1983), assim como para a dispersao de outras arboviroses, tais como
febre amarela (REZENDE et al, 2018; FARIA et al, 2018) e chikungunya (NUNES et
al, 2015).

Outra grande epidemia que atingiu o Brasil nos ultimos anos foi provocada
pelo ZIKV. Ele foi responsavel pelo registro de mais de 256 mil casos no pais entre
2015 e 2016, considerado o periodo mais epidémico da doenca (MINISTERIO DA
SAUDE, 2017b; OPAS, 2022). Apesar dos primeiros casos terem sido registrados
no nordeste em maio de 2015, estudos filogenéticos estimam que ZIKV foi
introduzido no Brasil entre 2013 e 2014, sugerindo que o virus circulou sem ser
detectado no pais por mais de 12 meses (FARIA et al, 2016b; FARIA et al, 2017).

Embora tenha sido uma epidemia de grandes propor¢cdes causada pela
emergéncia de um virus que até entao tinha circulagao registrada principalmente em
paises africanos e asiaticos, a dindmica da transmissédo de ZIKV em algumas
regides do Brasil foi relativamente pouco explorada. Estudos prévios investigaram a
circulagao do virus nas Américas, incluindo o Brasil (FARIA et al, 2016b; METSKY et
al, 2017), ou no nosso pais, porém focados na regido nordeste, considerada o
epicentro da epidemia (FARIA et al, 2017), ou em estados ou municipios isolados
(NACCACHE et al, 2016; VIEIRA et al, 2019; GIOVANETTI et al, 2020; IANI et al,
2021). Para contribuir para o melhor entendimento acerca da dindmica de
transmissao de ZIKV no centro-oeste, a regido brasileira com as maiores incidéncias
da doenca (MINISTERIO DA SAUDE, 2017b; OPAS, 2022), foram geradas 23
sequéncias virais completas ou quase completas e os dados gendbmicos foram
combinados com analises filogenéticas e epidemioldgicas para reconstruir a historia
evolutiva de ZIKV no estado de Goias.

As analises demonstraram que, assim como observado nas demais regides

brasileiras, o periodo entre 2015 e 2016 foi aquele com maior registro de casos de
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Zika no centro-oeste. Esse periodo foi seguido por picos menores da doenga em
2017, 2018 e 2019 no Distrito Federal e em todos os estados dessa regido. Estudos
tem sugerido que essa diminuicdo do numero de casos pode estar relacionada ao
acumulo da imunidade de rebanho. De fato, Netto e colaboradores (2017), atraves
de uma avaliagdo da soroprevaléncia de Zika em Salvador, observaram que a taxa
de imunidade da populagédo aumentou rapidamente a partir de 2015, alcangando
63% da populacao local em 2016. De forma semelhante, Lourengo e colaboradores
(2017), utilizando os dados de casos notificados e um modelo matematico da
dindmica de transmissdo da doenca, estimaram que cerca de 65% da populagéo
local de Feira de Santana, na Bahia, tenha sido infectada por ZIKV em 2015. Tais
estimativas estdo também de acordo com as taxas de infecgédo viral registradas
durante as epidemias de ZIKV na llha de Yap (cerca de 73%) e na Polinésia
Francesa (cerca de 66%) (DUFFY et al, 2009; CAUCHEMEZ et al, 2016). Apesar da
imunidade de rebanho ter desempenhado um papel fundamental na redugcéo do
numero de casos de Zika ao longo dos anos, € possivel que outros fatores, como as
medidas de combate ao mosquito vetor, conscientizacdo da populacéo, similaridade
com outras arboviroses ou até mesmo alteragdes no sistema de vigilancia, também
possam ter contribuido para o baixo numero de notificagbes nos ultimos anos
(PERKINS, 2017; LOWE et al, 2018).

Como esperado, a reconstrugéo filogenética dos isolados de ZIKV gerados
nesse estudo combinado com dados gendémicos disponiveis em bancos de dados
publicos revelou que todas as 23 novas sequéncias de Goias pertencem ao genétipo
asiatico, assim como observado em outros estudos realizados no Brasil (ZANLUCA
et al, 2015; FARIA et al, 2016b; NACCACHE et al, 2016; FARIA et al, 2017;
METSKY et al, 2017; VIEIRA et al, 2019; GIOVANETTI et al, 2020; IANI et al, 2021).
As novas sequéncias de ZIKV, amostradas entre 2016 e 2018, agruparam-se em
clados distintos, sugerindo que a epidemia em Goias foi causada por multiplos
eventos de introdugao de ZIKV, que ocorreram entre fevereiro de 2014 e novembro
de 2016. Estas analises também indicam que, apds a sua primeira introdugao, ZIKV
circulou de forma criptica na regido por cerca de 11 meses até ser detectado pela
primeira vez em 4 de janeiro de 2015. Essa circulagdo criptica pode estar

relacionada ao elevado numero de infecgdes assintomaticas e também a enorme
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dificuldade de distinguir Zika de outras arboviroses, tais como dengue e chikungunya
(COSTA et al, 2020).

Adicionalmente, os novos isolados foram agrupados com sequéncias
brasileiras provenientes do nordeste e sudeste, sugerindo que essas regides
provavelmente atuaram como fontes de disseminagao de ZIKV para o estado de
Goias. Esses achados corroboram estudos anteriores que apontaram a regido
nordeste como importante local para estabelecimento e disseminagao de ZIKV nas
Américas e no Brasil (FARIA et al, 2016b; FARIA et al, 2017; GIOVANETTI et al,
2020; COSTA et al, 2020) e destaca mais uma vez o papel fundamental da regido
sudeste na disseminacao de ZIKV e outras arboviroses no pais (OSANAI et al, 1983;
SCHATZMAYR et al, 1986; NOGUEIRA et al, 1990; NOGUEIRA et al, 2001).
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5 CONCLUSAO

Neste trabalho, foram gerados 250 novos genomas completos e quase
completos de DENV1, DENV2 e ZIKV circulantes no Brasil para explorar a
epidemiologia molecular desses virus durante as epidemias recentes no pais. As
andlises filogenéticas indicaram que esses isolados pertencem aos gendtipos
DENV1-V, DENV2-lll e ZIKV-asiatico, com circulagdo sustentada no territorio
brasileiro ha bastante tempo.

Os resultados demonstraram uma complexa dindmica de transmissdo de
DENV1 e DENVZ2, marcada por caracteristicos fendmenos de substituicdo e
cocirculagdo de diferentes linhagens virais. Um padrdo similar de cocirculagdo de
linhagem foi observado durante a epidemia de ZIKV na regido centro-oeste do
Brasil, caracterizada por multiplas introdu¢des do virus ao longo do tempo.
Destacou-se também a importancia das regides norte, sudeste e nordeste do pais
como fontes de disseminacdo viral, sugerindo que um quadro de vigilancia ativa
nessas regides € essencial para o controle das epidemias de DENV e ZIKV no
Brasil. Aléem disso, tais resultados sao consistentes com a existéncia de condi¢des
ecoldgicas favoraveis a manutencdo dos vetores Aedes, que aliado a insuficiente
imunidade de rebanho da populagdo, desempenharam importante papel no cenario
epidemiologico de dengue entre os anos de 2015 e 2019.

Por fim, destacamos a abordagem de vigilancia genémica como uma
estratégia fundamental para monitoramento da transmissdo viral e melhor
entendimento de suas epidemias, fatores cruciais para a implementacdo de medidas
de controle efetivas, especialmente importantes quando vacinas e/ou tratamento

especifico ndo estao disponiveis.
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APENDICES

APENDICE A - Material suplementar do artigo “Field and classroom initiatives

for portable sequence-based monitoring of dengue virus in Brazil”

Supplementary Figure 1
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Figure S1. Patterns of serotype dominance 2015-2020. Map of Brazil showing the progression of
serotypes in the three geographic regions sampled in this study - Midwest (MW), Northeast (NE), and
Southeast (SE) - between 2015 and 2020 (untii EWO06). Brazilian macro regions are coloured
according to the dominant serotype. Grey represents northern and southern Brazilian macro regions.
The initial map of Brazilian regions was obtained from the R package “get brmap” (available at:
https://rdrr.io/cran/brazilmaps/man/get_brmap.html). Source data are provided as a Source Data file.



https://rdrr.io/cran/brazilmaps/man/get_brmap.html
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Supplementary Figure 2
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Figure S2. Maps of yearly incidence of dengue in Brazil, 2015-2020. Maps of Brazil divided by
regions (SE=Southeast, NE=Northeast, MW=Midwest) showing the yearly incidence of dengue
between 2015 and 2020 (until EW06). Incidence = cases per 100,000 inhabitants per year. Grey
represents northern and southern Brazilian macro regions. The initial map of Brazilian regions was
obtained from the R package “get_brmap” (available at:
https://rdrr.io/cran/brazilmaps/man/get _brmap.html).



https://rdrr.io/cran/brazilmaps/man/get_brmap.html
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Supplementary Figure 3
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Figure S3. Mosquito-borne viral suitability measure (index P). a. Daily mosquito-viral suitability
measure (index P) for each of the macro regions from which new genomes were generated. The index
P is obtained by averaging the climatic time series of the three largest urban centers in each region
and then independently estimating index P. These series are presented in Figure 1 of the main text. b.
Daily mosquito-viral suitability measure (index P) for the three cities per macro region used for panel A
and for the main text. Cities are named in the color legend and tagged with their macro region. (a-b)
The entomological and epidemiological priors used to estimate P are the (dengue) default for the
MVSE R-package*® (see Supplementary File 1). Source data are provided as a Source Data file.
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Supplementary Figure 4
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Figure S4. Weekly notified dengue cases normalized per 100K individuals per region in 2015-
2020 (until EW06). DENV epidemic curves are coloured according to geographical macro region:
SE=Southeast, NE=Northeast, MW=Midwest. CHIKV epidemic curves are coloured in black for each

of the macro regions. Incidence (cases per 100K population) is presented in log10 for visual purposes.
Source data are provided as a Source Data file.
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Figure S5. DENV mortality in Brazil, 2015-2019. a. Boxplot of the case fatality rate (deaths/cases) of
dengue in the three Brazilian regions sampled in this study, 2015-2019. Boxplots are coloured
according to Brazilian geographical region, Midwest (MW) n=8, Northeast (NE) n=11, and Southeast
(SE) n=20. Boxplots show interquartile ranges, white lines are medians and box whiskers show the full
range of posterior distribution. b-c. Time series of the incidence of deaths (number of fatal dengue
/number of cases) reported weekly (c) and case fatality rate (number of fatal dengue /number of cases
per 100K population) (d) in MW. d-e. Same as b and c but for NE. f-g. Same as b and ¢ but for SE.
Dates with no deaths reported were assumed to be reflective of no deaths, although it is possible that
some instances of no deaths reflect a lack of reporting. Source data are provided as a Source Data

file.
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Supplementary Figure 6
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Figure S6. Analysis of temporal structure in DENV1 genotype V clades I-lll. a. Root-to-tip genetic
divergence of Clade | against time of sampling (n=33) b. Root-to-tip genetic divergence for Clade I
against time of sampling (n=34). c. Root-to-tip genetic divergence for Clade Ill against time of
sampling (n=34). Black lines represent the medium values of the linear regression despite the grey
ones represent the interval among the minimum and maximum values.
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Supplementary Figure 7
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Figure S7. Genetic divergence regressed against date of sample collection for the BR-4 clade
of DENV2 (n=181). MW=Brazilian Midwest, NE Brazil=Brazilian Northeast, SE Brazil=Brazilian
Southeast. Black lines represent the medium values of the linear regression despite the grey ones
represent the interval among the minimum and maximum values.
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Supplementary Figure 8
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Figure S8. Number of complete DENV1 and DENV2 genomes sequences from Brazil, 1988-2020.
a. Comparative bar chart of the number of DENV1 genotype V complete genomes sequences
generated in Brazil between 1988 and 2020 and available in public databases until May 2020. Gray
bars represent the genomes from this study, while black bars indicate the genomes from previous
studies. b. Comparative bar chart of the number of DENV2 genotype Ill complete genomes sequences
generated in Brazil between 1990 and 2020 and available in public databases until May 2020. Red
bars represent the genomes from this study, while black bars indicate the genomes from previous
studies. Source data are provided as a Source Data file.
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Supplementary Figure 9
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Figure S9. Timeline of the ZIBRA2 itinerant project across the Brazilian Midwest region.
Researchers from Brazil (RJ=Rio de Janeiro, MG=Minas Gerais, SP=Sao Paulo, AM=Amazonas, and
PA=Para) and from Durban (South Africa) visited the public health laboratories (LACEN) in the
Brazilian Midwest region (showed above the line) on board a mobile laboratory (motorhome) to carry
out the field genomic surveillance activities (showed below the line). The event ended in a workshop
held at PAHO/WHO to present the preliminary results to the health authorities. MT=Mato Grosso,
MS=Mato Grosso do Sul, GO=Goias, DF=Brazilian Federal District. The Bus and Airplane icons were
created by Mariagloria Posani and Kiddo, respectively, and are currently available at the Noun Project
(https://thenounproject.com/).
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Supplementary Table 1. Number of molecularly confirmed DENV cases in the

three Brazilian macro regions, 2015-2020.

YEAR
REGION SEROTYPE 2015 2016 2017 2018 2019 2020
DENV1 2467 970 55 16 27 40
DENV2 28 19 231 520 2361 2184
MW DENV3 2 2 1 0 0 20
DENV4 219 64 23 1 2 0
DENV1 387 66 15 245 1398 68
DENV2 15 7 38 456 36
NE DENV3 37 17 0 0 0 0
DENV4 44 0 1 0 0
DENV1 2145 1703 48 132 274 173
DENV2 15 81 19 333 3068 1086
SE DENV3 0 7 10 1 5 2
DENV4 72 13 1 0 3 0

MW=Midwest region; NE=Northeast region;

" Until EW06

SE=Southeast region
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Supplementary Table 2. Information on the 227 sequenced samples of DENV1

and DENV2.
. Date
Collection e e DENV
ID Serotype Sample date onset Sex | Age | Municipality | State | Ct Classification
symptoms
OPAS 41 | DENV1 Serum | 16/01/2019 | 16/01/2019 | F | 77 | Feirade BA | 17 | Denguewith
Santana no alarm sign
OPAS 42 DENV1 Serum 17/01/2019 | 17/01/2019 | M | 25 Feira de BA | 17 | Denguewith
Santana no alarm sign
OPAS 43 DENV1 Serum 17/01/2019 | 17/01/2019 | F | 59 Feira de BA | 2o | Denguewith
Santana no alarm sign
OPAS 44 | DENV1 Serum | 18/01/2019 | 18/01/2019 | F | 30 | Feirade BA | 24 | Denguewith
Santana no alarm sign
OPAS 45 DENV1 Serum 17/01/2019 | 17/01/2019 | F 4 Feira de BA | 26 | Denguewith
Santana no alarm sign
OPAS 46 DENV1 Serum 17/01/2019 | 17/01/2019 | F 8 Feira de BA | 23 | Denguewith
Santana no alarm sign
OPAS 47 DENV1 Serum 18/01/2019 | 17/01/2019 | F | 13 Feira de BA | 26 | Denguewith
Santana no alarm sign
OPAS 48 DENV1 Serum 17/01/2019 | 17/01/2019 | M | 20 Feira de BA | 20 | Denguewith
Santana no alarm sign
OPAS 49 DENV1 Serum 21/01/2019 | 21/01/2019 | F | 14 Feira de BA | 20 | Denguewith
Santana no alarm sign
OPAS50 | DENV1 Serum | 15/01/2019 | 15/01/2019 | F | 21 Feira de BA | 22 | Denguewith
Santana no alarm sign
OPAS 56 DENV1 Serum 16/05/2019 | 16/05/2019 | E | 11 | Coracdode | g, | 5 | Dengue with
Maria no alarm sign
OPAS 57 DENV1 Serum 08/04/2019 | 07/04/2019 | F | 19 Barreiras BA | 20 | Denguewith
no alarm sign
OPAS58 | DENV1 Serum | 25/04/2019 | 20/04/2019 | M | 15 | Feirade BA | 26 | Denguewith
Santana no alarm sign
OPAS 60 DENV1 Serum 09/01/2019 | 07/01/2019 | M | 31 Feira de BA | 21 | Denguewith
Santana no alarm sign
OPAS61 | DENV1 Serum | 06/02/2019 | 06/02/2019 | M | 35 | Coracdode | g, | 45 | Dengue with
Maria no alarm sign
OPAS 62 | DENV1 Serum | 07/05/2019 | 04/05/2019 | F | 28 | Coracdode | g, | 5 | Dengue with
Maria no alarm sign
OPAS 63 | DENV1 Serum | 16/0512019 | 12/05/2019 | F | 27 | Corasdode | g, | 49 | Denguewith
Maria no alarm sign
OPAS 64 | DENV1 Serum | 27/03/2019 | 21/03/2019 | M | s0 | Coracdode | g, | 55 | Dengue with
Maria no alarm sign
OPAS 65 | DENV1 Serum | 14/05/2019 | 10/05/2019 | F | 13 | Coracdode | g, | 5 | Dengue with
Maria no alarm sign
OPAS 157 | DENV1 Serum 05/04/2019 NA F | 34 Brasilia DF | 16 (?:r‘]’gl:‘z
OPAS 158 | DENV1 Serum 18/07/2019 NA F | 29 Brasilia DF | 19 ?::gegz
G003 DENV1 Serum | 06/11/2015 | 0211172015 | F | a1 | Aparecida | oo | \a | Dengue with
de Goiénia no alarm sign
G004 DENV1 Serum 05/08/2015 | 01/08/2015 | F | 21 Goiania Go | Na | Dengue with
no alarm sign
OPAS 131 | DENV1 Serum | 07/03/2019 | 06/03/2019 | F | 25 | Valparaiso | GO | 17 | Denguewith
no alarm sign
OPAS 132 | DENV1 Serum | 03/04/2019 | 30/03/2019 | F | 62 | NovoGama | GO | 30 | Denguewith
no alarm sign
OPAS 133 | DENV1 Serum | 02/04/2019 | 29/03/2019 | F | 65 | Valparaiso | GO | 24 | Denguewith
no alarm sign
OPAS 134 | DENV1 Serum 09/04/2019 | 08/04/2019 | F | 26 Goiania GO | 20 | Denguewith
no alarm sign
OPAS 135 | DENV1 Serum 13/02/2019 | 08/02/2019 | F | 47 | Rio Verde GO | 28 | Dengue with




&9

no alarm sign

OPAS 136 | DENV1 Serum | 15/02/2019 | 11/02/2019 | F | 49 Caldas Go | 21 | Denguewith
Novas no alarm sign
OPAS 137 | DENV1 Serum 21/02/2019 | 16/02/2019 | F | 14 | Rio Verde GO | 22 | Denguewith
no alarm sign
OPAS 138 | DENV1 Serum | 29/03/2019 | 28/03/2019 | M | 21 | Valparaiso | GO | 27 | Denguewith
no alarm sign
OPAS 90 DENV1 Serum 13/02/2016 | 11/02/2016 | F | 49 Ccl’_';sf::gfe'm MG | 16 Death
OPAS 92 DENV1 Serum 14/03/2016 | 09/03/2016 | M | 67 | JuizdeFora | MG | 19 Death
OPAS 99 | DENV1 Serum | 19/04/2018 | 16/04/2018 33 Montes MG | 19 | Denguewith
Claros no alarm sign
OPAS 100 | DENV1 Serum 12/04/2018 | 10/04/2018 | F | 30 Janatba MG | 20 | Denguewith
no alarm sign
OPAS 101 | DENV1 Serum | 12/04/2018 | 09/04/2018 | F | 43 | Janagba | MG | 23 | Denguewith
no alarm sign
OPAS 102 | DENV1 Serum | 22/03/2018 | 19/03/2018 | F | 35 Belo MG | 15 | Dengue with
Horizonte no alarm sign
OPAS 103 | DENV1 Serum 05/07/2018 | 02/07/2018 | F | 32 | Coragdode | o | 4g | Dengue with
Jesus no alarm sign
OPAS 165 | DENV1 Serum | 21/03/2017 | 18/03/2017 | M | 35 | Brasiiade o1 55 | Dengue with
Minas no alarm sign
OPAS 167 | DENV1 Serum 09/05/2017 | 07/05/2017 | M | 19 Séo MG | 18 | Dengue with
Francisco no alarm sign
OPAS 168 | DENV1 Serum 08/05/2017 | 05/05/2017 | M | 53 | Varzelandia | MG | 18 | Dengue with
no alarm sign
OPAS 169 | DENV1 Serum | 08/05/2017 | 05/05/2017 | F | 72 | Varzelandia | MG | 19 | Dengue with
no alarm sign
OPAS 148 | DENV1 Liver 28/04/2019 | 24/04/2019 | F | 12 Recife PE | 25 Death
Cabo de
OPAS 149 | DENV1 Liver 29/05/2019 | 12/05/2019 | F | 30 Santo PE | 29 Death
Agostino
OPAS 150 | DENV1 Liver 28/05/2019 | 21/05/2019 | F | 36 Buique PE | 25 Death
OPAS 151 | DENV1 Spleen | 18/06/2019 | 10/06/2019 | M | 15 Ipojuca PE | 29 Death
OPAS 152 | DENV1 Liver 22/06/2019 | 19/06/2019 | M | 78 Sertania PE | 26 Death
OPAS 153 | DENV1 Spleen | 18/07/2019 | 14/07/2019 | M 5 Recife PE | 24 Death
OPAS 154 | DENV1 Liver 24/07/2019 | 18/07/2019 | M | 14 Carpina PE | 24 Death
OPAS 155 | DENVA Serum | 09/05/2019 | 09/05/2019 | M | 14 | Custodia pE | 21 | Denguewith
no alarm sign
Jaboatéo Dengue with
OPAS 156 | DENV1 Serum 29/05/2019 | 26/05/2019 | F | 18 dos PE | 17 gue wi
G no alarm sign
uararapes
OPAS 162 | DENV1 Spleen | 22/03/2019 | 16/03/2019 | M | 29 Bom PE | 24 Death
Conselho
OPAS 163 | DENV1 Spleen | 25/04/2019 | 20/04/2019 | M 6 Timbatba PE | 24 Death
OPAS 171 | DENV1 Serum | 19/01/2016 | 25/01/2016 | M | 29 | Ribeirdo sp | 35 | Denguewith
Preto no alarm sign
OPAS 173 | DENV1 Serum 29/01/2016 | 01/02/2016 | F | 42 Ribeirao sp | 22 | Denguewith
Preto no alarm sign
OPAS 174 | DENV1 Serum | 13/02/2016 | 17/02/2016 | F | 23 | Ribeirao sp | 33 | Denguewith
Preto no alarm sign
OPAS 175 | DENV1 Serum | 20/02/2016 | 23/02/2016 og | Ribeirdo sp | 19 | Dengue with
Preto no alarm sign
OPAS 51 DENV2 Serum 25/04/2019 | 21/04/2019 | M | 54 Barreiras BA | 25 Death
OPAS 52 DENV2 Serum 20/04/2019 | 28/04/2019 | F | 16 Barreiras BA | 28 | Denguewith
no alarm sign
OPAS 53 DENV2 Serum 07/06/2019 | 05/06/2019 | F | 36 Feira de BA | 24 | Denguewith
Santana no alarm sign
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OPAS 54 DENV2 Serum 16/01/2019 | 12/01/2019 | F | 11 Irece BA | 24 | Denguewith
no alarm sign
OPAS 55 DENV2 Serum 11/04/2019 | 08/04/2019 | F | 38 Barreiras BA | 26 | Denguewith
no alarm sign
OPAS 110 | DENV2 Serum 14/05/2019 | 13/05/2019 | M | 20 Barreiras BA | 25 | Denguewith
no alarm sign
OPAS 111 | DENV2 Serum 19/06/2019 | 16/06/2019 | M | 35 Juazeiro BA | 21 g;;’gel:‘z
OPAS 112 | DENV2 Serum 11/06/2019 | 10/06/2019 | F | 16 Pr’if&?;”te BA | 29 Death
OPAS 113 | DENV2 Serum 06/06/2019 | 03/06/2019 | F 6 Feira de BA | 26 Severe
Santana dengue
OPAS 114 | DENV2 Serum 12/07/2019 | 12/07/2019 | F | 61 Salvador BA | 27 | Denguewith
no alarm sign
OPAS 115 | DENV2 Serum 04/06/2019 | 01/06/2019 | F | 43 Salvador BA | 27 | Denguewith
no alarm sign
OPAS 116 | DENV2 Serum 30/04/2019 | 26/04/2019 | F | 15 Barreiras BA | 28 | Denguewith
no alarm sign
OPAS 117 | DENV2 Serum 24/04/2019 | 20/04/2019 | M | 34 Barreiras BA | 25 | Denguewith
no alarm sign
OPAS 118 | DENV2 Serum 08/04/2019 | 06/04/2019 | F | 39 Barreiras BA | 25 | Denguewith
no alarm sign
OPAS 119 | DENV2 Serum 16/05/2019 | 14/05/2019 | F | 20 Barreiras BA | 26 | Denguewith
no alarm sign
OPAS 120 | DENV2 Serum 27/05/2019 | 24/05/2019 | F | 63 Barreiras BA | 22 | Denguewith
no alarm sign
OPAS 121 | DENV2 Serum 14/05/2019 | 12/05/2019 | M | 24 Barreiras BA | 20 | Denguewith
no alarm sign
OPAS 122 | DENV2 Serum 21/05/2019 | 19/05/2019 | F | 12 Barreiras BA | 29 | Denguewith
no alarm sign
OPAS 123 | DENV2 Serum 20/05/2019 | 18/05/2019 | F | 21 Barreiras BA | 22 | Denguewith
no alarm sign
OPAS 124 | DENV2 Serum 14/05/2019 | 10/05/2019 | F | 24 Barreiras BA | 28 | Denguewith
no alarm sign
OPAS 161 | DENV2 Serum 23/08/2019 NA M | 44 Brasilia DF | 21 ?;‘]’gel:‘z
GO72 DENV2 Liver 25/04/2019 | 12/04/2019 | M | 53 Goiania GO | 25 Death
GO75 DENV2 Serum 29/04/2019 | 28/04/2019 | F | 28 Goiania Go | 20 | Dengue with
no alarm sign
OPAS 66 DENV2 Serum 17/01/2019 | 16/01/2019 | F | 40 Luziania Go | 19 | Denguewith
no alarm sign
OPAS 67 DENV2 Serum 17/01/2019 | 15/01/2019 | M | 44 Caldas Go | 16 | Denguewith
Novas no alarm sign
OPAS 68 | DENV2 Serum | 18/01/2019 | 14/01/2019 | M | 61 | Firminépolis | GO | 22 | Denguewith
no alarm sign
OPAS 69 DENV2 Serum 24/01/2019 | 22/01/2019 | M | 29 Caldas GO | 20 | Denguewith
Novas no alarm sign
OPAS 70 DENV2 Serum 28/01/2019 | 25/01/2019 | F | 39 Caldas Go | 19 | Denguewith
Novas no alarm sign
OPAS 71 DENV2 Serum 01/02/2019 | 29/01/2019 | M | 24 Goiania Go | 19 | Dengue with
no alarm sign
S3o0 Luis de Denque with
OPAS 72 DENV2 Serum 31/01/2019 | 28/01/2019 | F | 79 Montes GO | 20 gue wi
Belos no alarm sign
OPAS74 | DENV2 Serum | 04/02/2019 | 02/02/2019 | F | 23 Caldas Go | 19 | Denguewith
Novas no alarm sign
OPAS75 | DENV2 Serum | 07/02/2019 | 06/02/2019 | F | 20 Goiania Go | 19 | Denguewith
no alarm sign
OPAS76 | DENV2 Serum 11/02/2019 | 08/02/2019 | M | 64 | Firminépolis | GO | 18 | Denguewith
no alarm sign
OPAS 77 DENV2 Serum 11/02/2019 | 09/02/2019 | M | 35 Turvania Go | 16 | Dengue with
no alarm sign
OPAS 78 DENV2 Serum 11/02/2019 | 08/02/2019 | M | 60 | Rio Verde Ggo | 17 | Dengue with

no alarm sign
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OPAS79 | DENV2 Serum | 21/02/2019 | 18/02/2019 | M | 84 Goiania Go | 18 | Denguewith
no alarm sign
OPAS 80 DENV2 Serum 22/02/2019 | 20/02/2019 | F | 18 Corumba Go | 16 | Denguewith
no alarm sign
OPAS 81 DENV2 Serum 18/02/2019 | 16/02/2019 | F | 41 Rio Verde Go | 18 | Denguewith
no alarm sign
OPAS 82 DENV2 Serum 01/03/2019 | 27/02/2019 | F | 29 Goiania Go | 17 | Denguewith
no alarm sign
OPAS 83 DENV2 Serum 12/03/2019 | 11/03/2019 | M | 42 Caldas Go | 19 | Denguewith
Novas no alarm sign
OPAS 84 DENV2 Serum 18/03/2019 | 16/03/2019 | F | 36 ParaGna Go | 18 | Denguewith
no alarm sign
OPAS 85 DENV2 Serum 26/03/2019 | 22/03/2019 | F | 79 Goiatuba Go | 18 | Denguewith
no alarm sign
OPAS 86 DENV2 Serum 04/04/2019 | 31/03/2019 | M | 22 Goiania GO | 24 | Denguewith
no alarm sign
OPAS 87 DENV2 Serum 27/03/2019 | 26/03/2019 | M | 30 | Israelandia | GO | 21 | Dengue with
no alarm sign
OPAS 89 DENV2 Serum 27/03/2019 | 24/03/2019 | M | 40 | Israelandia | GO | 21 | Denguewith
no alarm sign
OPAS 125 | DENV2 Liver 20/02/2017 | 16/02/2017 | M | 47 Goiania GO | 23 Death
OPAS 126 | DENV2 Spleen | 06/11/2018 | 01/11/2018 | F | 47 | Rio Verde GO | 22 Death
OPAS 127 | DENV2 Liver 06/02/2019 | 03/02/2019 | F | 63 Turvania GO | 25 Death
OPAS 128 | DENV2 Liver 23/02/2019 | 19/02/2019 | M | 36 Anapolis GO | 22 Death
OPAS 129 | DENV2 Serum 10/05/2019 | 04/05/2019 | F | 76 Goiania GO | 20 Death
OPAS 130 | DENV2 Spleen | 17/06/2019 | 13/06/2019 | M | 25 Goianira GO | 19 Death
OPAS 139 | DENV2 Serum 28/02/2008 | 25/02/2008 | F | 34 Goiania Go | 20 | Dengue with
no alarm sign
OPAS 140 | DENV2 Serum | 04/03/2008 | 02/03/2008 | F | 38 | Aparecida | o4 | 55 | Dengue with
de Goiania no alarm sign
OPAS 142 | DENV2 Serum | 11/03/2008 | 09/03/2008 | M | 23 | Aparecida | o4 | 45 | Dengue with
de Goiania no alarm sign
, Severe
OPAS 159 DENV2 Serum 14/05/2019 NA M 43 Valparaiso GO 25 dengue
OPAS 01 DENV2 Serum 07/02/2019 | 07/02/2019 | M | 77 Betim MG | 28 Death
OPAS 02 DENV2 Serum 18/03/2019 | 15/03/2019 | M | 80 Uberaba MG | 35 Death
OPAS 03 DENV2 Serum 27/03/2019 | 25/03/2019 | M | 90 | Uberlandia | MG | 25 Death
OPAS 04 | DENV2 Serum | 14/01/2019 | 12/01/2019 | F | 53 | Uberaba MG | 20 | Denguewith
no alarm sign
OPAS05 | DENV2 Serum | 10/04/2019 | 07/04/2019 | M | 49 Jab°t'§at“ba MG | 23 Death
OPAS 06 | DENV2 Serum | 31/01/2019 | 30/012019 | M | 46 Unai MG | 23 | Denguewith
no alarm sign
OPAS 07 DENV2 Serum 31/01/2019 | 29/01/2019 | M | 59 Unai MG | 23 | Dengue with
no alarm sign
OPAS08 | DENV2 Serum | 09/05/2019 | 08/05/2019 | F | 54 R'bﬁgsgsdas MG | 22 Death
OPAS09 | DENV2 Serum | 19/02/2019 | 18/02/2019 | M | 39 | Uberaba MG | 21 | Denguewith
no alarm sign
OPAS 10 DENV2 Serum 01/02/2019 | 29/01/2019 | M | 55 | Patrocinio MG | 26 Death
OPAS11 | DENV2 Serum | 25/05/2019 | 21/05/2019 | M | 35 Ribﬁgsgsdas MG | 25 Death
OPAS12 | DENV2 Serum | 23/05/2019 | 23/05/2019 | M | 6 P:‘Atﬁlzge MG | 27 Death
OPAS 13 | DENV2 Serum | 12/02/2019 | 09/02/2019 | F | 39 Arinos MG | 21 | Denguewith
no alarm sign
OPAS 14 DENV2 Serum 18/02/2019 | 16/02/2019 | M | 61 Prata MG | 20 | Dengue with
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no alarm sign

OPAS 15 DENV2 Serum 18/02/2019 | 17/02/2019 | F | 24 Prata MG | 20 | Denguewith
no alarm sign
OPAS 16 | DENV2 Serum | 05/02/2019 | 03/02/2019 | F | 54 | Capinopolis | MG | 20 | Denguewith
no alarm sign
OPAS 17 | DENV2 Serum 14/02/2019 | 12/02/2019 | M | 79 Ipiacu MG | 21 | Denguewith
no alarm sign
OPAS 18 DENV2 Serum 24/02/2019 | 22/02/2019 | M | 19 Curvelo MG | 35 Death
OPAS 19 | DENV2 Serum | 26/02/2019 | 23/02/2019 | M | 50 | Uberaba MG | 16 | Denguewith
no alarm sign
OPAS 20 DENV2 Serum 27/02/2019 | 24/02/2019 | F | 52 Uberaba MG | 19 | Denguewith
no alarm sign
OPAS 21 DENV2 Serum 22/02/2019 | 20/02/2019 | F | 44 Januaria MG | 21 | Denguewith
no alarm sign
OPAS 22 DENV?2 Serum 10/03/2019 | 18/03/2019 | F | 16 | Uberlandia | MG | 20 | Denguewith
no alarm sign
OPAS 23 DENV2 Serum 10/03/2019 | 18/03/2019 | F | 20 | Uberlandia | MG | 19 | Denguewith
no alarm sign
OPAS 24 DENV2 Spleen | 28/03/2019 | 28/03/2019 | F | 47 Ibia MG | 34 Death
OPAS 25 | DENV2 Serum | 25/03/2019 | 23/03/2019 | M | 43 | Uberaba MG | 21 | Denguewith
no alarm sign
OPAS 26 DENV2 Serum 21/03/2019 | 20/03/2019 | F | 20 Uberaba MG | 20 | Denguewith
no alarm sign
OPAS 27 DENV2 Serum 01/04/2019 | 31/03/2019 | F 6 Belo MG | 32 Death
Horizonte
OPAS 28 DENV2 Serum 20/03/2019 | 26/03/2019 | F | 60 | Patrocinio MG | 19 | Dengue with
no alarm sign
OPAS 29 DENV2 Serum 02/04/2019 | 30/03/2019 | M | 46 Buritis MG | 1 | Dengue with
no alarm sign
OPAS 30 DENV2 Serum 01/04/2019 | 31/03/2019 | F | 38 | Natalandia MG | 21 Dengue with
no alarm sign
OPAS 31 DENV2 Serum 08/03/2019 | 03/04/2019 | M | 67 Passos MG | 34 Death
OPAS 32 | DENV2 Serum | 12/04/2019 | 11/14/2019 | M | 60 | Iuiutaba MG | 17 | Denguewith
no alarm sign
OPAS 33 | DENV2 Serum | 12/04/2019 | 09/04/2019 | F | 68 Araguari MG | 20 | Denguewith
no alarm sign
OPAS 34 DENV2 Serum 12/04/2019 | 10/04/2019 | M | 77 ltuiutaba MG | 17 Death
OPAS 35 DENV2 Serum 24/04/2019 | 20/04/2019 | F | 65 ng:gizs MG | 35 Death
OPAS 36 DENV2 Plasma | 07/05/2019 | 04/05/2019 | F | 55 | Contagem | MG | 34 Death
OPAS 37 | DENV2 Serum | 07/05/2019 | 05/05/2019 | M | 26 | Ituiutaba MG | 22 | Denguewith
no alarm sign
OPAS 38 DENV2 Serum 07/06/2019 | 04/06/2019 | M | 26 '\é‘l’a”rf: MG | 25 Death
OPAS 39 DENV2 Serum 06/04/2019 | 03/04/2019 | F | 59 Belo MG | 25 Death
Horizonte
OPAS 40 | DENV2 Serum | 17/04/2019 | 12/04/2019 | M | 11 Belo MG | 35 Death
Horizonte
OPAS 93 DENV2 Serum 20/01/2016 | 28/01/2016 | F | 31 Uberaba MG | 25 | Dengue with
no alarm sign
OPAS 95 DENV2 Serum 14/03/2016 | 12/03/2016 | F | 35 Uberaba MG | 23 | Denguewith
no alarm sign
OPAS96 | DENV2 Serum | 14/03/2016 | 12/03/2016 | M | 59 | Uberaba MG | 26 | Denguewith
no alarm sign
OPAS 105 | DENV2 Serum 22/04/2018 | 16/04/2018 | F | 54 ltuiutaba MG | 21 | Dengue with
no alarm sign
OPAS 106 | DENV2 Serum | 04/04/2018 | 02/04/2018 | F | 24 | Capinopolis | MG | 25 | Denguewith
no alarm sign
OPAS 107 | DENV2 Serum | 04/04/2018 | 03/04/2018 | F | 39 | Capinépolis | MG | 19 | Denguewith

no alarm sign
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OPAS108 | DENV2 | Serum | 02/03/2018 | 27/02/2018 | F | 31 | ltiutaba | MG | 25 | Denguewith
no alarm sign

CG02 DENV2 Serum | 21/01/2019 | 20/01/2019 | M | 40 Campo Ms | 24 | Denguewith
Grande no alarm sign

CG06 DENV2 Serum | 22/03/2019 | 20/03/2019 | F | 46 Campo Ms | 21 | Denguewith
Grande no alarm sign

CGo7 DENV2 Serum | 22/03/2019 | 21/03/2019 | M | 12 Campo Ms | 20 | Denguewith
Grande no alarm sign

CG08 DENV2 Serum | 26/02/2019 | 23/02/2019 | F | 31 Jaraguari Ms | 31 | Denguewith
no alarm sign

CG09 DENV2 Serum | 20/02/2019 | 18/02/2019 | F | 4 Camapus Ms | 26 | Denguewith
no alarm sign

CG10 DENV2 Serum | 07/03/2019 | 03/03/2019 | F | 24 | Jaraguari Ms | 27 | Denguewith
no alarm sign

CG11 DENV2 Serum | 14/12/2018 | 12/12/2018 | M | 38 Campo Ms | 24 | Denguewith
Grande no alarm sign

CG12 DENV2 Serum | 04/10/2018 | 01/10/2018 | M | 39 Campo Ms | 26 | Denguewith
Grande no alarm sign

CG13 DENV2 Serum | 14/11/2018 | 13/11/2018 | F | 26 Campo Ms | 22 | Denguewith
Grande no alarm sign

CG14 DENV2 Serum | 26/11/2018 | 23/11/2018 | F | 27 Campo Ms | 21 | Denguewith
Grande no alarm sign

CG15 DENV2 Serum | 13/12/2018 | 11/12/2018 | F | 31 Campo Ms | 25 | Denguewith
Grande no alarm sign

CG16 DENV2 Serum | 26/01/2019 | 25/01/2019 | M | 41 Campo Ms | 18 | Denguewith
Grande no alarm sign

CG17 DENV2 Serum | 24/01/2019 | 22/01/2019 | M | 23 Campo Ms | 19 | Denguewith
Grande no alarm sign

CG18 DENV2 Serum | 22/03/2019 | 21/03/2019 | F | 20 | Corumba Ms | 26 | Denguewith
no alarm sign

CG19 DENV2 | Serum | 07/03/2019 | 06/03/2019 | F | 13 | Doislmaos | \,o | 5 | Dengue with
do Buriti no alarm sign

CG20 DENV2 | Serum | 13/03/2019 | 11/03/2019 | F | 9 | Douradina | ms | 32 | Denguewith
no alarm sign

CG21 DENV2 Serum 14/03/2019 | 14/03/2019 | F | 63 Nioaque Ms | 22 | Dengue with
no alarm sign

CG22 DENV2 | Serum | 17/03/2019 | 15/03/2019 | M | 24 | MundoNovo | Ms | 30 | Denguewith
no alarm sign

cG23 DENV2 Serum | 31/01/2019 | 29/01/2019 | M | 56 Campo Ms | 17 | Denguewith
Grande no alarm sign

CG24 DENV2 | Serum | 19/03/2019 | 16/03/2019 | M | e9 | Aparecida |\ o | o5 | Dengue with
do Taboado no alarm sign

CG68 DENV2 Serum | 25/01/2019 | 22/01/2019 | F | 19 Campo Ms | 26 | Dengue with
Grande no alarm sign

CG69 DENV2 Serum | 23/01/2019 | 21/01/2019 | F | 46 Campo Ms | 24 | Denguewith
Grande no alarm sign

CG70 DENV?2 Serum | 26/01/2019 | 24/01/2019 | M | 49 Campo Ms | 27 | Denguewith
Grande no alarm sign

CG71 DENV2 Serum | 02/02/2019 | 31/01/2019 | M | 42 Campo Ms | 17 | Dengue with
Grande no alarm sign

CG81 DENV2 Serum | 31/01/2019 | 24/01/2019 | F | 21 Campo Ms | 22 | Denguewith
Grande no alarm sign

CG86 DENV?2 Serum | 31/01/2019 | 30/01/2019 | M | 11 Campo Ms | 17 | Denguewith
Grande no alarm sign

CG87 DENV?2 Serum | 25/01/2019 | 23/01/2019 | M | 14 Campo Ms | 22 | Denguewith
Grande no alarm sign

CG90 DENV2 Serum | 23/01/2019 | 23/01/2019 | M | 15 Campo Ms | 16 | Denguewith
Grande no alarm sign

CG94 DENV?2 Serum | 21/01/2019 | 17/01/2019 | F | 54 Campo Ms | 20 | Denguewith
Grande no alarm sign

CG96 DENV?2 Serum | 20/01/2019 | 18/01/2019 | F | 41 Campo Ms | 16 | Denguewith
Grande no alarm sign

CG99 DENV2 Serum | 06/03/2019 | 05/03/2019 | M | 37 Campo Ms | 29 | Denguewith
Grande no alarm sign
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CG100 DENV2 | Seum | 17/03/2019 | 16/03/2019 | F | 19 | Chapaddo | o | 54 | Dengue with
Do Sul no alarm sign
CG102 DENV2 Serum | 27/01/2019 | 26/01/2019 | M | 28 Campo Ms | 20 | Denguewith
Grande no alarm sign
CG103 DENV2 Serum | 26/01/2019 | 25/01/2019 | M | 32 Campo Ms | 22 | Denguewith
Grande no alarm sign
CG104 DENV2 Serum | 23/01/2019 | 21/01/2019 | F | 53 Campo Ms | 19 | Denguewith
Grande no alarm sign
CG105 DENV2 Serum | 27/01/2019 | 24/01/2019 | F | 31 Campo Ms | 19 | Dengue with
Grande no alarm sign
CG106 DENV2 Serum | 24/01/2019 | 21/01/2019 | F | 16 Campo Ms | 17 | Dengue with
Grande no alarm sign
CG107 DENV2 Serum | 31/01/2019 | 29/01/2019 | M | 18 Campo Ms | 22 | Denguewith
Grande no alarm sign
CG108 DENV2 Serum | 26/03/2019 | 24/03/2019 | M | 58 | Maracaju Ms | 20 | Denguewith
no alarm sign
CG109 DENV2 Serum | 26/01/2019 | 23/01/2019 | F | 52 Campo Ms | 18 | Dengue with
Grande no alarm sign
CG110 DENV2 Serum | 04/03/2019 | 01/03/2019 | F | 25 Campo Ms | 26 | Denguewith
Grande no alarm sign
CcG111 DENV2 Serum | 26/03/2019 | 25/03/2019 | M | 13 Corumba Ms | 25 | Denguewith
no alarm sign

CG112 DENV2 Limph 11/04/2019 | 08/04/2019 | F 7 Campo MS | 24 Death

node Grande

CG116 DENV2 Serum 15/01/2019 | 13/01/2019 | M | 13 Campo Ms | 26 | Denguewith
Grande no alarm sign
CG117 DENV2 Serum | 31/01/2019 | 30/01/2019 | M | 70 Campo Ms | 21 | Denguewith
Grande no alarm sign
CG119 DENV2 Serum 19/01/2019 | 17/01/2019 | M | 37 Campo Ms | 16 | Denguewith
Grande no alarm sign
CG120 DENV2 | Serum | 26/01/2019 | 22/01/2019 | M | 13 Campo Ms | 30 | Denguewith
Grande no alarm sign
cG121 DENV2 | Serum | 18/03/2019 | 15/03/2019 | F | 7 Pedro Ms | 24 | Denguewith
Gomes no alarm sign
CG122 DENV2 Serum 15/03/2019 | 13/03/2019 | M | 35 Nioaque Ms | 34 | Denguewith
no alarm sign
cG123 DENV2 | Seum | 19/03/2019 | 19/03/2019 | F | 58 | Chapaddo | o | o5 | Dengue with
do Sul no alarm sign
CG124 DENV2 | Serum | 18/03/2019 | 16/03/2019 | M | 53 | Nioaque Ms | 26 | Denguewith
no alarm sign
CG125 DENV2 | Serum | 15/03/2019 | 14/03/2019 | F | 1g | Doislmaos o | 5, | Dengue with
do Buriti no alarm sign
CG126 DENV2 Serum | 20/03/2019 | 16/03/2019 | M | 24 Ivinhema Ms | 24 | Denguewith
no alarm sign
CG128 DENV2 Serum 13/03/2019 | 11/03/2019 | F | 65 | Maracaju Ms | 23 | Denguewith
no alarm sign
CG129 DENV2 Serum | 11/02/2019 | 10/02/2019 | F | 14 | AguaClara | Ms | 25 | Denguewith
no alarm sign
CG130 DENV2 Serum 15/03/2019 | 14/03/2019 | M | 21 Nioaque Ms | 17 | Denguewith
no alarm sign
CG132 DENV2 Serum | 26/04/2019 | 23/04/2019 | M | 38 Campo Ms | 25 | Denguewith
Grande no alarm sign
CG133 DENV2 Serum 19/03/2019 | 17/03/2019 | F | 39 ltaquirai Ms | 29 | Denguewith
no alarm sign
CG134 DENV2 Serum 10/01/2019 | 09/01/2019 | F | 23 Campo Ms | 26 | Denguewith
Grande no alarm sign
CB02 DENV2 | Serum | 18/02/2019 | 15/02/2019 | M | 36 Nova MT | 23 | Denguewith
Xavantina no alarm sign
CBO03 DENV2 Serum | 02/03/2019 | 27/02/2019 | M | 21 Cuiaba MT | 31 | Denguewith
no alarm sign
OPAS 145 | DENV2 Serum | 09/05/2019 | 09/05/2019 | M | 45 | Custédia PE | 28 | Denguewith
no alarm sign
OPAS 147 | DENV2 | Serum | 31/05/2019 | 27/05/2019 | F | 34 | SantaMaria | oo} o7 | Dengue with
da Boa Vista no alarm sign
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Jaboatao Dengue with
OPAS 164 | DENV2 Serum 27/06/2019 | 23/06/2019 | F 8 dos PE | 29 gue wl
G no alarm sign

uararapes
OPAS 172 | DENV2 Serum 25/01/2016 | 28/01/2016 | M | 25 Ribeirdo sp | 27 | Denguewith
Preto no alarm sign
OPAS176 | DENV2 | Serum | 19/02/2016 | 26/02/2016 | M | 25 | Ribeirdo sp | 35 | Dengue with
Preto no alarm sign
OPAS 177 | DENV2 Serum | 01/03/2016 | 08/03/2016 | M | 54 | Ribeirdo sp | 28 | Denguewith
Preto no alarm sign
OPAS 178 | DENV2 Serum 14/01/2019 | 11/01/2019 | F | 38 | Vassouras RJ | 27 | Dengue with
no alarm sign

ID=study identifier; Collection date=Sample collection date; Municipality=Municipality of residence;
State=BA-Bahia; DF-Distrito Federal; GO-Goias; MG-Minas Gerais; MS-Mato Grosso do Sul; MT-
Mato Grosso do Sul; PE-Pernambuco; SP-Sao Paulo; RJ-Rio de Janeiro; Ct=RT-qPCR quantification
cycle threshold value; NA=Not Applicable.
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Supplementary Table 3. Sequencing statistics for the 227 DENV1 and DENV2

sequences generated in this study.

ID Serotype Accession Reads Coverage GenBank link
Number (%)

OPAS 41 DENV1 | MT929530 1148 67.9 https://www.ncbi.nlm.nih.gov/nuccore/MT929530
OPAS 42 DENV1 | MT929531 38409 89.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929531
OPAS 43 DENV1 | MT929532 | 47835 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929532
OPAS 44 DENV1 | MT929533 | 32466 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929533
OPAS 45 DENV1 | MT929534 | 34796 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929534
OPAS 46 DENV1 | MT929535 | 60684 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929535
OPAS 47 DENV1 | MT929536 | 60872 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929536
OPAS 48 DENV1 | MT929537 | 44516 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929537
OPAS 49 DENV1 | MT929538 | 25874 85.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929538
OPAS 50 DENV1 | MT929539 | 17230 89.4 https://www.ncbi.nlm.nih.gov/nuccore/MT929539
OPAS 56 DENV1 | MT929540 | 36579 85.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929540
OPAS 57 DENV1 | MT929541 34262 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929541
OPAS 58 DENV1 | MT929542 | 13742 85.4 https://www.ncbi.nlm.nih.gov/nuccore/MT929542
OPAS 60 DENV1 | MT929543 | 25105 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929543
OPAS 61 DENV1 | MT929544 | 23023 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929544
OPAS 62 DENV1 | MT929545 | 33004 85.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929545
OPAS 63 DENV1 | MT929546 | 25770 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929546
OPAS 64 DENV1 | MT929547 | 34030 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929547
OPAS 65 DENV1 | MT929548 | 30509 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929548
OPAS 157 DENV1 | MT929573 | 42518 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929573
OPAS 158 DENV1 | MT929574 | 36165 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929574

G003 DENV1 | MT929528 | 22569 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929528

G004 DENV1 | MT929529 | 28354 89.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929529
OPAS 131 DENV1 | MT929556 | 67644 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929556
OPAS 132 DENV1 | MT929557 | 86925 85.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929557
OPAS 133 DENV1 | MT929558 | 80673 89.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929558
OPAS 134 DENV1 | MT929559 | 54060 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929559
OPAS 135 DENV1 | MT929560 | 81799 85.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929560
OPAS 136 DENV1 | MT929561 66262 93.6 https://www.ncbi.nIm.nih.gov/nuccore/MT929561
OPAS 137 DENV1 | MT929562 | 60855 85.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929562
OPAS 138 DENV1 | MT929563 | 70760 85.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929563



https://www.ncbi.nlm.nih.gov/nuccore/MT929530
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https://www.ncbi.nlm.nih.gov/nuccore/MT929534
https://www.ncbi.nlm.nih.gov/nuccore/MT929535
https://www.ncbi.nlm.nih.gov/nuccore/MT929536
https://www.ncbi.nlm.nih.gov/nuccore/MT929537
https://www.ncbi.nlm.nih.gov/nuccore/MT929538
https://www.ncbi.nlm.nih.gov/nuccore/MT929539
https://www.ncbi.nlm.nih.gov/nuccore/MT929540
https://www.ncbi.nlm.nih.gov/nuccore/MT929541
https://www.ncbi.nlm.nih.gov/nuccore/MT929542
https://www.ncbi.nlm.nih.gov/nuccore/MT929543
https://www.ncbi.nlm.nih.gov/nuccore/MT929544
https://www.ncbi.nlm.nih.gov/nuccore/MT929545
https://www.ncbi.nlm.nih.gov/nuccore/MT929546
https://www.ncbi.nlm.nih.gov/nuccore/MT929547
https://www.ncbi.nlm.nih.gov/nuccore/MT929548
https://www.ncbi.nlm.nih.gov/nuccore/MT929573
https://www.ncbi.nlm.nih.gov/nuccore/MT929574
https://www.ncbi.nlm.nih.gov/nuccore/MT929528
https://www.ncbi.nlm.nih.gov/nuccore/MT929529
https://www.ncbi.nlm.nih.gov/nuccore/MT929556
https://www.ncbi.nlm.nih.gov/nuccore/MT929557
https://www.ncbi.nlm.nih.gov/nuccore/MT929558
https://www.ncbi.nlm.nih.gov/nuccore/MT929559
https://www.ncbi.nlm.nih.gov/nuccore/MT929560
https://www.ncbi.nlm.nih.gov/nuccore/MT929561
https://www.ncbi.nlm.nih.gov/nuccore/MT929562
https://www.ncbi.nlm.nih.gov/nuccore/MT929563
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OPAS 90 DENV1 | MT929549 | 58872 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929549
OPAS 92 DENV1 | MT929550 | 60850 94.8 https://www.ncbi.nlm.nih.gov/nuccore/MT929550
OPAS 99 DENV1 | MT929551 74959 78.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929551
OPAS 100 DENV1 | MT929552 | 66474 86.0 https://www.ncbi.nlm.nih.gov/nuccore/MT929552
OPAS 101 DENV1 | MT929553 | 82037 80.8 https://www.ncbi.nlm.nih.gov/nuccore/MT929553
OPAS 102 DENV1 | MT929554 | 81787 94.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929554
OPAS 103 DENV1 | MT929555 | 73129 89.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929555
OPAS 165 DENV1 | MT929577 | 38272 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929577
OPAS 167 DENV1 | MT929578 | 44365 93.7 https://www.ncbi.nlm.nih.gov/nuccore/MT929578
OPAS 168 DENV1 | MT929579 | 41920 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929579
OPAS 169 DENV1 | MT929580 | 37728 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929580
OPAS 148 DENV1 | MT929564 | 73395 89.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929564
OPAS 149 DENV1 | MT929565 | 74685 70.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929565
OPAS 150 DENV1 | MT929566 | 80594 75.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929566
OPAS 151 DENV1 | MT929567 | 29271 82.0 https://www.ncbi.nlm.nih.gov/nuccore/MT929567
OPAS 152 DENV1 | MT929568 | 79935 85.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929568
OPAS 153 DENV1 | MT929569 | 45364 82.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929569
OPAS 154 DENV1 | MT929570 | 75476 85.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929570
OPAS 155 DENV1 | MT929571 30379 91.9 https://www.ncbi.nlm.nih.gov/nuccore/MT929571
OPAS 156 | DENV1 | MT929572 | 126739 85.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929572
OPAS 162 DENV1 | MT929575 | 26821 85.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929575
OPAS 163 | DENV1 | MT929576 | 236906 775 https://www.ncbi.nlm.nih.gov/nuccore/MT929576
OPAS 171 DENV1 | MT929581 31506 78.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929581
OPAS 173 | DENV1 | MT929582 9180 74.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929582
OPAS 174 DENV1 | MT929583 | 34410 78.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929583
OPAS 175 DENV1 | MT929584 | 23241 94.0 https://www.ncbi.nlm.nih.gov/nuccore/MT929584
OPAS 51 DENV2 | MT929688 | 22430 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929688
OPAS 52 DENV2 | MT929689 | 26105 84.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929689
OPAS 53 DENV2 | MT929690 | 24082 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929690
OPAS 54 DENV2 | MT929691 20538 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929691
OPAS 55 DENV2 | MT929692 | 25194 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929692
OPAS 110 DENV2 | MT929722 | 78479 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929722
OPAS 111 DENV2 | MT929723 | 127120 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929723
OPAS 112 DENV2 | MT929724 | 75160 77.7 https://www.ncbi.nlm.nih.gov/nuccore/MT929724
OPAS 113 DENV2 | MT929725 | 89452 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929725
OPAS 114 DENV2 | MT929726 | 80250 85.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929726



https://www.ncbi.nlm.nih.gov/nuccore/MT929549
https://www.ncbi.nlm.nih.gov/nuccore/MT929550
https://www.ncbi.nlm.nih.gov/nuccore/MT929551
https://www.ncbi.nlm.nih.gov/nuccore/MT929552
https://www.ncbi.nlm.nih.gov/nuccore/MT929553
https://www.ncbi.nlm.nih.gov/nuccore/MT929554
https://www.ncbi.nlm.nih.gov/nuccore/MT929555
https://www.ncbi.nlm.nih.gov/nuccore/MT929577
https://www.ncbi.nlm.nih.gov/nuccore/MT929578
https://www.ncbi.nlm.nih.gov/nuccore/MT929579
https://www.ncbi.nlm.nih.gov/nuccore/MT929580
https://www.ncbi.nlm.nih.gov/nuccore/MT929564
https://www.ncbi.nlm.nih.gov/nuccore/MT929565
https://www.ncbi.nlm.nih.gov/nuccore/MT929566
https://www.ncbi.nlm.nih.gov/nuccore/MT929567
https://www.ncbi.nlm.nih.gov/nuccore/MT929568
https://www.ncbi.nlm.nih.gov/nuccore/MT929569
https://www.ncbi.nlm.nih.gov/nuccore/MT929570
https://www.ncbi.nlm.nih.gov/nuccore/MT929571
https://www.ncbi.nlm.nih.gov/nuccore/MT929572
https://www.ncbi.nlm.nih.gov/nuccore/MT929575
https://www.ncbi.nlm.nih.gov/nuccore/MT929576
https://www.ncbi.nlm.nih.gov/nuccore/MT929581
https://www.ncbi.nlm.nih.gov/nuccore/MT929582
https://www.ncbi.nlm.nih.gov/nuccore/MT929583
https://www.ncbi.nlm.nih.gov/nuccore/MT929584
https://www.ncbi.nlm.nih.gov/nuccore/MT929688
https://www.ncbi.nlm.nih.gov/nuccore/MT929689
https://www.ncbi.nlm.nih.gov/nuccore/MT929690
https://www.ncbi.nlm.nih.gov/nuccore/MT929691
https://www.ncbi.nlm.nih.gov/nuccore/MT929692
https://www.ncbi.nlm.nih.gov/nuccore/MT929722
https://www.ncbi.nlm.nih.gov/nuccore/MT929723
https://www.ncbi.nlm.nih.gov/nuccore/MT929724
https://www.ncbi.nlm.nih.gov/nuccore/MT929725
https://www.ncbi.nlm.nih.gov/nuccore/MT929726
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OPAS 115 DENV2 | MT929727 | 96331 73.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929727
OPAS 116 DENV2 | MT929728 | 76730 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929728
OPAS 117 DENV2 | MT929729 | 74632 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929729
OPAS 118 DENV2 | MT929730 | 74663 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929730
OPAS 119 DENV2 | MT929731 71196 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929731
OPAS 120 DENV2 | MT929732 | 69618 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929732
OPAS 121 DENV2 | MT929733 | 73302 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929733
OPAS 122 DENV2 | MT929734 | 76102 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929734
OPAS 123 DENV2 | MT929735 | 62619 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929735
OPAS 124 DENV2 | MT929736 | 78826 80.9 https://www.ncbi.nlm.nih.gov/nuccore/MT929736
OPAS 161 DENV2 | MT929749 | 11924 69.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929749

G072 DENV2 | MT929646 | 33490 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929646

GO75 DENV2 | MT929647 | 29201 92.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929647
OPAS 66 DENV2 | MT929693 | 25861 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929693
OPAS 67 DENV2 | MT929694 | 53737 93.7 https://www.ncbi.nlm.nih.gov/nuccore/MT929694
OPAS 68 DENV2 | MT929695 | 76127 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929695
OPAS 69 DENV2 | MT929696 | 77345 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929696
OPAS 70 DENV2 | MT929697 | 53087 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929697
OPAS 71 DENV2 | MT929698 | 68171 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929698
OPAS 72 DENV2 | MT929699 | 62398 76.9 https://www.ncbi.nlm.nih.gov/nuccore/MT929699
OPAS 74 DENV2 | MT929700 | 69451 93.0 https://www.ncbi.nlm.nih.gov/nuccore/MT929700
OPAS 75 DENV2 | MT929701 59345 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929701
OPAS 76 DENV2 | MT929702 | 61310 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929702
OPAS 77 DENV2 | MT929703 | 52796 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929703
OPAS 78 DENV2 | MT929704 | 53603 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929704
OPAS 79 DENV2 | MT929705 | 72112 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929705
OPAS 80 DENV2 | MT929706 | 58137 93.0 https://www.ncbi.nlm.nih.gov/nuccore/MT929706
OPAS 81 DENV2 | MT929707 | 55335 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929707
OPAS 82 DENV2 | MT929708 | 66133 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929708
OPAS 83 DENV2 | MT929709 | 63357 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929709
OPAS 84 DENV2 | MT929710 | 79443 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929710
OPAS 85 DENV2 | MT929711 59880 93.5 https://www.ncbi.nIm.nih.gov/nuccore/MT929711
OPAS 86 DENV2 | MT929712 | 82765 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929712
OPAS 87 DENV2 | MT929713 | 73573 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929713
OPAS 89 DENV2 | MT929714 | 91026 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT9297 14
OPAS 125 DENV2 | MT929737 | 67578 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929737



https://www.ncbi.nlm.nih.gov/nuccore/MT929727
https://www.ncbi.nlm.nih.gov/nuccore/MT929728
https://www.ncbi.nlm.nih.gov/nuccore/MT929729
https://www.ncbi.nlm.nih.gov/nuccore/MT929730
https://www.ncbi.nlm.nih.gov/nuccore/MT929731
https://www.ncbi.nlm.nih.gov/nuccore/MT929732
https://www.ncbi.nlm.nih.gov/nuccore/MT929733
https://www.ncbi.nlm.nih.gov/nuccore/MT929734
https://www.ncbi.nlm.nih.gov/nuccore/MT929735
https://www.ncbi.nlm.nih.gov/nuccore/MT929736
https://www.ncbi.nlm.nih.gov/nuccore/MT929749
https://www.ncbi.nlm.nih.gov/nuccore/MT929646
https://www.ncbi.nlm.nih.gov/nuccore/MT929647
https://www.ncbi.nlm.nih.gov/nuccore/MT929693
https://www.ncbi.nlm.nih.gov/nuccore/MT929694
https://www.ncbi.nlm.nih.gov/nuccore/MT929695
https://www.ncbi.nlm.nih.gov/nuccore/MT929696
https://www.ncbi.nlm.nih.gov/nuccore/MT929697
https://www.ncbi.nlm.nih.gov/nuccore/MT929698
https://www.ncbi.nlm.nih.gov/nuccore/MT929699
https://www.ncbi.nlm.nih.gov/nuccore/MT929700
https://www.ncbi.nlm.nih.gov/nuccore/MT929701
https://www.ncbi.nlm.nih.gov/nuccore/MT929702
https://www.ncbi.nlm.nih.gov/nuccore/MT929703
https://www.ncbi.nlm.nih.gov/nuccore/MT929704
https://www.ncbi.nlm.nih.gov/nuccore/MT929705
https://www.ncbi.nlm.nih.gov/nuccore/MT929706
https://www.ncbi.nlm.nih.gov/nuccore/MT929707
https://www.ncbi.nlm.nih.gov/nuccore/MT929708
https://www.ncbi.nlm.nih.gov/nuccore/MT929709
https://www.ncbi.nlm.nih.gov/nuccore/MT929710
https://www.ncbi.nlm.nih.gov/nuccore/MT929711
https://www.ncbi.nlm.nih.gov/nuccore/MT929712
https://www.ncbi.nlm.nih.gov/nuccore/MT929713
https://www.ncbi.nlm.nih.gov/nuccore/MT929714
https://www.ncbi.nlm.nih.gov/nuccore/MT929737
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OPAS 126 DENV2 | MT929738 | 20234 69.8 https://www.ncbi.nlm.nih.gov/nuccore/MT929738
OPAS 127 DENV2 | MT929739 | 14215 79.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929739
OPAS 128 DENV2 | MT929740 | 24790 82.4 https://www.ncbi.nlm.nih.gov/nuccore/MT929740
OPAS 129 DENV2 | MT929741 35067 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929741
OPAS 130 DENV2 | MT929742 | 33004 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929742
OPAS 139 DENV2 | MT929743 | 36363 93.0 https://www.ncbi.nlm.nih.gov/nuccore/MT929743
OPAS 140 DENV2 | MT929744 | 13891 70.7 https://www.ncbi.nlm.nih.gov/nuccore/MT929744
OPAS 142 DENV2 | MT929745 9452 83.0 https://www.ncbi.nlm.nih.gov/nuccore/MT929745
OPAS 159 DENV2 | MT929748 | 16501 75.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929748
OPAS 01 DENV2 | MT929648 | 67212 86.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929648
OPAS 02 DENV2 | MT929649 | 79407 88.0 https://www.ncbi.nlm.nih.gov/nuccore/MT929649
OPAS 03 DENV2 | MT929650 | 64014 87.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929650
OPAS 04 DENV2 | MT929651 64749 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929651
OPAS 05 DENV2 | MT929652 | 54742 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929652
OPAS 06 DENV2 | MT929653 | 55680 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929653
OPAS 07 DENV2 | MT929654 | 66199 91.4 https://www.ncbi.nlm.nih.gov/nuccore/MT929654
OPAS 08 DENV2 | MT929655 | 79984 86.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929655
OPAS 09 DENV2 | MT929656 | 51403 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929656
OPAS 10 DENV2 | MT929657 | 64173 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929657
OPAS 11 DENV2 | MT929658 | 40468 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929658
OPAS 12 DENV2 | MT929659 | 63797 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929659
OPAS 13 DENV2 | MT929660 | 61680 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929660
OPAS 14 DENV2 | MT929661 55153 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929661
OPAS 15 DENV2 | MT929662 | 49508 90.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929662
OPAS 16 DENV2 | MT929663 | 61994 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929663
OPAS 17 DENV2 | MT929664 | 37366 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929664
OPAS 18 DENV2 | MT929665 | 34881 66.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929665
OPAS 19 DENV2 | MT929666 | 46152 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929666
OPAS 20 DENV2 | MT929667 | 64056 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929667
OPAS 21 DENV2 | MT929668 | 42803 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929668
OPAS 22 DENV2 | MT929669 | 51459 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929669
OPAS 23 DENV2 | MT929670 | 49658 92.9 https://www.ncbi.nlm.nih.gov/nuccore/MT929670
OPAS 24 DENV2 | MT929671 13142 60.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929671
OPAS 25 DENV2 | MT929672 9737 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929672
OPAS 26 DENV2 | MT929673 | 10315 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929673
OPAS 27 DENV2 | MT929674 | 13660 73.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929674



https://www.ncbi.nlm.nih.gov/nuccore/MT929738
https://www.ncbi.nlm.nih.gov/nuccore/MT929739
https://www.ncbi.nlm.nih.gov/nuccore/MT929740
https://www.ncbi.nlm.nih.gov/nuccore/MT929741
https://www.ncbi.nlm.nih.gov/nuccore/MT929742
https://www.ncbi.nlm.nih.gov/nuccore/MT929743
https://www.ncbi.nlm.nih.gov/nuccore/MT929744
https://www.ncbi.nlm.nih.gov/nuccore/MT929745
https://www.ncbi.nlm.nih.gov/nuccore/MT929748
https://www.ncbi.nlm.nih.gov/nuccore/MT929648
https://www.ncbi.nlm.nih.gov/nuccore/MT929649
https://www.ncbi.nlm.nih.gov/nuccore/MT929650
https://www.ncbi.nlm.nih.gov/nuccore/MT929651
https://www.ncbi.nlm.nih.gov/nuccore/MT929652
https://www.ncbi.nlm.nih.gov/nuccore/MT929653
https://www.ncbi.nlm.nih.gov/nuccore/MT929654
https://www.ncbi.nlm.nih.gov/nuccore/MT929655
https://www.ncbi.nlm.nih.gov/nuccore/MT929656
https://www.ncbi.nlm.nih.gov/nuccore/MT929657
https://www.ncbi.nlm.nih.gov/nuccore/MT929658
https://www.ncbi.nlm.nih.gov/nuccore/MT929659
https://www.ncbi.nlm.nih.gov/nuccore/MT929660
https://www.ncbi.nlm.nih.gov/nuccore/MT929661
https://www.ncbi.nlm.nih.gov/nuccore/MT929662
https://www.ncbi.nlm.nih.gov/nuccore/MT929663
https://www.ncbi.nlm.nih.gov/nuccore/MT929664
https://www.ncbi.nlm.nih.gov/nuccore/MT929665
https://www.ncbi.nlm.nih.gov/nuccore/MT929666
https://www.ncbi.nlm.nih.gov/nuccore/MT929667
https://www.ncbi.nlm.nih.gov/nuccore/MT929668
https://www.ncbi.nlm.nih.gov/nuccore/MT929669
https://www.ncbi.nlm.nih.gov/nuccore/MT929670
https://www.ncbi.nlm.nih.gov/nuccore/MT929671
https://www.ncbi.nlm.nih.gov/nuccore/MT929672
https://www.ncbi.nlm.nih.gov/nuccore/MT929673
https://www.ncbi.nlm.nih.gov/nuccore/MT929674
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OPAS 28 DENV2 | MT929675 | 11857 89.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929675
OPAS 29 DENV2 | MT929676 9867 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929676
OPAS 30 DENV2 | MT929677 | 11290 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929677
OPAS 31 DENV2 | MT929678 | 12548 73.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929678
OPAS 32 DENV2 | MT929679 7967 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929679
OPAS 33 DENV2 | MT929680 | 11544 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929680
OPAS 34 DENV2 | MT929681 13239 93.0 https://www.ncbi.nlm.nih.gov/nuccore/MT929681
OPAS 35 DENV2 | MT929682 | 11617 89.9 https://www.ncbi.nlm.nih.gov/nuccore/MT929682
OPAS 36 DENV2 | MT929683 | 19614 73.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929683
OPAS 37 DENV2 | MT929684 | 16382 88.8 https://www.ncbi.nlm.nih.gov/nuccore/MT929684
OPAS 38 DENV2 | MT929685 | 14810 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929685
OPAS 39 DENV2 | MT929686 | 18506 83.8 https://www.ncbi.nlm.nih.gov/nuccore/MT929686
OPAS 40 DENV2 | MT929687 | 16077 66.8 https://www.ncbi.nlm.nih.gov/nuccore/MT929687
OPAS 93 DENV2 | MT929715 | 67656 88.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929715
OPAS 95 DENV2 | MT929716 | 81051 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929716
OPAS 96 DENV2 | MT929717 | 86395 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929717
OPAS 105 DENV2 | MT929718 | 85629 86.9 https://www.ncbi.nlm.nih.gov/nuccore/MT929718
OPAS 106 DENV2 | MT929719 | 71717 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929719
OPAS 107 DENV2 | MT929720 | 72564 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929720
OPAS 108 DENV2 | MT929721 84260 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929721
CGo02 DENV2 | MT929587 | 58997 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929587
CGO06 DENV2 | MT929588 | 70195 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929588
CGo7 DENV2 | MT929589 | 41807 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929589
CGO08 DENV2 | MT929590 | 65721 67.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929590
CGO09 DENV2 | MT929591 47818 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929591
CG10 DENV2 | MT929592 | 49514 73.8 https://www.ncbi.nlm.nih.gov/nuccore/MT929592
CG11 DENV2 | MT929593 | 42961 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929593
CG12 DENV2 | MT929594 | 21079 73.7 https://www.ncbi.nlm.nih.gov/nuccore/MT929594
CG13 DENV2 | MT929595 | 34494 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929595
CG14 DENV2 | MT929596 | 54053 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929596
CG15 DENV2 | MT929597 | 53455 79.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929597
CG16 DENV2 | MT929598 | 27224 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929598
CG17 DENV2 | MT929599 | 49155 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929599
CG18 DENV2 | MT929600 | 43608 73.9 https://www.ncbi.nlm.nih.gov/nuccore/MT929600
CG19 DENV2 | MT929601 27042 82.0 https://www.ncbi.nIm.nih.gov/nuccore/MT929601
CG20 DENV2 | MT929602 | 43832 73.7 https://www.ncbi.nlm.nih.gov/nuccore/MT929602



https://www.ncbi.nlm.nih.gov/nuccore/MT929675
https://www.ncbi.nlm.nih.gov/nuccore/MT929676
https://www.ncbi.nlm.nih.gov/nuccore/MT929677
https://www.ncbi.nlm.nih.gov/nuccore/MT929678
https://www.ncbi.nlm.nih.gov/nuccore/MT929679
https://www.ncbi.nlm.nih.gov/nuccore/MT929680
https://www.ncbi.nlm.nih.gov/nuccore/MT929681
https://www.ncbi.nlm.nih.gov/nuccore/MT929682
https://www.ncbi.nlm.nih.gov/nuccore/MT929683
https://www.ncbi.nlm.nih.gov/nuccore/MT929684
https://www.ncbi.nlm.nih.gov/nuccore/MT929685
https://www.ncbi.nlm.nih.gov/nuccore/MT929686
https://www.ncbi.nlm.nih.gov/nuccore/MT929687
https://www.ncbi.nlm.nih.gov/nuccore/MT929715
https://www.ncbi.nlm.nih.gov/nuccore/MT929716
https://www.ncbi.nlm.nih.gov/nuccore/MT929717
https://www.ncbi.nlm.nih.gov/nuccore/MT929718
https://www.ncbi.nlm.nih.gov/nuccore/MT929719
https://www.ncbi.nlm.nih.gov/nuccore/MT929720
https://www.ncbi.nlm.nih.gov/nuccore/MT929721
https://www.ncbi.nlm.nih.gov/nuccore/MT929587
https://www.ncbi.nlm.nih.gov/nuccore/MT929588
https://www.ncbi.nlm.nih.gov/nuccore/MT929589
https://www.ncbi.nlm.nih.gov/nuccore/MT929590
https://www.ncbi.nlm.nih.gov/nuccore/MT929591
https://www.ncbi.nlm.nih.gov/nuccore/MT929592
https://www.ncbi.nlm.nih.gov/nuccore/MT929593
https://www.ncbi.nlm.nih.gov/nuccore/MT929594
https://www.ncbi.nlm.nih.gov/nuccore/MT929595
https://www.ncbi.nlm.nih.gov/nuccore/MT929596
https://www.ncbi.nlm.nih.gov/nuccore/MT929597
https://www.ncbi.nlm.nih.gov/nuccore/MT929598
https://www.ncbi.nlm.nih.gov/nuccore/MT929599
https://www.ncbi.nlm.nih.gov/nuccore/MT929600
https://www.ncbi.nlm.nih.gov/nuccore/MT929601
https://www.ncbi.nlm.nih.gov/nuccore/MT929602
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CG21 DENV2 | MT929603 | 22422 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929603
CG22 DENV2 | MT929604 | 21798 73.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929604
CcG23 DENV2 | MT929605 | 42692 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929605
CG24 DENV2 | MT929606 | 37019 93.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929606
CG68 DENV2 | MT929607 | 101708 83.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929607
CG69 DENV2 | MT929608 | 72620 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929608
CG70 DENV2 | MT929609 | 116881 84.6 https://www.ncbi.nlm.nih.gov/nuccore/MT929609
CGT71 DENV2 | MT929610 5307 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929610
CG81 DENV2 | MT929611 | 166110 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929611
CG86 DENV2 | MT929612 | 114276 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929612
CG87 DENV2 | MT929613 4710 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929613
CG90 DENV2 | MT929614 | 103971 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929614
CG94 DENV2 | MT929615 | 134892 80.9 https://www.ncbi.nlm.nih.gov/nuccore/MT929615
CG96 DENV2 | MT929616 | 148786 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929616
CG99 DENV2 | MT929617 | 120232 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929617
CG100 DENV2 | MT929618 | 116370 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929618
CG102 DENV2 | MT929619 | 55098 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929619
CG103 DENV2 | MT929620 | 50051 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929620
CG104 DENV2 | MT929621 5237 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929621
CG105 DENV2 | MT929622 | 30959 935 https://www.ncbi.nlm.nih.gov/nuccore/MT929622
CG106 DENV2 | MT929623 | 110736 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929623
CcG107 DENV2 | MT929624 | 1001632 73.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929624
CG108 DENV2 | MT929625 | 88602 88.4 https://www.ncbi.nlm.nih.gov/nuccore/MT929625
CG109 DENV2 | MT929626 | 57723 935 https://www.ncbi.nlm.nih.gov/nuccore/MT929626
CG110 DENV2 | MT929627 | 82777 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929627
CG111 DENV2 | MT929628 | 72903 88.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929628
CG112 DENV2 | MT929629 | 59051 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929629
CG116 DENV2 | MT929630 | 48670 87.8 https://www.ncbi.nlm.nih.gov/nuccore/MT929630
CG117 DENV2 | MT929631 43758 88.1 https://www.ncbi.nIm.nih.gov/nuccore/MT929631
CG119 DENV2 | MT929632 | 66890 935 https://www.ncbi.nlm.nih.gov/nuccore/MT929632
CG120 DENV2 | MT929633 | 50837 88.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929633
CG121 DENV2 | MT929634 | 123428 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929634
CG122 DENV2 | MT929635 | 150786 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929635
CG123 DENV2 | MT929636 | 98764 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929636
CG124 DENV2 | MT929637 | 19138 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929637
CG125 DENV2 | MT929638 | 44351 85.8 https://www.ncbi.nlm.nih.gov/nuccore/MT929638



https://www.ncbi.nlm.nih.gov/nuccore/MT929603
https://www.ncbi.nlm.nih.gov/nuccore/MT929604
https://www.ncbi.nlm.nih.gov/nuccore/MT929605
https://www.ncbi.nlm.nih.gov/nuccore/MT929606
https://www.ncbi.nlm.nih.gov/nuccore/MT929607
https://www.ncbi.nlm.nih.gov/nuccore/MT929608
https://www.ncbi.nlm.nih.gov/nuccore/MT929609
https://www.ncbi.nlm.nih.gov/nuccore/MT929610
https://www.ncbi.nlm.nih.gov/nuccore/MT929611
https://www.ncbi.nlm.nih.gov/nuccore/MT929612
https://www.ncbi.nlm.nih.gov/nuccore/MT929613
https://www.ncbi.nlm.nih.gov/nuccore/MT929614
https://www.ncbi.nlm.nih.gov/nuccore/MT929615
https://www.ncbi.nlm.nih.gov/nuccore/MT929616
https://www.ncbi.nlm.nih.gov/nuccore/MT929617
https://www.ncbi.nlm.nih.gov/nuccore/MT929618
https://www.ncbi.nlm.nih.gov/nuccore/MT929619
https://www.ncbi.nlm.nih.gov/nuccore/MT929620
https://www.ncbi.nlm.nih.gov/nuccore/MT929621
https://www.ncbi.nlm.nih.gov/nuccore/MT929622
https://www.ncbi.nlm.nih.gov/nuccore/MT929623
https://www.ncbi.nlm.nih.gov/nuccore/MT929624
https://www.ncbi.nlm.nih.gov/nuccore/MT929625
https://www.ncbi.nlm.nih.gov/nuccore/MT929626
https://www.ncbi.nlm.nih.gov/nuccore/MT929627
https://www.ncbi.nlm.nih.gov/nuccore/MT929628
https://www.ncbi.nlm.nih.gov/nuccore/MT929629
https://www.ncbi.nlm.nih.gov/nuccore/MT929630
https://www.ncbi.nlm.nih.gov/nuccore/MT929631
https://www.ncbi.nlm.nih.gov/nuccore/MT929632
https://www.ncbi.nlm.nih.gov/nuccore/MT929633
https://www.ncbi.nlm.nih.gov/nuccore/MT929634
https://www.ncbi.nlm.nih.gov/nuccore/MT929635
https://www.ncbi.nlm.nih.gov/nuccore/MT929636
https://www.ncbi.nlm.nih.gov/nuccore/MT929637
https://www.ncbi.nlm.nih.gov/nuccore/MT929638
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CG126 DENV2 | MT929639 | 26287 73.7 https://www.ncbi.nlm.nih.gov/nuccore/MT929639
CG128 DENV2 | MT929640 | 38678 87.9 https://www.ncbi.nlm.nih.gov/nuccore/MT929640
CG129 DENV2 | MT929641 45603 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929641
CG130 DENV2 | MT929642 | 39445 93.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929642
CG132 DENV2 | MT929643 | 39587 87.0 https://www.ncbi.nlm.nih.gov/nuccore/MT929643
CG133 DENV2 | MT929644 | 83438 88.2 https://www.ncbi.nlm.nih.gov/nuccore/MT929644
CG134 DENV2 | MT929645 | 45255 88.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929645
CB02 DENV2 | MT929585 | 36474 51.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929585
CBO03 DENV2 | MT929586 | 32227 47.8 https://www.ncbi.nlm.nih.gov/nuccore/MT929586
OPAS 145 DENV2 | MT929746 | 85028 74.3 https://www.ncbi.nlm.nih.gov/nuccore/MT929746
OPAS 147 DENV2 | MT929747 | 62082 73.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929747
OPAS 164 DENV2 | MT929750 | 16602 79.5 https://www.ncbi.nlm.nih.gov/nuccore/MT929750
OPAS 172 DENV2 | MT929751 21448 93.7 https://www.ncbi.nlm.nih.gov/nuccore/MT929751
OPAS 176 DENV2 | MT929752 3243 74.4 https://www.ncbi.nlm.nih.gov/nuccore/MT929752
OPAS 177 DENV2 | MT929753 | 154641 94.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929753
OPAS 178 DENV2 | MT929754 | 23384 89.1 https://www.ncbi.nlm.nih.gov/nuccore/MT929754

ID=study identifier; Accession Number=NCBI accession number



https://www.ncbi.nlm.nih.gov/nuccore/MT929639
https://www.ncbi.nlm.nih.gov/nuccore/MT929640
https://www.ncbi.nlm.nih.gov/nuccore/MT929641
https://www.ncbi.nlm.nih.gov/nuccore/MT929642
https://www.ncbi.nlm.nih.gov/nuccore/MT929643
https://www.ncbi.nlm.nih.gov/nuccore/MT929644
https://www.ncbi.nlm.nih.gov/nuccore/MT929645
https://www.ncbi.nlm.nih.gov/nuccore/MT929585
https://www.ncbi.nlm.nih.gov/nuccore/MT929586
https://www.ncbi.nlm.nih.gov/nuccore/MT929746
https://www.ncbi.nlm.nih.gov/nuccore/MT929747
https://www.ncbi.nlm.nih.gov/nuccore/MT929750
https://www.ncbi.nlm.nih.gov/nuccore/MT929751
https://www.ncbi.nlm.nih.gov/nuccore/MT929752
https://www.ncbi.nlm.nih.gov/nuccore/MT929753
https://www.ncbi.nlm.nih.gov/nuccore/MT929754

Supplementary Table 4. Genetic signatures for BR-4 lineages | and II.
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nn nn aa aa aa codon | codon
SNV Protein
position position position Linl Linll Linl Linll
membrane glycoprotein
1 450 12 4 T T acc act
precursor priv
2 954 envelope protein E 18 6 I I ata atc
3 1986 envelope protein E 1050 350 R R cgc cgc
4 2223 envelope protein E 1287 429 F F ttt ttc
5 2276 envelope protein E 1340 447 \% A gtt gct
6 2319 envelope protein E 1383 461 Vv \Y, gtc gta
7 2448 nonstructural protein NS1 27 9 K K aaa aag
8 3330 nonstructural protein NS1 909 303 A A gce gct
9 4341 nonstructural protein NS2B 210 70 S S agt agce
10 4482 nonstructural protein NS2B 351 117 T T acg aca
1 4974 nonstructural protein NS3 453 151 G G ggt ggc
12 5190 nonstructural protein NS3 669 223 P P cce cct
13 5304 nonstructural protein NS3 783 261 C C tgt tgc
14 5730 nonstructural protein NS3 1209 403 D D gat gac
15 5835 nonstructural protein NS3 1314 438 E E gaa gag
16 6966 nonstructural protein NS4B 141 47 F F ttt ttt
17 7038 nonstructural protein NS4B 213 71 Q Q cag caa
18 7059 nonstructural protein NS4B 234 78 L L ctt ctc
19 7137 nonstructural protein NS4B 312 104 P P cct cce
RNA-dependent RNA
20 7656 87 29 K K aag aag
polymerase NS5
RNA-dependent RNA
21 7758 189 63 R R agg aga
polymerase NS5
RNA-dependent RNA
22 7999 430 144 L L ctg ttg
polymerase NS5
RNA-dependent RNA
23 8298 729 243 F F ttc ttt
polymerase NS5
RNA-dependent RNA
24 8658 1089 363 T T act acc
polymerase NS5
RNA-dependent RNA
25 9208 1639 547 L L tta cta
polymerase NS5
RNA-dependent RNA
26 9226 1657 553 \Y, I gta ata
polymerase NS5
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RNA-dependent RNA
27 9303 1734 578 gtg gtg
polymerase NS5
RNA-dependent RNA
28 9399 1830 610 aat aac
polymerase NS5
RNA-dependent RNA
29 9424 1855 619 tta cta
polymerase NS5
RNA-dependent RNA
30 9576 2007 669 cct cce
polymerase NS5
RNA-dependent RNA
31 9660 2091 697 tct tca
polymerase NS5
RNA-dependent RNA
32 9725 2156 719 ata aaa
polymerase NS5
RNA-dependent RNA
33 9795 2226 742 cag caa
polymerase NS5
RNA-dependent RNA
34 9942 2373 791 agce agt
polymerase NS5

SNV=single nucleotide variant; nn=nucleotide; aa=amino acid; LinI=BR-4 lineage [; Linll=BR-4 lineage
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Supplementary Table 5. Primers for sequencing the complete genomes of
DENV1 and DENV2.

Primer Name Sequence (5'-3")

DENV1_ 1 LEFT AATATGCTGAAACGCGCGAGAA
DENV1_1_RIGHT CCGTCTTCAAGAGTTCAATGTCCA
DENV1_2 LEFT ACCCAGGATTCACGGTGATAGC
DENV1_2 RIGHT ACCAGCAAATCTTGTCTGTTCCA
DENV1_3 LEFT GGAAATACAGCTGACCGACTACG

DENV1_3 RIGHT ACTGCAATGCACGTCATCGAAA
DENV1 4 LEFT CAAGAAAGGAAGCAGCATAGGGA
DENV1_4 RIGHT TTGATGGCAGCTGACATTAGCC
DENV1 5 LEFT TGGAACATTTGGGAAGTTGAGGAC
DENV1_5 RIGHT ACTTCTCTGGATGTTAGTCTGCG
DENV1_6 _LEFT TGGATGAACATTGTGGAAATCGAGG
DENV1_6 RIGHT GCATGCCTCCAGCTATTAGTGG
DENV1_7 LEFT AGTTGGCCCCTCAATGAAGGAA
DENV1_7 RIGHT GCACTGACGTAGGTTCCACTTG
DENV1_8 LEFT TCTCATATGGAGGAGGTTGGAGG
DENV1_8 RIGHT AGCCTGAGTTCCATGATCTCTCA
DENV1_9 LEFT ATAGCGGCCAGAGGGTACATCT
DENV1_9 RIGHT TGTTCTCCTCCAACACCTGGTT
DENV1_10_LEFT AAAGAGTGCAGCAATAGACGGG
DENV1_10_RIGHT ATAGAGGGTCCAGGCTGAAGCT
DENV1_11 _LEFT | TGTGGTGATAGGTTTGTTATTCATGATACT
DENV1_11_RIGHT CTTTGGCTTCGGATCTGTCCAC
DENV1_12_LEFT GGGAAACACTGGGAGAGAAATGG
DENV1_12_RIGHT TGATCCTGATGGCTTGACCTCA
DENV1_13 _LEFT TGGAGCAAATGCAAAGAAAACATGG
DENV1_13_RIGHT TGCACGACTTCCTTTTGCCTTT
DENV1_14 LEFT ACTCAGCAAAAGAAGCAGTGGA
DENV1_14 RIGHT GCATGGCACCACTATTTCCCTC
DENV1_15 LEFT AGACGTGACCAGAGAGGAAGTG
DENV1_15 RIGHT TCACTTGGTTTATGGCCACTTGT
DENV2_1 LEFT AGCAGATCTCTGATGAATAACCAACG
DENV2_1 _RIGHT TTTTTGCCATCGTCGTCACACA
DENV2_2 LEFT TCGCTCCTTCAATGACAATGCG
DENV2_2 RIGHT CCATTCTCAGCCTGCACTTGAG
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DENV2_3_LEFT ACATTGGTCACTTTCAAAAATCCCC
DENV2_3_RIGHT TGAAGGGGATTCTGGTTGGAACT
DENV2_4_LEFT ATAGTGGTTGCGTTGTGAGCTG
DENV2_4_RIGHT CGGCAGCACCATTCTGTTATGA
DENV2_5_LEFT TCATGCAGGCAGGAAAACGATC
DENV2_5_RIGHT TCTCAAGAGTAGTCCAGCTGCA
DENV2_6_LEFT TGGAAATCAGACCATTGAAAGAGAAAGA
DENV2_6_RIGHT TGGTCAGTGTTTGTTCTTCCTCTT
DENV2_7_LEFT | CCAATCCTGTCAATAACAATATCAGAAGAT
DENV2_7_RIGHT TGATGGCTGGGGTTTGGTATCT

DENV2_8_LEFT AGATCGAAGATGACATTTTCCGAAAGA
DENV2_8 RIGHT | CCCATGTATATGTACTGGTCATTTTCATT

DENV2_9 LEFT ATGCCAGTGACCCACTCTAGTG
DENV2_9 RIGHT CCACCACTGTGAGGATGGCTAT
DENV2_10_LEFT ACCAGAAAAACAGAGAACACCCC

DENV2_10_RIGHT CCACTTCCTGGATTCCACTTTTCT
DENV2_11_LEFT GGAGCTGGACTTCTCTTTTCCAT
DENV2_11_RIGHT GACGTCCCAAGGTTTTGTCAGC
DENV2_12_LEFT AGAGCATGAAACATCATGGCACT
DENV2_12_RIGHT GTGCCTCTTGGTGTTGGTCTTT
DENV2_13_LEFT TGGGACACAAGAATCACACTAGAAG
DENV2_13_RIGHT CCGCACCATTGGTCTTCTCTTT

“Primers designed by the CADDE project (https://www.caddecentre.org/).
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Supplementary Table 6. Members of Latin American Genomic Surveillance

Arboviral Network.

Complete name

Affiliation

Erenilde Marques de Cerqueira

Universidade Estadual de Feira de Santana, Salvador, Bahia, Brazil

Tiago Graf

Instituto Gongalo Moniz, Fundagao Oswaldo Cruz, Salvador, Bahia, Brazil

Walter Ramalho

Universidade de Brasilia, Brasilia, Distrito Federal, Brazil

Wildo Navegantes

Universidade de Brasilia, Brasilia, Distrito Federal, Brazil

Renato Barbosa Reis

Universidade Salvador, Salvador, Bahia, Brazil

Clara Guerra Duarte

Fundagao Ezequiel Dias, Belo Horizonte, Minas Gerais, Brazil

Maira Alves Pereira

Fundagao Ezequiel Dias, Belo Horizonte, Minas Gerais, Brazil

Paulo Eduardo de Souza da Silva

Fundagéao Ezequiel Dias, Belo Horizonte, Minas Gerais, Brazil

Raoni Almeida de Souza

Fundagao Ezequiel Dias, Belo Horizonte, Minas Gerais, Brazil

Alex Pauvolid-Corréa

Laboratério de Flavivirus, Instituto Oswaldo Cruz, Fundagdo Oswaldo Cruz, Rio de Janeiro, Rio de

Janeiro, Brazil

Anne Aline Pereira de Paiva

Laboratério de Flavivirus, Instituto Oswaldo Cruz, Fundagdo Oswaldo Cruz, Rio de Janeiro, Rio de

Janeiro, Brazil

Hegger Machado Fritsch

Laboratério de Flavivirus, Instituto Oswaldo Cruz, Fundagdo Oswaldo Cruz, Rio de Janeiro, Rio de

Janeiro, Brazil

Maria Angélica Mares-Guia

Laboratério de Flavivirus, Instituto Oswaldo Cruz, Fundagdo Oswaldo Cruz, Rio de Janeiro, Rio de

Janeiro, Brazil

Maria Celeste Torres

Laboratoério de Flavivirus, Instituto Oswaldo Cruz, Fundagdao Oswaldo Cruz, Rio de Janeiro, Rio de

Janeiro, Brazil

Mauricio Teixeira Lima

Laboratorio de Flavivirus, Instituto Oswaldo Cruz, Fundagao Oswaldo Cruz, Rio de Janeiro, Rio de

Janeiro, Brazil

Patricia Sequeira

Laboratoério de Flavivirus, Instituto Oswaldo Cruz, Fundagao Oswaldo Cruz, Rio de Janeiro, Rio de

Janeiro, Brazil

William de Almeida Marques

Laboratoério de Flavivirus, Instituto Oswaldo Cruz, Fundagao Oswaldo Cruz, Rio de Janeiro, Rio de

Janeiro, Brazil

Jorlan Fernandes de Jesus

Laboratério de Hantaviroses e Rickettsioses, Instituto Oswaldo Cruz, Fundagdo Oswaldo Cruz, Rio de

Janeiro, Rio de Janeiro, Brazil

Felipe Gomes Naveca

Laboratério de Ecologia de Doengas Transmissiveis na Amazonia, Instituto Lednidas e Maria Deane,

Fundagao Oswaldo Cruz, Manaus, Amazonas, Brazil

Alessandra Lima Silva

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,

Brazil

Anne Cybelle Pinto

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,

Brazil

Arun Kumar Jaiswal

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,

Brazil

Elisson Nogueira Lopes

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,

Brazil

Francielly Morais Rodrigues da Costa

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,

Brazil

Gabriel Quintanilha-Peixoto

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,

Brazil

Gilson Carlos Soares

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,
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Brazil

Paula Luize Camargos Fonseca

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,

Brazil

Renan Pedra de Souza

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,

Brazil

Rodrigo Bentes Kato

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,

Brazil

Rodrigo Profeta Silveira Santos

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,

Brazil

Sandeep Tiwari

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,

Brazil

Wylerson Guimaraes Nogueira

Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais,

Brazil

Beatriz Senra Alvares da Silva Santos

Faculdade de Medicina Veterinaria, Universidade Federal de Minas Gerais, Belo Horizonte, Minas

Gerais, Brazil

Bruna Lopes Bueno

Faculdade de Medicina Veterinaria, Universidade Federal de Minas Gerais, Belo Horizonte, Minas

Gerais, Brazil

Isadora Cristina de Siqueira

Instituto Gongalo Moniz, Fundagdo Oswaldo Cruz, Salvador, Bahia, Brazil

Lourdes Farre Vallve

Instituto Gongalo Moniz, Fundagao Oswaldo Cruz, Salvador, Bahia, Brazil

Melina Mosquera Navarro Borba

Instituto Gongalo Moniz, Fundagao Oswaldo Cruz, Salvador, Bahia, Brazil

Alix Sandra Mazzetto

Laboratério Central de Saude Publica do Estado do Parana, Curitiba, Parana, Brazil

Francisco de Assis Aratjo Aguiar

Laboratério Central de Saude Publica do Estado de Rondénia, Porto Velho, Rondbnia, Brazil

Irenio da Silva Gomes

Laboratério Central de Saude Publica do Estado do Amazonas, Manaus, Amazonas, Brazil

Jayra Juliana Paiva Alves Abrantes

Laboratério Central de Saude Publica do Estado do Rio Grande do Norte, Natal, Rio Grande do Norte,

Brazil

Luiz Takao Watanabe

Laboratério Central de Saude Publica do Estado de Mato Grosso, Cuiaba, Mato Grosso, Brazil

Marta Ferreira da Silva Rego

Laboratorio Central de Saude Publica Professor Gongalo Muniz, Salvador, Bahia, Brazil

Vanessa Branddo Nardy

Laboratério Central de Saude Publica Professor Gongalo Muniz, Salvador, Bahia, Brazil

Shirlei Ferreira de Aguiar

Laboratério Central de Saude Publica Noel Nutels, Rio de Janeiro, Rio de Janeiro, Brazil

Fabiana Cristina Pereira dos Santos

Instituto Adolfo Lutz, Sdo Paulo, Sdo Paulo, Brazil

Alice Louize Nunes Queiroz

Instituto Evandro Chagas, Belém, Para, Brazil

Bruno Tardelli Diniz Nunes

Instituto Evandro Chagas, Belém, Para, Brazil

Livia Caricio Martins

Instituto Evandro Chagas, Belém, Para, Brazil

Marcio Roberto Teixeira Nunes

Instituto Evandro Chagas, Belém, Para, Brazil

Flavia Cristina da Silva Salles

Instituto de Medicina Tropical, Universidade de Sao Paulo, Sdo Paulo, S&o Paulo, Brazil
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Supplementary Text File 1

Course “Nanopore-based genome sequencing technology for temporal
investigation and epidemiology of dengue outbreak: training, research,

surveillance, and scientific dissemination”

Recent progress in the sequencing of Ebola, Zika, and yellow fever viruses
using Oxford Nanopore sequencing technology have shown that high quality
complete genome sequences can be generated in real time during viral outbreaks
and epidemics.'® Portability and rapid production of data allows generation of
genomes at the source of outbreaks, which in turn facilitate rapid intervention.
Considering this and the strengthening of surveillance actions in Latin America, the
Pan American Health Organization/World Health Organization (PAHO/WHO),
together with the Brazilian Ministry of Health (BrMoH), planned the course entitled
“Nanopore-based genome sequencing technology for temporal investigation and
epidemiology of dengue outbreak: training, research, surveillance, and scientific
dissemination”, under the coordination of Prof. Dr. Luiz Alcantara, researcher at
Fundagao Oswaldo Cruz (https://portal.fiocruz.br/).

The course took place in the city of Belo Horizonte, Minas Gerais state, from
August 19 to 30, 2019 and it aimed at carrying out activities central to arbovirus
genomic surveillance, focusing on the training of participants, dissemination of
knowledge, and scientific communication. The course was taught by experienced
researchers from national and international institutions, such as Oxford University
(United Kingdom), University of KwaZulu-Natal (South Africa), Universidade Nova de
Lisboa (Portugal), Sechenov First Moscow State Medical University (Russia),
Oswaldo Cruz Foundation (Brazil), Federal University of Minas Gerais (Brazil),
Federal University of Rio de Janeiro (Brazil), Federal University of Pernambuco
(Brazil), University of Sdo Paulo (Brazil), University of Brasilia (Brazil), State
University of Feira de Santana (Brazil), and University of Salvador (Brazil). The
course had 62 students from 34 national and international institutions. In addition to
post-graduate students, course participants included laboratory technicians and
health practitioners in universities and laboratories from several institutions

responsible for laboratory-based surveillance of emerging and reemerging diseases,
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such as the Central Public Health Laboratories of the Brazilian states from the
BrMoH's public laboratories network and public health laboratories from Paraguay,
Argentina, Panama, Chile, Mexico, Uruguay, Costa Rica, and Ecuador.

The course lasted two weeks and comprised theoretical and practical classes
focused on genomic surveillance of dengue (DENV1 and DENV2 serotypes), which
was responsible for a large epidemic in 2019, accounting for 1,544,987 cases
reported in Brazil.* The first week of training addressed the genomic sequencing
protocol using Nanopore technology and analysis of clinical and epidemiological data
from selected samples collected in three Brazilian macro-regions (Midwest,
Southeast, and Northeast), which historically has reported the largest incidences of
dengue.® In that stage, participants learned how to prepare DNA library and
sequencing using the MinlON portable sequencer (Oxford Nanopore Technologies).
They were also trained on the generation of consensus sequences and genotyping
using the Genome Detective tool (https: //www.genomedetective.com/), on basic
topics of epidemiological modeling, and epidemiological maps using R and QGIS
software. The second week of the course focused on evolutionary analysis using the
genome sequences of DENV1 and DENV2 generated in the previous week.
Participants were trained in genomic data preparation, construction of genome
dataset from public databases (such as Genbank and ViPR), genome alignment,
alignment editing, phylogenetic reconstructions by Maximum Likelihood (ML)
approach, in addition to temporal and phylogeographic inference using Bayesian
approaches. Participants carried out preliminary epidemiological and evolutionary

analyzes for the preparation of this manuscript.

Date: August 19-30, 2019
City: Belo Horizonte, Minas Gerais state, Brazil

Course hours: 96 hours (40h of theoretical classes and 56h of practical classes)

FUNDING
Pan American World Health Organization (PAHO/WHO) and Secretaria de Vigilancia
em Saude (SVS)/Brazilian Ministry of Health.
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ORGANIZERS

o Luiz Carlos Junior Alcantara, Laboratorio de Flavivirus, Instituto Oswaldo
Cruz, Fundacado Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro Brazil;

o Carlos Frederico Campelo de Albuquerque, Organizagdo Pan-Americana da
Saude/Organizagdo Mundial da Saude, Brasilia, Distrito Federal, Brazil;

o André Luiz de Abreu, Coordenagao Geral dos Laboratérios de Saude Publica,
Secretaria de Vigilancia em Saude, Ministério da Saude, Brasilia, Distrito Federal,
Brazil,

o Rodrigo Fabiano do Carmo Said, Coordenacdo Geral das Arboviroses,
Secretaria de Vigilancia em Saude/Ministério da Saude, Brasilia, Distrito Federal,
Brazil,

o Marluce Aparecida Assuncgao Oliveira, Laboratorio Central de Saude Publica
do Estado de Minas Gerais, Fundag¢ao Ezequiel Dias, Belo Horizonte, Minas Gerais,
Brazil,

o Mauricio Abreu Santos, Laboratério Central de Saude Publica do Estado de
Minas Gerais, Fundagéo Ezequiel Dias, Belo Horizonte, Minas Gerais, Brazil;

o Maricélia Maia de Lima, Secretaria de Saude de Feira de Santana, Feira de

Santana, Bahia, Brazil;

o Gabriel Muricy Cunha, Secretaria de Saude do Estado da Bahia, Salvador,
Bahia, Brazil;
. Vinicius Lemes da Silva, Laboratério Central de Saude Publica Dr. Giovanni

Cysneiros, Goiania, Goias, Brazil,

. Ana Maria Bispo de Fellipis, Laboratério de Flavivirus, Instituto Oswaldo Cruz,
Fundagao Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro, Brazil;

. Vasco Azevedo, Instituto de Ciéncias Biologicas, Universidade Federal de
Minas Gerais, Belo Horizonte, Minas Gerais, Brazil;

o Marta Giovanetti, Laboratorio de Flavivirus, Instituto Oswaldo Cruz, Fundacéao

Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro, Brazil.
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LECTURERS

International

o José Lourengo, Department of Zoology, Peter Medawar Building, University of
Oxford, Oxford, United Kingdom;
o Tulio de Oliveira, KwaZulu-Natal Research Innovation and Sequencing

Platform (KRISP), College of Health Sciences, University of KwaZulu-Natal, Durban,
South Africa.

Brazilian

. Luiz Carlos Junior Alcantara, Laboratério de Flavivirus, Instituto Oswaldo
Cruz, Fundacao Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro, Brazil;

. Rivaldo Venancio, Fundagcdo Oswaldo Cruz, Bio-Manguinhos, Rio de Janeiro,
Rio de Janeiro, Brazil;

o Ana Maria Bispo de Fellipis, Laboratério de Flavivirus, Instituto Oswaldo Cruz,
Fundagao Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro, Brazil;

o Rita Maria Ribeiro Nogueira, Laboratério de Flavivirus, Instituto Oswaldo Cruz,
Fundacgado Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro, Brazil;

o Erenilde Marques de Cerqueira, Universidade Estadual de Feira de Santana,
Salvador, Bahia, Brazil;

o Wildo Navegantes de Araujo, Universidade de Brasilia, Brasilia, Distrito
Federal, Brazil;

. Melissa Barreto Falcdo, Secretaria de Saude de Feira de Santana, Feira de

Santana, Bahia, Brazil;

. Renato Barbosa Reis, Universidade Salvador, Salvador, Bahia, Brazil;

o Tiago Graf, Instituto Gongalo Moniz, Fundagédo Oswaldo Cruz, Salvador,
Bahia, Brazil,

o Marta Giovanetti, Laboratério de Flavivirus, Instituto Oswaldo Cruz, Fundacéao

Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro, Brazil;
o Ingra Morales Claro, Instituto de Medicina Tropical, Universidade de Séao

Paulo, Sao Paulo, Sao Paulo, Brazil;
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o Jaqueline de Jesus, Instituto de Medicina Tropical, Universidade de Sao
Paulo, Sdo Paulo, S&o Paulo, Brazil;

o Isadora Cristina de Siqueira, Instituto Gongalo Moniz, Fundagdo Oswaldo
Cruz, Salvador, Bahia, Brazil;

° Joilson Xavier, Laboratério de Flavivirus, Instituto Oswaldo Cruz, Fundacgao
Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro, Brazil;

o Mariane Talon Menezes, Universidade Federal do Rio de Janeiro, Rio de
Janeiro, Rio de Janeiro, Brazil,

o Flavia Cristina da Silva Sales, Instituto de Medicina Tropical, Universidade de
Sao Paulo, Sdo Paulo, Sao Paulo, Brazil;

o Fernanda de Bruycker Nogueira, Laboratério de Flavivirus, Instituto Oswaldo
Cruz, Fundacao Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro, Brazil;

o Felipe Campos de Melo lani, Laboratorio Central de Saude Publica do Estado
de Minas Gerais, Fundacao Ezequiel Dias, Belo Horizonte, Minas Gerias, Brazil;

o Talita Emile Ribeiro Adelino, Laboratério Central de Saude Publica do Estado
de Minas Gerais, Fundacao Ezequiel Dias, Belo Horizonte, Minas Gerais, Brazil;

o Valdinete Alves do Nascimento, Laboratério de Ecologia de Doengas
Transmissiveis na Amazdénia, Instituto Lebnidas e Maria Deane, Fiocruz, Manaus,
Amazonas, Brazil;

o Allison de Araujo Fabri, Laboratério de Flavivirus, Instituto Oswaldo Cruz,
Fundacgado Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro, Brazil;

. Flavia Lowen Levy Chalhoub, Laboratério de Flavivirus, Instituto Oswaldo
Cruz, Fundagao Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro, Brazil;

. Alvaro Salgado de Abreu, Laboratério de Flavivirus, Instituto Oswaldo Cruz,
Fundagao Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro, Brazil;

o Vagner Fonseca, Laboratério de Flavivirus, Instituto Oswaldo Cruz, Fundagéao
Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro, Brazil;

o Francielly Rodrigues da Costa, Instituto de Ciéncias Bioldgicas, Universidade
Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brazil;

o Jorlan Fernandes de Jesus, Laboratério de Hantaviroses e Rickettsioses,
Instituto Oswaldo Cruz, Fundacdo Oswaldo Cruz, Rio de Janeiro, Rio de Janeiro,

Brazil;
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° Maricélia Maia de Lima, Secretaria de Salude de Feira de Santana, Feira de

Santana, Bahia, Brazil;

o Victor Pimentel, Instituto de Higiene e Medicina Tropical, Universidade Nova

de Lisboa, Lisboa, Portugal;

o Darlan da Silva Candido, Department of Zoology, Peter Medawar Building,

University of Oxford, Oxford, United Kingdom,;

o Flavia Figueira Aburjaile, Universidade Federal de Pernambuco, Recife,

Pernambuco, Brazil;

. Rodrigo Dias de Oliveira Carvalho, Sechenov First Moscow State Medical

University, Moscou, Russia.

STUDENTS
Name Affiliation Country
Clara Guerra Duarte Fundagéao Ezequiel Dias, Belo Horizonte, Minas Gerais, Brazil Brazil
Maira Alves Pereira Fundagéo Ezequiel Dias, Belo Horizonte, Minas Gerais, Brazil Brazil
Paulo Eduardo de Souza da Silva Fundagao Ezequiel Dias, Belo Horizonte, Minas Gerais, Brazil Brazil
Raoni Almeida de Souza Fundagao Ezequiel Dias, Belo Horizonte, Minas Gerais, Brazil Brazil
) . . Laboratdrio de Flavivirus, Instituto Oswaldo Cruz, Fundacdo Oswaldo Cruz, Rio )
Anne Aline Pereira de Paiva Brazil
de Janeiro, Rio de Janeiro, Brazil
. Laboratorio de Flavivirus, Instituto Oswaldo Cruz, Fundagéo Oswaldo Cruz, Rio .
Hegger Machado Fritsch Brazil
de Janeiro, Rio de Janeiro, Brazil
Laboratério de Flavivirus, Instituto Oswaldo Cruz, Fundagdo Oswaldo Cruz, Rio
Maria Angélica Mares-Guia Brazil
de Janeiro, Rio de Janeiro, Brazil
Laboratério de Flavivirus, Instituto Oswaldo Cruz, Fundagdo Oswaldo Cruz, Rio
Mauricio Teixeira Lima Brazil
de Janeiro, Rio de Janeiro, Brazil
o Laboratério de Flavivirus, Instituto Oswaldo Cruz, Fundagéo Oswaldo Cruz, Rio )
Stephane Fraga de Oliveira Tosta ) ) ) ) Brazil
de Janeiro, Rio de Janeiro, Brazil
Coordenagao Geral dos Laboratérios de Saude Publica/Secretaria de Vigilancia .
Ronaldo de Jesus Brazil
em Saude, Ministério da Saude, Brasilia, Distrito Federal, Brazil
o . Coordenacéo Geral dos Laboratdrios de Saude Publica/Secretaria de Vigilancia .
Emerson Luiz Lima de Aratjo Brazil
em Saude, Ministério da Saude, Brasilia, Distrito Federal, Brazil
Carlos Frederico Campelo de Organizagdo Pan-Americana da Saude/Organizagdo Mundial da Saude, Brazil
razi
Albuquerque Brasilia, Distrito Federal, Brazil
Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo
Alessandra Lima Silva Brazil
Horizonte, Minas Gerais, Brazil
) Instituto de Ciéncias Biolégicas, Universidade Federal de Minas Gerais, Belo )
Anne Cybelle Pinto Brazil
Horizonte, Minas Gerais, Brazil
Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo
Arun Kumar Jaiswal Brazil
Horizonte, Minas Gerais, Brazil
. . Instituto de Ciéncias Biolégicas, Universidade Federal de Minas Gerais, Belo )
Elisson Nogueira Lopes Brazil

Horizonte, Minas Gerais, Brazil
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Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo

Gabriel Quintanilha-Peixoto Brazil
Horizonte, Minas Gerais, Brazil
) Instituto de Ciéncias Biologicas, Universidade Federal de Minas Gerais, Belo )
Paula Luize Camargos Fonseca . . ) ) Brazil
Horizonte, Minas Gerais, Brazil
Instituto de Ciéncias Biolégicas, Universidade Federal de Minas Gerais, Belo .
Renan Pedra de Souza Brazil
Horizonte, Minas Gerais, Brazil
. Instituto de Ciéncias Biologicas, Universidade Federal de Minas Gerais, Belo )
Sandeep Tiwari Brazil
Horizonte, Minas Gerais, Brazil
L . Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, Belo .
Wylerson Guimaraes Nogueira . . ) ) Brazil
Horizonte, Minas Gerais, Brazil
. Faculdade de Medicina Veterinaria, Universidade Federal de Minas Gerais,
Beatriz Senra Alvares da Silva Santos Brazil
Belo Horizonte, Minas Gerais, Brazil
Faculdade de Medicina Veterinaria, Universidade Federal de Minas Gerais,
Bruna Lopes Bueno Brazil
Belo Horizonte, Minas Gerais, Brazil
Melina Mosquera Navarro Borba Instituto Gongalo Moniz, Fundagao Oswaldo Cruz, Salvador, Bahia, Brazil Brazil
Agenor de Castro Moreira dos Santos | Laboratério Central de Saude Publica do Distrito Federal, Brasilia, Distrito Brazil
razi
Junior Federal, Brazil
Laboratério Central de Saude Publica do Estado do Parand, Curitiba, Parana,
Alix Sandra Mazzetto Brazil
Brazil
. . . . Laboratdrio Central de Saude Publica do Estado de Rondbnia, Porto Velho, .
Francisco de Assis Araujo Aguiar ) ) Brazil
Rondbnia, Brazil
Laboratério Central de Saude Publica do Estado de Mato Grosso do Sul,
Gislene Garcia de Castro Lichs . Brazil
Campo Grande, Mato Grosso do Sul, Brazil
Laboratério Central de Saude Publica do Estado de Mato Grosso do Sul,
Marina Castilhos Souza Umaki Zardin Brazil
Campo Grande, Mato Grosso do Sul, Brazil
Laboratério Central de Saude Publica do Estado do Amazonas, Manaus,
Irenio da Silva Gomes Brazil
Amazonas, Brazil
Laboratério Central de Saude Publica do Estado do Rio Grande do Norte,
Jayra Juliana Paiva Alves Abrantes ) . Brazil
Natal, Rio Grande do Norte, Brazil
Laboratério Central de Saude Publica Dr. Milton Bezerra Sobral, Recife,
Jurandy Junior Ferraz de Magalhaes Brazil
Pernambuco, Brazil
Laboratério Central de Saude Publica Dr. Giovanni Cysneiros, Goiania, Goias,
Ana Flavia Mendonga . Brazil
Brazil
Laboratério Central de Saude Publica Dr. Giovanni Cysneiros, Goiania, Goias,
Luiz Augusto Pereira . Brazil
Brazil
Laboratério Central de Saude Publica do Estado de Mato Grosso, Cuiaba, Mato
Luiz Takao Watanabe Brazil
Grosso, Brazil
) ) Laboratdrio Central de Saude Publica Professor Gongalo Muniz, Salvador, )
Marta Ferreira da Silva Rego Brazil
Bahia, Brazil
Laboratdrio Central de Saude Publica Professor Gongalo Muniz, Salvador, )
Vanessa Brandao Nardy Brazil
Bahia, Brazil
Laboratério Central de Saude Publica Noel Nutels, Rio de Janeiro, Rio de
Shirlei Ferreira de Aguiar Brazil
Janeiro, Brazil
Fabiana Cristina Pereira dos Santos Instituto Adolfo Lutz, Sdo Paulo, Sdo Paulo, Brazil Brazil
Alice Louize Nunes Queiroz Instituto Evandro Chagas, Ananindeua, Para, Brazil Brazil
Bruno Tardelli Diniz Nunes Instituto Evandro Chagas, Ananindeua, Para, Brazil Brazil
Cynthia Carolina Vazquez Laboratorio Central de Salud Publica, Asuncion, Paraguay Paraguay
Cintia Marcela Fabbri Instituto Nacional de Enfermedades Virales Humanas Dr. Julio Maiztegui, Argentina
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Pergamino, Argentina

Alexander Martinez Gorgas Memorial Institute for Health Studies, Panama, Panama Panama
Claudia Gonzalez Gorgas Memorial Institute for Health Studies, Panama, Panama Panama
Lisseth Saéz Gorgas Memorial Institute for Health Studies, Panama, Panama Panama
Maria Chen-German Gorgas Memorial Institute for Health Studies, Panama, Panama Panama
Jaime Lagos Barrera Instituto de Salud Publica de Chile, Santiago, Chile Chule
Instituto de Diagnostico y Referencia Epidemiolégicos Dr. Manuel Martinez
José Ernesto Ramirez-Gonzalez Mexico
Béaez, Ciudad de México, Mexico
Instituto Nacional de Enfermedades Infecciosas Dr Carlos G Malbran, Buenos
Josefina Campos . . Argentina
Aires, Argentina
Noelia Morel Faller Ministerio de Salud Publica de Uruguay, Montevideo, Uruguay Uruguay
Instituto Costarricense de Investigacion y Ensefianza em Nutricion y Salud, Costa
Marta Eugenia Viquez Villalobos
Tres Rios, Costa Rica Rica
. Instituto Nacional de Investigacion en Salud Publica Dr Leopoldo Izquieta
Roberto Kaslin . Ecuador
Pérez, Guayaquil, Ecuador
o . Instituto Nacional de Investigacion en Salud Publica Dr Leopoldo Izquieta
Silvia Paola Salgado Cisneros . . Ecuador
Pérez, Guayaquil, Ecuador
Secretaria de Saude do Estado de Minas Gerais, Belo Horizonte, Minas Gerais,
Carolina Dourado Amaral Brazil
Brazil
Danielle Bandeira Costa de Sousa Secretaria de Vigilancia em Saude/Ministério da Saude, Brasilia, Distrito Brazil
razi
Freire Federal, Brazil
) Secretaria de Vigilancia em Saude/Ministério da Saude, Brasilia, Distrito )
Laura Nogueira Cruz Brazil
Federal, Brazil
Daniel Mattos Universidade Federal do Rio de Janeiro, Rio de Janeiro, Rio de Janeiro, Brazil Brazil
Leandro Ferreira Lopes Landeira Universidade Federal do Rio de Janeiro, Rio de Janeiro, Rio de Janeiro, Brazil Brazil
Ariane Coelho Ferraz Universidade Federal de Ouro Preto, Ouro Preto, Minas Gerais, Brazil Brazil
Daiane Teixeira de Oliveira Universidade Federal de Ouro Preto, Ouro Preto, Minas Gerais, Brazil Brazil
Rafael dos Santos Bezerra Fundagao Hemocentro de Ribeirdo Preto, Ribeirdo Preto, Sdo Paulo, Brazil Brazil

COURSE SCHEDULE

Day 1 — Monday — August 19, 2019 — Wet laboratories from Fundacao Ezequiel

Dias (FUNED)

(Coordinator: Ingra Morales)

08:00-09:00: Introduction to Nanopore-based sequencing technology. From sample

handling to sequencing PCR. Lecturers: Ingra Morales e Jaqueline de Jesus (theory).

Participants splitting into 3 classes of 12 students/class (A, B e C).
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09:00-12:00: Library preparation:

Group A: DENV Library preparation from selected samples for group/class A.
Lecturers: Jaqueline de Jesus, Flavia Sales, Valdinete Nascimento, and Flavia
Chalhoub. (Theory and practice)

Group B: DENV Library preparation from selected samples for group/class B.
Lecturers: Ingra Morales, Talita Adelino, Fernanda Nogueira, and Allison Fabri.
(Theory and practice)

Group C: DENV Library preparation from selected samples for group/class C.
Lecturers: Joilson Xavier, Mariane Menezes, Darlan Candido, and Felipe lani.

(Theory and practice)

12:00-13:00: Lunch time

13:00-16:00: DNA library preparation and sequencing on MinlON. Wet lab at
FUNED:

Group A: DNA library preparation and sequencing on MinlON of samples from
Group A. Lecturers: Jaqueline de Jesus, Flavia Sales, Valdinete Nascimento, and
Flavia Chalhoub. (Theory and practice)

Group B: DNA library preparation and sequencing on MinlON of samples from
Group B. Lecturers: Ingra Morales, Talita Adelino, Fernanda Nogueira, and Allison
Fabri. (Theory and practice)

Turma C: DNA library preparation and sequencing on MinlON of samples from
Group C. Lecturers: Joilson Xavier, Mariane Menezes, Darlan Candido, and Felipe

lani. (Theory and practice)

16:00-16:30: Coffee Break

16:30-17:00: Amphitheater at FUNED: Course presentation (Prof. Luiz Alcantara)
and guests (Andre Abreu, Julio Croda, Wanderson Oliveira, Rodrigo Said, Carlos
Eduardo Amaral Pereira da Silva, Dario Brock Ramalho, Mauricio Santos, Marluce

Oliveira, Gabriel Muricy, and Vinicius Silva)
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17:00-17:30: Amphitheater at FUNED: Presentation of the coordination of the
dengue surveillance group/DEVIT/SVS-MS and PAHO/WHO in Brazil. "Panorama

and surveillance of dengue in the current outbreak in Brazil". Lecturer: Rodrigo Said

17:30-18:00: Amphitheater at FUNED: Historical overview of the dengue epidemic

in Brazil. Lecturers: Rita Nogueira (speaker) and Ana de Filippis (moderator)

18:00-18:30: Amphitheater at FUNED: Genomic surveillance of arboviruses in

Brazil and Paraguay. Lecturer: Luiz Alcantara.

Day 2 — Tuesday - August 20, 2019 — Computer room

(Coordinator: Wildo Navegantes)

08:00-12:00: Basic concepts of “R” applied to studies of epidemiological modeling.
Lecturers: Alvaro Salgado, Vagner Fonseca, Francielly Rodrigues, and Rodrigo Kato.
(Theory)

12:00-13:30: Lunch time.

13:30-15:10: Basic concepts of “R” applied to studies of epidemiological modeling.
Lecturers: Alvaro Salgado, Vagner Fonseca, Francielly Rodrigues, and Rodrigo Kato.
(Theory and practice)

15:10-15:30: Coffee Break

15:30-17:00: Basic concepts of “R” applied to studies of epidemiological modeling.

Lecturers: Alvaro Salgado, Vagner Fonseca, Francielly Rodrigues, and Rodrigo Kato.

(Practice)
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Day 3 — Wednesday - August 21, 2019 — Computer room

(Coordinator: Renato Reis)

08:00-12:00: Basic concepts of “R” applied to studies of epidemiological modeling.
Lecturers: Alvaro Salgado, Vagner Fonseca, Francielly Rodrigues, and Rodrigo
Kato. (Theory)

12:00-13:30: Lunch time.

13:30-15:10: Basic concepts of “R” applied to studies of epidemiological modeling.
Lecturers: Alvaro Salgado, Vagner Fonseca, Francielly Rodrigues, and Rodrigo

Kato. (Theory and practice)

15:10-15:30: Coffee Break

15:30-17:00: Basic concepts of “R” applied to studies of epidemiological modeling.
Lecturers: Alvaro Salgado, Vagner Fonseca, Francielly Rodrigues, and Rodrigo

Kato. (Practice)

Day 4 — Thursday - August 22, 2019 — Computer room

(Coordinator: José Lourencgo)

08:00-12:00: Epidemiological modeling to predict outbreaks of arboviral diseases
and estimation of epidemiological parameters of outbreaks. Lecturers: José

Lourencgo. (Theory)

12:00-13:30: Lunch time.

13:30-15:10: Epidemiological modeling to predict outbreaks of arboviral diseases
and estimation of epidemiological parameters of outbreaks. Lecturers: José

Lourencgo, Erenilde Cerqueira, and Wildo Navegantes. (Theory and practice)

15:10-15:30: Coffee Break
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15:30-17:00: Epidemiological modeling to predict outbreaks of arboviral diseases
and estimation of epidemiological parameters of outbreaks. Lecturers: José

Lourencgo, Erenilde Cerqueira, and Wildo Navegantes. (Practice)

Day 5 — Friday - August 23, 2019 — Computer room

(Coordinators: Wildo Navegantes and Renato Reis)

08:00-12:00: Implementation of epidemiological maps from raw data, using "R" and
"QGIS", and calculation of spatial and temporal determinants in arboviral infections.

Lecturers: Renato Reis and Wildo Navegantes. (Theory)

12:00-13:30: Lunch time.

13:30-15:10: Implementation of epidemiological maps from raw data, using "R" and
"QGIS", and calculation of spatial and temporal determinants in arboviral infections.
Lecturers: Renato Reis, Wildo Navegantes, Isadora de Siqueira, and Maricélia Lima.

(Theory and practice)

15:10-15:30: Coffee Break

15:30-17:00: Implementation of epidemiological maps from raw data, using "R" and
"QGIS", and calculation of spatial and temporal determinants in arboviral infections.
Lecturers: Wildo Navegantes, Renato Reis, Isadora de Siqueira, and Maricélia Lima.

(Practice)

Days 6 and 7 — Saturday and Sunday — August 24-25, 2019 — Computer room
(Coordinator: Luiz Alcantara)

Generation of consensus sequences from MinlON raw data. Lecturers: Vagner
Fonseca, Alvaro Salgado, Marta Giovanetti, Ingra Morales, Flavia Aburjaile, and
Rodrigo Dias de Oliveira Carvalho. (Practice)
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Day 8 — Monday — August 26, 2019 — Computer room

08:00-12:00: Organization and alignment of genomes to reference sequences, and
phylogenetic reconstruction: NJ and ML. Lecturers: Marta Giovanetti, Fernanda
Nogueira, Luiz Alcantara, Flavia Aburjaile, and Rodrigo Dias de Oliveira Carvalho.

(Theory and practice)

12:00-13:30: Lunch time.

13:30-15:10: Temporal evolutionary analyzes. Lecturers: Tiago Graf, Marta

Giovanetti, Darlan Candido, and Jorlan de Jesus. (Theory and practice)

15:10-15:30: Coffee Break

15:30-16:30: Temporal evolutionary analyzes. Lecturers: Tiago Graf, Marta

Giovanetti, Victor Pimentel, Jorlan de Jesus, and Flavia Aburjaile. (Practice)
16:30-17:30: “Genome Detective”, Viral Metagenomics and Online Viral Genotyping
Tools. Lecturers: Vagner Fonseca, Ingra Morales, Marta Giovanetti, Flavia Aburjaile,
and Rodrigo Dias de Oliveira Carvalho. (Theory)

Day 9 — Tuesday — August 27, 2019 — Computer room

08:00-12:00: Phylogeographic analysis. Lecturers: Tiago Graf, Marta Giovanetti, and

Fernanda Nogueira. (Theory and practice)

12:00-13:30: Lunch time.

13:30-15:10: Phylogeographic analysis. Lecturers: Tiago Graf, Marta Giovanetti, and

Fernanda Nogueira. (Theory and practice)

15:10-15:30: Coffee Break
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15:30-16:10: “Genome Detective”, Viral Metagenomics and Online Viral Genotyping
Tools. Lecturers: Vagner Fonseca, Ingra Morales, Marta Giovanetti, Flavia Aburjaile,

and Rodrigo Dias de Oliveira Carvalho. (Theory)

16:10-18:00: Phylogeographic analysis. Lecturers: Tiago Graf, Marta Giovanetti,

Darlan Candido, and Fernanda Nogueira. (Practice)

Day 10 — Wednesday — August 28, 2019 — Amphitheater

08:00-12:00: Preliminary epidemiological and evolutionary analyzes from the data

generated during the course.

12:00-13:30: Lunch time.

13:30-15:10: Preliminary epidemiological and evolutionary analyzes from the data

generated during the course.

15:10-15:30: Coffee Break

15:30-17:00: Preliminary epidemiological and evolutionary analyzes from the data

generated during the course.

17:00-18:00: Temporal clinical surveillance of dengue in Bahia and Brazil. Lecturers:

Melissa Falcdo and Rivaldo Venancio.
Day 11 — Thursday — August 29, 2019 — Amphitheater
08:00-10:00: Surveillance of arboviral outbreaks through epidemiological and

evolutionary temporal studies: putting the results in the format for a publication.

Lecturers: Tulio de Oliveira, Tiago Graf, and Marta Giovanetti. (Theory and practice)
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10:00-12:00: Surveillance of arboviral outbreaks through epidemiological and
evolutionary temporal studies: putting the results in the format for a publication.

Lecturers: Tulio de Oliveira, Tiago Graf, and Marta Giovanetti. (Theory and practice)

12:00-13:30: Lunch time.

13:30-15:10: Preliminary epidemiological and evolutionary analyzes from the data

generated during the course.

15:10-15:30: Coffee Break

15:30-18:00: Preliminary epidemiological and evolutionary analyzes from the data

generated during the course.

Day 12 - Friday — August 30, 2019 — Amphitheater

08:00-12:00: Preliminary epidemiological and evolutionary analyzes from the data

generated during the course.

12:00-13:30: Lunch time.

13:30-15:10: Preliminary epidemiological and evolutionary analyzes from the data

generated during the course.

15:10-15:30: Coffee Break

15:30-18:00: Preliminary epidemiological and evolutionary analyzes from the data

generated during the course.
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APENDICE B - Material suplementar do artigo “A Retrospective Overview of Zika Virus Evolution in the Midwest of Brazil”

Table S1. Information of the 23 sequenced samples of ZIKV

. . Collection Coverage | Mapped Depth of | Acession
Samples_ID Virus | State City Sex | Age date CTs (%) reads coverage | numbers
LIB8|BCO1|GO10[ZIKV|Asian|Goiania|2016-04-20 ZIKV | GO | Goiania | F | 25 | 2016-0420 | 30 85 67305 3459.4 O"4$364
LIB8|BC02|GO14|ZIKV|Asian|Jatail2016-04-29 ZIkV | Go Jatai F | 21 | 2016-04-29 | 26 93.1 61196 33927 O'-482364
LIB8|BCO3|GO15|ZIKV|Asian|Goiania|2016-05-01 ZIKV | GO | Goiania | F | 32 | 2016-05-01 | 26 92.1 73711 34748 OL4§364
LIB8|BC04|GO18|ZIKV|Asian|AparecidadeGoianialJardimdosBuritis|20 ZIKV GO Apare.cid.a F 39 2016-06-02 28 772 109118 6684.2 0OL42365
16-06-02 de Goiania 0
LIB8|BC05|GO19|ZIKV|Asian|Goianira|SolardasPaineiras|2016-07-20 | ZIKV | GO | Goianira | M | 24 | 2016-07-20 | 28 74.1 25155 14415 OL412365
LIB8|BC06|GO24(ZIKV|Asian|Goiania|2016-04-01 ZIKV | GO | Goiania | F | 57 | 2016-04-01 | 28 702 49593 3604 OL422365
LIB8|BCO7|GO25|ZIKV|Asian|Goiania|2016-03-31 ZIKV | GO | Goiania | M | 22 | 2016-0331 | 28 82.7 30759 1572.4 O"4§365
LIB8|BC08|GO28(ZIKV]Asian|Goiania|2016-04-25 ZIKY | GO | Goiania | F | 45 | 2016-0425 | 25 932 72886 33719 OL42365
LIB8|BC09|GO30[ZIKV|Asian|Goiania|2016-02-22 ZIKY | GO | Goiania | M | 42 | 2016-0222 | 29 755 27154 1636.6 OL4§365
LIB8|BC10|GO31|ZIKV|Asian|Goiania|2016-02-22 ZIKV | GO | Goiania | M | 40 | 2016-0222 | 29 823 99199 6454.7 O"4§365
LIB8|BC11|GO36|ZIKV|Asian|inhumas|2017-06-01 ZIKV | GO | Inhumas | F | 21 | 2017-06-01 | 27 93.1 54484 2568.2 O'-472365
LIB8|BC12|G0O38|ZIKV|Asian|AparecidadeGoiania| TerraPrometidal201 ZIKV GO Aparelcid.a M 27 2017-11-23 27 772 35410 1743.6 0OL42365
7-11-23 de Goiania 8
LIB8|BC13|GO39|ZIKV|Asian|AparecidadeGoiania|RosadosVentos|201 ZIKV GO Apare_CId_a F 29 2017-12-07 | 29.3 82 68937 39924 0OL42365
7-12-07 de Goiania 9
LIB8|BC14|G0O43|ZIKV|Asian|AparecidadeGoiania|PontalSul2|2017- ZIKV GO Apare.CId.a M 32 2017-06-30 25 93.2 82132 3817 1 0OL42366
06-30 de Goiania 0
LIB8|BC15|GO50{ZIKV|Asian|Goiania|2017-01-02 ZIKY | GO | Goiania | M | 45 | 2017-01-02 | 28.9 82 30244 1478.7 O'-412366
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LIB8|BC16|GO52|ZIKV|Asian|Goiania|2017-01-20 ZIKV | GO | Goiania 36 | 2017-01-20 | 28 85.4 46106 | 22324 | OL42300
LIB8|BC17|GO53|ZIKV|Asian|Goiania|JardimPlanalto|2017-02-23 ZIKV GO Goiania 33 2017-02-23 28 75.7 25615 1477.5 OL4§366
LIB8|BC18|G0O54|ZIKV|Asian|GoianialJardimPompeia|2017-03-08 ZIKV GO Goiania 21 2017-03-08 27 93.1 41735 1928.7 OL42366
LIB8|BC19|GO56|ZIKV|Asian|AparecidadeGoiania|NovaOlinda|2018- ZIKV GO Apare.cid.a 20 2018-04-18 30 87.2 56627 27947 0OL42366
04-18 de Goiania 5

LIB8|BC20|GO57|ZIKV|Asian|AparecidadeGoiania|CandidadeQueiroz| ZIKV GO Apare.C|d.a 19 2018-01-26 32 56.1 35074 3047 1 0OL42366
2018-01-26 de Goiania 6

LIB8|BC21|GO58|ZIKV|Asian|Goiatuba|2018-03-23 ZIKV GO Goiatuba 26 2018-03-23 28 87.6 29706 1486.9 OL4$366
LIB8|BC22|GO59]ZIKV|Asian|Goiatuba|2018-03-26 ZIKV | GO | Goiatuba 26 | 20180326 | 27 84.6 55110 | 27501 | Ob429%6
LIB8|BC23|GO70|ZIKV|Asian|Goiania|2017-03-17 ZIKV GO Goiania 29 2017-03-17 29 75.5 51664 2952.2 OL492366
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